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“… results suggested that there may be no robust 
mRNA markers that show consistent differential 
expression between tumors and normal tissues of 
different lineage.
Surprisingly, it has been recently shown that miRNA
expression signatures can be extremely informative
for cancer diagnosis. … These experiments indicate that 
even within individual malignancies, miRNAs can be 
used to distinguish among different mechanisms of 
tumorigenesis.”



• miRNAs are short (~22 nt) non-coding regulatory RNAs
(ncRNA)

• miRNAs represent a major regulatory gene family in plants, 
animals and viruses (~30 % regulated genes)

• miRNAs comprise 1 %-5 % of transcripts

• miRNAs post-transcriptionally regulate gene expression by 
specific base-pairing to mRNAs, in a combinatorial fashion

• miRNAs have the same activity as transcription factor, 
however miRNAs do not require ‘translation’

miRNA introduction



• Up to date, several thousand miRNAs have been cloned/predicted
• Target/function is known only for a fraction of them

Nature, 431:350-355 (2004)

miRNAs function

• miRNAs are tissue and developmental stage specific
• miRNAs control cell proliferation and apoptosis (oncogene/tumor supressor)
• miRNAs affect neuronal patterning and modulation of hematopoietic lineage 

differentiation
• miRNAs dysfunction is linked to cancers and other (human) diseases

Kim, Nat. Rev. Mol. Cell Biol. (2005)



miRNAs targets and “antitargets”

Stark et al., Cell (2005)

Basic cellular processes

Developmental processes



Complex biogenesis of miRNAs

Wienholds & Plasterk, FEBS Letters (2005)



miRNA profiling

Tm between 45°C and 74°C

miRNAs may differ just by one base



miRNA profiling toolbox

Cummins & Velculescu, Oncogene (2006)



Bead-based miRNA detection

Lu et al., Nature (2005)

miRNA identity miRNA abundance



• LNA spiking increases base-pairing Tm

LNA-DNA: ΔTm= +1 - +8°C/insertion

LNA-RNA: ΔTm= +2 - +10°C/insertion

DNA vs LNA (Locked Nucleic Acid)

miR-7  CAACAAAATCACTAGTCTTCCA Tm= 50°C

miR-7  CAACAAAATCACTAGTCTTCCA Tm= 70°C
(Sigma-Proligo)



miRNA profiling by qPCR

Chen et al., NAR (2005); Shi & Chiang, Biotechniques
(2005); Raymond et al., RNA (2005); Duncan et al., Anal. 
Biochem (2006)



miRNA profiling by qPCR
Input: 100 ng of total RNA

NCode, LNA, SYBR let7a mir122a mir215
Cre- Ct=23.5 Ct=20.7 Ct=30.3

Cre- 23.2 20.5 30.1

Cre+ 22.6 28.4 34.4

Cre+ 22.6 28.1 33.7

NCode, DNA, SYBR let7a mir122a mir215
Cre- Ct=27.4 Ct=22.4 Ct=34.2

Cre- 26.9 22.4 34.0

Cre+ 26.4 30.3 36.7

Cre+ 26.3 30.1 36.7

Input: 10 ng of total RNA
ABI Probes let7a mir122a mir215

Cre- Ct=25.4 Ct=26.2 Ct=31.1

Cre+ 24.6 31.1 34.1



Primary miRNAs expression profile (principle)
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Primary miRNAs expression profile

Mature vs Primary
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miChip

• Genome-wide profiling of mature miRNAs
• LNA modified capture probes

– Uniform melting temperature (LNA content, 
length) => possibility to establish normalized 
hybridization conditions suitable for all miRNAs

– Accurate and sensitive miRNA detection
– High detection specificity



miChip RNA labeling

No need for miRNA enrichment or amplification, 
specific for mature miRNAs (single-stranded RNA)



Validation of mature miRNAs expression

miChip vs qPCR (comparison)
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Comparing small RNA profiles
of Trizol and miRNeasy 

Trizol only

miRNeasy

SK-N-AS

SK-N-AS



miRNA expression 
(stem loop qPCR for mir-16, 10ng RNA) 

Trizol only: SK-N-AS Ct = 20.9 
RNeasy: SK-N-AS Ct = 26.8 TR-14 Ct =  26
miRNeasy: SK-N-AS Ct = 22.5 TR-14 Ct = 23.6 

SK-N-AS (Trizol)

SK-N-AS + TR-14 (miRNeasy)

SK-N-AS + TR-14 RNeasy

NTC + gDNA



Effect of purification method on miRNA profile
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Thank you!



miRNAs profiling, sensitivity

Castoldi et al., RNA (2006)

Mixed LNA/DNA DNA

Increased sensitivity for 
miRNA detection



miRNAs profiling, specificity

Castoldi et al., RNA (2006)




	microRNA profiling  � (points to consider)
	JM Cummins & VE Velculescu: miRNA profiling for cancer diagnosis. Oncogene 25 (2006) 6220-6227
	miRNAs targets and “antitargets”
	Complex biogenesis of miRNAs 
	miRNA profiling
	miRNA profiling by qPCR
	miRNA profiling by qPCR
	Primary miRNAs expression profile
	miChip
	 miChip RNA labeling
	Validation of mature miRNAs expression
	Acknowledgement

