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Abstract 

Recent studies have demonstrated that microRNAs may be responsible for the 

modulation of cancer implicated genes in tumors. Mutated microRNAs, acting as 

oncogenic promoters, contribute to the development of nearly all forms of cancer, 

including the most common class of primary brain tumors, gliomas. Anti-miRNAs have 

been employed to inhibit specific oncogenic microRNA expression with the hopes of 

treating or potentially curing cancers. This report identifies the mir-106b-25 oncogenic 

cluster as a prime target for anti-miRNA treatment because of its consistent 

overexpression in high grade gliomas. The results of this study show that employing 

anti-miR-106b into glioma cell lines results in a decrease in cell proliferation and tumor 

formation. MiR-106b’s activity is traced to the knockdown of the tumor suppressor p21 

and miR-25’s to the knockdown of the tumor suppressor Bim. Because of miR-106b-

25’s suppression of these key tumor suppressors and its role in cell proliferation and 

tumor formation, this study concludes the miR-106b-25 cluster as a potential target for 

therapeutic treatment.  

 
1.   Introduction 
 
1.1. Review of Literature 
  
 Gliomas represent the most prevalent diagnostic category of primary brain tumor 

in the adult population. The most malignant form of gliomas, glioblastoma multiforme 

(GBM), demonstrates striking refractiveness to even the most aggressive treatments. 

Glioblastomas are characterized by multiple genetic alterations: Loss of heterozygosity 

(LOH) on chromosome arm 10q, occurring in 60-90% of cases, epidermal growth factor 

receptor (EGFR) amplification, and PTEN mutations (Novakova, 2009). Many genetic 
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alterations in human GBMs have been described, but few have been shown to be 

directly linked with microRNAs. 

MicroRNAs have emerged relatively recently as a new class of small, non-coding 

RNAs that regulate gene expression at the translational level. MicroRNAs target specific 

messenger RNAs for translational repression by binding loosely to complimentary 

sequences in the 3’ untranslated regions of target mRNAs (Fig 1). Although hundreds of 

microRNAs have been discovered, only a handful has been fully characterized. 

MicroRNAs have been shown to be involved in a wide range of tumors, functioning 

usually as oncogenic promoters or tumor suppressors (He, 2008).  

  

Figure 1. MicroRNA binding to complimentary mRNA and inhibiting protein translation (Rosetta, 

2009) 

 MicroRNAs have been shown to be implicated in a wide range of cancers 

(Dalmay 2008), and a smaller group has been shown to be specifically linked to 

gliomas. MiR-221, for instance, has been found to be specifically up-regulated in GBMs, 

directly targeting the tumor suppressor p27 (Ciafre et al. 2005). Conversely, miR-124 

and miR-137, have been shown to be down-regulated in high-grade glial neoplasms, 

functioning as inhibitors of glioma cell proliferation and inducers of neuronal 
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differentiation (Silber et al. 2008). Additionally, miR-21 has been shown to be almost 

invariably overexpressed in GBMs, targeting a wide variety of genes involved in cell 

motility, migration, and apoptosis (Calin and Croce 2006; Chan et al. 2005; Corsten et 

al. 2007; Zhu et al. 2007).  

 This study focuses on the role of the miR-106b-25 cluster, a microRNA cluster 

located in intron 13 of the Mcm (Mini-Chromosome Maintenance) gene and a paralog of 

the miR-17-92 cluster, a known oncogene present in many cancers (Mendell, 2008). 

Three microRNAs make up the miR-106b-25 cluster: miR-106b, miR-25, and miR-93. 

Because miR-106b and miR-9 have identical seed sequences (nucleotides 1-8) which 

largely dictate mRNA recognition, they likely promote tumor growth through identical 

cellular mechanisms.  

Unpublished data from this researcher’s lab shows miR-106b-25 to be frequently 

upregulated in high grade gliomas (on average 2.67 fold overexpressed). Data from the 

lab also reveal miR-106b-25 to enhance tumorigenesis in a murine glioma model using 

RCAS/tv-a mice driven with PDGF. However, data on the individual microRNAs of the 

cluster has yet to be collected. This study focuses on identifying the role of miR-106b 

and miR-25 individually on glioma development. The microRNAs were inserted into LN-

18 and Ras-T gliomablastoma cell lines. MTT (Methylthiazol Tetrazolium) assays were 

performed to measure the rate of cell proliferation on these cell lines as compared to the 

controls. Lastly, western blots were ran to confirm the targets of miR-106b and miR-25 

as p21 and Bim respectively. 
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This report focuses on the role of the molecular pathways that are induced or 

activated by miR-106b and miR-25 in gliomas. The role of these microRNAs on gliomas 

is unknown and remains to be discovered. 

 

1.2. Hypothesis:   

       Hypothesis: The central hypothesis of this work is that miR-106b and miR-25 

contributes to the pathogenesis of malignant gliomas by modulating cell proliferation 

and apoptosis. Additional questions were addressed: 

a.    Does knockdown of miR-106b cause a decrease in cell proliferation of gliomas? 

b.    What molecular pathways do miR-106b and miR-25 regulate? 

c.     Is miR-106b-25’s role in vitro consistent with its role in vivo? 

 

2.   Methods 

2.1. Retroviral Transduction 

MiR-Vec constructs were generated as described previously (Voorhoeve et al. 

2006; Huse, 2009). The retroviruses were produced in the plat-E packaging cell line 

(Cell Biolabs) and harvested 48 hours after miR-Vec transfection. The lentiviruses were 

produced in the 293-T packaging cell line. Ras-T cells and LN-18 cells were infected 

using virus-containing supernatant supplemented with 5 µg/mL polybrene.  

 
2.2. Transfection.  

The anti-miRs were transfected into 293-T cells, using the Fugene 6 reagent, 

following the company protocol (Roche). The miRs were transfected into plate-E cells.  
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2.3. Infection.  

Following two days of incubation at 37o

 

C, the target cells, Ras-T and LN-18 cells 

were infected with the retrovirus produced by the plat-E cells and the lentivirus 

produced by the 293-T cells. The infection process consisted of a two cycle infection, 

with each cycle lasting 3 hours. Using a 0.45µM filter, the plat-E cells and the 293-T 

cells were removed, and Polybrene (5µg/ml final concentration) (Invitrogen) was added 

before adding to the target cells. After the final three hour incubation, the retrovirus and 

lentivirus were removed, and DMEM medium with serum was added. 

2.4. Protein Extraction and Immunoblotting 

 Following the infection, the targets cells were harvested after 48 hours and split 

into multiple plates. The cells were then lysed in RIPA buffer (50mM Tris HCl pH 7.4, 

150mM NaCl, 1% Triton x-100, 0.1% SDS, and 0.5% (w/v) DOC), 10µl of PMSF, 10 µl 

of a protease inhibitor cocktail, 5 µl of NaOV, and 1 µl of NaF. The lysed cells were iced 

for 15 minutes and then spun at 14,000 rpm for 15 minutes at 4oC. The protein 

concentrations were measured using a photospectometer by Bradford Protein Assay 

(BioRad). Equal amounts of samples were resolved by 10% SDS–PAGE. The proteins 

were transferred onto a PVDF membrane. Following the protein transfer, the membrane 

was blocked with 5% Milk in TTBS (Tris-Tween Buffered Saline) for 30 minutes. The 

primary antibodies used were αactin (1:1000) (Santa Cruz), αp21 (1:1000) (Santa 

Cruz), αBim (1:1000) (Cell Signaling). These antibodies were diluted in 5% Milk in TTBS 

and added to the membrane and the membrane was placed on a shaker for 4oC 

overnight. Membranes were then washed three times in TTBS before incubation with 

secondary-horse radish peroxidase coordinated antibodies (diluted 1:2500 in 5% 
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Milk/TTBS). Secondary antibody incubations took place at room temperature for 1 hour.  

Membranes were then washed 3 additional times in TTBS before treatment with ECL 

developing reagents (GE Healthcare).  Membanes were then exposed to film and 

finished in a film developer. 

 
2.8. Statistics 

  Error bars in all cases indicate standard deviation.   

 

3.   Results 

3.1. Knockdown of miR-106b causes a decrease in cell proliferation in glioma cell 

lines 

In order to test the role of miR-106b individually on gliomas, the microRNA was 

inserted separately into stable glioblastoma cell lines. Furthermore, anti-mirs for the 

microRNA were inserted into a separate group of stable glioblastoma cell lines. The 

microRNAs were inserted through retroviruses while the anti-mirs were inserted through 

lentiviruses. Plat-E cells were used to package the microRNAs while 293-T cells were 

used to package the anti-mirs (Fig 7). 
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Figure 7. The schematic above describes the process used to create microRNA and anti-miR 

vectors in vitro.   

 

MiR-106b has been shown to directly target the p21 tumor suppressor, a known 

regulator of the cell cycle (Ivanovska, 2008). Given this, one would expect that the 

modulation of miR-106b levels would directly impact cell proliferation. In order to assess 

the effects of miR-106b on glioma cell proliferation MTT cell proliferation assays were 

performed to identify miR-106b and effect on cell proliferation. The amount of 

tetrazolium component (MTT) was measured each day for four days. Knockdown of 

miR-106b in Ras-T cells caused a decrease in the rate of cell proliferation by about 28% 

(Fig 8). A similar MTT proliferation assay was performed on LN-18 cells to establish 

further corroborating evidence of miR-106b’s role in cell proliferation. As can be seen in 
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figure 9, knockdown of miR-106b caused a decrease in the rate of proliferation in the 

LN-18 cells. The measured decrease in rate was about 22%. Based on these results, it 

is clear that knocking down miR-106b decreases the growth of cells, and thus, the 

growth of tumors. 

 

Figure 8. This graph measures cell proliferation in Ras-T cells with anti-106b and anti-S by 

measuring the amount of MTT signal produced from the cells.   
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Figure 9. This graph measures cell proliferation in LN-18 cells with anti-106b and anti-S by 

measuring the amount of MTT signal produced from the cells.   

 

3.4. MiR-106b targets p21 in gliomas while MiR-25 targets Bim 

As stated above, the mRNA targets of miR-106b and miR-25 have been shown 

to include p21 and Bim respectively.  In order to confirm that these targets are also 

relevant in glioma biology, the levels of p21 and Bim were assessed by western blot in 

glioma cell lines expressing anti-miR-106b and anti-miR-25. 

First, protein was extracted from Ras-T cells expressing miR-106b and 

Immunoblotting was performed to determine if miR-106b indeed targets p21. Our results 

showed that high levels of anti-miR-106b caused an increase in p21 of about two fold 
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(Fig 10). This showed miR-106b’s oncogenic potential as it serves a primary regulator of 

role p21, a known tumor suppressor. 

 

Figure 10. This blot measures the expression level of p21 when MiR-106b is knockeddown. The 

figure reveals overexpression of p21 with Antimir-106b, thus confirming mir106b’s target as p21 

 

Next, protein was extracted from Ras-T cells expressing miR-25 and 

Immunoblotting was performed to determine if miR-25 does indeed target Bim. Our 

results concluded that high levels of anti-miR-25 caused an increase in the expression 

of Bim. The expression of Bim after knocking down miR-25 was completely restored 

(Fig 11). Thus, miR-25 almost completely suppresses the expression of Bim, making it a 

highly tumor inducive oncogene.  
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Figure 11. This graph measures the expression level of Bim when MiR-25 is knockeddown. The 

figure reveals overexpression of Bim with Antimir-25, thus confirming mir25’s target as Bim. 

 

4.   Conclusion and Discussion 

Since the discovery of miRNAs as a new class of gene regulators, the roles of 

different and various microRNAs have been emerging, some showing the tumor 

suppressing capability of microRNAs and others showing the oncogenic potentials of 

microRNAs. In the present study, miR-106b is identified as an oncogenic inhibitor of cell 

proliferation.  

 For many microRNAs, a single key target is put forward as the underlying cause 

of observed phenotypes. However, it is likely that many microRNAs, including miR-106b 

and miR-25 function through cooperative down regulation of multiple targets (Carleton, 

2007; He, 2007). Further experimentation is required to identify other possible targets of 

miR-106b and miR-25.   
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Nevertheless, the experiments described above address successfully the role of 

miR-106b on gliomagenesis. This study finds that miR-106b is not only overexpressed 

in a wide range of malignant tumors, but that its expression facilitates gliomagenesis in 

vitro and in vivo. The results are consistent with studies confirming the role of miR-106b 

in cell cycle progression, specifically in the G1-to-S transition (Ivanovska, 2008). As 

miR-25 is seen as an apoptotic inhibitor, simple MTT proliferation assays would not be 

sufficient in showing its role in increasing tumorigenesis. Experiments to test the ability 

of miR-25 to alter apoptosis in glioma cell lines are ongoing.  

In order to show necessity of this cluster in gliomagenesis, an experiment 

removing the cluster in an in vivo model should be conducted. The results of such an 

experiment would identify miR-106b-25’s importance in gliomagenesis. 

 MiR-106b was found to repress p21 in cell culture by Western blot. P21 is a 

known tumor suppressor that is encoded by the CDKN1A gene located on chromosome 

6p. P21 binds to and inhibits the activity of cyclin-CDK2 or -CDK4 complexes, and thus 

functions as a regulator of cell cycle progression at G1. (NCBI, 2009; Toyoshima, 1994). 

MiR-106b has shown to have consistent roles in other cancer forms. As with 

studies conducted with hepatocellular carcinomas, miR-106b has been shown to be 

overexpressed by two-fold as compared to normal tissue (Ivanovska,2008). It has also 

shown to target the transcriptional factor E2F1 (Yang, 2009). Furthermore, the identified 

role of miR-106b in this paper as a regulator of p21 is consistent with reports coming 

from esophageal adenocarcinomas, gastric cancers, prostate cancers, pancreatic 

cancers, and multiply myelomas where miR-106b’s target has been shown to be p21 

(Kan, 2009). 
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As miR-106b is overexpressed in a wide variety of cancers, it is definitely the 

target of therapeutic methods. Knockdown studies of miR-106b in mice have been 

shown to decrease the acceleration of tumors as seen in this paper. Additionally, miR-

106b may be used a biomarker, assessing the survivability of patients based on the 

amount of the microRNAs they have. The potentials for these microRNAs are certainly 

far reaching.  
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