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Dear Editor,

microRNAs (miRNAs) have been frequently reported to play critical roles in tumorigenesis 

and to have great potential for the development of molecular cancer therapeutics. miRNAs 

are transcribed as long primary transcripts whose maturation occurs through sequential 

endonucleolytic steps that yield precursor miRNA (pre-miRNA) intermediates and then the 

mature miRNAs. Each pre-miRNA has two arms, 5′ arm and 3′ arm, and are denoted with 

-5p and -3p suffixes in its name 1. Depending on the tissue or cell type, both arms can be 

processed to become functional mature miRNAs 2-4. The two arms have different sequences; 

therefore, they either target different mRNAs or the same mRNA but at different sites in the 

mRNA's 3′ untranslated region. Until recently, in most miRNA studies, researchers usually 

reported the functions of only one arm (i.e., either -5p or -3p), rather than both. However, 

recent in vitro and in vivo studies 2-4 showed that miR-5p and miR-3p (hereafter referred to 

miR-5p/-3p) mediated synergistic regulations could enhance a more effective suppression of 

tumor-suppressor pathways or activation of oncogenic pathways in a specific cancer. For 

example, the synergistic effect of miR-17-5p/-3p pair was investigated in hepatocellular 

carcinoma (HCC) 3 and prostate tumor 4. In HCC, miR-17-5p repressed the expression of 

tumor suppressor gene PTEN, and miR-17-3p repressed the expression of genes Vimentin 
and GalNT7; whereas in prostate tumor, miR-17-5p and miR-17-3p co-regulated the tumor 

suppressor gene TIMP3 and repressed its expression. In both cancers, the abundant 

expression of miR-17-5p/-3p pair enhanced cell proliferation, migration, and invasion by 

silencing the above mentioned direct target genes. The synergistic effect of several other 

miR-5p/-3p pairs has been examined in specific cancer type (Supporting Information Table 

S1). However, there is no systematic examination about how frequently miR-5p/-3p pairs are 

dysregulated across multiple cancer types and involved in synergistic regulation.
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To explore this important issue, we used the publicly available, large-scale miRNA-Seq 

expression data for multiple cancer types that were generated by The Cancer Genome Atlas 

(TCGA) project (https://tcga-data.nci.nih.gov/tcga/). We extracted miRNA-Seq expression 

profiles from 3778 clinically-documented high-quality tumor and normal samples in 10 

cancer types (Supporting Information Table S2) and identified differentially expressed 

miR-5p/-3p pairs in each cancer (Supporting Information Data S1 and Table S3). This 

massive amount of data made it possible for us not only to pinpoint abnormally expressed 

miR-5p/-3p pairs in a specific cancer type, but also to assess whether these pairs follow any 

dysregulation pattern in multiple cancers (i.e., pan-cancer).

Interestingly, we found a strong trend that miR-5p/-3p pairs follow a concordant 

dysregulation pattern, i.e., both arms were either up- or down-regulated in cancer compared 

to normal tissue samples (Fig. 1A). We identified 23 miR-5p/-3p pairs that have consistent 

up- or down-regulation in five or more cancer types, suggesting their potentiality in pan-

cancer regulation (labeled miR-5p/-3p pairs in Fig. 1B). For example, miR-130b-5p/-3p, 

miR-21-5p/-3p, miR-708-5p/-3p, and miR-93-5p/3p were up-regulated in eight cancer types. 

We used >1.5 fold-change and adjusted P-value < 0.05 (adjusted by Benjamini-Hochberg 

method 5) to denote differentially expressed miRNAs; this is because a 1.5-fold change of 

miRNA expression may have significant impact on cellular process 6. Notably, 

miR-17-5p/-3p and miR-31-5p/-3p pairs were up-regulated in six and five cancer types, 

respectively. The up-regulation of miR-17-5p/-3p pair in HCC 3 and prostate cancer 4, and 

the up-regulation of miR-31-5p/-3p pair in head and neck cancer 7 were confirmed by qRT-

PCR in previous studies (Supporting Information Table S1). We also found that miR-5p/-3p 

pairs had stronger expression correlation (P-value < 2.2×10-16, one-sided Kolmogorov-

Smirnov test) than that of the mature miRNA pairs that were randomly selected from 

different pre-miRNAs with the requirement of concordant dysregulation of the two miRNAs 

(Fig 1C). The observed concordant dysregulation might in many cases be a direct 

consequence of the deregulating mechanisms, for example, the two arms of the same 

precursor have very close proximity (< 30 nucleotides) in the human genome so that both 

arms are always located in minimally deleted/amplified regions 8 (Fig. 1D) or regulated by 

common upstream regulators (e.g. transcription factors). For instance, transcription factor 

SOX9 regulates both miR-202-5p and miR-202-3p expression during mouse testis 

differentiation 9. Previous reports, obtained from the OncomiRDB database 10 and 

Supporting Information Table S1, suggest that the well-studied arm of several pre-miRNAs 

(labeled in Fig. 1B) has oncogenic or tumor suppressive roles in one or more cancer types 

(Fig. 1E). Hence, future experimental works are warranted to uncover the oncogenic/tumor 

suppressive potential of the less studied arms.

While we first time reported that the concordant dysregulation of miR-5p/-3p pair is a 

common feature in cancer, several issues remain for future investigation. First, whether and 

how miR-5p/-3p pairs are under selective pressure to be concordantly dysregulated in 

cancer? Second, what are the specific subcellular systems or signaling pathways 

synergistically controlled by miR-5p/-3p pairs? Third, how can concordant dysregulation of 

miR-5p/3p pairs help us develop more accurate miRNA-based molecular therapeutic 

strategies? Fourth, whether this concordant dysregulation is universal in other phenotype or 

in other organisms remains for further investigation.
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Yours sincerely,

Ramkrishna Mitra

Jingchun Sun

Zhongming Zhao

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Concordant dysregulation of miR-5p/-3p pairs in cancer: potential causes and 
consequences
BRCA: breast invasive carcinoma; HNSC: head and neck squamous cell carcinoma; KIRC: 

kidney renal clear cell carcinoma; LIHC: liver hepatocellular carcinoma; LUAD: lung 

adenocarcinoma; LUSC: lung squamous cell carcinoma; PRAD: prostate adenocarcinoma; 

STAD: stomach adenocarcinoma; THCA: thyroid carcinoma; and UBC: urothelial bladder 

carcinoma. A) miR-5p/-3p pairs display a general trend of concordant dysregulation in 

cancer. The red, green, and black dots represent significantly up-regulated, significantly 

down-regulated, and not significantly dysregulated miR-5p/-3p pairs in cancer, respectively. 

Regression lines and corresponding R2 values indicate that differential expression levels of 

miR-5p arms have strong concordance (all P-values <10-12) with miR-3p arms in 10 types of 

cancer. B) Several miR-5p/-3p pairs had consistent up- (16 labeled miRNAs with red circles) 

or down- (7 labeled miRNAs with green circles) regulations in five or more cancers. X-axis 

shows the 142 miR-5p/-3p pairs detected in at least one cancer type. Y-axis shows the 

number of cancer types in which miR-5p/-3p pairs were abnormally expressed. C) Density 

plots revealed that miR-5p/-3p pairs (pink shaded area) had stronger expression correlations 

than any two concordantly dysregulated miRNAs that were randomly selected from different 
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pre-miRNAs (grey shaded area). D) Several concordantly up- or down-regulated miR-5p/-3p 

pairs are located in minimally amplified or deleted chromosomal regions. E) Sixteen up- or 

down-regulated miRNAs (shown in Fig. 1B) have oncogenic or tumor-suppressive roles in 

respective cancer type, as reported in in-vitro and in-vivo studies.
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