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microRNA-10b expression and its correlation with
molecular subtypes of early invasive ductal carcinoma
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Abstract. The present study aimed to determine whether
the expression of microRNA (miR)-10b was correlated with
the molecular subtypes of early invasive ductal carcinoma
of the breast. In situ hybridization was used to detect the
expression of miR-10b in 193 patients diagnosed with early
invasive ductal carcinoma. Immunohistochemistry was
performed to evaluate the expression of estrogen receptor
(ER)-a, progesterone receptor (PR) and human epidermal
growth factor receptor-2 (Her-2). The positive expression rate
of miR-10b in patients with early invasive ductal carcinoma
with ER-a (+) or PR (+) was decreased compared with ER-a
(-) or PR (-) patients (P<0.05). Furthermore, the positive
expression rate of miR-10b in patients with Her-2 (-) was
significantly increased compared with patients that were Her-2
(+) (P=0.031). The positive expression rate of miR-10b in the
luminal B subtype was significantly decreased compared
with that in the luminal A, Her-2 and basal-like subtypes
(P=0.037). In patients that were identified as miR-10b (+), the
median disease-free survival time was significantly increased
in patients that were ER-a (+)/PR (+)/Her-2 (-) compared with
patients that were ER-a (-)/PR (-)/Her-2 (+) (P<0.05). In addi-
tion, the median disease-free survival time was significantly
decreased in Her-2 overexpression and basal-like subtypes
when compared with luminal A and B subtypes (P<0.05). The
molecular subtype was an independent prognostic factor for
early invasive ductal carcinoma (odds ratios for luminal B,
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Basal-like, and Her-2 overexpression were 2.900, 5.232 and
4.214, respectively; all P<0.05). Positive expression of miR-10b
may also be a prognostic risk factor (odds ratio >1), though this
was not statistically significant (P>0.05). The present findings
indicated that miR-10b-positive expression was correlated
with the expression of ER-a, Her-2 and the molecular subtypes
of early invasive ductal carcinoma of the breast.

Introduction

The majority of early invasive ductal carcinomas are diagnosed
by pathological biopsy (1,2). However, patients presenting
with the same clinical pathological stage that receive similar
clinical treatments may have distinct prognoses (3,4). Due
to the heterogeneity of breast cancer, the molecular subtype
theory has been proposed, which suggests that breast cancer
should be divided into four subtypes based on differential
molecular expression (5,6). For instance, the luminal A
subtype of invasive ductal carcinoma accounts for 65% of all
breast cancer cases, and typically occurs in postmenopausal
women (7). The maximum tumor diameter of the luminal A
subtype is <2 cm. Luminal A, namely the estrogen receptor
(ER)-a (+)/progesterone receptor (PR) (+)/Human epidermal
growth factor receptor-2 (Her-2) (-)/low expression of Ki-67,
is the most common subtype that accounts for 50% of all
subtypes (8). In addition, luminal A subtype breast cancer has
the lowest rate of recurrence and metastasis (9). Her-2 overex-
pression is a subtype of breast cancer that accounts for 20-30%
of breast cancer cases (6), while the triple-negative subtype
[Her-2 (-), ER (-) and PR (-)] accounts for 11-17% of cases (10).
Furthermore, Her-2 overexpression and triple-negative breast
cancer typically occur in pre-menopausal women (9,11). The
tumor diameters associated with the Her-2 and triple-negative
subtypes are >2 cm (12,10), and the recurrence rate for tumors
with diameter >2 cm is relatively high (12). As the fourth
subtype, basal-like type breast cancer has been associated
with a familial genetic tendency, and has the highest rates of
recurrence and metastasis compared with other subtypes (10).

MicroRNA (miRNA/miR) and its relevant signaling
pathways may be associated with the recurrence, metastasis
and prognosis of early invasive ductal carcinoma of the breast,
along with the efficacy of treatment (13,14). For instance,
Lowery et al (15) reported that levels of miRNA expression
were positively correlated with the expression of ER-a, PR
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and Her-2. Furthermore, previous studies have indicated that
miR-10b was involved in early-stage breast invasive ductal
carcinoma (16,17). Overexpression of miR-10b has also been
observed in breast cancer cells with high metastatic capability,
and has been implicated in the regulation of breast cancer
metastasis (18). In addition, miR-10b may enable non-meta-
static breast cancer tumor cells to acquire potent invasive and
metastatic properties (19).

In the present study, the expression of miR-10b was
detected using in situ hybridization (ISH) in tumor samples
of patients with early invasive ductal carcinoma of the breast.
Immunohistochemistry was also performed to evaluate the
expression of ER-a, PR and Her-2 in the tumor samples. Based
on the levels of ER-a, PR and Her-2 expression, patient speci-
mens were further classified into different molecular subtypes,
and the associations between miR-10b expression with the
expression of ER-a, PR and Her-2 and the molecular subtypes
were analyzed.

Materials and methods

Clinical data of patients. A database was established for
patients with breast cancer, which contained the data of
2,600 patients who received treatment at the First Affiliated
Hospital of Xinjiang Medical University (Urumgqi, China)
between January 2000 and December 2013. In the data-
base, all patients with breast cancer were pathologically
confirmed (20), and their clinical data and follow-up infor-
mation were complete. The follow-up data was collected
for 2-15 years post-operation via outpatient clinics, return
visits and telephone interviews. The interval of follow-up
study was 1 year and the deadline was December 2015. A
lack of tumor recurrence during the follow-up period was
regarded as disease-free survival. Imaging (abdominal
ultrasound, bone scan, lung computed tomography) and
histopathological examining of tissues were used to confirm
tumor metastases and recurrence. The loss to follow-up rate
was 6%. In the present study, 193 patients with early invasive
ductal carcinoma of the breast were selected from the data-
base. Patients were excluded if they: i) had other cancers; ii)
received preoperative radiotherapy, chemotherapy; and iii)
had non-breast-derived early breast invasive ductal carci-
noma. The tumor diameter of enrolled patients was <2 cm.
All of the patients were women aged 34-78 years old (mean
age, 46.5 years old). Tumor samples were collected from
the patients with early invasive ductal carcinoma during
radical surgery. All tumor samples were sectioned into size
of 1x1x0.5 cm, and subjected to immersion fixation with 10%
neutral buffered formalin for 24 h at 4°C. Samples were then
embedded in paraffin. Prior written informed consent was
obtained from all patients and the study was approved by the
Ethics Review Board of the Ethics Committee of Xinjiang
Medical University.

ISH. The enhanced sensitivity of an ISH detection kit I
(Boster Biological Technology, Pleasanton, CA, USA) was
used to perform an in sifu hybridization assay. A hsa-miR-10b
miRCURY LNA Detection Probe was purchased from Exiqon
A/S (Vedbaek, Denmark). All procedures were performed
following the manufacturer's instructions. Paraffin slices of
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4 ym of tumor samples from 193 patients with early invasive
ductal carcinoma were deparaffinized with xylene and dehy-
drated with ethanol, and subsequently treated with 3% H202,
washed by distilled water twice, combined with 3% citric acid
and two drops of concentrated pepsin according to the instruc-
tions of the kit (cat. no. MK1030; Boster Biological Technology,
Pleasanton, CA, USA). Following washing with phosphate
buffered saline (PBS) three times and distilled water once,
sample slices were prehybridized with digoxigenin-labeled
oligonucleotide probes (40 nM) at 37°C in a wet box for 3 h.
Slices were then washed with PBS for 2 times and incubated
with 20 ul digoxigenin-labeled oligonucleotide probes over-
night at 37-40°C. Following washing with PBS three times, 1X
biotinylated mouse anti-digoxin was added to slices for a further
2 h incubation at 4°C. Slices were respectively incubated with
streptavidin biotin complex and biotinylated peroxidase (3%)
for 30 min at 37°C. Finally, 3,3'-diaminobenzidine (DAB) was
used for color development, and samples were counterstained
with hematoxylin. Slices were mounted and observed under
a light microscope (Olympus Corporation, Tokyo, Japan).
Cells with brown staining in the cytoplasm were defined as
miR-10b-positive cells. According to the color intensity and
number of positive cells, staining scores were assigned, as
described previously (21). Briefly, cells expressing miR-10b
were scored based on the degree of staining, as follows: 0
points, no color; 1 point, yellowish, 2 points, brownish-yellow;
and 3 points, brown. According to the number of positive cells,
the expression of miR-10b was classified into four conditions:
Score 1, the rate of positive cells was 1-25%; score 2, the rate
of positive cells was 26-50%; score 3, the rate of positive
cells was 51-75%; and score 4, the rate of positive cells was
>75%. The final evaluation score for miR-10b expression in
each sample was calculated as follows: Final score = score of
color intensity x score of positive cell rate. In addition, the final
score was divided into four expression categories: 0, (-); 1-2
points, (+); 3-4 points (++); and > 4, points (+++).

Immunohistochemistry. Immunohistochemistry was
performed using an immunohistochemistry kit (cat.
no. SV00002; Boster Biological Technology) according
to the manufacturer's instructions. Paraffin slices of 4 ym
of tumor samples were deparaffinized and dehydrated.
Following the position of the antigen was detected by probes,
slices were processed with peroxidase blocking solution
(3%) and incubated at 37°C for 10 min with 5% bovine serum
to block non-specific antigens. A total of 50 ul primary
antibody was added to slices and incubated for 30 min at
room temperature. The primary antibodies used were rabbit
anti-ER-a monoclonal antibody (ab16660; 1:100), rabbit
anti-PR monoclonal antibody (ab32085; 1:100) and rabbit
anti-Her-2 monoclonal antibody (ab134182; 1:100), which
were purchased from Abcam (Cambridge, MA, USA).
Following washing with phosphate-buffered saline, 50 ul
horseradish peroxidase-conjugated goat anti-rabbit antibody
(cat. no. SV00002; 1:200; Boster Biological Technology)
was added to the slices and incubated for 10-15 min at room
temperature. Subsequently, 100 1 DAB was added for color
development. Following washing, slices were counterstained
with hematoxylin, mounted with neutral gum and observed under
an upright light microscope (BX43; Olympus Corporation).
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The expression levels of ER-a and PR were defined
according to the American Society of Clinical Oncology
criteria (22). When the rate of positive tumor cells was <10%,
samples were considered as ER-a or PR-negative, while those
with a rate >10% were considered as ER-a or PR positive. To
define the expression levels of Her-2, the Hercep test standard
was used (22), as recommended by the US Food and Drug
Inspection Bureau. The expression of Her-2 was divided into
four levels: (-), <10% cell membrane was positively stained;
(+), >10% cells were positively stained, but cells were not
contiguous or surrounding the cell membrane; (++), >10%
cells were positively stained with a weak or moderate color
surrounding the cell membrane and continuous; and (+++),
>10% cells were intensively and continuously stained around
the cell membrane. When the immunohistochemical staining
indicated Her-2 (+++) and the FISH test had confirmed Her-2
gene amplification, the sample was considered to exhibit high
expression of Her-2.

Fluorescence ISH (FISH). Tumor specimens from all patients
were embedded in paraffin and cut into 4-ym thick sections.
Following deparaffinization and dehydration, sections were
immersed in 30% acidic sodium sulfite at 50°C for 30 min.
Following washing with saline-sodium citrate buffer, samples
were digested using 5 pg/ml proteinase K solution (cat.
no. 90003; Exiqon, Vedbaek, Denmark) for 4-10 min at 37°C
and immersed in 0.1 M HCI for 5-10 min. Following fixation
with 100% acetone for 10 min at 4°C and air-drying, the tumor
samples were hybridized with 10 I 30 nM probe-mixed
solution (GLP HER-2/CSP17 dual-color fluorescent probes,
cat. no. D3571; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) overnight in a wet box at 40°C. Slices were air-dried
in the dark following washing with saline-sodium citrate
five times for 5 min, and 4',6-diamidino-2-phenylindole was
subsequently used to stain the nucleus. Slices were mounted
and observed using fluorescence microscopy. The fluorescent
probes GLP HER-2/CSP17 included two types of probes:
CSP17 labeled the centromere of the chromosome 17 with
green fluorescence, and HER-2 labeled the Her-2 gene with
orange fluorescence. In each visual field (selected according
to the results of immunohistochemical staining), 30 cells
were counted. The fluorescence ratio was calculated using the
following formula: Ratio = number of cells (orange)/number
of cells (green). When the ratio was <1.8, the sample was
considered to exhibit Her-2-negative expression, which indi-
cated no Her-2 amplification in the tumor sample. If the ratio
was >2.2, the sample was regarded to exhibit Her-2-positive
expression, which indicated that the Her-2 gene was ampli-
fied in the tumor sample. When the ratio was 1.8-2.2, more
tumor cells were required to be counted or the FISH assay
was repeated. If the ratio was >20 or there was contiguous
fluorescence within clusters, this was considered to indicate
gene amplification (23).

Statistical analysis. SPSS v17.0 statistical software (SPSS,
Inc., Chicago, IL, USA) was used for data analysis. A
Pearson's y? test was used to analyze the differential
expression of miR-10b in patients with distinct expression
of ER-a, PR and Her-2. The Kaplan-Meier method was
used to determine the cumulative disease-free survival
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time and a Log-rank test was performed to further
analyze differences. A multivariate Cox regression
model was applied to study different prognostic factors
for early invasive ductal carcinoma. The menstrua-
tion status was measure according to if menopause was
confirmed or not; the pathological grades (I or II) were
determined according the (American Joint Committee
on Cancer criteria; and treatment of chemotherapy and radio-
therapy was determined as received (yes) or never received
(no). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Determination of miR-10b expression. To determine the
expression levels of miR-10b, in siru hybridization was
performed. The positivity or negativity was determined by
the cytoplasmic staining and miR-10b (+) cells were stained
brown. The negative and positive expression of miR-10b
was indicated in Fig. 1. Based on staining intensity and the
percentage of positive cells, the expression levels of miR-10b
were divided into negative expression (-) (Fig. 1A), weak posi-
tive expression (+) (Fig. 1B), positive expression (++) (Fig. 1C),
and strong positive expression (+++) (Fig. 1D), respectively. Of
all 193 included patients, 152 were miR-10b (+) and 41 were
miR-10b (-) (Table I).

Determination of ER-a and PR expression. To detect the
expression levels of ER-a and PR, immunohistochemistry
was performed. From the 193 patients, 110 were ER-a (+), 83
were ER-a (-), 133 were PR (+) and 60 were PR (-) (Table I).
Fig. 2 depicts representative staining images of tumor
samples obtained from patients. Tumor samples with a posi-
tive staining rate of <10% (ER-a- or PR-negative; Fig. 2A
and C) and >10% (ER-a- or PR-positive; Fig. 2B and D) were
identified.

Determination of Her-2 expression using immunohisto-
chemistry and FISH. Her-2 expression was evaluated using
immunohistochemistry and FISH. There were 71 patients that
were Her-2 positive patients and 122 that were Her-2 nega-
tive (Table I). Fig. 3A depicts a representative tumor sample
with Her-2 (-) expression, while Figs. 3B-D represent Her-2
(#), (++), (++) and (+++) samples, respectively. Amplification
of the Her-2 gene was detected using FISH. Fig. 3 depicts
representative FISH images of tumor samples. Samples with
a fluorescence ratio of <1.8 were considered to lack Her-2
expression, thus indicating that the Her-2 gene was not ampli-
fied in the tumor samples (Fig. 3E). A ratio of >2.2 identified
samples as Her-2-positive, which indicated that the Her-2 gene
was amplified in the tumor sample (Fig. 3F).

miR-10b expression and its correlation with the expression of
ER-a, PR and Her-2 in early invasive ductal carcinoma. The
association between miR-10b expression and the expression of
ER-a, PR or Her-2 in 139 cases of early invasive ductal carci-
noma was analyzed using a Pearson's %* test. From the total
193 patients, there were 54 patients who showed normal-like
results in the immunohistochemistry test and were therefore
not categorized into the four subtypes, hence they were not
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Table I. Relationship between miR-10b expression and ER-a, PR and Her-2 expression in early breast invasive ductal cancer.

Clinical indicator N miR-10b (-) (%) miR-10b (+) (%) $ P-value
ER-a
+) 110 29 (26 .4) 81 (73.6) 4.008 0.045
) 83 12 (14.5) 71 (85.5)
PR
+) 133 24 (18.0) 109 (82.0) 2.616 0.106
) 60 17 (28.3) 43 (71.7)
Her-2
+) 71 21 (29.6) 50 (70.4) 4.663 0.031
) 122 20 (16.4) 102 (83.6)

miR-10b, microRNA-10b; ER-a., estrogen receptor-a; PR, progesterone receptor; Her-2, human epidermal growth factor receptor-2.

analyzed. Results indicated that the positive expression rate of
miR-10b was significantly increased in ER-a (-) samples when
compared with ER-a (+) samples (x*=4.008, P=0.045; Table I).
Similarly, in tumor samples that were Her-2 (-), the positive
expression rate of miR-10b was significantly increased when
compared with Her-2 (+) samples (y*=4.663, P=0.031; Table I).
By contrast, the miR-10b-positive expression rate was greater
in tumor samples that were PR (+) compared with those
that were PR (-), though this was not statistically significant
(x*=2.616, P=0.106; Table I). These results indicate that the
positive expression rate of miR-10b was negatively correlated
with the expression of ER-a and Her-2.

miR-10b expression and its correlation with different molec-
ular subtypes. Based on the expression of ER-a, PR and
Her-2 in 139 patients with early invasive ductal carcinoma,
the patients were divided into molecular subtypes, namely
luminal A, luminal B, Her-2 overexpression and basal-like,
as indicated in Table II. Among these distinct molecular
subtypes, the positive expression rate of miR-10b in luminal
B was significantly decreased when compared with the
other subtypes (%*=8.250, P=0.037; Table III). This data
indicates that positive expression of miR-10b may promote
an increased risk of recurrence and metastasis of luminal B
type breast cancer.

Survival analysis of patients with early invasive ductal
carcinoma with miR-10b (+) expression and variable ER-a,
PR and Her-2 expression. Cumulative disease-free survival
analysis was performed using the Kaplan-Meier method
and Log-rank test. In tumor samples that were identified as
miR-10b (+), the median disease-free survival (50% of the
cumulative survival rate) time was significantly increased
in patients that were ER-a (+) (11.466 years) compared with
patients that were ER-a. (-) (9.994 years; y*=4.375, P=0.036;
Fig. 4). Similarly, the median disease-free survival free time
was increased in patients that were miR-10b (+) and PR
(+) (11.509 years) when compared with patients that were
PR (-) (9.773 years; %*=2.883, P=0.090; Fig. 5). Conversely,
in patients that were miR-10 (+) and Her-2 (-), the median
disease-free survival time was 11.346 years, which was

Table II. Molecular subtypes of breast cancer and their receptor
expression.

Molecular subtype Receptor expression
Luminal A ER-a (+), and/or PR (+), Her-2(-)
Luminal B ER-a (+),and /or PR (+), Her-2(+)
Her-2 overexpression ER-a (-), PR (), Her-2 (+)
Basal-like ER-a (-), PR (-), Her-2 (-)

ER-a, estrogen receptor-a; PR, progesterone receptor; Her-2, human
epidermal growth factor receptor-2.

Table III. Association between miR-10b expression and early
breast invasive ductal cancer molecular subtypes.

Molecular miR-10b  miR-10b

subtype N (=) (%) (+) (%) P-value
Luminal A 52 7(13.5) 45(86.5) 0.037 (x*=8.25)
Luminal B 35 13 (37.1) 22(62.9) -

Her-2 20 3(150) 17(85.0) -
Basal-like 32 4(12.5) 28(87.5) -

miR-10b, microRNA-10b; ER-a, estrogen receptor-a; PR, proges-
terone receptor; Her-2, human epidermal growth factor receptor-2.

significantly increased compared with patients that were
Her-2 (+) (9.481 years) (x*=4.704, P=0.030, Fig. 6). For
patients with miR-10b (-), miR-10b (-) expression had no
effect on the median disease-free survival time of different
breast cancer molecular subtypes (data not shown). These
results suggest that miR-10b-positive expression resulted in
different expression levels of PR, which has no significant
effect on the disease-free survival curve of patients; however,
for miR-10b-positive expression, different expression levels
of ER-a and Her-2 may have a significant effect on the
disease-free survival curve of patients.
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Figure 1. Expression of miRNA-10b in patients with early invasive ductal carcinoma detected by in situ hybridization. miRNA-10b-positive cells were identi-
fied by brown staining in the cytoplasm. Representative images with different staining degrees are shown. Magnification, x200. (A) 0 point (-), (B) 1-2 points
(+), (C) 3-4 points (++) and (D) >4 points, (+++). miRNA-10b, microRNA-10b. Scale bar, 100 pm.

Figure 2. Expression of ER-a and PR in patients with early invasive ductal carcinoma detected by immunohistochemical staining. Representative images are
shown at magnification x200. ER-a/PR-positive cells were identified by brown staining in the cytoplasm. (A) ER-a-negative and (B) ER-a-positive tumor
samples. (C) PR-negative and (D) PR-positive tumor samples. ER-a, estrogen receptor-a; PR, progesterone receptor. Scale bar, 100 ym.

Survival analysis of patients with early invasive ductal
carcinoma with miR-10b (+) expression and different
molecular subtypes. Patients that were miR-10b (+) with
early invasive ductal carcinoma were divided into several
molecular subtypes. These subtypes consisted of luminal
A, luminal B, Her-2 overexpression and basal-like subtype.
The Kaplan-Meier method and Log-rank test were used to
perform survival analysis. The median disease-free survival
time was 12.035 years for luminal A subtype, 9.882 years

for luminal B subtype, 8.024 years for Her-2 overexpression
subtype and 8.316 years for basal-like subtype. The median
disease-free survival time of patients that were miR-10b
(+) was significantly decreased in the Her-2 overexpression
and basal-like subtypes compared with luminal A subtype
(x*=8.340, P=0.039; Fig. 7). These data suggested that the
positive expression of miR-10b was correlated with the
median disease-free survival time of different molecular
subtypes.
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Figure 3. Her-2 expression in early invasive ductal carcinoma specimens
detectedbyimmunohistochemistry and FISH analysis.Immunohistochemistry
images were captured at magnification x200. (A-D) Grades of Her-2
expression. (A) Negative expression of Her-2 (-). (B) Weakly-positive
expression of Her-2 (+). (C) Moderately-positive expression of Her-2 (++).
(D) Strongly-positive expression of Her-2 (+++). FISH images were captured
under a fluorescent microscope (magnification, x200). GLP HER-2/CSP17
fluorescent probes were used to label the centromere (green fluorescence)
and Her-2 gene (orange fluorescence) in breast cancer samples. (E) Absence
of Her-2 (fluorescence ratio <1.8). (F) Her-2 amplification (fluorescence ratio
>2.2). FISH, fluorescence in situ hybridization; Her-2, human epidermal
growth factor receptor. Scale bar, 100 ym.
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Figure 4. Survival analysis of patients with early invasive ductal carcinoma
with miR-10b (+) expression and different expression levels of ER-a. A
Kaplan-Meier survival curve was constructed and the disease-free survival
time of patients that were miR-10b (+) with different expression levels of
ER-a was comparatively analyzed. miR-10B, microRNA-10b; ER-a, estrogen
receptor-a. Censored group, group of 54/193 patients with normal-like
immunohistochemistry results that were excluded.

Multivariate Cox regression analysis of the prognostic factors
for patients with early invasive ductal carcinoma. To define
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Figure 5. Survival analysis of patients with early invasive ductal carci-
noma with miR-10 (+) expression and different expression levels of PR. A
Kaplan-Meier survival curve was constructed and the disease-free survival
time of patients that were miR-10 (+) with different expression levels of
PR was comparatively analyzed. miR-10B, microRNA-10b; PR, proges-
terone receptor. Censored group, group of 54/193 patients with normal-like
immunohistochemistry results that were excluded.
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Figure 6. Survival analysis of patients with early invasive ductal carcinoma
with miR-10 (+) expression and different expression levels of Her-2. A
Kaplan-Meier survival curve was constructed and the disease-free survival
time of patients that were miR-10 (+) with different expression levels of
Her-2 was comparatively analyzed. miR-10B, microRNA-10b; Her-2, human
epidermal growth factor receptor. Censored group, group of 54/193 patients
with normal-like immunohistochemistry results that were excluded.

the prognostic factors of early invasive ductal carcinoma,
multivariate Cox regression analysis was performed. The prog-
nostic factors included menstruation, clinical stage, miR-10b
expression, the molecular subtypes (luminal A, luminal B,
Her-2 overexpression and basal-like subtype), chemotherapy
and radiotherapy. Results indicated that the luminal A molec-
ular subtype may be an independent prognostic factor for
early breast invasive ductal carcinoma (P=0.049; Table IV).
The basal-like and Her-2 overexpression subtypes were also
identified as independent factors for poor prognosis [odds ratio
(OR)=5.232, P=0.007 and OR=4.214, P=0.036, respectively].
In addition, the expression of miR-10b may be a potential prog-
nostic factor for early invasive ductal carcinoma (OR=3.339);
though this was not statistically significant (P=0.108). These
findings suggest that the molecular subtype may be an inde-
pendent prognostic factor for early invasive ductal carcinoma
of the breast.
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Table I'V. Multivariate Cox regression analysis of early invasive ductal cancer molecular subtypes and prognostic factors.

Standard Wald 95% confidence
Clinicopathological variable § error value P-value OR interval
Menstruation status (Entered menopause or not) 0.171 0.409 0.174 0.676 1.186 0.532-2.645
Pathological grade (AJCC I or II) 0.181 0.460 0.155 0.694 1.199 0.486-2.954
miR-10b 1.206 0.749 2.589 0.108 3.339 0.769-14.507
Luminal A - - 7.879 0.049 - -
Luminal B 1.065 0.619 2.956 0.086 2.900 0.862-9.760
Basal-like 1.655 0.610 7.366 0.007 5.232 1.584-17.283
Her-2 overexpression 1.438 0.684 4421 0.036 4214 1.103-16.109
Chemotherapy (yes or no) -0.394 1.065 0.137 0.711 0.674 0.084-5.433
Radiotherapy (yes or no) 0.138 0.460 0.090 0.764 1.148 0.466-2.829

AJCC, American Joint Committee on Cancer; miR-10b, microRNA-10b; Her-2, human epidermal growth factor receptor-2; OR, odds ratio;
{3, p-coefficient. Luminal A served as the control group and the other groups (luminal B; triple negative; Her-2 over-expression) were compared

with luminal A.
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Figure 7. Survival analysis of patients with early invasive ductal carcinoma
with miR-10 (+) expression and different molecular subtypes. A Kaplan-Meier
survival curve was constructed and the disease-free survival time of patients
that were miR-10 (+) with different molecular subtypes was comparatively
analyzed. miR-10B, microRNA-10b; Her-2, human epidermal growth factor
receptor; Censored group, group of 54/193 patients with normal-like immu-
nohistochemistry results that were excluded.

Discussion

Invasive ductal carcinoma has been indicated as the most
common pathological type of breast cancer, and accounts for
75% of all carcinomas of the breast (24,25). Perou et al (5)
and Sorlie et al (6) reported that breast cancer may be
divided into four different subtypes (luminal A, luminal
B, Her-2 overexpression and basal-like subtype) in accor-
dance with the differential gene expression between tumor
cells and normal cells. Lowery ef al (15) further classified
breast cancer subtypes based on their miRNA expression
profiles and levels of ER-a, PR and Her-2 expression.
Lowery et al (15) also demonstrated that miRNA expres-
sion may be positively correlated with the expression levels
of ER, PR and Her-2. Therefore, they proposed that breast
cancer should be further divided according to the miRNA

expression level, thus indicating that miRNA expression
may be a diagnostic and prognostic indicator for breast
cancer. To the best of our knowledge, no previous studies
have investigated the association between miR-10b expres-
sion and the different molecular subtypes of breast cancer.
The present results indicated that miR-10b expression was
associated with the expression of ER-a, PR, Her-2 and the
different molecular subtypes. The positive expression rate
of miR-10b was significantly increased in patients that
were ER-a (-) compared with those that were ER-a (+), and
also significantly increased in patients that were Her-2 (-)
compared with those that were Her-2 (+). These data indi-
cated that miR-10b expression was negatively correlated with
the expression of ER-a and Her-2. Furthermore, among the
four distinct molecular subtypes of breast cancer, the positive
expression rate of miR-10b in luminal B was the lowest, at
62.9%. These data suggest that the expression of miR-10b
potentially contributes to decreased expression of ER-a and
Her-2, which may further lead to a reduced risk of recurrence
and metastasis of the luminal B subtype. Notably, the present
results indicated that elevated expression of ER-a may be a
protective factor for breast cancer, whereas the upregulated
expression of Her-2 may be a risk factor, and the non-luminal
B subtypes, particularly Her-2 overexpression and basal-like,
may increase the possibility of tumor recurrence and metas-
tasis.

At present, studies have indicated different prognoses for
the molecular subtypes of breast cancer. For instance, the
luminal A subtype is the most common breast cancer subtype,
and has been associated with a lower recurrence rate and an
improved prognosis compared with all other subtypes (3,26).
The luminal B subtype is characterized by an upregulation
in proliferation-associated genes, including CCNBI and
MYBL2, and genes associated with the signaling pathways
of growth factor receptors (27). A previous study indicated
that the percentage of histological grade III in luminal B
was increased, despite lower expression levels of ER-related
genes in the luminal B subtype (28). Furthermore, luminal
B is less sensitive to endocrine therapy when compared with
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luminal A (29). The Her-2 overexpression subtype has the
poorest prognosis among all the subtypes, potentially due
to its higher secretion level of proteolytic enzymes (30),
which stimulates cell division, enhances the invasive ability
of tumor cells and promotes cancer metastasis (6,31). The
basal-like subtype typically occurs in pre-menopausal
women, and ER-a (-), PR () and Her-2 (-) expression has been
implicated in this subtype (32,33). In addition, the basal-like
subtype has been associated with a higher histological grade,
poorer differentiation ability and stronger invasive capability
compared with the other subtypes, which may result in early
recurrence and distant metastasis (11,12). In the present study,
patients with miR-10b (+) breast cancer with ER-a (+)/PR
(+)/Her-2 (-) expression had a longer median disease-free
survival time and improved prognosis, which was consistent
with a previous study (8). Furthermore, results of the survival
analysis (K-M curve) indicated that the luminal A subtype
indicated the greatest prognosis in comparison with luminal
B, basal-like subtype and Her-2 overexpression subtype.
Among the latter, Her-2 overexpression had the shortest
median survival time, indicating the poorest prognosis, and
the result was in accordance with a previous study (6). In
addition, miR-10b (-) expression had no effect on the median
disease-free survival time of different breast cancer molec-
ular subtypes (data not shown). There were 54 patients who
showed normal-like results in the immunohistochemistry test
and were therefore not categorized into the four subtypes,
hence they were not analyzed in this study.

With advances in molecular biology, a molecular subtype
theory has been proposed to explain the heterogeneity of
breast cancer (34,35), whereby different molecular subtypes
of breast cancer may indicate different prognosis. For
instance, the luminal A and B subtypes have been associated
with an improved prognosis and lower rate of recurrence in
comparison with subtypes Basal-like and Her-2 overexpres-
sion (36,37). In addition, the Her-2 overexpression subtype
has been associated with a poor prognosis, and patients that
are Her-2-positive are suitable for targeted therapy (38). The
basal-like subtype, which is characterized by ER-a (-), PR (-)
and Her-2 (-), is typically associated with the poorest prog-
nosis (12,10). The present study indicated that the luminal
A molecular subtype was also an independent prognostic
factor in addition to basal-like and Her-2 overexpression.
Furthermore, miR-10b (+) may be a risk factor for the prog-
nosis of breast cancer.

In conclusion, the present study demonstrated that
miR-10b expression was correlated with the expression of
ER-0, PR and Her-2, and the different breast cancer molecular
subtypes. Furthermore, the different molecular subtypes of
breast cancer indicated different prognoses. The present find-
ings indicate that the expression of miR-10b may indirectly
affect the prognosis of breast cancer.
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