Low levels of serum miR-99a is a predictor of
poor prognosis in breast cancer
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ABSTRACT. MicroRNA (miRNA) deregulation has been previously
linked to the initiation and development of breast cancer. Although miR-
99a is aberrantly expressed in many types of cancers, including breast
cancer, the serum miR-99a expression level in breast cancer and its
clinical significance remains unknown. Blood samples were obtained
from 72 patients with breast cancer and 40 healthy volunteers, and
subjected to real-time polymerase chain reaction to evaluate the level
of expression of serum miR-99a in the study participants. Furthermore,
we investigated the association between serum miR-99a and the clinical
outcome of breast cancer. Serum miR-99a expression was significantly
downregulated in patients with breast cancer, compared to that in healthy
controls (P < 0.01). Moreover, the serum miR-99a was correlated with
various clinical parameters of breast cancer, including lymph node
metastasis (P = 0.0194), distant metastasis (P = 0.0037), Ki67 intensity
(P = 0.0164), TNM stage (P = 0.0096), and histological grade (P =
0.0051) of cancer. Additionally, breast cancer patients displaying lower
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miR-99a levels showed poorer overall survival rates (P = 0.0411).
The serum miR-99a level was also found to be an independent risk
factor for breast cancer (hazard ratio = 3.176, 95% confidence interval
= 1.543-7.360, P = 0.023). Our data indicated that serum miR-99a
expression was downregulated in breast cancer patients; moreover, this
downregulation was associated with poor prognosis, suggesting that
serum miR-99a could function as a tumor suppressor in breast cancer.
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INTRODUCTION

Breast cancer, the leading cause of cancer-related deaths in women worldwide, is a
common and highly lethal malignancy (Jemal et al., 2011). Despite considerable advances
in the screening and treatment of breast cancer, its prognosis and long-term survival remain
poor for patients in the advanced stages of the disease, especially in cases with metastasis
(Soerjomataram et al., 2008). Although some biomarkers such as estrogen receptor (ER) and
progesterone receptor (PR) are helpful in the treatment of breast cancer, they are not sensitive
and accurate enough to predict the prognosis of breast cancer. Therefore, it is very important
to identify biomarkers that can be used to detect breast cancer during the early clinical stages
of the disease, as well as predict its prognosis.

MicroRNA (miRNA) are a family of small, non-coding RNA (21-25 nucleotides)
that regulate gene expression by inhibiting translation or by directly inducing transcript
degradation (He and Hannon, 2004; Wahid et al., 2010). A few reports suggest that miRNA
play an essential role in the regulation of cancer initiation and progression (Zhang et al., 2007).
miRNA deregulation is a common characteristic of most, if not all, cancer types. miRNA may
act as oncogenes or tumor suppressors in tumorigenesis, depending on the cellular context.
A number of miRNA are implicated in the carcinogenesis of breast cancer (Blenkiron et al.,
2007; Fu et al., 2011). For example, miR-33b expression is downregulated in breast cancer
samples, compared to that in normal controls. Furthermore, reduced miR-33b expression has
been shown to promote oncogenic behavior in cancer cells and vice versa, indicating that miR-
33b plays a tumor suppressive role in the development of breast cancer (Lin et al., 2015). On
the other hand, Shen et al. (2014) reported a significant increase in the expression of miR-148b
and miR-133a in plasma samples obtained from breast cancer patients. Additionally, certain
breast cancer cell lines were shown to secrete miR-148b and miR-133a, suggesting the use of
these miRNA as potential biomarkers for breast cancer detection (Shen et al., 2014).

Altered expression of miR-99a has been reported in multiple cancer types, including
bladder cancer, non-small cell lung cancer, and breast cancer (Sun et al., 2014; Wu et al., 2014; Yu
etal., 2015). However, the serum miR-99a expression pattern in patients with breast cancer and its
potential clinical significance remains to be elucidated. Therefore, the purpose of this study was to
evaluate the clinical value of serum miR-99a levels in breast cancer diagnosis and prognosis.

MATERIAL AND METHODS
Study participants

This study was approved by the Ethics Committee of the Shaanxi Provincial Tumor
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Hospital. Informed consent was obtained from all participants (72 breast cancer patients and
40 healthy volunteers). All participants received treatments from, or underwent a physical
examination at the Tumor Research Department, Shaanxi Provincial Tumor Hospital. None
of the patients received any type of therapy prior to enrolment in this study. No statistically
significant difference was detected between the patient and control groups in terms of age.
Clinical data of breast patients is summarized in Table 1.

Table 1. Association between serum miR-99a and clinicopathological parameters of breast cancer.

Variables N Serum miR-99a expression P
Low (N =47) High (N = 25)

Age (years) 0.6294

<35 15 9 6

>35 57 38 19

Menopausal status 0.5537

Premenopausal 38 26 12

Postmenopausal 34 21 13

Lymph node metastasis 0.0194

Positive 21 18 3

Negative 51 29 22

Distant metastasis 0.0037

Positive 13 13 0

Negative 59 34 25

ER status 0.0801

Positive 24 19 5

Negative 48 28 20

PR status 0.6386

Positive 29 18 11

Negative 43 29 14

HER-2 status 0.3543

Positive 16 12 4

Negative 56 35 21

Ki67% 0.0164

<14 35 18 17

>14 37 29

TNM stage 0.0096

I-1 46 25 21

1I-IV 26 22 4

Histological grade 0.0051

Well+moderate 48 26 22

Poor 24 21 3

ER, estrogen receptor; PR, progesterone receptor; HER-2, receptor tyrosine-protein kinase erbB-2.
Serum sample collection

Blood samples (5 mL) were drawn from the patients and healthy volunteers, collected
in tubes without anticoagulant, and allowed to clot at 25°C for 30 min. These samples were
then centrifuged at 3500 g for 5 min at room temperature. The serum was transferred to an
RNA-free EP tube, and stored at -80°C until further use.

Real-time PCR

miRNA was extracted from serum samples (500 uL) using the miRcute miRNA
Isolation kit (Tiangen Biotech Co., Ltd., Beijing, China) according to the manufacturer
instructions. Complementary DNA for miR-99a was obtained by reverse transcription, using
a standard kit (Transcriptor First-Strand cDNA Synthesis kit; Roche Diagnostics GmbH,
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Mannheim, Germany). The cDNA strands were amplified using the SYBR™ Green master mix
(Thermo Scientific, Waltham, MA, USA), and the PCR was run on the Thermal Cycler Dice
TP800 (Takara Bio Inc., Otsu, Japan). Each experiment was composed of three samples, and was
performed in triplicate. The qPCR primers used in this study are summarized in Table 2.

Table 2. Quantitative polymerase chain reaction (qPCR) primers.

miR-99a forward 5'-GGCAAACCCGTAGATCCGA-3'

miR-99a reverse 5'"TCCGTTGGTTGTCCCATAGACT-3'
U6 snRNA forward 5'"TCGCTTCGGCAGCACATATACT-3'
U6 snRNA reverse 5'-ACGCTTCACGAATTTGCGTGTC-3'

Statistical analysis

The obtained data were statistically analyzed using SPSS v.21.0 (IBM, Armonk, NY,
USA). Differences with P values <0.05 were considered to be statistically significant. The
serum miR-99a level relative to that of U6 snRNA was quantified using the 2-44“* method.
The Mann-Whitney test was used to assess the differences in the expression of serum miR-
99a between the breast cancer patients and healthy volunteers. The correlation between the
clinicopathological parameters of the patients and the serum miR-99a expression level was
evaluated using the ¥ test, and the association between the serum miR-99a expression and
overall survival was estimated by the Kaplan-Meier method. The Cox proportional hazard
model was used to identify whether serum miR-99a was an independent risk factor for breast
cancer, via a multivariate analysis.

RESULTS
Serum miR-99a expression levels in breast cancer patients and healthy volunteers
The real-time PCR results indicated that serum miR-99a expression was significantly

downregulated in patients with breast cancer, compared to that in healthy subjects (P < 0.01;
Figure 1).
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Figure 1. Expression level of serum miR-99a was remarkably reduced in breast cancer patients in comparison with
the controls (P <0.01).
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Association between serum miR-99a expression and clinical parameters of breast
cancer

The expression level of serum miR-99a was significantly correlated with multiple
clinicopathological parameters of breast cancer, including lymph node metastasis (P =0.0194),
distant metastasis (P = 0.0037), Ki67 intensity (P = 0.0164), TNM stage (P = 0.0096), and
histological grade (P = 0.0051). However, it was not associated with the age (P = 0.6294),
menopausal status (P = 0.5537), ER status (P = 0.0801), PR status (P = 0.6386), and HER2
status (P = 0.3543) of the breast cancer patients (Table 1).

Association between serum miR-99a expression and overall survival
The 5-year overall survival rate of breast cancer patients with low serum miR-99a

expression was 55.32%, which was significantly lower than that shown by patients with a
higher serum miR-99a content (80.00% overall survival rate; P = 0.0411) (Figure 2).
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Figure 2. Breast cancer patients with lower serum miR-99a suffered a poorer 5-year overall survival rate (P =
0.0411).

Serum miR-99a is an independent prognostic factor for breast cancer

Multivariate analyses showed that distant metastasis (HR = 3.620, 95%CI = 1.545-
9.364, P=10.012), TNM stage (HR = 4.015, 95%CI = 1.784-12.068, P = 0.009), histological
grade (HR = 3.382, 95%CI = 1.679-8.151, P = 0.017), and low serum miR-99a expression
level (HR = 3.176, 95%CI = 1.543-7.360, P = 0.023) were independent risk factors for breast
cancer (Table 3).

Table 3. Multivariate analyses of different prognostic parameters for breast cancer.

Variables Overall survival

HR 95%CI P
Distant metastasis (positive vs negative) 3.620 1.545-9.364 0.012
TNM stage (III-1V vs I-IT) 4.015 1.784-12.068 0.009
Histological grade (poor vs well+moderate) 3.382 1.679-8.151 0.017
Serum miR-99a expression level (low vs high) 3.176 1.543-7.360 0.023

HR, hazard ratio; CI, confidence interval.
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DISCUSSION

Detecting breast cancer at an early clinical stage is essential for disease control. Patients
with breast cancer can significantly benefit from early diagnosis and treatment, which would
improve the prognosis and long-term survival of this malignancy. Therefore, it is important
and crucial to explore for biomarkers for early cancer diagnosis and prognosis. In this study,
our results showed that the expression of miR-99a was significantly downregulated in serum
samples from breast cancer patients, in comparison with that seen in healthy controls. Low
serum miR-99a expression was also associated with several important clinicopathological
parameters of breast cancer, including lymph node metastasis, distant metastasis, Ki67
intensity, TNM stage, and histological grade. Moreover, breast cancer patients displaying
lower levels of miR-99a also showed poorer overall survival rates. The multivariate analysis
also revealed low serum miR-99a levels to be an independent risk factor for breast cancer.
Based on these findings, miR-99a was believed to play a tumor suppressive role in breast
cancer; in fact, loss of miR-99a was shown to promote the development of this malignancy.

Sun et al. (2014) observed that the miR-99a expression was downregulated in ductal
carcinoma in the breast, using an miRNA microarray, which was consistent with our results.
Similarly, Wang et al. (2015) reported that breast cancer tissues showed downregulated miR-
99a expression compared to the normal tissues, which was highly correlated with lymph
node metastasis and shorter overall survival. Moreover, ectopic expression of miR-99a was
shown to inhibit the proliferation, migration, and invasion of breast cancer cells in vitro and
vice versa, which indicated that miR-99 functioned as a tumor suppressor in breast cancer
(Wang et al., 2015). Yang et al. (2014) reported a decrease in miR-99a in a side population
(SP) of cancer cells, compared to non-SP cancer cells. miR-99a overexpression inhibited the
oncogenic behavior of SP cancer cells by targeting the mTOR signaling pathway, suggesting
that the miR-99a expression was closely associated with the breast cancer malignant stem cell
phenotype. Similarly, Hu et al. (2014) observed a decrease in the miR-99a expression level in
breast cancer tissue specimens as well as cell lines. The anti-cancer property of miR-99a was
mediated by inhibiting the mTOR/p-4E-BP1/p-S6K1 pathway (Hu et al., 2014).

miR-99a also has an anti-tumor effect on multiple types of cancer other than breast
cancer. Oral cancer cell lines and clinical specimens showed reduced expression of miR-99a.
Additionally, reinforced expression of miR-99a suppressed the migration and invasion of
oral cancer cells by inhibiting myotubularin-related protein 3 expression, indicating miR-99a
as a tumor suppressor in oral cancer (Kuo et al., 2014). Gu et al. (2013) reported that the
miR-99a expression was significantly lower in lung adenocarcinoma cells than that in normal
lung bronchial epithelial cells. Moreover, miR-99a was shown to inhibit growth and induce
apoptosis by targeting the mTOR pathway, and low miR-99a expression was associated with
poor clinical outcome (Gu et al., 2013). Similarly, Li et al. (2011) observed a decrease in
the expression of miR-99a in hepatocellular carcinoma (HCC) tissues, correlated with the
prognosis of HCC patients. miR-99a was also demonstrated to be an independent prognosis
predictor of HCC. In vitro experimentation revealed that miR-99a inhibits the proliferation of
HCC cells by inducing cell cycle arrest, suggesting miR-99a to be a potential tumor suppressor
of HCC (Li et al., 2011).

Some miRNA may function as oncogenes or tumor suppressors, depending on the
downstream targets. Although miR-99a acts as a tumor suppressor in most types of cancers
investigated so far, it may also play an oncogenic role in cancer progression. miR-99a
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expression was significantly upregulated in patients with pediatric acute myeloid leukemia/
chronic myeloid leukemia, and downregulated in patients who achieved complete remission.
This indicated that miR-99a might be a promising marker for monitoring therapeutic responses.
In addition, miR-99a was shown to promote proliferation and inhibit apoptosis in leukemia
cell lines (Zhang et al., 2013). Therefore, the exact role of miR-99a in tumorigenesis might
depend on the specific cancer type.

CONCLUSIONS

Taken together, our data indicated that decreased expression of serum miR-99a
was associated with poor prognosis of breast cancer. Thus, serum miR-99a may serve as a
prognostic marker for breast cancer.
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