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Abstract. Expression of miR-221 and miR-489 in breast
cancer patients and their prognostic value were investi-
gated. Sixty-two breast cancer patients admitted to the
First Teaching Hospital of Tianjin University of Traditional
Chinese Medicine for tumor surgery, from July 2014 to
January 2016, were selected as the research group (RG), and
27 female adults who underwent physical examination during
the same period were selected as the control group (CG).
miR-221 and miR-489 expression levels in the blood samples
of the breast cancer patients and the healthy female adults
were detected by fluorescence reverse transcription-quantita-
tive PCR (RT-qPCR), and the relationship of the expression
levels of miR-221 and miR-489 with the disease prognosis
was analyzed. The expression levels of miR-221 and miR-489
in the blood samples of breast cancer patients were 7.13+1.19
and 0.88+0.09, respectively, and those in the blood samples
of healthy individuals were 5.82+0.84 and 1.01+0.12,
respectively. The expression level of miR-221 in the RG was
significantly higher than that in the CG (P<0.01), while the
expression level of miR-489 in the RG was significantly lower
than that in the CG (P<0.01). The area under the curve (AUC)
of miR-221 was 0.769, and the AUC of miR-489 was 0.805.
When AUC was equal to 0.88, the combined detection of the
two had higher sensitivity and specificity than the single detec-
tion. The 3-year survival rates of miR-221 low-expression
group and miR-489 high-expression group were significantly
higher than those of the miR-221 high-expression group and
miR-489 low-expression group (P<0.05). miR-221 expression
was upregulated and miR-489 expression was downregulated
in blood samples of breast cancer patients, which had a certain
impact on the patients survival. In the future, miR-221 can
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be used as an effective indicator for diagnosis, treatment and
prognosis of breast cancer.

Introduction

Breast cancer is one of the most common types of tumors
among women and the main cause of cancer-related deaths
in women worldwide (1). Some studies have revealed that
the overall morbidity of breast cancer among Asian women
is on the increase (2), and although the breast cancer treat-
ment methods have improved, the death toll from breast
cancer has not decreased due to the aging population (3). Due
to the high recurrence rate of tumors and the drug resistance
to chemotherapy, the efficacy of breast cancer treatments
and prognosis of breast cancer have not achieved satisfac-
tory results (4), making breast cancer a hot topic in clinical
research. At present, a number of reports (5-7) have proven
that microRNAs (miRNAS) are involved in the development
of various tumors. miR-221 and miR-489 have been verified
to have abnormal expression (8-10) in colorectal cancer and
gastric cancer; however, miR-221 and miR-489 expression
levels in breast cancer have been rarely reported. Therefore,
in the present study it was speculated that miR-221 and
miR-489 have also abnormal expression in breast cancer, and
experimental analysis was carried out for verification. The
aim of the present study was to investigate whether miR-221
and miR-489 can be used as diagnostic indicators and disease
prediction indices in breast cancer, and to provide a relevant
reference basis and suggestions for the future clinical treat-
ment of breast cancer.

Subjects and methods

Clinical data. Sixty-two breast cancer patients admitted to the
First Teaching Hospital of Tianjin University of Traditional
Chinese Medicine (Tianjin, China) for tumor surgery, from
July 2014 to January 2016, were selected as the research
group (RG), and 27 female adults who underwent physical
examination during the same period were selected as the
control group (CG). The average age of all subjects was
48.12+10.36 years. The study was approved by the Ethics
Committee of the First Teaching Hospital of Tianjin University
of Traditional Chinese Medicine (Tianjin, China). All subjects
who participated in this research had complete clinical data.
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Table I. Primer sequences of miR-221, miR-489 and U6 internal reference gene.

Genes Upstream primers Downstream primers

miR-221 5'-GGGAAGCTACTAAGTCTGC-3' 5-GTGCGTGTCGTGGAGTCG-3'
miR-489 5'-ACACTCCAGCTGGGGTGACATCACATA-3' 5-TGGTGTCGTGGAGTCG-3'

U6 5'-GCTTCGGCAGCACATATACTAAAAT-3' 5'-CGCTTCACGAATTTGCGTGTCAT-3'

Signed written informed consents were obtained from the
participants and/or their guardians.

Inclusion and exclusion criteria. All patients in the RG were
diagnosed with breast cancer after biopsy in the Pathology
Department of our hospital. The exclusion criteria were
as follows: i) Patients with incomplete pathological data;
ii) patients with other tumors; iii) patients who had received
relevant treatment; iv) patients with other visceral diseases;
v) patients with drug allergy history; vi) patient referrals.

Methods. Sixty-two breast cancer patients were selected as the
RG and 27 healthy women as the CG. Blood samples were
collected from both groups. miR-221 expression (kit purchased
from Guangzhou Angfeibio Biotech Co., Ltd.; UTS19324)
and miR-489 (kit purchased from Shanghai Yihui Biological
Technology Co., Ltd.; HHMO0387) were detected by fluores-
cence reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted using TRIzol® kit (Shanghai Mingjing
Biology Co., Ltd.; 5003050) according to the manufacturer's
protocol. The extracted total RNA was reverse transcribed
into cDNA according to the manufacturer's instructions of a
reverse transcription kit (Wuhan Chundu Biotech Co., Ltd;
CD-102539GM). Reverse transcription reaction conditions
were 50°C for 45 min, and the reverse transcriptase was
inactivated at 85°C for 5 min. cDNA was amplified using an
amplification kit (Shanghai Xinyu Biotechnology Co., Ltd.;
XY-051021). SYBR Green I (KS26757) was purchased from
Shanghai Keshun Biological Technology Co., Ltd. The primer
sequences used were synthesized by Thermo Fisher Scientific,
Inc. Details are shown in Table I. The following thermocycling
conditions were used for qPCR: Pre-denaturation at 94°C for
30 sec, denaturation at 94°C for 5 sec, annealing and extension
at 60°C for 30 sec for 40 cycles. The experiment was conducted
3 times. U6 was used as internal reference and 2“4 method
was used for quantification (11).

Observation indicators. The expression levels of miR-221 and
miR-489 were observed in the two groups, as well as the diag-
nostic value of miR-221 and miR-489 in breast cancer. The
patients in the RG were followed up for 3 years. According
to the median values of miR-221 and miR-489 expression
levels in the RG, the patients were divided into miR-221
high- and low-expression groups and into miR-489 high- and
low-expression groups, respectively. The 3-year survival rates
of the high- and low-expression groups were recorded and
compared.

Statistical analysis. SPSS 22.0 software (IBM Corp.) was used
to statistically analyze the experimental data and generate the

relevant figures. The measurement data were expressed as the
mean + standard deviation. The comparison of the measure-
ment data between two groups was conducted using t-test.
Counting data were expressed as percentage [n (%)], and the
comparison of counting data between groups was performed
by Chi-square (x?) test. The diagnostic value was analyzed
by ROC curve analysis and the survival rates were calculated
by Kaplan-Meier method. Log-rank test was used for the
comparison of the survival curves. P<0.05 was considered to
indicate a statistically significant difference.

Results

Comparison of clinicopathological characteristics. There
was no significant difference in age, weight, family history of
breast cancer, marital status, reproductive history, smoking or
drinking between the RG and CG (P>0.05), proving that the
two groups were comparable. Details are presented in Table II.

Comparison of miR-221 and miR-489 expression levels.
Blood samples were collected from the RG and CG, and the
expression levels of miR-221 and miR-489 were detected.
The results revealed that the expression level of miR-221 in
the RG was 7.13+1.19, significantly higher than that in the CG
(5.82+0.84) (P<0.01), whereas, the expression level of miR-489
in the RG was 0.88+0.09, significantly lower than that in the
CG (1.01£0.12) (P<0.01) (Fig. 1.

Diagnostic value of miR-221 and miR-489 expression levels
in breast cancer. ROC curve analysis revealed that the area
under the miR-221 curve was 0.769, the sensitivity was 61.29%,
the specificity was 85.19%, the cut-off value was 6.806, and
the 95% CI was 66.27-95.81%. The area under the miR-489
curve was 0.805, the sensitivity was 66.13%, the specificity
was 85.19%, the cut-off value was 0.903, and the 95% CI
was 66.27-95.81%. In addition, the area under the curve of
the combined detection of the two was 0.88, the sensitivity
was 64.52%, the specificity was 96.3%, the cut-off value
was 0.165, and the 95% CI was 81.03-99.91% (Fig. 2).

Prognosis and survival of patients. According to the median
values of the expression levels of miR-221 and miR-489,
the patients in the RG were divided into 37 cases of high
miR-221 expression (=7.13), 22 cases of low miR-221 expres-
sion (<7.13), 24 cases of high miR-489 expression (=0.88) and
35 cases of low miR-489 expression (<0.88). By March 2019,
59 patients of the RG were successfully followed up through
telephones, hospital re-examination and dropping-in
follow-up, with a follow-up success rate of 95.16%. The 1-,
2- and 3-year survival rates in the miR-221 high-expression
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Table II. Comparison of clinicopathological characteristics between the two groups.

Research group Control group
Clinicopathological characteristics (n=62) (n=27) t or %> P-value
Age (years) 41.29+7.35 39.71+6.82 0.952 0.344
Weight (kg) 60.47+7.56 57.42+6.98 1.790 0.077
Family history of breast cancer 1.208 0.272
Yes 21 (33.87) 6 (22.22)
No 41 (66.13) 21 (77.78)
Marital status 1.394 0.498
Unmarried 21 (33.87) 9 (33.33)
Married 38 (61.29) 18 (66.67)
Widowed 3(4.84) 0 (00.00)
Childbearing history 0.048 0.826
Having children 36 (58.06) 15 (55.56)
Not having children 26 (41.94) 12 (44 .44)
Smoking 0.185 0.667
Yes 14 (22.58) 5(18.52)
No 48 (77.42) 22 (81.48)
Drinking 0.203 0.653
Yes 19 (30.65) 7(25.93)
No 43 (69.35) 20 (74.07)
Type of carcinoma
Infiltrating carcinoma 49 (79.03)
Non-infiltrating carcinoma 13 (20.97)
Degree of differentiation
Moderately and poorly differentiated 50 (80.65)
Highly differentiated 12 (19.35)
Pathological staging
Stages I-1I 27 (43.55)
Stages III-1V 35 (56 .45)
Distant metastasis
Yes 25 (40.32)
No 37 (59.68)
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Figure 1. Comparison of the expression levels of miR-221 and miR-489 in the blood samples of patients of the RG and healthy individuals of the CG. (A) The
expression level of miR-221 in the RG was significantly higher than that in the CG. (B) The expression level of miR-489 in the RG was significantly lower than
that in the CG. "P<0.01. RG, research group; CG, control group.

group were 91.89, 78.38 and 56.76%, respectively, whereas  90.91 and 81.82%, respectively, which were significantly
those in the miR-221 low-expression group were 95.45, higher than those in the miR-221 high-expression group
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Figure 2. (A) Early diagnostic value of miR-221 in breast cancer (AUC=0.769). (B) Early diagnostic value of miR-489 in breast cancer (AUC=0.805). (C) Early
diagnostic value of the combined detection of miR-221 and miR-489 in breast cancer. RG was taken as the independent variable and binary logistic analysis
was carried out to obtain the combined detection model: Log (P) = -4.547 + (1.212) x miR-221 + 12.368 x miR-489. When AUC was equal to 0.88, the model

had higher specificity than miR-221 and miR-489 alone. AUC, area under the curve; RG, research group.

>

miR-221 _ _
—— high expression
1204 )
== low expression
T
= 1004
-
L
a
o B804
c
@
g
o 604
Q.
40 T T T 1
0 10 20 30 40

Time (months)

v}

miR-489

—i— low expression
== high expression

e

c T T T 1
0 10 20 30
Time (months)

150~

100+

504

Percent survival

Figure 3. Prognosis and survival of breast cancer patients. Relationship between (A) miR-221 and (B) miR-489 expression levels and the prognosis and survival

of patients.

(P=0.049). The 1-,2- and 3-year survival rates in the miR-489
low-expression group were 93.94, 75.76 and 54.55%, respec-
tively, whereas those in the miR-489 high-expression group
were 96.15, 88.46 and 80.77%, respectively, which were
significantly higher than those in the miR-489 low-expression
group (P=0.035) (Fig. 3).

Relationship between the miR-221 and miR-489 expres-
sion levels and the clinicopathological characteristics of
the patient in the RG. The expression levels of miR-221 and
miR-489 in the RG were related to age, family history of
breast cancer, type of carcinoma, degree of differentiation,
pathological staging and distant metastasis (P<0.05). Details
are presented in Tables III and I'V.

Discussion

Breast cancer is one of the most common malignant tumors
among women worldwide. Drug resistance and distant organ
metastasis are the main causes of most breast cancer-related
deaths (12). In recent years, the mortality of breast cancer has
decreased due to the promotion of disease screening; however,
the mortality rate remains high (13,14). Early breast cancer
is usually treated by adjuvant systemic therapy, including
chemotherapy, radiotherapy and endocrine therapy (15).
However, due to the toxic effects of these treatment methods,
the benefits for the breast cancer patients are not obvious (16).
At present, as the pathogenesis of breast cancer has not been
completely elucidated and there is no effective reference index



ONCOLOGY LETTERS 19: 1523-1529, 2020 1527

Table III. Relationship between miR-221 expression level and the clinicopathological characteristics of patients in the RG.

Clinicopathological characteristics n Expression level t P-value

Age (years) 2.119 0.038
=40 28 7.33+£2.12
<40 34 641+1.26

Family history of breast cancer 2.379 0.021
Yes 21 7.62+£2 .47
No 41 6.53+1.15

Type of carcinoma 2.163 0.035
Infiltrating carcinoma 49 7.59+1.31
Non-infiltrating carcinoma 13 6.73+1.12

Degree of differentiation 2.284 0.026
Moderately and poorly differentiated 50 7.63x1.25
Highly differentiated 12 6.72+1.19

Pathological staging 2.056 0.044
Stages I-11 27 7.09+1.26
Stages II-1V 35 7.88+1.66

Distant metastasis 2.066 0.043
Yes 25 7.89+1.86
No 37 7.02+1.45

RG, research group.

Table I'V. Relationship between miR-489 expression level and the clinicopathological characteristics of patients in the RG.

Clinicopathological characteristics n Expression level t P-value

Age (years) 2.186 0.033
=40 28 0.82+0.06
<40 34 0.86+0.08

Family history of breast cancer 2.236 0.029
Yes 21 0.80+0.05
No 41 0.83+0.05

Type of carcinoma 2.458 0.017
Infiltrating carcinoma 49 0.78+0.05
Non-infiltrating carcinoma 13 0.82+0.06

Degree of differentiation 4362 <0.001
Moderately and poorly differentiated 50 0.78+0.05
Highly differentiated 12 0.83+0.04

Pathological staging 2.240 0.029
Stages I-1I 27 0.86+0.06
Stages III-1V 35 0.83+0.04

Distant metastasis 2.278 0.026
Yes 25 0.86+0.07
No 37 0.91+0.06

RG, research group.

for the diagnosis and prognosis, biological indicators and new  become the research focus in clinical practice (17). In recent
targets for the diagnosis and treatment of breast cancer have  years, a number of studies have been reported on miRNA as



1528

a new indicator for cancer diagnosis and treatment (18-20).
miRNA is a small non-coding region of 20-22 nucleotide
RNA. Under normal circumstances, miRNAs play a role in
feedback mechanisms by protecting proliferation, differen-
tiation, apoptosis and other processes of cells, and are key
links in a number of biological processes (21,22). Previous
studies have proven that miRNAs can act as oncogenes or
tumor suppressor genes according to the functions of their
target genes (23). Among them, some studies have confirmed
that miR-221 stimulates different types of tumors and down-
regulates some tumor suppressor genes. Upregulation of
miR-221 is linked to the occurrence of various hematological
diseases and solid malignant tumors (24). However, miR-489
can play a part in proliferation, survival and invasion of cells
by regulating genes (25). With the deepening of research, it
is gradually considered that miR-221 and miR-489 may be
closely related to the occurrence and development of breast
cancer (26,27).

The results of the present study revealed that the expression
level of miR-221 in patients of the RG was significantly higher
than that in the CG, and the expression level of miR-489 in the
RG was significantly lower than that in the CG, suggesting that
miR-221 and miR-489 might participate in the occurrence and
development of breast cancer, in agreement with the research
results of Patel et al, Pan et al and Ye et al (28-30). ROC
curve analysis showed that when the cut-off value was 6.806,
the sensitivity and specificity of miR-221 in the diagnosis
of breast cancer were 61.29 and 85.19%, respectively; when
the cut-off value was 0.903, the sensitivity and specificity of
miR-489 were 66.13 and 85.19%, respectively; and when the
cut-off value was 0.165, the combined detection of the two
had higher specificity than the single detection of miR-221
and miR-489. The relationship between the expression levels
of miR-221 and miR-489 and the clinicopathological char-
acteristics of breast cancer patients was further analyzed.
miR-221 and miR-489 were significantly associated with
age, family history of breast cancer, pathological type of
carsinoma, degree of differentiation, pathological staging
and distant metastasis, suggesting that miR-221 and miR-489
are closely associated to differentiation and proliferation
of breast cancer cells. The prognosis of the miR-221 and
miR-489 high- and low-expression groups were compared
for 3 years, respectively. The survival rate of the miR-221
high-expression group was significantly lower than that of the
miR-221 low-expression group, and the survival rate of the
miR-489 low-expression group was significantly lower than
that of the miR-489 high-expression group, suggesting that
miR-221 and miR-489 are relevant to the prognosis of breast
cancer patients. The aim of improving prognosis could be
achieved by detecting the expression levels of miR-221 and
miR-489 in breast cancer patients.

At present, biopsy is still the only definite way to diagnose
breast cancer, although it causes great damage to the body.
Therefore, a convenient and effective biomarker is urgently
needed in clinic for the diagnosis and treatment of breast
cancer diseases. As miRNA can be detected from serum,
plasma, body fluids and tissues, it has become a hot spot in the
research of tumor diseases. In the present study, the expression
levels of miR-221 and miR-489 in the blood of breast cancer
patients were analyzed, and it was shown that miR-221 and

LI: miR-221 AND miR-489 IN BREAST CANCER

miR-489 can be effective indicators for the diagnosis and
treatment of breast cancer diseases. However, there are still
some limitations in this study, such as the small number of
experimental subjects, the short follow-up time, and the lack of
basic experiments. The mechanism of miR-221 and miR-489
on breast cancer is not yet clear. Further research is needed to
continuously improve our experiments in order to obtain the
best and most accurate experimental results.

In conclusion, miR-221 expression is upregulated and
miR-489 expression is downregulated in the blood of breast
cancer patients, which has a certain impact on prognosis. In
the future, miR-221 can be used as an effective indicator for
the diagnosis, treatment and prognosis of breast cancer.
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