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Non-coding DNA covers most of the human genome

Poller W et al, Cardiovascular Research 2019
https://www.bio-rad.com/



microRNAs (miRNAs) represent one of the epigenetic factors regulating 
gene expression

Xiao F et al, Cell. & Mol. Imm. 2022



miRNA biogenesis 
and mechanism of 
gene silencing

Inoue J & Inazawa J, J. Hum. Gen. 2021
Ha TY, Immune Network 2011

• One miRNA can target multiple genes
• One gene can be targeted by multiple mRNAs 



Deregulation of miRNA expression patterns is associated with hallmarks of 
cancers

Lee JT et al, Pharma. Rev. 2020



Cancer cells exhibit epigenetic changes of miRNA genes

Zavesky l et al, Neoplasma 2015



Dysregulation of miR-181 expression is widely distributed in a large array of 
human cancers

Braicu C et al, Mol. Asp. Med. 2019

Is miR-181 a potential target
for cancer therapy?



miRNA-based approaches and challenges for cancer therapy

Kargutkar et al, Clin. Gen. 2020
Kara G et al, Adv. Drug Del. Rev. 2022

miRNA Replacement miRNA Inhibition



Understanding the basis of miRNA-mRNA interaction might help design 
artificial miRNAs with reduced off-target effects

Peterson SM et al, Front. Genet. 2014 Liu W & Wang X, Gen.. Biol. 2019

It is though that miRNA’s “seed” region is key 
element for target mRNA selectivity

Can this model explain the 
marked differences in numbers of 

miRNA’s targets?



Higher order structures of miRNAs might impose an additional constrain for target genes 
selection

miR-15a:	5′-UAG	CAG	CAC AUA AUG	GUU	UGU	G-3′

miR-15b:	5′-UAG	CAG	CAC AUC AUG	GUU	UAC	A-3′

Same seed region, distinct 
biological activity

miR-15a

miR-15b



Is there any relation 
between miR-181 family 
members primary 
sequence, secondary 
structure and biological 
function?



miR-181 family members' primary sequence and predicted target 
genes

seed

miR-181 family members are highly conserved in
the seed region

miR-181 family members share a high number of predicted
target genes 



Functional enrichment analysis of shared target genes between miR-181 members  
GO Molecular Function

KEGG

GO Biological Process

Jensen Diseases database



Thirteen mutant variants of the seed region for each miR1-181 family members



Position and type of the 

substitution can have a 

dramatic effect on the number 

and selectivity of predicted 

target genes



Mutant variants of miR-181 members adopt diverse secondary structures with 
distinct number and pattern of predicted targets genes



Predicted targets for specific 

miR-181 mutant variants 

include genes with 

differentially expression 

patterns in human cancers –

TCGA analysis

LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; EXP, expression; FC, fold change of expression (malignant vs adjacent normal tissue)



Upregulated genes with oncogenic potential highlighted by TCGA analysis



Highlights of the study
• Target genes selectivity by miRNAs might be a function of both 

sequence composition of the seed region and higher order 
secondary structure
• Sequence alterations that result in stem structures with a 5’ and 

3’ free arm might increase the selectivity for target genes. 
Sequence composition and length of the free arms could further 
provide a tuning role.
• Artificial miRNAs with a reduced number of targets enriched in 

oncogenes might provide novel miRNA-based therapeutics for 
cancer treatment with less off-target effects
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