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QIAGEN Solutions for microRNA Research

� miRNA introduction

� miScript System
For detection and quantification of miRNA by qRT-PCR

� Detection of non-coding RNAs (non-miRNA) 
and development of miScript control assays

� Profiling miRNAome changes with miScript

� Qiagen miRNA Mimics and Inhibitors
For functional analysis of miRNA: target interactions
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Gene Silencing  by miRNA

• Naturally occurring, endogenous small RNA

• Transcribed by Pol II as longer precursor, 
frequently from intronic regions

• Processed both in nucleus (Drosha) and in 
cytoplasm (Dicer) to yield mature form

• Leads to translational repression                         
(and sometimes mRNA degradation)

• ~500-1000 species, regulate an estimated 20~30% 
of the genome 

• Interacts by imperfect homology to target, leading   
to translation inhibition or degradation 

• Misregulation implicated in a variety of diseases
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RNAi and miRNA Pathways

Ouelett, et al
Journal of Biomedicine 
and Biotechnology
Volume 2006, Article 
ID 69616, Pages 1–20
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miRNeasy Kits for microRNA Isolation

.Effective purification of total RNA including microRNAs
� from a broad range of cells and tissues

.Efficient enrichment of microRNAs
� isolate RNAs <200 nucleotides 

.High-purity RNA 

� suitable for sensitive downstream applications

.Rapid procedure 

� streamlined protocol for low-throughput or 96-well formats

.miRNeasy FFPE now available

.QiaCube protocol now available
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miRNeasy Procedures
Flexible Protocols: Copurification or Enrichment of miRNA

Options:

� Copurification of 

miRNA & total RNA
- or -

� miRNA enriched fraction 

and total RNA > 200 nt

Formats:

� Single Spin
� 96 - well Plate 

� Automated on QiaCube
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miScript System
Quantification of miRNA & mRNA from One cDNA Prep
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miScript System
Reverse Transcription - Principle
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miScript System
Real-time PCR Detection

mRNA miRNA, other small RNAs
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miScript RT Protocol:
One-Step Reaction
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miScript RT System: 
Linear cDNA synthesis from 10 pg – 1µg RNA

Detection of miR-16 in HeLa S3 RNA 

Slope: -3.3414
R2 = 0.9937

15

20

25

30

35

-3 -2 -1 0 1 2

Log [ng] of cDNA in PCR

M
ea

n
 C

t

10 pg to 1 ug of input miRNeasy RNA from HeLa S3 cells in miScript RT reaction

100 copies
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miScript RT System: 
Linearity of cDNA Synthesis Reaction

10 pg to 1 ug HeLa RNA in PCR reaction (5 log dilution of input RNA)
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Quantification of miR-16 
7-Log Dynamic Range in PCR
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Specificity of miScript Primer Assays: 
Let-7 Isoforms

Human Let-7 Isoforms

Cross-reactivity



Sample & Assay Technologies- 15 -

miScript System: 
Detection of Various miRNAs in Mouse Tissues

1 ng of cDNA per PCR reaction
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Quantification of miRNA & mRNA 
from the Same cDNA Preparation

1 ng HeLa cDNA per PCR reaction
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QIAGEN Solutions for microRNA Research

Characterization of Small ncRNA with miScript
&

Development of miScript Control Assays
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Small Non-Coding RNAs:

miRNAs: 

� Typically of ~21-23nt in size, involved in post transcriptional gene regulation

sno-RNAs (small nucleolar RNAs): 

� Typically in the range of 60-100 nt, play a role in site specific modification of 
nucleotides in target RNAs

Other non-coding RNAs:
� These have also been described, functional roles not clear

piRNAs (PIWI interacting RNAs): 
� non-miRNA small RNAs that are 26-31nt, expressed in Germ line cells. 

Possibly many more similar sequences could be discovered in the future

5S, 5.8S Ribosomal RNAs: 
� Small RNA components of the ribosome
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miScript System: 
Detection of Germline-Specific Small RNAs in Mouse

(i) Girard, (ii) Aravin, Nature July 2006

1 ng cDNA per PCR reaction
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miScript: Detection of Small Non-Coding RNAs
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. sn/snoRNAs represent an abundant class of ncRNAs present in the nucleus/nucleolus

. Constitutive in broad range of cell types, & show relatively high levels of expression 

. Are metabolically fairly stable, expression of many ncRNAs do not change significantly

. Relative quantification of microRNAs by � � Ct method using miScript system requires 
such endogenous control RNAs for data normalization
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Control Assays for miScript System

YesYesYes677769U91SCARNA17

YesYesYes6080U17A/B, E1SNORA73A

YesYesYes9303U25SNORD25

YesYesYes26826U6BRNU6B

YesYesYes26833U5ARNU5A

YesYesYes26869U1RNU1

RatMouseHuman

WORKS WITH

GENE  ID
ALSO 

KNOWN AS
OFFICIAL
SYMBOL
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miScript Control Assays: Human, Mouse, Rat
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miScript Control Assays: 
Constant Level of Expression Across Cell Types
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QIAGEN Solutions for microRNA Research

miRNAome-Wide miScript Assays
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miRBase v9 versus v10

* Total number includes mature miRNAs & mature ‚star‘ miRNAs

4346350351Rat

10561575579Mouse

11714730733Human
miRBase

v10.1

3226232238Rat

4356371375Mouse

7452462470Human
miRBase

v9

Instances 
where 

Two or More 
miRNAs 
share a 

Common 
assay

Available 
as sets             

(Plate format)

miRNAs with
Available

Primer 
Assays in

GeneGlobe

Total
miRNAs in 
miRBase*

Species
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miScript Primer Assays (v10.1)  Human Set

Human 
miRNAs (733)
miRBase V10.1

miRNAs
Assays for miRNAs

miRNA*
Assays for miRNA*

Human
Human/Mouse/Rat
Human/Mouse
Human/Rat

Human 
Human/Mouse/Rat
Human/Mouse
Human/Rat

714163551Total

1376Human/Rat

722844Human/Mouse

22427197Human/Mouse/Rat

405101304Human only

Hsa-
miRNA*s

Hsa-
miRNAs

Total

Primer Assays for
Primer Assays that 

can work for



Sample & Assay Technologies- 27 -

Instances Where Two or More miRNAs Share a Common Assay

CTAGAGGGAAGCGCTTTCTGCTCTAGAGGGAAGCGCTTTCTGhsa-miR-523*

CTAGAGGGAAGCGCTTTCTGCTCTAGAGGGAAGCGCTTTCTGhsa-miR-522*

CTAGAGGGAAGCGCTTTCTGCTCTAGAGGGAAGCGCTTTCTGhsa-miR-519c-5p

CTAGAGGGAAGCGCTTTCTGCTCTAGAGGGAAGCGCTTTCTGhsa-miR-519b-5p

CTAGAGGGAAGCGCTTTCTGCTCTAGAGGGAAGCGCTTTCTGhsa-miR-519a*

CTAGAGGGAAGCGCTTTCTGCTCTAGAGGGAAGCGCTTTCTGhsa-miR-518e*

primermirnaSeqSanger ID

Multiple Sanger IDs having same miRNA sequence
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Multiple Sanger IDs for the Same Sequence: Example

miR-518e

miR-518e*

miR-519a*

miR-519a

miR-518e* & miR-519a* sequences are 
same but have different IDs

miR-518e

miR-518e*

miR-519a*

miR-519a

miR-518e* & miR-519a* sequences are 
same but have different IDs
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No primers:
Due to the nature of miRNA sequence

TATGTGTGTGTGTATGTCCATGrno-miR-466b

TGAGTGTGTGTGTGTGAGTGTGTmmu-miR-574-5p

CATACACACACACATACACACmmu-miR-466f-3p

GATGTGTGTGTGCATGTACATAmmu-miR-466c-5p

TGAGTGTGTGTGTGTGAGTGTGThsa-miR-574-5p

AGGGCCCCCCCTCAATCCTGThsa-miR-296-5p

miRNA SequencemiRNA Name
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Human, Mouse, and Rat miRNA Assays on GeneGlobe

Always up to date
Custom design available

Talk to me about Qiagen HT assay design …
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miRNeasy and miScript
Robust, Reliable, and Reproducible miRNA Analysis

miScript system: simple, fast & easy with minimal steps

miRNAs and mRNAs can be quantified from the same cDNA preparation

A single cDNA preparation is sufficient to quantify many miRNAs

Wide dynamic range: input RNA can be 1 cell to 1 µg

Other non-coding RNAs such as piRNA, snoRNAs, rRNA
can be quantified using miScript system

Assays available for all human, mouse, rat miRNA.

Custom assays can be quickly developed (web-based in Summer 2008)
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QIAGEN Solutions for microRNA Research

Characterization of miRNA-ome Changes 
Using miScript in a Model System
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Jurkat Cell Model System

� Jurkat cells:
� Acute T cell Leukemia cells
� Used as a model cell line for studying T-cell activation

� PMA (Phorbol Myristyl Acetate) 
� Activates PKC which in turn activates NFkB & AP1

� Ionomycin (Calcium Ionophore) 
� Activation of Ca2+/calmodulin-dependent signaling pathways, 

which in turn activates NFAT

Jurkat cells
No Treatment

PMA Treatment PMA +  Ionomycin
Treatment

One signal Two signals

No signal
Jurkat cells

No Treatment

PMA Treatment PMA +  Ionomycin
Treatment

One signal Two signals

No signal
Jurkat cells

No Treatment

PMA Treatment PMA +  Ionomycin
Treatment

One signal Two signals

No signal
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PMA & Ionomycin treatment: 
Induction of CD69 in Jurkat cells



Sample & Assay Technologies- 35 -

Jurkat Cells:
Differentially Regulated Genes Upon Activation

Measured at 24 hours, normalized to bACT
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Experimental Design

� miRNeasy RNA isolated from Jurkat cells:

� Control cells

� PMA treated cells
� PMA+Ionomycin treated cells

� Synthetic miRNAs as controls (miRBase V8)

Prepare cDNA
using miScript

1ng of cDNA used/PCR
miScript Assays: miRBase V8
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Jurkat miRNA Profiling: e.g.miR-132

Resting 

PMA 

PMA+CI 

Synthetic 
miRNA
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Expression of miRNAs in Resting Jurkat cells

Total number of miRNAs tested : 328
Total number of miRNAs that show expression in Jurkat : 110
Total number of miRNAs showed >3.5 fold regulation: 30
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Time Course of Upregulated miRNAs in Jurkat

Expression of miR-146a
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Down-Regulated Genes in Activated Jurkat Cells

Lin, Z., et.al. (2003).  LABORATORY INVESTIGATION, Vol. 83, No. 6, p. 765, 2003
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miRNAs showing regulation in Jurkat

Gene name
Conserved 

Sites
Less Conserved sites

Both/miRANDA/TargetScan/

Cell growth and/or maintenance

CDKN2A cyclin-dependent kinase inhibitor 2A None miR-125b/a

CDKN2D cyclin-dependent kinase inhibitor 2D None miR-18a*, 125b

CDKN1B cyclin-dependent kinase inhibitor 1B None miR-223, miR-155

CDKN3 cyclin-dependent kinase inhibitor 3 None miR-146a/b, miR-26

Apoptosis

Caspase 1 (interleukin 1 convertase) None None

Caspase 3
miR-138,         
miR-30e-5p

miR-23a/b (down in our study); miR-138, miR-30e-5p

Caspase 4 None None

Caspase 7 miR-23 miR-29a, miR-138, miR-30e-5p, miR-132/miR-212

Caspase 8 None miR-27a/b; miR-132/miR-212, miR-21, miR-10

Caspase 9 None miR-10a/b; miR-15a, miR-155, miR-146, miR-223

Transcription regulator

C-fos (FOS) miR-29 miR-29, miR-146, miR-155; miR-374

jun-B (JUNB) miR-30a-5p

Down-Regulated Genes in Activated Jurkat Cells
Regulated by miRNA?
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Relative miRNA Expression: 
HeLa vs. Resting Jurkat, miRBase V8.0
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All human, mouse, and rat miRNA in miRBase 
DS Mimics
Modified Inhibitors
Appropriate assay controls

Available May 2008

Qiagen miRNA Mimics and Inhibitors
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miRNA Mimics and Inhibitors

miRNA mimic
and/or inhibitor

Luciferase assay
miRNeasy/miScript

Real time PCR
Protein preparation/

Western blot

24-96 hours 24-96 hours

Luciferase reporter
construct

HiPerFect HiPerFect

orCo-transfection Transfection

Reporter Assay Endogenous target
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Comparable Inhibition of Gene Expression 
by Endogenous miRNA and Qiagen miRNA Mimic

. Features of QIAGEN miRNA mimic:
� DS RNA oligonucleotide

� Functional sequence is the same as the natural mature miRNA
� Transfection results in inhibition comparable to endogenous miRNA

� Stable in culture for up to 72 hours
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Effects of Qiagen Mimic on Endogenous Target
Inhibition of HDAC4 with miR-1 Mimic

. miR-1 mimic transfected into HeLa S3 cells which do not express miR-1

. RNA and Protein isolated 48 hrs after miR-1 mimic transfection

.Downregulation of HDAC4 protein after miR-1 mimic transfection 

.No change observed in the HDAC4 transcript level

m
iR

-1

m
iR

-1

m
iR

-1

m
iR

-1
6

sc
ra

m

M
oc

k

anti-HDAC4

anti-tubulin



Sample & Assay Technologies- 48 -

QIAGEN miRNA Inhibitors

Single-stranded, chemically modified RNA oligonucleotides

Sequence has reverse complementarity to the miRNA sequence

--- many structures, chemical modifications evaluated ----

. Possible mechanisms of inhibition include:

� ? Binding to the pri-miRNA prohibiting Drosha processing

� ? Binding to the pre-miRNA in the cytosol prohibiting Dicer processing

� ? Binding to the mature miRNA preventing loading into RISC

� ? Binding to the mature miRNA preventing it from binding to its target
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Qiagen miRNA inhibitor significantly reduces miRNA-induced silencing. miR-16 is endogenously 
expressed at high levels in HeLa S3 cells. HeLa S3 cells transfected using HiPerFect Transfection Reagent 
with a luciferase reporter construct without a miRNA binding site, or with a luciferase reporter construct with a 
binding site for miR-16 in the 3' UTR, or cotransfected with the miR-16 luciferase reporter construct and with 
various amounts of miR-16 inhibitor. 

QIAGEN miRNA Inhibitors - Reporter Construct

200nMNo BS
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QIAGEN miRNA Inhibitors Effective After 96 Hours

 

0,000

0,200

0,400

0,600

0,800

1,000

1,200

1,400

1,600

1,800

2,000

WT neg ctrl QIAGEN inhibitor

L
U

 (
n

o
rm

)

24 hours 48 hours 72 hours 96 hours

. HeLa S3 cells transfected with miR-16 inhibitor or a negative control inhibitor 

. After the time points indicated, luciferase reporters were  transfected

. Twenty-four hours later, luciferase activity was measured. 

WT – vector with scrambled binding site
Neg Ctrl – miR16 BS, scrambled inhibitor
Q Inhb – miR16BS, miR16 inhibitor
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Inhibitors: Food for Thought..

. Different chemically modified inhibitors affect miRNA levels differently!

HeLa S3 cells transfected with QIAGEN’s miR-16 inhibitor or with other miR-16 inhibitors with alternative modifications. 

48 hrs post transfection, RNA was isolated with miRNeasy and miR-16 was quantified using miScript. 

Only QIAGEN’s miR-16 inhibitor resulted in inhibition of miR-16
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A Complete Toolkit for miRNA Analysis

Automation Functionalization

miRNeasy
miRNeasy 96
miRNeasy FFPE

QiaCube miScript System
Validated Assays
Custom Assays
Control Assays
Gene Expression Assays

Mimics
Inhibitors
Controls
HiPerfect
Attractene

Isolation Quantification
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Debbie Consiglio
QIAGEN

Questions?


