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High expression of 
microRNA-183/182/96 cluster as 
a prognostic biomarker for breast 
cancer
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Shuaijie Li1, Hailin Tang1 & Xiaoming Xie1

More sensitive and effective diagnostic markers for the detection of breast cancer are urgently needed. 
The microRNA-183/182/96 cluster has been reported to be involved in tumorigenesis and progression 
in a variety of cancers, and it is a promising cancer prognostic biomarker. The goal of this study was to 
determine the expression levels of the miR-183/182/96 cluster in breast cancer tissues and evaluate its 
prognostic role in breast cancer. Real-time quantitative polymerase chain reaction analysis (qRT-PCR) 
was used to detect the expression levels of the miR-183/182/96 cluster in 41 breast cancer tissues and 
adjacent normal tissues (control tissues) and also in different mammary cell lines. In situ hybridization 
(ISH) of the miR-183/182/96 cluster on 131 tissue microarrays (TMAs) was used to statistically analyze 
its prognostic role. The miR-183/182/96 cluster levels were significantly higher in breast cancer tissues 
than in control tissues. The miR-183/182/96 cluster was also upregulated in human breast cancer cell 
lines. An increased miR-183/182/96 cluster level was correlated with local relapse, distant metastasis 
and poor clinical outcomes. Our findings improve our understanding of the expression level of the 
miR-183/182/96 cluster in breast cancer and clarify the role of the miR-183/182/96 cluster as a novel 
prognostic biomarker for breast cancer.

Breast cancer is the most common malignancy and the main cause of death among women. A total of 232, 340 
new cases of invasive breast cancer and 39, 620 breast cancer deaths were expected to occur among US women in 
20131. From 1995 to 2006, the incidence of breast cancer gradually increased in European women in their 20s and 
30 s2. Researchers recommended routine breast cancer screening in women younger than 50 years of age3. The 
increasing incidence of breast cancer every year causes great physiological and financial burdens for patients. The 
main challenge in the management of breast cancer is to identify sensitive and specific minimally invasive bio-
markers that have high efficiency for screening and diagnosis and are valuable for aiding in treatment decisions.

There is increasing evidence supporting the use of microRNA (miRNA) analysis for the diagnosis and prog-
nosis of and therapeutic decisions for breast cancer4–6. miRNAs are single-stranded RNA molecules of approx-
imately 22 nucleotides in length. These small regulatory RNA molecules can modulate the activity of specific 
mRNA targets by pairing to the messenger RNAs (mRNAs) of protein-coding genes7. miRNAs exert posttran-
scriptional repression functions by binding to complementary sequences in the 3′ -untranslated regions (3′ -UTR) 
of mRNAs to promote mRNA degradation or block translation8. They play an important role in a wide range of 
physiologic and pathologic processes in animals and plants. microRNAs frequently reside in clusters that include 
2–3 or more miRNA genes with pairwise chromosomal distances of up to 3000 nt in the genome9,10. Members 
of miRNA clusters are generally similar in sequence and transcribed in the same direction. They are highly con-
served and usually function synergistically11.
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The miR-183/182/96 cluster is composed of 3 miRNA genes located in a 4-kb region of mouse chromosome 
6qA312 and located in a 5-kb region of human chromosome 7q32.2. Several studies have confirmed that members 
of the miR-183/182/96 cluster are abnormally expressed in many tumors and are closely related to human cancers. 
Each member of the miR-183/182/96 cluster can function as an oncogene or anti-oncogene, depending on the 
cancer type, location and stage13. miRNA-183 has been reported to promote migration and invasion in osteo-
sarcoma14 and to be correlated with shorter overall survival in prostate cancer15. miRNA-182 has been shown to 
promote aggression in glioma16 and migration and survival in melanoma17. miRNA-96 was shown to increase 
proliferation and colony formation in hepatocellular carcinoma18. The members of the human miR-183/182/96 
cluster have been reported to be biomarkers for prostate cancer19, bladder cancer20 and urothelial carcinoma21. 
Overall, the role of the miR-183/182/96 cluster in cancer is complex. Increased expression of this cluster was 
implicated in glioma carcinogenesis22. In most types of breast cancers, overexpression of the miR-183/182/96 
cluster has been reported to increase cell proliferation and migration. Thus, the members of this cluster serve as 
oncogenes in breast cancer13.

Although it is well known that the expression level of the miR-183/182/96 cluster is increased in several tumor 
types, its prognostic role in breast cancer is still unclear. In this study, we investigated the expression levels of the 
miR-183/182/96 cluster in breast cancer tissues and adjacent normal tissues. The expression levels of the miR-
183/182/96 cluster were also studied in multiple mammary cell lines. Then, we performed a preliminarily evalu-
ation of its prognostic role by statistically analyzing tissue microarray results. Furthermore, we evaluated the OS 
and DFS of breast cancer patients with high and low expression of the miR-183/182/96 cluster to further judge its 
prognostic role for breast cancer.

Results
miR-183/182/96 cluster was upregulated in breast cancer cell lines and clinical specimens.  
qRT-PCR analysis was used to detect the expression of miR-183/182/96 in 12 different mammary cell lines, 
including human breast cancer cell lines (MDA-MB-435, MDA-MB-361, MDA-MB-231, BT-483, BT-474, BT-20, 
MCF-7, MDA-MB-468 and T-47D) and human mammary epithelial (HME) cell lines (BHL-100, 184A and MCF-
10A). We found that miR-183/182/96 was upregulated in human breast cancer cell lines compared to in HME 
cell lines (Fig. 1A).

Then, we detected the expression of miR-183/182/96 in 41 pairs of breast cancer tissues and adjacent normal 
tissues (control tissues). Among 41 breast cancer patients, approximately 82.9% (p <  0.01, 34 of 41 patients), 
82.9% (p <  0.01, 34 of 41 patients) and 87.8% (p <  0.01, 36 of 41 patients) of tumor samples showed significant 
increases in miR-183, miR-182 and miR-96 levels, respectively (Fig. 1B). These results indicated that upregulation 
of miR-183/182/96 was a frequent event in breast cancer clinical specimens and could be related to breast cancer 
carcinogenesis.

Subsequently, we examined miR-183/182/96 expression by ISH. We observed that both nuclear and cytoplas-
mic staining of miR-183/182/96 was more frequently observed in tumor cells than in normal mammary epithelial 
cells. Representative ISH images of miR-183/182/96 under a microscope are shown (Fig. 1C, 200× and 400× ). 
Upregulation of miR-183/182/96 was a frequent event in the breast cancer clinical specimens examined and could 
be related to breast cancer carcinogenesis.

Increased miR-183/182/96 level was correlated with TNM stage, local relapse and distant 
metastasis.  We researched the potential clinicopathological implications of altered miR-183/182/96 expres-
sion. The tissue microarrays (TMAs) of 131 breast cancer samples were used for In Situ Hybridization (ISH) 
and Immunohistochemistry (IHC) analysis. These clinical samples were divided into low or high expression 
groups with a miR-183/182/96 expression cutoff score of 2. Chi-square tests were used to analyze the relationship 
between clinical pathological parameters and altered miR-183, miR-182, and miR-96 levels (Table 1). Among 
131 breast cancer patients, we found that miR-183, miR-182 and miR-96 levels were positively correlated with 
both TNM stage (P =  0.012, 0.018 and 0.020, respectively) and distant metastasis (P =  0.000, 0.001 and 0.033, 
respectively) (Table 1) but not with tumor size; LNMET (lymph node metastasis); age; menopause; or ER, PR or 
HER2 status. miR-183 and miR-182 were positively correlated with local relapse (P =  0.025 and 0.028, respec-
tively). Only miR-96 was positively correlated with P53 status (P =  0.014). These results demonstrate that miR-
183/182/96 might play a crucial role in the occurrence and progression of breast cancer.

Then, we explored the correlation between miR-183, miR-182 and miR-96 expression using Pearson cor-
rection analysis. The correlation coefficient between miR-183 and miR-182 was 0.728 (linear R2 =  0.530), that 
between miR-183 and miR-96 was 0.524 (linear R2 =  0.274), and that between miR-182 and miR-96 was 0.465 
(linear R2 =  0.217), respectively; indicating that the expression levels of miR-182 and miR-96 or miR-183 and 
miR-182 were more significantly related than those of miR-183 and miR-96 (2-tailed, Fig. 2A,B).

Increased miR-183/182/96 level was correlated with poor clinical outcomes.  The results above 
revealed that miR-183/182/96 level was higher in breast cancer and was positively correlated with some clinical 
pathological parameters, indicating that miR-183/182/96 may be vital for the pathogenesis of breast cancer. To 
further explore the prognostic significance of miR-183/182/96, we used Kaplan-Meier survival analysis to gen-
erate patient overall survival (OS) and disease-free survival (DFS) curves. The results demonstrated that patients 
with higher miR-183, miR-182 and miR-96 expression levels had shorter mean OS and DFS than patients with 
lower expression levels (P =  0.000, 0.000 and 0.022 for OS, respectively and P =  0.000, 0.004 and 0.011 for DFS, 
respectively, Fig. 3A,B). Further more, when the expression levels of all three members of the miR-183/182/96 
cluster were high, OS and DFS were much shorter than when zero, one, or two members of the miR-183/182/96 
cluster were highly expressed (all P for OS =  0.000 and all P for DFS =  0.004). These results demonstrated that 
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miR-183/182/96 expression was significantly associated with patient OS and DFS. The miR-183/182/96 cluster is 
a potential prognostic biomarker for breast cancer.

Discussion
As important regulatory molecules, miRNAs have been repeatedly confirmed to be involved in disease patho-
genesis23. miRNAs are highly conserved and stable in cells and tissues. Also, they can be easily detected and 
extracted24. Thus, miRNAs are commonly chosen as potential biomarkers for the detection and monitoring of 
the diagnosis and prognosis of and therapeutic decisions for different cancers4,25. Members of miRNA clusters 
function synergistically. Currently, little is known regarding the expression of the miR-183/182/96 cluster in most 
cancers.

In this study, we found that the expression level of the miR-183/182/96 cluster was upregulated in breast 
cancer tissues and cell lines in comparison to the corresponding adjacent normal tissues and normal mammary 
cell lines, respectively, using qRT-PCR analysis. These results are consistent with a previous report that the miR-
183/96/182 cluster is overexpressed in prostate tissue26.

miR-183, miR-182 and miR-96 have been proposed as oncogenes in glioma22 and medulloblastoma27. The 
miR-183/182/96 cluster regulates the proliferation of colon cancer cells28. Each member of the miR-183/182/96 
cluster has been reported to promote migration, invasion or metastasis in different carcinomas14,16,18. Thus, it is 
highly likely that the miR-183/182/96 cluster has a close relationship with various clinical pathology indices. We 
evaluated the prognostic role of miR-183/182/96 using Pearson correction analysis. An increased level of the 
miR-183/182/96 cluster was correlated with both clinical stage and distant metastasis. We also found that the 
expression levels of miR-183 and miR-182 were more significantly related than those of miR-182 and miR-96 
or miR-183 and miR-96. This finding coincided with the results that local relapse was positively correlated with 
miR-183 and miR-182, but not with miR-96.

Members of the miR-183/182/96 cluster have been reported as blood biomarkers of retinal toxicity29. The 
expression levels of the members of the miR-183/182/96 cluster were shown to be associated with significantly 
lower rates of event-free and overall survival in medulloblastoma27. Here, we used Kaplan-Meier survival meth-
ods to analyze patient overall survival (OS) and disease-free survival (DFS). We found that patients with higher 

Figure 1.  miR-183/182/96 cluster was upregulated in breast cancer clinical specimens and cell lines.  
(A) Expression levels of miR-183/182/96 in 12 different mammary cell lines detected by qRT-PCR analysis.  
(B) Expression levels of miR-183/182/96 in 41 pairs of breast cancer tissues and adjacent normal tissues (control 
tissues) detected by qRT-PCR analysis. All data are shown as the mean ±  SE. ***P <  0.01. (C) Representative 
ISH images of miR-183/182/96 under a microscope (200×  and 400× ).
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miR-183/182/96 expression had shorter mean OS and DFS than patients with lower miR-183/182/96 expression. 
OS and DFS were shortest when the levels of all three members of the miR-183/182/96 cluster were high. Thus, 
the miR-183/182/96 cluster has potential for use in the diagnosis and prognosis of and therapeutic decisions for 
breast cancer.

The expression level of the miR-183/182/96 cluster is high in breast cancer tissues and cell lines. Poor prog-
nosis and clinical pathological parameters of breast cancer patients were closely related to high expression of the 
miR-183/182/96 cluster. The miR-183/182/96 cluster may be used in the future as a novel breast cancer biomarker 
to guide tumor diagnosis, treatment and prognosis predication. Our findings improve our understanding of the 
expression level of the miR-183/182/96 cluster in breast cancer. The miR-183/182/96 cluster has potential for use 
as a novel prognostic biomarker for breast cancer.

Methods
Clinical samples.  All human breast cancer tumor samples were obtained from randomly selected cancer 
patients at the Sun Yat-Sen University Cancer Center (SYSUCC), Guangzhou, China. The diagnoses of breast 

Characteristics
Total 

(n = 131)

miR-183 
High/Low

P value

miR-182 
High/Low

P value

miR-96 
High/Low

P value(73/58) (74/57) (86/45)

OS 0.000* 0.000* 0.022*

Present 97 43/54 42/55 58/39

Absent 34 30/4 32/2 28/6

DFS 0.000* 0.004* 0.011*

Present 93 42/51 45/48 55/38

Absent 38 31/7 29/9 31/7

Age (years) 0.439 0.084 0.410

< 50 81 43/38 41/40 51/30

> = 50 50 30/20 33/17 35/15

Menopause 0.842 0.071 0.822

Yes 60 34/26 39/21 40/20

No 71 39/32 35/36 46/25

Tumor size (cm) 0.809 0.969 0.129

= < 2 37 20/17 21/16 28/9

> 2 94 53/41 53/41 58/36

LNMET 0.745 0.592 0.089

Yes 77 42/35 42/35 46/31

No 54 31/23 32/22 40/14

TNM stage 0.012* 0.018* 0.020*

I–II 72 33/39 34/38 41/31

III–IV 59 40/19 40/19 45/14

Local relapse 0.025* 0.028* 0.849

Yes 8 8/0 8/0 6/2

No 123 65/58 66/57 80/43

Distant metastasis 0.000* 0.001* 0.033*

Yes 32 27/5 26/6 26/6

No 99 46/53 48/51 60/39

ER status 0.635 0.180 0.752

Positive 49 26/23 24/25 33/16

Negative 82 47/35 50/32 53/29

PR status 0.725 0.115 0.959

Positive 52 28/24 25/27 34/18

Negative 79 45/34 49/30 52/27

HER-2 status 0.553 0.501 0.784

Positive 22 11/11 11/11 15/7

Negative 109 62/47 63/46 71/38

P53 status 0.745 0.590 0.014*

Positive 77 42/35 45/32 44/33

Negative 54 31/23 29/25 42/12

Table 1.  Clinicopathological variables and miR-183/182/96 expression in 131 breast cancer patients. 
*Means statistically significant (P <  0.05).
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cancer were pathologically confirmed in all cases. The patients had not received any prior chemotherapy. Tissues 
samples were collected intraoperatively. Written informed consent was obtained from all eligible patients who 
participated in the study before or after surgery, and all protocols were reviewed and approved by the Joint Ethics 
Committee of the Sun Yat-Sen University Cancer Center and used according to the ethical standards as formu-
lated in the Helsinki Declaration.

All the clinical data of patients such as ER/PR/HER2 status, age, tumor size, histologic type, lymph node sta-
tus, local or distant metastatic relapse were available and reviewed. Histologic type was determined on TNM stag-
ing system which was classified according to the WHO classification and tumor stage (American Joint Committee 
on Cancer classification). The patients were grouped according to their clinical features listed in Table 1.

Cell lines and culture.  Human breast cancer cell lines (MDA-MB-435, MDA-MB-361, MDA-MB-231, 
BT-483, BT-474, BT-20, MCF-7, MDA-MB-468 and T-47D) and human mammary epithelial (HME) cell lines 
(BHL-100, 184A and MCF-10A) were obtained from the American Type Culture Collection (Manassas, VA, 
USA). All cells were passaged in our laboratory for less than six months after resuscitation of frozen aliquots. The 
cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen, CA, USA) supplemented with 
10% fetal bovine serum (FBS, Gibco, Cappinas, Brazil) in a humidified incubator at 37°C containing 5% CO2.

In situ hybridization analysis.  miR-183/182/96 miRCURYTM LNA custom detection probes (Exiqon, 
Vedbaek, Denmark) were used for in situ hybridization (ISH). Hybridization, washing, and scanning were per-
formed according to the manuals and protocols provided by the Exiqon Life Science Department, and staining 
assessments were performed by two independent pathologists. Staining intensity was scored as 0 (negative), 1+  
(weak), 2+  (medium) or 3+  (strong). Low expression was defined as an intensity of 0, 1, 2, or 3 with < 10% 

Figure 2.  Increased miR-183/182/96 cluster level was correlated with clinical stage, local relapse and 
distant metastasis. (A) Pearson correction analysis results in the form of image. Pearson correction analysis 
was used to analyze the correlations between miR-183, miR-182 and miR-96 expression levels. The correlation 
coefficient between miR-183 and miR-182 was the highest. (B) Pearson correction analysis results in the form of 
chart. **Correlation is significant at the 0.01 level (2-tailed).
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stained cells or by an intensity of 0 or 1 with < 50% stained cells. High expression was defined as an intensity of  
2 or 3 with > 10% stained cells or by an intensity of 1, 2, or 3 with > 50% stained cells.

miRNA isolation from cell lines and tissues.  Tissue samples were homogenized in a denaturing lysis 
solution. Total RNA was extracted from the lysed tissue using TRIzol reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA). Then, miRNA was separated from 30–50 mg of total RNA using the Ambion miRNA 
Isolation Kit (Ambion, Carlsbad, CA, USA). Tissues samples were stored at 80 °C. miRNAs were extracted 

Figure 3.  Increased miR-183/182/96 level was correlated with poor prognosis. (A) OS curves for 131 
patients with low or high miR-183, miR-182, miR-96 and miR-183/182/96 cluster expression. Kaplan-Meier 
and log-rank analyses were used. High levels of the miR-183/182/96 cluster were markedly correlated with 
shorter overall survival. (B) DFS curves for 131 patients with low or high miR-183, miR-182, miR-96 and miR-
183/182/96 cluster expression. A high level of the miR-183/182/96 cluster was markedly correlated with shorter 
disease-free survival. All data are shown as the mean ±  SE ***P <  0.01.
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from cell lines and tissues using the mirVana™  miRNA isolation kit (Ambion) according to the manufacturer’s 
instructions.

Real-time quantitative PCR analysis.  Expression levels of miR-183/182/96 were detected in both 
breast cancer tissues and cell lines. 41 pairs of breast cancer tissues and adjacent normal tissues (control tis-
sues) from breast cancer patients were obtained. Human breast cancer cell lines (MDA-MB-435, MDA-MB-361, 
MDA-MB-231, BT-483, BT-474, BT-20, MCF-7, MDA-MB-468 and T-47D) and human mammary epithelial 
(HME) cell lines (BHL-100, 184A and MCF-10A) were also included. Total RNAs were extracted from the cells 
and tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The RT-PCR reactions were performed using 
a qSYBR Green-containing PCR kit (Invitrogen, Carlsbad, CA, USA). The expression of miR-183/182/96 was 
quantified by measuring cycle threshold (Ct) values and was normalized to U6-snRNA or β -actin (endogenous 
control for miRNA detection) using the 2−ΔΔdt method.

Statistical analysis.  The qRT-PCR assays were performed in triplicate. Each experiment was repeated sev-
eral times, and the results are presented as the mean ±  SE. The statistical analysis was performed using Student’s 
t-test. Using the Kaplan-Meier method, overall survival (OS) and disease-free survival (DFS) curves were plotted. 
The significance level was set at p <  0.05. All statistical analyses were accomplished using SPSS 17.0 software.

References
1.	 DeSantis, C., Ma, J., Bryan, L. & Jemal, A. Breast cancer statistics, 2013. CA Cancer J Clin 64, 52–62, doi: 10.3322/caac.21203 (2014).
2.	 Merlo, D. F. et al. Breast cancer incidence trends in European women aged 20–39 years at diagnosis. Breast Cancer Res Treat 134, 

363–370, doi: 10.1007/s10549-012-2031-7 (2012).
3.	 Dehkordy, S. F. et al. Trends in Breast Cancer Screening: Impact of U.S. Preventive Services Task Force Recommendations. Am J Prev 

Med 49, 419–422, doi: 10.1016/j.amepre.2015.02.017 (2015).
4.	 Calin, G. A. & Croce, C. M. MicroRNA signatures in human cancers. Nat Rev Cancer 6, 857–866, doi: 10.1038/nrc1997 (2006).
5.	 Calin, G. A. & Croce, C. M. MicroRNA-cancer connection: the beginning of a new tale. Cancer Res 66, 7390–7394, doi: 

10.1158/0008-5472.CAN-06-0800 (2006).
6.	 Tang, H. et al. Plasma miR-185 as a predictive biomarker for prognosis of malignant glioma. J Cancer Res Ther 11, 630–634, doi: 

10.4103/0973-1482.146121 (2015).
7.	 Stefani, G. & Slack, F. J. Small non-coding RNAs in animal development. Nat Rev Mol Cell Biol 9, 219–230, doi: 10.1038/nrm2347 

(2008).
8.	 Bartel, D. P. MicroRNAs: target recognition and regulatory functions. Cell 136, 215–233, doi: 10.1016/j.cell.2009.01.002 (2009).
9.	 Rodriguez, A., Griffiths-Jones, S., Ashurst, J. L. & Bradley, A. Identification of mammalian microRNA host genes and transcription 

units. Genome Res 14, 1902–1910, doi: 10.1101/gr.2722704 (2004).
10.	 Altuvia, Y. et al. Clustering and conservation patterns of human microRNAs. Nucleic Acids Res 33, 2697–2706, doi: 10.1093/nar/

gki567 (2005).
11.	 Weber, M. J. New human and mouse microRNA genes found by homology search. FEBS J 272, 59–73, doi: 10.1111/j.1432- 

1033.2004.04389.x (2005).
12.	 Xu, S., Witmer, P. D., Lumayag, S., Kovacs, B. & Valle, D. MicroRNA (miRNA) transcriptome of mouse retina and identification of a 

sensory organ-specific miRNA cluster. J Biol Chem 282, 25053–25066, doi: 10.1074/jbc.M700501200 (2007).
13.	 Li, P. et al. MiR-183/-96/-182 cluster is up-regulated in most breast cancers and increases cell proliferation and migration. Breast 

Cancer Res 16, 473, doi: 10.1186/s13058-014-0473-z (2014).
14.	 Zhu, J. et al. Down-regulation of miR-183 promotes migration and invasion of osteosarcoma by targeting Ezrin. Am J Pathol 180, 

2440–2451, doi: 10.1016/j.ajpath.2012.02.023 (2012).
15.	 Ueno, K. et al. microRNA-183 is an oncogene targeting Dkk-3 and SMAD4 in prostate cancer. Br J Cancer 108, 1659–1667, doi: 

10.1038/bjc.2013.125 (2013).
16.	 Song, L. et al. TGF-beta induces miR-182 to sustain NF-kappaB activation in glioma subsets. J Clin Invest 122, 3563–3578, doi: 

10.1172/JCI62339 (2012).
17.	 Segura, M. F. et al. Aberrant miR-182 expression promotes melanoma metastasis by repressing FOXO3 and microphthalmia-

associated transcription factor. Proc Natl Acad Sci USA 106, 1814–1819, doi: 10.1073/pnas.0808263106 (2009).
18.	 Xu, D. et al. Inhibition of miR-96 expression reduces cell proliferation and clonogenicity of HepG2 hepatoma cells. Oncol Rep 29, 

653–661, doi: 10.3892/or.2012.2138 (2013).
19.	 Schaefer, A. et al. Diagnostic and prognostic implications of microRNA profiling in prostate carcinoma. Int J Cancer 126, 1166–1176, 

doi: 10.1002/ijc.24827 (2010).
20.	 Han, Y. et al. MicroRNA expression signatures of bladder cancer revealed by deep sequencing. PLoS One 6, e18286, doi: 10.1371/

journal.pone.0018286 (2011).
21.	 Yamada, Y. et al. MiR-96 and miR-183 detection in urine serve as potential tumor markers of urothelial carcinoma: correlation with 

stage and grade, and comparison with urinary cytology. Cancer Sci 102, 522–529, doi: 10.1111/j.1349-7006.2010.01816.x (2011).
22.	 Tang, H. et al. The miR-183/96/182 cluster regulates oxidative apoptosis and sensitizes cells to chemotherapy in gliomas. Curr 

Cancer Drug Targets 13, 221–231 (2013).
23.	 Song, C. et al. miR-200c inhibits breast cancer proliferation by targeting KRAS. Oncotarget (2015).
24.	 Bartel, D. P. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 281–297 (2004).
25.	 Shalaby, T., Fiaschetti, G., Baumgartner, M. & Grotzer, M. A. MicroRNA signatures as biomarkers and therapeutic target for CNS 

embryonal tumors: the pros and the cons. Int J Mol Sci 15, 21554–21586, doi: 10.3390/ijms151121554 (2014).
26.	 Mihelich, B. L. et al. miR-183-96-182 cluster is overexpressed in prostate tissue and regulates zinc homeostasis in prostate cells. J Biol 

Chem 286, 44503–44511, doi: 10.1074/jbc.M111.262915 (2011).
27.	 Cho, Y. J. et al. Integrative genomic analysis of medulloblastoma identifies a molecular subgroup that drives poor clinical outcome. 

J Clin Oncol 29, 1424–1430, doi: 10.1200/JCO.2010.28.5148 (2011).
28.	 Zhang, Q., Ren, W., Huang, B., Yi, L. & Zhu, H. MicroRNA-183/182/96 cooperatively regulates the proliferation of colon cancer cells. 

Mol Med Rep 12, 668–674, doi: 10.3892/mmr.2015.3376 (2015).
29.	 Peng, Q., Huang, W. & John-Baptiste, A. Circulating microRNAs as biomarkers of retinal toxicity. J Appl Toxicol 34, 695–702, doi: 

10.1002/jat.2930 (2014).



www.nature.com/scientificreports/

8Scientific Reports | 6:24502 | DOI: 10.1038/srep24502

Acknowledgements
This work was supported by funds from the National Natural Science Foundation of China (81472575, 81472469, 
81272514 and 81402183), the Science and Technology Planning Projects of Guangdong and Guangzhou 
(2014J4100169, 2013B060300009, 2015B020211002, 2015B090901050 and 2014A020212079).

Author Contributions
C.S., L.Z. and J.W. carried out the experiments and interpreted the data. C.S. wrote the manuscript. Z.H., X.L., 
M.W. and S.L. collected the human samples and clinical data. H.T. and X.X. designed the experiments.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Song, C. et al. High expression of microRNA-183/182/96 cluster as a prognostic 
biomarker for breast cancer. Sci. Rep. 6, 24502; doi: 10.1038/srep24502 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	High expression of microRNA-183/182/96 cluster as a prognostic biomarker for breast cancer
	Introduction
	Results
	miR-183/182/96 cluster was upregulated in breast cancer cell lines and clinical specimens
	Increased miR-183/182/96 level was correlated with TNM stage, local relapse and distant metastasis
	Increased miR-183/182/96 level was correlated with poor clinical outcomes

	Discussion
	Methods
	Clinical samples
	Cell lines and culture
	In situ hybridization analysis
	miRNA isolation from cell lines and tissues
	Real-time quantitative PCR analysis
	Statistical analysis

	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                High expression of microRNA-183/182/96 cluster as a prognostic biomarker for breast cancer
            
         
          
             
                srep ,  (2016). doi:10.1038/srep24502
            
         
          
             
                Cailu Song
                Lijuan Zhang
                Jin Wang
                Zhongying Huang
                Xing Li
                Mingqing Wu
                Shuaijie Li
                Hailin Tang
                Xiaoming Xie
            
         
          doi:10.1038/srep24502
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep24502
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep24502
            
         
      
       
          
          
          
             
                doi:10.1038/srep24502
            
         
          
             
                srep ,  (2016). doi:10.1038/srep24502
            
         
          
          
      
       
       
          True
      
   




