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1  Abbreviations 

EAD (Asp-Glu-Ala-Asp) 

box helicase 1







 

2 Abstract 



3 Introduction 

3.1 Neuroblastoma 



Figure 1 | The International Neuroblastoma Staging System (INSS)
4, 5

. Classification according to localized 

(stage 1-2), locoregional (stage 3), metastatic tumor (stage 4) and tumors with a high capability of showing 

spontaneous regression (stage 4s).  



3.1.1 The MYCN oncogene and MYCN-amplification in neuroblastoma 

. 



3.2 RNA vs DNA 



3.3 miRNAs 



3.3.1 Biological synthesis of miRNAs 



3.3.2 Structure and target recognition of miRNAs 



Figure 2 | Important regions for miRNA-mRNA interaction
46

.  In humans, miRNAs with partial 

complementarity induce mRNA repressional translation. The amount of complementarity depends on the seed 

region and 3’ complementarity region. Another important region, the bulge region, prevents argonaute proteins 

from breaking the mRNA strand in two. Without the bulge region, the outcome is tended towards mRNA 

degradation which is more common in plants and lower species
32, 47-49, 53

.  

 

3.3.3 Role, function and impact of miRNAs 



Figure 3 | Mechanisms of post-transcriptional regulation by microRNAs
46

. miRNA-mRNA binding (middle) 

can cause (1) deadenylation and subsequently degradation by exonucleases such as CCR4-NOT
54, 55

, (2) 

initiation of proteolysis by the nascent peptide
56
, (3) preventing recognition of the 5’ cap structure

57, 58
 or 60S 

joining of the ribosome
59

 and entry to the mRNA molecule leading to an untranslated mRNA molecule, and (4) 

elongation block where the mRNA molecule’s translation is slowed or the ribosome drops off
60

, thereby 

preventing the full-length of the mRNA molecule to be translated. miRNA-mRNA complexes have found to be 

stored in intracellular P-bodies in complex with Ago-2.  eIF4E, eukaryotic initiation factor 4E. The 7-

methylguanosine cap is shown as a red circle.  

3.4 Approaches for miRNA-mRNA target exploring 



3.5 mir-21 



3.6 mir-34a 

 



4 Aims 
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5 Materials and methods 

5.1 Cell lines 

5.2 Designing biotinylated miRNAs 



Figure 4 | Schematic representation of mir-34a and mir-21 duplex with 3’-biotin used in this thesis. | and : 

represent GC/AU base-pairing and GU wobbles, respectively. Cn represents the spacer arm between the 3’ end of 

the guide strand and the biotin molecule. Sequences were obtained from miRBase. 

5.3 Establishing transfection conditions by flow cytometry 

5.4 Transfection conditions for capturing bound luciferase constructs 

5.5 Pull-down transfection conditions  



5.6 Luciferase 

5.7 Pull-down of direct targets of mir-34a and mir-21 



5.8 Over-expression and knockdown of mir-21 and mir-34a targets 

5.9 Trizol isolation and DNase-treatment of RNA 



5.10 RT-qPCR 



5.11 Percent input calculation 



6 Results 

6.1 Establishing miRNA mimic transfection conditions 



 FSC-H, SSC-H 
subset (%) 

FL1-H- (%) FL1-H+ (%) 

  NC 78.9 99.7 0.296 

 NC FAM 
83.3 12.1 87.5 

Figure 5 | Neuroblastoma cell line BE(2)c is easily transfected with miRNA mimics. FSC-H vs SSC-H dot 

plot (upper right) and event counts vs FL1-H histogram (upper left) of SK-N-BE(2)c was created using the 

FlowJo software after flow cytometry analysis on the FACS Calibur flow cytometer. Gating of the cellular 

population was done on NC (non –labeled FAM) mimic by using the FSC-H vs SSC-H dot plot (red population, 

upper right). This gated population was used to set the cut-off for cells containing NC FAM mimics (upper left). 

The population of both samples showed similar morphology as shown with SSC-H and FSC-H dot plot. NC 

FAM labeled cells showed a great shift in the FL1-H emission spectrum, and NC FAM labeled mimics was 

shown to be present in 87.5 % of the gated cell population (FL1-H+ of  NC FAM labeled cells, upper left) using 

the FL1 channel.  The data from the dot plot and the histogram are displayed in a separate table for convenience. 

The data in this table show gating subsets of both NC and NC FAM together with percent population not 

containing (FL1-H-) and containing NC FAM (FL1-H+). FSC and SSC represent size and cellular complexity 

(granularity), whereas FL1 is a measure of emitted fluorescence by using the FL1 (530/30) channel through 

excitation with the argon ion laser at 488 nm (530/30 denotes that the FL1 channel has a optical/bandpass filter 

centered at 530 nm with a width of 30 nm). Emission and excitation maximum of FAM is centered to 518 and 

494 nm, respectively.  

6.2 Biotin labeled miRNA mimics are biologically active in 

neuroblastoma cells 



 

Figure 6 | Biotinylated mimics are functionally active in miRNA-mediated silencing. The biotinylated mimic 

of mir-21 (A) and mir-34a (B) shows lower expression of relative luciferase units compared to the negative 
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control (bi-NC). For each microRNA, an additional mimic without biotin was tested to see whether the 21-

antisense luciferase reporter (A) or the MYCN 3’ UTR reporter (B) showed similar results. Data and standard 

deviance represents values from two independent experiments performed in SK-N-AS cells expressing 

intermediate endogenous levels of mir-21 and low levels of mir-34a. In addition, the selectivity of the method 

was also undermined by the fact that the biotinylated, negative control did not enrich for their respective 

luciferase reporter targets. Data represents calculation of qPCR CT values by using the percent input method.  

6.3 Successful enrichment of luciferase reporters approve the 

applicability of the method 

Figure 7 | Enrichment of luciferase reporters for mir-21 and mir-34a. Both luciferase reporters which 

exhibited successful translational repression in the luciferase assay, was also shown to be enriched by bi-mir-34a 

and bi-mir-21. The pull-down showed selected affinity as HPRT1, a housekeeping gene, was not targeted by 

either miRNAs. 
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6.4 mir-34a targets CCND1 and MYCN mRNAs in neuroblastoma cell line 

SK-N-BE(2)c 

6.5 MYCN mRNA decrease upon mir-34a over-expression 



 

 



Figure 8 | Associated mir-34a targets MYCN, and not CCND1, correlate to down-regulated mRNA 

abundance after mir-34a over-expression and shows an increase in markers for neuronal differentiation. 

(A) Affinity purification of biotin tagged miRNA mimics by streptavidin enriches for targets CCND1 and MYCN 

in BE(2)c. HuR, which is not a direct target of mir-34a but associates with SIRT1, is included as an arbitrary 

target and was shown to not be targeted by mir-34a. (B) MYCN levels reduced after mir-34a over-expression 

compared to negative control and are consistent with pull-down results as well as the luciferase study. (D) 

CCND1 levels increased by 20 % compared to the negative control after mir-34a over-expression. Levels of the 

differentiation marker NPY and GAP43 increased 1.75 and 7.8 fold as compared to the negative control. 

All qPCR data were performed in duplicates from two independent experiments and normalized to two reference 

genes (HPRT1 and SDHA) using the 2
-CT

 method of. Expression levels of SDHA/HPRT1 is set to 1 (SD<0.02). 
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6.6 The function of mir-21 remains elusive in neuroblastoma  

β

β

 

 



Figure 9 | The function of the tumor suppressor mir-21 in neuroblastoma is yet unclear as it do not 

associate with targets cited in the literature. (A) Selected targets were not enriched in the pull-down of mir-

21. (B) mir-21 over-expression does not display a significant change in the associated targets. The neuronal 

differentiation marker GAP43 increased by more than 4-fold, whereas NPY showed a 50 % reduction.   

All qPCR data were performed in duplicates from two independent experiments and normalized to two reference 

genes (HPRT1 and SDHA) using the 2
-CT

 method of. Expression levels of SDHA/HPRT1 is set to 1 (SD<0.02). 
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7 Discussion 

7.1 The biotin-labeled pull-down approach is a reliable method for 

exploring miRNA targets  



7.2 MYCN and CCND1 are direct targets of mir-34a in neuroblastoma 



7.3 The neuroblastoma cell line SK-N-BE(2)c utilizes CDK6 rather than 

CDK4 to gain entry into the G1/S phase 

7.4 SIRT1 is a possible, direct target in neuroblastoma and HuR is 

upregulated during mir-34a over-expression 



Figure 10 | mir-34a regulates the cell cycle complex cyclin D1-CDK6 at multiple levels in the 

neuroblastoma cell line SK-N-BE(2)c. Inhibition of cyclin D1 can be achieved by the concerted effects of mir-

34a suppression through both MYCN and CCND1. The absent p21 expression in BE(2)c is a possible effect of 

the mutated p53 variant and the loss of mir-34a. The loss of p21 elevates levels of CDK6 and thus increases 

transcription of E2F1-2 by inhibiting the retinoblastoma protein. Down-regulation of MYCN by mir-34a is also 

strongly repressed by the feedback mechanism of E2F1-2. CDK6 have been shown to harbor a single mutation 

that renders it inactive to p16
INK4a

. Overall, mir-34a is a strong tumor suppressor in neuroblastoma. 

The signaling pathway was designed using VANTED (Visualization and Analysis of Networks containing 

Experimental Data). 



 

7.5 The role of mir-21 in neuroblastoma remains elusive 

β



7.6 Causes for inconsistent experimental data 



7.7 Further experiments  



8 Conclusion 

 

 

 

  

 

 

 

 

  



9 Appendix 



Supplementary table 1 | Expression of mir-21-5p (UAGCUUAUCAGACUGAUGUUGA)  and mir-34-5p 

(UGGCAGUGUCUUAGCUGGUUGU ) in various neuroblastoma cell lines. Numbers represent mean 

transcripts found by SOLiD sequencing. For further information about these data, please contact the author.   

SKNBE(1) 3128,7 90,1 

SKNBE(2)c 699,0 19,4 

SMS KAN 133,7 2615,3 

SMS KANR 1308,5 56,5 

SMS KCN 140954,0 2661,2 

SMS KCNR 699,0 19,4 

CHLA-12 97,7 2089,3 

CHLA-13 555,6 564,0 

CHLA-15 571,4 1367,0 

CHLA-20 1523,4 208,9 

NBL W 40,8 4199,5 

NBL WR 69,5 1002,3 



Supplementary table 2 | List of qPCR primers used in this thesis.  
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