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(1) Basic RNAi tools 
~ 60 min (siRNA, miRNA and shRNA) 
 

(2) Long noncoding RNA  
~ 30 min (siRNA and Solaris assay) 
 

(3) Gene over-expression  
~ 30 min (ORF/cDNA clones) 
 

(4) miRNA workflow and application  
~ 30min (miRNA )  
 

(5) CRISPR/Cas9 Genome Editing 
~ 30min (CRISPR)  

Mini-seminar topics 
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Curriculum Vitae 

EDUCATION AND POSITIONS HELD 
1. Ph.D., Microbiology, National Taiwan University 

2. Post-Doctoral Fellow, National Institute of Cancer Research, NHRI 

3. Post-Doctoral Fellow, ABRC, Academia Sinica 

4. Field Application Scientist, Level Biotechnology Inc 

 

HONORS: 
「生策會 第八屆國家新創獎」- 傑出學研技術 

 

PUBLICATIONS: 

A. Journals  
1. Yu-Ching Teng, Cheng-Feng Lee, Ying-Shiuan Li, Yi-Ren Chen, Pei-Wen Hsiao, Meng-Yu Chan, Feng-Mao 

Lin, Hsien-Da Huang, Yen-Ting Chen, Yung-Ming Jeng, Qing Yan, Ming-Daw Tsai, and Li-Jung Juan. Histone 

Demethylase Retinoblastoma Binding Protein-2 Promotes Lung Tumorigenesis and Cancer Metastasis. 

Cancer Res, 2013. 
 

2. Chih-Hung Hsu, Kai-Lin Peng, Ming-Lun Kang, Yi-Ren Chen, Yu-Chih Yang, Chin-Hsien Tsai, Chi-Shen 

Chu, Yung-Ming Jeng, Yen-Ting Chen, Feng-Mao Lin, Hsien-Da Huang, Yun-Yuh Lu, Yu-Ching Teng, Shinn-

Tsuen Lin, Ruo-Kai Lin, Fan-Mei Tang, Sung-Bau Lee, Huan Ming Hsu, Jyh-Cherng Yusend email, Pei-Wen 

Hsiaosend email, Li-Jung Juan. TET1 Suppresses Cancer Invasion by Activating the Tissue Inhibitors of 

Metalloproteinases. Cell Reports, 2012. 
 

 

3. Wu CC, Liu MT, Chang YT, Fang CY, Chou SP, Liao HW, Kuo KL, Hsu SL, Chen YR, Wang PW, Chen YL, 

Chuang HY, Lee CH, Chen M, Wayne Chang WS, Chen JY. Epstein-Barr Virus DNase (BGLF5) induces 

genomic instability in human epithelial cells. Nucleic Acids Res, 2010. 
 

4. Chen YR, Liu MT, Chang YT, Wu CC, Hu CY, Chen JY. Epstein-Barr virus latent membrane protein 1 

represses DNA repair through the PI3K/Akt/FOXO3a pathway in human epithelial cells. J Virol, 2008.  

Aaron Chen 

5. Liu MT, Chang YT, Chuang YC, Chen YR, Lin CS, Chen JY. Epstein-

Barr virus latent membrane protein 1 represses p53-mediated DNA repair 

and transcriptional activity. Oncogene, 2005.  
 

6. Liu MT, Chen YR, Chen SC, Hu CY, Lin CS, Chang YT, Wang WB, Chen 

JY. Epstein-Barr virus latent membrane protein 1 induces micronucleus 

formation, represses DNA repair and enhances sensitivity to DNA-

damaging agents in human epithelial cells. Oncogene, 2004.  
 

 

B. Books  
1. Yi-Ren Chen, Pei-Wen Hsiao, Feng-Ming Lin, Guan-James Wu, and 

Chin-Hsien Tsai. Evidence-based Anticancer Herbal Medicine for 

Prostate Cancer. Evidence-based Anticancer 

Complementary and Alternative Medicine: 

Herbal Medicine for Various Cancers. Springer. 
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Outline 

 Background of miRNAs 

 

 Workflow and Tools for miRNA researches 

 

 Applications of miRNAs tools 
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Outline 

 Background of miRNAs 

 

 Workflow and Tools for miRNA researches 

 

 Applications of miRNAs tools 
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Non-coding RNAs (ncRNA) 

Protein Coding  Non-protein Coding  

Non-coding RNA 
mRNA 

Protein 

3% 97% 

http://en.wikipedia.org/wiki/File:Central_Dogma_of_Molecular_Biochemistry_with_Enzymes.jpg
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Classes of Non-coding RNAs  

1. Housekeeping RNA 
 tRNA, rRNA, snoRNA, snRNA 

 Translation, ribosome mature, RNA splicing…etc 

 

2. Small regulatory RNA 
 microRNA (21-24 nt) , piRNA (26-31 nt) 

 development and disease 

 

3. Long noncoding RNA (lncRNA) 
 ≥200 nt 
 Most prevalent class of ncRNA 

 XIST, HOTAIR… 

 development and disease 

(1) De Sacco et. al. Int. Journal of Mol. Sci. (2012), 13. 

(2) Taft et al., J Pathol 2010; 220: 126–139, Non-coding RNAs: regulators of disease 
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Endogenous microRNA Pathway 

miRNA gene 

Pri-miRNA:  

1. Capped & polyadenylated  

2. full length mRNA Precursors 

 

 

Pre-miRNA:  

1. Product of  RNase III Drosha 

2. 70nt hairpin precursor  

 

 

 

 

 

Mature miRNA:  

1. Product of  RNase III Dicer 

2. Functional RISC complex  
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microRNA duplex 

Endogenous microRNA Pathway 
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Structure of transient microRNA duplex 

5p 

3p 

Core region of the miRNA 

may have gaps, bulges  

and mismatches 

(15-23 nucleotides long) 

Overhang 

(2 nucleotides long) 

5’ 

3’ 5’ 

3’ 
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mRNA degradation, translation attenuation 

RISC 

miRNA 

duplexes 

5 ’ 3 ’ 

3 ’ 5 ’ 
seed region 

Gene silencing 

3‘ UTR 

AUG UAA AAAAAAA 

3‘ UTR 

ORF2 

Endogenous microRNA Pathway 

AUG UAA AAAAAAA 
ORF3 

AUG UAA AAAAAAA 

3‘ UTR ORF1 

Seed Region: 2-8nt from 5‘ end of miRNA 

5p 

3p 

5‘ UTR 

mRNA1 

mRNA2 

mRNA3 
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MicroRNA Biology 

 microRNAs genes represent 2-3% of 
genome  (~2000 miRNAs identified in 
humans) 

 

 Approximately 2/3 of human protein 
coding genes are regulated by 
microRNAs 

 

 Each microRNA regulates ~200 target 
genes.  

 

 Each gene can be regulated by multiple 
microRNAs. 

 

 microRNAs are responsible for 
proliferation, apoptosis and differentiation 

 

 microRNAs are critical in normal 
development and etiology of disease 
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※  1993, First miRNA lin-4 in C. elegans  

 

※  2000, miRNA let-7 in C. elegans  in human  

 

※  3900 5000 6500 7500  

 

Number of miRNA-related Publications 

※  Since then,  miRNA has been reported:  

1. Targeted most development related genes  

2. Neuronal development and synapse formation.  

3. Stem cells maintenance and differentiation.  

4. Cancer as onco-miR.  

5. Heart disease.  

6. Viral infections process.  
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Outline 

 Background of miRNAs 

 

 Workflow and Tools for miRNA researches 

 

 Applications of miRNAs tools 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
Reverse 

genetics 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
Confirm miRNA expression 

1. Literature  

2. Microarray 

3. Websites 

4. etc… 
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On-Line Tools for miRNA-1  

http://www.microrna.org 

 

http://www.microrna.org/
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On-Line Tools for miRNA-2 

genes.mit.edu/targetscan 

e.g has-miR-128 
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On-Line Tools for miRNA-3  

e.g. AKT1 

http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5/ 
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On-Line Tools for miRNA-3  
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
qPCR analysis 
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miRNA qPCR Detection Assay 

miRNA 

miRNA 

miRNA 

miRNA 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 

Whole miRNA  

qPCR panels 
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Whole miRNA qPCR panels 

Normal Disease 

differential miRNA profiling 

Samples 

RNA 

cDNA 

qPCR 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
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Endogenous microRNA Pathway 
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microRNA 

Mimic 

microRNA 

Inhibitor 

Biological tools for studying microRNA 

sh-microRNA 

mimic 
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microRNA 

Mimic 

microRNA 

Inhibitor 

Biological tools for studying microRNA 

Gain of function 

Loss of function 

sh-microRNA 

mimic 
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MiR inhibitor 

van Rooij E et al. Circulation Research. 2008;103:919-928 

Biological tools for studying microRNA 

(5P) 

(3P) 
(5P) 

(3P) 

(5P) 

(5P) 

(5P) (5P) 

(3P) 

Overexpress miRNA level  Inhibit miRNA function  
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Biological tools for studying miRNA 

microRNA 

Mimic 

microRNA 

Inhibitor 

Gain of function 

sh-microRNA 

mimic 
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Structure of transient microRNA duplex 

5p 

3p 

Core region of the miRNA 

may have gaps, bulges  

and mismatches 

(15-23 nucleotides long) 

Overhang 

(2 nucleotides long) 

5’ 

3’ 5’ 

3’ 
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mRNA degradation, translation attenuation 

RISC 

miRNA 

duplexes 

5 ’ 3 ’ 

3 ’ 5 ’ 
seed region 

Gene silencing 

3‘ UTR 

AUG UAA AAAAAAA 

3‘ UTR 

ORF2 

Endogenous microRNA Pathway 

AUG UAA AAAAAAA 
ORF3 

AUG UAA AAAAAAA 

3‘ UTR ORF1 

Seed Region: 2-8nt from 5‘ end of miRNA 

5p 

3p 

5‘ UTR 

mRNA1 

mRNA2 

mRNA3 
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(+) miRNA X mimics 

Gain-of-function phenotype 

microRNA  gain of function 

experiments  

Gene A +++ + 

Gene B +++ +++ 

Gene C +++ + 

Gene D +++ +++ 

Gene E +++ + 

Gene F +++ +++ 

Experimental Control 

Control 

Experimental 

Using miRNA mimics to investigate 
miRNA-regulated gene   

endogenous 

miRNA X 
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Design of miRNA mimics 

miRBase Database  
at University of Manchester  

http://www.mirbase.org/ 

 

http://www.mirbase.org/
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 Functionality of miRNA mimics (by target gene) 

ALDOA +++ + 

Gene B +++ +++ 

Gene C +++ + 

Gene D +++ +++ 

Gene E +++ + 

Gene F +++ +++ 

mimics Con 

MiR-122 

Target 

Gene 
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 Functionality of miRNA mimics (by Reporter) 

R-Luc 

F-Luc 

1. Insert a complementary target 

sequence of a microRNA 5p or 

3p in the 3’ UTR of the Renilla 

luciferase gene.  

 

2. Firefly luciferase gene serves as 

a normalizing control.  

 

3. Co-transfect this dual luciferase 

plasmid with mimic, inhibitor, or 

control molecules.  
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5p 

3p 

5p 

 Functionality of miRNA mimics (by Reporter) 
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 miRNA mimics design-1 
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2 ́-O-Methyl-RNA 

- show the same behavior as DNA 

 

- protect against nuclease degradation 

 

- efficient in blocking targeting RNA 

functions  

 

- can be combined with phosphothioate 

oligonuclotides for further stabilization 
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 miRNA mimics design-2 
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MiR inhibitor 

van Rooij E et al. Circulation Research. 2008;103:919-928 

(5P) 

(3P) 
(5P) 

(3P) 

(5P) 

(5P) 

(5P) (5P) 

(3P) 

Overexpress miRNAs 

5P? or 3P? Loading  

Active strand or Passenger strand ? 
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 miRNA mimics design-3 
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 miRNA mimics design : Functionality 
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Biological tools for studying miRNA 

microRNA 

Mimic 

microRNA 

Inhibitor 

Loss of function 

sh-microRNA 

mimic 
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(+) miRNA X inhibitors 

loss-of-function phenotype 

microRNA  loss of function 

experiments  

Gene A +++ +++++ 

Gene B +++ +++ 

Gene C +++ +++++ 

Gene D +++ +++ 

Gene E +++ +++++ 

Gene F +++ +++ 

Experimental Control 

Control 

Experimental 

Using miRNA inhibitors to investigate 

miRNA-regulated gene   

endogenous 

miRNA X 

Reverse  

Complement  



46 

miRNA inhibitors design  

Vermeulen et al., RNA 2007 13: 723-730; 

Mir-21 

R-Luc 

Reverse  

Complement  
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Potency and Longevity of Hairpin Inhibitors 

Linear 200nM 

Hairpin 40 nM 

Linear 40 nM 

Chemical modification  
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Biological tools for studying miRNA 

microRNA 

Mimic 

microRNA 

Inhibitor 

sh-microRNA 

mimic 

Gain of function 

(long term) 
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• Well known microRNA-based scaffold (ex. miR-30…) 

• Contains Drosha and Dicer sites 

• Maintain accurate processing 

• Less disruptive use of more “natural” microRNA    

  expression cassette 

• High functionality 

• Minimal activity of passenger strand  

microRNA-based scaffolds 

5p or 3p 
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Some background on Lenti-virus 

• Family: Retroviridae 

• Subfamily:  Lentivirus 

• Species:  HIV type 1 

• Integrates genome into dividing 

and non-dividing cells 

 

• Mostly intronic integration 

 

• Lentiviruses use host cell machinery 

to assemble proteins and 

encapsulate RNA genome  

 

• Infective virions are released to 

repeat lifecycle 

 
Sh-miRNA 
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Viral Packaging and sh-miRNA vector design 

Target cell 

sh-microRNA 

mimic 
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Basic anatomy of a lentiviral miRNA plasmid 

•  microRNA-based scaffold for consistent 

processing of mature microRNA  

•  Several promoters (7) for efficient constitutive 

expression  

•  Florescent proteins (2) expression to visualize 

expression 

•  RRE enhances titer by increasing packaging 

efficiency of full-length viral genomes 

•  WPRE enhances the stability and translation 

of transcripts  

Mir-429 ZEB1 
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Importance Of Promoter Activity For 
Lentiviral miRNA Expression 

Several cell lines  MOI = 15  72 hours 
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Biological tools for studying miRNA 

microRNA 

Mimic 

microRNA 

Inhibitor 

sh-microRNA 

mimic 

Loss of function 

(long term) 
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microRNA Sponges 

Modified picture from Nature Reviews Drug Discovery  

9, 775-789 (October 2010) 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 

Ex. Invasion assay 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Reverse 

genetics 
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microRNA phenotypic screening 

Phenotype ?  Phenotype ?  
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Outline 

 Background of miRNAs 

 

 Workflow and Tools for miRNA researches 

 

 Applications of miRNAs tools 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

Confirm miRNA expression 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
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Phenotype observation (ex. EMT in Cancer) 

1.  

2.  
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be 

Model Cell Lines : MCF7 and MDA-MB-231 

Epithelial 

Mesenchymal 

Invasive 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
Confirm miRNA expression 

Literature 

or 

Website 

(e.g. ZEB1) 



64 

miRNA website-1 
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miRNA website-2 
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The miR-200 Family 

• are regulators of EMT-MET  

 

• miR-200A, -200B, -200C,141 and 429 

 

• Target genes: ZEB1 & ZEB2, which are 

transcriptional repressors of E-cadherin  

 

• is quite low expression in advanced cancer and 

metastasis (Lee, 2006; Mohammadizadeh, 

2009; Park, 2008) 

 

• Absence of E-cadherin from a tumor biopsy 

indicates a poor prognosis and possible 

metastasis  

miR-200 

ZEB1 & ZEB2 

E-cadherin 

(ME) 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
Confirm miRNA expression qPCR 
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Epithelial 

Mesenchymal 

The expression of miR-200 Family in two cell lines 

MiR-200 

High 

Low 

miRNA qPCR assay 

Invasive 
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Strategies for a successful miRNA research 

Pick miRNA 

Functional validation 

miRNA expression perturbation 

Phenotype observation 

Forward 

genetics 
Confirm miRNA expression 

miRNA Mimic  

or inhibitor 
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MDA-MB-231: Transition to Epithelial Phenotype 

miR-200 (Low) 

ZEB1 & ZEB2 (High) 

E-cadherin (Low) 

E-cadherin Morphology 

Add miRNA mimics for 

miR-200 family  

invasive 

Not invasive 
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MCF-7: Transition to Mesenchymal Phenotype  

miR-200 (High) 

ZEB1 & ZEB2 (Low) 

E-cadherin (High) 

E-cadherin Morphology 

Add miRNA inhibitors 

for miR-200 family  

invasive 

Not invasive 

inhibitor 
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The function of  miR-200–Zeb1–E-cadherin axis 

The miR-200 family plays an essential 

role in tumor suppression by inhibiting 

epithelial-mesenchymal transition (EMT) 

miR-200 

ZEB1 & ZEB2 

E-cadherin 

(ME) 

Non-invasive 

In vivo ?  

In vitro  
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miR-200 

ZEB1 & ZEB2 

E-cadherin 

(ME) 

Non-invasive 

metastasis 

E-cadherin 

(T) Tumor (P) normal 

Up : noninvasive tumor 

Down: highly invasive IC2 tumor 

Genes Dev. 2009 23: 2152-2165 

miR-200–Zeb1–E-cadherin axis is deregulated 
in metastatic tumors. 
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miR-200 Expression Inhibits Metastasis 

miR-200 mimic 

Control 

miR-200 

vector 

MDA-MB-231-GFP 

Orthotopic implantation 

Lungs examination 
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Long-term 

target 

knockdown 

microRNA-based 

scaffold  

MicroRNA 

mimics/inhibitors 

RNAi innovation-Summary 

Chemically 

synthesized 

siRNA 

conventional 

siRNA 

synthesis 

RNAi function 

and potency 

Advanced siRNA 

design algorithm and 

pool technology 

  2002      2003      2004       2005     2006     2007    2008   2009 

MicroRNA 

tools 

development 

Off-target 

effects 

reductions 

New siRNA 

delivery 

method for 

difficult to 

transfect cell 

types 

uptaked siRNA 

technology 
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Who to contact with Questions? 

Aaron Chen, Ph.D. 

Field Application Scientist, 

Level Biotechnology Inc. 

aaronchen@mail.level.com.tw 

 

Thank  You for Your Attention 

mailto:aaronchen@mail.level.com.tw

