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BACKGROUND 
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Marilena V. Iorio et al. EMBO Molecular Medicine(2012)4,143-159 

microRNAs 

Vorführender
Präsentationsnotizen
Dicer = endoribunoclease / helicase, mit RNAse motiv Spalted dsRNA und pre-microRNA into short doble strandaned RNA fragment called small interfiring RNA and microRNA 20 Bsanpare lang. DISCER wirkt zusammen mit RNA induced silencing complec RISC welcher notwendig für die RNA interferenz ist. RISC hat eine catalytische Komponente welche als endonuclease mRNA spalten kann 



Vienna 13.10.2014 LB 
Thalia A Farazi et al. J Pathol 2011; 223: 102–115 

microRNAs & cancer 
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Marilena V. Iorio et al. EMBO Molecular Medicine(2012)4,143-159 

microRNAs & cancer 



Vienna 13.10.2014 LB 

   
 

 

 
 

  
 

 

   
 

 

 
 

  
 

 

Gilkes M. et al.Nature Reviews Cancer Volume: 14, 2014 

Tomour & Hypoxia 
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Cancer & Hypoxia 
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miRNA & cancer 

 
 
Study aim: 
  
 
  Investigation of the effects of miRNA knockout in NSCLC 
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METHODS 
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http://www.piercenet.com/method/luciferase-reporters 
http://www.promega.com/ 

Luciferase Assay 

http://www.piercenet.com/method/luciferase-reporters
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CRISPR/Cas9  
system 

CRISPR  (Clustered Regularly   
  Interspaced  Short Palindromic Repeats) 
Cas9  endonuclease 

http://pnabio.com 

Vorführender
Präsentationsnotizen
CRISPR/Cas Systems: Bacteria and archaea exhibit chromosomal elements called clustered regularly interspaced short palindromic repeats (CRISPR) that are part of an adaptive immune system that protects against invading viral and plasmid DNA. In Type II CRISPR systems, CRISPR RNAs (crRNAs) function with trans-activating crRNA (tracrRNA) and CRISPR-associated (Cas) proteins to introduce double-stranded breaks in target DNA (4). Target cleavage by Cas9 requires base-pairing between the crRNA and tracrRNA as well as base pairing between the crRNA and the target DNA. Target recognition is facilitated by the presence of a short motif called a protospacer-adjacent motif (PAM) that conforms to the sequence NGG.
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RESULTS 
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snRNA (control) 

Chen S et al. Genes Dev. 2014;28:1054-1067 

Norther blot Norther blot 

Dicer1 kockout  

Vorführender
Präsentationsnotizen
snRNA small nuclear RNA Genotyping of Dicer1 heterozygous and knockout NSCLC clonal cell lines using capillary electrophoresis (top panel) and standard gel electrophoresis (bottom panel) showing loss of the wild-type (floxed) Dicer1 allele in Dicer1 knockout cells. Sarcoma clones with known Dicer1 genotypes were used as a reference. (Note that lane 2 is left blank.) (B) Northern blot of several representative microRNAs in Dicer1+/− and knockout cells showing loss of mature microRNAs in Dicer1 knockout cells. (C) Scatter plot of pre-microRNA abundance from microRNA-seq in Dicer1 heterozygous and knockout cells. The gray dotted line represents the diagonal (x = y). (D) Scatter plot of mature microRNA abundance from microRNA-seq in Dicer1 heterozygous and knockout cells showing global loss of mature microRNAs in Dicer1 knockout cells. The gray dotted line represents the diagonal (x = y); the red dotted line represents the 100-fold decrease (x = y/100). (E) Immunohistochemistry (IHC) of Dicer in sections of tumors induced by Dicer1−/− and Dicer1+/− cells showing loss of Dicer protein staining in Dicer1 knockout tumors. Images were captured by a light microscope under 20× magnification. Bar, 100 μm. (HRP) Horseradish peroxidase. Red arrowheads indicate representative tumor cells. Blue arrows indicate representative peritumor host cells in Dicer1−/− tumors.In genetics, floxing refers to the sandwiching of a DNA sequence (which is then said to be floxed) between two lox P sites. The terms are constructed upon the phrase "flanking/flanked by LoxP". Recombination between LoxP sites is catalysed by Cre recombinase. Floxing a gene allows it to be deleted (knocked out), translocated or inverted in a process called Cre-Lox recombination. [1]Floxed genes can also be used to produce organ-specific knockouts. For example, using the Cre recombinase with the alpha-myosin heavy chain promoter causes the floxed gene to be inactivated in the heart alone. Further, these knockouts can be inducible. In several mouse studies, tamoxifen is used to induce the Cre recombinase; in this case Cre is fused to a portion of the mouse estrogen receptor (ER), which is naturally localized to the cytoplasm via its interactions with chaperone proteins such as heat shock protein 70 and 90 (Hsp70 and Hsp90). Tamoxifen binds to ER and disrupts its interactions with the chaperones. That allows the Cre-ER fusion protein to enter the nucleus and act on the floxed gene.
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Vorführender
Präsentationsnotizen
Genotyping of Dicer1 heterozygous and knockout NSCLC clonal cell lines using capillary electrophoresis (top panel) and standard gel electrophoresis (bottom panel) showing loss of the wild-type (floxed) Dicer1 allele in Dicer1 knockout cells. Sarcoma clones with known Dicer1 genotypes were used as a reference. (Note that lane 2 is left blank.) (B) Northern blot of several representative microRNAs in Dicer1+/− and knockout cells showing loss of mature microRNAs in Dicer1 knockout cells. (C) Scatter plot of pre-microRNA abundance from microRNA-seq in Dicer1 heterozygous and knockout cells. The gray dotted line represents the diagonal (x = y). (D) Scatter plot of mature microRNA abundance from microRNA-seq in Dicer1 heterozygous and knockout cells showing global loss of mature microRNAs in Dicer1 knockout cells. The gray dotted line represents the diagonal (x = y); the red dotted line represents the 100-fold decrease (x = y/100). (E) Immunohistochemistry (IHC) of Dicer in sections of tumors induced by Dicer1−/− and Dicer1+/− cells showing loss of Dicer protein staining in Dicer1 knockout tumors. Images were captured by a light microscope under 20× magnification. Bar, 100 μm. (HRP) Horseradish peroxidase. Red arrowheads indicate representative tumor cells. Blue arrows indicate representative peritumor host cells in Dicer1−/− tumors.In genetics, floxing refers to the sandwiching of a DNA sequence (which is then said to be floxed) between two lox P sites. The terms are constructed upon the phrase "flanking/flanked by LoxP". Recombination between LoxP sites is catalysed by Cre recombinase. Floxing a gene allows it to be deleted (knocked out), translocated or inverted in a process called Cre-Lox recombination. [1]Floxed genes can also be used to produce organ-specific knockouts. For example, using the Cre recombinase with the alpha-myosin heavy chain promoter causes the floxed gene to be inactivated in the heart alone. Further, these knockouts can be inducible. In several mouse studies, tamoxifen is used to induce the Cre recombinase; in this case Cre is fused to a portion of the mouse estrogen receptor (ER), which is naturally localized to the cytoplasm via its interactions with chaperone proteins such as heat shock protein 70 and 90 (Hsp70 and Hsp90). Tamoxifen binds to ER and disrupts its interactions with the chaperones. That allows the Cre-ER fusion protein to enter the nucleus and act on the floxed gene.
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Dicer1 kockout  

100 µm 

Vorführender
Präsentationsnotizen
Genotyping of Dicer1 heterozygous and knockout NSCLC clonal cell lines using capillary electrophoresis (top panel) and standard gel electrophoresis (bottom panel) showing loss of the wild-type (floxed) Dicer1 allele in Dicer1 knockout cells. Sarcoma clones with known Dicer1 genotypes were used as a reference. (Note that lane 2 is left blank.) (B) Northern blot of several representative microRNAs in Dicer1+/− and knockout cells showing loss of mature microRNAs in Dicer1 knockout cells. (C) Scatter plot of pre-microRNA abundance from microRNA-seq in Dicer1 heterozygous and knockout cells. The gray dotted line represents the diagonal (x = y). (D) Scatter plot of mature microRNA abundance from microRNA-seq in Dicer1 heterozygous and knockout cells showing global loss of mature microRNAs in Dicer1 knockout cells. The gray dotted line represents the diagonal (x = y); the red dotted line represents the 100-fold decrease (x = y/100). (E) Immunohistochemistry (IHC) of Dicer in sections of tumors induced by Dicer1−/− and Dicer1+/− cells showing loss of Dicer protein staining in Dicer1 knockout tumors. Images were captured by a light microscope under 20× magnification. Bar, 100 μm. (HRP) Horseradish peroxidase. Red arrowheads indicate representative tumor cells. Blue arrows indicate representative peritumor host cells in Dicer1−/− tumors.In genetics, floxing refers to the sandwiching of a DNA sequence (which is then said to be floxed) between two lox P sites. The terms are constructed upon the phrase "flanking/flanked by LoxP". Recombination between LoxP sites is catalysed by Cre recombinase. Floxing a gene allows it to be deleted (knocked out), translocated or inverted in a process called Cre-Lox recombination. [1]Floxed genes can also be used to produce organ-specific knockouts. For example, using the Cre recombinase with the alpha-myosin heavy chain promoter causes the floxed gene to be inactivated in the heart alone. Further, these knockouts can be inducible. In several mouse studies, tamoxifen is used to induce the Cre recombinase; in this case Cre is fused to a portion of the mouse estrogen receptor (ER), which is naturally localized to the cytoplasm via its interactions with chaperone proteins such as heat shock protein 70 and 90 (Hsp70 and Hsp90). Tamoxifen binds to ER and disrupts its interactions with the chaperones. That allows the Cre-ER fusion protein to enter the nucleus and act on the floxed gene.
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Hypoxia in  
Dicer1-/- tumours 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing increased level of hypoxia in Dicer1−/− tumors. Channels are DAPI (blue) and Hypoxyprobe (green). Images were captured by a confocal microscope under 20× magnification. Bar, 50 μm. The right panel shows the quantification of tumor hypoxia level indicated by Hypoxyprobe staining sum intensity normalized by nuclei (DAPI). (B) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing decreased level of vasculature in Dicer1−/− tumors. Channels are DAPI (blue) and antibodies against Isolectin B4 (Iso.B4; red) and Ki67 (green). Images were captured by a confocal microscope under 40× magnification. Bar, 20 μm. The bottom left panel shows quantification of vasculature indicated by Isolectin B4+ cells (percentage). The bottom right panel shows quantification of the levels of EC proliferation indicated by Ki67+Isolectin B4+ double-positive ECs normalized by total Isolectin B4+ ECs (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent the average from three samples ± standard error of the mean (SEM). The asterisk denotes statistical significance (t-test, P < 0.01).
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Reduced EC  
Proliferation in 

Dicer1-/- tumours 

Vorführender
Präsentationsnotizen
IsoB4: = isolektin Cytoskeletal Marker für EndothelzellenDATA: SEM, n=3, 3 randomly chosen areas where quantified DAPI: 
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mRNA derepression 
in Dicer1-/- cells 

Vulcano Plot 
mRNA 

Vulcano Plot 
of miRNA target genes 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing increased level of hypoxia in Dicer1−/− tumors. Channels are DAPI (blue) and Hypoxyprobe (green). Images were captured by a confocal microscope under 20× magnification. Bar, 50 μm. The right panel shows the quantification of tumor hypoxia level indicated by Hypoxyprobe staining sum intensity normalized by nuclei (DAPI). (B) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing decreased level of vasculature in Dicer1−/− tumors. Channels are DAPI (blue) and antibodies against Isolectin B4 (Iso.B4; red) and Ki67 (green). Images were captured by a confocal microscope under 40× magnification. Bar, 20 μm. The bottom left panel shows quantification of vasculature indicated by Isolectin B4+ cells (percentage). The bottom right panel shows quantification of the levels of EC proliferation indicated by Ki67+Isolectin B4+ double-positive ECs normalized by total Isolectin B4+ ECs (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent the average from three samples ± standard error of the mean (SEM). The asterisk denotes statistical significance (t-test, P < 0.01).
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Gene expression 
in Dicer1-/- cells 

Venn diagram 

Waterfall plot 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing increased level of hypoxia in Dicer1−/− tumors. Channels are DAPI (blue) and Hypoxyprobe (green). Images were captured by a confocal microscope under 20× magnification. Bar, 50 μm. The right panel shows the quantification of tumor hypoxia level indicated by Hypoxyprobe staining sum intensity normalized by nuclei (DAPI). (B) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing decreased level of vasculature in Dicer1−/− tumors. Channels are DAPI (blue) and antibodies against Isolectin B4 (Iso.B4; red) and Ki67 (green). Images were captured by a confocal microscope under 40× magnification. Bar, 20 μm. The bottom left panel shows quantification of vasculature indicated by Isolectin B4+ cells (percentage). The bottom right panel shows quantification of the levels of EC proliferation indicated by Ki67+Isolectin B4+ double-positive ECs normalized by total Isolectin B4+ ECs (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent the average from three samples ± standard error of the mean (SEM). The asterisk denotes statistical significance (t-test, P < 0.01).
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FIH1 trageting using  
CRISPR/Cas9 system 

Vorführender
Präsentationsnotizen
CRISPR/Cas9 System schneited bestimmte DANN-SequenzenCas9 = Endonuclease; spaltet DANN oder RNA 
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FIH1 trageting using  
CRISPR/Cas9 system 

Western blot FIH1 kockout 
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Genotyping of  
FIH1-null mutants 
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Genotyping of  
FIH1-null mutants 
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FIH1 – HIF  
interaction 

Western blot HIF-responsive element  
reporter assay 

miRNA-addback 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing increased level of hypoxia in Dicer1−/− tumors. Channels are DAPI (blue) and Hypoxyprobe (green). Images were captured by a confocal microscope under 20× magnification. Bar, 50 μm. The right panel shows the quantification of tumor hypoxia level indicated by Hypoxyprobe staining sum intensity normalized by nuclei (DAPI). (B) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing decreased level of vasculature in Dicer1−/− tumors. Channels are DAPI (blue) and antibodies against Isolectin B4 (Iso.B4; red) and Ki67 (green). Images were captured by a confocal microscope under 40× magnification. Bar, 20 μm. The bottom left panel shows quantification of vasculature indicated by Isolectin B4+ cells (percentage). The bottom right panel shows quantification of the levels of EC proliferation indicated by Ki67+Isolectin B4+ double-positive ECs normalized by total Isolectin B4+ ECs (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent the average from three samples ± standard error of the mean (SEM). The asterisk denotes statistical significance (t-test, P < 0.01).
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FIH1 supresses 
HIF activity 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing increased level of hypoxia in Dicer1−/− tumors. Channels are DAPI (blue) and Hypoxyprobe (green). Images were captured by a confocal microscope under 20× magnification. Bar, 50 μm. The right panel shows the quantification of tumor hypoxia level indicated by Hypoxyprobe staining sum intensity normalized by nuclei (DAPI). (B) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing decreased level of vasculature in Dicer1−/− tumors. Channels are DAPI (blue) and antibodies against Isolectin B4 (Iso.B4; red) and Ki67 (green). Images were captured by a confocal microscope under 40× magnification. Bar, 20 μm. The bottom left panel shows quantification of vasculature indicated by Isolectin B4+ cells (percentage). The bottom right panel shows quantification of the levels of EC proliferation indicated by Ki67+Isolectin B4+ double-positive ECs normalized by total Isolectin B4+ ECs (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent the average from three samples ± standard error of the mean (SEM). The asterisk denotes statistical significance (t-test, P < 0.01).
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HIF1a mutant  
unresponsive to FIH1  

Vorführender
Präsentationsnotizen
Die grafik zeigt, dass wenn ich HIF1a in Dicer-/- zellen gebe seigt die HIF Aktivität. Wenn ich eine HIF mutante introduce die von FIH nicht getargetet wird dann steigt die Aktivität viel stärker. 



Vienna 13.10.2014 LB Chen S et al. Genes Dev. 2014;28:1054-1067 

miRNA knockdown  
reduces VEGF  
concentrations 

VEGF production 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing increased level of hypoxia in Dicer1−/− tumors. Channels are DAPI (blue) and Hypoxyprobe (green). Images were captured by a confocal microscope under 20× magnification. Bar, 50 μm. The right panel shows the quantification of tumor hypoxia level indicated by Hypoxyprobe staining sum intensity normalized by nuclei (DAPI). (B) IF of sections of tumors induced by Dicer1+/− and Dicer1−/− cells showing decreased level of vasculature in Dicer1−/− tumors. Channels are DAPI (blue) and antibodies against Isolectin B4 (Iso.B4; red) and Ki67 (green). Images were captured by a confocal microscope under 40× magnification. Bar, 20 μm. The bottom left panel shows quantification of vasculature indicated by Isolectin B4+ cells (percentage). The bottom right panel shows quantification of the levels of EC proliferation indicated by Ki67+Isolectin B4+ double-positive ECs normalized by total Isolectin B4+ ECs (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent the average from three samples ± standard error of the mean (SEM). The asterisk denotes statistical significance (t-test, P < 0.01).
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FIH1 knockout  
attenuates  

tumor-hypoxia 

Vorführender
Präsentationsnotizen
(A) IF of sections of tumors induced by Dicer1 heterozygous, Dicer1 knockout, and Dicer1;FIH1 double-knockout cells. Channels are Hoechst (blue), Hypoxyprobe (green), and Isolectin B4 (Iso.B4, red). Images were captured by a confocal microscope under 20× magnification with 0.5× digital zoom. Bar, 50 μm. (B) Quantification of the levels of hypoxia intensity indicated by relative Hypoxyprobe staining intensity. Quantification was performed blind on three randomly chosen fields using CellProfiler. (C) Quantification of vasculature density indicated by relative Isolectin B4+ cells (percentage). Quantification was performed blind on three randomly chosen fields using CellProfiler. Data represent mean ± SEM. The asterisk denotes statistical significance (t-test, P < 0.01).
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Modulation of FIH1  
at 3`UTR 

Vorführender
Präsentationsnotizen
(A) Sanger sequencing of genomic PCR of a clonal FIH1 3′ UTR mutant cell line harboring a homozygous 3.7-kb deletion generated using CRISPR/Cas9. (B) Captured Illumina sequencing of the FIH1 3′ UTR of the mutant cell line harboring a homozygous 3.7-kb deletion. (C) HRE assay of representative FIH1 3′ UTR mutant cell lines showing repressed HIF transcription activity. Data represent mean ± SEM. The asterisk denotes statistical significance (t-test, P < 0.01). (n.s.) Not significant.
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Dicer1-/- and  
FIH1-3`UTR mutant 

repress tumor growth 

WT = wild type 
KO = kockout 

www.pediatricgist.cancer.gov 

Vorführender
Präsentationsnotizen
(A) Sanger sequencing of genomic PCR of a clonal FIH1 3′ UTR mutant cell line harboring a homozygous 3.7-kb deletion generated using CRISPR/Cas9. (B) Captured Illumina sequencing of the FIH1 3′ UTR of the mutant cell line harboring a homozygous 3.7-kb deletion. (C) HRE assay of representative FIH1 3′ UTR mutant cell lines showing repressed HIF transcription activity. Data represent mean ± SEM. The asterisk denotes statistical significance (t-test, P < 0.01). (n.s.) Not significant.

http://www.pediatricgist.cancer.gov/Source/Research/ResearchArticles/ResearchArticle3.aspx
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Summary 

1. Dicer knockdown attenuates miRNA expression 
 

2. “Derepression” of mRNAs in Discer-/- cells  
 

3. Dicer-/- tumours are hypoxic and poorly vascularized  
 

4. Anti-angiogenic FIH1 is induced and pro-angiogenic HIF1A is 
repressed in Dicer-/- cells  
 

5. FIH1 is regulated by miRNAs – loss of miRNAs derepresses FIH1 
 

6. HIF1A is an target of FIH1  
 

7. Diser-/- or inhibition of miRNA mediated FIH1 degradation inhibits 
tumour growth 
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Outlook 

Targeting miRNA as tumor therapies  

Marilena V. Iorio et al. EMBO Molecular Medicine(2012)4,143-159 
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Outlook 

Exosomes as carriers for micRNAs 

Exosomes in Hematologic Malignancies 
Aldo Roccaro et al. 2014 
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THANK YOU FOR YOUR 
ATTENTION  
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