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Background: The molecular signature of ductal carcinoma in situ (DCIS) in the breast is not well understood. 
Erb-b2 receptor tyrosine kinase 2 (ERBB2 [formerly known as HER2/neu]) positivity in DCIS is predictive of co-
existent early invasive breast carcinoma. The aim of this study is to identify the gene-expression signature pro-
files of estrogen receptor (ER)/progesterone receptor (PR)-positive, ERBB2, and triple-negative subtypes of DCIS.
Methods: Based on ER, PR, and ERBB2 status, a total of 18 high nuclear grade DCIS cases with no evidence 
of invasive breast carcinoma were selected along with 6 non-neoplastic controls. The 3 study groups were 
defined as ER/PR-positive, ERBB2, and triple-negative subtypes.
Results: A total of 49 genes were differentially expressed in the ERBB2 subtype compared with the  
ER/PR-positive and triple-negative groups. PROM1 was overexpressed in the ERBB2 subtype compared with 
ER/PR-positive and triple-negative subtypes. Other genes differentially expressed included TAOK1, AREG, 
AGR3, PEG10, and MMP9.
Conclusions: Our study identified unique gene signatures in ERBB2-positive DCIS, which may be associated with 
the development of invasive breast carcinoma. The results may enhance our understanding of the progression of 
breast cancer and become the basis for developing new predictive biomarkers and therapeutic targets for DCIS.

Introduction
Ductal carcinoma in situ (DCIS) of the breast is defined 
as a proliferation of neoplastic epithelial cells with ma-
lignant features and a ductal phenotype without inva-
sion of the basement membrane. DCIS is a nonoblig-
ate precursor lesion of a proportion of invasive breast 
carcinoma.1,2 DCIS is highly heterogeneous with a vari-
able presentation, morphology, and behavior.1-4 The in-
cidence of DCIS is increasing, largely due to increased 
life expectancy rates and improvements in diagnostic 
radiographical modalities.1-4

During the last 10 years, advances of high-through-
put genomic and gene expression and proteomic 
array-based techniques have allowed researchers to 
characterize the molecular signature of breast cancer. 
Gene-expression profiling is now used to classify inva-

sive breast carcinoma into subgroups with distinct clin-
ical behavior, including 2 types with estrogen recep-
tor (ER)/progesterone receptor (PR)-positive tumors 
(luminal A and B) and 2 ER/PR-negative types (basal 
like and erb-b2 receptor tyrosine kinase 2 [ERBB2 
{formerly known as HER2/neu}]).5,6 The conceptual 
changes resulting from gene-expression profiling stud-
ies in the setting of breast cancer have led to a new par-
adigm in the way breast cancer is perceived and have 
provided a rationale for a change in clinical practice.7,8

The exact molecular behavior of DCIS — in  
particular, how it progresses to invasive breast carci-
noma — is not well understood. Several studies on 
gene-expression signatures suggest that DCIS is ge-
netically advanced and heterogeneous and is a direct 
precursor of invasive breast carcinoma.9-13 Low-grade 
DCIS is considered to be a precursor of low-grade 
invasive breast carcinoma, and high-grade DCIS is a 
precursor of high-grade invasive breast carcinoma.12,14

DCIS has a high prevalence rate, and a small sub-
set of patients with DCIS will subsequently develop 
invasive disease, so biological markers that predict 
the presence of occult invasive disease or identify pa-
tients at higher risk of developing invasive cancer are 
needed so that clinicians can tailor the management 
of these lesions.4 Attempts have been made to catego-
rize DCIS by immunohistochemistry and to establish 
prognostic indicators.15,16 Some studies have focused 
on ERBB2 overexpression in invasive ductal carcinoma 
and DCIS.17-20 For example, Holmes et al17 reported that 

From the Department of Pathology (TI, SW, JSA, SH), University 
of Alabama at Birmingham, Birmingham, Alabama and Depart-
ment of Anatomic Pathology (EA-A), H. Lee Moffitt Cancer Center 
& Research Institute, Tampa, Florida.

Submitted April 4, 2016; accepted July 1, 2016.

Address correspondence to Shuko Harada, MD, Depart-
ment of Pathology, University of Alabama at Birmingham,  
NP 3540, 1802 6th Avenue South, Birmingham, AL 35249.  
E-mail: sharada1@uab.edu

No significant relationships exist between the authors and the com-
panies/organizations whose products or services may be referenced 
in this article.

This study was supported by the Faculty Development Grant 
Program of the University of Alabama at Birmingham. University 
of Alabama Heflin Center for Genomic Science Core Laboratories is 
supported by the Cancer Center Award P30CA13148-40.

Special Report

Differential Gene Expression in Ductal Carcinoma In Situ of the 
Breast Based on ERBB2 Status 
Emmanuel Agosto-Arroyo, MD, Tatyana Isayeva, PhD, Shi Wei, MD, Jonas S. Almeida, PhD, and  
Shuko Harada, MD



Cancer Control  103January 2017, Vol. 24, No. 1

ERBB2 status, larger tumor size, and higher nuclear 
grade were significantly correlated with time-to-tumor 
recurrence rate in patients treated with breast conser-
vation surgery alone for DCIS. Other reports suggest 
that DCIS with ERBB2 overexpression is associated 
with early invasive foci at a relatively higher rate of fre-
quency in the same or short-term subsequent excisions 
(35.8% in ERBB2-positive vs 12.2% in ERBB2-negative 
disease; P = .001).18,19 This observation has also been 
confirmed by a study in a Chinese population.20

These observations suggest that significant,  
differentially expressed genes may be present in 
ERBB2-positive DCIS and are associated with a high risk 
of developing invasive breast carcinoma than more in-
dolent DCIS.17-20 Thus, the aim of this study is to identify 
a signature of a gene-expression profile in DCIS with a 
different ERBB2 status. Identifying the gene-expression 
signatures of ERBB2-positive DCIS may increase our 
understanding of the mechanisms of the progression of 
breast cancer and become the basis for developing new 
predictive biomarkers and therapeutic targets and en-
hancing the management of DCIS.

Materials and Methods
Case Selection, Histological, and Immunohisto-
chemical Examination
Excisional specimens obtained from lumpectomies 
and mastectomies received at the University of Alabama 
at Birmingham (Birmingham, AL) between 2012 and 
2013 with a histopathological diagnosis of DCIS were 
screened for study inclusion. The clinical and patho-
logical histories were reviewed using electronic medical 
records and a pathology information system. Inclusion 
criteria encompassed DCIS cases with a high nuclear 
grade; a minimum tumor cell area of 0.5 cm2; and no 
association with invasive carcinoma by histological ex-
amination or clinical history. 

This study was retrospectively performed on 
deidentified patient information with approval of the 
Institutional Review Board at the University of Alabama 
at Birmingham.

ER, PR, and ERBB2 status was evaluated for the 
DCIS cases from formalin-fixed, paraffin-embedded 
tissue. The tissue sections were stained with clones  
ER-SP1 for ER, PR-IE2 for PR, and SP3 for ERBB2 us-
ing a biotin-free, polymer-based technology detection 
method and automatic staining. Scoring for ER/PR 
status was manually performed and based on the per-
centage of positive nuclear staining and its intensity. 
The staining intensity was graded from 1+ (weak) to 
3+ (strong), with 0 being negative. Scoring for ERBB2 
status was based on the pattern and intensity of mem-
branous staining according to the College of American 
Pathologists/American Society of Clinical Oncology 
guidelines for invasive carcinoma.21 ERBB2 immunos-
tain with 3+ intensity was classified as a ERBB2-pos-

itive case, and 0 or 1+ intensity was classified as a 
ERBB2-negative case. None of the cases included in 
this study showed stain results with 1+ or 2+ intensity.

DCIS cases with low or intermediate nuclear 
grades were excluded from this study because all 
ERBB2-positive DCIS cases were of a high nucle-
ar grade in our previous study.18 Based on ER, PR, 
and ERBB2 status, 18 cases with high nuclear grade 
DCIS with different receptor status were selected  
(6 ER-positive and/or PR-positive, and ERBB2-negative 
[ER/PR-positive]; 6 ER-negative, PR-negative, and ERBB2-
positive [ERBB2]; and 6 ER-negative, PR-negative, and 
ERBB2-negative [triple negative]). A total of 6 non-neo-
plastic breast tissue samples were used as controls. The 
controls were specimens obtained from reduction mam-
moplasty in patients with no history of breast malignancy.

RNA Extraction
Based on a slide stained with hematoxylin and eo-
sin, the area of DCIS with a minimum size of 0.5 cm2 
was marked by a pathologist. The formalin-fixed, 
paraffin-embedded tissue block was then macrodis-
sected from the area and RNA was extracted from the 
corresponding areas after deparaffinization with xy-
lene.22 RNA was eluted in a minimum volume of 25 µL  
Tris/ethylenediaminetetra-acetic acid–based buffer,  
pH 8.0, and the concentration of RNA was deter-
mined using a spectrophotometer. The average RNA  
concentration obtained was 379.5 ± 44.0 ng/µL  
(mean ± standard error of mean).

Expression Array and Analysis
Expression array of extracted RNA was performed at the 
University of Alabama Heflin Center for Genomic Science 
Core Laboratories, using an array that provides whole-
transcriptome coverage with measurements of protein 
coding and long, intergenic, noncoding RNA transcripts.

To detect genes differentially expressed in the 
dataset, normalization of the data between the array 
mean expression value and a non-neoplastic tissue 
control was carried out. Fold-change calculation was 
performed to measure the changes in gene-expression 
levels. A nonparametric approach was followed. Data 
were rank-ordered to detect the response measure-
ment to the outlier genes in each group. The genes 
with ranks at the tail end of the distribution for mul-
tiple samples was outside of the reference null distri-
bution obtained by permutation. The gene-expression 
profile of the ERBB2-expressing subtype was com-
pared with that of the ER/PR-positive and triple-neg-
ative subtypes in this manner. Specifically, the quan-
tile shift was calculated by running the command  
s {1} = vsShift(dtQ, 1,2) for a shift between 1 and 2. 
Only the genes falling in the top quartile in their dif-
ferential expression were chosen for further analysis. 

Hierarchical analysis of the expression pro-
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file was also performed. The data were analyzed us-
ing a customized MATLAB (MathWorks, Natick, MA) 
software application. The literate programming re-
port, produced by using the “cell programming” pub-
lication syntax of the MATLAB software, contains 
a detailed description of the analytical workflow  
(https://github.com/mathbiol/dcis).
The relevance of the quantile shift 
for each of the tests is calculated 
with reference to its cumulative 
distributions and is included in 
that report.

Results
Among all breast specimens 
obtained from biopsy or ex-
cision, 248 cases were diag-
nosed as DCIS. After excluding 
core biopsies and re-excision 
specimens, 131 cases were ex-
cisional specimens for DCIS 
without invasive breast carci-
noma. A total of 62 cases had 
DCIS with a low or intermediate 
nuclear grade, and 69 cases had 
DCIS with a high nuclear grade. 
By reviewing the histological 
slides of these high-grade cases,  
39 had enough tumor burden 
(> 0.5 cm2) to extract RNA. Immu-
nohistochemistry revealed that 
21 of them (61.5%) were classi-
fied as ER/PR-positive, 9 (23.1%) 
as triple-negative, and 6 (15.4%) 
as ERBB2 subtypes (Fig 1). We 
selected all the available ERBB2 
cases and randomly selected  
6 cases from the other 2 subtypes 
for RNA expression array.

Clinical information of the 
cases is summarized in Table 1. 
The median patient ages for 
each group were 49 years (range,  
39–69), 61 years (range, 58–71), 
and 55 years (range, 39–68) for 
the ER/PR-positive, triple-nega-
tive, and ERBB2 groups, respec-
tively. The age of those in the 
ERBB2-positive group was not 
significantly different from the 
other 2 groups. The median age 
of the control group was signifi-
cantly younger when compared 
with the other groups (30.5 years 
[range, 23–40]). Two patients 
were lost during follow-up, and 

the remaining patients were followed-up for 23 to  
50 months after surgical excision, with an average fol-
low-up time of 41 months. Seven patients (43.8%) re-
ceived no additional treatment after excision, where-
as 9 patients (56.2%) received additional treatment. 
Six patients (37.5%) were treated with radiotherapy,  

Table 1. — Summary of Demographical Characteristics of Each Case Patient

Case 
No.

Category Age, 
y

Surgery Extent Margin Additional 
Therapy

Follow-Up, 
mo

1 ER/PR+ 39 Mastectomy 14/22 2 mm Hormone 
therapy

36

2 69 Lumpectomy 6/8 Free on  
re-excision

RT 47

3 48 Lumpectomy 5/13 Free on  
re-excision

RT + 
hormone 
therapy

44

4 46 Mastectomy 5/11 Free — 46

5 61 Lumpectomy 1.1 cm 
(9/13)

Free RT 41

6 49 Lumpectomy 5/8 Free on  
re-excision

Hormone 
therapy

47

7 ERBB2 58 Mastectomy 7.5 cm Free — IDC at 30

8 39 Lumpectomy 4/10 Free on  
re-excision

RT 42

9 45 Mastectomy 6 cm Free — 41

10 68 Mastectomy 14/14 Free — 32

11 52 Mastectomy 5/13 Free — 36

12 64 NA Lost to 
follow-up

NA

13 Triple 
negative

63 Mastectomy 4/20 Free — 50

14 60 Lumpectomy 2/18 3 mm RT 47

15 59 Lumpectomy 15/33 Free RT 46

16 71 Lumpectomy 1.6 cm Free RT 37

17 58 Mastectomy 1.7 cm Free — 23

18 62 NA — — Lost to 
follow-up

NA

ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, IDC = invasive ductal carcinoma, 
NA = not applicable, PR = progesterone receptor, RT = radiotherapy.

Fig 1A–B. — High-grade ductal carcinoma in situ displaying (A) solid architecture with comedo ne-
crosis (hematoxylin and eosin stain, × 40) with (B) intense and complete (3+) membrane staining for 
ERBB2 immunohistochemistry. ERBB2 = erb-b2 receptor tyrosine kinase 2.

A B
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2 patients were treated with adjuvant hormonal thera-
py (tamoxifen), and 1 patient was treated with a com-
bination of hormonal therapy and radiotherapy. One 
patient in the ERBB2-positive group received no ad-
ditional treatment and developed invasive breast car-
cinoma 30 months after the initial diagnosis in the 
ipsilateral breast following reconstruction surgery. 
The majority of cases (81.3%; n = 13) had sentinel 
lymph nodes examined; none had metastasis. Mar-
gins were free of tumor, defined as carcinoma at least 
0.2 cm away from the margin, either on the initial 
diagnosis or on re-excision. No obvious trend was  
identified between margin status, tumor extent, and 
additional treatment.

A total of 1,682 transcripts were analyzed by 
gene-expression profiling. The genes were clustered 
according to their specific subtype and the differ-
ence of their signal intensity (Fig 2). The gene-ex-
pression profile of each subtype was compared with 
that of normal breast tissue. In addition, the gene-
expression profile of the ERBB2-expressing subtype 
was compared with that of the ER/PR-positive and  
triple-negative subtypes (Fig 3). A total of 49 differ-
ent genes were identified as being overexpressed in 
the ERBB2 subtype when compared with the other  
2 groups. A list of the most common differentially ex-
pressed genes, with their respective quantile shift, is 
summarized in Table 2. These genes encompass stem 
cell, stromal growth factors, vascular growth factors, 

and inflammatory response–associated genes.
Among the most relevant genes, PROM1 was 

consistently found to be overexpressed in the ERBB2 
subtype compared with the ER/PR-positive and  
triple-negative subtypes. TAOK1, AREG, and AGR3 
were overexpressed in the ERBB2 subtype com-
pared with the triple-negative cases. By hierarchical 
analysis, PEG10 was overexpressed in the ERBB2 
group compared with the triple-negative and con-
trol groups. This gene was also overexpressed in 
the ER/PR-positive group compared with the con-
trol group, yet it was underexpressed in the ERBB2 
group when compared with the expression levels in 
the ER/PR-positive lesions. ESR1 and TFF1 were also 
found to be underexpressed in the ERBB2 subtype 
when compared to the ER/PR-positive subtype. Hi-
erarchical analysis also showed underexpression of 
MMP9 in the ERBB2 subtype when compared to the 
triple-negative subtype. Different inflammatory as-
sociated genes such as IGHA and IGKC were found 
to be underexpressed in the ERBB2 subgroup when 
compared to the ER/PR-positive and triple-negative 
groups. CD24 was overexpressed in the ERBB2 sub-
type as compared with the ER/PR-positive subtype.

Discussion
To the best of our knowledge, this is the first report 
to examine gene-expression profiles by ERBB2 
stratification. 

Fig 2. — Gene-expression profile clustering of 1,682 transcripts for the 3 experimental groups after normalization against the nonneoplastic tissue controls. 
Expression values were ranked to determine their quantile value (by dividing rank by number of transcripts), and the corresponding 0 to 1 values are used in the 
axes. Colored values indicate transcripts found to have rank-sum P < .05. 
ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, PR = progesterone receptor.

            Triple Negative

ER/PR
ERBB2
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Concurrent DCIS and invasive breast carcinoma 
share similar genetic features and molecular abnormali-
ties, suggesting that the risk factors for these 2 diseases 
are similar.13,23-32 The natural history, progression, and 
mechanism underlying DCIS are poorly understood, 
although several studies have shown that the transition 
from DCIS to invasive disease is associated with quan-
titative rather than qualitative differences in gene ex-
pression.2,14,25,33 Biological markers to predict the pres-
ence of occult invasive disease or to identify patients at 
higher risk of developing invasive cancer are needed 
so that clinicians can better tailor the management of 
these lesions. Some commercially available assays for 
DCIS are available for ER/PR-positive DCIS; however, 
no tests are available for ERBB2-positive or triple-nega-
tive DCIS. In this study, we tried to identify differential-
ly expressed genes in ERBB2-positive DCIS that may 
be associated with a high risk of developing invasive 
breast carcinoma.

We found a distinct gene-expression profile pat-
tern in DCIS among the different immunophenotypes. 
PROM1 was overexpressed in the ERBB2 subtype com-
pared with the ER/PR-positive and triple-negative sub-
types. PROM1 encodes prominin-1, a cell surface pen-
taspan membrane glycoprotein.34 PROM1 expression 
and its function in cancer remains incompletely delin-
eated; nevertheless, it is recognized as a general cancer 
stem cell marker in several types of cancer, together 
with a CD44 (high)/CD24 (low) signature.35

PROM1 has been identified in colorectal, hepato-
cellular, and pancreatic cancers as a stem cell marker 
and as a cancer recurrence predictor in colon can-
cer.36-42 For tumors of the central nervous system, spe-
cifically glioblastomas, PROM1 has also been used as 
a stem cell marker, in which its expression correlates 
with poor overall survival.43 Similarly, a higher expres-
sion of PROM1 has been identified in patients with 
non–small-cell lung cancer compared to tissue con-

Fig 3. — Hierarchical analysis comparing the gene expression of the experimental groups. Green = overexpressed genes, red = underexpressed genes.
ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, PR = progesterone receptor.

Triple  
Negative

ERBB2 vs  
ER/PR+

ERBB2 vs  
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trols, implying a relationship be-
tween PROM1 and the development 
of lung cancer.44

PROM1 expression in pancreatic 
cancer cell lines has been found to 
induce the epithelial-mesenchymal 
transition and increase in vitro in-
vasion, mediated by activation of 
nuclear factor κB (NF-κB).45 NF-κB 
activation leads to classical epithe-
lial-mesenchymal transition marker 
changes and the promotion of cel-
lular migration and invasion; thus, 
in the context of pancreatic cancer, 
activation of NF-κB may be essential 
for tumor development.46

Jung et al47 described PROM1 
expression as differentially regu-
lated in response to SOX2 tran-
scriptional activity in breast cancer 
cells. Latorre et al48 reported that the 
downregulation of a newly identi-
fied molecular complex — scaffold-
ed by the long, non-coding, RNA, 
metastatic-associated lung adenocar-
cinoma noncoding transcript 1 and 
RNA-binding protein human antigen 
R — upregulated PROM1 expression 
in dedifferentiating breast cancer 
cells in vivo and in vitro. The main 
nuclear functions of human antigen 
R are the regulation of splicing, mes-
senger RNA processing, and polyad-
enylation.49

The discovery of PROM1 over-
expression in ERBB2-positive DCIS 
in our study suggests an association 
between the pathogenesis and pro-
gression of breast cancer from an 
in situ nature to an invasive nature, 
possibly correlating with the ERBB2 
subtype behavior and prognosis.

TAOK1, AREG, PEG10, and 
AGR3 were overexpressed in the 
ERBB2 subtype compared with the 
triple-negative cases. TAOK1, which 
encodes for a serine/threonine pro-
tein kinase, is involved in various 
processes such as the p38/mitogen-
activated protein kinase (MAPK) 14 stress-activated 
MAPK cascade, DNA damage response, and the 
regulation of cytoskeleton stability and apoptosis.50 
Schulte et al51 analyzed genomic rearrangements in 
a ZR-75-30 representative breast cancer cell line and 
identified the TAOK1–PCGF2 fusion, which results in 
gene inactivation. 

The AREG gene product, amphiregulin, is a ligand 
that can bind and activate epidermal growth factor re-
ceptor; thus, it belongs to the epidermal growth factor 
family of ligands. The activation of epidermal growth 
factor receptor by amphiregulin appears to be required 
in ductal morphogenesis, and its autocrine function 
may be associated with several types of cancer, includ-

Table 2. — Summary of the Most Common Differentially Expressed Genes in ERBB2 
Cases Compared With ER/PR+ and Triple-Negative Cases by Clustering Analysis

Overexpressed 
Compared With 
ER/PR+ Status

Overexpressed 
Compared With 
Triple-Negative 

Status

Underexpressed 
Compared With 
ER/PR+ Status

Underexpressed 
Compared With 
Triple-Negative 

Status
PROM1 (0.915) PROM1 (0.793) ESR1 (0.972) HMGCS (0.835)

SLP1 (0.888) TAOK1 (0.785) PEG10 (0.902) AQP3 (0.803)

CD24 (0.853) PEG10 (0.726) TFF1 (0.887) SULT1C3 (0.803)

ALDH3B2 (0.828) ITGB6 (0.724) GDAP1 (0.870) ALOX15B (0.799)

GLYATL2 (0.794) RNU5D (0.714) ELOVL2 (0.854) SLP1 (0.790)

DBI (0.783) SLC39A6 (0.705) VSIG6 (0.854) NTNG1 (0.789)

CYP4F22 (0.853) HOXA9 (0.787)

FGF10 (0.850) MMP9 (0.786)

PPAPDC1B (0.840) GRIA2 (0.785)

SCUBE (0.838) HOXA7 (0.780)

IGKV3D (0.835) AKR1C2 (0.778)

NUERL (0.834) SLC5A8 (0.776)

IGKC (0.815) IGHA1 (0.760)

IGHA1 (0.814) IGKC (0.749)

AREG (0.813) ALDH3B2 (0.747)

GRIA2 (0.793) IGHD (0.742)

HOXA7 (0.793) DUOX1 (0.727)

IGHD (0.790) FKBP5 (0.725)

IGLJ3 (0.789) CYP4X1 (0.719)

SGK3 (0.780) SLC44A4 (0.713)

POTEE (0.777) ELOVL2 (0.690)

AGR3 (0.775)

MALAT1 (0.766)

AQP3 (0.764)

HOXA9 (0.756)

SLC5A8 (0.745)

DUOX1 (0.733)

NTNG1 (0.731)

CYP4X1 (0.726)

FKBP5 (0.714)

HMGCS2 (0.714)

SLC44A4 (0.711)

SULT1C3 (0.691)

AKR1C2 (0.681)

Numbers in parentheses indicate the quantile shift between the 2 conditions.
ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, PR = progesterone receptor.
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ing hepatocellular, pancreatic, colon, and inflamma-
tory breast cancers.52-58 

PEG10 is an imprinted gene with paternal expres-
sion that encodes for 2 proteins that have cell-prolif-
eration properties and can inhibit apoptosis.59-62 The 
proteins have a distant homology to retroviral gag and 
pol proteins, which is suggestive of an ancient retro-
viral insertion event during evolution.59,63 PEG is also 
a downstream MYC-responsive gene overexpressed in 
human breast and prostate cancers.59 

AGR2 and AGR3 belong to the disulfide isomerase 
protein family, which forms, disrupts, oxidizes, reduces, 
and isomerizes the disulphide bonds between the cys-
teine residues of nascent proteins, thus regulating pro-
tein folding and maturation.64,65 In silico component 
analysis revealed that AGR3 contains a binding site 
for the ETS-domain containing protein ELK1, a direct 
target for the MAPK-signaling pathway, which has been 
implicated in cell proliferation, apoptosis, and progres-
sion.65 AGR3 is overexpressed in breast cancer, and ex-
pression of AGR2 and AGR3 correlates with estrogen ex-
pression.66 However, estrogen-independent expression 
of AGR2 and AGR3 has also been observed in prostate, 
pancreatic, esophageal, and ovarian cancers.66,67

When the ERBB2-subtype expression profile was 
compared with that of the ER/PR-positive group, we 
identified underexpression of ESR1 and TFF1. TFF1 
is an ER-responsive gene co-expressed with TFF3 
as components of a luminal epithelial signature in 
breast cancer cells.68 von der Heyde et al69 showed 
that TFF1 is underexpressed in trastuzumab-resistant 
breast cancer cell lines compared with ER/PR-positive 
trastuzumab-sensitive cell lines. Collins et al70 found a 
relationship between trastuzumab therapy and TFF1, 
confirming that trastuzumab upregulated ER transcrip-
tional activity and TFF1 expression.69

Hierarchical analysis also showed underexpres-
sion of MMP9 in the ERBB2 subtype when compared 
with the triple-negative subtype. Matrix metallopro-
teinases are responsible for the degradation of extra-
cellular matrix proteins and play a crucial role in can-
cer cell invasion.71,72 MMP9 has been identified as a 
predictive marker of breast cancer cell invasion.69,73

Limitations
Based on the available data, we identified several 
genes actively involved in tumor development in vari-
ous organ systems that were differentially expressed 
in different subtypes of DCIS. Although the num-
ber of cases in this study was limited, the genes we 
found differentially expressed in ERBB2-positive and  
ERBB2-negative DCIS are involved in cancer biology, 
suggesting that these genes may play an important role 
in the progression of DCIS. Long-term follow-up re-
search to correlate between the expression profiles of 
these genes and their clinical outcomes is warranted. 

Further studies are also needed to confirm the expres-
sion of these genes and their translational products. 

Another potential limitation in the present study 
is that the excisions were performed for clinical pur-
poses, so no fresh frozen tissue was available for RNA 
extraction. Obtaining fresh frozen tissue may improve 
the quality of the obtained nucleic acids. In addition, 
the results of this study do not distinguish between 
the gene expression in the tumor cells from that of the 
microenvironment, such as stromal and inflammatory 
cells. Some of the genes related to inflammation, such 
as CD24, may be differentially expressed in inflamma-
tory cells. Several matrix metalloproteases are also up-
regulated in the stroma when transitioning from prein-
vasive to invasive disease — which may account for the 
observed MMP9 underexpression in the ERBB2 sub-
type. However, the percentage of tumor nuclei from 
the area in which RNA was extracted was more than 
60%. Therefore, the contribution of the microenviron-
ment would be minimal. If the changes of gene expres-
sion were occurring in the microenvironment, such as 
inflammatory cells or stromal cells, uncovering these 
changes would also be of interest.

Some of the protein products of the genes differ-
entially expressed, such as PROM1, are cell-surface 
proteins, which may be targetable by monoclonal an-
tibodies. 

Conclusions
In this study, we identified differential gene expression 
in the erb-b2 receptor tyrosine kinase 2 (ERBB2) sub-
type of ductal carcinoma in situ (DCIS) of the breast. 
Immunophenotypical classification of DCIS — in par-
ticular, ERBB2 reactivity — might be useful in identify-
ing patients with DCIS at higher risk for early invasive 
disease or subsequently developing invasive disease. 
Identifying functional and molecular mechanisms of 
genes differentially expressed in DCIS may help us bet-
ter understand the progression of this disease and pos-
sibly lead to the development of therapeutic targets for 
DCIS. Our findings may help understand the intricate, 
yet significant, genetic and epigenetic alterations seen 
in tumor cells and tumor-associated cells, such as stro-
mal, stem cell, and microenvironment genes, which 
could help establish the basis for developing new pre-
dictive biomarkers and therapeutic targets  for DCIS. 
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