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Discovery of microRNAs: Tiny lin-4 story 
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Definition of MicroRNAs

● ~ 21(18-25) nts in length
● Single-stranded
● Endogenous noncoding RNA molecules
● Processed from stem-loop precursors by RNase III 

enzymes Drosha and Dicer
● Highly conserved
● Target mRNAs largely for translational repression
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Micro RNAs, Macro Significance

*mature active strand

Biogenesis:
● Initial transcript, pri-miRs by Pol II from 

the genome
● Cleaved by Drasha into ~60 nt pre-miRs
● To ~22 nt mature miRNA by Dicer
● Post-transcriptional repression (or 

activation)

Functions:
● Development

– Timing 
– Hematopoiesis
– Neuron differentiation
– Cell death and proliferation

● Diseases
– Cancers 
– Diabetes 

● Epigenetics (RNA/protein, RNA/DNA 
interaction)
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What’s new about miRNA research in 2007-8?
● MicroRNA publications increased very rapidly
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What’s new about miRNA research in 2007-8?

● MicroRNA publications increased significantly
● How many miRNAs are there in human?

– By 2003:  145 genes/ 152 mature miRNAs (Sanger Release 3.0)
– By 2004:  192 genes/ 207 mature miRNAs (Sanger Release 5.1)
– By 2005:  281 genes/ 319 mature miRNAs (Sanger Release 7.1)
– By 2006:  411 genes/ 455 mature miRNAs (Sanger Release 9.0)
– By 2007:  541 genes/ 733 mature miRNAs (Sanger Release 10.1)
– By 2008:  695 genes/ 866 mature miRNAs (Sanger Release 12.0)
– Total number of miRNA genes predicted:

• ~1,000 (Landgraf et al. 2007, Tuschl Lab)
• >25,000 (Miranda et al. 2006, IBM Bioinformatics Group)
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What’s new about miRNA research in 2007-8?
● MicroRNA publications increased significantly
● How many miRNAs are there in human?
● What regulates miRNAs (He et al. 2007; Diederichs & Harber 2007; 

Ruby et al. 2007; Viswanathan et al. 2008)?
● New role of miRNAs as tumor suppressors (He et al. 2007; Mayr et al. 

2007) and tumor invasion and metastasis (Ma et al. 2008)
● MicroRNAs regulate stem cell self-renewal and differentiation (Wang 

et al. 2007; Park et al. 2007; Yu et al. 2007; Yi et al. 2008; Tay et al. 2008)
● MicroRNAs function in immune systems (Li et al. 2007; Rodriguez et 

al. 2007; Thai et al. 2007)
● Viral miRNAs regulate (HIV or HSV-1) replication (Triboulet et al. 2007; 

Umbach et al. 2008)
● MicroRNAs can target 3′ UTR, 5′ UTR and coding regions (Lytle et al. 

2007; Easow et al. 2007; Tay et al. 2008)
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Science
320, 97-100 (2008)

Key findings:

1. Lin28, a developmentally regulated RNA 
binding protein, selectively blocks the 
processing of pri-let-7 in ES cells.

2. Lin28 is a negative regulator of miRNA 
biogenesis.

3. Together with Nanog, Oct-4 and Sox 2, 
Lin28 can reprogram human fibroblasts to 
pluripotent cells. The result suggests that 
modulating miRNA processing may 
contribute to the reprogramming of somatic 
cells to an embryonic state.
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General approaches of microRNA research - 1
1. What miRNA genes to start with

1.1 Select known miRNAs from Sanger’s miRBase
1.2 “Discover” novel miRNAs by in silico prediction

● Assumptions:
– Presence of hairpin structure
– Phylogenetic conservation
– Thermodynamic stability of hairpins
– Genomic location, sequence and structure similarity to known miRNAs

● Web servers: miRscan (Lim et al. 2003); ProMiR (Nam et al. 2005); 
BayesMiRNAfind (Yousef et al. 2006); Vir-Mir db (Li et al. 2008)

1.3 Discover novel miRNAs by cloning and sequencing
● RNA samples:

– Enriched vs. total RNA; Normal (untreated) vs. patients (treated)
– Caution: It is important to have relatively “pure” cell type

● Methods:
– Small RNA cloning followed by Sanger sequencing/NextGen 

sequencing
– Follow-up validation using Northern, qPCR and microarray 
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General approaches of microRNA research – 2

2. How to identify miRNAs of interest
2.1 Differentially expressed miRNAs by using qPCR and microarray

● Normal vs. disease
● Treated vs. untreated
● Wild type vs. knockout (KO)

2.2 miRNAs that are predicted to target a mRNA at 3’ UTR based on 
conserved seed sequence matches
● Some evidence suggested that miRNA could target 5’ UTR or coding region

2.3 Direct IP of Ago/miRNA/mRNA complex (Karginov et al. 2007)
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General approaches of microRNA research – 3
3. What are the targets of a miRNA

3.1 Gain- or loss-of functions
● miRNA mimics
● miRNA inhibitors
● Mouse KOs

3.2 Luciferase reporter assays
● With wild-type vs. mutant miRNA binding sites

3.3 Expression analysis of punitive target(s) in the presence (enhanced) or 
absence (reduced) of miRNAs of interest
● mRNA(s)
● Protein(s)

3.4 Phenotypic evaluation (proliferation etc.)
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General approaches of microRNA research – 4
4. How a miRNA gene is regulated?

4.1 Discover a punitive miRNA regulator by using gain- or loss-function
● Over-expression or reduced expression of a gene like transcriptional factor
● KOs of a gene

4.2 Identify or predict canonical binding sites in the punitive promoter 
regions of a miRNA gene
● In silico prediction
● ChIP seq or ChIP-on-chip

4.3 ChIP binding assays of miRNA promoters

4.4 Luciferase reporter assay for miRNA promoters
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What’s new about AB’s miRNA tools?

Discovery

• Small RNA 
cloning kit

• Sequencing 
by SOLiD

Sample
preparation

• MicroRNA 
Cells-to-Ct kit 
(4391848)

• RecoverAll for 
FFPE (AM1975)

• mirVana
- P/N: AM1560
- Paris (P/N:  

AM1556)

• Synthetic 
miRNA ref
panel
(4388891)

Expression
analysis

• Individual TaqMan 
miRNA assays v10

• TaqMan MicroRNA 
Arrays
- Human
- Mouse/rat

• Megaplex PreAmp 
MicroRNA Assays
up to single cells

• Custom TaqMan 
sRNA assays
- Novel miRNAs
- siRNAs etc.

Functional
analysis

• Anti-miR™ v3
(4385914)

• Pre-miR™ v3 
(4385830)

• pMIR-REPORT™
miRNA Expression 
Reporter System 
(AM1975)

•Protein analysis
- PLA
- Western     
SuperStar™
Immunodetection 
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miRNA
RT primer

Individual TaqMan®

miRNA assays

Chen et al. (2005) Nucleic Acid Res. v33: e179

Step 1:
Stem-loop RT

Step 2:
Real-time PCR

cDNA

Forward primer

Reverse
primer

FQ

TaqMan® probe
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Easy Workflow of TaqMan® MicroRNA Arrays

TaqMan Array
1 or 8

RT reactions

Step 1
384-/48-
plex RT

Step 2
Load

Step 3
Spin

Step 4
Seal

Step 5
Run

TaqMan Array

30 min 10 min 2 hr
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MegaPlex PreAmp TaqMan MicroRNA Assays For 
Single Cell Gene Expression Profiling

Step 1: 
384-plex
RT

Step 3: 
Singleplex
TaqMan

Step 2: 
384-plex
PreAmp

or

PCR
(50 copies/well)

16 cycles

~64K-fold

PreAmp
(6x105 copies)

6x105/384/30RT
(10 copies/cell)

RT
(10 copies/cell)

PCR
(0.0 copies/well)

10/384
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How are miRNAs linked to cancer?

● Early observations
– First worm & fly miRNAs were shown to control cell 

proliferation and apoptosis (Lee et al. 1993; Hipfner et 
al. 2002; Brennecke et al. 2003)

– Many human miRNAs are located in the genome that 
are commonly amplified or deleted in cancer (Calin et 
al. 2002, 2004) 

– Global down-regulation of miRNA expression in many 
tumors (Lu et al. 2005)
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Nature 435, 
834-838 (2005)
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How are miRNAs linked to cancer?
● Early observations
● MicroRNAs as tumor suppressors

– miR-34s are the component of p53 tumor suppressor 
network (He et al. 2007)

– miR-15a and miR-16-1 in CLL 
• Common loss of miR-15a and miR-16-1 in CLL, lymphoma, 

myeloma, and prostate cancer strongly suggest that these two 
miRNAs act as tumor suppressor genes (Calin et al. 2002)

• Largely by down-regulating Bcl2 (Cimmino et al. 2005)

– The let-7 family can negatively regulate Ras
• Loss or reduction of let-7 in lung cancer leads to RAS over-

expression, contributing to tumorigenesis (Johnson et al. 2005)
• let-7 regulates tumorigenicity of breast cancer cells (Yu et al. 2007)



21 May 2, 2008 © 2007 Applied Biosystems Europe Pharma MicroRNA Talk

Johnson et al. (2005) Cell 120, 635-647
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How are miRNAs linked to cancer?
● Early observations
● MicroRNAs as tumor suppressors
● MicroRNAs as oncogenes:

– miR-155 
• miR-155 is processed from BIC RNA (Eis et al. 2005)
• miR-155 is linked with Myc overexpression and B-cell lymphomas
• miR-155 is also upregulated in breast, lung, colon, and thyroid 

cancers ( He et al. 2005; Volinia et al. 2006; Costinean et al. 2006)

• miR-155 mechanism of action remains unclear!!!
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How are miRNAs linked to cancer?
● MicroRNAs as oncogenes

– miR-155
– oncomiR-1 (miR-17-92 cluster)

• It includes 7 miRNAs, miR-17-5p, miR-17-3p, miR-18, 
miR-19a, miR-19b-1, miR-20, and miR-92-1

• Located at human 13q31.3 and commonly amplified in 
human B-cell lymphoma. 

• Overexpression of oncomiR-1 accelerated the c-Myc-
induced tumorigenesis in mice (He et al. 2005)

• c-Myc activates transcription of oncomiR-1 and E2F1 but 
oncomiR-1 can repress E2F1 translation. cMyc 
simultaneously activates E2F1 transcription and limits its 
translation via miRNAs, allowing a tightly controlled 
proliferative signal (O’Donnell et al. 2005)

C-Myc

oncomiR-1

E2F1
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How are miRNAs linked to cancer?

● MicroRNAs as oncogenes
– miR-155
– oncomiR-1
– MicroRNA’s role in tumor invasion and metastasis

(Ma et al. 2007; Budhu et al. 2008; Tavazoie et al. 2008)
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Discovery of p53 Tumor Suppressor 
MicroRNAs - miR-34s
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p53, the guardian of the genome

Weinberg, The biology of Cancer, 2006

miRNAs
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p53 status
+/+      -/-

MicroRNA expression profile 
clustered by p53 genotypes
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● Question:
– Is the induction of miR-34s p53-dependent?

● To confirm:
– Activate p53 in vitro (DNA damage) and in vivo

(radiation) to determine whether miR-34 expression 
directly responds to p53 activation
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p53-dependent miR-34 induction in vitro
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● Question:
– Is mir-34 the direct target of p53?

● To confirm:
– Canonical p53 binding sites in the punitive promoter regions of 

human mir-34a and mir-34b/c were identified (Wei et al. 2006)

– Perform Chromatin Immunoprecipitation (ChIP) to confirm 
whether p53 physically binds to the punitive promoters of mir-34.

– Use Luciferease reporter assay to confirm whether p53 binding 
functionally activates the transcription of mir-34?
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Direct binding of p53 to mir-34 confirmed by ChIP
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mir-34s are direct transcriptional targets of p53
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What are the biological consequences by 
induction of miR-34s? Similar to p53?

– Promote cell cycle arrest and reduce cell 
proliferation?

– Induce apoptosis or senescence?
– Stop tumor cell grow?
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mir-34 inhibits cell proliferation in human fibroblasts

mir-34a

mir-34b/c

vector
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mir-34s induce senescence-like morphological changes

Vector                       miR-34a                miR-34b/34c
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What are targets of miR-34s?

● Strategy
– Genome-wide mRNA expression profiling to identify genes which 

are significantly repressed in miR-34 over-expressed cells
– Check whether miR-34 binding sites are enriched at the 3’ UTR of 

these repressed genes 
– Look for genes related to cell cycles or previously known to be 

regulated by p53

● Four top candidate genes are chosen for further analysis
– CDK4, CCNE2, MET, and P-Rb
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Translational repression of miR-34 candidate targets 

CCNE2

CDK4

MET

P-Rb
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Reporter assays for candidate mir-34 targets

3UTR   wt   mut            wt    mut

Cdk4                  Met

mir-124

mir-34a

N
or

m
al

iz
ed

lu
c 

si
gn

al

Promoter

Candidate UTR_wt

Candidate UTR_mut

Luc

Luc × ×



39 May 2, 2008 © 2007 Applied Biosystems Europe Pharma MicroRNA Talk

New hypothesis for miR-34 function
He et al. (2007) Nature Reviews Cancer
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