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ABSTRACT 

 

 

FUNCTIONAL CHARACTERIZATION OF TWO POTENTIAL BREAST 

CANCER RELATED GENES 

 

 

 

Akhavantabasi, Shiva 

Ph.D., Department of Biological Sciences 

Supervisor: Assist. Prof. Dr. A. Elif Erson Bensan 

 

March 2012, 183 pages 

 

 

Cancer may arise as a result of deregulation of oncogenes and/or tumor suppressors. 

Although much progress has been made for the identification of such cancer related 

genes, our understanding of the complex tumorigenesis pathways is still not 

complete. Therefore, to improve our understanding of how certain basic 

mechanisms work in normal and in cancer cells, we aimed to characterize two 

different breast cancer related genes. First part of the study focused on subcellular 

localization USP32 (Ubiquitin Specific Protease 32) to help understand the function 

of this uncharacterized gene. USP32 is a member of deubiquitinating enzymes 

(DUBs) and the gene maps to a gene rich region on 17q23. Genes on 17q23 are 

known to undergo amplification and overexpression in a subset of breast cancer 

cells and tumors. DUBs are known to be implicated in a variety of cellular 

functions including protein degradation, receptor endocytosis and vesicle 

trafficking. Therefore to elucidate the function of USP32, we localized the full 

length USP32 protein fused to GFP, in HeLa cells, using Fluorescence Protease 



 

v 

 

Protection (FPP) assay and confocal microscopy. Results suggested a Golgi 

localization for USP32 as confirmed by co-localization study via BODIPY-TR, a 

Golgi specific marker. Additional investigations to find the role of USP32 in Golgi 

will further clarify the function of this candidate oncogene. Second part of the study 

focused on a potential tumor suppressor. For this purpose, we functionally 

characterized miR-125b, a microRNA gene as a potential tumor suppressor in 

breast cancer. microRNAs are regulators of gene expression and their deregulation 

is detected in cancer cells. miR-125b is reported as a down regulated microRNA in 

breast cancers. In this study, we investigated the expression, function and possible 

targets of miR-125b in breast cancer cell lines (BCCLs). Our results revealed a 

dramatic down regulation of miR-125b in a panel of BCCLs. Restoring the 

expression of miR-125b in low miR-125b expressing cells decreased the cell 

proliferation and migration as well as cytoplasmic protrusions, detected by staining 

of actin filaments. While connection of miR-125b and cell motility based on 

ERBB2 targeting has been reported earlier, here we present data on ERBB2 

independent effects of miR-125b on cell migration in non-ERBB2 overexpressing 

breast cancer cells. Our results showed involvement of a miR-125b target, ARID3B, 

in cell motility and migration. Our findings showed miR-125b to be an important 

regulator of cell proliferation and migration in ERBB2 negative breast cancer cells, 

possibly through regulating multiple targets. 

 

 

Keywords: USP32, DUBs, localization, miR-125b, cell migration, ARID3B. 
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ÖZ 

 

 

MEME KANSERİ İLE İLİŞKİLİ İKİ GENİN FONKSİYONEL 

KARAKTERİZASYONU 

 

 

 

Akhavantabasi, Shiva 

Doktora, Biyoloji Bölümü 

Tez Yöneticisi: Yrd. Doç. Dr. A. Elif Erson Bensan 

 

Mart 2012, 183 sayfa 

 

 

Kanser; onkogen ve/veya tümör baskılayıcı genlerin deregülasyonu sonucu ortaya 

çıkmaktadır. Her ne kadar kanserle ilişikili genlerin bulunması ile ilgili birçok 

çalışma olsa da, tümör oluşumuna neden olan komplike yolaklar henüz tam olarak 

anlaşılamamıştır. Bu çalışmada normal ve kanser hücrelerindeki bu temel 

mekanizmaları anlayabilmek amacıyla, meme kanseriyle ilişkili iki geni karakterize 

etmeyi amaçladık. Çalışmamınızın ilk kısmında henüz karakterize edilmemiş 

USP32 (Ubiquitin Specific Protease 32) geninin hücredeki lokalizasyonunu 

anlamaya yönelik çalışmalara odaklandık. USP32, gen açısından zengin 17q23 

bölgesinde yeralan bir gendir ve deubikitinaz enzim ailesindendir (DUBs) . 17q23 

üzerinde yer alan genlerin meme kanserinde ve tümörlerde amplifiye olduğu ve 

aşırı ifade edildikleri bilinmektedir. DUB’ların protein yıkımı, reseptör endositozisi 

ve vesikül trafiği gibi birçok hücresel fonksiyonda rol oynadıkları bilinmektedir. Bu 

nedenle USP32’nin fonksiyonunu daha iyi anlayabilmek amacıyla, GFP bağlanmış 

tam uzunluktaki USP32 proteinini Floresan Proteaz Koruma (FPP) deneyi ve 
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konfokal mikroskop ile HeLa hücrelerindeki konumunu inceledik. Golgi’ye özgül 

bir belirteç olan BODIPY-TR ile yapılan  örtüşenlokalizasyon çalışmaları sonucu 

USP32’nin Golgi’de olduğuna dair bulgular elde ettik. Ileride USP32’nin 

Golgi’deki rolünü anlamaya yönelik yapılacak çalışmalar, bu onkogenin 

fonksiyonunu netleştirecektir. Çalışmamızın ikinci kısmında potansiyel bir tümör 

baskılayıcı gen üzerinde yoğunlaştık. Bu amaçla, meme kanserinde tümör 

baskılayıcı olduğu düşünülen miRmiR-125b’yi fonksiyonel olarak karakterize ettik. 

mikroRNAların kanser hücrelerinde deregülasyona uğradıkları ve gen ifadesini 

kontrol ettikleri bilinmektedir. miR-125b’nin ifadesinin meme bazı meme kanseri 

hastalarında azaldığı gösterilmiştir. Bu çalışmada ise, meme kanseri hücre 

hatlarındamiR-125b’nin ifadesini, fonksiyonunu ve hedeflediği genleri araştırdık. 

Sonuçlarımız göstermiştir ki, miR-125b meme kanseri hücre hatlarında da ciddi 

oranda azalmaktadır. Bu tip hücrelerde miR-125b’nin ifadesinin tekrar sağlandığı 

çalışmalar yapıldığında, bu hücrelerin çoğalmasında ve göçünde azalma 

gözlemlenmiştir. Bunun yanı sıra miR-125b ifadesi sağlanan hücrelerde aktin 

filamentleri boyandığında sitoplazmik uzantıların azaldığı gözlemlenmiştir. Daha 

önceki çalışmalar, miR-125b’nin hücre hareketliliğine etkisinin ERBB2 genini 

hedeflemesi ile ilgili olduğunu işaret etmekle beraber, Sonuçlarımız miR-125b’nin 

hedeflediği ARID3B geninin hücre hareketliliği ve göçü ile ilgili olduğunu 

göstermektedir. Sonuçlarımız ERBB2 negatif meme kanseri hücre hatlarında miR-

125b’nin birden fazla geni hedefleyerek hücre çoğalması ve göçünde rol oynayan 

önemli bir regülator olduğunu göstermektedir. 

 

 

Anahtar kelimeler: USP32, DUBs, lokalizasyon, miR-125b, hücre hareketi, 

ARID3B. 
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CHAPTER 1 

 

 

1 INTRODUCTION 

 

 

 

1.1 Localization of USP32, as a Potential Oncogene Candidate  

 

1.1.1 Cancer 

 

Tumorigenesis is a multistep process in which normal cells undergo various genetic 

alterations and turn into neoplastic cells. Cancer cells generally have six hallmark 

characteristics, necessary for their malignant growth as illustrated in Figure 1.1. 

These characteristics are: self-sufficiency for growth signals, irresponsiveness to 

anti-growth signals, evading apoptosis, infinitive replication and immortality, 

induction of angiogenesis, invasion and metastasis. Two other important properties 

of cancer cells are now considered as additional hallmarks of cancers: 

reprogramming of energy metabolism and evading from immune destruction. All of 

the mentioned characteristics should also be considered within the tumor 

microenvironment context (Hanahan and Weinberg 2000, 2011).   

 

Cancers generally arise due to alterations of two groups of genes: proto-oncogenes 

and tumor suppressors. Deregulation of proto-oncogenes results in a gain-of-

function and their activation contributes to cancer development. For tumor 

suppressors, loss of function is the result of various genetic and epigenetic changes 

which contribute to tumor promotion.  
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Malignant cells suffer from genomic instability, making the genome susceptible to 

undergo further genetic changes such as point mutations, chromosomal 

translocations, aneuploidy, small or large deletions, and gene amplifications as well 

as epigenetic modifications, consequently altering gene expression. The mentioned 

abnormalities could play significant roles in deregulation of tumor suppressors and 

oncogenes and contribute to abnormal growth and survival of cancer cells. 

 

 

 

Figure 1. 1 The halmarks of cancer. Figure is taken from Hanahan and Weinberg 

2011.  

 

1.1.2 Gene Amplification and Cancer 

 

A large number of comparative genomic hybridization (CGH) studies revealed copy 

number alterations in various cancers. Genetic alterations could be a source of 

cancer specific gene expression changes that lead to tumor progression. 
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Gene amplification is an increase in DNA copy number in restricted chromosomal 

regions called amplicons. DNA amplification widely occurs in different tumors. 

Telomere dysfunction, deficiency in DNA replication, aneuploidy and 

chromosomal fragile sites are factors which possibly support gene amplification 

(Albertson 2006).  

 

Amplicons contain several copies of DNA sequences and are usually 0.5-12 Mb 

spanning regions (Hyman et al. 2002; Lengauer et al. 1998). Consequently, DNA 

amplification may result with the overexpression of the genes, within the amplicon  

(Myllykangas and Knuutila 2006). Based on the results of a study performed to 

determine the relation between amplification and gene expression of 13,824 genes 

on 24 independent amplicons in breast cancer, 44% of highly amplified genes 

revealed overexpression and 10.5% of highly overexpressed genes had 

amplification (Hyman et al. 2002; Parssinen et al. 2007). Many other CGH studies 

provided valuable information on cancer related chromosomal regions. 

 

CGH studies in human neoplasms revealed the chromosomal regions harboring 

amplicons on lp22-p3l, 1p32-p36, lq, 2p13-p16, 2p23-p25, 2q31-q33, 3q, 5p, 6p12-

pter, 7p12-p13, 7q11.2, 7q21-q22, 8pll-pl2, 8q, 2q13-q14, 12p, 12ql3-q21, 

13q14,13q22-qter, 14ql3-q21, 15q24-qter, 17p11.2-p12, 17ql2-q21, 17q22-qter, 

18q, 19pl3.2-pter, 19cen-q13.3, 20p11.2-pI2, 20q, Xpll.2-p21, and Xpll-q13 

(Hyman et al. 2002; Knuutila et al. 1998).  

 

Another study performed in 14 Breast Cancer Cell Lines (BCCLs) demonstrated the 

existence of 24 different amplicons (Table 1.1). One of these amplicons maps to the 

chromosomal band 17q23 which has been shown to be frequently amplified and 

associated with tumor progression and poor prognosis in breast cancer (Andersen et 

al. 2002; Isola et al. 1995).  
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Table 1. 1 Location and sizes of 24 independent amplicons detected from 14 

BCCLs, using CGH microarray (Hyman et al. 2002). 

 

 

 

 

The first study for detecting amplification on 17q23 revealed a 19% amplification 

of 17q22-q24 in primary breast tumors (Kallioniemi et al. 1994). Subsequently, 

several groups revealed the amplification of 17q23 in different types of breast 

cancer and numerous studies focused on 17q23 amplicon in breast cancer due to its 

gene rich nature (Erson et al. 2001; Sinclair et al. 2003). Interestingly, 17q23 

amplicon was not continuous and harbored multiple amplification regions, 
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suggesting the presence of multiple proto oncogenes independently amplified in the 

region during tumor development (Barlund et al. 1997; Erson et al. 2001; Monni et 

al. 2001; Sinclair et al. 2003). Later on, 50 known or hypothetical genes were 

predicted to be located on 17q23 (Sinclair et al. 2003). The location of 29 known 

genes on 17q23 is shown in Figure 1. 2. Southern blotting and FISH studies in 

MCF7 and BT474 breast cancer cell lines revealed the existence of 6 independent 

amplification peaks at 17q23, resulted with amplification of 7 genes: RPS6KB1, 

TBX2, PAT1, Hs.88845, POPX1, BRIP and RAD51C, located at amplification 

maxima (Wu et al. 2001).  

 

Parssinen et al, performed quantitative real time reverse transcriptase polymerase 

chain reaction (qRT-PCR) for 29 known genes on 17q23 in 26 primary breast 

tumors (with no, moderate and high 17q23 amplification). Their results revealed 

that high level amplification groups showed higher gene expression levels for 

eleven genes, compared to non- amplified group (Parssinen et al. 2007). According 

to the amplification and overexpression data of 17q23 in breast cancer, RPS6KB1 

(ribosomal S6-kinase gene), was one of the first genes with a potential oncogenic 

role in this region (Barlund et al. 2000a; Couch et al. 1999). FAM33A, DHX40, 

CLTC, PTRH2, TMEM49, TUBD1, ABC1, USP32, PPM1D, PAT1, SIGMA1B, 

RAD51C and TBX2 were also shown to have a good correlation between their 

amplification and overexpression in breast cancer (Barlund et al. 2000b; Lambros et 

al. 2010; Parssinen et al. 2007; Sinclair et al. 2003). Together, these studies reveal 

an association between amplification and overexpression of a number of genes on 

this region in breast cancer (Barlund et al. 2000b; Hyman et al. 2002; Lengauer et 

al. 1998; Monni et al. 2001).  
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Figure 1. 2 The physical map of 17q23 chromosomal band, indicating the location of 29 known genes on this region (Parssinen et al. 

2007). SEPT4: Peanut-like protein 2, TEX14: Testis expressed sequence 14, RAD51C: DNA repair protein RAD51 homolog, PPM1E: 

p53-induced phosphatase 1, TRIM37: Tripartite motif-containing 37 protein, FAM33A: Family with sequence similarity 33, member A, 

YPEL2: Yippee-like 2 protein, DHX40: DEAH (Asp-Glu-Ala-His) box polypeptide, CLTC: Clathrin heavy chain, PTRH2: Peptidyl-

tRNA hydrolase 2, TMEM49 Transmembrane protein 49, TUBD1: Tubulin δ chain, RPS6KB1: Ribosomal protein S6 kinase, ABC1: 

Amplified in breast cancer, CA4: Carbonic anhydrase IV precursor, USP32: Ubiquitin C-terminal hydrolase 32, APPBP2: Amyloid β 

precursor protein binding protein 2, PPM1D: Protein phosphatase 2C δ isoform, magnesium-dependent, BCAS3: Breast carcinoma 

amplified sequence 3, TBX2: T-box transcription factor TBX2, TBX4: T-box transcription factor TBX4, BRIP1: BRCA1 interacting 

protein C-terminal helicase 1, THRAP1: Thyroid hormone receptor-associated protein, TLK2: Serine/threonine-protein kinase tousled-

like 2, MRC2: Mannose receptor, C type 2, CYB561: Cytochrome b561,ACE: Angiotensin-converting enzyme, somatic isoform 

precursor, KCNH6: Potassium voltage-gated channel, subfamily H, member 6, WRD68: WD-repeat protein 68.  

6
 

 



 

7 

 

In conclusion, comprehensive analysis of the 17q23 amplicon showed a number of 

overexpressed genes at that region. This may consequently suggest the involvement of 

those genes in aggressive tumor progression, detected in breast cancer patients with 

17q23 amplification. 

 

Given the high level amplification and general overexpression of these candidate 

oncogenes, functional studies were done for the 3 potential oncogenes: RPS6KB1, 

TBX-2 and PPM1D, located at or near the independent amplification peaks on 17q23, 

in order to investigate the mechanism by which cells gain a growth advantage.  

 

RPS6KB1 codes for a mitogen- activated protein kinase (p70S6 kinase protein). Studies 

revealed that this protein phosphorylates the protein S6 of the 40S ribosome subunit 

(Erikson and Maller 1985) and is also activated through PI3K pathway. PI3K signaling 

induces Akt oncoprotein followed by activation of mTOR and consequently 

phosphorylation of RPS6KB1 (Aoki et al. 2001; Gonzalez-Garcia et al. 2002). 

RPS6KB1 protein investigation revealed its role in cell cycle control (by upregulating 

cyclin D3, causing phosphorylation of pRB and E2F dependent cell proliferation) 

(Feng et al. 2000), protein synthesis (by selective translation of cell proliferation 

related mRNAs) (Dufner and Thomas 1999) and cell migration (via association with 

Rac1 and Cdc42, 2 regulators of actin polymerization and cell migration) (Lambert et 

al. 2002). These findings suggest a strong potential oncogenic role for this gene to be 

involved in tumor progression.  

 

TBX-2 (T box transcription factor-2), another candidate oncogene on 17q23: codes for 

a transcription factor associated with differentiation and development and contains 

transcriptional activator and repressor domains (Paxton et al. 2002). This protein is 

implicated with nasal mesenchyme development (Firnberg and Neubuser 2002). In 
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addition, the mouse homolog of human, Tbx2 in bmi
-/-

 mouse embryo fibroblast cells 

(MEFs), lead to cellular immortalization due to downregulating Cdkn2a (P19/ARF) 

and bypassing p19 and p53 regulated senescence (Jacobs et al. 2000; Lingbeek et al. 

2002). Furthermore, studies showed that overexpression of Tbx-2 in combination with 

MYC in MEFs enhanced the proliferation effect of MYC in these cells (Jacobs et al. 

2000). In addition, ectopic expression of TBX-2 caused polyploidy (a condition, 

associated with malignancy and poor prognosis) and resistance to cisplatin in human 

lung fibroblast cell lines (Davis et al. 2008). These findings also reveal a more robust 

possible oncogenic role for TBX-2.  

 

PPM1D oncogene candidate was also investigated for its function in cancer. PPM1D: 

the human wild type p53-induced phosphatase 1, encodes for type 2C protein 

phosphatase (PP2C). This protein was shown to have potential binding sites for NF-κB, 

c-Jun and E2F1 transcription factors and was revealed to be localized in the nucleus. 

Dephosphorylation of p38 MAPK was reported to be one of the functions of this 

protein (Bulavin et al. 2002). Following this event, consequently, p53 phosphorylation 

and p53 dependent transcription is inhibited, which further block the apoptosis and cell 

cycle arrest in response to DNA damage (Takekawa et al. 2000), suggesting an 

oncogenic role for this protein to be further investigated.  

 

Interestingly, due to the gene rich structure and the fact that none of the oncogene 

candidates were found to be potent oncogenes by themselves, it seems likely that the 

overexpression of several genes might contribute to the neoplastic phenotype. In that 

context, it is crucial to understand and characterize genes and as of yet unannotated 

ESTs as well as hypothetical genes mapping to this interesting chromosomal band. 
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1.1.3 USP32 Gene and Protein 

 

USP32 (Ubiquitin Specific Protease 32) gene (Accession number: NM_032582.3), 

spanning ~212 kb, maps to the 17q23 amplicon (chromosomal band 17q23.3) and 

codes for a hypothetical protein. The position of USP32 and its neighboring genes on 

this chromosomal band are shown in Figure 1.3. USP32 is located just adjacent to 

RPS6KB1, an already known potential oncogene candidate with its roles in tumor 

progression, which is located on one of the 6 determined discontinuous amplification 

regions on 17q23.  

 

In order to find the correlation between amplification and overexpression, quantitative 

real time reverse transcriptase polymerase chain reaction (qRT-PCR) studies for 

USP32 revealed that the overexpression of this gene was correlated with its high copy 

number in primary breast tumors, as shown in Figure 1.4 (Parssinen et al. 2007). Given 

these findings and the fact that USP32 was not as of yet identified, we wanted to 

further characterize this hypothetical gene to elucidate its function and its possible 

contribution to tumorigenesis, as a result of its overexpression in breast cancer.  
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Figure 1. 3 The location of USP32 and its neighbor genes on 17q23 chromosomal band, (according to Map Viewer, NCBI database). 

 

1
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Figure 1. 4 The mRNA expression level of USP32 in high, moderate and no 17q23 

amplification tumor groups, by qRT-PCR method in 26 primary breast tumors 

Figure is taken from (Parssinen et al. 2007). 

 

USP32 is composed of 34 exons (as predicted in silico by the Spidey alignment 

tool, as well as by the University of California Santa Cruz (UCSC) and National 

Center for Biotechnology Information (NCBI) databases). The mRNA structure of 

USP32 is shown in Figure 1.5. USP32 gene codes for USP32 protein (Accession 

number: NP_115971.2), which is 1604 aa long and contains 6 predicted domains as 

shown in Figure 1.6.  

 

 

 

 

 

http://www.ucsc.edu/
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Figure 1. 5 The structure of the USP32 transcript and CDS (coding sequence) 

(Accession number: NM_032582.3), according to NCBI database. UTR: 

untranslated region. 

 

 

 

Figure 1. 6 The domains of USP32 protein. The information for domains was 

obtained from NCBI, using the conserved domain database. 

 

 

USP32 protein is a predicted member of the Ubiquitin Specific Protease (USP) 

family of deubiquitinating enzymes (DUBs), with a suggested role for 

deubiquitination and possibly other unknown roles due to the existence of Ca
2+

-

binding and EF hand domains as well as a domain with unknown function (DUF). 
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1.1.4 Protein ubiquitination and DUBs: 

 

Ubiquitination is a posttranslational modification through which, Ubiquitin (Ub), a 

highly conserved small 76 aa protein (8 kDa), covalently attaches to substrate 

proteins and has significant regulatory roles in eukaryotic cellular pathways such as 

protein degradation, protein trafficking, protein localization, DNA repair, cell cycle 

progression, transcription and apoptosis (Liu and Walters 2010). Ubiquitination of a 

protein could remodel the surface of target protein and affect its stability, activity 

and interaction with other proteins or even change its cellular localization 

(Mukhopadhyay and Riezman 2007; Pickart and Eddins 2004; Salmena and 

Pandolfi 2007; Weissman 2001).  

 

Ubiquitin, binds to a lysine residue of the substrate protein with its C-terminal 

glycine (Gly76 residue) (Harper and Schulman 2006), which is activated in an ATP 

dependent manner (Ciechanover and Ben-Saadon 2004). Ub contains 7 lysine 

residues: consequently Ub molecules can bind and form poly-Ub chains. Ub chains 

with same or different linkage types are formed in different sizes in vivo, via 

binding through one of the seven lysines (Lys29, Lys33, Lys63, Lys6, Lys11, 

Lys27 and Lys48) and N-terminal methionine (Met1) of Ub (Kirisako et al. 2006; 

Peng et al. 2003; Tagwerker et al. 2006). As shown in Figure 1.7, target proteins 

could be monoubiquitinated (Figure 1.7a) by binding of a single Ub, 

multiubiquitinated (Figure 1.7b) by binding of more than one ubiquitin to different 

amino acids or polyubiquitinated (Figure 1.7c), by the attachment of a ubiquitin 

chain. Monoubiquitination or multiubiquitination of substrates are involved in the 

entrance of certain targets into vesicles in secretory/endocytic pathway (Hicke 

2001), while polyubiquitination, besides broader roles it may probably have,  is 

involved mostly in Ub-proteasome degradation pathway (Harper and Schulman 

2006; Pickart and Fushman 2004). 
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Given the significant functions Ub has, ubiquitination is a tightly controlled 

process. Several enzymes are involved in ubiquitination of a target protein: E1 

(ubiquitin-activating), E2 (ubiquitin-conjugating) and E3 (ubiquitin-ligase) 

enzymes are responsible for introducing Ub to substrate proteins (Figure 7d). E1 

enzyme activates and charges the Ub and binds to its catalytic cysteine via a 

thioester binding. This binding causes a structural change in E1 and supports its 

binding to E2 enzyme to pass the Ub to it. E3 ligase is needed for E2 enzyme to 

transfer activated Ub to substrate protein. The E2 and E3 enzymes are responsible 

to determine the linkage type of Ub chains (Huang et al. 2007a; Liu and Walters 

2010). Human genome is  predicted to code for 2 E1, 40 E2 and more than 600 E3 

enzymes (Deshaies and Joazeiro 2009).  
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Figure 1. 7 Protein ubiquitination. Substrate protein (grey) is: (a) monoubiquitinated by attaching of a single Ub (blue), (b) 

multiubiquitinated from different sites or (c) polyubiquitinated with chains of different conformations: Three conformational shapes (i) 

extended, (ii) closed and (iii) mixed linkaged-branched (multiple Ubs in forked shape, attaching to a common moiety) could be formed 

depending on which Lys was used to form ubiquitin chains. (d) E1 Ub-activating enzyme (brown) activates the Ub and directed it to 

attach to the substrate protein by coordinate function of E2 Ub-conjugating (orange) and E3 Ub-ligase (yellow) enzymes. DUBs 

(purple) are reversing the ubiquitination event by removing the Ubs from chain to recycle the Ub or to edit the length or linkage type of 

the chain (Liu and Walters 2010). 

1
5
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Among the vast roles ubiquitination play in the cells, the best known function is 

proteolysis of target proteins. Polyubiquitination by Lys48 is a signal for ubiquitin- 

proteasome degradation via 26S proteasome and known as the main pathway, 

regulating the degradation of misfolded and short-lived proteins (Schwartz and 

Ciechanover 1999). Eukaryotic proteins to be degraded by this pathway have to be 

necessarily attached to Ub and get poly-ubiquitinated (Finley and Chau 1991; 

Hershko 1991). The 26S proteasome consists of 20S core catalytic complex and 

two 19S regulatory caps on both sides. The 20S structure consists of four rings 

(heptameric) with structural (α) and catalytical (β) subunits. The β1, β2 and β5 

subunits are responsible for the caspase-like, trypsin-like and chymotrypsin-like 

functions respectively in mammals. Each 19S regulatory complex is composed of 

19 subunits, a 10-protein base, binding directly to α ring of 20S subunit and a 9-

protein lid to which Ub chains bind (Cheng 2009; Marques et al. 2009).   

Defects in delivery of ubiquitinated substrates to proteasome or other destinations 

inside the cell could disrupt the normal cell function. Besides Ub ligases, well 

studied in this field, deubiquitinating enzymes (DUBs) play role in reversing the 

ubiquitylation process by hydrolyzing the isopeptide bond between Ub and 

substrate protein (Hussain et al. 2009; Nijman et al. 2005b). 

Approximately, 100 DUBs are predicted to be encoded from the human genome 

(Nijman et al. 2005b). Based on sequence and structure similarity, DUBs are 

divided into 5 groups (Nijman et al. 2005b): ubiquitin specific proteases (USPs, 

Ubp), ovarian cancer (OTU), ubiquitin C-terminal hydrolase (UCH), jab1/MPN 

domain associated metalloproteases (JAMM) and Machado-Joseph disease (MJD). 

Except JAMMs (metallopeptidases), other DUBs are cysteine proteases, relying on 

a thiol group of a cysteine, located at the active site. The catalytic domains of DUBs 

are shown in Figure 1.8. The DUBs specifically cleave ubiquitin-linked molecules 

at the Gly76 of ubiquitin (Amerik and Hochstrasser 2004). 
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Figure 1. 8 The structure of catalytic domains of 5 DUBs family members. 

Catalytic points are shown as Van der Waals spheres: (gray: carbon, blue: nitrogen, 

red: oxygen, orange: sulfur and purple: zinc). The OTU domain doesn’t contain the 

conserved Asp in its catalytic center and the Asn/Glu/Gln (used to stabilize the 

oxyanion hole in these proteases). Figure has been taken from (Nijman et al. 

2005b).  

 

DUBs could act as both tumor suppressors and oncogenes, playing role in different 

cancer related pathways such as: receptor tyrosine kinase (RTK) signaling, signal 

transduction, gene transcription, DNA repair, protein degradation, cell proliferation, 

and mitosis (Hussain et al. 2009).  

 

For example, Usp8 (a homolog of human USP8) plays a role in RTK signaling. 

Binding of ligand to the RTKs leads to autophosphorylation of cytosolic domains of 

the receptor and downstream phosphorylation cascades of mediators (transferring 

signals to the nucleus), recruiting Cbl Ub ligases to ubiquitylate activated receptor 

(Thien and Langdon 2001). The receptors are further internalized and reach to 

multi-vesicular-body (MVB) from where the receptors are recycled to the 

membrane or passed to the lysosome to be degraded (Mosesson et al. 2008).  

However, Huang et al showed that ubiquitination was necessary for transportation 

of receptor to MVB and not required for receptor internalization (Huang et al. 
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2007b). This process could be reversed by Usp8 through deubiquitinating of 

internalized endosomal cargos. Experiments in adult mice revealed that inactivation 

of Usp8 caused liver failure and death within 4-6 days. Markedly, cells with 

deficient Usp8 showed no or low levels of growth factor receptors, indicating the 

role of USP8 in the reversal of ubiquitination and protein degradation (Niendorf et 

al. 2007). An example of such regulation is deubiquitination of ERBB2, a member 

of RTKs, by Usp8 and consequently, recycling back of the ERBB2 to the cell 

surface, where its function and signaling pathway is associated with tumorigenesis 

(Meijer and van Leeuwen 2011). 

 

USP9, another member of DUBs family, is involved in signal transduction and 

cancer. USP9 interacts and stabilizes β-catenin, an important regulator of APC 

mutations and remarkable member of Wnt signaling pathway (Gumbiner 1997; 

Murray et al. 2004; Taya et al. 1999). 

 

As the regulator of transcription, USP22 deubiquitinating enzyme was shown to 

play role in histone deubiquitination. H2A ubiquitination lead to accumulation of 

this histone protein on silenced promoters, while ubiquitinated H2B (uH2B) 

accumulates at active promoter regions. In human, deubiquitination of uH2B is 

accomplished by USP22 (Daniel et al. 2004; Henry et al. 2003; Zhang et al. 2008b), 

activating the transcription. As an example, USP22 knockdown caused a decrease 

in the transcription of MYC and p53 (Hussain et al. 2009).  USP3 was also reported 

to play role in deubiquitination of H2A and H2B in vivo regulate genomic stability 

(Nicassio et al. 2007). In addition, USP21 was another regulator of ubiquitinated 

H2A (uH2A) both in vitro and in vivo (Nakagawa et al. 2008), affecting 

transcription of related genes.  

 

USP1 and USP28 are among DUBs, regulating DNA repair and as a result involved 

in human cancers. USP1, negatively regulate mono-ubiquitinated FANCD2, which 
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interact with BRCA1/BRCA2 complex, and DNA repair (Nijman et al. 2005a). 

Furthermore, USP28 was a stabilizer of MYC by deubiquitinating of ubiquitinated 

MYC and therefore, preventing its degradation by proteasome (Popov et al. 2007a; 

Popov et al. 2007b). 

 

USP7 (Herpes Associated USP: HAUSP), USP2, USP3 and USP20 were 

investigated and determined as the regulators of cell proliferation (Hussain et al. 

2009).  HAUSP was reported to bind to Vmw110 protein, viral encoded and needed 

for lytic cycle of herpes simplex virus (Everett et al. 1997). USP7 was first reported 

to stabilize p53 by deubiquitinating it, revealing a tumor suppressor function. 

Further studies on USP7, revealed that USP7 destabilizes p53 in a complex 

mechanism involving p53 and its E3 ligase Mdm2 in which the stability of p53 was 

increased in the absence of USP7, revealing an oncogenic role for it (Brooks and 

Gu 2004; Cummins and Vogelstein 2004; Li et al. 2004; Li et al. 2002). Other 

findings for USP7, revealed an oncogenic role for this enzyme by deubiquitinating 

of Ub-PTEN (an antagonist of Akt) and preventing its nuclear localization, 

provided by its ubiquitination. Reduced nuclear localization of PTEN, caused by 

USP7 was associated with tumor aggressiveness (Song et al. 2008).  

 

USP2 is another enzyme that has interesting roles such as regulating Mdm2 

functions. USP2 depletion caused a reduction in Mdm2 levels and increase in p53 

levels by deubiquitinating of Mdm2 and affecting tumor progression (Stevenson et 

al. 2007). USP4 is another regulator of cell proliferation and its binding directly to 

retinoblastoma (Rb) protein was shown (Blanchette et al. 2001; DeSalle et al. 

2001). It was also shown that USP4 was able to transform NIH3T3 and made 

athymic mice to get more tumorigenic (Gupta et al. 1994; Gupta et al. 1993).  

 

As can be seen from above examples DUBs play vital roles in cells and when 

deregulated have vital consequences. Our gene of interest, USP32 is a highly 
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conserved gene and together with TBC1D3 (derived from a segmental duplication 

that is new and absent in a number of mammals) evolutionarily formed the USP6 

gene which is a hominoid specific chimeric gene. Although USP32 and TBC1DC 

genes are expressed in a variety of human tissues, USP6 is expressed only in testis 

and ovary (Akhavantabasi et al. 2010; Paulding et al. 2003). Interestingly, USP6 

(aka Tre-2, TRE17), is classified as an oncogene with the potential of transforming 

NIH3T3 cells (Onno et al. 1993; Papa and Hochstrasser 1993). Another finding on 

USP6 states that a translocation t (16:17) (q22:p13) in aneurysmal bone cysts, 

generates a fusion gene in which the promoter region of osteoblast cadherin 11 gene 

(CDH11) (16q22) is located behind of USP6 coding sequence (17p13), revealing a 

novel oncogenic mechanism for fusion protein as CDH11 has a normally very 

active promoter (Oliveira et al. 2004). 

 

USP32 (3’ end) shows a 97% sequence similarity to USP6, with its function not 

well characterized yet. The shared sequences between USP32 and USP6 harbor 

conserved cysteine and histidine domains (present in all Ubiquitin Specific 

Proteases), critical for the enzymatic function of these proteins. Due to the high 

similarity of USP32 to USP6, the known oncogene, similar or overlapping 

functions for proteins, coded from these genes may be suggested.  

 

1.1.5 Subcellular Localization of USP32 

 

USP32 gene/protein has not been characterized. We, in our laboratory, aim to 

characterize this as of yet unknown gene. In this thesis, we explore the subcellular 

localization of this protein to help us better understand its function, while other 

functional and structural studies were also performed in our laboratory.  

 

Proteins may be considered to be localized, according to their functions (Dreger 

2003). Understanding the localization of a protein reveals information about its 
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function and possible pathways they are involved in as well as interacting proteins. 

Finding the subcellular localization could be an initial step toward characterization 

of novel genes. 

 

There are different techniques to reveal the subcellular localization of proteins. For 

example, in proteomic scale, localization could be performed by fractionation of 

different cell organelles followed by mass spectroscopy analysis. In addition, other 

techniques such as: immune fluorescence technique, using antibodies against 

protein of interest or tagged sequences (example: human influenza 

hemagglutinin (HA)-tag, MYC-tag, Flag-tag) as well as generating fluorescent 

fusion proteins (that is fusing the protein of interest to a fluorescent proteins such as 

Green Fluorescent Protein (GFP), Yellow Fluorescent Protein (YFP) and Red 

Fluorescent Protein (RFP)) could be used in localization studies.  

 

In this study, we generated EGFP fusion USP32 proteins to perform localization 

studies. Initially we started our localization studies with Fluorescence Protease 

Protection (FPP) assay, a method developed by Lorenz et al as mentioned in part 

1.5.1, followed by investigations with confocal microscopy. 

  

1.1.6 Fluorescence Protease Protection (FPP) Assay 

 

Fluorescence protease protection is used to investigate the topology of the protein 

inside the cells (Lorenz et al. 2006). In this technique, the coding sequence (CDS) 

of the protein of interest is cloned upstream and/or downstream of a fluorescent 

protein-expressing gene (e.g. Green Fluorescent Protein (GFP), Yellow Fluorescent 

Protein (YFP) or Red Fluorescent Protein (RFP), in order to express fusion protein 

in the cells. Consequently, permeabilization of plasma membrane (which is rich in 

cholesterol) with digitonin, followed by protease treatment, reveals the location of 
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the protein by following the fluorescence signal being released from the cells 

(Figure 1.9). 

This assay determines if a protein is cytoplasmic or membrane bound and in the 

case if it is attached to a membrane inside the cell, which terminus of the protein is 

faced the cytoplasm and lumen.  

 

This study used this technique to investigate the subcellular localization of USP32- 

GFP fusion protein as well as partial fragments of USP32 fused to EGFP.  
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Figure 1. 9 The schematic of Fluorescence Protease Protection (FPP) assay in the 

cell expressing proteins of interest, fused to GFP protein. I. Cytoplasmic 

localization of the fusion protein, in which a gradual loss of green fluorescence 

signal is detected from the cell after permeabilization (digitonin treatment). No 

fusion protein remains inside the cell for protease (Trypsin) cleavage. II. Membrane 

bound topology of the fusion protein, in which the terminus of fusion protein 

containing GFP faces the cytoplasm. No loss of green fluorescence signal is 

detected from the cell after permeabilization (digitonin treatment). The GFP 

terminus of the fusion protein is exposed to protease (Trypsin) cleavage. III. 

Membrane bound topology of the fusion protein, in which the terminus of fusion 

protein containing GFP faces the lumen of an organelle membrane. The loss of 

green fluorescence signal is detected from the cell neither after permeabilization 

(digitonin treatment) nor after protease (trypsin) treatment. The technique was 

developed by Lorenz et al., 2006. 
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1.2 microRNA-125b as a Potential Tumor Suppressor 

 

1.2.1 microRNAs: Biogenesis and Function 

 

microRNAs (miRs or miRNAs) are non-coding single stranded RNAs, processed 

from endogenous hairpin transcripts to 16-29 nt long mature structures (Ambros et 

al. 2003; Kim 2005; Lee et al. 2004). These small molecules target mRNAs and are 

responsible for post transcriptional regulation of gene expression by deadenylation 

of target mRNAs, mRNA cleavage or translational repression (Bartel 2004; 

Beilharz et al. 2009; Eulalio et al. 2009; Kim 2005). The microRNA genes are 

dispersed throughout the genome, located in intergenic regions, in a antisense 

direction to known genes (Lagos-Quintana et al. 2003; Lau et al. 2001; Mourelatos 

et al. 2002) or located in intronic regions of their host genes (Lee et al. 2004). 

Recent evidence suggests that the number of microRNA genes in human has 

exceeded up to 1,000 (Perera and Ray 2007). It is estimated that microRNAs target 

~20-30 % of human mRNAs and it is also predicted for a particular miRNA to 

potentially target ~200 different mRNAs (Krek et al. 2005; Perera and Ray 2007; 

Rajewsky 2006). 

 

microRNAs are generally transcribed as long pri-microRNA (primary microRNA) 

transcripts, by RNA polymerase II (pol II) and consequently, they contain 5’ cap 

and 3’poly (A) tail structures (Lee et al. 2004). However, there are some 

microRNAs located within Alu repeats, whose transcriptions are speculated to be 

under the regulation of RNA polymerase III (pol III) (Borchert et al. 2006).  

 

pri-microRNA sequences generally undergo processing by a microprocessor 

complex, composed of Drosha (an RNase III enzyme) and DGCR8/ Pasha (a 

double-stranded RNA- binding protein) to generate stem loop structures called pre-

microRNAs (precursor microRNAs) (Gregory et al. 2004; Han et al. 2004; Han et 
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al. 2006; Lee et al. 2003), which are approximately 60-70 nucleotides in size. The 

pre-microRNA structures are exported from the nucleus to the cytoplasm by a 

member of the Ran-dependent nuclear transport receptor family called exportin 5 

(Exp5) (Bohnsack et al. 2004; Lund et al. 2004; Yi et al. 2003). Pre-microRNAs, 

processed by Drosha and transferred to the cytoplasm, are used as substrates for a 

further processing event, performed by Dicer, a cytoplasmic RNase III. Dicer 

cleaves the pre-microRNAs to form an approximately 22 nucleotide long duplex 

mature microRNA structure (Bernstein et al. 2001; Grishok et al. 2001; Hutvagner 

et al. 2001). One strand of this short-lived duplex, with less stable 5’ end plays the 

role of mature microRNA regulator (known as ‘guide’ strand and indicated by -5p 

in miRbase database), while the other strand with stable 5’end at complementary 

duplex is degraded (known as ‘passenger’ strand and indicated by miR* and 

recently -3p in miRbase database) (Khvorova et al. 2003; Krol and Krzyzosiak 

2004; Matranga et al. 2005; Schwarz et al. 2003). The guide strand is loaded into 

the RISC (RNA induced silencing complex, containing proteins from argonaute 

family (Ago2)), generating a functional complex to target mRNA transcripts by 

direct base pairing, resulted in mRNA degradation or translation repression (Du and 

Zamore 2005; Filipowicz et al. 2008; Guo et al. 2010). The general mechanism of 

microRNA processing is shown in Figure 1.10. 
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Figure 1. 10 The general microRNA processing pathway. Inside the nucleus, the 

pri-microRNA is polymerized by pol II or III, and cleaved by the Drosha–DGCR8 

microprocessor complex, resulting with a stem loop structure (pre-microRNA). 

Exportin-5–Ran-GTP, export the pre-microRNA to the cytoplasm, where it is 

further cleaved and processed to a mature microRNA by Dicer in complex with 

RNA-binding protein TRBP. The functional strand (guide: indicated in red color) of 

the mature microRNA is further located on RISC complex and bind to target 

mRNAs to perform cleavage, repression of translation or deadenylation of its 

targets. The passenger strand (indicated in black) is degraded. Figure is taken from 

(Winter et al. 2009). 
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A wide range of studies in the microRNA field revealed that these small non-coding 

RNAs have critical roles in several biological events such as development, cell 

cycle and proliferation, differentiation and apoptosis. 

 

1.2.2 microRNAs in Cancer 

 

Various studies revealed abnormal DNA copy numbers and expression 

abnormalities for microRNAs in different human cancers (Calin and Croce 2006; 

Deng et al. 2008; Erson and Petty 2009; Esquela-Kerscher and Slack 2006). 

Interestingly, bead based follow cytometry and microarray studies on microRNA 

expression suggested that microRNAs may be widely down regulated in tumors 

compared to normal tissues (Lu et al. 2005; Zhang et al. 2008a). Other studies 

revealed a tumor specific mixed down regulation and up regulation patterns of 

microRNA expression (Calin et al. 2005; Volinia et al. 2006; Yanaihara et al. 

2006).  

 

The alteration of microRNAs expression could occur in different cancers through 

several mechanisms such as: copy number alterations due to amplification/deletion/ 

translocation of genomic regions, activation or repression of transcription, 

epigenetic modifications, defect in microRNA processing machinery, or point 

mutations. These alterations of microRNA expression could change the expression 

of their target genes and consequently affect normal cell processes including: 

apoptosis, differentiation, cell proliferation, DNA repair (Deng et al. 2008; Ha 

2011).  

 

The first evidence showing the link between particular microRNAs and cancer was 

reported through the miR-15a and miR-16-1  down regulation chronic lymphocytic 

leukemia (CLL) (Iorio et al. 2010). A region of 13q14, normally harboring these 

microRNAs was deleted in more than 50% in the CLL patients, resulting in deletion 
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or down regulation of these microRNAs in ~68% of the CLL patients (Calin et al. 

2002). Further studies showed the suppression of BCL2 expression under the 

regulation of these 2 microRNAs, suggesting a tumor suppressor role for them in 

CLL (Cimmino et al. 2005). Additional studies revealed the deletion of these 

microRNAs in pituitary adenomas (Bottoni et al. 2005), and in breast and ovarian 

cancers (Zhang et al. 2006).  

 

The microRNA deregulation as a result of copy number abnormality was also 

detected as amplification for C13orf25, located at 13q31-32 in lymphoma patients. 

Interestingly, this region contains polycistronic miR-17~92 cluster with a known 

oncogenic role for resulted mature microRNAs in lymphoma and other human 

cancers (Hayashita et al. 2005; He et al. 2005; Tagawa and Seto 2005). 

 

Calin et al performed a comparative bioinformatics study on the loci of 186 

microRNA genes, revealed from public databases and reported to  have genetic 

alterations, and revealed these microRNAs were frequently located at common 

breakpoints, minimal regions of loss of heterozygosity (LOH), minimal regions of 

amplification or fragile sites (Calin et al. 2004). These findings were in agreement 

with experimentally obtained results from an array based comparative genomic 

hybridization (aCGH) study, performed in 227 human tumors (Zhang et al. 2006). 

In addition, further study in ovarian tumors suggested an approximately 15% down 

regulation of microRNAs in response to genomic copy number loss (Zhang et al. 

2008a). All together, these results support the fact that alteration of DNA copy 

number is common in cancer, partly giving rise to deregulation of microRNA 

expression. 

 

As another mechanism for microRNA deregulation in cancer was the transcriptional 

alteration, shown for miR-17-92 family. This microRNA cluster is under the 

regulation of c-MYC, a highly amplified and overexpressed transcription factor in 
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human cancers. Overexpression of oncogenic miR-17~92 clusters was consequently 

reported in many cancers (Chang et al. 2008; O'Donnell et al. 2005). miR-34 is 

another example of down regulated tumor suppressor microRNA in cancer which is 

under the regulation of tumor suppressor p53 transcription factor (Corney et al. 

2007; He et al. 2007).  

 

Epigenetic factors can also regulate the microRNA expression. For example, miR-

127, a microRNA under the control of epigenetic factors, is generally expressed in 

normal but absent in cancer cells. miR-127 was shown to be among microRNAs, 

whose expression was restored by chromatin-modifying drugs: 5-aza-2'-

deoxycytidine and 4-phenylbutyric acid. Interestingly, this microRNA was 

predicted to target proto-oncogene BCL6, with decreased protein expression after 

treatment with mentioned drugs (Saito et al. 2006).  

 

microRNAs can contribute to cancer as oncogenes or tumor suppressors, depending 

on the wide range of their targets (Deng et al. 2008; Lujambio and Lowe 2012), as 

illustrated in Figures 1.11 A, B and C. 

 

A. 

 

 

Figure 1. 11 Illustration for the contribution of microRNAs to cancer. 
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B. 

 

C. 

 

 

Figure 1. 11 (Continued) Illustration for the contribution of microRNAs to cancer. 

A. microRNAs can act as tumor suppressors, as their down regulation in cancer 

causes the activation of oncogenes. In addition they can function as oncogenes, by 

inhibiting the tumor suppressor genes. B. microRNA genes can contribute to cancer 

or lead to other outcomes, depending on which target genes are regulated by 

microRNAs in different cancer and healthy cells. C. microRNAs can contribute to 

tumor progression by acting separately or together to regulate one or several 

pathways. Figures  are taken from (Lujambio and Lowe 2012). 
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microRNAs can interfere with different aspects of cancer cells such as cell 

proliferation, apoptosis, angiogenesis, migration, invasion and metastasis. For 

example microRNAs can be regulated by and regulate target key proteins whose 

function affect cancer progression (Figures 1.12A and B). The involvement of a 

number of key microRNAs in different cancers: their mechanism of regulation, 

targets and clinical applications are summarized in Table 1.2. 

 

 

 

 

Figure 1. 12 microRNA regulation of cancer pathways. A. The oncogene 

transcription factor MYC can regulate different pathways through direct or indirect 

activating the oncogenic microRNAs (miR-17-92 cluster, whose name is shown in 

red) or suppressing tumor suppressor microRNAs (names are written in blue). 

These microRNAs are involved in different pathways by regulating their 

downstream targets. A regulatory loop was found in which MYC suppresses let-7 

and itself is suppressed by this microRNA.  In cancer, let-7 is down regulated by 

several possible regulators as well as MYC itself, leading to constitutive activation 

of MYC oncogene. 
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Figure 1. 12 (Continued) microRNA regulation of cancer pathways. B. The tumor 

suppressor transcription factor p53 protects several antitumor pathways, through 

activating tumor suppressor microRNAs (in blue), followed by their target 

regulations. A regulatory loop was also detected in this pathway in which activated 

microRNA genes through p53 pathway block MDM2, resulted with increasing p53 

stability. Oncogenic microRNAs (with their names, indicated in red) also can 

negatively regulate p53. Furthermore, processing of several tumor suppressor 

microRNAs is regulated by p53. Figure taken from (Lujambio and Lowe 2012). 
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Table 1. 2 The involvement of key microRNAs in cancer. Table is taken from (Lujambio and Lowe 2012). 

 

microRNA Function Genomic 

location 

Mechanism Targets Cancer Type Mouse model Clinical application 

miR-17-92 

cluster 

Oncogene 13q22 Amplification 

and 

transcriptional 

activation 

BIM, 

PTEN,  

CDKN1A 

& PRKAA1 

Lymphoma, lung, 

breast, stomach, 

colon & pancreatic 

cancer 

Cooperative 

with MYC to 

produce 

lymphoma, 

overexpression 

causes 

lymphoprolifer

ative disease 

Inhibition & detection 

miR-155 Oncogene 21q21 Transcriptional 

activation 

SHIP1 

&CEBPB 

Chronic 

lymphocytic 

leukemia, 

lymphoma, lung, 

breast & colon 

cancer 

Overexpression 

induces pre-B-

cell lymphoma 

and leukemia 

Inhibition & detection 

miR-21 Oncogene 17q23 Transcriptional 

activation 

PTEN, 

PDCD4 

&TPM1 

Chronic 

lymphocytic 

leukemia, 

acute myeloid 

leukemia, lung, 

breast, stomach, 

prostate, colon & 

pancreatic cancer 

Overexpression 

induces 

lymphoma 

Inhibition & detection 

 

 

 

 

3
3
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Table 1. 2 (Continued) The involvement of key microRNAs in cancer. 

 

microRNA Function Genomic 

location 

Mechanism Targets Cancer Type Mouse model Clinical application 

 

miR-15a/ 

16-1 

Tumour 

suppressor 

13q31 Deletion, 

mutation,  

Transcriptiona

l repression  

BCL2 & 

MCL1 

Chronic lymphocytic 

leukemia, prostate 

cancer & pituitary 

adenomas 

 

Deletion caused 

Chronic 

lymphocytic 

leukemia. 

Expression with 

mimics and viral 

vectors 

Let-7 family Tumour 

suppressor 

11 copies: 

multiple 

location 

Transcriptiona

l repression  

KRAS, 

MYC  

& HMGA2 

Lung, , stomach, colon, 

ovarian & breast cancer 

Overexpression 

suppresses lung 

cancer 

Expression with 

mimics and viral 

vectors 

miR-34 

family 

Tumour 

suppressor 

1p36 & 

11q23 

Epigenetic 

silencing, 

deletion and  

transcriptional 

repression 

CDK4,MY

C & MET 

Lung, colon, kidney, 

bladder & breast cancer 

melanoma & 

neuroblastoma  

No published 

studies 

Expression with 

mimics and viral 

vectors 

miR-29 

family 

 

 

 

 

 

 

 

 

Oncogene 

 

 

 

 

Tumour 

suppressor 

 

  

17q32 

& 1q30 

Transcription 

activation 

 

 

 

Deletion & 

transcriptional 

repression 

ZFP36 

 

 

 

DNMTs 

Breast cancer & 

indolent chronic 

lymphocytic leukemia 

 

Acute myeloid 

leukemia,  aggressive 

chronic lymphocytic 

leukemia & lung cancer 

Overexpression 

induces chronic 

lymphocytic 

leukemia. 

No published studies 

3
4
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As shown in Table 1.2, cancer related microRNAs function as oncogenes or tumor 

suppressors.  Also it is possible for a microRNA to act as both oncogene and tumor 

suppressor, according to the tissue in which cancer progresses and depending on the 

targets (this is the case of miR-29 family). For this reason, microRNAs could be 

considered as oncogenes in some cancers but tumor suppressors in other cancer 

types, depending on the gene expression profile and the availability of targets. 

 

1.2.3 microRNA-125 Family and Cancer  

 

According to the sequence similarity, microRNAs genes are classified into families. 

Based on the information on miRBase database, in human, microRNA-125 family 

is composed of 3 members: has-miR-125a, has-miR-125b-1 and has-miR-125b-2, 

expressed from 3 distinct genes located on 19q13.33, 11q24.1 and 21q21.1 

respectively. These 3 microRNA genes have exclusive stem-loop structures (pre-

microRNA). miR-125b-1 and miR-125b-2 have the same mature sequences, 

differing from the mature miR-125a by 3 nucleotides around their 3’ sequences, 

while all members share a same seed sequence. Figure 1.13 shows the structure of 

stem-loops for miR-125 family members together with the mature sequences. 

 

Based on the information from Cancer Genome Project database 

(http://www.sanger.ac.uk/genetics/CGP/), miR-125b1 locus, located on 11.q24.1 

was reported as an LOH (Loss of Heterozygosity) region in 18 out of 40 breast 

tumors. Studies in young breast cancer patients also revealed frequent allelic losses 

on 11q24.1–q25 chromosomal band which was reported to be associated with poor 

patient survival (Gentile et al. 1999). This information suggests the existence of 

potential tumor suppressors in this region.  

 

http://www.sanger.ac.uk/genetics/CGP/
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Figure 1. 13 The stem-loop structure of the members of miR-125 family. The 

sequences for guide strand of mature microRNAs, shown in grey rectangles. The 

figure is taken from miRBase database. 

 

miR-125 is one of the microRNAs, found to be highly deregulated in different types 

of cancers. Results from a high throughput microRNA microarray analysis revealed 

that miR-125b1 was among down regulated microRNAs in ovarian cancer tissues 
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(Iorio et al. 2007). Down regulation of miR-125b was further detected in patients 

with squamous cell carcinoma of tongue (Wong et al. 2008) as well as oral 

squamous cell carcinoma (Henson et al. 2009). Microarray studies also revealed 

miR-125b among down regulated microRNAs in prostate cancer (Ozen et al. 2008). 

Another study, performed to reveal the expression of miR-125a, showed down 

regulation of this microRNA in non-small cell lung cancer tissues, with correlation 

to metastasis (Jiang L 2010). 

 

In breast, microRNA microarray and northern blot studies on 76 primary breast 

tissues, compared to 10 normal breast tissues revealed a significant down regulation 

of miR-125b, but not miR-125a in breast tissues (Iorio et al. 2005). In another 

study, performed in biopsy samples from breast cancer patients, miR-125b was 

detected as down regulated microRNA in 13 of ERBB2 expressing, compared to 7 

ERBB2 negative samples, revealing a negative correlation between miR-125 and 

ERBB2 (Mattie MD 2006).  

 

miR-125 was shown to be a regulator of cell proliferation. The role of miR-125b on 

inhibition of cell proliferation was shown in mouse mesenchymal stem cells (ST2 

and D3 cells) (Lee et al. 2005; Mizuno et al. 2008). Overexpression of miR-125b 

was also affecting the proliferation of U251 glioma stem cells (in which miR-125b 

is down regulated) (Shi et al. 2010).  

 

A functional study was performed in different breast cancer cell lines by ectopically 

expressing miR-125 or miR-125 inhibition. Results from this study revealed that 

miR-125a and miR-125b affect MCF7 cells’ proliferation. Ectopic expression of 

miR-125a was also shown to decrease the migration of MCF7 cells in this study 

(Guo et al. 2009). 

 

Two of the targets of miR-125a and miR-125b were discovered by Scott et al, to be 

ERBB2 and ERBB3 oncogene family from receptor tyrosine kinases (Scott et al. 
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2007). By transfecting miR-125a and miR-125b and performing functional assays 

they showed significant decreases in cell proliferation, migration, invasion and 

anchorage independent growth in SKBR3 (ERBB2-dependent cells), while no 

significant change was detected in MCF10A (normal immortalized human 

mammary epithelial cells) cells when these miRNAs were transfected.  

 

Vitamin D Receptor (VDR) and human vitamin D3 hydroxylase (CYP24) were 

found to be other targets of miR-125b, playing role in calcitriol (hormonally active 

form of vitamin D, 1α,25-dihydroxyvitamin D3 with anti proliferative effect) 

metabolism. One of the functions of VDR is uptake of the calcitriol into the cells, 

while CYP24 inactivates calcitriol. In addition, VDR, which is a transcription 

factor, regulate the expression of CYP24, revealing a regulatory loop in this 

pathway. When miR-125b was overexpressed in MCF7 cells, calcitriol lost its anti-

proliferative effect, possibly because of its effect on the regulation of VDR (Mohri 

et al. 2009).  

 

miR-125b was also shown to target BCL3 (an activator of NF-κB) in ovarian cancer 

possibly contributing to cell cycle arrest. A decrease in cell proliferation was 

observed in these cells as a result of miR-125b regulation of BCL3 (ectopic 

expression of miR-125b decreased the BCL3 protein levels) (Guan et al. 2011). 

E2F3 (an inhibitor of pRB and activator of Cyclin A2) was also shown as another 

target of miR-125b, detected in bladder cancer, possibly regulating cell cycle 

progression through G1/S transition (Huang et al. 2011). MUCIN 1, a signaling 

protein which activates NF-κB was shown to be a target of miR-125b in BT-549 

breast cancer cell lines (Rajabi et al. 2010). 

 

HUR oncogene (coding for a stress induced RNA binding protein), is a regulator of 

cell proliferation, migration and apoptosis and was shown to be targeted by miR-

125a in BCCLs (Guo et al. 2009). Recent studies also revealed the regulation of v-
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ets erythroblastosis virus E26 oncogene homolog 1 (ETS1), a regulator of cell 

proliferation, by miR-125b (Zhang et al. 2011).  

 

Interestingly, controversial findings do exist which suggest an oncogenic role for 

miR-125b rather than the proposed tumor suppressive role. For example, two other 

targets of miR-125b were detected which are known to be required for the induction 

of apoptosis: pro-apoptotic Bcl-2 antagonist killer 1 (BAK1) and Bcl2 modifying 

factor (BMF). BAK1 was shown to be targeted by miR-125b in prostate cancer as 

well as breast cancer (Shi et al. 2007). In breast cancer, miR-125b was shown to be 

increased in taxol (mitotic inhibitor agent) resistance cells, targeting BAK1 and 

making cells resistant to apoptosis (Zhou et al. 2010). miR-125b-1 and miR-125b-2 

were shown to regulate BMF in U251 human glioma cell lines. miR-125b induced 

decrease in the BMF protein levels caused inhibition of apoptosis in these cells (Xia 

et al. 2009). p53 is also among tumor suppressor targets of miR-125a and miR-125b 

(Le et al. 2009; Zhang et al. 2009). These tumor suppressor targets of miR-125b 

suggest an oncogenic role in these pathways for miR-125b. This function possibly 

could be changed among cancers, in a target and cancer dependent manner. 

 

Clearly, a better understanding of miR-125b is needed to delineate its role and 

function in cancer cells, emphasizing the fact that miRNAs may both act as tumor 

suppressors and oncogenes based on the context and the tissues they are expressed 

in.  
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1.3 Aim of the study 

 

Cancer is a complex disease and deregulation of many pathways and their 

associated genes could contribute to tumor progression. For this reason, functional 

characterization of cancer related genes could help better understand the mechanism 

of their functions.  

 

In this study we aimed to investigate two independent cancer related genes to better 

understand their functions and to study their potential involvements in neoplastic 

cells. Our specific aims were: 

 

A) to characterize the role of USP32, as a potential oncogene in breast cancer, 

which codes for a hypothetical protein. For this aim, we investigated the subcellular 

localization of USP32 protein, via generating USP32-GFP fusion protein for full 

length and overlapping fragments of USP32 and performed localization and co-

localization studies in HeLa cells.  

 

B) to investigate the function and targets of miR-125b, as a tumor suppressor in 

breast cancer. For this purpose, we chose to use low miR-125b expressing breast 

cancer cell lines in which miR-125b expression was restored. An already existing 

miR-125b transfected MCF7cell line was used. A second model system was also 

generated in T47D cells by stably transecting miR-125b. Throughout the study, we 

used these model cells to explore the effects of restored miR-125b expression in 

breast cancer cells. 
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CHAPTER 2 

 

 

2 MATERIALS AND METHODS 

 

 

 

2.1 Localization of USP32 

 

2.1.1  Cell Culture and Growing Conditions 

 

HeLa cells were obtained from ŞAP institute (Ankara, Turkey) and were grown in 

MEM with Earle’s salts and 10% FBS, and 1% Penicillin/Streptomycin. Cells were 

incubated at 37
o
C with 95% humidified air and 5% CO2.  

 

2.1.2 Polymerase Chain Reactions (PCRs) and Agarose Gel Electrophoresis 

 

2.1.2.1 Colony PCR 

 

Colony PCRs were performed, using Taq DNA polymerase (Fermentas) in 10 µl 

reactions. dNTP, primers and enzyme were used at final concentrations of 0.2 mM, 

0.5 µM and 0.12 unit respectively.  
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2.1.2.2 Agarose Gel Electrophoresis  

 

Agarose gels were prepared, using Agarose (AppliCham) and Tris-Borate-

EDTA (TBE) buffer. Ethidium bromide (EtBr) was used at a final concentration of 

0.5 µg/ml prior to gel solidification. 10X loading dye was used to the final 

concentration of 1X. The appropriate DNA marker was used to determine the size 

of the DNA (shown in Appendix D) in each experiment. Electrophoresis was 

carried out at 75-100 volts. Depending on the size of DNA products which were run 

on the gel, 0.8%-3% agarose  gels were prepared and used in the experiments. DNA 

products were run on the agarose gel containing 0.5 µg/ml EtBr. 

 

2.1.2.3 DNA Extraction from Agarose Gels 

 

After confirming the size of the samples, the parts of the gel containing DNA were 

cut and DNA was extracted, using gel extraction kit (Roche), according to 

manufacturers’ guidelines. The DNA was eluted in dH2O at the end of the 

extraction. 

 

2.1.3 Bioinformatics Tools for Predicting the Subcellular Localization of 

USP32 

 

The following programs were used to predict the subcellular localization of USP32 

protein; Subnuclear: http://array.bioengr.uic.edu/subnuclear.htm, ESLpred: 

http://www. imtech.res.in/raghava/eslpred/, Hum-mPLoc: www.csbio.sjtu.edu.cn 

/bioinf/hum-m ulti-2/, knowPredsite: http://bio-cluster.iis.sinica.edu.tw/kbloc/, 

SubLoc: http:// www.bioinfo.tsinghua.edu.cn/ SubLoc/, HSLpred : http:// www. 

imtech.res.in/ raghava/hslpred/, UniProtKB-SubCell: http://www.uniprot.org/news/ 

2007/ 10/23/ release,  IMB.The University of Queensland: www.imb.uq.edu.au/. 

 

http://array.bioengr.uic.edu/subnuclear.htm
http://bio-cluster.iis.sinica.edu.tw/kbloc/
http://www.uniprot.org/news/%202007/%2010/23/%20release
http://www.uniprot.org/news/%202007/%2010/23/%20release
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2.1.4 Cloning and Ligation Reactions 

 

2.1.5 Cloning of USP32 Gene into pEGFPN1 and pEGFPC1 vectors 

 

The full length and partial fragments (I, II and III) of USP32 and the position of 

primers for PCR amplifications are shown in Figure 1. The full and partial 

fragments of USP32 CDS were PCR amplified, using primers indicated in Figure 

2.1 and High Fidelity DNA polymerase (Roche). 

 

 

 

Figure 2. 1 The position of primers for PCR amplification of full length (1604 aa) 

and partial fragments of USP32 (I: USP32-I. II: USP32-II and III: USP32-III). The 

sequences of primers are shown in Appendix A. 
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2.1.5.1 Cloning of USP32-full Length and USP32-I into pEGFPN1 

 

USP32 full length and USP32-I, previously were cloned into PCR
® 

8/GW/TOPO
®
TA vector (Invitrogen, as shown in Appendix B). The USP32- PCR

® 

8/GW/TOPO
®
TA constructs and pEGFPN1 vector (Clontech, Appendix B) were 

double digested with Apa1 and Xho1 enzymes. The digestion products were run on 

and extracted from agarose gel. pEGFPN1 was further treated with Alkaline 

phosphatase (Roche) and purified, using Phenol:Chloroform:Isoamyl Alcohol. High 

concentrated T4 DNA ligase (Roche) was used for all ligation reactions. 

 

2.1.5.2 Blunt End Cloning of USP32-II and USP32-III into pEGFPC1 

 

For blunt end ligations, USP32-II and USP32-III fragments, previously cloned into 

PGL3 Vector and pEGFPC1 vector (Clontech, Appendix B), were double digested 

with Not1 and Sal1 restriction enzymes and incubated for 12-16 h at 37ºC. Double 

digested constructs and pEGFPC1 vector were further purified, using 

Phenol:Chloroform:Isoamyl Alcohol method. In order to generate blunt ends, 

samples were treated with S1 nuclease (Fermentas), prior to gel electrophoresis and 

gel extraction. Ligation was performed as described above. 

 

2.1.6 Preparation of Competent E. coli Cells 

 

A single bacterial colony (E. coli), grown on LB-Agar medium (Appendix C) was 

inoculated into 10 ml of LB medium (Appendix C) in a 50 ml falcon and incubated 

at 37°C for 12-16 h. 600 µl from overnight growth culture was put in 100 ml LB 

medium and grown for further 2-3 hours, until OD600 reached to 0.6. After the 

culture medium reached to the expected bacterial growth density, it was separated 

into 4 sterile pre-chilled centrifuge tubes. The tubes were placed on ice for 10 

minutes and further centrifuged at 4000 rpm for 10 minutes. The supernatant was 
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discarded from the tubes and the pellet in each tube was resuspended in 5 ml CaCl2 

(10 mM, ice cold), on ice and centrifuged for 10 minutes at 3000 rpm at 4°C. The 

supernatant was discarded and the pellet was dissolved in 1 ml CaCl2 (75 mM, ice 

cold) and 200 µl of ice-cold glycerol was added. The competent bacterial cells were 

divided into aliquots and rapidly frozen in liquid nitrogen. The aliquots were kept at 

-80°C for long term storage. 

 

2.1.7 Transformation of Competent E.coli Cells 

  

The chemically competent E. coli cells (stored in 10 mM CaCl2 and 20% glycerol, 

at -80°C) were incubated on ice for 15 min. After cells were thawed, 100 µl 

competent bacteria were placed in each 1.5 ml eppendorf tube. 5 µl of each ligation 

reaction and 10-100 ng of control plasmids were added to the reaction tubes and 

incubated on ice for 30-45 min. The cells were further incubated at 42°C for 45 

second and immediately placed on ice. After 5 min, 450 µl S.O.C (Appendix C)/ 

LB (Luria-Bertani Medium, media were added to each vial. The vials were 

incubated at 37°C and shaked at 200 rpm for 1 h. 100-400 µl of the transformed 

cells were cultured in selective LB-Agar plates containing proper selection 

antibiotics.  

 

2.1.8  Storage of Bacterial Cultures 

 

The bacterial cells were mixed with sterile 60% glycerol in 3:1 ratio (0.75 ml of 

bacterial culture and 0.25 ml of 60% glycerol) in 1.5 mL tubes. The mixture was 

gently vortexed and was frozen in liquid nitrogen and then transferred immediately 

to -80°C for long term storage. For the next use, the frozen surface of the culture 

was scraped: using a sterile loop and the frozen culture on the loop was inoculated 

into a new LB medium containing antibiotic. The remaining part of the frozen 

culture was restored immediately at -80°C, before it was thawed. 
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2.1.9 Transfection of Mammalian Cells with USP32 Constructs 

 

For localization studies of USP32 cells, 1-3x10
5
 HeLa cells were seeded in 6-well 

tissue culture plates. After 24 h, the complete medium was sucked off from the cells 

and replaced with fresh complete medium without antibiotic (penicillin-

streptomycin). Either Fugene 6 or Fugene HD (Roche) were used for transfecting 

the cells according to manufacturer’s instructions. USP32-full, USP32-I, USP32-II 

and USP32-III were transfected into cells, using 6:2, 8:2, 9:2 and 11:2 ratios for 

Fugene (µl): DNA (µg). 

 

2.2 Characterization of miR-125b 

 

2.2.1 Cell Culture and Growing Conditions 

 

MCF10A cell line was obtained from ATCC (LGC Standards GmbH, Germany) 

and grown in DMEM-Ham's F-12 medium, containing 5% horse serum, 100 mg/ml 

Epidermal Growth Factor (EGF, Sigma), 1 mg/ml cholera toxin (Sigma), 1 mg/ml 

hydrocortisone (Sigma) and 10 mg/ml insulin (Sigma). MCF7, MDA-MB-231 and 

T47D cell lines were a kind gift from Dr. U.H. Tazebay (Bilkent University, 

Ankara). MCF7 cells were grown in MEM with Earle’s salts and 10% FBS. MDA-

MB-231 and T47D cells were grown in DMEM, with 10% FBS and 0.1% non-

essential amino acids. HDQ-P1, EFM-19 and JIMT-1 cell lines were obtained from 

DSMZ (Braunschweig, Germany). MDA-MB-361, MDA-MB-453, MDA-MB-468, 

SKBR3, ZR-75-1 cells were a kind gift from Dr. I.Yulug (Bilkent University, 

Ankara). EFM-19 and ZR-75-1 cells were grown in RPMI 1640 with 10% FBS, 

HDQ-P1, JIMT1, MDA-MB-231, MDA-MB-361, MDA-MB-453 and MDA-MB-

468  cells were grown in DMEM with 10% FBS and SKBR3 cells were grown in  

McCoy’s medium with 10% FBS. All media contained 1% Penicillin/Streptomycin. 
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All cell lines were grown as monolayers and were incubated at 37
o
C with 95% 

humidified air and 5% CO2.  

 

All cell lines were grown under the following conditions: frozen vials of each cell 

type were quickly thawed in a 37°C water bath. After thawing, the cells were plated 

into a T-25 flask containing pre-warmed (37°C) appropriate growth medium and 

incubated at 37
o
C with 95% humidity and 5% CO2. The cells were washed (after 24 

hr) with Hanks' salts solution or Phosphate Buffered Saline (PBS) to get rid of the 

DMSO (Applichem), used for cell storage at -80°C. After the cells reached to full 

confluency, they were washed with Hanks buffer, treated with 1 ml trypsin 

(BioChrom) and cultured in T-75 flasks containing fresh media. Every 2-3 days, the 

old medium were sucked off from the flasks and replaced with the new medium.  

 

2.2.2 Three-Dimensional (3D) Cell culture and Growing Conditions 

 

3D ‘on-top’ culturing (Lee et al. 2007), each well of pre-chilled 96-well plate was 

coated with 15 µl of Engelbreth-Holm-Swarm (EHS, BD Biosciences) extracellular 

matrix (ECM) extract. 5,000 cells were plated in 96-well tissue culture plates in 30 

µl of growth medium and were incubated at 37ºC for 30 minutes. Then, 3 µl of 

EHS and 30 µl of ice-cold growth medium was mixed and added to each well. The 

cells were grown in the culture for 24 h and images were taken, using Olympus 

CKX41 inverted microscope. 

 

2.2.3 RNA Isolation, DNase treatment and cDNA synthesis 

 

Total RNA was isolated from the cell lines, using Trizol RNA isolation reagent 

(Invitrogen), when they were ~70% confluent. The cultured cells in the T-75 flasks 

were treated with 8 ml Trizol and incubated at room temperature to allow the 

nucleoprotein complexes to be completely dissociated. After 5 minutes, the cells 
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were transferred to a 15 ml sterile centrifuge tube and 0.2 ml of chloroform per 1ml 

of Trizol (total of 1.6 ml chloroform/ T75 flask) was added. The tubes were shaked 

vigorously for 15 seconds and incubated at room temperature. After 2-3 minutes, 

samples were centrifuged at 4700g for 20 minutes at 8ºC. The aqueous phase, 

nearly equal to 60% of the original Trizol volume, which contained the total RNA, 

was transferred to a fresh sterile tube and 4 ml isopropyl alcohol (0.5 ml per 1ml of 

Trizol) was added in order to precipitate the RNA. After 10 minutes incubation at 

room temperature, samples were centrifuged at 4700g for 20 minutes at 8ºC. The 

RNA pellet was washed with 70% ethanol (8 ml) and further centrifuged at 4700g 

for 7 minutes at 8ºC. Finally, the air-dried RNA pellets were dissolved with RNase 

free water (50-100 µl).  

 

Total RNA from the cells was also isolated using High Pure RNA isolation kit 

(Roche), according to manufacturer’s instruction. Quantity and purity of RNA was 

determined using Nanodrop. After using either of the RNA isolation methods, 

DNase treatment was performed. For DNase treatment, 10-50 µg isolated total 

RNA samples were treated with 10 units of recombinant DNase I (Roche,) and 

incubated at 37ºC for 1 hour. Phenol:Chloroform:Isoamyl Alcohol (25:24:1, v/v) 

extraction was performed in order to purify the samples. In brief, same volume of 

acidic Phenol:Chloroform:Isoamyl Alcohol was added to samples and 

centrifugation at 13,000g for 20 min at 4ºC was carried out after vortexing and 

incubating the samples on ice for 10 min. The upper phase, containing RNA, was 

collected in 1.5 ml eppendorf tubes and incubated over night at -20ºC after addition 

of 3 volume 100% ethanol and 1/10 volume NaAc (3 M). The tubes were 

centrifuged at 13,000g for 20 min at 4ºC and the pellet was washed with 70% 

ethanol. The pellets were air-dried and re suspended in 25-50 µl RNase free water 

after centrifugation at 14,000 rpm for 20 min at 4ºC. Lack of DNA contamination 

was further tested by PCR. 
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cDNA was synthesized from isolated RNA samples, using Revert Aid First Strand 

cDNA Synthesis Kit (Fermentas), according to manufacturer’s guidelines. In brief, 

total 1 µg total RNA and 0.5 µg oligo (dT) or Random Hexamer (RH) primers 

(provided by the kit) and 10 µ1 DEPC-treated water were mixed gently and spun 

down for 3-5 seconds in a micro centrifuge. Then the tube was incubated at 70°C 

for 3 minutes and chilled on ice. The tube was briefly centrifuged and again placed 

on ice. 4 µ1 of 5X reaction buffer, 1 µ1 of Ribo lock Ribo nuclease inhibitor (20 

U/µ1) and 2 µ1 of 10 mM dNTP mix were added and the tube was briefly mixed 

and centrifuged. The reaction was incubated for 5 minutes at 37°C followed by the 

addition of 1 µ1 of RevertAid M-MuLV Reverse Transcriptase (200U/µ1) to the 

mixture. The reaction was incubated at 42°C for 60 minutes and stopped by 

incubating the mixture at 70°C for 10 minutes. The tube was chilled on ice and the 

cDNA was stored at -20°C.  

 

For mature miRNA quantification experiments, cDNA was synthesized from RNA 

samples, isolated via Trizol, as mentioned above. Briefly, RNA was isolated from 1 

well of 6-well plate. A total of 15 µL cDNA was synthesized from each sample 

(using Taqman miRNA reverse transcriptase kit, catalog number: 4366596) from 

100 ng total RNA, using miR-125a, miR-125b and U6 specific stem loop RT 

(Reverse Transcribe) primers (TaqMan ® MicroRNA Assays, Assay ID 000448 

and ID 000449 for miR-125a and miR-125b, respectively and TaqMan ® 

MicroRNA Assays, Assay ID: 001093 for RNU6B as reference gene). 

 

2.2.4 Polymerase Chain Reactions (PCRs)  

 

2.2.4.1 RT-PCRs 

 

RT-PCRs were performed, using Taq DNA polymerase (Fermentas and 

AppliChem), according to manufacturers’ instructions. The thermal conditions for 
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PCRs are given in Figure legends for each experiment. The total volume for PCR 

reactions were 30 µL.  

 

2.2.4.2 Quantitative RT-PCRs for Mature miRNA Detection 

 

To detect the mature levels of miR-125, Taqman assay kit (Applied Biosystems) 

was used according to manufacturer’s instructions for PCR amplifications. In brief, 

1.33 µl of synthesized cDNA, as mentioned above was used in each PCR reaction 

(in 20 µl) containing 2X Taqman PCR mastermix (TaqMan ® Universal PCR 

Master Mix, No AmpErase ®  UNG, 200 Rxn, Cat #: 4324018) and 20X miRNA 

assay mix (specific for miR-125a, miR-125b and RNU6B). PCR reactions were 

performed in 10 µl. The qRT-PCRs were run on Corbett Rotor-Gene 6000 (Qiagen, 

Corbett, Germany). PCR conditions were: initial denaturation at 95
o
C for 15 min, 

followed by 40 cycles at 95
o
C for 15 s and 60

o
C for 60 s. RNAU6B was used as a 

reference gene. To calculate expression level of mature miRNAs, ΔΔCt method was 

used (Livak and Schmittgen 2001). Each experiment was run in 3 biological 

replicates.  

 

2.2.5 Phalloidin and DAPI Staining  

 

3x10
5
 stably transfected MCF7 cells were seeded and grown on 25x25 mm cover 

slips in 6-well tissue culture plates. After 24 h, cells were washed in PBS and fixed 

in 3.7% formaldehyde solution in PBS for 5 minutes. Fixation was stopped by 

adding 0.1 M glycine in PBS for 5 minutes. Cells were permeabilized for 1 min in 

0.1% Triton X-100 (Sigma). For filamentous actin staining, fixed and 

permeabilized cells were incubated with 40 µM phalloidin (Fluorescin 

Isothiocyanate, Sigma, Cat #) staining solution in PBS for 40 minutes at room 

temperature. Nuclei were stained with 30 nM DAPI solution (Invitrogen), at room 



51 

 

temperature for 5 minutes. After washing the cover slips several times in PBS, 

images were captured, using Zeiss LSM 510 with 40X oil objective (Central Lab, 

METU). Image quantification (area occupied by protrusions per cell outline in 

pixels) was done by S.CO LifeScience (Germany). 

 

2.2.6 Transfection of Mammalian Cells 

 

To generate stable cell lines that express miR-125b, either miR-125b1-pSUPER 

construct or empty pSUPER vector was transfected into T47D cells by Fugene HD 

(3:2, Fugene:DNA ratio), according to manufacturer’s instructions. Stable cell lines 

were selected, using 500 µg/ml of G418 (Roche). Polyclonal cells were expanded, 

continuously using G418 at final concentration of 250 µg/ml, after all mock 

transfected control cells were killed.    

 

For ARID3B silencing, ARID3B-short hairpin RNA (shRNA) and non specific 

control (with no homology to human genome) oligos (IDT), were cloned 

(previously in our lab) into pSR-GFP/Neo (pSUPER) vector, were transiently 

transfected to MCF7 cells, using Fugene-HD transfection reagent (3:2, 

Fugene:DNA ratio), according to manufacturers’ guidelines.  

 

For transfection of anti-miR-125 and control oligos (22-24 bases), 2’-O- methyl 

oligos were used to inhibit miR-125a (5’-UCACAGGUUAAAGGGU 

CUCAGGGA-3’, IDT) and miR-125b (5’-UCACAAGUUAGGGUCUCAGGGA-

3’, IDT). As a negative control, nonspecific 2’- O- methyl oligonucleotide (5’-

AAGCGAAGCAGUGCGUCAAGUA-3’, IDT) was used. Fugene-HD (Roche) 

was used (6:2 Fugene: oligo ratio) for transfections. Oligo final concentrations were 

1.5 µg/ml. The final concentration of these oligos for luciferase assay was 100nM. 

Transfection was confirmed by Taqman qRT-PCR to detect mature miR-125 after 

anti-miR oligo transfection.  
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2.2.7 Functional Assays  

 

2.2.7.1 Cell Proliferation Assay (MTT) 

 

Cell proliferation assay, based on MTT (Methylthiazole Tetrazolium) via 

metabolically active cells was performed for miR-125 expressing breast cancer 

cells. 1x10
4
 MCF7 and T47D cells, stably transfected with miR-125b or control 

vector were seeded into each well of 96 well tissue culture plates in a final volume 

of 100 µl complete growing media. The MTT labeling reagent (5 mg/ml MTT in 

PBS) was added to the cells between 1- 9 days. The cells were incubated with MTT 

labeling reagent for 4 h. The absorbance was detected at OD570 nm after overnight 

solubilization with a 1% solution of SDS.  

 

For transient ARID3B silencing, 1.5x10
4
 MCF7 cells were seeded per each well of 

96 well plate and transfected 24 h after seeding. MTT assay was performed as 

mentioned above. Absorbance at OD570 was measured 72 h after transfection. 

 

2.2.7.2 Migration Assay 

 

For investigating the migration property of MCF7-125 and MCF7-EV cells, 

approximately 1x10
6
 cells were pre-starved in MEM-Earle’s medium with 1% FBS 

in a T-25 tissue culture flask. After 24 h of serum starvation, cells were rinsed with 

Hanks salt solution and trypsinized. Growing medium containing FBS was used for 

neutralizing the trypsin and cells were harvested after centrifugation at 1,000g for 5 

min. Cells were washed with Hanks salt solution to wash the FBS and 200,000 cells 

in 0.1 ml MEM-Earle’s medium with 1% FBS were plated on the upper wells of 

transwell migration chambers (Corning). Medium containing 10% FBS was added 

to lower wells. Cells were allowed to migrate through an 8 µm pore membrane for 

24 h. Cells on the upper surface of the membrane were removed by scrubbing with 
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sterile cotton swabs. 100% methanol was used to fix cells on the lower surface of 

the membrane for 10 minutes. Fixed cells were stained with Giemsa for 2 minutes 

and membranes were washed twice (or more) with distilled water. Cells on the 

lower side of the membrane were documented and counted under a Leica light 

microscope (10X objective). 3 random fields were counted per membrane and 6 

membranes in 3 independent experiments were used.  

 

To perform migration assay for MCF7 cells treated with anti-125b and control 

oligos, MCF7-125 cells were transfected with 1.5 µg/mL anti-125b and nonspecific 

control oligos (in medium containing 1% FBS), using Fugene HD (6:2 

Fugene:oligo ratio). After 24 h, 200,000 cells in 0.1 ml MEM-Earle’s medium with 

1% FBS were plated on the upper wells of transwell migration chambers. Medium 

with 10% FBS was added to the lower wells. Cells were allowed to migrate for 24 

h. 6 membranes were used in 3 independent experiments. The cells on the lower 

side of the membrane were stained and counted as mentioned above. 

 

For investigating the migration properties of MCF7 and SKBR3 cells in the 

presence of AG825, SKBR3 and MCF7 cells, cultured in T25 tissue culture flasks, 

were pre-starved in McCoy’s 5A modified and MEM-Earle’s media with 1% FBS, 

respectively (approximately at 60-70% confluency). After 24 h, 200,000 cells in 0.1 

ml medium containing 1% FBS and AG825 at final concentration of 50 µM (Tocris 

Bioscience) or DMSO were plated on the upper wells of transwell migration 

chambers. Medium containing 10% FBS was added to lower wells. Cells were 

allowed to migrate through an 8 µm pore membrane for 24 h. a total of 6 

membranes in 2 independent experiments were used. The cells on the lower side of 

the membrane were stained and counted as mentioned above. 

 

To test the migration rate of ARID3B silenced cells, MCF7 cells were harvested 8 h 

after transfection. 30,000 cells were plated on the transwell migration chamber in 

MEM-Earle’s medium with 10% FBS and cells were allowed to migrate for 72 h 
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through an 8 µm pore membrane. Membranes were stained and cells on the lower 

side of the membrane were counted. Four membranes were used for each sample.  

 

2.2.8 Protein Isolation 

 

The whole cell extracts were prepared from cells, once they reached to 

approximately 70-80% confluency. Cells were washed with ice-cold PBS and 

incubated with RIPA buffer (0.5 ml/T75 tissue culture flask), containing 150 mM 

NaCl (Sigma), 50 mM Tris (Sigma) 1% Triton X-100 (Sigma), 0.5% Sodium 

deoxcholate (Sigma), 0.1% SDS (Sigma), Protease inhibitor cocktail (Roche) and 

PhosSTOP (Roche) for 15 minutes at 4
o
C on a shaker. The cells were further 

scraped off the flasks by a cold plastic cell scrapper and were gently transferred to a 

1.5 ml tube and centrifuged at 14,000 rpm for 15-30 min. Supernatants were 

collected and stored at -80
o
C. Protein concentrations were determined using BCA 

protein assay, according to the manufacturers’ instruction (Pierce).   

 

2.2.9 Western Blotting  

 

Fifty µg protein sample was denatured in 6X Laemmli buffer (12% SDS, 30% 2-

mercaptoethanol, 60% Glycerol, 0.012% bromophenol blue, 0.375 M Tris) at 100
o
C 

for 5 min. The proteins were run on an 8% SDS-polyacyrlamide gel at 100-120 v 

for 1.5- 2.5 h (depending on the size of the proteins) and were transferred to PVDF 

membranes (Roche), in the presence of transfer buffer at 100 v for 1.5 h. 

Membranes were blocked for 1 hour at room temperature in Tris Buffer Saline 

Tween (TBST), (20 mM Tris, 137 mM NaCl, pH: 7.6, 0.1% Tween 20) with 5% 

non-fat dry milk (Biorad) for ARID3B detection, 2.5% non-fat dry milk (Biorad) 

for ERBB2 detection,  and 10% skim milk (Fluka) for pERK1/2 detection and 2.5% 

non-fat dry milk (Biorad,) for ALCAM detection. The membranes were then 

respectively incubated for 16 h at 4
o
C with: rabbit polyclonal anti-ARID3B 
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antibody (1:1500, Abcam) in 5% non-fat dry milk- 0.1% TBST, mouse monoclonal 

anti-ERBB2 antibody (1:250, Leica) in 2.5% non-fat dry milk- 0.1% TBST, rabbit 

polyclonal anti pERK 1/2 (1:250, Santa Cruz) in 10% skim milk- 0.1% TBST and 

mouse monoclonal anti- ALCAM antibody (1:500, Leica) in 2.5% non-fat dry milk- 

0.1% TBST. All membranes were washed three times with 0.1% TBST, and 

incubated for 1 hour with peroxidase conjugated mouse anti-rabbit antibody 

(1:2000, Santa Cruz) in 5% non-fat dry milk-0.1% TBST, peroxidase conjugated 

goat anti-mouse antibody (1:2000, Santa Cruz),  in 2.5% non-fat dry milk-0.1% 

TBST and peroxidase conjugated mouse anti-rabbit antibody (1:2000, Santa Cruz) 

in 10% non-fat dry milk-0.1% TBST, respectively. After washing the membranes 

three times with 0.1% TBST (10 min for each wash), antigen-antibody complexes 

were visualized with the enhanced chemiluminecence kit (Pierce) by exposure to X-

ray films (Kodak). ARID3B antibody detected a 61 kDa band along with a band of 

unknown identity at around 50 kDa (not shown). The blots were then stripped and 

hybridized with monoclonal goat anti-mouse β-actin  antibody (1:1000, Santa Cruz) 

in 5% BSA (Roche)-0.1% TBST, and with secondary anti-mouse antibody (1:2000, 

Santa Cruz) in 5% BSA-0.1% TBST. Antigen-antibody complexes were visualized 

as described above. β-Actin antibody detected a 43 kDa band. ImageJ program 

(http://rsb.info.nih.gov/ij/) was used for densitometric quantification of the bands. 

The appropriate protein marker was used as shown in Appendix D. 

 

2.2.10 Bioinformatics Tools for Prediction of miR-125 Targets 

 

TargetScan (http://www.targetscan.org/), PITA (http://genie.weizmann.ac.il/pubs/ 

mir07/mir07_data.html), Pic Tar (http://pictar.mdc-berlin.de/), FindTar3 

http://bio.sz. Tsinghua .edu.cn/ ) and miRanda (http://www.microrna.org/ microrna 

/home.do) programs were used for the prediction of miR-125 targets. 

 

 

http://www.targetscan.org/
http://genie.weizmann.ac.il/pubs/%20mir07/mir07_data.html
http://genie.weizmann.ac.il/pubs/%20mir07/mir07_data.html
http://pictar.mdc-berlin.de/
http://www.microrna.org/%20microrna%20/home.do
http://www.microrna.org/%20microrna%20/home.do
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2.2.11 miR-125b’s Predicted Target Cloning 

 

In order to find targets of miR-125b, we used bioinformatics tools and selected 

three potential targets of miR-125b: v-ets erythroblastosis virus E26 oncogene 

homolog 1 (ETS1), Homeobox B7 (HOXB7) and zinc finger and BTB domain 

containing 7A (ZBTB7A, aka FBI-1) The 3’-UTR of these genes, (containing 

predicted poorly conserved and conserved miR-125 binding sites) were cloned into 

pmiR-REPORT vector (Ambion, Appendix B) for performing luciferase assay in 

miR-125b transfected cells. For this purpose, specific primers, containing SacI (in 

forward primer) and HindIII (in reverse primer) restriction digest sites and Expand 

High Fidelity Polymerase (Roche,) were used for PCR amplification. The cloned 

constructs were confirmed by colony PCR, restriction digestion and sequencing 

(Iontek and MCLAB companies). The 3’-UTR sequence of ARID3B, predicted to 

be targeted by miR-125b, was previously in our lab cloned downstream of 

luciferase gene in pmiR-REPORT vector as described above and used in luciferase 

assay. 

 

2.2.12 Dual Luciferase Reporter (DLR) Assay 

 

To investigate the regulatory effect of miR-125b on the 3’-UTR of its predicted 

targets, we cloned the 3’-UTR of targets, downstream of Firefly luciferase gene in 

pMIR REPORT vector (Ambion, Appendix B). phRL-TK vector (Promega), shown 

in Appendix B, containing Renilla luciferase was used as internal control. Dual-

Luciferase reporter assay kit was used (Promega,) and the assay was performed in 

24-well tissue culture plates, according to manufacturer’s guidelines. Briefly, 24 h 

after transfection, cells were lysed in 100 µl of passive lysis buffer and 10 µl from 

cell lysates were added to 96-well tissue culture plates and used for detecting the 

activity of Firefly and Renilla luciferase activities by adding LAR II and Stop& Glo 

reagents respectively. Modulus Microplate Multimode Reader (Turner Biosystems, 

USA) instrument was used. 
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CHAPTER 3 

 

 

3 RESULTS 

 

 

 

3.1 Subcellular Localization of USP32 Protein 

 

3.1.1  Predictions for Subcellular Localization of USP32 Protein 

 

Revealing the localization of a protein may provide information on the possible 

function of that protein. Therefore, there are various bioinformatics tools, based on 

different algorithms, used to predict the subcellular localization of uncharacterized 

proteins. However, experimental confirmation, as expected, would be needed to 

validate such bioinformatics predictions. 

 

USP32, Ubiquitin Specific Protease 32, as a potential oncogene candidate was first 

investigated bioinformatically to predict localization sites in the cell. To achieve 

this, we used Subnuclear, ESLpred, Hum-mPLoc, knowPredsite, SubLoc, HSLpred, 

UniPortKB- SubCell and IMB, from the University of Queensland prediction 

programs (Table 3.1). 
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Table 3. 1 Predictions for subcellular localization of USP32 protein obtained from bioinformatics tools. 

 

 

 

1. (Lei and Dai 2005), 2. (Bhasin and Raghava 2004), 3.(Shen and Chou 2009), 4. (Chou and Shen 2008), 5. (Shen and Chou 2007), 6. 

(Chou 2005), 7. (Shen and Chou 2006), x8. (endnote problem add by hand), 9. (Pierleoni et al. 2007), 10. (Hua and Sun 2001), 11. 

(Garg et al. 2005), 12. (Yuan and Teasdale 2002), EBI:European Bioinformatics Institute,   PIR: Protein Information Resource, SIB 

:Swiss Institute of Bioinformatics.  

5
8
 

 

http://www.ebi.ac.uk/
http://www.ebi.ac.uk/
http://www.ebi.ac.uk/
http://www.isb-sib.ch/
http://www.isb-sib.ch/
http://www.isb-sib.ch/
http://www.isb-sib.ch/
http://www.isb-sib.ch/
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Different protein localization programs revealed diverse predictions for USP32 

protein localization. ‘’Subnuclear’’ predicted PML body localization, ‘’SubLoc’’ 

and ‘’HSLpred’’ programs predicted a cytoplasmic localization, ‘’ESLpred’’ 

predicted nucleus localization, ‘’knowPredsite’’, ‘’UniPortKB- SubCell’ and 

‘’IMB’’ (from the University of Queensland) predicted a Golgi localization and 

‘’Hum-mPLoc’’ predicted lysosome localization for this protein. As different 

results were obtained, using these prediction programs, to find the exact localization 

of USP32 inside the cell, we further performed subcellular localization studies as 

mentioned in the following sections. 

 

3.1.2 Cloning of USP32 into Reporter Plasmids 

 

In order to investigate the subcellular localization of USP32 protein inside the cell, 

we cloned the full length of USP32 coding sequence into pEGFPN1 (Clontech) 

vector (Appendix B). In addition, to find the responsible sequence for localization 

of USP32 protein, the full length coding sequence of USP32 was divided into 3 

partial and overlapping fragments (USP32-I, USP32-II and USP32-III), containing 

the sequences for different domains of USP32 protein and the sequences were 

cloned into pEGFPN1 and pEGFPC1 vectors (Appendix B). 

 

The position of full length and fragments of USP32 and the primers, used for PCR 

amplification of these sequences are shown in Figure 3.1. 
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Figure 3. 1 Position of the domains of USP32 protein (Accession number: 

AAM97922) and primers, used for PCR amplification of full length and USP32-I 

(I), USP32-II (II) and USP32-III (III) fragments of USP32. According to NCBI 

(National Center for Biotechnology Information), conserved domain database, 

USP32 protein contains 5 domains: Ca
2+

 binding and EF-hand domains from 189-

339 and 231-293 amino acids (aa), DUF 1055 domain from 546-701 aa, found in 

Ubiquitin Specific Proteases with an unknown function and 3 peptidase domains 

from 733-911, 1225-1318 and 1510-1565 amino acids. The sequences for the 

primers are given in Appendix A. 
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3.1.2.1 Sticky End Cloning of Full Length USP32 and USP32- I Coding 

Sequences into pEGFPN1 Vector 

 

To investigate the localization of full USP32 protein, the full length USP32 coding 

sequence (from bases 1-4812) was PCR amplified, using specific forward and 

reverse primers containing Xho1 and Apa1 restriction sites respectively. The PCR 

product was cloned into TOPO-TA vector and sequenced. This construct was 

further digested with Xho1 and Apa1 restriction enzymes and ligated into pEGFPN1 

vector (digested with the same restriction enzymes: Xho1 and Apa1), as mentioned 

in Figure 3.2A, B and C. 

 

pEGFPN1 vector (Appendix B) contains the sequence for expressing Enhanced 

Green Fluorescence Protein (EGFP), just downstream of its Multiple Cloning Site 

(MCS). Consequently, USP32-EGFP fusion protein contains USP32 at N-terminus 

(amino-terminus) and EGFP at C-terminus (carboxyl-terminus).  
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A. 

 

 

B.  

                  

 

Figure 3. 2 Double digestion of USP32-Full-TOPO and pEGFPN1 vectors with 

Xho1 and Apa1 restriction enzymes. A. Double digestion of USP32-Full-TOPO 

construct with Xho1 and Apa1 restriction enzymes, resulted with 4 digested 

fragments of 104 (run fast and left the gel), 1307, 1388 bp and 4008 bp. B. Double 

digestion of pEGFPN1 vector with Xho1 and Apa1 restriction enzymes generated a 

sticky end digested vector.  
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The sticky end products from double digestion with Xho1 and Apa1 restriction 

enzymes (Figure 3.2), were extracted from agarose gel and ligation reactions were 

set up to generate USP32-GFP fusion construct. The generated construct was 

further confirmed by restriction digestion (Figure 3.3). 

 

 

 

Figure 3. 3 Confirmation of cloning for USP32-Full-pEGFPN1 construct. M: 

MassRuler marker, lane 1: digested with BamH1 (expected sizes: 1.218+8.297 kb), 

lane 2: double digested with Xho1 and Apa1 (expected sizes: 4.812+4.7 kb), lane 3: 

digested with Xho1 (expected size: 9.5 kb) and lane 4: double digested with Xho1-

Not1 (expected sizes: 5.614+3.9 kb). M: MassRuler marker. 

 

The sizes obtained from digestion product were correct and USP32-Full-pEGFPN1 

construct was further used in the experiments. 

 

To investigate the localization of USP32-I, the sequence (from bases 1-2199 of 

USP32 coding sequence) was PCR amplified, using specific forward and reverse 

primers containing Xho1 and Apa1 restriction sites respectively. The PCR products 

were cloned into TOPO-TA vector, sequenced, digested, finally cloned into 

pEGFPN1 vector and confirmed by restriction digestion (Figure 3.4 A, B and C).  
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A.                                                                    B.  

     

 

 

                        C. 

 

 

Figure 3. 4 A. Double digestion of USP32-I-TOPO construct with Xho1 and Apa1 

restriction enzymes, resulted with 4 digested fragments of 104, 1307, 1388 bp and 

2200 bp. B. Double digestion of pEGFPN1 vector with Xho1 and Apa1 restriction 

enzymes generated sticky ends. C. USP32-I-pEGFPN1 construct, double digested 

with Xho1 and Apa1 restriction enzymes: expected sizes: 2.2 kb for insert and 4.7 

kb for vector. M: MassRuler marker. 
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The sizes after digestion confirmed that we cloned and obtained the correct 

construct to be further used in experiments.  

 

3.1.2.2 Blunt End Cloning of USP32-II and USP32-III Coding Sequences 

into pEGFPC1 vector 

 

In order to investigate which part of USP32 is responsible for the localization of 

this protein, we cloned the two other fragments of USP32: USP32-II (from bases 

1500-3300 of USP32 coding sequence) and USP32- III (from bases 3000-4812 of 

USP32 coding sequence), as shown in Figure 3.1, into pEGFPC1 vector. The 

mentioned fragments were previously cloned into pGEX-4T-2 vector, sequenced, 

digested and further were cloned into pEGFPC1 vector, using blunt end cloning 

method. For this purpose, USP32-II-pGEX-4T-2 and USP32-III-pGEX-4T-2 

constructs were digested with Sal1 and Not1 and pEGFPC1 vector was digested 

with Sal1 restriction enzymes (Figure 3.5 A and B). All digestion products, which 

contained sticky end DNA at their ends, were further digested with S1 nuclease 

enzyme (to produce blunt end DNA) and used in ligation reactions.  

 

To confirm the direction of inserts, colony PCRs and restriction digestions were 

performed (Figures 3.6 and 3.7). 
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A.                                                                   B. 

           

 

                                 C.  

             

 

Figure 3. 5. Digestion of USP32- II- pGEX-4T-2 and USP32- III- pGEX-4T-2 

constructs and pEGFPC1 vector with restriction enzymes. A. Double digestion of 

USP32- II- pGEX-4T-2 construct with Sal1 and Not1 restriction enzymes (expected 

sizes: 4.969 kb and 1.8 kb), B. Double digestion of USP32- III- pGEX-4T-2 

construct with Sal1 and Not1 restriction enzymes (expected sizes: 4.969 kb and 1.8 

kb). C. Digestion of pEGFPC1 vector with Sal1 restriction enzyme (expected size: 

4.7 kb). 
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A.  

 

  

B.  

 

 

Figure 3. 6 Colony PCR for confirming the cloning of USP32-II and USP32-III 

fragments into pEGFPC1 vector. A. Cloning of USP32-II fragment into pEGFPC1 

vector was confirmed, using 7F-CDS (insert specific) and SC1-R (vector specific) 

primer set (Appendix A). M: MassRuler, 1-8: name of colonies, 9: no insert control 

of cloning, 10: pEGFPC1 control and 11: PCR negative control. B. Cloning of 

USP32-III fragment, into pEGFPC1 vector was confirmed, using SC1F (vector 

specific) and SC1-R (vector specific) primer set (Appendix A). M: MassRuler, 1-6: 

name of colonies, 7: no insert control of cloning, 8: pEGFPC1 control and 9: PCR 

negative control. Sizes correspond to correct constructs: for USP32-II: 420 bp and 

for USP32-III: 2000 bp). PCRs were performed using initial denaturation at 95ºC 

for 2 min, followed by 30 cycles at 95ºC for 30 seconds (denaturation), 56ºC for 30 

seconds (annealing) and 72ºC for 1 min (elongation). A final extension at 72 ºC for 

10 min was used. 
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Figure 3. 7. Restriction digestion to confirm the cloning of USP32-II and USP32-

III fragments into pEGFPC1 vector. Lane 1: USP32-II-pEGFPC1 construct, 

digested with Hind III restriction enzyme and expected sizes after digestion for the 

correct insertions are 921 bp + 5579 bp. Lane 2:  USP32-III-pEGFPC1 construct, 

digested with EcoRI and expected sizes after digestion for the correct insertion are 

1542 bp + 4958 bp. M: MassRuller.  

 

 

As a result, we generated and confirmed the correct constructs to be further used in 

experiments.  
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3.1.3 Subcellular Localization of USP32- Full- EGFPN1 Fusion Protein 

 

Finding the subcellular localization of a protein may help us understand the 

function of that protein. For this purpose, we performed FPP assay to reveal the 

topology of USP32-EGFP fusion protein inside the living cells (Lorenz et al. 2006). 

Permeabilization of plasma membrane (which is rich in cholesterol) with digitonin, 

followed by protease treatment, reveals the location of the protein by following the 

fluorescence signal released from the cells. This assay determines if a protein is 

cytoplasmic or membrane bound and in the case if it is attached to a membrane 

inside the cell, which terminus of the protein is facing the cytoplasm and lumen. 

Our purpose was to investigate the USP32 localization, using this assay. We 

transfected the USP32 cloned constructs (pEGFPN1-USP32-Full, pEGFPN1-

USP32-I, USP32-II-pEGFPC1, USP32-III-pEGFPC1) into HeLa cells. Assay was 

performed 20-24 h after transfection. Before taking the images, we performed photo 

bleaching test for cells expressing EGFP to make sure that the loss of signal after 

cell permeabilization was not due to photo bleaching. The FPP assay for full CDS 

USP32-EGFP fusion protein is shown in Figure 3.8.   
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A.  

 

 

B.  

 

 

C.  

 

 

D. 

 

 

Figure 3. 8 Fluorescence protease protection assay for USP32-Full-pEGFP fusion 

protein in HeLa cells.  

 

 



71 

 

E.  

 

 

Figure 3. 8 (Continued) Fluorescence protease protection assay for USP32-Full-

pEGFP fusion protein in HeLa cells. A. The schematic of USP32-Full-EGFP fusion 

protein. B. Photo bleaching control for pEGFPN1 vector after 0, 120, 180 and 270 s 

exposure to fluorescence beam of 488 nm wavelength. C and D. Permeabilization 

of EGFP and USP32-Full-EGFP expressing HeLa cells, respectively with 20 µM 

digitonin, documented at 3 different time points, after treatment. E. Protease 

treatment of USP32-Full-EGFP expressing HeLa cells, 0, 60, 180 and 300 s after 

treatment with 6 mM trypsin. Images (20X) were captured, using Zeiss LSM 510 

microscopy (Central Lab, METU).  

 

Results from Figure 3.8B, revealed no photo bleaching of EGFP protein, 270 s after 

exposure to a wavelength of 488 nm. In Figure 3.8C, Hela cells, transfected only 

with empty pEGFPN1 vector were treated with 20 µM digitonin for permeabilizing 

the cell membrane. The fluorescence signal was gradually lost after 120 s and was 

completely lost after 270 s treatment, indicating that EGFP protein, as is already 

known, is a soluble (not membrane bound) protein. In Figure 3.8D, USP32-Full-

EGFP expressing HeLa cells, treated with 20 µM digitonin, indicated no 

fluorescence signal loss even at 270 s after permeabilization with digitonin. This 

result showed that USP32 protein was not a cytoplasmic or soluble protein: but 

rather, possibly a membrane/organelle bound protein. In Figure 3.8E, in order to 

find the orientation of the (membrane) bound protein, (whether the C-terminus of 

the fusion protein (EGFP) was faced the cytoplasm in the case if it is a membrane 

bound protein), the permeablized USP32-Full-EGFP expressing HeLa cells were 



72 

 

treated with 6 mM trypsin. Theoretically, as trypsin is a serine protease and cleaves 

peptide chains in an unspecific manner, it could cleave the EGFP part of the protein 

at C-terminus and remove the fluorescence signal, in the case the fusion USP32-

EGFP protein is attached to any membrane/organelle inside the cell and the EGFP 

faces the cytoplasm. As no signal was lost after trypsin treatment in these cells, we 

concluded that EGFP was not facing the cytoplasm. In other words, it was possible 

that the N terminus of the fusion protein (USP32) could be facing the cytosol or that 

USP32 was localized to the interior of an organelle. 

 

Further experiments for determining the exact topology of USP32-EGFP fusion 

protein in HeLa cells were performed (Figure 3.9). For this purpose, we 

investigated the exact localization of USP32 and used confocal microscopy to study 

HeLa cells expressing USP32-EGFP protein.  
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Figure 3. 9 Localization of USP32-EGFP fusion protein (USP32-Full) in HeLa 

cells. Images (100X) were captured via Zeiss LSM 510 confocal microscopy 

(Central Lab, METU).  

 

The results on Figure 3.9 indicated a localization pattern for USP32, around the 

nucleus which may indicate Golgi localization. For this purpose, co-localization 

study to reveal the positions of USP32-EGFP fusion protein and Golgi apparatus in 

HeLa cells was performed by staining USP32-EGFP protein expressing cells with 

BODIPY-TR (BODIPY® TR C5 ceramide complexed to BSA, Molecular Probes 

as shown in Figure 3.10. 
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Figure 3. 10 BODIPY-TR staining of HeLa cells, expressing USP32-EGFP for detecting the location of Golgi. Images (100X) were 

captured via Zeiss LSM 510 confocal microscopy (Central Lab, METU).   

7
4
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According to merged images (obtained from USP32-EGFP expressing and 

BODIPY-TR stained HeLa cells), USP32-EGFP protein seemed to be localized to 

Golgi. 

 

BODIPY® TR C5- ceramide stains the Golgi, revealing also a background staining 

of other membranes in the cell. Ceramide, together with the dye are transferred to 

the Endoplasmic Reticulum (ER) and further transferred to Golgi. Ceramide could 

be transferred further from Golgi to cell membranes. However, the Golgi apparatus 

is stained more prominently and we detected a partial yellow color in merged 

images, possibly corresponding to Golgi.  

 

The protein localization to Golgi apparatus is not fully understood as there are not 

any known or conserved Golgi localization signals. For this reason, USP32 may 

have an as of yet unknown signal for Golgi localization. To further find the 

responsible region for Golgi localization of USP32 protein, the sequence of full 

length USP32 was divided into three fragments, and localization studies were 

performed for these sequences as mentioned in the following sections. 

 

3.1.4 Subcellular Localization of USP32- I –EGFP, EGFP- USP32- II and 

EGFP- USP32- III fusion proteins 

 

The PCR product of the CDS of first fragment of USP32 (USP32-I), from bases 1-

2199 of USP32 coding sequence was ligated into pEGFPN1 vector to generate 

EGFP fusion protein. Protein contains USP32-I at N-terminus (amino-terminus) 

and EGFP at C-terminus (carboxyl-terminus), as shown in Figure 3.11A.  The 

Fluorescent protection assay was performed for USP32-I-EGFP fusion protein 

(Figures 3.11B, C and D) and to further clarify the results, images were captured 

from HeLa cells, expressing USP32-I, using confocal microscopy (Figure 3.12). 

Assay was performed 20-24 h after transfection. 
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A. 

 

 

 

B.

 

 

C. 

 

 

Figure 3. 11 Fluorescence protection assay for USP32-I-EGFP fusion protein.  

 

 

 

 

 

 

 



77 

 

D. 

 

 

Figure 3. 11 (Continued) Fluorescence protection assay for USP32-I-EGFP fusion 

protein. A. The schematic of USP32-I-EGFP fusion protein. B. Photo bleaching 

control for pEGFPN1 vector after 0, 120, 180 and 270 s exposures to fluorescence 

beam of 488 nm wavelength. C and D. Permeabilization of EGFP and USP32-I-

EGFP expressing HeLa cells with 20 µM digitonin, documented at 0, 120, 180 and 

240 s, after treatment. Images (20X) were captured, using Zeiss LSM 510 

microscopy (Central Lab, METU).  

 

 

In Figure 3.11B, HeLa cells transfected only with pEGFPN1 were exposed to a 

wavelength of 488 nm up to 270 s, in order to ensure lack of photobleaching. No 

fluorescence signal was lost during this period from cells. In Figure 3.11C, HeLa 

cells transfected with pEGFPN1 were permeabilized with 20 µM digitonin. The 

cells were gradually losing fluorescent signal between 0- 120 s and the signal was 

almost gone at 240 s. In Figure 3.11D, USP32-I-EGFP expressing HeLa cells were 

permeabilized with 20 µM digitonin. No decrease in the fluorescence signal was 

detected from most cells, while a number of cells started to have fainter signals 240 

s after permeabilization. These results suggested the possibility that some cells 

contained not soluble, but a membrane/organelle bound/protein, while the rest had 

cytoplasmic localization for this protein. To further clarify the results from Figure 

3.11, images were captured from HeLa cells, expressing USP32-I, using confocal 

microscopy (Figure 3.12). 
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 Figure 3. 12 Localization of USP32-I-EGFP fusion protein in HeLa cells, 

indicated by two representative images. Zeiss LSM 510 confocal microscopy 

(Central Lab, METU) was used for capturing the images (100X).  

 

 

Fluorescence protection results (Figure 3.11), suggested the membrane /organelle 

bound and cytoplasmic localizations for USP32-I-EGFP fusion protein, as 

fluorescence signal did not fade after permeabilization of plasma membrane in most 

cells, but weakened in some cells. Results on Figure 3.12 also supported the 

observations from fluorescence protection assay. Both cytoplasmic and membrane 

bound/organelle localizations, may be explained by the existence of a Golgi 

localization signal in the sequence near the C- terminus of USP32-I, weakened by 

dividing the full coding sequence into fragments.  

 

Alternatively, because cells under the investigation are in different cell cycle 

phases, it could also be possible that cells undergoing mitosis (with diffused Golgi 

apparatus), showed a cytoplasmic localization. As the last possible point, the 



79 

 

folding of fusion protein could also cause such observations for USP32-I-EGFP 

fusion protein.  

 

In order to find the responsible sequence for Golgi localization of USP32 protein, 

further localization studies were performed for EGFP-USPP32-II and EGFP-

USPP32-III fusion proteins and the results are shown in the next parts. 

 

The CDS of second fragment of USP32 (USP32-II), from base 1500- 330 of USP32 

coding sequence was ligated into pEGFPC1 vector and used in fluorescence 

protection assay (Figure 3.13), in order to generate EGFP fusion protein. EGFP- 

USP32-II fusion protein contains EGFP at N-terminus (amino-terminus) and 

USP32-II at C-terminus (carboxyl-terminus), as shown in Figure 3.13A.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



80 

 

A.  

 

 

 

B. 

 

 

C. 

 

 

Figure 3. 13 Fluorescence protection assay for EGFP-USP32-II fusion protein. A. 

The schematic of EGFP-USP32-II fusion protein.  
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D.  

 

 

Figure 3. 13 (Continued) Fluorescence protection assay for EGFP-USP32-II 

fusion protein. A. The schematic of EGFP-USP32-II fusion protein. B. Photo 

bleaching control for pEGFPC1 vector after 0, 120, 180 and 270 s exposure to a 

fluorescence beam of 488 nm wavelength. C and D. permeabilization of EGFP and 

EGFP-USP32-II expressing HeLa cells with 20 µM digitonin, documented at 0, 

120, 180 and 240 s, after treatment. Images (20X) were captured, using using Zeiss 

LSM 510 microscopy (Central Lab, METU). 

 

 

According to the results from Figure 3.13B, the images from HeLa cells transfected 

with pEGFPC1 were captured after an exposure to a wavelength of 488 nm until 

270 s. Results from this part ensured no existence of photobleaching in the system. 

In Figure 3.13C, HeLa cells transfected with pEGFPC1 were permeabilized with 20 

µM digitonin. The signal was nearly lost at 240 s. In Figure 3.13D, HeLa cells 

transfected with EGFP-USP32-II were permeabilized with 20 µM digitonin. Most 

of the cells did not lose the fluorescence signal at 240 s. These results suggested the 

possibility that some of cells may have had a cytoplasmic soluble fusion protein, 

while the rest contained a membrane/organelle bound protein. This observation was 

similar to those observed in Figure 3.11, for EGFP- USP32-I fusion protein in 

previous section.  
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Furthermore, to confirm the results obtained from fluorescence protection assay, the 

localization of USP32-II-EGFP fusion proteins was determined, using confocal 

microscopy (Figure 3.14).  

 

 

 

Figure 3. 14 Localization of EGFP-USP32-II fusion proteins in HeLa cells.Zeiss 

LSM 510 confocal microscopy (Central Lab, METU) was used for capturing the 

image (100X). 

The results from confocal images from Figure 3.14 were consistent with the results, 

obtained from fluorescent protection assay, suggesting Golgi localization for 

EGFP-USP32-II fusion protein. 

 

The CDS of third fragment of USP32 (USP32-III) was ligated into pEGFPC1 

vector and used in fluorescence protection assay (Figure 3.15), in order to generate 

EGFP fusion protein. EGFP- USP32-III fusion protein contains EGFP at N-

terminus (amino-terminus) and USP32-III at C-terminus (carboxyl-terminus), as 

shown in Figure 3.15A. This construct was transfected into HeLa cells and images 

were captured 20-24 h after transfection. 
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A. 

 

 

B. 

 

 

C. 

 

 

Figure 3. 15 Fluorescence protection assay for EGFP-USP32-III fusion protein.  
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D. 

 

 

Figure 3. 15 (Continued) Fluorescence protection assay for EGFP-USP32-III 

fusion protein. A. The schematic of EGFP-USP32-III fusion protein. B. photo 

bleaching control for pEGFPC1 vector after 0, 120, 180 and 240s exposure to a 

fluorescence beam of 488 nm wavelength. C and D: permeabilization of EGFP and 

EGFP-USP32-III expressing HeLa cells with 20 µM digitonin, documented at 0, 

120, 180 and 240s, after treatment. Images were captures, using fluorescent 

microscopy (20X). 

 

 

In Figure 3.15B, HeLa cells transfected with pEGFPC1 were exposed to a 

wavelength of 488 nm and images were captured during 0-270 s. The results 

ensured lack photobleaching in the system. In Figure 3.15C, HeLa cells transfected 

with pEGFPC1 were permeabilized with 20 µM digitonin. The signal was nearly 

lost at 240 s. In Figure 3.15D, HeLa cells transfected with EGFP-USP32-III were 

permeabilized with 20 µM digitonin. The fluorescent signal was completely lost 

from all cells after 240 s, indicating that EGFP-USP32-III was a soluble protein in 

the cytoplasm. Further localization study, to explain this situation for localization of 

EGFP-USP32-III fusion protein was done and shown in Figure 3.16, revealing a 

soluble cytoplasmic localization for EGFP-USP32-III fusion protein. 
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Figure 3. 16 Localization of EGFP- USP32-III fusion proteins in HeLa cells. Zeiss 

LSM 510 confocal microscopy (Central Lab, METU) was used for capturing the 

image (100X). 

 

 

In conclusion, the results from fluorescence protection assay of USP32-Full, 

indicated that the full length USP32 protein fused to EGFP, was not a soluble 

protein and it suggested membrane/organelle bound localization for this protein. 

Confocal microscopy images from HeLa cells, transfected with USP32-Full-EGFP 

construct also confirmed the FPP results, suggesting a possible Golgi-like 

localization for USP32-Full-EGFP fusion protein. BODIPY-TR staining of USP32-

Full-EGFP expressing cells suggested that USP32 was possibly localized to Golgi 

in HeLa cells. 

USP32-I, USP32-II and USP32-III partial fragments of USP32, fused to EGFP, 

were also used in fluorescence protection assay. Results indicated that these 

fragments, fused to EGFP, could have both cytoplasmic and membrane 

bound/organelle localizations, as fluorescence signal did not fade after 

permeabilization of plasma membrane in most cells, while weakened in a number 
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of cells. The reason for this may be explained as the existence of a Golgi 

localization signal in the sequence near the end of USP32-I and start of USP32-II 

fragments, affected and weakened by dividing the full coding sequence into 

fragments. On the other hand, these observations could be because cells under the 

investigation were in different cell cycle phases. The results of fluorescence 

protection assay for USP32-III fragment of USP32 indicated that USP32-III, fused 

to EGFP was a soluble protein, as the cells completely lost the fluorescent signal 

after permeabilization, indicating the possibility of existence of no Golgi 

localization signal in the sequence of USP32-III. Alternatively, different folding of 

partial fusion proteins could also cause such observations for USP32-I, USP32-II 

and USP32-III fusion proteins.  
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3.2 Functional Characterization of miR-125b 

 

3.2.1 Expression of miR-125a and miR-125b in Human BCCLs 

 

Previously in our lab, we have detected decrease or loss of miR-125b-1 precursor 

expression in breast cancer cell lines (Akhavantabasi et al. 2012). In this study, we 

detected the mature levels of miR-125a and miR-125b in 10 breast cancer cell lines, 

compared to normal breast tissue and immortalized normal breast cell line 

(MCF10A), as shown in Figure 3.17 A and B. 
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Figure 3. 17 Taqman miRNA assay to detect the mature miR-125a and miR-125b 

levels. 
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Figure 3. 17 (Continued) Taqman miRNA assay to detect the mature miR-125a 

and miR-125b levels. A. miR-125a and B. miR-125b levels, in normal breast tissue 

and MCF10A, EFM19, JIMT1, MCF7, MDA-MB-231, MDA-MB-361, MDA-MB-

468, MDA-MB-453, SKBR3, T47D and ZR-75-1 cell lines. RNAU6B was used as 

reference gene. Results were normalized to the values obtained from MCF10A. 

Results were obtained from 2 independent experiments and 3 replicas were used for 

each sample.  

 

 

The expression results in Figure 3.17 revealed that compared to miR-125a with an 

expression in nearly all breast cancer cell lines, miR-125b was dramatically down 

regulated in 9 of 10 cell lines, compared to normal breast and MCF10A controls, 

suggesting a tumor suppressor role for miR-125b in breast cancer. Further 
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experiments were performed in this study, to characterize miR-125b better in breast 

cancer. 

 

3.2.2 Generation of Breast Cancer Model Systems to Study the Role of miR-

125b-1 

 

In order to study the possible tumor suppressor role of miR-125b, an MCF7 model 

system was already generated in our lab (these cells were selected as they expressed 

low levels of precursor miR-125a and miR-125b, according to results previously 

detected in our lab). To further examine the role of miR-125b in another 

background cell line, miR-125b precursor construct was stably transfected into 

T47D cells (T47D cells were chosen as we previously detected low/no expression 

of miR-125b-1 precursor). For this purpose, precursor sequence of miR-125b, 

cloned into pSUPER vector (pSUPER.retro.neo+GFP, Invitrogen, as shown in 

Appendix B) was transfected into T47D breast cancer cells and polyclonal stable 

cell line (T47D-125) was generated upon antibiotic selection. As control, T47D cell 

were also transfected with empty pSUPER vector (EV) and polyclonal stable cell 

line was selected (T47D-EV).  

 

Three different polyclonal cell populations were tested for genomic integration 

(Figure 3.18) and transcript expression (Figures 3.19) of miR-125b. 
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Figure 3. 18 PCR Amplification of miR-125b-1 from stably transfected T47D cells 

from genomic DNA, using pSUPER vector specific primers (pSUPER-F and 

pSUPER-R). M: GeneRuler marker, POLY: Polyclonal, C: Control for none 

specific template (pmiR vector) and NC: no template control for PCR. PCR was 

performed using initial denaturation at 95ºC for 2 min, followed by 30 cycles at 

95ºC for 30 seconds (denaturation), 56ºC for 30 seconds (annealing) and 72ºC for 1 

min (elongation). A final extension at 72ºC for 10 min was performed. 

 

 

Results, shown in Figure 3.18 indicated the integration of miR-125- pSUPER 

construct and empty pSUPER vector into T47D cells. If miR-125b1 vector was 

inserted into the genome, a 600 bp product was detected as for empty vector, since 

the stuffer region wasn’t excised, a 1200 bp was detected. Precursor miR-125b-1 

transcript was also detected to be available in miR-125 transfected T47D cells, but 

not in controls as expected, detected by RT-PCR (Figure 3.19). In addition, the 
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existence of mature miR-125b was confirmed by qRT-PCR (Taqman assay, RNU6B 

was used as internal control) in transfected T47D cells (Figure 3.20).  

 

 

 

 

Figure 3. 19 RT-PCR for detecting the expression of precursor miR-125b-1. PCR 

amplification for detecting the expression of precursor miR-125b-1 from cDNA of 

stably transfected T47D cells. POLY: polyclonal cells, NTC: Negative Control of 

PCR. GAPDH was used to test the quality of cDNA used in PCR. PCRs were 

performed using initial denaturation at 95ºC for 2 min, followed by 30 cycles at 

95ºC for 30 seconds, 58ºC for 30 seconds and 72ºC for 30 seconds. A final 

extension at 72 ºC for 10 min was performed. 
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Figure 3. 20 Taqman miRNA assay for detecting the expression of mature miR-125 

in T47D-125 (polyclonal 3) and T47D-EV cells. The values from miR-125 

expression were normalized to the values of RNU6B (reference gene) expression in 

those cells. The results were obtained from 2 separate experiments for each sample, 

each in triplicates.  

 

 

After confirmation of miR-125b expression in transfected T47D cells, we 

investigated if miR-125b expression caused any phenotypical changes. Both T47D 

cells and MCF7 cells also were further investigated to test the effect of miR-125b 

expression restoration.  

 

From this point onwards, miR-125b expressing cells will be referred as MCF7-125b 

and T47D-125b, whereas the control cells will be referred as MCF7-EV and T47D-

EV. 
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3.2.3 Functional Assays for miR-125b Expressing Cells 

 

3.2.3.1 Cell Proliferation Assay (MTT)  

 

As a potential tumor suppressor, we investigated if restoration of miR-125b 

expression in low/no miR-125b expressing cells would lower the proliferation rate. 

MTT assay was performed, in order to investigate the effect of miR-125b on the 

proliferation of both MCF7 and T47D cells (Figures 3.21 A and B). 
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Figure 3. 21 Cell proliferation detected by MTT. A. 10,000 MCF7-125 and MCF7-

EV cells were initially seeded into each well of 96-well cell culture plates. After 4 h 

incubation with MTT labeling reagent (5 mg/ml) and solubilization with a 1% 

solution of SDS, OD570 values were measured at days 0, 1, 2, 3 and 4. The OD570 

valued were normalized to day 0 values. 8 replicas were used for each sample in 

two independent experiments. 
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Figure 3. 21 (Continued) Cell proliferation detected by MTT. B. 10,000 T47D-125 

and T47D-EV cells were seeded into each well of 96-well cell culture plates and 

OD570 values were measured at days 0, 1, 3, 6 and 9, after cells were seeded, 

incubated with MTT labeling reagent and 1% SDS, as mentioned above. 4 replicas 

were used for each sample in two independent experiments. Student t-test was used 

for analyzing the data. ns: no significant and ***: significant difference between 

normalized growth rates of MCF7-125 and MCF7-EV (p<0.05). 

 

Results from Figure 3.21 indicated a 36-53% decrease in the cell proliferation of 

MCF7-125, compared to MCF7-EV cells from day 2 to day 4 after seeding. 

Interestingly, no decrease in the proliferation of T47D-125 compared to T47D-EV 

cells was detected in correlation with the results obtained from another study (Guo 

et al. 2009; Wu and Belasco 2005) in this cell line. Possible reasons for this 

observation were seeked. As mentioned earlier, mature miR-125b and mature miR-

125a has the same seed sequences, hence the potential to target same target 

mRNAs. So to test whether miR-125a levels may vary and have different effects 
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among cell lines, miR-125a and miR-125b mature levels were detected in MCF7 

and T47D BCCL (as shown already in Figure 3.17). Endogenous mature miR-125b 

was available in both T47D and MCF7 cell lines at low levels: however miR-125a 

was detected in T47D cells at higher levels, compared to MCF7 cells. miR-125a 

and miR-125b contain different mature sequences, while their seed sequences are 

similar (Figure 3.22), making it possible that they both bind and regulate same 

mRNA targets. In such a case, if the common target of these miRNAs was a 

regulator of cell proliferation, as miR-125a level was already high in T47D cells, it 

might not have been possible to follow the proliferative effect of miR-125b in these 

cells. This means that miR-125a could already have targeted a particular mRNA. 

Recent studies revealed the regulation of v-ets erythroblastosis virus E26 oncogene 

homolog 1 (ETS1), a regulator of cell proliferation, by miR-125b (Zhang et al. 

2011). ETS1 is predicted to be targeted by both miR-125a and miR-125b (Figure 

3.23). 
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Figure 3. 22 The mature sequences for hsa-miR-125a, hsa-miR-125b-1 and hsa-

miR-125b-2. The seed sequences are indicated in red and differences in the mature 

sequences are shown in blue. Sequences and accession numbers are derived from 

miRBase database. 
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Figure 3. 23 Predicted conserved binding sites of miR-125a and miR-125b on the 

3’-UTR of ETS1 mRNA by TargetScan program. miR-125a and miR-125b contain 

the same seed but different mature sequences.  

 

Alternatively, no change in cell proliferation rate after miR-125b expression in 

T47D but not MCF7 cells may be further explained by the possibility of the 

existence of a different transcriptome, which may have altered the availability of 

miR-125b target mRNA/mRNAs, responsible for cell proliferation regulation. In 

this situation, T47D cells may not express the proliferation regulator target of miR-

125b, expressed in MCF7. As third possibility, different Single Nucleotide 

Polymorphisms (SNP) at miR-125b binding sites on the 3’UTR of the target 

mRNAs may inhibit the binding of miR-125b in T47D cells. Moreover, in the case 

of indirect targets of miR-125b, different proteomes of these 2 BCCLs, where the 

presence or absence of different transcription activators or repressors, may alter the 

expression of indirect cell proliferation regulator targets. 
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3.2.3.2 Effect of miR-125b Expression on Cell Motility/Migration 

 

To study if miR-125b expression affects the migration of MCF7 cells, MCF7-EV 

and MCF7-125b cells were plated in medium containing 1% serum on the upper 

well of a transwell chamber and cells were observed for their ability to migrate 

through 8 µm pores of a membrane to reach to the high serum containing medium 

(10%) in the bottom wells. 24 h after initial cell seeding, MCF7-125b cells had a 

~50% decrease in their migration properties, compared to MCF7-EV cells (Figure 

3.24). Furthermore, to confirm if this decrease in cell migration was due to miR-

125b expression, we designed 2’-O-methyl anti-miR-125b (Anti-125b) and non-

specific control (C-Oligo) oligos. Antisense 2’-O-methyl oligos are successfully 

used to inhibit miRNAs in vitro (Jiang et al. 2010; Wu and Belasco 2005). MCF7-

125 cells were treated with miR-125b inhibitor oligo and migration assay was 

performed. Migration assay for MCF7-125 cells, treated with miR-125b inhibitor 

oligo indicated a significant increase in their migration, compared to mock 

transfected and control oligo treated cells (Figures 3.25 A). Transfection efficiency 

for anti-125b oligo transfection was checked by qRT-PCR (Figure 3.25 B). The 

alignments for mature miR-125 and antisense 2’-O-methyl oligos are shown in 

Figure 3.26. 
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Figure 3. 24 Transwell migration assay in MCF7-EV and MCF7-125 cells. MCF7-

EV and MCF7-125b cells (200,000 pre-starved (in 1% FBS)) in 0.1 mL MEM-

Earle’s medium with 1% FBS were plated on the upper wells of transwell migration 

chambers. Medium with 10% FBS was added to the lower wells. Cells were 

allowed to migrate for 24 h through 8 µm pores towards high serum containing 

medium. The cells on the lower side of the membranes were stained with Giemsa 

and counted, using 10X objective of a light microscope (Leica). Experiments were 

performed 3 independent times with at least 6 membranes. 3 random fields were 

counted per membrane. Student t-test was used to analyze the data. **: indicates 

statistical significance (p<0.05). Representative membrane images are given below 

the graph.  
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Figure 3. 25 A. Transwell migration assay in MCF7-125 cells, transfected with 

miR-125b and control oligos.MCF7-125 cells transfected with 1.5 µg/mL anti-

125b/control oligos (C-Oligo) and mock transfected were used in migration assay. 

200,000 pre-starved (in 1% FBS) cells in 0.1 mL MEM-Earle’s medium with 1% 

FBS were seeded on the upper wells of transwell migration chambers. Cells were 

allowed to migrate for 24 h through 8 µm pores towards high serum containing 

medium (medium with 10% FBS was added to the wells on the other side of 

membranes). The cells on the lower side of the membranes were stained with 

Giemsa and counted, using 10X objective of a light microscope (Leica). All 

experiments were performed 3 independent times, using a total of 6 membranes. 3 

random fields were counted per membrane. Student t-test was used to analyze the 

data. *: indicates statistical significance (p<0.05). B. Taqman miRNA assay to 

detect the mature miR-125b levels in anti-125b transfected MCF7-125 cells. 

RNAU6B was used as reference gene. 3 replicas were used for each sample.  
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Approximately 50% decrease in the level of cell migration was observed in MCF7-

125 cells, compared to MCF7-EV cells, revealing the impact of miR-125b 

expression on MCF7 cells’ migration. The recovery in the migration of MCF7-125 

cells treated with Anti-125b oligo, compared to C-oligo and mock transfected cells 

indicated an exclusive effect of miR-125b on MCF7 cells’ migration.  

 

 

 

 

Figure 3. 26 Sequences of 2’-O-methyl anti-miR-125a and anti-miR-125b oligos 

and their alignments with mature hsa-miR-125a and hsa-miR-125b respectively 

along with the sequence for 2’-O-methyl non-specific control with no hit to human 

genome. 

 

 

To further investigate the impact of miR-125b on MCF7 cells, we investigated the 

morphology of MCF7-EV and MCF7-125 cells in 3D culture. 
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3.2.4 Morphological Changes Due to miR-125b Expression  

 

Extra Cellular Matrix (ECM) has a key regulatory role on the structure and function 

of cells and tissues. Studies revealed that mammary epithelial cells, grown on 

reconstituted basement membrane matrix obtained from Engelberth-Holm-Swarm 

murine tumor (EHS), form a polarized acini structure, expressing beta-casein and 

producing milk (Barcellos-Hoff et al. 1989).  This indicated that ECM is necessary 

for cell signaling and affect its structure and function. For this purpose, we wanted 

to investigate the structure of MCF7-EV and MCF7-125 cells in 3 dimensional 

culture containing laminin-rich ECM (lrECM) (Figure 3.27). Laminin is known to 

be expressed from myoepithelial cells in normal breast and play important role in 

acini formation and milk production of breast epithelial cells (Adriance MC 2005).  

 

For 3D ‘on-top’ culturing of MCF7 cells, pre-chilled plates were coated with 

lrECM. Cells suspended in growth medium were plated and incubated at 37ºC for 

30 min. Finally EHS and ice-cold growth medium were added to the culture and 

images were captured after 24 h.  
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Figure 3. 27 Morphology of MCF7-EV and MCF7-125 cells, grown on 3D culture for 24 h. Images were taken, using Olympus 

CKX41 inverted microscope (20X and 40X). White arrows indicate the projections, extending from cell aggregates. 
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Results on Figure 3.27 showed that MCF7 cells form aggregates in 3D culture. 

Long podia-like protrusions, demonstrated by white arrows on the Figure were 

obvious even 24 h after culturing the cells. These projections were present in higher 

numbers on MCF7-EV cells, compared to MCF7-125 cells, indicating the possible 

regulatory role of miR-125b on the formation of these protrusions. With the 

possibility that these projections affect the MCF7 cells’ migration, we further 

investigated the actin cytoskeleton (as an important regulator of cellular motility 

and migration) of MCF7-EV and miR-125b expressing MCF7-125 cells (Figure 

3.28).  

 

3.2.5 The Distribution of Actin Filaments in MCF7 Cells, Expressing miR-

125b 

 

The MCF7 cells transfected with miR-125 or empty pSUPER vector control were 

stained with phalloidin and DAPI, in order to study if miR-125 had any effect on 

the distribution of actin filaments and the phenotype of these cells (Figure 3.28). 
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A.                                                                                                                                               B. 

       

 

Figure 3. 28 Staining of actin filaments (green) and nucleus (blue) of MCF7 cells. A. MCF7 cells transfected with miR-125b1 (MCF7-

125) and Empty Vector (EV) pSUPER control (MCF7-EV). The nuclei of the cells were stained with DAPI (blue). Images were taken 

using Zeiss LSM 510 with 40X oil objective. B. Quantification of cytoplasmic protrusions. Total area occupied by protrusions per cell 

outline (set to 100 pixels) was detected by S.CO LifeScience (Germany). Student t-test was used for analyzing the data and *: p<0.05). 
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After staining the cells with phalloidin, peripheral long cytoplasmic projections 

were detected in MCF7-EV, while just a diffused localization of actin filaments 

nearly without such projections was detected in miR-125 expressing MCF7 cells, 

which showed that the expression of miR-125 affected the formation of actin 

filaments in the protrusion structures and changed the morphology of MCF7 cells 

(Figure 3.28). These projections could be responsible for motility and migration of 

MCF7 cells and miR-125 expression reduced these projections and possibly as a 

result, less motility and migration was indeed observed in cells expressing miR-

125, compared to control cells (Figure 3.24).  

 

In order to investigate the actin filament status in another BCCL, expressing miR-

125b, T47D-EV and T47D-125 cells were also stained with phalloidin. However, as 

these cells were very small and furthermore, they formed clumps, it was not 

possible to take clear images to follow the existence of such protrusions and actin 

filament formation in these cells. 

 

Given the changes detected on the actin cytoskeleton, we focused on a target 

mRNA, detected in our lab earlier, ARID3B.  The reason was that recently ARID3B 

was reported to affect actin filaments in limb formation of chick and mouse embryo 

(Casanova et al. 2011). 

 

3.2.6 ARID3B: a Target of miR-125b 

 

ARID3B is a member of the AT-rich interaction domain (ARID) family of proteins 

and a known retinoblastoma (RB)-binding protein (Numata et al. 1999). ARID3B 

was previously reported as an important regulator of limb bud development during 

embryogenesis in chick and mouse, affecting cell motility and actin cytoskeleton 

structure (Casanova et al. 2011). It was also shown that miR-125a was a regulator 

of ARID3B in ovarian cancer (Cowden Dahl et al. 2009). Results from luciferase 

assay, earlier performed in our lab revealed that ARID3B was a target of miR-125b. 
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miR-125a and miR-125b have the same seed sequences with different mature 

sequences. For this reason, as a confirmation of the earlier luciferase reporter assays 

for ARID3B in MCF7-EV and MCF7-125 cells, we further performed western blot 

analysis in these cells and detected an approximately 50% decrease in ARID3B 

protein level in MCF7-125 cells, expressing miR-125b, compared to MCF7-EV 

cells   (Figure 3.29).  

               

Figure 3. 29 Western blot detecting the level of ARID3B protein in MCF10A, 

MCF7, MCF7-EV and MCF7-125 cells. Blots were hybridized with anti-ARID3B 

and then with anti-β-ACTIN antibodies to test equal loading. ImageJ program was 

used for the quantification of the bands.  

 

Results on Figure 3.29 revealed that ARID3B protein was expressed ~ 1.6 folds 

higher in MCF7 breast cancer cell line, compared to immortalized normal MCF10A 

cells. The level of ARID3B protein was decreased in MCF7-125 cells 

approximately 50%, compared to MCF7-EV cells, further confirming the targeting 

of ARID3B by miR-125b. To further investigate the role of miR-125b in the 

regulation of ARID3B expression, anti-125a and anti-125b oligos were used to 

inhibit miR-125a/b in MCF7-125 cells (Figure 3.30). 
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Figure 3. 30 Effect of miR-125a/b on ARID3B protein levels. Western blot for 

detecting the level of ARID3B protein in MCF7-125 cells, treated with anti-125a/b 

oligos (1.5 µg/mL). Blots were hybridized with anti-ARID3B and then with anti-β-

ACTIN antibodies to test equal loading. ImageJ program was used for the 

quantification of the bands.  

 

 

The level of ARID3B protein was restored after treatment with anti-125a/b oligos 

in MCF7-125 cells. miR-125a has been already shown to target ARID3B in ovarian 

cancer (Cowden Dahl et al. 2009) and as our results indicated, anti-125a oligo 

treatment, caused ~ 20% recovery of ARID3B protein level in MCF7-125 cells. In 

addition, MCF7-125 cells were treated with anti-125b oligos and western blot 

indicated ~ 30% recovery of ARID3B protein in these cells, compared to mock 

transfected MCF7-125 cells, confirming that miR-125b also regulates ARID3B 

protein levels.                    

 

In order to further confirm the connection between miR-125b and ARID3B, we also 

used T47D cells, with high endogenous levels of miR-125a (Figure 3.17) and 
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investigated the effect of anti-125b on ARID3B protein levels in these cells (Figure 

3.31).                              

 

             

 

 

Figure 3. 31 Effect of anti-125b on the level of ARID3B protein in T47D cells. We 

detected an increased (1.4 fold) of ARID3B protein level in T47D cells transfected 

with anti-125b oligo (1.5 µg/mL), compared to mock transfected T47D cells was 

observed. Total protein was isolated from transfected cells, 24h after transfection. 

Blot was stripped and re-hybridized with β-ACTIN antibody to test equal loading. 

ImageJ program was used for quantification of the bands.  

 

Results indicated that even low levels of miR-125b were also regulating the 

ARID3B protein in these cells with a high background expression level of miR-

125a.  

 

In order to study the effect of ARID3B in MCF7 cells, shRNA construct targeting 

ARID3B mRNA (previously was cloned by Serkan Tuna into pSUPER vector in our 

lab) and scrambled- pSUPER controls were transfected into MCF7 cells. Protein 

was isolated from cells, 72 hr after transfection and western blot was performed 

(Figure 3.32). 
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Figure 3. 32 Western blot for detecting the silencing of ARID3B in MCF7 cells. 

MCF7 cells were transfected with a construct containing shRNAs against ARID3B 

and control empty vector (pSUPER). Protein was isolated 72 hr after transfection 

and 50 µg protein was loaded to each well. Blots were hybridized with anti-

ARID3B and then with anti-β-ACTIN antibodies to test equal loading. 

 

Western blot showed a 40% decrease in the level ARID3B as a result of silencing.  

 

To study the effect of ARID3B on cell proliferation, MCF7 cells were transfected 

with ARID3B shRNA and control constructs and MTT assay was performed 

(Figure 3.33).  
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Figure 3. 33 MTT assay for MCF7 cells to detect cell proliferation rate after 

silencing ARID3B.MCF7 cells were transfected with a construct containing 

shRNAs against ARID3B and control empty vector (pSUPER). 15,000 cells were 

seeded per each well of 96 well plate and transfected 24 h after seeding, using 

Fugene HD (ratio for DNA: Fugene HD was 2ug:3µl). Absorbance at OD570 was 

measured 72 hr after transfection. Student t-test was used to analyze the data. “ns” 

indicates no significant difference between samples. Experiment was performed 

twice and at least 8 replicas were used in each experiment.  

  

Compared to control, ARID3B shRNA caused no significant decrease in MCF7 

cells’ proliferation. This result indicates that ARID3B, by itself may not have an 

effect on cell proliferation rates, but to examine if the actin cytoskeleton related 

migrational changes were related to ARID3B, we investigated migration rate of 

ARID3B silenced cells (Figure 3.34). Results from Figure 3.34 indicated the effect 

of ARID3B on cell migration, revealing that that both miR-125 expression and 

ARID3B silencing caused a decrease in MCF7 cells migration (Figures 38 and 48).  
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To further investigate if there was a correlation between ARID3B protein and 

mature miR-125a and miR-125b expression levels, we performed miRNA Taqman 

assay (Figure 3.35 A) to detect mature miRNA levels and western blot (Figure 

3.35B) to detect ARID3B levels, in 4 ERBB2 independent breast cancer cell lines 

(MCF10A, MCF7, MDA-MB-231 and T47D).  
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Figure 3. 34 Migration assay for MCF7 cells transfected with ARID3B shRNA.For 

migration assay, 8 h after MCF7 cells were transfected with a construct containing 

shRNAs against ARID3B or control empty vector (pSUPER). 30,000 of transfected 

cells were plated on the transwell migration chamber and cells were allowed to 

migrate for 72 h. 3 random fields were counted per membrane. 4 membranes were 

used for each sample. Student t-test was used for statistical analysis of data 

(p<0.05). Representative images are shown under the graph. 
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A.                                                                  B. 

                       miR-125b                                                      miR-125a 

      

 

                               C. 

 

Figure 3. 35 Taqman assay and western blot for detecting the expression of miR-

125 and ARID3B. A and B. Taqman miRNA assay for detecting mature miR-125b 

and miR-125a, respectively in MCF10A, MCF7, MDA-MB-231 and T47D breast 

cancer cell lines. RNAU6B was used as reference gene. Experiments were 

performed in 2 independent experiments and 3 replicas were used for each sample. 

C. Western blot indicating ARID3B protein levels in MCF10A, MCF7, MDA-MB-

231 and T47D cells. Blot was stripped and re-hybridized with β-ACTIN antibody to 

test equal loading.  

 

These results indicated an inverse correlation between mature miR-125 and 

ARID3B protein levels, possibly as a result of miR-125 on ARID3B expression. 
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The next step, we wanted to investigate some of predicted miR-125b target genes, 

possibly responsible for the observed characteristics of miR-125 expressing cells. 

 

In this study, we investigated the effect of miR-125 expression on ERBB2 (an 

already known target of miR-125b) independent MCF7 cells. Previously, it was 

shown that miR-125 expression restoration in SKBR3 breast cancer cells 

(overexpressing ERBB2) decreased the invasion and anchorage dependent growth 

of these cells in an ERBB2 dependent manner (Scott et al. 2007). We further 

investigated the effect of ERBB2 on MCF7 cells’ migration in our model cells. 

 

3.2.7 Investigating mRNA Targets of miR-125b 

 

Earlier, miR-125b was shown to regulate cell migration by targeting ERBB2 in 

ERBB2 overexpressing SKBR3 breast cancer cells. In our study, we used MCF7 

cells, which are not overexpressing ERBB2 (express low level of ERBB2 protein). 

However, before we start finding new target genes for miR-125, responsible for cell 

migration, we investigated the expression of ERBB2 protein and pERK1/2 in 

SKBR3 (ERBB2 overexpressing cells) and MCF7 cells (ERBB2 independent cells), 

shown in Figure 3.36. We also investigated the involvement of ERBB2 in MCF7 

cell migration (Figure 3.37).  
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Figure 3. 36 Western blot indicating the level of ERBB2 and pERK1/2 in SKBR3 

(ERBB2 overexpressing positive control cell line), MCF7-EV and MCF7-125b 

cells. Blots were hybridized with anti-ERBB2, anti-pERK 1/2 and then with anti-β-

ACTIN antibodies to test equal loading. Image J program was used for the 

quantification of the bands.  

 

 

The level of ERBB2 protein was detected in SKBR3, MCF7-EV and MCF7-125 via 

western blot. Further, to detect if ERBB2 is activated in these cells, the level of 

phosphorylated ERK 1/2, an ERBB2 downstream target (Spencer et al. 2000) was 

detected by western blot (Figure 3.36). The results indicated that the level of 

ERBB2 protein is low in MCF7 cells and miR-125 expression in MCF7-125b cells 

didn’t significantly affect the level of this protein in MCF7 cells, compared to 

MCF7-EV cells. In addition, pERK 1/2, a known downstream target of activated 

ERBB2, was not detected in any of MCF7-125b and MCF7-EV cells, indicating no 

activation of ERBB2 signaling in MCF7 cells.  



117 

 

                   A. 

SKBR3-DMSO SKBR3-AG825
0

100

200

300 *

N
u
m

b
e
r 

o
f 
M

ig
ra

te
d
 C

e
lls

p<0.05

 

                    B. 

MCF7-DMSO MCF7-AG825
0

200

400

600

800

1000
ns

N
u
m

b
e
r 

o
f 
M

ig
ra

te
d
 C

e
lls

 

 

Figure 3. 37 Transwell migration assay to determine the effect of AG825 on A. 

MCF7 and B. SKBR3 cells’ migration.200,000 pre-starved SKBR3 and MCF7 cells 

in 0.1 mL medium with 1% FBS and AG825 or DMSO (vehicle) were plated on the 

upper wells of migration chambers. Medium with 10% FBS was added to the lower 

wells. Cells were allowed to migrate for 24 h. 3 random fields were counted per 

membrane. Six membrane replicates were used for each sample. Student t-test was 

used to analyze the data and *: indicates statistical significance (p<0.05).  “ns” 

indicates not significant. 
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Finally, we studied the migration properties of SKBR3 and MCF7 cells, in the 

presence or absence of AG825, a specific ERBB2 inhibitor (Tsai et al. 1996), as 

shown in Figure 3.37. The results from transwell migration assay showed no 

significant impact of ERBB2 inhibition by AG825 treatment on MCF7 migration, 

compared to positive control SKBR3 cells, revealing an ERBB2 independent effect 

of miR-125 on MCF7 cells’ migration (Figure 3.37). 

 

Our results indicated that migration of MCF7 was affected by miR-125b and in an 

ERBB2 independent manner. In addition, ARID3B, a target of miR-125 also 

affected the migration characteristics of MCF7 cells, suggesting that ARID3B could 

be considered as a downstream target of miR-125b, affecting cell migration. 

  

Given the changes in the characteristics of MCF7-125 cells, bioinformatics tools 

were used to determine miR-125b targets, possibly involved in these changes. In 

order to find new targets of miR-125, responsible for recorded morphological 

changes, bioinformatics tools (TargetScan, microRNA.org, PITA and FindTar3) 

were used. Generally, prediction programs are based on information such as: 

sequence conservation, perfect base pairing of mRNA 3’-UTR to the seed sequence 

of microRNA, secondary structure and optimal hybridization energy for microRNA 

and target mRNA binding. For example, TargetScan program, predicts the 

microRNA- mRNA bindings, according to the incidence of conserved and poorly 

conserved 7-8 mer sites on mRNAs, matching the microRNA seed sequences 

(Lewis et al. 2005) as well as mismatch regions in the seed sequences, compensated 

via conserved pairings with 3’-sides of microRNA sequences (Friedman et al. 

2009).  

 

Using these prediction programs, three potential novel targets of miR-125b (v-ets 

erythroblastosis virus E26 oncogene homolog 1 (ETS1), Homeobox B7 (HOXB7) 

and zinc finger and BTB domain containing 7A (ZBTB7A) or FBI-1) were selected. 

These predicted targets were further investigated for the possibility of being the 
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targets of miR-125b by luciferase assay. ARID3B, another predicted target of miR-

125b was earlier shown in our lab (by luciferase assay) to be the target of miR-

125b.   

 

3.2.7.1 pmiR-3’-UTR Cloning of miR-125 Potential Targets 

 

HOXB7, a homodomain transcription factor, plays important role in Epithelial-

Mesenchymal Transition (EMT). EMT is a mechanism by which primary 

noninvasive tumor cells obtain required characteristics for migration and invasion. 

In addition, HOXB7 was shown to be overexpressed in breast cancer (Wu et al. 

2006). ZBTB7A, another potential target of miR-125b, is a proto-oncogene and was 

shown to be highly expressed in breast cancer tissues (correlated with histological 

grade). ZBTB7 could be a potential prognostic marker in breast cancer (Qu et al. 

2010). ETS1 transcription factor is overexpressed in invasive breast cancers, 

correlated with poor prognosis of breast cancer patients (Zhang et al. 2011). Here 

we investigate the possible regulation of this gene by miR-125b via cloning their 

3’UTR sequences downstream of luciferase gene into pMIR-REPORT vector and 

performed luciferase assay (Figures 3.38, 3.39 and 3.40). Primers, used for cloning 

the constructs are shown in Appendix A. 
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A. 

 

 

 

Figure 3. 38 A. Alignment of HOXB7-3’UTR and predicted binding site of miR-125b.  
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B. 

 

                         

                       

 

Figure 3. 38 (Continued) B. HindIII and SacI digestion for confirming the cloning 

of 3’-UTR of HOXB7. M: MassRuler marker, 1, 4 and 6: name of the constructs, 

obtained from different colonies. 
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A. 

 

 

 

Figure 3. 39 A. Alignment of FBI1-3’UTR (C1 and C2) and predicted binding sites of miR-125b. 
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B. 

   

Figure 3. 39 (Continued) B. HindIII and SacI digestion for confirming the cloning 

of 3’-UTR of FBI1-C1 and FBI1-C2. M: MassRuler marker. E, G, 2 and F: name of 

the constructs, obtained from different colonies. 
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                A. 

 

 

Figure 3. 40 A. Alignment of ETS1-3’UTR (C1 and C2) and predicted binding sites of miR-125b. 
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B. 

                   

 

Figure 3. 40 (Continued) B. HindIII and SacI digestion for confirming the cloning 

of 3’-UTR of ETS1-C1 and ETS1-C2. M: MassRuler marker. 

 

After confirming the correct constructs by restriction digestion and sequencing, 

they were further used in luciferase assay. 

 

3.2.7.2 Luciferase assay for miR-125 targets 

 

 3’UTR of ETS1, HOXB7 and ZBTB7A, three potential targets of miR-125b were 

cloned into pmiR vector, sequenced and dual luciferase assay was performed in 

MCF7 cells (MCF7-125 and MCF7-EV). In addition, luciferase assay was 

performed in MDA-MB-231 cells, expressing high levels of miR-125b. Data are 

shown in Figures 3.41, 3.42 and 3.43. 
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Figure 3. 41 Dual luciferase assay for predicted targets of miR-125b in MCF7 

cells. Assay was performed in MCF7-EV and MCF7-125 cells for ETS1-C1-PMIR, 

ETS1-C2-PMIR, HOXB7-PMIR, FBI1-C1-PMIR and FBI1-C2-PMIR constructs. 

Transfection was done, using Fugene HD reagent (Fugene HD: DNA ratio was 

3:2). A total of 500 ng plasmid (Firefly: Renilla ratio: 50:1) were used per each well 

of 24-well plate and the values for luciferase expression were detected 24 h after 

transfection. Renilla luciferase was used for normalization. The values were 

normalized to that of empty vector. The experiment was performed twice, each with 

3 replicas per sample. 

 

Luciferase results from Figure 3.41, for predicted targets of miR-125 in MCF7 cells 

revealed no decrease in luciferase expression of constructs transfected into MCF7-
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125 cells, compared to MCF7-EV cells. To further confirm these results, we used 

MDA-MB-231 cells, expressing extremely high endogenous levels of miR-125b, 

compared to MCF7 cells. 

 

 

 

Figure 3. 42 Dual luciferase assay. Assay was performed in MDA-MB-231 cells 

for ETS1-C1-PMIR, ETS1-C2-PMIR, HOXB7-PMIR, FBI1-C1-PMIR and FBI1-

C2-PMIR constructs. Transfection was done, using Fugene HD reagent (Fugene 

HD: DNA ratio was 6:2) and the values for luciferase expression were detected 24h 

after transfection. A total of 500 ng plasmid (Firefly:Renilla ratio: 250:1) were used 

per each well of 24-well plate. Renilla luciferase was used for normalization. The 

values were normalized to that of empty vector. The experiment was performed 

twice for pmiR and ETS1-C2 (3 replicas per sample were used in each experiment) 

and once for the rest targets (3 replicas per sample). Student t-test was used to 

analyze the data. **: indicates statistical significance (p:0.0015). 
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The differences detected in luciferase assay from MCF7 and MDA-MB-231 cells 

could be explained by the high level of miR-125b in MDA-MB-231 cells, make it 

possible to follow the microRNA- 3’ UTR binding in these cells by luciferase 

assay. 

 

The results from Figure 3.42 indicated a decrease in luciferase expression of ETS1- 

3’UTR-pmiR (C2), compared to pmiR alone in MDA-MB-231 cells, indicating the 

existence of a regulatory factor on this sequence in these cells. To confirm the 

results from prediction programs, indicating the possibility for binding of miR-125b 

to ETS1- 3’UTR sequence, we performed dual luciferase for pmiR and ETS1- 

3’UTR-pmiR (C2), using anti-miR-125b and control oligos in MDA-MB-231 cells 

(expressing high level of miR-125b, as shown in Figure 3.17). Transfection was 

done, using Fugene HD transfection reagent (6:2 ratio was used for Fusion HD (µl): 

DNA (µg) and oligos were used at final concentration of 100 nM). Renilla 

luciferase was used for normalization of the data. 250:1 ratio was used for Firefly: 

Renilla luciferase transfections (Figure 3.43). 
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Figure 3. 43 Dual luciferase assay for miR-125b targets in MDA-MB-231 cells 

transfected with anti-miR-125b and control oligo. Assay was performed inMDA-

MB-231 cells for empty PMIR vector and ETS1-C2-PMIR construct (containing 1 

conserved predicted miR-125b binding site on ETS1-3’-UTR), with or without 100 

nM Anti-125b oligo and C-Oligo. Transfection was done, using Fugene HD reagent 

(Fugene HD: DNA ratio was 6:2) and the values for luciferase expression were 

detected 24 h after transfection. Renilla luciferase was used for normalization 

(Firefly: Renilla is 250:1). The values were normalized to that of empty vector. The 

experiment was performed twice for pmiR and ETS1-C2 (3 replicas per sample 

were used in each experiment) and once for miR-125b inhibitor and control oligo 

treated samples. **: indicates statistical significance (p:0.0015). 
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Results, shown on Figure 3.43, indicated a miR- 125b dependent decrease (~45%) 

of luciferase in ETS1- 3’UTR-pmiR (C2), compared to pmiR alone in MDA-MB-

231 cells. This decrease was ~100% recovered after anti-miR-125b oligo (but not 

control oligo) treatment in these cells. Recently, in agreement with our results, miR-

125b was shown to target ETS1.(Zhang et al. 2011) also showed that ETS1 in 

HEK293 (Human embryonic kidney) cell line was responsible for decreased 

proliferation rate.  

 

Our results showed that miR-125b expression caused a decrease in proliferation and 

migration of MCF7 cells, independent of ERBB2 expression. Further, the 

localization of actin cytoskeleton was changed in MCF7 cells in response to miR-

125b expression, indicating decreased cytoplasmic protrusions in MCF7-125 cells, 

compared to MCF7-EV control cells, possibly regulating the migration of MCF7 

cells. Using bioinformatics tools, we chose ARID3B, as a possible potent target of 

miR-125b and we showed that the ARID3B protein levels had an approximately 

50% decrease in MCF7-125 cells. Furthermore, ARID3B silenced MCF7 cells 

showed a decrease in their migration rates, compared to MCF7 cells, but no change 

in the proliferation of MCF7 cells was detected after ARID3B silencing. miR-125a 

was an already known regulator of ARID3B protein in ovarian cancer, and as miR-

125a and miR-125b had the same seed, but different mature sequences, we 

investigated the effect of miR-125b on the ARID3B expression. We further 

confirmed the regulatory role of miR-125b on ARID3B expression in T47D cells 

expressing high levels of endogenous miR-125a, by inhibiting 125b and detected 

~40% recovery for ARID3B protein levels after miR-125b inhibition in these cells, 

revealing a regulatory role for miR-125b in the presence of miR-125a expression.  
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CHAPTER 4 

 

 

4 CONCLUSION 

 

 

 

A. Localization of USP32, as a Potent Oncogene Candidate 

 

USPs are members of deubiquitinating enzymes, responsible for the cleavage of Ub 

from ubiquitinated proteins. Deubiquitination by this group of proteases could 

determine the fate of target proteins. Protein degradation, cell signaling and 

receptor endocytosis are among the pathways regulated by protein deubiquitination. 

USP32 is an ancient and highly conserved but poorly characterized gene and is a 

member of the USP family. USP32 gene is located on 17q23 chromosomal band. 

This gene rich region undergoes amplification and overexpression in many cancers 

including breast, suggesting a possible oncogenic role for this gene.  

 

The present study focused on characterization of USP32 via investigating the 

subcellular localization of this protein. For this purpose, the full length and partial 

but overlapping fragments of USP32 were fused to EGFP and constructs were 

tracked inside the HeLa cells. We performed FPP and confocal microscopy to 

determine the localization of USP32 fusion protein. Our results suggested a Golgi 

localization for USP32-Full (full length protein)-EGFP and USP32-I-EGFP and 

EGFP-USP32-II (partial fragments of USP32 protein) with a cytoplasmic 

localization in some cells expressing EGFP-USP32-I, however EGFP-USP32-III 

showed a cytoplasmic localization. These results may be interpreted by the 

existence of a Golgi localization signal around the overlapping sequences of 
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USP32-I and USP32-II, probably weakened in USP32-I fragment, as a result of 

dividing the full sequence. Alternatively, observations from the localization of 

USP32-I and USP32-II could also be a consequence of an unusual folding for 

partial peptides or a difference in cell cycle status of cells expressing these peptides. 

The results from FPP assay was also confirmed by confocal microscopy detection.  

 

The mechanism for Golgi localization is not fully understood as a conserved Golgi 

localization signal has not been detected. The Golgi is a membranous organelle 

which receives newly synthesized lipids and proteins from the ER. Proteins in 

Golgi are further processed, mostly by glycosylation, in order to properly function 

and find their final destinations. The Golgi has a diverse range of functions such as 

its assembly/disassembly during mitosis, its connection to cytoskeleton 

organization and dynamics as well as its role in calcium homoestasis and plasma 

membrane receptor-initiated signaling events (Wilson et al. 2011). 

 

Significant role of ubiquitination in protein degradation, receptor endocytosis and 

vesicle trafficking has already been revealed. The link between deubiquitination 

and Golgi was earlier demonstrated in yeast by the function of deubiquitinating 

enzyme Ubp3p. Ubp3p, in combination with its cofactor Bre5p is responsible for 

deubiquitinating the Sec23p and β’-COP subunits of ER- Golgi transport complexes 

COPII and COPI respectively. Deubiquitination of these components are required 

for the proper vesicle trafficking between ER and Golgi (Cohen et al. 2003a; Cohen 

et al. 2003b). 

 

In addition to vesicular transport, Ub seems to play role in Golgi biogenesis. 

VCIP135 is also a deubiquitinating enzyme, localized in Golgi membrane and 

playing role in Golgi biogenesis and dynamics during mitosis. Deubiquitination 

activity of this enzyme reverses the Golgi disassembly and support Golgi 

membrane fusion (Totsukawa et al. 2011; Wang et al. 2004).    
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USP33, another deubiquiting enzyme was shown to have three endoplasmic 

reticulum associated isoforms, with its isoform 3, distinctly localizing to the Golgi 

apparatus (Thorne et al. 2011). USP33 is a ROBO1 interacting protein, causing its 

relocalization from the intracellular compartments to the plasma membrane to 

perform its anti migratory function in breast cancer (Yuasa-Kawada et al. 2009). As 

Robo1 (in Drosophila) is localized in cell membrane, ER and Golgi apparatus 

(Keleman et al. 2002), it may suggest a role for isoform3 of USP33 to partly 

regulate Robo1 l, which is localized in Golgi, beside its other possible roles to be 

further investigated.  

 

All these findings reveal the importance of deubiquitinating enzymes in Golgi. The 

localization study of USP32, suggested an as of yet unknown possible function for 

this enzyme in Golgi. Further investigations to find the interacting partner proteins 

as well as the function of N-terminus Ca2+ and EF-hand domains may help to 

clarify the connection between USP32 and Golgi. 

 

B. Functional characterization of miR-125b as potential tumor suppressor 

 

microRNAs are 16-29 nucleotides long RNA molecules, that post-transcriptionally 

regulate the expression of their target mRNAs. These non-coding small RNAs play 

role in many key regulatory pathways such as cell proliferation, differentiation, 

apoptosis and migration. Deregulation of microRNAs is involved in various human 

diseases including cancer. miR-125b attracts attention, especially in breast cancer, 

due to its down regulation in cancer. 

 

In this study, we aimed to further clarify the function of miR-125b in breast cancer. 

For this reason, we first investigated the expression of mature miR-125a and miR-

125b, two members of miR-125 family, in 10 breast cancer cell lines. Compared to 

miR-125a, whose expression was available nearly in all samples, the expression of 
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miR-125b was found to be dramatically low or absent in 9 of 10 cell lines, 

compared to immortalized MCF10A cell line and normal breast tissue controls, 

suggesting a tumor suppressor role for this miRNA in breast cancer. These finding 

was also in agreement with primary tumor samples (Iorio et al. 2005; Mattie MD 

2006). By performing functional assays in MCF7 cells, stably expressing miR-125b 

we detected a decrease of MCF7 cells’ proliferation and migration. 

 

Interestingly, an earlier study done in breast cancer showed the role of miR-125b in 

cell motility by targeting the well known oncogene, ERBB2. Our model system to 

study the effects of miR-125b restoration was MCF7 in this study. MCF7 cells do 

not overexpress ERBB2. Interestingly, we used miR-125b transfected MCF7 cells 

and compared them to empty vector transfected MCF7 cells, and detected ~ 50% 

decrease in cell motility. The migration recovery was also confirmed by miR-125b 

inhibition in these cells. These finding forced us to seek non ERBB2 dependent cell 

motility mechanisms to explore the phenotype we observed. Moreover, the lower 

long cytoplasmic protrusions structure in miR-125b expressing compared to control 

MCF7 cells after staining the actin filaments was observed.  

 

Based on earlier experiment done in our laboratory, ARID3B was shown to be a 

target of miR-125b. In this study, we focused on ARID3B and its possible 

involvement in cell motility because ARID3B was shown to regulate the formation 

of limb buds during the embryogenesis of chick and mouse with a regulatory effect 

on cell motility and affecting the organization of actin cytoskeleton (Casanova et al. 

2011). We hypothesized that the decreased migration and actin cytoskeleton 

phenotype we have seen was due to ARID3B. First we eliminated the possibility of 

involvement of basal levels ERBB2 in this phenotype. 

 

ARID3B, is a member of ARID family, which are transcription factors and 

regulators of cell proliferation, differentiation and development (Casanova et al. 
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2011; Kobayashi et al. 2006) with possible roles in chromatin remodeling. ARID3B 

is known to be a retinoblastoma (RB)- binding protein and associated with 

malignant neuroblastoma. Further studies revealed its role in induction of 

immortalization and mesenchymal transition in mouse embryonic fibroblasts 

(Takebe et al. 2006). The most recent exciting findings revealed the involvement of 

ARID3B in regulating the formation of limb buds during the embryogenesis of 

chick and mouse with a regulatory effect on cell motility and the organization of 

actin cytoskeleton (Casanova et al. 2011). 

 

Moreover, ARID3B was shown to be targeted by miR-125a in ovarian cancer 

(Cowden Dahl et al. 2009). miR-125a and miR-125b have the same seed but 

different mature sequences and for this reason further studies were performed on 

ARD3B, for understanding the regulatory effect of miR-125b, with frequent lost or 

decreased expression in breast cancer. Results from this study confirmed the down 

regulation effect of miR-125b on ARID3B protein levels in MCF7 cells, as its 

direct binding to the 3’UTR of ARID3B was also previously shown in our lab. This 

results were further confirmed by the inhibition of miR125a and miR125b in MCF7 

cells, expressing miR-125b, revealing a ~20% and 30% recovery of ARID3B 

protein respectively and indicating the involvement of both microRNAs in the 

regulation of ARID3B protein in these cells. Additionally, to further confirm the 

regulation of ARID3B with miR-125b in the presence of miR-125a, miR-125b was 

inhibited in T47D cells expressing high levels of endogenous miR-125a and 

approximately 40% recovery for ARID3B protein was detected, indicating 

particular regulatory impact of miR-125b on ARID3B in the presence of miR-125a. 

The significance of this finding could be loss of miR-125b regulation on ARID3B 

protein level in breast cancers losing the expression of this microRNA.  

 

Further, to find if the decrease in cell migration and proliferation of miR-125b 

expressing MCF7 cells is associated with ARID3B, this gene was transiently 
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silenced. Our findings from the silencing of ARID3B in MCF7 cells revealed a 

decrease in cell migration, suggesting that down regulation of ARID3B by miR-

125b may play a regulatory role in the migration of cancer cells. No change in the 

proliferation of MCF7 cells was detected after ARID3B silencing. As we excluded 

the contribution of ERBB2 in our model system and miR-125b is shown to target 

mRNAs that me regulate proliferation (example: ETS1 (Zhang et al. 2011)) the 

possibility predicted for each microRNA to be able to target hundreds of different 

target mRNAs, it could be possible that the decreased of proliferation in miR-125b 

expressing cells was due to the regulation of target/targets other than ARID3B by 

miR-125b. Interestingly, recent studies revealed ETS1, as an effective target of 

miR-125b, affecting the proliferation property of the cells. 

 

In summary, in this thesis we showed ability of miR-125b to alter cell migration 

through ARID3B, independent of ERBB2. Finally, studies for identifying 3 other 

potential targets of miR-125b (ETS1, HOXB7 and FBI1)  was  performed, revealing 

ETS1 as a target of miR-125b, in agreement with the results, recently published by 

another group (Zhang et al. 2011). 

  

Together, growing lines of evidences suggest a general tumor suppressor role for 

miR-125b in breast cancer. This microRNA, is already known to target many key 

oncogenes such as ERBB2, ERBB3, ETS1 and BCL3. Our findings revealed the 

ERBB2 independent effect of miR-125b on cell migration and formation of actin 

filaments, possibly to be in part by regulating ARID3B, whose regulation could be 

further implicated with other pathways during tumorigenesis. ARID3B was 

suggested to regulate the mesenchymal transition in mouse embryonic fibroblasts 

(Takebe et al. 2006), for this reason, down regulation of ARID3B by miR-125b may 

also play role in repressing mesenchymal morphology and regulating Epithelial 

Mesenchymal Transition (EMT). The general decrease/loss of miR-125b, detected 
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in many breast cancers and the possible known and potential targets of miR-125b 

may be further used as cues to be considered for therapeutic purposes.    
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APPENDIX A 

 

 

PRIMERS 

 

 

 

Table A.1 List of primers.  

 

NAME  SEQUENCE  

F1 5’-CCGCTCGAGATGGGTGCCAAGGAGTCAC-3'  

R1 5’-GGGCCCGCTGTAACACACAGTACTTTTTGTAATCAG-3' 

F2 5’-ACGCGTCGACTAATAACAACCAGTGTTTGCT-3’ 

R2 5’-ATAAGAATGCGGCCGCTTAGAGGCTGGGGCGATTCTT-3’ 

F3 5’-ACGCGTCGACTCCTGTGTCTCCAATTTCAGCT-3’ 

R3 5’-GGGCCCTGGCTCCCTTTTCTGTGGGAAC-3’ 

R4 5’ATAAGAATGCGGCCGCTTACTGTAACACACAGTACTTT-3’ 

7F-CDS 5’- CCTGTCCCTGTGTCTCCAAT-3’ 

SC1-F 5’-ACATGGTCCTGCTGGAGTTC-3’ 

SC1-R 5’-TTCAGGTTCAGGGGGAGGT-3’ 

HOXB7-F 5’-CGAGCTCGGGCAGAGGAAGAGACAT-3' 

HOXB7-R 5’-CCCAAGCTTGCGTTTTATTTTTCCATCCTTTAGAT-3' 

FBI1-C1-F 5’-GAGCTCGACTGGGGTGGGCTTTTAAT-3' 

FBI1-C1-R 5’-CTCAAGCTTTGCTTTAAAAATTTGGGAGA-3' 

FBI1-C2-F 5’-GAGCTCTTGGTTCTGACGTGAAGAGG--3' 

FBI1-C2-R 5’-CTCAAGCTTCATCCAAGGTCCAGCTCCT-3' 

ETS1-C1-F 5’-GAGCTCTTGGAAAAGCAAAACGCTCT-3' 

ETS1-C1-R 5’-CTCAAGCTTTCTCCCTTCCAGGACTTCAA-3' 
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Table A.1 (Continued) List of primers.  

 

NAME  SEQUENCE  

ETS1-C2-F 5’-GAGCTCTGATCTTTTGGATGCAGGTG-3' 

ETS1-C2-R 5’-CTCAAGCTTTTTCAGCTGCAGTTTTGCAT-3' 
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APPENDIX B 

 

 

VECTORS 

 

 

 

Multiple Cloning Site:  

 

Figure B. 1 The map and multiple cloning site of PCR
 ® 

8/GW/TOPO
®
TA 

(Invitrogen) vector. 
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Multiple Cloning Site (MCS): 

 

 

 

Figure B. 2 The map and multiple cloning site of pEGFPN1(Clontech) vector. 
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MCS: 

 

 

 

Figure B. 3 The map and multiple cloning site of pEGFPC1(Clontech) vector. 

 

 

 

 

 



 

 

171 

  

 

 

 

 

 

Figure B. 4 The map of pSUPER.retro.neo+GFP (Invitrogen) vector. 
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Figure B. 5 The map of pMIR-REPORT Luciferase (Ambion) vector. 
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Figure B. 6 The map of PhRL-TK (Promega) vector. 
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APPENDIX C 

 

 

BACTERIAL CULTURE MEDIA 

 

 

 

LB-Medium (Luria-Bertani Medium) 

 

       Component: 

       Tryptone                                             10 g 

       Yeast Extract                                       5 g 

       NaCl                                                    10 g 

 

       The volume was reached to 1 liter and the medium was sterilized by      

       autoclaving for 20 minutes at 15 Psi. 

 

 LB-Agar 

 

       Component: 

       Bacto Agar                                          15 g 

       Tryptone                                              10 g 

       Yeast Extract                                        5 g 

       NaCl                                                     10 g 

 

       The volume was adjusted to 1 liter. The medium was sterilized by autoclaving     

       for 20 minutes at 15 Psi. The pH was adjusted to 7 with using NaOH (5 N). 
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 S.O.C Medium 

 

       Component: 

       Tryptone                                               20 g 

       Yeast Extract                                        5 g 

       NaCl                                                     0.5 g 

       250 mM KCl                                        10 ml 

 

       The volume was adjusted to 1 liter. The pH was adjusted to 7, using NaOH (5    

      N). The medium was sterilized by autoclaving for 20 minutes at 15 Psi. 20 ml   

       of sterile 1M solution of glucose was added to the cooled medium. Just before   

       use, 5 ml of a sterile solution of MgCl2 (2M) was added to the medium. 
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APPENDIX D 

 

 

DNA AND PROTEIN MARKERS 

 

 

 

 

 

Figure D. 1 GeneRuler 100 bp Plus DNA Ladder (Fermentas, catalog #: 

SM0321/2/3). 
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Figure D. 2 MassRuler DNA Ladder Mix, ready-to-use, 80-10,000 bp (Fermentas, 

catalog #: R0491). 

 

 

 

 

 

 

 

 

http://www.fermentas.com/en/products/all/dna-electrophoresis/massruler-dna-ladders/sm040-massruler-mix
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Figure D. 3 PageRuler™ Plus Prestained Protein Ladder, (Fermentas, catalog # 

SM1811). 
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