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ARTICLE INFO ABSTRACT

Keywords: Background: Although the function of microRNA-21 and microRNA-206 in breast cancer cells have been in-
microRNA-21 vestigated in vitro, their association with estrogen receptor (ER), progesterone receptor (PR), and human epi-
microRNA-206 dermal growth factor receptor 2 (HER2) are not reported.

ER Methods: ER, PR, HER2, and Ki-67 staining pattern were utilized to classify 75 breast cancer patients recruited.
;];Rz The malignancy was predicted with tumor nodes metastases (TNM) classification. RT-qPCR was performed to

detect the relative expression of ER, PR, and HER2 in tumor samples and microRNA-21 and microRNA-206 in the
serum. Spearman's correlation analysis was used to determine the association between different molecules.
According to the staining pattern, the breast cancer patients were classified into five types.

Results: microRNA-21 was up-regulated in HER2 positive and Basal-like breast cancer types, while microRNA-
206 was up-regulated in Luminal A and B types of breast cancer. microRNA-21 expression negatively correlated
with the level of ER and PR but positively correlated with HER2 expression and tumor malignancy, while
microRNA-206 showed the opposite trend. Neither microRNA-21 nor microRNA-206 showed any significant
correlation with the age of the patients.

Conclusion: Both microRNA-21 and microRNA-206 closely correlate with ER, PR, and HER2 expression, which
can be considered as clinical biomarkers.

Breast cancer

1. Introduction

Breast cancer is among the most common invasive cancers in
women, which affects about 12% of women [1]. Current clinical
therapy incorporates clinical, pathological, and molecular information
[2,3]. In clinical, breast cancer can be staged with the tumor nodes
metastases (TNM) system, which is based on the size of the tumor (T),
whether or not the tumor has spread to the lymph nodes (N) in the
armpits, and whether the tumor has metastasized (M) [4,5]. Hormones
receptor status, such as estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2 (HER2) will in-
dicate prognosis and determine therapy options. Ki-67 is used as a
measurement of the proliferative activity of breast cancer cells, while
there is some disagreement as to the usefulness of Ki-67 as a prognostic
indicator.

Beyond the sole established single molecule biomarker, multigene
and multiple microRNA expression pattern analysis has been
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investigated to decipher the driver pathways and biology process to
predict clinical outcome more accurately [4,6]. Studies have shown
that microRNA-21 is highly expressed in some breast cancer patients
and is associated with breast cancer metastasis and invasion in vitro
[7,8]. microRNA-206 showed in vitro inhibitory effects on metastasis
and invasion of breast cancer by targeting connexin 43 [9]. However,
these experiments were basically in vitro experiments, which do not
fully represent the situation of patients in vivo. Therefore, we collected
75 breast cancer patients' tissue and serum samples, grouped them
according to ER, PR, HER2, and Ki-67 molecular typing, detected the
relative expression of microRNA-21 and microRNA-206 in the samples,
and calculated their correlation with ER, PR, HER2, and traditional
TMN scores. This investigation will provide a theoretical basis for mi-
croRNA-21 and microRNA-206 to be used as the new molecular mar-
kers of breast cancer.
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2. Methods & materials
2.1. Participants enrolment

From 2018 January to 2018 May, 75 women diagnosed as breast
cancer who underwent surgical treatment were recruited in this in-
vestigation in Chongqging Renji Hospital, University of Chinese
Academy of Science. The TNM classification was followed by the 8th
edition of the staging classification criteria issued by American Joint
Committee on Cancer (AJCC) according to the presence and size of the
tumor, its metastasis in the axillary lymph nodes, and other factors
[10]. This investigation was approved by the Ethics Committee of
Chongqing Renji Hospital, University of Chinese Academy of Science,
and all the participants signed informed consent forms.

2.2. Immunohistochemistry

Surgery isolated breast tumor tissues without hemorrhage or ne-
crosis were fixed in 4% paraformaldehyde (24 h, room temperature)
and embedded in paraffin. In order to compensate for tumor hetero-
geneity, six sections from the same tumor sample were mixed. Antigen
retrieval was performed by microwave-heating. The following primary
antibodies were utilized: ER (ER1D5, Immunotech, Marseille, France),
PR (PR-AT 4.14, Thermo Fisher Scientific, Inc., Rockford, IL, USA), and
Ki-67 (20Raj1, Thermo Fisher Scientific). Histofine® One-Step Polymer
Detection System (Nacalai USA, Inc) was used to develop the signal.
The Hercep test was performed to determine HER2 status.

2.3. Real-time gPCR

miRNeasy (Qiagen, Shanghai, China) kit was utilized to extract total
RNA from tissue and serum according to the manufacturer's protocol.
The concentrations were assayed with NanoDrop 1000 (NanoDrop
Technologies Inc., Wilmington, DE). TagMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, Waltham, MA, USA) was applied
to perform microRNA-21, microRNA-206, ER, PR, and HER2 specific
reverse transcription with 5ng of total RNA, which was further am-
plified with the TagMan microRNA Assay Kit on the StepOne System
(Applied Biosystems) with the manufacturer's fast thermal cycling
protocol. The comparative Cr (2221 method was utilized to calculate
the relative expression and the cut-off value was set up as 2.

2.4. Statistical analysis

Spearman's correlation analysis was utilized to determine the as-
sociation between different molecular marker. One-way ANOVA ana-
lysis followed by a Tukey's post hoc test was used to determine the
statistical differences between experimental groups. P < .05 was con-
sidered to be statistically significant.

3. Results

3.1. microRNA-21 and microRNA-206 demonstrate different expression
patterns

Based on previously reported DNA microarray and im-
munohistochemical (IHC) classification criteria [11,12], breast cancer
patients were divided into five groups in this study as indicated in
Table 1: luminal A, luminal B(HER2 +), luminal B(HER2-), HER2 po-
sitive, and basal-like type. The expression of microRNA-21 and mi-
croRNA-206 in the serum of 75 breast cancer patients from different
group were detected with RT-PCR, and the results demonstrated that
microRNA-21 was up-regulated in the HER2 positive and basal-like
breast cancer groups (Fig. 1), which is consistent with the fact that
microRNA-21 was considered as oncogenic miRNA in breast cancer
[13]. While, microRNA-206 was up-regulated in the luminal A, luminal
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Table 1
Clinical characteristics of the different group of breast cancer patients.

Type Breast Cancer
Luminal A Luminal B Luminal B HER2 Basal-like
(HER2+) (HER2-) Positive

ER + + + = -

PR + +/- +/= - -

HER2 - + - + —

Ki-67 < 14% 0-100% =14% 0-100% 0-100%
Number of 29 10 8 10 18

patients

Estrogen Receptor, ER; Progesterone Receptor, PR; human epidermal growth
factor receptor 2, HER2.
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Fig. 1. miR-21 is up-regulated in HER2 positive and Basal-like breast cancer.
Box and whisker plots showing the expression level of miR-21 in the serum of
75 breast cancer patients from different groups. The data range is represented
by whiskers.
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Fig. 2. miR-206 is up-regulated in Luminal A and B type breast cancer.

Box and whisker plots showing the expression level of miR-206 in the serum of
75 breast cancer patients from different groups. The data range is represented
by whiskers.
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Fig. 3. miR-21 negatively correlates with the expression level of ER and PR but positively correlates with HER2.

The expression levels of miR-21 in the serum and the levels of ER, PR, and HER2 in the tumor tissues of different groups are determined by RT-qPCR. Spearman's
correlation analysis of miR-21 with ER (A, in Luminal A, Luminal B (HER2 +) and Luminal B (HER2-) groups), PR (B, in Luminal A, Luminal B (HER2 +) and Luminal
B (HER2-) groups) and HER2 (C, in Luminal B (HER2+) and HER2 positive groups) are showed in each panel. R2 and the p-value are also indicated in the panels.

B (HER2+), and luminal B (HER2-) types of breast cancer, and little
can be detected in the HER2 positive and basal-like types of breast
cancer (Fig. 2).

3.2. microRNA-21 expression negatively correlates with ER and PR but
positively correlates with HER2

The relative expression of microRNA-21 in the serum and the levels
of ER, PR, and HER2 in the tumor tissues of the different groups were
determined by RT-PCR. Spearman's correlation analysis of microRNA-
21 with ER in Luminal A, Luminal B (HER2+ ), and Luminal B (HER2-)
groups showed negative correlation (Fig. 3A, R* = 0.2043, p = .0014),
and such negative correlation was also observed in microRNA-21 with
PR in Luminal A, Luminal B (HER2 +), and Luminal B (HER2-) groups
(Fig. 3B, R?> = 0.3019, p < .0001). While microRNA-21 showed a po-
sitive correlation with HER2 in Luminal B (HER2 +) and HER2 positive
groups (Fig. 3C, R*> = 0.5337, p = .0003).

3.3. microRNA-206 expression positively correlates with ER and PR but
negatively correlates with HER2

Spearman's correlation analysis of microRNA-206 with ER in
Luminal A, Luminal B (HER2+), and Luminal B (HER2-) groups
showed positive correlation (Fig. 4A, R? = 0.4125,p < .0001), and ER
also showed positive correlation with PR in Luminal A, Luminal B
(HER2+), and Luminal B (HER2-) groups (Fig. 4B, R2 = 0.3775,
p < .0001). While, microRNA-206 showed a negative correlation with
HER2 in Luminal B (HER2+) and HER2 positive groups (Fig. 4C,
R? = 0.2577, p = .0233).
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3.4. microRNA-21 and microRNA-206 correlate with the malignant signs in
breast cancer

In addition to TNM staging, ER, PR, and HER2 status was already
utilized to evaluate the prognosis of the disease and make the treatment
decision. This investigation showed that microRNA-21 positively cor-
rected with the malignancy of breast cancer based on TNM classifica-
tion (Fig. 5A-C), while microRNA-206 showed a negative correlation
(Fig. 6A-C). Neither microRNA-21 (Fig. 7A, R? = 0.0158, p = .2829)
nor microRNA-206 (Fig. 7B, R? = 0.0049, p = .5494) showed any sig-
nificant correlation with the age of the patients. All of these indicated
that both microRNA-21 and microRNA-206 could be utilized as an in-
dicator of breast cancer malignancy.

4. Discussion

In breast cancer clinical practice, ER and PR are the most useful
metabolic markers which are utilized to predict the response to hor-
mone therapy. Potential new markers such as HER2 and stearoyl-CoA
desaturase-1 (SCD1) are used to predict the response to therapeutic
regimens [6]. Thus, the assessment of ER and PR along with HER2
status is among the first approved immunostaining detection to re-
volutionize individualized breast cancer treatment. As an indicator of
cancer cell proliferation, Ki67 is the most useful in hormone-sensitive
breast cancers, while non-standardized immunohistochemistry staining
and inter-laboratory variability have led the controversial interpreta-
tion [14]. It is worth noting that ER, PR, and Ki67 usually alter or
change after neoadjuvant therapy and might be different when com-
pared with the primary tumor, while HER2 seems to be more stably
expressed. The relationship between such changes and the prognosis
after primary systemic therapy is unknown [10,15,16].

As a family of small noncoding RNAs, microRNAs are sufficiently
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Fig. 4. miR-206 positively correlates with the expression level of ER and PR but negatively correlates with HER2.

30-
© 204
[=]
A
x
& ol R?=0.4125
p<0.0001
0+—2 T r ] 04— .
0 5 10 15 0 5
ER
30-
o
20 ° °
© % R2=0.2577
N =
2 10 ° p=0.0233
£
) 2 4 6
. HER2

Clinical Biochemistry 71 (2019) 52-57

R?=0.3775
p<0.0001

The expression levels of miR-206 in the serum and the levels of ER, PR, and HER2 in the tumor tissues of different groups are determined by RT-qPCR. Spearman's
correlation analysis of miR-206 with ER (A, in Luminal A, Luminal B (HER2+) and Luminal B (HER2-) groups), PR (B, in Luminal A, Luminal B (HER2+) and
Luminal B (HER2-) groups) and HER2 (C, in Luminal B (HER2 + ) and HER2 positive groups) are showed in each panel. R2 and the p-value are also indicated in the

panels.
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Fig. 5. miR-21 positively correlates with the malignant signs in breast cancer.

Box and whisker plots showing the expression level of miR-21 in the different stage of T (Tumor Size, A), N (Lymph Node Metastasis, B) and M (Distant Metastasis, C).
The data range is represented by whiskers.
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Fig. 6. miR-206 negatively correlates with the malignant signs in breast cancer.

Box and whisker plots showing the expression level of miR-206 in the different stage of T (Tumor Size, A), N (Lymph Node Metastasis, B) and M (Distant Metastasis,

C). The data range is represented by whiskers.

stable to serve as clinical prognostic biomarkers to be detected in the
serum. It has been assessed that > 50% of these noncoding RNA se-
quences are located on cancer-associated fragile sites, which can reg-
ulate main biological and physiological processes involved in tumor-
igenesis and development [17]. Our results indicate that microRNA-21
and microRNA-206 show opposite expression pattern and such ex-
pressions are correlated with ER, PR, and HER2 expression and the
malignancy of breast cancer patients, which will point out the direction
for future research in this field.

microRNA-206 can inhibit the expression of ERa through two
binding sites in the 3’ UTR region [18], while microRNA-206 can also
be inhibited by ERa agonists, but not by progesterone or ER[} agonist,
all of these suggest the existence of a feedback loop lying between
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Fig. 7. miR-21 or miR-206 does not correlate with age of the patients.

microRNA-206 and ERa. Moreover, microRNA-206 is also testified to
induce cell cycle arrest and inhibit estrogen-induced proliferation and
motility [19-22]. Since ERa expression dysregulation can be con-
sidered to be a hallmark of breast cancers, these findings indicate that
miR-206 could be a novel candidate for breast cancer therapy.
microRNA-21 is consistently overexpressed in breast cancer [23]
and is considered as oncogenic miRNA to be involved in tumor growth,
invasion, and metastasis, which can target tumor suppressor protein
tropomyosin 1 (TPM1), programmed cell death-4 (PDCD4), phospha-
tase and tensin homolog (PTEN), and Maspin [24-27]. In addition, both
microRNA-206 and microRNA-21 pathways are involved in the anti-
angiogenesis process of the interval exercise treatment with hormone
therapy [28]. All of these suggest that microRNA-21 and microRNA-206
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Spearman's correlation analysis of miR-21 (A) or miR-206 (B) with the age of the patients. R2 and the p-value are also indicated in the panels.
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can be utilized as new molecular markers to decipher the malignancy
and determine individualized medical treatment.

It is worth noting that there are some limitations for the current
study. First, other microRNAs may be involved as well. It would be nice
to examine other microRNAs in the future studies. Second, the number
of the participants is relatively small. The conclusion would be
strengthened if more participants are enrolled. Last, evaluation of other
histochemical characters in independent patient could be introduced to
further correspond to the expressions of microRNA-21 and microRNA-
206.

Despite the need for large-scale clinical data to confirm, microRNA-
21 and microRNA-206 may be utilized as clinical biomarkers.
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