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• ~ 22 nt long non-coding RNAs

• bind 3’ UTRs of protein-coding genes and repress their expression

microRNAs (miRs)

miRNA

mRNA 3’UTR



• tissue specific

• overexpressed in numerous cancers leading to downregulation 

of target genes
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microRNAs (miRs)

of target genes

• overexpressed miRs are excreted to blood – circulating miRs can 
serve as prognostic and diagnostic tools
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Aims of the study:

� To discover and annotate on the genome-wide level previously 

In search of new pathways of tumorigenesis - genome-wide 
functional analysis of microRNAs deregulated in human cancers.

� To discover and annotate on the genome-wide level previously 
unidentified RNA genes, including miRs, by the next-generation 
deep sequencing technology in thyroid, colon and liver cancers.

� To detect and characterize the germline and somatic sequence 
variations of all known and newly discovered miRs in 
cancer/unaffected tissue pairs of thyroid, liver or colon origin. 
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Aims of the study:

� To identify and measure circulating microRNAs in blood of 

In search of new pathways of tumorigenesis - genome-wide 
functional analysis of microRNAs deregulated in human cancers.

� To identify and measure circulating microRNAs in blood of 
patients with benign and malignant tumors of the thyroid, liver
and colon (diagnostic part)

� To determine the potential use of microRNA expression profiles
in prediction of surgical outcome and tumor recurrence risk
(prognostic part)
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Material and Methods:

• Training set:
28 RNA samples from 14 PTC patients (14 pairs of tumor -
unaffected tissue from the same patient),unaffected tissue from the same patient),

• Validation set:
10 RNA samples from 5 PTC patients (5 pairs of tumor -
unaffected tissue from the same patient),

• Control set:
14 RNA samples from non-cancerous thyroid samples



PTC Tumor,  PTC-T (n=19)
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Material and Methods:

Unaffected control tissue adjacent 
to tumor, PTC-N (n=19)

Normal thyroid tissue, NN (n=14)
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Sequence analysis
PTC-T, 
PTC-N, 

NN

Material and Methods:

Expression analysis

NN

RNA gel electrophoresis

Small RNA fraction
(inc. miRs)

RNA 
extraction
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Material and Methods:

Quality control 
Removal of adapters

sequenced 
RNA fragments

Reference sequences 
(miRBase)alignment

Normalization (RPM)
Expression 

of miRs

Expression 
of isomiRs

Statistical 
analyses

Target genes 
prediction

Lists of miRs and 
isomiRs differentiating 

between tumor and 
normal tissue

Lists of potential 
target genes of miRs 

and isomiRs 

miRNA
classifier

Verification 
on validation 

samples
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Results: miRNome of the thyroid gland

400 microRNAs 

expressed in the thyroid.  

352 (88%) are expressed 

in all tissue types
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miRs aberrantly 

expressed in PTC

Results: miRNome of the thyroid gland
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Results: new microRNA isoforms (isomiRs)

The seed sequence of isoforms differing at the 5’ end is 
changed – they regulate distinct sets of target genes
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Results: target genes for newly identified isomiRs
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Over 90% of microRNAs are expressed

in at least 2 different length variants.

Results: new microRNA isoforms (isomiRs)
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miRs with the highest
expression of a standard, 
reference isoform

Results: new microRNA isoforms (isomiRs)

miRs with the highest
expression of a newly
identified isoform

standard isoform is not 
expressed in the thyroid

standard isoform is
expressed
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Results: miRNA-based diagnostic panel for PTC

Crossvalidation Validation set

PTC-T vs PTC-T vs
PTC-T vs PTC-N

PTC-T vs
PTC-N

PTC-T vs
NN

PTC-T vs PTC-N

classifier
sample size

12 11 12

accuracy 86% 86% 80%

sensitivity 71% 71% 100%

specificity 100% 100% 60%

PPV 100% 100% 71%

NPV 78% 78% 100%
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Results: Single Nucleotide Polymorphisms (SNPs) in miRs
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Results: Single Nucleotide Polymorphisms (SNPs) in miRs
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Results: Single Nucleotide Polymorphisms (SNPs) in miRs

Confirmation:

Association studyAssociation study
• 3000 PTC patients
• 3000 controls
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Results: novel microRNA genes

No of total reads
No of reads after adapter 
removal
No of mapped reads
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Results: novel microRNA genes
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Results: novel microRNA genes
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Results: novel microRNA genes
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Results: novel microRNA genes
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