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Abstract. Breast cancer is one of the most common cancer types
in humans. Magnetic resonance imaging (MRI) is an efficient
method for the detection of human breast cancer. However, the
efficacy of MRI in detecting breast cancer in the early stage
requires to be improved. The present study investigated the diag-
nostic efficacy of a combination of MRI and detection of gene
expression in patients with breast cancer in the early stage. The
gene expression levels of Ki-67, BCL11A, FOXCI1, HOXDI13,
PCDHGBY7 and her-2 were used as an auxiliary diagnostic index
for patients with breast cancer in the early stage. Higher expres-
sion levels of TPA and C2erbB22 were observed in tumor tissue
obtained from diagnostic biopsy and determined by immuno-
histochemistry, which indicated a higher risk of breast cancer in
a total of 84 participants. Diagnostic data revealed that combi-
nation MRI and detection of gene expression had a significantly
higher diagnostic rate (66/84) in diagnosing breast cancer in an
early stage compared with either MRI (78/360) or detection of
gene expression (72/84; P<0.01). It was indicated that the combi-
nation of MRI and detection of gene expression had a higher
diagnostic rate (94.5%) than either MRI (81.4%) or detection of
gene expression (75.5%). Histological analysis confirmed the
diagnosis determined by MRI and detection of gene expression.
These results suggest that the combination of MRI and detec-
tion of gene expression may be a potential diagnostic method for
assessing patients with early-stage breast cancer.

Introduction

Breast cancer is one of the most common gynecological tumor
types worldwide (1). The majority of breast cancer-asso-
ciated mortalities is caused by local migration and distant
metastases of tumor cells (2). While the current therapeutic
schedules, including surgical techniques, as well as radiation,
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chemotherapy and gene targeted therapy, have improved the
overall survival (OS) of breast cancer patients, the outcome
remains generally poor (3,4). Of note, previous studies have
indicated that numerous genes are involved in epigenetic
modifications among patients with breast cancer (5-7). Genetic
analyses and testing for inherited gene mutations in patients
with breast cancer have been reported in clinical studies (8,9).
Therefore, it is essential to explore potential genes for diag-
nosing patients with breast cancer in the early stage.

At present, ultrasound, fluorodeoxyglucose-positron
emission tomography (PET)/computed tomography (CT) and
magnetic resonance imaging (MRI) are widely used for diag-
nosing and staging of human breast cancer (10-12). Eminently,
MRI provides a higher sensitivity and accuracy in the detec-
tion of breast cancer than CT and ultrasound (13). Application
of dynamic contrast enhancement MRI and post-processing
techniques are helpful for making the correct diagnosis for
patients with suspected breast cancer (14). Youk et al (15) have
suggested that MRI may be used to identify malignant breast
lesions by analyzing their morphological and kinetic features.
In addition, MRI is more efficient than CT in assessing the
response to neo-adjuvant chemotherapy and is beneficial for
identifying the primary tumor in breast cancer patients (16).
Furthermore, comparison between PET/CT and MRI in the
diagnosis, staging and follow-up of breast cancer patients
revealed that MRI is useful for distinguishing between benign
and malignant pulmonary nodules, has a high sensitivity and
specificity for nodal staging, and is helpful for evaluating
the early response to systemic chemotherapy (17). However,
the diagnostic accuracy of single MRI for breast cancer is
insufficient (18). In recent years, genetic diagnosis of breast
cancer has been applied, which may be an accurate and novel
diagnostic method for the evaluation of sentinel lymph node
metastasis in breast cancer patients (19-21).

In the present study, the diagnostic efficacy of MRI in
combination with detection of gene expression in breast cancer
patients was evaluated. It was reported that MRI combined
with detection of gene expression not only improves the accu-
racy, but also contributes to the selection of efficient treatments
for patients with breast cancer.

Materials and methods

Patients and selection. A total of 84 female patients (median
age, 46.2 years; range, 28.4-65.5 years) with suspected breast
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cancer who were assessed at the Radiology Department
of Beijing Tiantan Hospital (Beijing, China) between May
2015 and October 2016 were recruited for the present study.
All patients underwent pre-operative MRI and/or detection
of gene expression (Ki-67, BCL11A, FOXC1, HOXD13,
PCDHGBY7 and her-2). All patients were finally diagnosed
by histopathology in diagnostic biopsy samples. Patients
with a family history of cancer, chronic renal failure
and heart disease, as well as those with a history of ipsi-
lateral breast surgery, chest radiotherapy and oncoplastic
breast cancer were excluded from the study. Patients who
received neoadjuvant chemotherapy or radiotherapy were
also excluded from the recruitment. The present study was
approved by the Ethics Committee of Capital Medical
University (Beijing, China). All patients provided written
informed consent.

MRI analysis. The MRI protocol was in accordance with that
described in a previous study (22). In brief, a Siemens Verio
3.0T magnet MRI machine (Siemens AG, Munich, Germany)
was used to analyze breast tumor lesions and determine
their volume. All patients with suspected breast cancer were
subjected to MRI screening. MR images were analyzed using
a SUN T2000 workstation (Sun Microsystems Inc., Mountain
View, CA, USA) with the Eigentool image analysis software
3.0 (Image Analysis Lab, Henry Ford Hospital, Detroit, MI,
USA). Threshold ranges were determined using histogram
analysis from regions of interest placed around the identified
lesion using 95% confidence intervals determined from signal
intensity.

Detection of gene expression. Total RNA was extracted from
tumor cells (1.0 u#g) in biopsy samples using an RNeasy Mini
kit (Qiagen, Hilden, Germany) according to the manufac-
turer's protocol. Total RNA (1 pg) was reverse transcribed
into complementary (c)DNA using a QuantiTect Reverse
Transcription kit (cat. no. 205310; Qiagen) according to the
manufacturer's protocol. The cDNA (10 ng) was subjected to
quantitative polymerase chain reaction analysis using SYBR
Green Master mix (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). All primers were synthesized by Invitrogen (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) as described
previously (23). The reaction conditions were accordance with
those of a previous study (24). Relative mRNA expression
changes were calculated using the 2424 method (25). The
results are expressed as a fold of the control.

Histopathology. Breast tumor staging was performed based
on the American Joint Committee on Cancer Staging manual,
sixth edition (26). Histological analysis was performed using
the modified Bloom-Richardson classification (27). Primary
breast cancer tissues were evaluated from formalin-fixed,
paraffin-embedded tumor sections using immunohisto-
chemistry. Tumor sections were incubated with primary
antibodies rabbit anti-human against estrogen receptor (ER;
1:1,000; cat. no. clone SP1; Neomarkers for Lab Vision,
Fremont, CA, USA) and progesterone receptor (1:1,000, PR;
cat. no. clone PgR 636; Dako, Glostrup, Denmark) for 12 h at
4°C. Tumor tissues were then incubated with using horseradish
peroxidase-conjugated goat anti-rabbit immunoglobulin G
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monoclonal antibody (1:1,000, cat. no. PV-6001; Zhongshan
Goldenbridge-BIO, Beijing, China) for 2 h at 37°C. A Ventana
Benchmark automated staining system (Olympus BX5I,
Olympus; Tokyo, Japan) was used to assess protein expression
in tumor tissues. The staining results were semi-quantitatively
evaluated by multiplying the staining intensity and the
percentage of positively stained cells (magnification, x400).
The cutoff value for ER and PR positivity was >10% staining
on immunohistochemistry (27).

Treatment. Standard treatments for patients with breast cancer
in the present study were in accordance with those described in
a previous study (28). In brief, breast cancer patients received
breast surgery and breast radiotherapy.

Statistical analysis. Values are expressed as the mean + stan-
dard deviation of triplicate experiments. Pearson's correlation
analysis was performed to assess correlations. All data were
analyzed with SPSS version 20 (IBM Corp., Armonk, NY,
USA) using one-way analysis of variance followed by Tukey's
multiple comparison post-hoc test. The OS rates were calcu-
lated using the Kaplan-Meier method and the log-rank test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

MRI diagnosis of patients with breast cancer. MRI was
used to diagnose patients with suspected breast cancer in
a total of 84 cases. In a total of 78 patients, a breast lump
was detected, which required further confirmation by
pathological analysis. Representative MRI images of breast
lumps in patients with suspected breast cancer are displayed
in Fig. 1.

Analysis of breast cancer-associated gene expression in
biopsy samples of patients with breast cancer. To identify
differences in gene expression in patients with breast cancer,
the gene expression levels of Ki-67, B-cell CLL/lymphoma
11a (BCL11A), forkhead box (FOX)CI1, homeobox (HOX)
D13; protocadherin y subfamily B, 7 (PCDHGB7) and her-2
were detected in patients with breast cancer. The analysis
identified 72 patients with elevated gene expression of Ki-67,
BCLI11A, FOXCI, HOXD13, PCDHGB7 and her-2, while
32 patients had lower expression (Table I). Of the 78 patients
in which a breast lump was detected on MRI, 72 had higher
gene expression. The present study demonstrated that there
were a total of 66 patients with and 12 patients without breast
tumors (Table I).

Pathological analysis of breast cancer tissue. Histopatholo-
gical analysis was used to confirm whether patients had
breast cancer. Analyses demonstrated that all cancer tissues
were either non-infiltrative carcinoma or early invasive
carcinoma. Representative images of non-cancerous lump,
as well as non-infiltrative carcinoma and invasive carcinoma
tissue sections are displayed in Fig. 2. A total of 66 patients
were finally diagnosed with breast cancer, including 45
cases of non-infiltrative carcinomas and 21 cases of invasive
carcinoma (Table II).
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Figure 1. Diagnosis of breast cancer by magnetic resonance imaging.
Representative images of breast cancer tissue. (A) Tumor lesion (arrow) in
the left breast. (B) Tumor lesion (arrow) in the right breast (magnification,
x0.25). Scale bar, 20 ym. L, left breast; R, right breast.

Efficacy of combined diagnosis of MRI and detection of gene
expression for patients with breast cancer. The efficacy of
combined diagnosis of MRI and detection of gene expression
was evaluated in patients with breast cancer. Pearson's R test
was used to assess the correlation between gene expression
and the risk of breast cancer. A significant positive correlation
was observed between expression levels of the genes Ki-67,
BCL11A, FOXC1, HOXD13, PCDHGB7 and her-2, and the
risk of breast cancer (Pearson's R=0.516; P<0.01; Fig. 3).
In addition, a significant positive correlation was observed
between gene expression levels and tumor size in patients
with breast cancer (Pearson's R=0.410; P<0.01; Fig. 4). It was
demonstrated that the efficacy of combined diagnosis by MRI
and detection of gene expression improved the diagnostic rate
compared with that achieved by either MRI or detection of
gene expression alone (Fig. 5).

Association between gene expression levels and breast cancer
subtypes. The present study then analyzed the association
between gene expression levels and the breast cancer subtype,
including non-infiltrative carcinoma and early invasive carci-
noma. As presented in Fig. 6, breast tumor-associated genes
were lower expressed in non-infiltrative carcinoma compared
with early invasive carcinoma.

Survival of breast cancer patients diagnosed by MRI and
detection of gene expression. The survival of breast cancer
patients diagnosed by MRI and detection of gene expression
enrolled in the present study was then investigated. A signifi-
cant improvement of patients' survival time was observed after
diagnosis by MRI and detection of gene expression compared
with the mean survival of breast cancer patients diagnosed by
MRI and detection of gene expression (Fig. 7). These outcomes
suggest that diagnosis with a combination of MRI and detec-
tion of gene expression contributes to the early implementation
of treatment and therefore patient survival.

Discussion

The efficacy of contrast-enhanced MRI in the diagnosis of
breast cancer has been previously proven (29). In addition,
diagnosis of breast cancer using malignancy-associated
biomarkers has been widely accepted (30). The present study
analyzed the efficacy of the combination of MRI and detection
of gene expression in diagnosing patients with breast cancer in
the early stage. The results indicated that combination of MRI
and detection of gene expression not only markedly improved
the diagnostic accuracy, but also contributed to early tumor
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Table I. Gene expression in patients with suspected breast
cancer.

Patients with breast Individuals without

Gene tumors (n=66; %) tumors (n=12; %)
Ki-67 9.74+2 .47 22+12
BCL11A 162442 1.8+0.7
FOXCl1 84432 2.3+1.0
HOXD13 7.5+£3.0 2.6x1.5
PCDHGB7 6.842.6 1.7+0.7
Her-2 93+3.5 2.5+1.5

BCLI11A, B-cell CLL/lymphoma 11a; FOX, forkhead box; HOX,
homeobox; PCDHGB7, protocadherin y subfamily B, 7. Values are
expressed as the mean + SD.

Table II. Characteristics of the groups, divided by pathological
analysis.

Type n Tumor size (cm)
Non-infiltrative carcinoma 45 <2
Invasive carcinoma 21 >2
Healthy individuals 16 0

treatments, which further resulted in a long survival time of
breast cancer patients.

Although various methods for the early-stage diag-
nosis of breast cancer have been introduced, including
contrast-enhanced MRI, it is difficult to differentiate between
breast tumors and normal lumps in women with suspected
breast cancer (31-33). Molecular diagnosis comprising the
detection of high-frequency mutations in breast cancer
patients has provided a novel strategy for the early diagnosis of
human breast cancer (34). In the present study, the expression
levels of six genes, namely Ki-67, BCL11A, FOXC1, HOXDI13,
PCDHGB?7 and her-2, was determined to analyze the risk of
breast cancer in a total of 84 patients with suspected breast
cancer. The results indicated a significant positive correlation
between gene expression levels and the risk of breast cancer,
as well as between gene expression levels and tumor size in
patients with breast cancer. In the present study, gene expres-
sion analysis identified 72 patients with an elevated risk of
breast cancer among 84 suspicious patients.

Ki-67 has been regarded as a prognostic marker based
on a molecular subtype of breast cancer (35). The present
study reported that Ki-67 expression was higher in invasive
carcinoma compared with that in non-infiltrative carcinoma.
BCLI11A is overexpressed in triple-negative breast cancer
compared with that in normal mammary epithelial cells (36).
In the present study, BCL11A was 12-20-fold increased in
tumor biopsy samples in patients with breast cancer compared
with that non-malignant breast lumps in healthy individuals.
A previous study has indicated that FOXCI1 overexpression
is a marker of poor response to anthracycline-based adjuvant
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Figure 2. Pathological analysis of breast cancer tissue. Immunohistochemistry was performed to analyze normal breast and breast cancer tissue (magnification,
x40). (A) Non-cancerous lump. (B) Non-infiltrative breast cancer tissue. (C) Invasive breast carcinoma tissue. Scale bar, 20 ym.
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Figure 3. Correlation between gene expression levels of Ki-67, BCLI1A,
FOXC1, HOXDI13, PCDHGB7 and her-2 and the risk of breast cancer. The
mean gene expression levels were determined by reverse transcription-quan-
titative polymerase chain reaction analysis. BCL11A, B-cell CLL/lymphoma
11a; FOX, forkhead box; HOX, homeobox; PCDHGB7, protocadherin y
subfamily B7.
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Figure 4. Correlation between gene expression levels and the tumor size of
breast cancer. BCL11A, B-cell CLL/lymphoma 11a; FOX, forkhead box;
HOX, homeobox; PCDHGB?7, protocadherin y subfamily B7.

chemotherapy in triple-negative breast cancer (37). In addi-
tion, the prognostic significance of HOXDI13 expression in
human breast cancer has been elucidated and a previous study
indicated that HOXDI3 is a potential prognostic marker for
patients with breast cancer (38). Furthermore, quantification
of her-2 expression in immunohistochemically-identified
biopsies can be used to diagnose breast cancer (39). The
present study indicated that the expression levels of BCL11A,
FOXC1, HOXD13, PCDHGB7 and her-2 were upregulated
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Figure 5. Diagnostic efficacy of a combination of MRI and gene detection for
breast cancer patients. 'P<0.01. MRI, magnetic resonance imaging.
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Figure 6. Breast cancer-associated mean gene expression of Ki-67, BCL11A,
FOXC1, HOXD13, PCDHGB7 and her-2 levels in non-infiltrative carcinoma
and early invasive carcinoma (n=8). “"P<0.01.
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in patients with breast cancer. The present study analyzed
the diagnostic efficacy of the combination of MRI and
detection of gene expression for patients with breast cancer in
the early stage.

Studies have indicated that MRI is an accurate diagnostic
method for patients with breast cancer (40,41). The present
study reported that out of 78 patients in whom a breast lump
was detected on MRI, 72 were indicated to have breast cancer
according to detection of gene expression. In fact, only
66 patients were confirmed to have breast cancer by patho-
logical analysis. The results of the present study also identified
that MRI and detection of gene expression alone are not suffi-
cient for breast cancer diagnosis. The results of the present
study also indicated that breast tumor-associated genes were
lower expressed in non-infiltrative carcinoma compared with
those in in early invasive carcinoma. Of note, the survival time
of patients diagnosed by MRI and detection of gene expression
was longer than the mean survival of breast cancer patients
reported previously (42).

In conclusion, the present study analyzed the efficacy of
MRI and detection of gene expression in diagnosing breast
cancer patients. It was demonstrated that the detection of
the gene expression levels of BCL11A, FOXC1, HOXDI13,
PCDHGB7 and her-2 may be regarded as an auxiliary
method for MRI in diagnosing human breast cancer.
However, further studies in large populations of patients
with suspected breast cancer are required to determine the
combined diagnostic efficacy of MRI and detection of gene
expression.
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