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A B S T R A C T

MicroRNAs are ~20 nt long small noncoding RNAs that are processed from stem-looped precursors and function
mainly as posttranscriptional regulators of protein coding genes through binding to 3′-untranslated regions of
messenger RNAs to inhibit the translation or cause RNA degradation. It is predicted microRNAs could regulate
up to half of all human genes and are proved to play important roles in human diseases including cancer. They
bind to target mRNAs based on complementary binding which is dominated by the so-called “seed” region which
are the 5′ 2–8 bases of the microRNA. Due to the small size in nature, even a single nucleotide variation in the
precursor region especially those located in the seed regions could show big influence. Here, I summarized and
reviewed the current knowledge of these single nucleotide alterations in microRNAs in human cancer including
(i) common SNPs in the precursor region, (ii) isomiRs, (iii) somatic mutations of microRNAs. Briefly, this is an
underexploited field and clearly, warrants further studies to reveal their biological and clinical significances. I
believe they will be key to advancing personalized medicine.

1. Introduction

Since the discovery of the first microRNA in 1993, this type of small
non-coding RNAs has attracted the attention of scientists in nearly all
fields of researches and has proved themselves as a superstar [1,2].
They have been reported to participate in various biological develop-
ment processes and cell activities and are implicated in human diseases
with diagnostic and therapeutic potential [3,4]. According to the mi-
croRNA registry miRbase (mirbase.org), the number of annotated
human microRNAs has been expanded from 56 in miRBase release 1.0
in December 2002 to 2656 in the current release and is expected to be
again growing in the future. They are scattered on all chromosomes
except the Y chromosome in humans and locates in intergenic, intronic
or exonic regions as either single microRNA or miR clusters [5]. They
are briefly small 20–24 nucleotide noncoding RNAs derived from pri-
mary microRNA transcripts and processed by a two-step cleavage in-
volving enzymes like Drosha and Dicer. The mature microRNAs are
believed to function mainly as, although not exclusively, negative
regulators of target genes through RNA decay (which is major) or
translation inhibition [6]. Canonically, they bind to 3′-UTR of target
genes through a complementary sequence of the 2–8 nucleotides in
their 5′ end (so-called seed region) [7]. With the development of many
microRNA target prediction algorithms, it is estimated that nearly half

or even more of all human genes are directly regulated by microRNAs
[8]. As such interesting and important players in cellular processes,
microRNAs have been implicated in nearly all types of human cancers
[9–11]. Considering the relatively small size of microRNAs and espe-
cially the small size of seed regions which are critical for microRNA
target recognition, even a single nucleotide variation in the pre-miRNA
regions particularly those in the mature and seed regions may greatly
influence either the maturation, the binding affinity/stability or even
target selectivity of microRNAs. Here, I summarized the current
knowledge of microRNA biogenesis, targets recognition through cano-
nical and non-canonical binding, and microRNAs in human cancers and
gave a focused review on common SNPs in pre-microRNAs, isomiRs and
somatic mutations of microRNAs. I found this is still by far a not fully
explored field and warrants further investigations. Considering the
great potential of both microRNAs and genome variations in precision
medicine [12–17], I believe future studies in this field are of great
importance and significance.

2. MicroRNA biogenesis and target recognition

MicroRNAs are small noncoding RNAs that are 19–24 nt long. They
are transcribed mainly through the RNA polymerase II and following
the transcription the canonical biogenesis of microRNAs is a two-step
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process (cropping and dicing) which includes one cleavage event in the
nucleus by RNase III enzyme Drosha and the other in the cytoplasm by
another RNase III enzyme Dicer [18]. Drosha process the pri-microRNA
into a ~60–100 nt stem-loop structured microRNA precursor (pre-mi-
croRNA). Then pre-microRNAs are exported into the cytoplasm with
the help of exportins and then Dicer will cleave the pre-microRNA into
a double stranded RNAs. Except this Drosha-dependent and Dicer-de-
pendent canonical pathway, other non-canonical pathways of mi-
croRNA biogenesis have also been reported [19,20]. For example, some
microRNAs are Drosha independent or Dicer independent. Good ex-
ample of Drosha-independent microRNAs are mirtrons which are mi-
croRNAs derived from the introns of mRNAs and produced directly
through RNA splicing. m7G (7-methylguanosine)-capped pre-micro-
RNAs are another example which does not need Drosha cleavage but
could directly be exported to the cytoplasm for Dicer processing. Also, it
has been found that biogenesis of miR-451 is one rare event that re-
quires Drosha but not Dicer and was cleaved by Ago2 instead in the
cytoplasm [20].

After mature microRNAs are formed, they are incorporated into the
RISC complex. Most microRNAs target the 3′-UTR regions of mRNAs
through complementary Watson-Crick pairing of their seed region
which is the 5′ 2–8 base of the mature microRNA. They either inhibits
the translation or cause mRNA decapping and degradation. Many
microRNA target prediction algorithms based on this theory have been
developed and widely accepted including TargetScan, Pictar, RNA22,
PITA etc [8]. However, it was found that all these algorithms showed a
high false positive prediction rates and it was reported that up to 50%
of the predicted targets are false positives [21]. This indicates that
microRNAs may function through other direct or indirect mechanisms.
Interestingly, it was found that some microRNAs could bind to the 5′-
UTR, the CDS or the promoter regions to even upregulate transcription
or enhance translation [22]. miR10a that binds to the 5′UTR, miR373
binding to promoter and miR34a binding to both 5′-UTR and 3′-UTR
are all good examples for these nonclassical binding [23–25]. What is
more, some argue that microRNAs may target transcription factors and
exert their function through a two-layer miR-TF-mRNA axis [26–30].
All in all, microRNAs in human cells play important roles and they
regulate gene expression through several different types of regulatory
mechanisms.

3. Common single nucleotide polymorphisms (SNPs) in pre-
microRNAs

Single nucleotide polymorphisms frequently called SNPs, are the
most common type of genetic variations in human. It was estimated
that there are more than 100 million SNPs in human genome and about
7.5 million of them are common SNPs (SNPs with minor allele fre-
quency (MAF) no less than 5%) [31]. With limitations of samples size
and statistical power, past case-control studies have also revealed the
biological significance and functionality of common SNPs but not rare
SNPs. To begin with, I first obtained all SNP data located in the pre-
microRNAs from Ensemble and ranked them with MAF and number of
related publications. In brief, there are in total 322 SNPs located in the
microRNA precursor regions including 37 in the seed regions, 65 in the
mature regions and the rest 220 in the precursor regions
(Supplementary Table 1). Surprisingly, only 16 of these common SNPs
were well studied with more than 10 related publication up to date
(Table 1), with only 1 located in the seed regions and 3 in the mature
regions and 12 in precursors.

3.1. miR196A2 rs11614913

rs11614913 located in the mature miR-196a-3p is the most widely
studied microRNA SNP so far. It was first discovered as a genetic variant
impacting patients’ survival in non-small cell lung cancer [32] and
breast cancer [33]. Since then, it has been implicated in various human

cancers including breast, lung, prostate, colorectal, gastric, head and
neck, hepatocellular carcinomas, etc [34–41]. Scientists found this SNP
influenced the pre-microRNA processing and maturation. Also, this
position underwent somatic mutation in breast cancer in 14% of all
patients and correlates with higher expression of miR196a [42]. How-
ever, conflicting results from large case-control studies have been ob-
served for this SNP and it seems that this SNP has population and
cancer type specific effect. For example, C allele is correlated with high
risk of hepatocellular carcinoma [43] while T allele is correlated with
high risk of Glioma, prostate cancer and colorectal carcinoma [44–46].
In a meta-analysis of 46 studies involving 20673 cases and 25143
controls, it was discovered that C allele showed significant association
with cancer risk in Asians but not in Caucasians [38]. In another study,
it was shown that rs11614913 T allele frequency is significantly low in
African population compared to Non-African population [47].

3.2. miR499 rs3746444

The miR499 locus encodes two microRNAs miR499a (transcribing
from the forward strand) and miR499b (transcribing from the reverse
strand). rs3746444 is located in the seed region of miR499a-3p while in
the mature region of miR499b-5p. It was first discovered together with
miR196a2 SNP rs11614913 from a case-control study as risk variants
for breast cancer involving 1009 cases and 1093 controls [33]. It also
shows a population and caner type specific effects. In Chen 2014, T
allele predicts risk for esophageal cancer while C allele for all other
cancers [48]. Mi et al. found that C allele is associated with increased
cancer risk in Asian but not in Caucasians [46].

3.3. miR149 SNPs rs2292832 and rs71428439

These two SNPs are the only common SNPs (MAF = 0.39 for
rs2292832 and 0.14 for rs71428439) located in a single microRNA
locus which are both well studied up to date. They are only 2 base pair
away from each other and locates in the 3’ end of the pre-miR149.
Rs71428439 G allele showed reduced level of maturation of miR149
compared with the A allele [49] and predicts high risk for lung cancer
and hepatocellular carcinomas [50,51]. rs2292832 was found to be
related to risk of multiple cancers including colorectal cancer, liver
cancer and breast cancer [52–55] and in a recent study [56], it was
shown that this SNP may have a population specific effect in gastric
cancer patients. While T allele carriers in Caucasians displayed de-
creased risk of gastric cancer, they have increased risk among Asians.

Table 1
List of well-studied SNPs located in the pre-microRNA regions.

Gene name Variant name Minor allele
frequency

SNP positions # of related
publications

MIR196A2 rs11614913 0.332668 in mature 425
MIR499A rs3746444 0.183506 in seed 289
MIR499B rs3746444 0.183506 in mature 289
MIR149 rs2292832 0.386581 in precursor 157
MIR27A rs895819 0.363818 in precursor 136
MIR608 rs4919510 0.363818 in mature 82
MIR423 rs6505162 0.497804 in precursor 77
MIR1908 rs174561 0.279553 in precursor 31
MIR492 rs2289030 0.114417 in precursor 25
MIR605 rs2043556 0.259585 in precursor 24
MIR149 rs71428439 0.14397 in precursor 15
MIR449B rs10061133 0.122204 in mature 13
MIR604 rs2368392 0.323083 in precursor 12
MIR1307 rs7911488 0.303714 in precursor 12
MIR618 rs2682818 0.242412 in precursor 12
MIR202 rs12355840 0.31889 in precursor 11

D. Zhao Non-coding RNA Research 5 (2020) 27–31

28



3.4. miR423 rs6505162

rs6505162 is located in the precursor region of miR423 and was
discovered to influence the maturation and expression of miR423
[57,58]. It ranks #1 in minor allele frequency (49.78%, see Table 1) of
all the 322 SNPs located in the pre-microRNA regions, which indicates
its high prevalence in human diseases related to miR423. Up to date,
miR423 SNP rs6505162 has been implicated in multiple cancers in-
cluding esophageal, breast, ovarian and colorectal cancer [59–61]. In-
terestingly, there is a significant interaction between rs6505162 and
age in esophageal cancers and the protective effect was more than twice
among younger patients than older ones [59].

Except for the above summarized four well studied miR SNPs and
several others, biological and clinical significance for the majority of
these genetic variants located in microRNA precursor regions remain
unclear. Most interesting SNPs among these include multiple common
SNPs located in a single microRNA locus (e.g. SNPs for miR6891,
miR5189, miR4719, miR7150, miR6839, miR548AJ2 and miR5700)
and SNPs showing high minor allele frequencies (e.g. rs2663345,
rs71974827). Whether they influenced the maturation, expression of
microRNAs or targets selection need to be revealed. From past studies,
we could imagine these SNPs may also show population, gender, age
and cancer type specific effects and researches on these could lead to
significant progression in precision medicine.

4. Isomirs

microRNAs were typically annotated as a single defined sequence
before Landgraf et al. [62] have found that the same microRNA could
have several variants which differ in length and sequence. The devel-
opment of deep sequencing has enabled the identification of isomirs,
which are microRNA variants that are heterogeneous in length or se-
quence. Importantly and interestingly, isomirs are not rare and was
estimated to contribute to half of the miRnome in human cells and for
each microRNA the contribution of isomirs to the expression levels
varies from 0% to nearly 100% [63,64]. Some isomirs may affect sta-
bility of microRNAs and also target selection [65]. However, up to date,
the functionality and biological and clinical significance of majority of
these isomirs remain unclear and is yet to be revealed in the future.

Isomirs could be classified to 4 main classes: 5′ isomiRs, 3′ isomiRs,
polymorphic isomiRs and mixed type isomiRs and they were generated
through multiple Drosha or Dicer cleavage, 5′ or 3′ trimming, nucleo-
tide addition, removal or RNA editing [66]. It was found that [67] some
isomiRs expression are more abundant and show superior performance
as biomarkers than their canonical forms in cancer. Scientists then
found that isomer expression could be used to classify breast cancer
subtypes and some isomirs could be used as biomarkers in breast cancer
and even showed improved performances compared with the tradi-
tional gene expression profiling [68]. Recently, scientists used 50 5′

isomir as a panel and showed the expression of these isomirs could
effectively classify tumors from 32 different tumor types with high
sensitivity [69]. Individual isomir have been validated to be involved in
cancer progression and also have diagnostic values in cancer. For ex-
ample, 5’ isomir of miR140-3p suppress breast cancer proliferation and
migration [70], while miR196a isomirs are significantly different be-
tween cancer and normal tissues and is diagnostic in laryngeal cancer
patients [71]. Isomirs also showed gender or race specific expression
patterns [72]. One study from triple negative breast cancer revealed
that a total of 21 isomiRs are differentially expressed between white
patients and black patients including miR-183-5p isomiRs and they
then verified each isomir has distinct effect in cancer cell through mi-
croarray analyses of the transcriptome [73]. Later, they performed a
more through analyses of isomirs and corresponding mRNA targets in
triple negative breast cancer and discovered that genes from key me-
tastasis linked pathways associated with isomirs in a race dependent
manner [74]. In another study which analyzed isomirs in prostate
cancer TCGA cohort that contains 562 samples from 472 patients, sci-
entists detected a total of more than 3000 isomiRs, of which 524 are
differential between tumor and normal and a large portion (1519,
~50%) were specifically abundant in white patients [75]. Aberrant
expression of isomirs could be potential cancer biomarkers. In one
study, it was reported that some isomirs could be predictive of prostate
cancer metastasis [76] and in another, isomirs expression in the urine
extracellular vesicles could be used as a non-invasive method to detect
prostate cancer [77].

5. Somatic mutations in microRNAs

Somatic mutations also lead to single nucleotide variations in
microRNAs. At present, there is one database SomamiR which included
data from more than 600 samples in 50 different type of cancers and
mapped ~2500 somatic mutations in microRNAs including ~1800 lo-
cated in pre-microRNA regions, 644 in mature regions and 181 in seed
regions [78,79]. Up to date, there is still limited understanding of these
mutations which could be due to overall low mutation rate and there
are still no case control studies which contain enough number of
samples to reach statistical significance for these mutations. One re-
cently published paper in lung cancer [80] analyzing the TCGA cohort
which contain ~500 lung adenocarcinomas and ~500 lung squamous
cell carcinomas identified more than 1000 mutation affecting ~500
microRNAs. They identified 10 significantly over mutated hotspot mi-
croRNA genes including miR379. Future studies which include more
samples or focus on other cancer types will lead to more comprehensive
understanding of these somatic mutations in microRNAs.

6. Concluding remarks

In this review, I summarized the current knowledge of single

Fig. 1. Diagrammatic summary of single
nucleotide variations (SNVs) in microRNAs.
SNVs can be classified into three categories:
single nucleotide polymorphisms (SNPs),
somatic mutations (somamiRs) and isomiRs.
SNPs in pre-miRs, mature miRs or within the
seed sequences may (1) influence the bio-
genesis/maturation of the mature miRs and
cause change in 5p/3p ratios, (2) strengthen
or reduce the binding affinity for the mature
miRs to bind to their targets or (3) change
miRs' targetome through loss or gain of
binding sites. SomamiRs, which are somati-
cally mutated microRNAs, could be con-
sidered as a combination of all possible

SNPs. IsomiRs are bona fide microRNA variants or isoforms that result from either addition, depletion/trimming or microRNA editing and usually show race, gender,
population, and disease subtype dependencies. All of these SNVs modulate the intracellular microRNA-mRNA interaction network.

D. Zhao Non-coding RNA Research 5 (2020) 27–31

29



nucleotide variations in human microRNAs including the single nu-
cleotide polymorphisms with minor allele frequencies higher than 5%,
the isomiRs, and somatic mutations in microRNA genes. A diagram-
matic summary was shown in Fig. 1. In general, this field is not fully
explored with too much emphasis on only several star SNPs. Majority of
the common SNPs in microRNA regions are not studied, while it is only
at the starting phase for the studies on isomiRs and microRNA somatic
mutations. Considering the important role of microRNAs in gene reg-
ulation and their significance in human diseases, further studies are in
need. This review also provided some hint for future studies in this
field. For example, researches in the future should take into con-
sideration whether there is age, gender, race/ethnic, tissue/cancer type
or other relative factor(s) specific role for a given variation. Knowledge
obtained from these studies will surely improve the understanding of
microRNAs in human diseases and aid in further development of pre-
cision medicine.
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