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Abstract

Introduction: Breast ductal carcinoma in situ (DCIS) can be defined as a ma-
lignant epithelial proliferation with growth limited by the basal membrane of
the ductal epithelium, with no evidence of stromal invasion. There has been a
trend of trying to subcategorize DCIS based on cell proliferation assays (Ki67)
and the expression of hormone receptors and the human epidermal growth
receptor (HER-2) as detected by immunohistochemistry, similar to invasive
breast carcinomas (IBC). The aims were to evaluate the expression of breast
cancer marker proteins in DCIS by immunohistochemistry to better categor-
ize it. Methods: 46 biopsies from women with DCIS and IBC Luminal A-like
were evaluated by immunohistochemistry staining of proteins already known
to be biomarkers in IBC. For controls, normal breast tissue from mammop-
lasty (n = 3) was used. Results: Our results showed an increase of estrogen
receptor (ER) and progesterone receptor (PR) expression relative to that in
normal tissue samples (p < 0.0001). No differences in steroid hormone ex-
pression patterns were seen between DCIS and IBC tumors (p = 0.3145; p =
0.7341, respectively). The proliferation levels of the DCIS and IBC samples
were similar as evaluated by the Ki67 labeling index. Only 12.90% of samples
showed amplification of HER-2. Conclusion: The biology of DCIS is not well
understood given the complexity and heterogeneity of the disease, which
makes it important to better sub-categorize this tumor, especially considering
the possibility of identifying DCIS cases with the potential for recurrence and
evolution into IBC.
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1. Introduction

Breast cancer is the most common type of cancer in women and has high mor-
tality rates in Brazil and worldwide [1]. Breast cancer is a heterogeneous disease
in which aberrant gene expression confers aggressiveness and a variety of dif-
ferent clinical manifestations [2]. Genomic studies have provided new informa-
tion about breast cancer heterogeneity, which has allowed its classification into
four intrinsic subtypes based on hormone receptor expression: Luminal, which
expresses the estrogen receptor (ER) and/or the progesterone receptor (PR);
Luminal-HER-2, which is characterized by expression of the estrogen and/or
progesterone receptor and the human epidermal growth factor receptor 2;
HER-2, which is characterized by HER-2 overexpression but not expression of
the two hormone receptors; and triple negative, which does not express any of
these three receptors [3] [4]. This classification has been applied to invasive
breast carcinoma (IBC) and is important in making therapeutic choices for pa-
tients.

Ductal carcinoma in situ (DCIS) is a type of noninvasive breast cancer show-
ing malignant epithelial growth limited by the ductal epithelial basement mem-
brane without evidence of stromal invasion. DCIS is considered a preinvasive
and heterogeneous disease, which has increased in frequency and clinical relev-
ance following the advent of mammographic screening. Until the 1980s, DCIS
represented only 3% to 5% of diagnosed breast carcinomas. Currently, DCIS
comprises approximately 20% - 25% of all cases [5] [6] [7]. DCIS treatment is
currently variable and may include partial or total mastectomy, radiotherapy and
the possibility of hormonal treatment when the tumor expresses ER and/or PR
[8] [9] [10] [11]. Weaker risk factors, such as a high body mass index, have been
inconsistently associated with the risk of DCIS, and genetic risk factors have
been described as being similar to those for IBC: BRCA1 and BRCA2 mutation
carriers develop DCIS more frequently and at an earlier age than the general
population [12] [13].

The histological classification of DCIS places it into three distinct grades ac-
cording to the nuclear atypia pattern: high, intermediate or low grade. The
presence of comedonecrosis has been associated with high-grade tumors and
shorter survival, although there is no evidence of a direct relationship with re-
currence [14] [15]. The morphological aspects of DCIS require a multistep suc-
cession of histological changes, including a premalignant stage that progresses to
preinvasive breast cancer and can sometimes progress to invasive breast cancer
[16]. Intrinsic biomarkers of invasive breast carcinoma subtypes have been re-
cently to used subcategorize DCIS based on cell proliferation (Ki67) and ER and
HER2 expression as assessed through immunohistochemistry [17] [18]. These
biomarkers are already well defined for classifying IBC; however, their roles are
still poorly characterized in DCIS.

Several controversies can be found in the literature: a previous study by Ta-

mimi ef al. showed that the frequency of the Luminal B and HER-2 like pheno-
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type was significantly higher in DCIS compared to that in IBC, whereas the Lu-
minal A like phenotype could be found more frequently in IBC [18]. Addition-
ally, Poulakaki et al showed that a majority of DCIS cases had a Luminal B-like
phenotype (61.3%) rather than a Luminal A like phenotype (15.2%) [19]. On the
contrary, a study by Hammond ef a/ showed that the frequency of the Luminal
A like subtype (49.0%) was significantly higher than that of the Luminal B like
(9.0%) in DCIS [20].

Overexpression of HER-2 has been associated with increased aggressiveness of
tumors and poor survival of women with breast cancer, and its role as well as its
expression in DCIS is not well defined. Horimoto et a/. observed HER-2 gene
amplification in 35% of their cohort [21]. However, Poldnia et al. found HER-2
amplification in 18.9% and 4.4% of high grade and low grade samples, respec-
tively, in DCIS [22]. In addition, changes in the expression patterns of these
biomarkers have been controversially associated with the recurrence of DCIS or
its evolution into IBC.

Moreover, the results of these previous studies do not present a predefined
pattern of biomarker expression in women with DCIS, unlike the well-defined
biomarker expression pattern in IBC, and the presented results might be biased,
which may justify the difficulty in standardizing a well-defined classification of
DCIS. In an attempt to better understand the role of breast cancer biomarkers in
this controversial context for DCIS, our group evaluated the expression of these
cancer biomarkers by immunohistochemistry in low and high grade cases of
DCIS and IBC.

2. Methods
2.1. Samples

This study was approved by the National Ethics Committee and the Ethics
Committee of the National Cancer Institute (INCA, Brazil) and was conducted
in accordance with the ethical principles involving human studies provided in
the Declaration of Helsinki. All samples used were provided with consent from
the donors or their legal representatives.

Formalin-fixed paraffin embedded tissue of DCIS (n = 31) and IBC pure Lu-
minal A (n = 15) diagnosed from 2012 to 2018 were randomly chosen from the
archives of the INCA Pathology Department. None of the patients had received
any chemotherapeutic treatment before the biopsy procedure. Surgical pieces
were not used to ensure that no prior chemotherapy treatment has been per-
formed. All diagnoses were duly confirmed on a patient monitoring data plat-
form in the pathology department of the National Cancer Institute. Normal
breast ducts coexisting with DCIS have not been evaluated in view of the prox-
imity to the tumor microenvironment and the tendency for protein expression
observed in DCIS, which may characterize a study bias. There is still no record
of the evolution of DCIS tumors to invasive carcinoma in patients in the eva-

luated cohort. For controls, formalin-fixed paraffin embedded samples of nor-

DOI: 10.4236/0jpathology.2020.104013

131 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013

|. Petrone et al.

mal breast tissue from mammoplasty (n = 3) were used. The clinical features of
the patients were obtained from their medical records and included age, tumor
size, nuclear grade, and survival time. All the histopathological evaluations were

reviewed by two independent observers.

2.2. Immunohistochemistry

Tissue samples were converted into histological sections on previously silanized
slides. Evaluation of the cellular atypia pattern was performed by hematox-
ylin-eosin (HE) staining. The evaluated tumor area was selected by a pathologist,
and the in situ regions within the invasive tumors were also delineated to allow a
better evaluation of the stains. Tissue sections were immunostained with the Po-
lymer Detection System (RE7150-K, Leica Biosystems Newcastle Ltd., Balliol
Business Park West, Benton Lane, Newcastle Upon Tyne NE12 8EW, United
Kingdom) according to the protocol established by the manufacturer. Primary
antibodies were incubated with the tissues for 18 h at 4°C at different dilutions
determined by titration as shown in Table 1. For positive controls, tissues sug-
gested by the antibody manufacturer’s datasheets were used. The reaction was
visualized using diaminobenzidine (DAB), followed by hematoxylin counters-
taining. Negative controls were prepared without the primary antibody. HER-2
status was evaluated according to the American Society of Clinical Oncolo-
gy/College of American Pathologists HER2 Guideline (ASCO/CAP, 2013), and
cases classified as 2+ or 3+ were submitted to chromogenic 7n situ hybridization
(CISH). The labeling of the ER and PR assays was considered positive when
brown/red staining was found on more than 1% of the total cells counterstained
with blue/violet hematoxylin [20]. Proliferation was considered high if nuclei
that stained positive for Ki67 were seen in >20% of the tumor sample [23]. The
positivity of the staining was analyzed in ten random fields and determined by
manual counting using Image J software according to the pre-established equa-

tion below.

Sc represents the number of stained cells in each field, where s=[1, 2, -, 10];
Tcrepresents the total cells in each field, where 7= [1, 2, ---, 10]; and p represents

the mean percentage of positivity.

Table 1. Specifications of the primary antibodies used for breast tumor specimen staining.

Primary antibody Clone Staining Dilution/Manufacturer
ER 1D5 Nuclear 1:2000; DAKO
PR PgR636 Nuclear 1:2000; DAKO
Her2 6B11 Membrane 1:300; Cell Marque
Ki67 MIB1 Nuclear 1:600; DAKO
DOI: 10.4236/0jpathology.2020.104013 132 Open Journal of Pathology
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2.3. Chromogenic In Situ Hybridization (CISH)

The CISH technique was performed on 3-pum-thick sections. The dual-probe as-
say contains an HER-2 locus-specific probe (black signal) and a control probe
specific for the centromere of chromosome 17 (red/pink signal). The procedure
was performed using an automated staining system (VENTANA, BenchMark
ULTRA, Roche Tissue Diagnostics), and the evaluation of the scoring used at
least 40 nuclei from two different areas, with the number of HER-2 and CEP17
signals per nuclei recorded. Only cells with at least one copy of HER-2 and
CEP17 were scored. The samples were classified according to the ASCO/CAP
CISH criteria: if the staining presented a HER-2/CEP17 ratio larger than 2.2, we
defined the sample as HER-2 amplified, and if the HER-2/CEP17 ratio was lower
than 1.8, there was no HER-2 gene amplification. If the sample had a ratio be-
tween 1.8 and 2.2, it was considered borderline, but these values were not ob-
served in any of the cases. The update of the ASCO/CAP guidelines (2018) pro-
vided more rigorous interpretation criteria about HER2 positive patients, al-
though controversial [24]. However, pathologists at the assessed cohort institu-
tion still use the ASCO/CAP 2013 guidelines during diagnosis; our group main-

tained the institution’s criteria for assessing HER2 positivity.

2.4. Statistical Analysis

Statistical analyses were performed using GraphPad Prism version 6.01 statistical
software (California, USA) available for Windows. Pearson’s Chi-squared test
was selected for comparison of qualitative variables. T tests and Pearson’s corre-
lation coefficient (PCC) were used for comparison of quantitative variables. A p

value of less than 0.05 was considered statistically significant.

3. Results
3.1. Patients and Tumor Characteristics

The clinicopathological characteristics are shown in Table 2. A total of 46 biop-
sies of female patients without any prior chemotherapy treatment who were di-
agnosed with DCIS or IBC were evaluated in the present study. The tumor size
ranged from 0.7 to 6.0 cm without any pattern defined. Among these cases, 31
cases were diagnosed as DCIS and the average patient age was 54.3 years. To
better evaluate the cohort, we characterized the nuclear grade of the randomly
selected cases, and 6.45% of cases were classified as low grade, 54.84% as inter-
mediate grade and 38.71% as high grade. We also observed necrosis in 80.65%
and microcalcifications in 77.42% of the DCIS samples.

Fifteen cases of the Luminal A IBC molecular subtype were evaluated, and the
average patient age was slightly higher than that in the DCIS cohort (62.2 years).
In this group, 20.0%, 66.67% and 13.33% were classified as histological grades 1,
2 and 3, respectively, and only 20.0% of patients with invasive tumors had ne-

crosis, while 26.67% had tissue microcalcifications.
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Table 2. Clinicopathologic characteristics of the cohort.

Procedure (NCB/SES) 46/0

Gender (female/male) 46/0

DCIS (n = 31)

Age (mean + SD) 543+ 11.6
Necrosis (absent/present) 6/25
Microcalcifications (absent/present) 7/24
Nuclear grade (low/intermediate/high) 2/17/12

IBC (n =15)

Age (mean * SD) 62.2 +14.1
Histological type Luminal A
Necrosis (absent/present) 12/3
Microcalcifications (absent/present) 11/4
Histological grade (1/2/3) 3/10/2

*NCB needle core biopsy, SES surgical excision specimen, SD standard deviation.

3.2. Protein Expression by Breast Cancer and Proliferation
Biomarkers

We compared the expression pattern of proteins described as biomarkers of in-
vasive breast tumors across normal breast tissue derived from mammoplasty,
DCIS tissues and IBC tissues. The ER expression pattern showed that 96.55%
(29/31) of DCIS cases had nuclear positive staining, and the mean percentage of
positivity was 87.62%. The results showed a significant increase of ER expression
between normal tissue samples (Figure 1(A)) and DCIS (Figure 1(B)), as shown
in Table 3 (p < 0.0001). All patients with IBC (15/15) presented positive nuclear
ER staining (Figure 1(C)), and the mean percentage of positivity was 89.71%.
No significant differences in ER expression patterns (p = 0.3145) were observed
compared to DCIS samples (Table 3).

The PR expression pattern showed that 96.55% (29/31) of the DCIS tissue
samples had nuclear positive staining, and the mean percentage of positivity was
59.62%, highlighting a significant increase of PR expression between normal tis-
sue samples (Figure 1(D)) and DCIS (Figure 1(E)), as shown in Table 3 (p <
0.0001). PR expression in IBC patients presented nuclear staining in 93.33%
(Figure 1(F)) of samples (14/15), and there were no observed differences in the
PR expression patterns (p = 0.7341) between the IBC and DCIS samples. Biop-
sies that presented more than 1% of positivity, on average, were considered posi-
tive.

Most of the DCIS cases showed phenotypic characteristics similar to those of
the Luminal A like subtype, and these data suggest that changes in steroid re-
ceptors (SR) expression patterns could be an early event in the breast tumorige-

nesis process.
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Table 3. Expression of ER, PR, Ki67 and HER-2 in normal, DCIS and IBC tissues.

Parameters Normal DCIS SPR (Nor::f L“;CIS) IBC (DCPI;'a:‘I;C) SPR
ER

Negative 3 (100.0%) 2 (6.45%) 0 0 0

Positive 0 29 (96.55%) 80.0% - 100.0% <0.0001 15 (100.0%) 0.3145 40.0% - 100.0%
PR

Negative 3 (100.0%) 2 (6.45%) 0 1(6.67%) 0

Positive 0 29 (96.55%) 10.0% - 100.0% <0.0001 14 (93.33%) 0.7341 10.0% - 100.0%
Ki67

Low expression 3 (100.0%) 19 (61.29%) 1.0% - 10.0% 9 (60.0%) 5.0% - 19.5%

High expression 0 12 (38.71%) 30.0% - 80.0% 0.1804 6 (40.0%) 0.9330 21.0% - 30.0%
HER-2

Negative 3 (100.0%) 27 (87.10%) 15 (100.0%)

Positive 0 4 (12.90%) 0.5077 0 0.1454

*DCIS = Ductal carcinoma in situ, ER = Estrogen receptor, PR = Progesterone receptor, HER-2 = Human epidermal growth factor receptor, SPR = Staining

percentage range.
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Figure 1. Immunohistochemical staining of ER, PR and Ki67 in normal breast, DCIS and
IBC tissues. Nuclear ER expression was slightly increased in DCIS (B) and IBC (C). Nuc-
lear staining of PR was increased in DCIS (E) and IBC (F). A small increase in prolifera-
tion could be observed given the nuclear labeling of Ki67 in DCIS (H) and IBC (I) sam-
ples. No nuclear staining was observed for ER (A), PR (D) and Ki67 (G) in normal breast
tissue. Scale bar: 100 pm. x400 magnification. Arrows: indicate positive labeling.
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The nuclear antigen Ki-67 is commonly used to measure the proliferation rate
of many tumors, including breast tumors, and could be a key element of pro-
gression of the disease [25]. The Ki-67 expression pattern showed that 61.29%
(19/31) of the DCIS tissue samples had low expression and 38.71% (12/31) had
high expression (Table 3), and there was no significant difference compared
with the proliferation of normal tissue (p = 0.1804). Similar findings were ob-
served when evaluating IBC tissue samples: 60.0% (9/15) had low expression of
the Ki67 antigen and 40.0% (6/15) had high expression of the Ki67 antigen, and
no significant differences were observed (p = 0.9330) compared with the rates of
proliferation of the DCIS samples (Table 3). The cut-off used for evaluating the
proliferation rate was 20%. A small increase in Ki67 nuclear labeling was ob-
served in DCIS and IBC tissues compared to that in normal tissue (Figure 1(H),
Figure 1(I) and Figure 1(G), respectively). There was no direct correlation
among ER, PR and Ki67 expression (data not shown).

For HER-2 evaluation, the standard expression immunohistochemical classi-
fication (ASCO/CAP 2013) was used to quantify incomplete, weak and scarce
staining in less than 10% (score 0) and more than 10% (score 1+) of the tumor
cell membranes; circumferential and incomplete staining in more than 10% or
complete staining in less than 10% (score 2+); and uniform and intense colora-
tion (score 3+). None of the normal tissues evaluated showed HER-2 membrane
labeling (Figure 2(A)). Only 12.90% of the DCIS samples (4/31) had homoge-
neous and complete membrane labeling (Figure 2(B)) for HER-2 (score 3+).

All samples with scores 2+ (3/31) and 3+ (4/31) for the HER-2 receptor were
then subjected to Chromogenic in situ Hybridization (CISH) evaluations, which
corroborated the immunochemical procedure: only score 3+ samples (4/31)
showed amplification of HER-2 (Figure 2(C)). Interestingly, all DCIS cases that
had experienced HER-2 amplification also had a mean cell proliferation rate of
40% or greater and presented with characteristics of an invasive tumor in adjacent
areas, although the number of patients was too small to establish a correlation.
No IBC samples were HER-2 labeled (all IBC cases evaluated were Luminal A).

3.3. Correlation of the DCIS Grade and Expression of Molecular
Characteristics

We compared the expression of breast cancer biomarker proteins to the tumor
grade (Table 4) to understand the role of each of these proteins in DCIS biology.
All low-grade DCIS samples showed expression of steroid hormones (ER and PR
positive) and did not show HER-2 amplification. Interestingly, 1 patient with
low-grade DCIS (50.0%) had high levels of cell proliferation.

Most of the cohort tissue samples evaluated were of intermediate grade
(17/31): all of these biopsies were positive for ER and PR, while only 1 (5.88%)
had HER-2 amplification. However, 4 DCIS samples showed high proliferation
levels (23.53%), which corroborates the tendency of low aggressiveness of DCIS
tumors of this grade; however, these tumors were more aggressive than low

grade tumors.
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Figure 2. HER-2 expression in DCIS tissues. No HER-2 membrane staining was observed
in normal breast tissue (A). Tissue with an HER-2 score 3+ (B) was submitted to the
CISH technique to evaluate HER-2 gene amplification (C). Scale bar: 100 pm. x400 mag-
nification. Arrows: indicate positive labeling and HER-2 amplification.

Table 4. Relationship of the molecular characteristics and DCIS grade.

Grade (DCIS) ER'/ER™ PR*/PR™ Ki67 (High/Low) HER-2 (+/-)
Low (2/31) 2/0 2/0 1/1 0/2
Intermediate (17/31) 17/0 17/0 4/13 1/16
High (12/31) 10/2 10/2 715 3/9

In high-grade DCIS tumors, variations in the protein expression patterns re-
lated to molecular characteristics were observed. Interestingly, two patients
(16.67%) had characteristics similar to the triple negative subtype of IBC tumors
(2/12): no expression of steroid hormones (ER and PR negative), no HER-2 am-
plification and high proliferation rates. We also observed that most patients with
high-grade DCIS had high levels of the proliferation index (7/12, 58.33%). Fur-
thermore, HER-2 amplification was observed in 25% of the high-grade samples
(3/12). These findings suggest a tendency towards greater aggressiveness asso-
ciated with high grade DCIS tumors. No relationship was observed between the
presence of necrosis and microcalcifications with the DCIS grade (data not

shown).

4. Discussion

DCIS is frequently described as a noninvasive lesion as well as a preinvasive le-
sion of breast cancer and is defined as a neoplastic proliferation of epithelial cells
with varying degrees of cytologic atypia that are confined to the mammary duc-
tal-lobular system. The mortality rate is low in women with DCIS, with ap-
proximately 1.0% to 2.6% dying as a result of IBC carcinoma 8 to 10 years after
diagnosis of DCIS. However, studies have shown that misdiagnosis of DCIS may
lead to omission of surgery and, consequently, recurrence as well as an increase
in IBC tumors after 30 years to 14% to 53%. Moreover, the invasive recurrence
rate after 15 years in women treated with surgery alone can lead to an incidence
of 28%, with mortality reaching 18% [26]-[31], and fifty percent of DCIS recur-
rences actually present as an invasive cancer [32].

Treatment of patients with DCIS is currently variable, consisting of partial or

total mastectomy, which may be followed by radiotherapy and/or endocrine
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therapy. In this context, a more effective classification of DCIS tumors becomes
essential for treatment optimization. This study attempted to evaluate the dif-
ferences of the clinicopathological features and molecular characteristics of
DCIS compared to those the subtype Luminal A of IBC tumors to understand
the biology of DCIS and the role breast tumor biomarkers play in this tumor.

The degree of cellular atypia is determined histologically, leading to assign-
ment into three grades (low, intermediate and high) based on the degree of nuc-
lear atypia [33]. In the present study, hematoxylin-eosin staining was performed
to observe the cohort’s morphological characteristics. Two patients with low
nuclear grade DCIS (with occasional mitoses) were observed. Twelve biopsies
(~42%) had frequent mitoses, large nuclei, and irregular chromatin and were
therefore classified as high-grade DCIS. Previous studies have shown that
high-grade DCIS has heterogeneity in 12% - 50% of cases and is considered a
high-risk factor for recurrence. These cases represented approximately 42% -
53% of the DCIS cases, and the cohort used in the present study is consistent
with the literature in this regard [12] [15] [34] [35] [36]. Seventeen DCIS biop-
sies showed neither low nor high grade morphological characteristics and were
classified as intermediate grade [37].

Recently the “intrinsic subtypes” of IBC have been used to categorize DCIS
tumors. The expression of ER, PR, Ki67 and HER-2 is usually used to discrimi-
nate different molecular subtypes of IBC (Luminal A, Luminal B HER-2 negative
or positive, HER-2 positive and triple-negative (TN)). Similar molecular pheno-
types have been proposed for DCIS tumors using immunohistochemistry surro-
gate markers. Previous studies have indicated by immunohistochemical staining
that 49% of DCIS tumors could be classified as Luminal A (ER positive, Ki67
low), 8.7% as Luminal B/HER-2 negative (ER positive, Ki67 high), 17% as Lu-
minal B/HER-2 positive (ER positive, HER-2 positive), 16% as the HER-2 sub-
type (ER negative, HER-2 positive) and 7% as triple negative (ER negative, PR
negative, HER-2 negative). These findings are contrary to the frequency of the
appearance of these proteins in IBC tumors, among which a higher proportion
of TN appears (14% - 24%) and a lower percentage of the HER-2 positive sub-
type (6% - 7%) has been described [18] [38] [39] [40] [41].

In the present study, 58.1% of DCIS (18/31) samples showed ER-positive nuc-
lear labeling with low proliferation levels (Ki67 low) while 25.8% (8/31) showed
high levels of Ki67 and ER expression. Only three patients had simultaneous ER
and HER-2 expression (9.7%); one was HER-2 positive and ER negative (3.2%),
and two had no positive labeling for either breast cancer biomarker protein
(6.4%), presenting characteristics similar to the TN subtype of IBC, suggesting
that there are variations in the expression patterns of mammary tumor marker
proteins in DCIS tumors.

ER is one of the most intensively studied biological markers in breast cancer,
and ER status may predict the response to endocrine therapy. A previously pub-

lished review evaluated 36 studies that examined the ER expression rates in
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DCIS and showed that the mean ER expression rate was 68.7% (range: 49% -
96.6%). Our results showed that 96.55% (29/31) of the DCIS tissue samples were
ER positive, and the mean of percentage of cells staining was 87.62% (range: 0%
- 100%; standard deviation = +0.25), with the variation of the mean trending
toward higher values but within the previously described range.

PR can also be considered crucial in prognosis and disease-free survival as
well as in predicting the response to endocrine therapy, and 28 papers evaluated
by the same previous work showed that the PR expression rate was 59.6%
(range: 40% - 83.3%) [42]. The results of the present study found that 96.55%
(29/31) of the DCIS tissue samples were PR positive, and the mean of percentage
of cells staining was 59.62% (range: 0% - 100%; standard deviation = + 0.36).
The PR expression rate shows a wide range of variation in the expression of
breast cancer biomarker proteins, although the mean of positivity corroborated
the literature data. Therefore, the expression of steroid receptors in non-invasive
DCIS patients observed in the present study suggests a trend towards the Lu-
minal A subtype when recurrence to invasive tumors occurs. However, the co-
hort evaluated in the study is small and consists of samples from a single center,
which reveals a limitation of the study and leads to the need for more compre-
hensive studies.

The Ki67 nuclear antigen is commonly used to assess proliferation rates of
many types of tumors, including breast cancer, and may be an important ele-
ment in disease progression [25]. A previous study evaluated the proliferation
profiles of DCIS tumors and showed low expression rates of Ki67 (10.9% -
15.5%). A few studies associated high proliferative activity with positive HER-2
expression (44.29% + 3.42%) as well as the presence of comedonecrosis and oth-
er architectural patterns in DCIS tumors. In addition, these studies related high
proliferative activity with high-grade DCIS lesions [43] [44] [45] [46] [47].

Our results showed that the mean of percentage of Ki67 nuclear staining was
38.68% (range: 1% - 80%; standard deviation = +0.22), and all of the DCIS
HER-2 positive tumors showed high Ki67 expression, although there was not a
direct correlation between high Ki67 expression and HER-2 positivity. Addi-
tionally, no association was observed between the proliferation levels and the
occurrence of necrosis, microcalcifications or nuclear grade. In addition, there
was no difference between the nuclear Ki67 expression patterns of DCIS and
IBC tumors.

In addition to steroid receptors, HER-2 is one of the most extensively studied
biomarkers in DCIS. Studies have found HER-2 to be of great importance in di-
agnosing IBC; however, its importance in DCIS is poorly described and still
needs to be further elucidated [48]. A previous study also suggested that overex-
pression of HER-2 or amplification of the gene in DCIS and invasive tumors
with DCIS components may be involved in the transition from DCIS to IBC
[49]. Several studies investigated HER-2 expression rates by subtype and found

major expression in the comedonecrosis subtype [43] [50] [51]. In addition, the
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relationship between HER-2 amplification and high-grade DCIS tumors has also
been previously described [21].

Our results showed that all HER-2 positive samples presented with necrosis
and a high nuclear grade, corroborating the findings in the literature. A few stu-
dies showed HER-2 to be inversely correlated with ER and PR expression [48]
[50] [51] [52]. Another study showed that DCIS ER positive tumors often over-
express HER-2 protein without gene amplification [20]. Only 25% (1/4) of the
HER-2 positive samples in the present study did not show steroid hormone ex-
pression, and the other HER-2 positive samples (75%; 3/4) were also ER and PR
positive. In a retrospective study, HER-2 was positive in 20% of DCIS cases [53],
but our results found that 12.90% (4/31) of the DCIS samples had HER-2 ampli-
fication.

HER-2 is an established negative prognostic factor in IBC. HER-2 expression
has been observed more frequently in DCIS than in IBC, and this phenomenon
is paradoxical in understanding the role of HER-2 in aggressive invasive disease,
and the molecular mechanism that leads to the loss of HER-2 expression during
the progression of DCIS to IBC is still unclear and needs to be better elucidated
[20] [42] [48] [54] [55] [56] [57]. In this context, a better investigation of the re-
ceptor in DCIS is necessary to better clarify the relationship between HER-2 am-
plification and HER-2 expression, and describing its functionality is crucial to
narrow the classification of breast tumors, which would contribute to the treat-

ment of the disease.

5. Conclusion

The biology of DCIS is still not well understood given its complexity and hete-
rogeneity. Our results suggest that the predominant expression of steroid hor-
mones in DCIS may be related to the fact that they are earlier, less aggressive and
well differentiated tumors and could be associated to an evolutionary trend to-
wards IBC-like Luminal A in recurrent DCIS. Our results also showed that
high-grade DCIS shows a higher frequency of other markers, suggesting that this
tumor may have an evolutionary process analogous to that of invasive tumors,
and these findings suggest the possibility of identifying cases that would tend to

become invasive.

Acknowledgements

We acknowledge financial support from CNPq (National Counsel of Technolo-
gical and Scientific Development) and FAPER] (Carlos Chagas Filho Foundation
for Research Support of the State of Rio de Janeiro).

Author Contributions

IP: designed the research study, conducted the experiments, performed the in-
terpretation and quantification of experimental data and wrote the manuscript;

FRR: selected similar tumor regions on patients’ slides and quantified the expe-

DOI: 10.4236/0jpathology.2020.104013

140 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013

|. Petrone et al.

rimental data; PVF: contributed to the random selection of patients, separated
the tissue bank samples from the INCA patients and standardized the antibo-
dies; EA: designed the research study and critically revised the manuscript. All

the authors read and approved the final manuscript.

Ethical Approval

This study was approved by the independent institutional advisory committee
on September 23rd, 2015 (protocol 1241052). All procedures performed in stu-
dies involving human participants were in accordance with the ethical standards
of the institutional and national research committee and with the 1964 Helsinki

declaration and its later amendments or comparable ethical standards.

Conflicts of Interest

The authors declare that they have no conflicts of interest regarding this study.

References

[1] Cecilio, A.P., Takakura, E.T., Jumes, J.J., Dos Santos, ].W., Herrera, A.C., Victorino,
V.J. and Panis, C. (2015) Breast Cancer in Brazil: Epidemiology and Treatment
Challenges. Breast Cancer, 7, 43-49. https://doi.org/10.2147/BCTT.S50361

(2] Ciriello, G., Sinha, R., Hoadley, K.A., Jacobsen, A.S., Reva, B., Perou, C.M., Sander,
C. and Schultz, N. (2013) The Molecular Diversity of Luminal A Breast Tumors.
Breast Cancer Research and Treatment, 141, 409-420.
https://doi.org/10.1007/s10549-013-2699-3

[3] Network, C.G.A. (2012) Comprehensive Molecular Portraits of Human Breast Tu-
mours. Nature, 490, 61-70. https://doi.org/10.1038/naturel1412

[4] Goldhirsch, A., Winer, E.P., Coates, A.S., Gelber, R.D., Piccart-Gebhart, M.,
Thiirlimann, B., Senn, H.J. and members, P. (2013) Personalizing the Treatment of
Women with Early Breast Cancer: Highlights of the St Gallen International Expert
Consensus on the Primary Therapy of Early Breast Cancer 2013. Annals of Oncol-
ogy; 24, 2206-2223. https://doi.org/10.1093/annonc/mdt303

[5] Ward, E.M., DeSantis, C.E., Lin, C.C., Kramer, J.L., Jemal, A., Kohler, B., Brawley,
O.W. and Gansler, T. (2015) Cancer Statistics: Breast Cancer in Situ. CA: A Cancer
Journal for Clinicians, 65, 481-495. https://doi.org/10.3322/caac.21321

[6] Esserman, L. and Yau, C. (2015) Rethinking the Standard for Ductal Carcinoma /n
Situ Treatment. JAMA Oncology, 1, 881-883.
https://doi.org/10.1001/jamaoncol.2015.2607

[7] Khan, S., Epstein, M., Lagios, M.D. and Silverstein, M.]. (2017) Are We Overtreat-
ing Ductal Carcinoma I Situ (DCIS)? Annals of Surgical Oncology, 24, 59-63.
https://doi.org/10.1245/s10434-016-5501-z

[8] Gorringe, K.L. and Fox, S.B. (2017) Ductal Carcinoma. Frontiers in Oncology; 7,
248. https://doi.org/10.3389/fonc.2017.00248

[9] Cuzick, J., Sestak, L., Pinder, S.E., Ellis, 1.O., Forsyth, S., Bundred, N.]J., Forbes, J.F.,
Bishop, H., Fentiman, LS. and George, W.D. (2011) Effect of Tamoxifen and Radi-
otherapy in Women with Locally Excised Ductal Carcinoma In Situ: Long-Term
Results from the UK/ANZ DCIS Trial. The Lancet Oncology, 12, 21-29.
https://doi.org/10.1016/S1470-2045(10)70266-7

DOI: 10.4236/0jpathology.2020.104013

141 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013
https://doi.org/10.2147/BCTT.S50361
https://doi.org/10.1007/s10549-013-2699-3
https://doi.org/10.1038/nature11412
https://doi.org/10.1093/annonc/mdt303
https://doi.org/10.3322/caac.21321
https://doi.org/10.1001/jamaoncol.2015.2607
https://doi.org/10.1245/s10434-016-5501-z
https://doi.org/10.3389/fonc.2017.00248
https://doi.org/10.1016/S1470-2045(10)70266-7

|. Petrone et al.

(10]

[13]

(14]

(17]

(18]

[19]

(21]

Fong, J., Kurniawan, E.D., Rose, A.K., Mou, A., Collins, J.P., Miller, J.A. and Mann,
G.B. (2011) Outcomes of Screening-Detected Ductal Carcinoma /n Situ Treated
with Wide Excision Alone. Annals of Surgical Oncology, 18, 3778-3784.
https://doi.org/10.1245/s10434-011-1748-6

Benson, J.R. and Wishart, G.C. (2013) Predictors of Recurrence for Ductal Carci-
noma /n Situ after Breast-Conserving Surgery. The Lancet Oncology, 14, e348-e357.
https://doi.org/10.1016/S1470-2045(13)70135-9

Kerlikowske, K., Molinaro, A.M., Gauthier, M.L., Berman, H.K., Waldman, F., Ben-
nington, J., Sanchez, H., Jimenez, C., Stewart, K., Chew, K., Ljung, B.M. and Tlsty,
T.D. (2010) Biomarker Expression and Risk of Subsequent Tumors after Initial
Ductal Carcinoma /n Situ Diagnosis. Journal of the National Cancer Institute, 102,
627-637. https://doi.org/10.1093/jnci/djq101

Hwang, E.S., McLennan, J.L., Moore, D.H,, Crawford, B.B., Esserman, L.J. and
Ziegler, J.L. (2007) Ductal Carcinoma /n Situ in BRCA Mutation Carriers. Journal
of Clinical Oncology, 25, 642-647. https://doi.org/10.1200/JCO.2005.04.0345

Narod, S.A., Igbal, J., Giannakeas, V., Sopik, V. and Sun, P. (2015) Breast Cancer
Mortality after a Diagnosis of Ductal Carcinoma /n Situ. JAMA Oncology, 1,
888-896. https://doi.org/10.1001/jamaoncol.2015.2510

Ellis, I.O., Coleman, D., Wells, C., Kodikara, S., Paish, E.M., Moss, S., Al-Sam, S.,
Anderson, N., Bobrow, L., Buley, I., Connolly, C.E., Dallimore, N.S., Hales, S.,
Hanby, A., Humphreys, S., Knox, F., Lowe, J., Macartney, J., Nash, R., Parham, D.,
Patnick, J., Pinder, S.E., Quinn, C.M., Robertson, A.]., Shrimankar, J., Walker, R.A.
and Winder, R. (2006) Impact of a National External Quality Assessment Scheme
for Breast Pathology in the UK. Journal of Clinical Pathology, 59, 138-145.
https://doi.org/10.1136/jcp.2004.025551

Allred, D.C., Mohsin, S.K. and Fuqua, S.A. (2001) Histological and Biological Evo-
lution of Human Premalignant Breast Disease. Endocrine- Related Cancer, 8, 47-61.
https://doi.org/10.1677/erc.0.0080047

Yarnold, J. (2009) Early and Locally Advanced Breast Cancer: Diagnosis and
Treatment National Institute for Health and Clinical Excellence Guideline 2009.
Clinical Oncology, 21, 159-160. https://doi.org/10.1016/j.clon.2008.12.008

Tamimi, R.M., Baer, H.]., Marotti, J., Galan, M., Galaburda, L., Fu, Y., Deitz, A.C.,
Connolly, J.L., Schnitt, S.J., Colditz, G.A. and Collins, L.C. (2008) Comparison of
Molecular Phenotypes of Ductal Carcinoma /nn Situ and Invasive Breast Cancer.
Breast Cancer Research, 10, R67. https://doi.org/10.1186/bcr2128

Poulakaki, N., Makris, G.M., Battista, M.]J., Bohm, D., Petraki, K., Bafaloukos, D.,
Sergentanis, T.N., Siristatidis, C., Chrelias, C. and Papantoniou, N. (2016) Hormon-
al Receptor Status, Ki-67 and HER2 Expression: Prognostic Value in the Recurrence
of Ductal Carcinoma /n Situ of the Breast? Breast, 25, 57-61.
https://doi.org/10.1016/j.breast.2015.10.007

Hammond, M.E., Hayes, D.F., Dowsett, M., Allred, D.C., Hagerty, K.L., Badve, S.,
Fitzgibbons, P.L., Francis, G., Goldstein, N.S., Hayes, M., Hicks, D.G., Lester, S.,
Love, R., Mangu, P.B., McShane, L., Miller, K., Osborne, C.K., Paik, S., Perlmutter,
J., Rhodes, A., Sasano, H., Schwartz, J.N., Sweep, F.C., Taube, S., Torlakovic, E.E.,
Valenstein, P., Viale, G., Visscher, D., Wheeler, T., Williams, R.B., Wittliff, J.L. and
Wolff, A.C. (2010) American Society of Clinical Oncology/College of American Pa-
thologists Guideline Recommendations for Immunohistochemical Testing of Es-

trogen and Progesterone Receptors in Breast Cancer. Journal of Clinical Oncology,
28, 2784-2795. https://doi.org/10.1200/JCO.2009.25.6529

Horimoto, Y., Terao, T., Tsutsumi, Y., Tanabe, M., Mogushi, K., Hlaing, M.T., Sa-

DOI: 10.4236/0jpathology.2020.104013

142 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013
https://doi.org/10.1245/s10434-011-1748-6
https://doi.org/10.1016/S1470-2045(13)70135-9
https://doi.org/10.1093/jnci/djq101
https://doi.org/10.1200/JCO.2005.04.0345
https://doi.org/10.1001/jamaoncol.2015.2510
https://doi.org/10.1136/jcp.2004.025551
https://doi.org/10.1677/erc.0.0080047
https://doi.org/10.1016/j.clon.2008.12.008
https://doi.org/10.1186/bcr2128
https://doi.org/10.1016/j.breast.2015.10.007
https://doi.org/10.1200/JCO.2009.25.6529

|. Petrone et al.

(27]

(28]

(32]

saki, R., Saeki, H., Okazaki, M., Sonoue, H., Arakawa, A. and Saito, M. (2019) Es-
trogen Receptor-Positive Ductal Carcinoma /n Situ Frequently Overexpresses HER2
Protein without Gene Amplification. The American Journal of Surgical Pathology,
43, 1221-1228. https://doi.org/10.1097/PAS.0000000000001300

Pol6nia, A., Oliveira, G. and Schmitt, F. (2017) Characterization of HER2 Gene
Amplification Heterogeneity in Invasive and In Situ Breast Cancer Using
Bright-Field /n Situ Hybridization. Virchows Arch, 471, 589-598.
https://doi.org/10.1007/s00428-017-2189-9

Bustreo, S., Osella-Abate, S., Cassoni, P., Donadio, M., Airoldi, M., Pedani, F., Pa-
potti, M., Sapino, A. and Castellano, I. (2016) Optimal Ki67 Cut-Off for Luminal
Breast Cancer Prognostic Evaluation: A Large Case Series Study with a Long-Term
Follow-Up. Breast Cancer Research and Treatment, 157, 363-371.
https://doi.org/10.1007/s10549-016-3817-9

Murray, C., Flanagan, L., D’Arcy, C., Gullo, G. and Quinn, C.M. (2020) Assessing
the Impact of the 2018 American Society of Clinical Oncology/College of American

Pathologists Recommendations on Human Epidermal Growth Factor Receptor 2
Testing by Fluorescence /n Situ Hybridization in Breast Carcinoma. Virchows Arch,
476, 367-372. https://doi.org/10.1007/s00428-019-02636-3

de Azambuja, E., Cardoso, F., de Castro, G., Colozza, M., Mano, M.S., Durbecq, V.,
Sotiriou, C., Larsimont, D., Piccart-Gebhart, M.]. and Paesmans, M. (2007) Ki-67 as
Prognostic Marker in Early Breast Cancer: A Meta-Analysis of Published Studies
Involving 12, 155 Patients. British Journal of Cancer, 96, 1504-1513.
https://doi.org/10.1038/sj.bjc.6603756

Hoda, S.A., Chiu, A., Prasad, M.L., Giri, D. and Hoda, R.S. (2000) Are Microinva-
sion and Micrometastasis in Breast Cancer Mountains or Molehills? 7he American
Journal of Surgery, 180, 305-308. https://doi.org/10.1016/S0002-9610(00)00464-5

Nekhlyudov, L., Habel, L.A., Achacoso, N., Jung, I., Haque, R., Collins, L.C., Schnitt,
S.J., Quesenberry, C.P. and Fletcher, S.W. (2012) Ten-Year Risk of Diagnostic
Mammograms and Invasive Breast Procedures after Breast-Conserving Surgery for
DCIS. Journal of the National Cancer Institute, 104, 614-621.
https://doi.org/10.1093/jnci/djs167

Collins, L.C., Tamimi, R.M., Baer, H.J., Connolly, J.L., Colditz, G.A. and Schnitt, S.J.
(2005) Outcome of Patients with Ductal Carcinoma /n Situ Untreated after Diag-
nostic Biopsy: Results from the Nurses’ Health Study. Cancer, 103, 1778-1784.
https://doi.org/10.1002/cncr.20979

Erbas, B., Provenzano, E., Armes, J. and Gertig, D. (2006) The Natural History of
Ductal Carcinoma In Situ of the Breast: A Review. Breast Cancer Research and
Treatment, 97, 135-144. https://doi.org/10.1007/s10549-005-9101-z

Sanders, M.E., Schuyler, P.A., Simpson, J.F., Page, D.L. and Dupont, W.D. (2015)
Continued Observation of the Natural History of Low-Grade Ductal Carcinoma /nn

Situ Reaffirms Proclivity for Local Recurrence Even after More than 30 Years of
Follow-Up. Modern Pathology, 28, 662-669.
https://doi.org/10.1038/modpathol.2014.141

Stuart, K.E., Houssami, N., Taylor, R., Hayen, A. and Boyages, J. (2015) Long-Term
Outcomes of Ductal Carcinoma /n Situ of the Breast: A Systematic Review, Me-
ta-Analysis and Meta-Regression Analysis. BMC Cancer, 15, 890.
https://doi.org/10.1186/s12885-015-1904-7

Virnig, B.A., Tuttle, T.M., Shamliyan, T. and Kane, R.L. (2010) Ductal Carcinoma
In Situ of the Breast: A Systematic Review of Incidence, Treatment, and Outcomes.

DOI: 10.4236/0jpathology.2020.104013

143 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013
https://doi.org/10.1097/PAS.0000000000001300
https://doi.org/10.1007/s00428-017-2189-9
https://doi.org/10.1007/s10549-016-3817-9
https://doi.org/10.1007/s00428-019-02636-3
https://doi.org/10.1038/sj.bjc.6603756
https://doi.org/10.1016/S0002-9610(00)00464-5
https://doi.org/10.1093/jnci/djs167
https://doi.org/10.1002/cncr.20979
https://doi.org/10.1007/s10549-005-9101-z
https://doi.org/10.1038/modpathol.2014.141
https://doi.org/10.1186/s12885-015-1904-7

|. Petrone et al.

(33]

[34]

(35]

(36]

(37]

(38]

[40]

[41]

[42]

[43]

Journal of the National Cancer Institute, 102, 170-178.
https://doi.org/10.1093/jnci/djp482

(1997) Consensus Conference on the Classification of Ductal Carcinoma in Situ.
Human Pathology, 28, 1221-1225. https://doi.org/10.1016/S0046-8177(97)90193-3

Chapman, J.A., Miller, N.A,, Lickley, H.L., Qian, J., Christens-Barry, W.A., Fu, Y,,
Yuan, Y. and Axelrod, D.E. (2007) Ductal Carcinoma In Situ of the Breast (DCIS)
with Heterogeneity of Nuclear Grade: Prognostic Effects of Quantitative Nuclear
Assessment. BMC Cancer, 7, 174. https://doi.org/10.1186/1471-2407-7-174

Elshof, L.E., Schmidt, M.K., Rutgers, E.J.T., van Leeuwen, F.E., Wesseling, J. and
Schaapveld, M. (2018) Cause-Specific Mortality in a Population-Based Cohort of
9799 Women Treated for Ductal Carcinoma In Situ. Annals of Surgery, 267,
952-958. https://doi.org/10.1097/SLA.0000000000002239

Worni, M., Akushevich, I., Greenup, R., Sarma, D., Ryser, M.D., Myers, E.R. and
Hwang, E.S. (2015) Trends in Treatment Patterns and Outcomes for Ductal Carci-
noma in Situ. Journal of the National Cancer Institute, 107, djv263.
https://doi.org/10.1093/jnci/djv263

Quinn, C.M. and Ostrowski, J.L. (1997) Cytological and Architectural Heterogenei-
ty in Ductal Carcinoma In Situ of the Breast. Journal of Clinical Pathology, 50,
596-599. https://doi.org/10.1136/jcp.50.7.596

Zhou, W., Jirstrom, K., Amini, R.M., Fjéllskog, M.L., Sollie, T., Lindman, H., Serlie,
T., Blomgqyvist, C. and Wirnberg, F. (2013) Molecular Subtypes in Ductal Carcinoma
In Situ of the Breast and Their Relation to Prognosis: A Population-Based Cohort
Study. BMC Cancer, 13, 512. https://doi.org/10.1186/1471-2407-13-512

Cheang, M.C., Chia, S.K., Voduc, D., Gao, D., Leung, S., Snider, J., Watson, M., Da-
vies, S., Bernard, P.S., Parker, J.S., Perou, C.M., Ellis, M.]J. and Nielsen, T.O. (2009)
Ki67 Index, HER2 Status, and Prognosis of Patients with Luminal B Breast Cancer.
Journal of the National Cancer Institute, 101, 736-750.
https://doi.org/10.1093/jnci/djp082

Lazzeroni, M., Guerrieri-Gonzaga, A., Botteri, E., Leonardi, M.C., Rotmensz, N.,
Serrano, D., Varricchio, C., Disalvatore, D., Del Castillo, A., Bassi, F., Pagani, G,,
DeCensi, A., Viale, G., Bonanni, B. and Pruneri, G. (2013) Tailoring Treatment for
Ductal Intraepithelial Neoplasia of the Breast According to Ki-67 and Molecular
Phenotype. British Journal of Cancer, 108, 1593-1601.
https://doi.org/10.1038/bjc.2013.147

Goldhirsch, A., Wood, W.C., Coates, A.S., Gelber, R.D., Thiirlimann, B., Senn, H.]J.
and Members, P. (2011) Strategies for Subtypes—Dealing with the Diversity of
Breast Cancer: Highlights of the St. Gallen International Expert Consensus on the
Primary Therapy of Early Breast Cancer 2011. Annals of Oncology, 22, 1736-1747.
https://doi.org/10.1093/annonc/mdr304

Lari, S.A. and Kuerer, H.M. (2011) Biological Markers in DCIS and Risk of Breast
Recurrence: A Systematic Review. Journal of Cancer, 2, 232-261.
https://doi.org/10.7150/jca.2.232

Albonico, G., Querzoli, P., Ferretti, S., Rinaldi, R. and Nenci, I. (1998) Biological
Profile of In Situ Breast Cancer Investigated by Immunohistochemical Technique.
Cancer Detection and Prevention, 22, 313-318.
https://doi.org/10.1046/j.1525-1500.1998.CDOA41.x

Ringberg, A., Anagnostaki, L. anderson, H., Idvall, I., Fern, M. and Group, S.S.B.C.
(2001) Cell Biological Factors in Ductal Carcinoma I/n Situ (DCIS) of the
Breast-Relationship to Ipsilateral Local Recurrence and Histopathological Characte-

DOI: 10.4236/0jpathology.2020.104013

144 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013
https://doi.org/10.1093/jnci/djp482
https://doi.org/10.1016/S0046-8177(97)90193-3
https://doi.org/10.1186/1471-2407-7-174
https://doi.org/10.1097/SLA.0000000000002239
https://doi.org/10.1093/jnci/djv263
https://doi.org/10.1136/jcp.50.7.596
https://doi.org/10.1186/1471-2407-13-512
https://doi.org/10.1093/jnci/djp082
https://doi.org/10.1038/bjc.2013.147
https://doi.org/10.1093/annonc/mdr304
https://doi.org/10.7150/jca.2.232
https://doi.org/10.1046/j.1525-1500.1998.CDOA41.x

|. Petrone et al.

(45]

[46]

(47]

(48]

[49]

[50]

[51]

[55]

ristics. European Journal of Cancer, 37, 1514-1522.
https://doi.org/10.1016/5S0959-8049(01)00165-4

Kuerer, H.M., Buzdar, A.U., Mittendorf, E.A., Esteva, F.J., Lucci, A., Vence, L.M,,
Radvanyi, L., Meric-Bernstam, F., Hunt, K.K. and Symmans, W.F. (2011) Biologic
and Immunologic Effects of Preoperative Trastuzumab for Ductal Carcinoma /n
Situ of the Breast. Cancer, 117, 39-47. https://doi.org/10.1002/cncr.25399

Barnes, N.L., Khavari, S., Boland, G.P., Cramer, A., Knox, W.F. and Bundred, N.]J.
(2005) Absence of HER4 Expression Predicts Recurrence of Ductal Carcinoma In
Situ of the Breast. Clinical Cancer Research, 11, 2163-2168.
https://doi.org/10.1158/1078-0432.CCR-04-1633

Wirnberg, F., Nordgren, H., Bergkvist, L. and Holmberg, L. (2001) Tumour Mark-
ers in Breast Carcinoma Correlate with Grade Rather than with Invasiveness. Brit-
ish Journal of Cancer, 85, 869-874. https://doi.org/10.1054/bjoc.2001.1995

Latta, E.K,, Tjan, S., Parkes, R.K. and O’Malley, F.P. (2002) The Role of HER2/neu
Overexpression/Amplification in the Progression of Ductal Carcinoma /n Situ to
Invasive Carcinoma of the Breast. Modern Pathology; 15, 1318-1325.
https://doi.org/10.1097/01.MP.0000038462.62634.B1

Liao, N., Zhang, G.C,, Liu, Y.H,, Li, X.R,, Yao, M., Xu, F.P,, Li, L. and Wu, Y.L.
(2011) HER2-Positive Status Is an Independent Predictor for Coexisting Invasion of

Ductal Carcinoma /n Situ of the Breast Presenting Extensive DCIS Component.
Pathology, Research and Practice, 207, 1-7.
https://doi.org/10.1016/j.prp.2010.08.005

Claus, E.B., Chu, P., Howe, C.L., Davison, T.L., Stern, D.E., Carter, D. and DiGi-
ovanna, M.P. (2001) Pathobiologic Findings in DCIS of the Breast: Morphologic
Features, Angiogenesis, HER-2/Neu and Hormone Receptors. Experimental and
Molecular Pathology; 70, 303-316. https://doi.org/10.1006/exmp.2001.2366

DiGiovanna, M.P., Chu, P., Davison, T.L., Howe, C.L., Carter, D., Claus, E.B. and
Stern, D.F. (2002) Active Signaling by HER-2/Neu in a Subpopulation of
HER-2/Neu-Overexpressing Ductal Carcinoma in Siti: Clinicopathological Corre-
lates. Cancer Research, 62, 6667-6673.

Lebeau, A., Unholzer, A., Amann, G., Kronawitter, M., Bauerfeind, I., Sendelhofert,
A, Iff, A. and Lohrs, U. (2003) EGFR, HER-2/neu, cyclin D1, p21 and p53 in Cor-
relation to Cell Proliferation and Steroid Hormone Receptor Status in Ductal Car-
cinoma /n Situ of the Breast. Breast Cancer Research and Treatment, 79, 187-198.
https://doi.org/10.1023/A:1023958324448

Miligy, I.M., Toss, M.S., Gorringe, K.L., Lee, A.H.S., Ellis, 1.O., Green, A.R. and
Rakha, E.A. (2019) The Clinical and Biological Significance of HER2
Over-Expression in Breast Ductal Carcinoma in Situ: A Large Study from a Single
Institution. British Journal of Cancer, 120, 1075-1082.
https://doi.org/10.1038/541416-019-0436-3

Borgquist, S., Zhou, W., Jirstrom, K., Amini, R.M., Sollie, T., Serlie, T., Blomgqvist,
C., Butt, S. and Wérnberg, F. (2015) The Prognostic Role of HER2 Expression in
Ductal Breast Carcinoma /n Situ (DCIS); a Population-Based Cohort Study. BMC
Cancer, 15, 468. https://doi.org/10.1186/s12885-015-1479-3

Solin, L.J., Gray, R., Baehner, F.L., Butler, S.M., Hughes, L.L., Yoshizawa, C., Cher-
bavaz, D.B., Shak, S., Page, D.L., Sledge, G.W., Davidson, N.E., Ingle, ].N., Perez,
E.A., Wood, W.C., Sparano, J.A. and Badve, S. (2013) A Multigene Expression As-
say to Predict Local Recurrence Risk for Ductal Carcinoma In Situ of the Breast.
Journal of the National Cancer Institute, 105, 701-710.

DOI: 10.4236/0jpathology.2020.104013

145 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013
https://doi.org/10.1016/S0959-8049(01)00165-4
https://doi.org/10.1002/cncr.25399
https://doi.org/10.1158/1078-0432.CCR-04-1633
https://doi.org/10.1054/bjoc.2001.1995
https://doi.org/10.1097/01.MP.0000038462.62634.B1
https://doi.org/10.1016/j.prp.2010.08.005
https://doi.org/10.1006/exmp.2001.2366
https://doi.org/10.1023/A:1023958324448
https://doi.org/10.1038/s41416-019-0436-3
https://doi.org/10.1186/s12885-015-1479-3

|. Petrone et al.

[56]

[57]

https://doi.org/10.1093/jnci/djt067

Allred, D.C,, Clark, G.M., Tandon, A.K., Molina, R., Tormey, D.C., Osborne, C.K.,
Gilchrist, KW., Mansour, E.G., Abeloff, M. and Eudey, L. (1992) HER-2/neu in
Node-Negative Breast Cancer: Prognostic Significance of Overexpression Influ-
enced by the Presence of In Situ Carcinoma. Journal of Clinical Oncology, 10,
599-605. https://doi.org/10.1200/JC0O.1992.10.4.599

Bartkova, J., Barnes, D.M., Millis, R.R. and Gullick, W.J. (1990) Immunohisto-
chemical Demonstration of c-erbB-2 Protein in Mammary Ductal Carcinoma in Si-
tu. Human Pathology, 21, 1164-1167.
https://doi.org/10.1016/0046-8177(90)90154-W

DOI: 10.4236/ojpathology.2020.104013

146 Open Journal of Pathology


https://doi.org/10.4236/ojpathology.2020.104013
https://doi.org/10.1093/jnci/djt067
https://doi.org/10.1200/JCO.1992.10.4.599
https://doi.org/10.1016/0046-8177(90)90154-W

	Immunohistochemical Biomarkers in Ductal Carcinoma In Situ
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Samples
	2.2. Immunohistochemistry 
	2.3. Chromogenic In Situ Hybridization (CISH)
	2.4. Statistical Analysis

	3. Results
	3.1. Patients and Tumor Characteristics
	3.2. Protein Expression by Breast Cancer and Proliferation Biomarkers
	3.3. Correlation of the DCIS Grade and Expression of Molecular Characteristics

	4. Discussion
	5. Conclusion
	Acknowledgements
	Author Contributions
	Ethical Approval
	Conflicts of Interest
	References

