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ABSTRACT 

 

 

INVESTIGATION OF MICRORNAS ON GENOMIC INSTABILITY 

REGIONS IN BREAST CANCER 

 

 

Selçuklu, Ş.Duygu 

M.Sc., Department of Biology 

Supervisor: Assist. Prof. Dr. Ayşe Elif Erson 

 

November 2007, 119 pages 

 

 

 

Genomic instability is commonly seen in breast cancers. To date, various 

chromosomal or segmental loss or amplification regions have been detected in 

primary tumors and cell lines. Hence, an intensive search for potent tumor 

suppressors or oncogenes located in these regions continues.  

 

MicroRNAs (miRNAs) are ~18-24 nt long non-coding RNAs that regulate 

protein expression either by target mRNA cleavage or translational repression. 

We hypothesized that miRNAs located in genomic instability regions in breast 

cancer cells may contribute to the initiation or maintenance of breast tumors. 

Here, we investigated genomic levels of miRNAs on frequent loss or gain regions 

of breast cancer cells. First, using bioinformatics resources we mapped known 

miRNAs and candidate miRNAs to reported genomic instability regions. Our 

extensive searches resulted with more than 30 known miRNAs and 35 candidate 
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miRNAs. To further confirm loss or amplification of miRNA genes on these 

chromosomal regions in breast cancer cells, we designed specific primers for the 

known pre-miRNA DNA regions and performed semi-quantitative PCR in 20 

breast cancer cell lines, 2 immortalized mammary cell lines, and 2 control 

samples. Densitometry results suggested that a striking 61 % (22/36) of selected 

miRNAs showed either loss or amplification in at least 3 different breast cancer 

cell lines. Interestingly most of these alterations were found to be amplifications 

even in regions reported to harbor losses in breast tumors. Genomic fold change 

results of these microRNAs provide a biologically relevant starting point for 

further expression and functional experiments of microRNAs in breast cancer 

studies. Genomic fold change analysis followed expression analysis of two 

significant microRNAs (hsa-miR-21 and hsa-miR-383) was done by qRT-PCR 

method. 

 

Our data provide a wide screen of genomic instability of 36 microRNA 

genes in 20 breast cancer cells and normal samples detected by semi-quantitative 

duplex PCR method as well as expression analysis of two microRNAs. To this 

date, such an extensive data on genomic status of microRNA genes in breast 

cancer cells did not exist. Therefore, our results are the first comprehensive 

investigation of many microRNA genes on genomic instability regions in breast 

cancers and provide further clues to the potential involvement of these 

microRNAs in breast tumorigenesis MicroRNA genomic instability may affect 

their expression and therefore their targets’ expressions. Understanding how these 

microRNAs regulate their targets and contribute to the neoplastic events will also 

contribute to the field by using this information for future diagnostic and 

threaupetical applications.  

 

Key words: Breast cancer, genomic instability, microRNAs 
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ÖZ 

 

 

MEME KANSERİNDE GENOMİK İNSTABİLİTE BÖLGELERİNDEKİ 

“MİKRO-RNA”LARIN ARAŞTIRILMASI 

 

 

Selçuklu, Ş.Duygu 

Yüksek Lisans, Biyoloji Bölümü 

Tez yöneticisi: Yrd. Doç. Dr. Ayşe Elif Erson 

 

Kasım 2007, 119 sayfa 
 

 

 

Genomik instabilite meme kanserinde sıklıkla görülür. Bugüne kadar 

primer tümörlerde ve kanser hücre hatlarında bir çok kromozomal veya bölgesel 

kopya sayısı değişikliği gösteren bölge belirlenmiştir. Bu sebeple, bu bölgelerdeki 

potansiyel tumor baskılayıcı genler veya onkogenler araştırılmaktadır. 

 

MikroRNAlar ~18-24 nt uzunluğunda protein kodlamayan RNAlardır. 

Protein ekspresyonunu hedef mRNAlarin kesilmesi veya translasyonun 

engellenmesi ile düzenlerler. Bu çalışmanın hipotezi, meme kanseri 

hücrelerindeki sıklıkla görülen genomik instabilite bölgelerinde bulunan 

mikroRNAların tümörigenez mekanizmasındaki etki edebilecekleri veya katkıda 

bulunabilecekleridir. Bu çalışmada, meme kanserinde sıklıkla görülen kopya 

sayısı değişikliği gösteren bölgelerde bulunan mikroRNA genlerinin genomik 

düzensizlikleri araştırılmıştır. İlk olarak, biyoinformatik kaynaklar kullanılarak 

bugüne kadar belirlenmiş, sıklıkla görülen genomik instabilite bölgelerinden 18 
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tane seçildi ve bu bölgelerde bulunan 30 dan fazla ve 35 aday mikroRNA genleri 

belirlendi. Belirlenen mikroRNA genlerindeki kopya sayısı değişikliklerini 

doğrulamak için öncül mikroRNA’lara spesifik primerler dizayn edildi ve “yarı-

nicel PCR” yöntemi ile 20 meme kanseri hücre hattı DNAsında, 2 ölümsüz hücre 

hattı DNAsında ve 2 normal kontrol DNA örneğinde kopya sayısı analizleri 

yapıldı. Densitometre ölçüm sonuçlarına göre dikkat çekici bir şekilde 

mikroRNAların % 61 ‘inde (22/36) en az 3 farklı hücre hattında kopya sayısı 

değişikliği (delesyon veya amplifikasyon) gösterdiği bulundu. İlginç olarak bu 

değişikliklerin çoğu literatürde delesyon olarak geçen bazı bölgelerdeki 

mikroRNAların amplifikasyonu olarak bulundu. Belirlenen kopya sayıları, 

biyolojik olarak anlamlı bir başlangıç noktası olarak kullanılabilir ve meme 

kanserinde mikroRNA ekspresyon düzeyi ve fonksiyonel çalışmalar açısından 

adayların seçilmesinde önemlidir Kopya sayısı analizlerini takiben seçilen iki 

mikroRNA geninin (hsa-miR-21 ve hsa-miR-383) qRT-PCR yöntemi ile 

ekspresyon analizi yapıldı. 

 

Bu çalışmanın sonuçları, 20 meme kanseri hücre hattında ve normal 

örneklerde 36 mikroRNA geninin yarı-nicel PCR yöntemi ile genomik instabilite 

düzeylerinin kapsamlı taramasını sunmaktadır. Bugüne kadar meme kanseri hücre 

hatları ile bu kadar geniş çaplı bir tarama yapılmamıştır ve sunduğumuz sonuçlar 

bir çok mikroRNAnın meme kanserinde kapsamlı araştırılmasını içermektedir ve 

meme kanseri mekanizmasında potansiyel olarak rolü olabilecek adayların 

belirlenmesi açısından önemli ipuçları sunmaktadır. MikroRNAların genomik 

instabilitesi ekspresyon düzeylerine etki edebilir, bu da hedef genlerin 

ekspresyonunu etkileyecektir. MikroRNAların bu genleri nasil düzenlediklerinin 

belirlenmesi tümörigenez mekanizmasına katkıda bulunacak, teşhis ve tedavi 

amaçlı uygulamalarda bu bilgiler kullanılabilecektir. 

 

Anahtar kelimeler: meme kanseri, genomik instabilite, mikroRNA 
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CHAPTER 1 
 

 

1 INTRODUCTION 
 

 

 

1.1 Cancer and Genetic Alterations 
 

Cancer remains as one of the leading causes of death worldwide. Several 

studies predict that by 2020, the number of cancer cases will increase to more than 

15 million, with cancer-related deaths increasing to 12 million world-wide [2]. 

Cancer is a complex genetic disorder, and cancer cells usually harbor various 

genetic alterations and demonstrate  uncontrolled cell proliferation [3], [4], [5]. 

Continuous cell proliferation leads to further accumulation of mutations in 

important genes such as PTEN, RAS, or TP53 which may also predispose cells to 

neoplastic transformation [6], [7]. 

 

According to some studies, not all but most cancers have common six 

“acquired capabilities”: (a) ability to grow in the absence of stimulatory signals, 

(b) avoiding apoptosis, (c) resistance to anti-growth signals, (d) ability to invade 

other tissues, (e) angiogenesis, and (f) continuous replication potential as 

summarized in Figure 1.1. For example, loss of function of tumor suppressor 

genes such as TP53 allows genomic instability to generate selectively 

advantageous cells and enables them to continue to acquire other capabilities [8]. 

 

In terms of genetic content, most epithelial human cancers show complex 

karyotypes with high genomic instability [9] with chromosomal losses, gains, or 

translocations [10]. Genomic instability is a chromosomal state that the cell gains 

or loses whole chromosomes or specific regions of chromosomes. Genomic 
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instability may also increase the risk of new mutations or it may manifest itself 

due to mutations in certain genes. Therefore, it’s still not clear that if genomic 

instability is a cause or consequence of cancer [11], [12]. 

 

 

 
 

Figure  1.1: Features of cancerous state.  
(Figure taken from Hanahan et al, 2000). 
 

 

Translocations, changes in gene copy numbers such as deletions or 

amplifications, may cause inactivation of tumor suppressors or activation of 

oncogenes, respectively which may contribute to cancer progression [11], [13], 

[14]. 
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Loss of heterozygosity (LOH) and homozygous deletions (HD) may 

indicate the presence of tumor suppressor genes on a specific chromosomal band 

[15]. Although LOH and HD are frequent alterations in cancers such as lung 

cancer, only a few tumor suppressor genes have been identified: TP53, RB, p16, 

PTEN, and FHIT [13], [14]. Identification of homozygous deletions is a good way 

to start searching for novel tumor suppressor genes [13] as the candidate gene is 

lost and, thus, functionally inactive unlike LOH regions. In a microarray study of 

homozygous deletions in human cancer genomes, 281 homozygous deletions were 

identified in 636 cancer cell lines including deletions of some known tumor 

suppressor genes and fragile sites but some were “unexplained” regions which 

many of them were found to be in intergenic DNA regions [16]. Similarly, 

amplification regions may indicate the regions harboring oncogenes as some 

amplification regions were shown to harbor oncogenes such as MYC and ERBB2 

[14]. 

 

1.2 Common Genomic Instability Regions in Breast Cancer 
 

Breast cancer is the most common cancer type among women in the 

developing world. It is the leading cause of cancer mortality in women with 

411,000 annual deaths representing 14% of female cancer deaths worldwide [17]. 

 

 Comparative genomic hybridization (CGH) studies on many chromosomal 

regions in breast cancer cells show genomic instability regions such as HD or 

LOH in 3p21, 5q33, 8p21, 11q, and 13q and amplifications in 8p23, 11q, and 17q 

[14]. Among these, 3p deletions (LUCA and AP20 regions) have been identified 

in 80% of breast carcinomas as well as small-cell lung carcinoma, renal 

carcinoma, cervix, kidney, and head and neck carcinomas [18], [19]. For instance, 

3p21.3 has been identified as a frequent homozygous deletion region in lung and 

breast cancers [18], [20]. This region is known to harbor some candidate tumor 
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suppressor genes such as PL6, NPRL2, 101F6, and FUS1 [21]. Another region, 

8p, has been shown to be one of the most common allelic loss regions in many 

human cancers including breast (and bladder, prostate, non-small cell lung, 

larnygeal, hepatocellular, medulloblastoma, pancreatic, biliary and colorectal 

carcinomas) [22], [23], [24]. On the contrary, a segmental region of 8p11-12 was 

shown to be amplified in breast cancer cell lines harboring FGFR1 as a candidate 

oncogene [25]. Another frequent deletion region, 11q23-24, in breast, ovarian and 

lung cancers has been shown to harbor a candidate tumor suppressor gene (BCSC-

1) [26]. 
 

Cancer cell lines are good sources to model tumor genomes for 

identification of cancer related genes as it is not easy to work with tumor samples, 

grow or treat them with chemicals. Cell lines provide useful data on DNA copy 

number changes for meaningful biological interpretation of neoplastic events. 

Cancer cell lines show complex karyotypes such as a common model breast 

cancer cell line MCF7 (See Figure 1.2). It is described as having multiple 

rearrangements, almost a “triploid cell line”, and translocations were found in 

almost all chromosomes, except chromosome 4, and deletions were detected on 

chromosomes 3 and 13 [27]. Another model breast cancer cell line, T47D, shows 

translocations in chromosomes 1, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 20 

and X and deletions in chromosomes 3, 10, 11, 12 and 18 [27], karyotype is 

shown in Figure.1.3. 
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Figure  1.2: MCF7 SKY (Spectral Karyotyping) karyotype  
(Figure taken from Davidson et al, 2000, http://www.path.cam.ac.uk/) 

 

 

 
 
Figure  1.3: T47D SKY karyotype  
(Figure taken from Davidson et al, 2000, http://www.path.cam.ac.uk/) 

 

 

Array comparative genomic hybridization (CGH) studies on genomic 

alterations in breast cancer cell lines show many genomic alterations revealing 

potential oncogenes and tumor suppressors. For example, the MCF7 cell line 

shows common losses in 8p, 11q14-pter, 13q21-qter, X, 1p13, 8p14, 17q23, and 

20q13 and gains in 11q13, 17q21-qter, 20q, 3q13, 8p, 11q23, 11q14, and 13q14. 

A detailed summary of these regions is listed in Figure 1.4 and Figure 1.5. [5], 

[10], [28]. 
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Figure  1.4: Genomic instability regions in breast cancer cell lines [10]. 
(Figure taken from Kytola et al, 2000). 
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Figure  1.5: Genomic instability regions and calculated copy numbers in breast cancer cell lines by 
CGH [28]. (Figure taken from Shadeo et al, 2006) 
 

 

 In a microarray study of copy number changes in breast cancer cell lines 

several regions were found to be amplified (Xq21.1, 19p13.3) or homozygously 

deleted (13q31.3, 11q14.1, 20q13.2, listed in Figure 1.6 [29]. 
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1.3 MicroRNAs 
 

MicroRNAs (miRNAs) were first discovered in 1993 by Victor Ambros 

and his colleagues while studying developmental timing in Caenorhabditis 

elegans. They found that a gene, lin-4, which doesn’t code for a protein but a 

small RNA that controls timing of C. elegans larval development [30], [31]. This 

small RNA is complementary to the 3’UTR region of lin-14 messenger RNA 

(mRNA) which is a developmental repressor of LIN-14 protein; lin-4 binds to lin-

14 mRNA and represses translation [31]. Lin-4 is known to be the first microRNA 

discovered and let-7, the second identified microRNA, was later found to act as 

lin-4 in the same way by binding to the 3’ UTR complementary regions of genes 

such as lin-14. They were first named as small temporal RNAs (stRNAs) [32] 

because of their role in development. However, other labs soon discovered many 

small RNAs that are not developmentally regulated but specific in certain cell 

types in Drosophila, human, and C. elegans  and then they were named as 

microRNAs [33]. 

 

By 2007, more than 400 microRNAs have been identified in eukaryotes 

[34], [35] and more than 2000 miRNAs in vertebrates, flies, nematodes, plants, 

and viruses [36]. The predicted number of microRNAs is about 1-5% of the genes 

in genome, based on computational prediction programs. Many miRNAs have 

been cloned from C.elegans, Arabidopsis, Drosophila, mice, and humans. They 

are highly conserved and they were also found in fungi and in pathogenic viruses 

[31], [37], [38], [39]. 

  

1.3.1 MicroRNA Biogenesis and Function 
 

MicroRNAs are usually transcribed as capped and polyadenylated full 

length primary transcripts  transcribed by RNA polymerase III (pol III) [40], [37]. 

Some findings also predict that some microRNAs are transcribed by pol II [41], 
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[40]. These primary transcripts (pri-miRNA) undergo maturation process (see 

Figure 1.7) into precursor hairpins (stem-loop miRNAs or pre-miRNAs) 

approximately 60-80 bp with a 3’ 2nt overhang by excision by RNase III enzyme 

Drosha. They are then transferred to cytoplasm by Exportin 5 and a second RNase 

III enzyme, Dicer, recognizes and cuts pre-miRNA into a ~20-22 bp RNA duplex. 

This duplex contains mature microRNA in one strand which is the active form 

designated with organism such as “hsa” for Homo sapiens , “miR”, and a number 

for each microRNA (i.e., hsa-miR-xxx) [36]. One of the strands are degraded and 

other is associated with RISC (RNA-induced silencing complex) where it is 

guided to mRNA targets by the help of Argonaute proteins [42], [43], [44]. 

 

MicroRNAs are specifically and differentially expressed across different 

organisms, developmental stages, tissues or cell types [45], [33], [46].  For 

example, hsa-mir-124 is expressed exclusively in brain [33]. They have been 

shown in several cell functions such as development, cell proliferation, 

differentiation, hematopoiesis, death, stress resistance, and fat metabolism [47], 

[48].  

 

Computational methods are used to predict potential microRNA targets 

(binding sites in 3’ UTR) by using degrees of complementarity and conserved 

regions among related species although some algorithms such as miRanda [49] 

does not consider conservation as a pre-requisite [36]. 
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Figure  1.7: Biogenesis of microRNAs  
(Figure taken from http://www.microrna.ic.cz/obr/image003.png) 
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1.3.2 Gene Regulation by microRNAs 
 

MicroRNAs are predicted to regulate a large number of genes (about 30% 

of all human genes) [50], [51]. MicroRNAs regulate gene expression post-

transcriptionally by two different mechanisms: mRNA cleavage or translational 

repression by binding complementary regions in 3’ UTR of the target genes [41], 

[30], [52], [53]. In some studies, it has also been described that binding to 5’ UTR 

regions are as efficient as binding the 3’ UTR to repress the mRNAs [54]. 

Translational repression by partial complementarity was found to be more 

common in animals, whereas more perfect complementarity of miRNA:mRNA 

resulting in mRNA cleavage was observed in plants [31], [55], [56]. In animals, 

some microRNAs have been found to mediate mRNA cleavage (Figure 1.8) in 

addition to translational repression (Figure 1.9) [57].  

 

 

 
 
Figure  1.8: mRNA cleavage by microRNAs [41]. 
(Figure taken from Bartel et al., 2004 ). 
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Figure  1.9: Translational repression by microRNAs [41]. 
(Figure taken from Bartel et al., 2004 ). 

 

 

Previous reports suggest mRNA down-regulation by microRNAs is due to 

decreased translation [30], [58]. However, recent findings indicate that 

microRNAs can also decrease the amount of cellular mRNAs and destabilize 

them with imperfect complementation. This mechanism is through the removal of 

poly-A tails of mRNAs, which is not necessary in translational repression [59], 

[60]. Although decreasing protein levels by translational repression is known to be 

a common mechanism of microRNA mediated targetting [30], studies suggest that 

microRNAs can reduce mRNA levels [61], [59] by rapid mRNA deadenylation 

[60], [62] (Figure 1.10). 

 

 

 
 
Figure  1.10: Deadenylation and translational repression by microRNAs 
(Figure taken from www.ebiotrade.com) 
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1.3.3 MicroRNAs and Cancer 
 

Some microRNAs have been shown to act as tumor suppressors while 

other microRNAs have been shown to act as oncogenes. Their mechanism of 

action depends on their target gene functions such as cell proliferation, apoptosis, 

or invasion. They were also recently shown to be important cancer biomarkers in 

terms of their significant expression in cancer samples compared to normal [1], 

[63]. 

MicroRNAs were previously reported to be located in chromosomal 

instability regions, including fragile sites. According to some estimates 50% of 

known microRNAs have been found to be located in cancer related regions. 

Alterations in microRNA genes may lead to up-regulation or down-regulation of 

the target genes which may lead to cancer progression depending on target gene 

functions (Figure 1.11) [64], [1]. 

 

 Few of the over 400 known microRNAs, have been verified to be involved 

in cancer. Their genomic instability and differential expression have been shown 

to relate with tumorigenesis. For example, hsa-mir-15a and hsa-mir-16a are 

located on 13q14, a common deletion region of BCL in leukemia [1]. By using 

single nucleotide polymorphism (SNP) microarrays, Lamy et al, 2006 showed that 

microRNA copy number changes relate to expression levels in prostate and colon 

cancers. However, in bladder cancer they found controversial results indicating 

that cancer related regions and microRNA locations are that directly correlated. 

This might be dependent on cancer type and possibly microRNA expression is 

regulated by different mechanisms compared to mRNAs, such as in a target-

dependent manner [64].  
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Another microRNA, hsa-mir-142, is located on breakpoint region of a 

translocation t(8;17) which causes B cell leukemia. Hsa-mir-142 expression was 

found to be higher in B-lymohoid lineages compared to others suggesting a 

potential role of hsa-mir-142 in hematopoietic lineage differentiation [31], [65]. A 

polycistron, hsa-mir-17-92, encodes seven microRNAs, located on common 

amplification region 13q31.3 in B cell lymophomas and lung cancers, and is also 

overexpressed and this polycistron has been implicated as potential oncogene 

[66]. 

 

Microarray studies were conducted on poorly differentiated tumor samples 

by comparing mRNA profiling versus microRNA profiling. This study showed 

that microRNA expression profiles classified 12 of 17 tumor samples whereas 

mRNA expression profiles could discriminate only 1 of 17 samples despite the 

fact that mRNA array contains 15,000 genes but miRNA array contains 200 genes 

[34]. Thus, microRNAs were found to be powerful discriminators of classified 

human cancers as they show different expression patterns in different cancer types 

[67]. MicroRNAs showing abnormal expression in cancer are shown in Figure 

1.12. 
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Figure  1.12: Abberantly regulated microRNAs and cancer types [31].  
(Figure taken from Kusenda et al, 2006) 

 

 

 To date, microRNA involvement in tumorigenesis has been implicated in 

targeting genes with significant functions in cancer pathways such as angiogenesis 

or cell signaling [63], [31]. Involvement of microRNAs and their deregulation in 

cancer have been attributed to its target gene functions. Potential targets of some 

microRNAs are listed in Figure 1.13. 
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Figure  1.13: MicroRNAs and predicted target genes that have significant functions in 
tumorigenesis.(Figure taken from Dalmay et al, 2006) [63] 

 

 

Among thousands of target genes predicted, few have been experimentally 

confirmed. For instance, hsa-miR-21 has been shown to regulate tumor growth 

and apoptosis through regulating genes directly or indirectly that are involved in 
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cancer pathways (i.e. PTEN, BCL-2, PDCD4, TPM1) [68], [69], [70], [71]. It has 

also been shown that hsa-let-7 regulates RAS, hsa-miR-17-5p regulates E2F1 

expression, and hsa-miR-15 and hsa-miR-16 downregulate BCL-2 and induce 

apoptosis [72], [73], [74]. Moreover, hsa-miR-142 has been found to target c-myc 

(myelocytomatosis viral oncogene), hsa-miR-20a targets E2FI, and hsa-mir-19a 

targets PTEN. [75], [76]. 

 

On the other hand, in a study by Bommer et al, 2007, hsa-mir-34 was 

reported to be targeted by p53 tumor suppressor gene in human and mouse cells. 

It has been attributed as “significant downstream effecter of p53 function” and it 

is suggested that the inactivation of hsa-mir-34 might contribute to certain cancer 

types [77]. 

 

 In recent studies on microRNAs and breast cancer, few microRNAs have 

been shown to be deregulated in genomic level and expression level. For example, 

a CGH study on 283 microRNAs in ovarian cancer, breast cancer, and melanoma 

found common microRNAs deregulated in all three cancer types as well as some 

microRNAs unique to a certain cancer type. They showed copy number changes 

of microRNAs in 72.8 % of breast cancer samples [78] (Figure 1.14). 

 

In addition, hsa-miR-21 which is thought to be correlated with breast 

cancer has also been found to be amplified and overexpressed and involved in 

many cancer types indicating an oncogenic role [71], [68], [69], [70]. The target 

of hsa-miR-21, the tumor suppressor gene tropomyosin 1 (TPM1), has been 

identified and verified using MCF7 cells [70]. This was verified by the 

suppression of tumor growth after treatment of cells with anti-miR-21 to knock 

down hsa-miR-21 [70], [69]. 

 

 



 
 
 

 
 

 

20

 
 
Figure  1.14: Copy number changes of 283 microRNAs in breast, ovarian and melanoma cancer 
samples by CGH. 
 

 

 In terms of comparison of miRNA expressions in breast cancer cell lines 

and tumors, Mattie et al, 2006, analyzed many microRNAs in 10 breast tumors 

(ErbB2 +) and SKBR3 cell line (ErbB2 +). This study suggested that unique sets 

of microRNAs are associated with phenotypic status of breast cancer samples. 

Similar expression patterns of 56 microRNAs in ErbB2 + tumor samples and in 

ErbB2 + cell line SKBR3 are shown in Figure 1.15. 
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 MicroRNA microarray study by Iorio et al, 2005, analyzed breast cancer 

tumors and cell lines and showed that compared to normal breast tissue, hsa-

mi125b, hsa-miR-145, hsa-miR-21, and hsa-miR-155 were significantly 

deregulated in breast cancer. MicroRNA expression profiling was clustered and 

breast cancer samples were clearly differentiated from normal samples also 

according to biopathological features. They found that let-7, miR-125b, and miR-

145 were down-regulated, whereas miR-155 and miR-21 were up-regulated [79]. 

 

1.4 Aim of the Study 
 

Genomic instability is commonly seen in breast cancer cells. Loss or gain 

of particular chromosomal segments may harbor potential tumor suppressor genes 

or oncogenes that may contribute to tumorigenesis when lost or gained, 

respectively [11], [13], [14]. 

 

microRNAs have already shown to be involved in cancer related 

pathways/mechanisms. Our aim was to investigate microRNAs mapping to breast 

cancer genomic instability regions, and to confirm their fold changes (loss or 

gain) in 20 breast cancer cell lines, 2 immortalized mammary cell lines and 2 

normal DNAs compared to a housekeeping gene, GAPDH. 
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CHAPTER 2 

 

 

2 MATERIALS AND METHODS 
 

 

 

2.1 Materials: 
 

2.1.1 Cancer Cell Lines 
 

Twenty breast cancer cell line DNAs (BT20, BT474, BT549, CAL51, 

DU4475, Hs578T, MCF7, MDA-MB157, MDA-MB231, MDA-MB361, MDA-

MB435, MDA-MB468, SUM-52, SUM-102, SUM-149, SUM-159, SUM-185, 

SUM-229, SK-BR3, and T-47D) and 2 immortalized mammary cell line DNAs 

(HPV4-12 and MCF10) were kindly provided by E.M. Petty from the University 

of Michigan, Ann Arbor, U.S.A. and were used in semi-quantitative duplex PCR 

experiments. Two normal DNA controls were isolated from blood and used for 

comparison to cancer cell lines. 

 

Cancer cell lines MCF7, MDA-MB-231, SUM-159, Hs578T, HeLa and 

SHSY-5Y and rat brain tissue were kindly provided by Biochemistry department 

of University College Cork, Ireland and were used in real-time RT-PCR 

expression analysis of hsa-miR-21 and hsa-miR-383. 
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2.1.1.1 Mammalian Cell Culture Conditions  
 

MCF7, HS578T, HeLa, and SYSY-5Y cell lines were grown as 

monolayers in tissue culture plates (Sarstedt) in Dulbecco’s Minimum Essential 

Medium (DMEM) (Sigma, D6429). Composition of the media is presented in 

Appendix A. The MCF10 cell was grown in Ham’s F-12 nutrient mixture (Sigma-

Aldrich, N6760) with supplements given in Table A.1. The MDA-MB-231 cell 

line was grown in Leibovitz’s L15 media (Sigma-Aldrich, L4386). All media 

included 1 % L-Glutamine (Biowhittaker, BE17-605E), 10 % Fetal Bovine Serum 

(Biosera, S1900/500), and 1 % Penicillin / Streptomycin (10 000 IU/ 10 000 

µg/ml), (Biowhittaker, DE17-602E) filtered through 0, 45 µm filters. All cell lines 

were incubated in 37oC incubators with 95% air and 5% CO2. Details of culture 

medium are given in Table A.1. 

 

1X PBS (phosphate buffered saline) was used in cell culture wash 2-3 

times a week to remove metabolic wastes and fresh media was added to cells. 

 

1X Trypsin-EDTA (Sigma, T4174) was used to detach the cells from the 

flask when the cells were confluent. Subculturing of the cells was done according 

to doubling time of each cell line with 1:2, 1:3, or 1:4 ratios. Centrifugation at 

1400 rpm for 4 min was used to pellet the cells before subculturing and freezing. 

 

Cells were frozen in liquid nitrogen when they reached 90% confluency. 

Five percent (5%) DMSO (dimethyl sulfoxide) (Sigma, 154938) was used in the 

corresponding media for each cell line for long term storage of frozen cells. Cells 

were frozen and kept at -80oC for 1-2 days and transferred to liquid nitrogen. 

Cells were thawed in a 37oC water bath. Counting of the dead cells was done by 

staining cells with tryphan blue to discriminate them from living cells in 

hemocytometer under light microscope. 
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2.2 Methods 
 

2.2.1 Literature Research on Common Genomic Instability Regions in 

Breast Cancer 

 

Literature search was performed by using NCBI PubMed database for 

published studies about genomic instability regions (homozygous deletion, loss of 

heterozygosity and amplification) in breast cancer cells. The chromosomal regions 

found to be frequently altered were selected and listed. Positions of instability 

regions were defined by single nucleotide polymorphism (SNP) markers available 

for some regions. 

 

2.2.2 Mapping microRNAs to Common Loss and Gain Regions  
 

After defining common regions of alterations, microRNAs in these regions 

were located by using two approaches. First, by using Human Genome Browser 

(http://genome.ucsc.edu/cgi-bin/hgGateway) and Sanger Institute miRBase 

database (http://microrna.sanger.ac.uk/sequences/), microRNAs were mapped to 

these regions. Second, combined DNA sequences of microRNAs in FASTA 

format were blasted against genomic instability region sequences using NCBI 

BLAST program (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi). 

 

2.2.3 Investigation of microRNA Gene Fold Changes in Breast Cancer Cell 

Line Genomes 

 
Fold changes of 39 microRNAs were investigated in 20 breast cancer cell 

lines, 2 immortalized mammary cell lines, and 2 normal DNAs by semi-

quantitative duplex PCR. 
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2.2.3.1 Primer Designs 
 

Primers for DNA regions of the 39 pre-miRNAs and for housekeeping 

gene, GAPDH, were designed by using Primer3 program 

(http://frodo.wi.mit.edu/). Specificity of primers was tested by using UCSC in-

silico PCR program (http://genome.brc.mcw.edu/cgi-bin/hgPcr). MicroRNA PCR 

products ranged from 190bp to 350bp and for GAPDH, 2 primer sets to generate 

472 bp and 644 bp were designed (Table B.1).  

 

For pre-miRNA expression analysis, sequences were obtained from 

miRBase database and cDNA primers were designed manually, example of hsa-

mir-21 pre-miRNA primers design is shown in Figure 2.1. PCR product sizes 

were approximately 70bp-80bp and GAPDH primers were designed to yield a 

PCR product of 115 bp. Specificity of designed primers were checked by using 

UCSC in-silico PCR program (http://genome.brc.mcw.edu/cgi-bin/hgPcr). All 

primers were resuspended in RNase-free water to a final concentration of 100μM. 

 

 

 
 
Figure  2.1: cDNA primer design for hsa-mir-21 pre-miRNA. 
Green; mature microRNA sequence, arrows; forward (21 nt) and reverse (17 nt) primers, red; 
stem-loop region. UCSC In-Silico PCR primer specificity program shows 70 bp PCR product 
specific for the hsa-mir-21 pre-miRNA cDNA on 17q23. 
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2.2.3.2 Semi-quantitative Duplex PCR 
 

DNAs from 2 normal samples isolated from blood were used in 

optimization of duplex PCRs such as adjusting GAPDH and microRNA primer 

concentrations. A total of 30 μL PCR master mixture included: 3μL 10X complete 

Taq Pol buffer, 3 μL dNTP mix (2nM each), and 3μL microRNA forward primer 

(5 μM) and 3μL microRNA reverse primer (5 μM), 16.25 μL dH2O, 0.25 μL Taq 

Polymerase (Applichem, A5186), and 2 μL DNA (50ng/μL).  

 

PCR was performed in a thermal cycler using ~3-4ºC lower Tm of each 

primer pair in PCR program: 1 cycle denaturation step at 94ºC for 2 min, 35 

cycles of amplification at 94ºC for 30 sec (Tm-3) ºC for 30 sec, extension step at 

72ºC for 30 sec) and final extension step at 72ºC for 10 min was performed. For 

nonspecific bands, relatively higher temperatures were used for amplification step 

((Tm-1)ºC). For some of the microRNA PCRs, the following touchdown program 

was used: 1 cycle denaturation step at 94ºC for 2 min., 3 cycles of amplification at 

94ºC 30 sec., annealing at (Tm-1)ºC 30 sec and extension step at 72ºC for 30 sec), 

3 cycles of (94ºC 30 sec., (Tm-3)ºC 30 sec., 72ºC 30 sec), 29 cycles (94ºC 30 sec., 

(Tm-5)ºC 30 sec., 72ºC 30 sec), and 72ºC 10 min.  

 

Semi-quantitative duplex PCR master mixture included 3μL 10X complete 

Taq Pol Buffer, 3 μL dNTP mix (2mM each), 3 μL GAPDH forward primer 

(5μM) and 3 μL GAPDH reverse primer (5μM), 3 μL microRNA forward primer 

(5μM) and 3 μL microRNA reverse primer (5μM), 9.75 μL dH2O and 0.25 μL 

Taq Polymerase, finally 2 ul of 50ng/μL DNA template (total 100 ng) was added 

for a final 30 μL reaction mix. PCR conditions such as Tm, primer:primer 

amounts and amplification cycles were first optimized in normal DNA samples 

(See Figure 2.2 for an example of cycle optimization) and later cancer cell line 

DNAs were used in previously optimized PCR conditions listed in Table B.2. 
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Figure  2.2: An example of PCR optimization by cycle selection 
In this case, hsa-mir-34c was optimized at cycle 27 before saturation of the bands. 
 

 

2.2.3.3 Densitometry Analysis and Fold Change Calculation 
 

Semi-quantitative duplex PCR gel images were analyzed using Scion 

Image program (National Institute of Health). Fold changes calculated for normal 

DNAs for GAPDH and microRNA band intensities were used in normalization of 

cancer cell line DNA fold changes. The formula used in calculation of fold change 

of microRNAs in cancer cell lines normalized to normal DNAs is shown in Figure 

2.3. 

 

 

 Fold change=                C (mir ⁄ GAPDH) 
                         AVG ( N1 (mir ⁄ GAPDH) , N2 (mir ⁄ GAPDH)  

 
Figure  2.3: Formula used in normalization and calculation of fold changes of microRNAs.  
Ratios of peak values generated by Densitometry analysis program were used. (C): Cancer cell 
line; (N1) and (N2): Normal DNAs 
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2.2.4 Expression Analysis of microRNAs 
 

Expression analysis of selected microRNAs was performed in two stages. 

First, pre-miRNAs (precursor) expression was investigated by using RT-PCR. 

Second, expression of mature miRNAs (active form) was investigated by using 

real-time RT-PCR method. 

 

2.2.4.1 RNA Isolation and DNase Treatment 
 

All the solutions were prepared with DEPC-treated water and 

micropipettes were UV cross linked. RNase free tubes and filtered tips 

(Biosphere) were used. The bench was cleaned with RNase AWAY solution 

(Molecular BioProducts, 7000) and DNA AWAY (Molecular BioProducts, 7010) 

to remove any contaminating RNases or DNases. Two different isolation methods 

were used: (a) Trizol Reagent (Invitrogen, 15596-026) and (b) mirVana 

microRNA Isolation Kit (Ambion, AM1560). RNAs were DNase treated 

following isolation by TURBO DNA-free kit (Ambion, AM1907) to remove any 

contaminating DNA template. 

 

2.2.4.1.1  RNA Isolation by Trizol Reagent 
 

RNA was isolated from MCF7, MDA-MB-231, HS578T, SUM-159, 

MCF10A, SHSY-5Y, and HeLa (cervical carcinoma) cell lines for RT-PCR 

analysis of pre-microRNAs and mature microRNAs by using Trizol Reagent. 

Additionally, normal breast RNA (Ambion, 7952) was used as a control in pre-

miRNA RT-PCR. 

 

For RNA isolation by Trizol Reagent, cells were grown in T75 cell culture 

flasks to 70% confluency. Trizol reagent (1 ml) was used to lyse the cells, passing 
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them through the pipette several times and transferred to an eppendorf tube. 0.2 

ml of isopropanol (Sigma, I9516) per 1 ml Trizol reagent was added to cells, and 

the tube was shaken for 15 sec. the tube was centrifuged at 12,000 x g for 15 min 

at 2-8oC. Following centrifugation, mixture separates into 3 levels; phenol 

chloroform phase, interphase and aqueous phase from bottom to top. Aqueous 

phase containing RNA was transferred to a new tube. 0.5 ml isopropyl alcohol 

was added and mixture was incubated at 15-30oC for 10 min. Then, it was 

centrifuged at 12,000 x g for 10 min at 2-8oC. RNA precipitated, supernatant was 

removed and RNA pellet was washed once with 1 ml of 75% ethanol. Sample was 

mixed by vortexing and centrifuged at 7,500 x g for 5 min. at 2-8 oC. The RNA 

pellet was air-dried for 5-10 min. RNA was dissolved in 30-50μL RNase-free 

water and stored at -80oC. RNA concentrations were measured in Nanodrop 

Spectrophotometer (ND-1000). 

 

50 μl RNA (~200ng/ul) was treated with 1 μl DNase I supplied in TURBO 

DNA-free Kit, and incubated at 37oC for 30 min. 5 μl of DNase inactivating 

reagent was added and incubated at room temperature for 2 min. After 

centrifugation at 10,000 x g for 1.5 min, supernatant containing RNA was 

transferred to a fresh tube. DNase treated RNAs were stored at -80oC. 

 

2.2.4.1.2 RNA Isolation by mirVana microRNA Isolation Kit 
 

Optimization of expression analysis experiments included comparison of 

two RNA isolation methods; by mirVana miRNA isolation kit and by Trizol 

Reagent. 

 

Total RNA was isolated from MCF7 by using mirVana miRNA isolation 

kit. Seventy percent (70%) confluent cells were washed with 5ml 1X PBS. 3ml of 

1X Trypsin was added to detach the cells and cells were incubated at 37oC, 5% 

CO2 incubator for 10-15 min. Supernatant was removed by centrifuging the cells 
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at 1400 rpm for 4 min in 5-6 ml culture medium. The media was removed and 

cells were washed once with 1x PBS and kept on ice. Lysis buffer (600 μL) was 

added to cells and vortexed. MiRNA homogenate additive (60 μl) was added to 

the cell lysate, mixed, and incubated on ice for 10 min. Then, 600 μl 

acid:phenol:chloroform was added to cells and vortexed for 1 min. Cells were 

centrifuged at 10,000 x g for 5 min at room temperature to separate organic and 

aqueous phases. For isolation of total RNA, 1.25 volumes of 100% ethanol was 

added to aqueous phase and mixed. The lysate was filtered through cartridge and 

centrifuged at 10,000 x g for 15 sec. The flow through was discarded. MiRNA 

wash solution (700 μL) was added to the filter cartridge, and the filter cartridge 

was centrifuged for 5-10 sec and the flow through was discarded. The filter 

cartridge was transferred to a new microcentrifuge tube and RNA was eluted by 

applying 100 μl RNase-free water to filter and centrifuging at 10,000 x g for 20-

30 sec. RNA was stored at -80oC. 

 

2.2.4.2 Expression Analysis of pre-microRNAs by RT-PCR 
 

Overview of expression analysis for pre-miRNAs is as follows: 

 

Obtain pre-miRNA sequences and design primers 

 

Isolate RNA from cell lines 

 

DNase treat RNAs 

 

cDNA synthesis (RT) 

 

Duplex PCR 

 

RT-PCR 
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Expression analysis of 7 candidate pre-miRNAs (hsa-mir-633, hsa-mir-

145, hsamir-21, hsa-mir-361, hsa-mir-486, and hsa-mir-301) was done by RT-

PCR. MCF7, MDA-MB-231, HeLa, and normal breast RNAs were used in cDNA 

synthesis. Duplex PCR was performed by coamplifying GAPDH, as a 

housekeeping control after setting optimized PCR conditions in DNA templates. 

 

Three different cDNA synthesis kits were used and compared; RevertAid 

First Strand cDNA synthesis kit (Fermentas, K1632), Superscript II RT 

(Invitrogen, 11904-018), and Omniscript RT kit (Qiagen, 205110). Both oligodT 

and random hexamer primers were used. Table 2.1, Table 2.2 and Table 2.3 show 

master mix preparation and protocol for the kits used. 

 

 
Table  2-1: cDNA synthesis (RT) protocol and reaction mixture by RevertAid First strand cDNA 
synthesis Kit 
 

RNA 1 μg (1-2 μL) 
Primer (oligodT or random hexamer) 1 μL 

dNTP mix 2 μL 
DEPC- treated water variable 
TOTAL 12 μL 
Briefly centrifuged, incubated at 70C for 5 min., chilled on ice and briefly centrifuged. 

5X reaction buffer 4 μL 
Ribolock RNase inhibitor 1 μL 
Briefly centrifuged and incubated at 37oC for 5 min (25oC for random hexamer primers) 
Revertaid RT enzyme 1 μL 
TOTAL 20 μL 
Mixed and incubated at 42oC for 60 min (25oC for 10 min,, 42oC for 60 min for random 
hexamer primers), reaction was stopped by heating to 70oC for 10 min. and chilling on ice. 
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Table  2-2: cDNA synthesis (RT) protocol and reaction mixture by Superscript II cDNA synthesis 
Kit 

 

RNA 1 μg (1-2 μL) 
heated to 70oC for 10 min. to avoid secondary structure, briefly centrifuged and put on ice. 

Primer (oligodT or random hexamer) 1 μL 
dNTP mix 1 μL 
DEPC- treated water variable 
TOTAL 12 μL 
Mixed and heated to 70oC for 5 min., put on ice 
5X 1st strand reaction buffer 4 μL 
0.1 M DTT 2 μL 
Ribolock RNase inhibitor  1 μL 
Mixed and incubated at 42oC for 2 min (25oC for random hexamer primers) 
Superscript II  1 ul 
Mixed and incubated at 42oC for 50 min (25oC for 10 min, 42oC for 50 min for random 
hexamer primers) and 70oC for 15 min. 

 

 
Table  2-3: cDNA synthesis (RT) protocol and reaction mixture by Omniscript cDNA synthesis 
Kit 
 

RNA 1 μg (1-2 μL) 
heated to 65oC for 5 min to avoid secondary structure, briefly centrifuged and put on ice. 
10X reaction buffer 2 μL l 
Primer (oligodT or random hexamer) 2 μL 
dNTP mix 2 μL 
DEPC- treated water variable 
Ribonuclease inhibitor, 10U/ul (Fermentas, cat#) 1 μL 
Omniscript RT enzyme 1 μL 
TOTAL 20 μL 
Mixed and heated to 37oC for 60 min 

 

 

 First, PCR conditions such as Tm for primers and PCR program for hsa-

mir-21, mir-633, mir-145, mir-383 and mir-361 were optimized by using normal 

DNAs. PCR reaction mixture and PCR program used are shown in Table 2.4 and 

Table 2.5. 
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Table  2-4: PCR reaction mixture to amplify pre-miRNA 

 
1X master mix 

10 X buffer with MgCl2 3 μL 
dNTP mix 3 μL 
microRNA forward primer 3 μL 
microRNA reverse primer 3 μL 
DMSO (to prevent secondary structures) 3 μL 
DEPC-treated water 13.75 μL 
Taq Polymerase  0.25 μL 
DNA(100ng /ul) 1 μL 
TOTAL 30 μL 
 

 
Table  2-5:.PCR cycling conditions for pre-miRNA 
 

95oC 3:00 min 

95oC 0:30 min 

48-60oC 0:30 min 

72oC 0:30 min 

72oC 10:00 min 

 

 

Thirteen tubes were prepared for optimization and each tube was placed in 

a well in the thermocycler and 13 different annealing temperatures ranging from 

48oC to 60oC were used in a gradient PCR program. 

 

Hsa-miR-383 and GAPDH were co-amplified in the duplex PCR reaction 

and program (Table 2.6 and Table 2.7) in cancer cell line cDNAs and normal 

breast cDNA  

 

 

 

 

 

35 cycles 
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Table  2-6: Duplex PCR reaction mixture to amplify pre- miRNA and GAPDH. 
 

1X master mix 
10 X buffer with MgCl2 3 μL 
dNTP mix (2mM each) 3 μL 
microRNA forward primer (100%) 3 μL 
microRNA reverse primer (100%) 3 μL 
GAPDH forward primer (12.5 %) 4 μL 
GAPDH reverse primer (12.5 %) 4 μL 
DMSO 3 μL 
DEPC-treated water 5.75 μL 
Taq Polymerase  0.25 μL 
cDNA 1 μL 
TOTAL 30 μL 
 

 
Table  2-7: Duplex PCR cycling conditions for pre-miRNA. 
(Annealing temperature differs for all microRNAs) 
 

95oC 3:00 min 

95oC 0:30 min 

55oC 0:30 min 

72oC 0:15 min 

72oC 10:00 min 

 

 

2.2.4.3 Expression Analysis of Mature microRNAs by Real-Time RT-PCR  
 

For expression analysis of mature microRNAs (hsa-miR-21 and hsa-miR-

383), Taqman microRNA Reverse Transcription Kit (ABI, 4366596) and 

commercially available Taqman microRNA Assays (ABI, 4373381), and Taqman 

Universal Master Mix (ABI, 4304437). An ABI Prism 7900 HT Sequence 

Detection System was utilized for detection. Data analysis was conducted using 

SDS 2.0 software. U6 was used as internal control but not used in normalization. 

 

In our study where a suitable endogenous gene was not present, absolute 

quantification was used. Absolute quantification detects the quantity of a single 

35 cycles 
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nucleic acid in an unknown sample. A sample with known quantity (calculated by 

spectrophotometer and molecular weight) is used to construct a standard curve to 

determine the quantities of other samples according to Ct detected and quantity 

matches that Ct value in the constructed curve. The Ct value is defined as 

threshold cycle, the fractional cycle number that fluorescence from the products 

passes a certain threshold. One Ct value difference between samples equals to 2 

fold difference. An efficient PCR reaction (100% efficiency) gives slope of -3.3 

on standard curve. 

 

Three biological replicates of 6 cell lines were grown in tissue culture and 

RNA was isolated separately. Each replicate was loaded into 3 wells of a 384-well 

plate as 3 technical replicates for statistical significance. For rat brain tissue, 

whole brain RNA was used in the experiments. 

 

Taqman microRNA assay protocol by real time qRT-PCR includes two 

steps as represented in Figure 2.3. The first step was cDNA synthesis (by reverse 

transcriptase, RT) of mature microRNAs by microRNA RT kit; extension by 

looped primers specific to particular microRNA from 10 ng total RNA of starting 

material, shown in Table 2.8. The second step was synthesis of second strand of 

cDNA and PCR amplification of microRNA by using specific primers, Taqman 

Universal master mix. Amplitaq Gold DNA Polymerase provided in Assay kit 

was also used. After the RNA was added to master mix, the mixture was 

centrifuged briefly and tubes were placed into the ABI 2720 thermal cycler for the 

RT reaction with the program shown in Table 2.9.  
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TaqMan® MicroRNA
Assays

miRNA RT primer

Step 1:
Stem-loop RT

Step 2:
Real-time PCR

cDNA

Forward primer

Reverse
primer

FQ
TaqMan probe

Four oligos per miRNA
1. RT primer
2. Forward primer
3. Reverse primer
4. TaqMan probe

Two enzymes required
1. Reverse transcriptase
2. AmpliTaq Gold® DNA 

Polymerase

 
Figure  2.4:  Taqman microRNA real-time RT-PCR Assay  
(Figure taken from www.appliedbiosystems.com) 

 

 
Table  2-8: cDNA synthesis (RT) mixture by Taqman microRNA RT Kit 

 
Component Volume ul / 15 μL reaction 
dNTP mix (100mM total) 0.15 μL 
Multiscribe RT enzyme (50U/μL) 1 μL 
10X RT Buffer 1.5 μL 
RNase inhibitor (20U/μL) 0.19 μLl 
Nuclease-free water 8.16 μL 
Specific primer mix 3 μL 
RNA (10ng/μL) 1 μL 
Total 15 μL 
 

 
Table  2-9: Taqman miRNA cDNA synthesis reaction program. 
 

16°C 30:00 min 

42°C 30:00 min 

85°C 5:00 min 

4°C Hold 
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MCF10 was used as standard sample in U6 and hsa-mir-21 analyses. Brain 

tissue was used in hsa-mir-383 analysis. Standard samples were diluted in certain 

ratios and quantities were set. For example, 4 serials dilutions were done for 

MCF10 cDNA as follows; no dilution (neat), 1:2, 1:4, 1:8 and quantities of 1, 0.5, 

0.25, and 0.125 were attributed to each dilution, respectively and set to program 

before run. Constructed curves were used by the program to calculate quantities of 

other samples.  

 

After cDNA products are prepared, master mixture was prepared for PCR 

amplification of RT products (Table 2.10) loaded on 384-well clear optical plates 

(ABI, 4309849) and covered with optical adhesive covers (ABI, 4313663). The 

PCR program is shown in Table 2.11 and was performed using the ABI Prism 

7900 HT Fast Real-Time PCR System. FAM reporter dye linked to 5’ of the 

probe was used to label the products with fluorescence. 

 

 
Table  2-10: .Taqman miRNA cDNA PCR reaction mixture  
 

Component Volume μL / 10μLreaction 
Taqman microRNA Assay (20X) 0.5 μL 

Product from RT reaction (cDNA) 0.7 μL 
Taqman 2X Universal Master mix 5 μL 

Nuclease-free water 3.8 μL 
Total 10 μL 

 

 
Table  2-11:  Taqman miRNA PCR reaction conditions for real-time RT-PCR  
 

95°C 10:00 min 

95°C 0:10 min 

60°C 1:00 min 

 

 

40 cycles 
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2.2.5 Target Search for hsa-miR-21 and hsa-miR-383  
 

Four microRNA target prediction programs available online MiRanda 

(www.microrna.org) (For web interface, see Figure 2.5) [49], miRBase 

(http://microrna.sanger.ac.uk/sequences/) (For web interface, see Figure 2.6) [36], 

TargetScan, version 3.0 (http://www.targetscan.org/) (For web interface, see 

Figure 2.7) [76] and PicTar (http://pictar.bio.nyu.edu/) (For web interface, see 

Figure 2.8) [80] were used to find predicted target genes of hsa-miR-21 and hsa-

miR-383. All programs were screened and listed for high scored genes from top to 

bottom. 

 

About 40 high scored genes were selected from each prediction program. 

Common genes predicted by at least 2 of the programs were selected. Also, 

functions of the predicted genes were obtained from NCBI web site and the genes 

with potential function in tumorigenesis were included in candidate list. 

 

 

 
 
Figure  2.5: miRanda web interface, microRNA targets search page 
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Figure  2.6: miRBase web interface, microRNA targets search page 
(Accessible from MiRanda link in http://microrna.sanger.ac.uk/sequences/) 

 

 

 
 
Figure  2.7: TargetScan web interface, microRNA targets search page 
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Figure  2.8: PicTar web interface, microRNA targets search page 
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CHAPTER 3 

 

 

3 RESULTS AND DISCUSSION 
 

 

 

3.1 MicroRNAs Mapping to Reported Common Genomic Instability 

Regions in Breast Cancer 

 

Literature research on more than 40 publications on common genomic 

instabilities in breast resulted in several regions. Among these, 18 regions were 

selected for finding microRNAs mapping these regions. 

 

These genomic instabilities were reported as loss (homozygous deletion or 

loss of heterozygosity-LOH), gain (amplifications), and genomic imbalances 

(reported as loss or gain) by using different methods such as CGH (Comparative 

Genomic Hybridization) or microarray analysis. Selected regions include losses 

in: 2q [26], 3p [81], 3p21 [14], [82], [83], 3q13.3 [29], 5q32 [14], [84], [85], 

8p11-21 [86], 8p21 [81], [86], 8p21-8p23 [14], [81], [87], [88], 11q23-24 [89], 

[90], [91], 13q14 [92], [81], [29], [93], 17q21 [81], [94], [95], [96], [97], 19p13 

[29], [98], [99], 21q21 [100], and Xq21 [29]. Gains were found in: 2q31-32 

[101], 3q [102], [103], 8p11-12 [104], [105], [106], 8p23 [14], 11q23-24 [91], 

13q31 [29], [107], 17q22-24 [108], [109], [110], 17q23 [95], [109], [21], [110], 

[108], [109], [111], [110], [112], and 20p [21], [113], [112]. 

 

Boundaries of lost or gained regions were defined by SNP markers when 

available in reports. UCSC Genome Browser (According to Human May 2004 

Assembly) and miRBase databases (Version 7.1) were used to find microRNAs 
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mapping between these boundaries. Thirty-nine microRNAs were found to be 

mapping these 18 regions. For example, hsa-mir-143 and hsa-mir-145 were 

located on common loss region 5q33, as shown in Figure 3.1. 

 

 

 
 

Figure  3.1: Example of finding microRNAs mapping to common loss region by using UCSC 
Genome Browser. Hsa-mir-143 and hsa-mir-145 were found to be mapping to 5q33 region. 
 

 

Among 39 microRNAs selected, 16 of them were mapping to common 

loss regions, 13 of them were in common gain regions and 10 of them were 

mapping to regions reported as loss or gain. Literature research on common 

genomic instability regions in breast cancer and microRNAs mapping to these 

regions are summarized in Table 3.1. 
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Table  3-1: Selected common genomic instability regions in breast cancer and microRNAs 
mapping to these regions 
 

  Genomic 
Loci 

Gain / 
Loss Samples References microRNA genes 

mapping 
2q31-32 gain MDA-MB-231 [101] 

1 
2q loss breast tumors [26] 

hsa-mir-10b 

3p21 loss breast cancer cell lines 
and breast tumors [14],[82], [83] 

2 
3p loss breast tumors [81] 

hsa-mir-135a-1, let7g, 
hsa-mir-191, hsa-mir-
138-1, hsa-mir-425 

3 3q gain breast tumors [102], [103]  hsa-mir-15b, hsa-mir-
16-2 

4 3q13.3 loss MCF7 [29] hsa-mir-198 

5 5q32 loss breast tumors [14], [84], [85] hsa-mir-143, hsa-mir-
145 

8p11-12 gain breast cancer cell lines 
and breast tumors [104], [105], [106] 

6 
8p11-21 loss breast tumors [86] 

hsa-mir-486 

7 8p21 loss breast tumors [81], [86] hsa-mir-320 

loss breast cancer cell lines 
and breast tumors [14], [81], [87], [88]

8 8p21-8p23
gain breast tumors [14] 

hsa-mir-383, hsa-mir-
124a-1 

gain breast tumors [91] 
9 11q23-24 

loss breast tumors [89], [90], [91] 

hsa-mir-34c, hsa-mir-
34b, hsa-mir-100, hsa-
let7a-2, hsa-mir-125b-
1 

10 13q14 loss breast cancer cell lines 
and breast tumors [92], [81], [29], [93] hsa-mir-15a, hsa-mir-

16-1 

11 13q31 gain breast cancer cell lines [29], [107] 

hsa-mir-17, hsa-mir-
18a, hsa-mir-20a, hsa-
mir-19a, hsa-mir-19b-
1, hsa-mir-92-1  

12 17q21 loss breast tumors [81], [94], [95], 
[96], [97] hsa-mir-152 

13 17q22-24 gain breast cancer cell lines 
and breast tumors [109], [21], [110] hsa-mir-301, hsa-mir-

142 

14 17q23 gain breast cancer cell lines 
and breast tumors 

[95], [109], [21], 
[110], [108], [114], 
[111], [110], [112] 

hsa-mir-21, hsa-mir-
633 

15 19p13 loss breast tumors and 
cancer cell lines [29], [98], [99] hsa-mir-7-3 

16 20p gain breast cancer cell lines 
and breast tumors [21], [113], [112] hsa-mir-103-2 

17 21q21 loss breast tumors [100] hsa-mir-125b-2 

18 Xq21 loss breast cancer cell lines [29] hsa-mir-384, hsa-mir-
325, hsa-mir-361 
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3.2 Semi-quantitative Duplex PCR Results and Fold Changes of 

microRNAs 

 

 First, primers were specifically designed for each of the microRNA genes 

and GAPDH, a housekeeping gene. Primers were used in duplex PCR with 2 

normal DNAs. In PCR optimizations, microRNA and GAPDH bands were set to 

equal or near equal intensities by adjusting PCR conditions such as primer: primer 

concentrations, Tm and cycle number were optimized for each microRNA. The 

assumption behind this approach was that normal genomes are considered to have 

equal amounts (2 copies) of each gene (microRNA and GAPDH). On the other 

hand, cancer genomes may show imbalances in other genes but are considered to 

have  2 copies of GAPDH gene as it is a housekeeping gene, despite the fact that 

some cancer cell lines showed imbalanced GAPDH gene as well (i.e., CAL51). 

Then, using optimized conditions, 36 pre-microRNA DNA regions were 

successfully co-amplified with GAPDH gene by using semi-quantitative duplex 

PCR in 20 breast cancer cell lines, 2 immortalized mammary cell lines and 2 

normal DNAs. 

 

 PCR results were further analyzed for fold changes of microRNAs by 

using Scion Image densitometry analysis program that detects band intensities 

from agarose gel images and creates peaks. Area of each peak is attributed to a 

value. Values of mir/gapdh for each cell lines were compared to mir/gapdh ratios 

of normal DNAs resulted in a normalized fold change all microRNAs in each cell 

line.  

 

Fold changes calculated for each microRNA in cancer cells versus controls 

were classified with the following cut off values and represented as 0- 0.5 fold 

(loss,  ), 0.5-1.5 folds (no significant change,  ), 1.5-2.5 folds (low gain,  ), 

2.5-4 folds (moderate gain,  ) and > 4 folds (significant gain,  ). Semi-

quantitative duplex PCR results, fold changes calculates and fold graphs for 36 
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microRNAs are shown in Figure 3.3-38. Analyses results showed that in 61% 

(22/36) of selected microRNAs exhibited genomic instabilities (loss or moderate 

to significant gain) in at least 3 cell lines of 22 analyzed.  

 

3.2.1 Fold Change Results for microRNAs mapping to common gain 

regions 

 

MicroRNAs mapping to common gain regions showed both gains and 

losses in some cell lines. For instance, mir-17-92 polycistron, located on 13q31 

reported as gain region, encodes hsa-mir-17, hsa-mir-18a, hsa-mir-19a, hsa-mir-

19b-1, hsa-mir-20a, and hsa-mir-92-1 (Figure 3.2). These clustered microRNAs 

were previously found to be amplified in B cell lymphomas and lung cancers [66].  

 

 

 
 

Figure  3.2: mir-17-92 polycistron mapping to common loss region 13q31 
(Figure taken from UCSC Genome Browser) 

 

 

Fold change calculations on these clustered microRNAs showed that there 

were low gains in some cell lines but no consistent gain along all breast cancer 

cell lines was detected. Hsa-mir-92-1 showed significant gain (more than 4 fold) 

in BT-549 (see Figure 3.3). Interestingly, hsa-mir-19a showed loss in 15 cell lines 

(see Figure 3 4), 7 of them were consistent with hsa-mir-19b-loss (MDA-MB-435, 
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MDA-MB-361, BT-549, SKBR3, BT20, HS578T, and MDA-MB-468) as well as 

immortalized cell lines MCF10 and HPV4-12 (Figure 3.5). 

 

Moreover, hsa-mir-301, located on 17q22, showed moderate gains in 27% 

(6/22) of the cell lines (Figure 3.6), hsa-mir-21, located on 17q23, showed 

moderate gains in 22% (5/22) of the cell lines and significant gain in MDA-MB-

231 (Figure 3.7). Another microRNA located on 17q23, hsa-mir-633, showed 

moderate gains in 18% (4/22) of the cell lines (Figure 3.8), whereas hsa-mir-103-2 

showed significant gain in MDA-MB-231 (Figure 3.9) 
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3.2.2 Fold Change Results for microRNAs mapping to common loss regions 
 

MicroRNAs mapping to common loss regions show consistent losses in 

hsa-mir-135a-1 (Figure 3.10) and hsa-mir-125b-2 (Figure 3.11). Hsa-mir-135a-1, 

located on 3p21, showed losses (less than 0.5 fold) in 31% (7/22) of the cell lines 

whereas hsa-mir-125b-2 showed losses in 54% (12/22) of the cell lines. Also, 

some microRNAs were observed to show low gains (1.5-2.5 folds) or losses in 

some cell lines. Besides these, hsa-mir-145 (Figure 3.12) showed low gains in 

31% (7/22), and moderate gains (more than 2.5 folds) in 59 % (13/22) of the cell 

lines, unlike the previous reports on common loss region 5q32 [14], [85], [84].  

 

Hsa-mir-138-1 in the MDA-MB-231 cell line (Figure 3.13) and hsa-mir-

191 in the CAL51 and MCF10 cell lines (Figure 3.14) showed significant gains 

(more than 4 fold) are both are located on 3p21. Also, hsa-mir-361, located on 

Xq21, showed significant gain in MDA-MB-231 (Figure 3.15). 
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3.2.3 Fold Change Results for microRNAs mapping to common loss or gain 

regions 

 
MicroRNAs mapping to genomic imbalance regions were found to be hsa-

mir-10b, hsa-mir-198, hsa-mir-486, hsa-mir-383, hsa-mir-34, hsa-mir-125b-1, 

hsa-let-7a-2, and hsa-mir-100. 

 

Among these 8 microRNAs reported in imbalanced regions (loss or gain), 

4 microRNAs showed fold changes in at least 3 cell lines. Hsa-mir-383 exhibited 

moderate gain (more than 2.5 folds) in 13% (3/22) of the cell lines (MCF7, MDA-

MB-231, and T47D) (Figure 3.16). Hsa-mir-125b-1 showed loss in 18% (4/22) of 

the cell lines (Figure 3.17). Hsa-let-7a-2 showed loss in 27% (6/22) of the cell 

lines whereas it showed moderate gain in 13% (3/22) of the cell lines (Figure 

3.18). For significant gains, more than 4 fold, hsa-mir-100 exhibited gains in 2 

cell lines (Figure 3.19) and hsa-mir-198 exhibited gain in MDA-MB-231 (Figure 

3.20). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

 
 

 

63

 

Fi
gu

re
  3

.1
6:

 h
sa

-m
ir-

38
3 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 g
re

y 
to

 
bl

ac
k 

sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

64

 

Fi
gu

re
  3

.1
7:

 h
sa

-m
ir-

12
5b

-1
 se

m
i-q

ua
nt

ita
tiv

e 
du

pl
ex

 P
C

R
 re

su
lts

  
U

pp
er

  
ba

nd
s 

ar
e 

G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  

fr
om

 g
re

y 
to

 
bl

ac
k 

sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

65

  

Fi
gu

re
  3

.1
8:

  h
sa

-le
t-7

a-
2 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 g
re

y 
to

 
bl

ac
k 

sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

66

 

Fi
gu

re
  3

.1
9:

  h
sa

-m
ir-

10
0 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  
fr

om
 g

re
y 

to
 

bl
ac

k 
sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

67

  

Fi
gu

re
  3

.2
0:

  h
sa

-m
ir-

19
8 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

68

  

Fi
gu

re
  3

.2
1:

  h
sa

-m
ir-

20
a 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 
 



 
 
 

 
 

 

69

 

Fi
gu

re
  3

.2
2:

  h
sa

-m
ir-

18
a 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

70

 

Fi
gu

re
  3

.2
3:

  h
sa

-m
ir-

17
 se

m
i-q

ua
nt

ita
tiv

e 
du

pl
ex

 P
C

R
 re

su
lts

  
U

pp
er

  
ba

nd
s 

ar
e 

G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

71

 

Fi
gu

re
  3

.2
4:

  h
sa

-m
ir-

10
b 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

72

  

Fi
gu

re
  3

.2
5:

  h
sa

-le
t-7

g 
se

m
i-q

ua
nt

ita
tiv

e 
du

pl
ex

 P
C

R
 re

su
lts

  
U

pp
er

  
ba

nd
s 

ar
e 

G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 
 



 
 
 

 
 

 

73

 

Fi
gu

re
  3

.2
6:

  h
sa

-m
ir-

42
5 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

74

 

Fi
gu

re
  3

.2
7:

  h
sa

-m
ir-

7-
3 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  f
ro

m
 

gr
ey

 to
 b

la
ck

 sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

75

 

Fi
gu

re
  3

.2
8:

  h
sa

-m
ir-

14
2 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

76

 

Fi
gu

re
  3

.2
9:

  h
sa

-m
ir-

15
a 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 
 



 
 
 

 
 

 

77

 

Fi
gu

re
  3

.3
0:

 h
sa

-m
ir-

16
-1

 se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 



 
 
 

 
 

 

78

  

Fi
gu

re
  3

.3
1:

  h
sa

-m
ir-

34
c 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 
gr

ey
 to

 b
la

ck
 sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 
 



 
 
 

 
 

 

79

  

Fi
gu

re
  3

.3
2:

  h
sa

-m
ir-

48
6 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  f
ro

m
 

gr
ey

 to
 b

la
ck

 sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

80

 

Fi
gu

re
  3

.3
3:

  h
sa

-m
ir-

32
0 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  f
ro

m
 

gr
ey

 to
 b

la
ck

 sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

81

 

Fi
gu

re
  3

.3
4:

 h
sa

-m
ir-

14
3 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  f
ro

m
 

gr
ey

 to
 b

la
ck

 sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 

 



 
 
 

 
 

 

82

 

Fi
gu

re
  3

.3
5:

  h
sa

-m
ir-

16
-2

 se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  f
ro

m
 

gr
ey

 to
 b

la
ck

 sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

83

 

Fi
gu

re
  3

.3
6:

  h
sa

-m
ir-

15
b 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 g
re

y 
to

 
bl

ac
k 

sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 

 



 
 
 

 
 

 

84

 

Fi
gu

re
  3

.3
7:

  h
sa

-m
ir-

32
5 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  b

an
ds

 a
re

 G
A

PD
H

 a
nd

 lo
w

er
 b

an
ds

 a
re

 m
ic

ro
R

N
A

 g
en

es
. i

n 
ge

l i
m

ag
es

. F
ol

d 
ch

an
ge

s 
ar

e 
re

pr
es

en
te

d 
as

 c
ol

or
ed

 b
ox

es
  f

ro
m

 g
re

y 
to

 
bl

ac
k 

sc
al

e 
w

ith
 in

cr
ea

si
ng

 fo
ld

 c
ha

ng
e 

re
sp

ec
tiv

el
y 

an
d 

da
sh

ed
 b

ox
es

 re
pr

es
en

t f
ol

d 
ch

an
ge

s o
f l

os
s. 



 
 
 

 
 

 

85

 

Fi
gu

re
  3

.3
8:

  h
sa

-m
ir-

38
4 

se
m

i-q
ua

nt
ita

tiv
e 

du
pl

ex
 P

C
R

 re
su

lts
  

U
pp

er
  

ba
nd

s 
ar

e 
G

A
PD

H
 a

nd
 lo

w
er

 b
an

ds
 a

re
 m

ic
ro

R
N

A
 g

en
es

. i
n 

ge
l i

m
ag

es
. F

ol
d 

ch
an

ge
s 

ar
e 

re
pr

es
en

te
d 

as
 c

ol
or

ed
 b

ox
es

  
fr

om
 g

re
y 

to
 

bl
ac

k 
sc

al
e 

w
ith

 in
cr

ea
si

ng
 fo

ld
 c

ha
ng

e 
re

sp
ec

tiv
el

y 
an

d 
da

sh
ed

 b
ox

es
 re

pr
es

en
t f

ol
d 

ch
an

ge
s o

f l
os

s. 
 



 
 
 

 
 

 

86

3.3 Expression Analysis Results 
 

Expression analysis of microRNAs was performed for two forms of the 

microRNA pre-miRNA (precursor) by RT-PCR and mature miRNA (active form) 

by real-time RT-PCR. 

 

3.3.1 pre-miRNA Expression Results  
 

Both oligodT and random hexamer primers were used in cDNA synthesis 

although pre-microRNAs were known to have no poly-A tail but primary 

microRNAs have. Because pre-miRNAs are small (~70 bp), cDNA synthesis 

might not be efficient or not reflect the actual pre-miRNA amount in the cell. RT-

PCR by oligodT and random hexamer primers in MCF7, MDA-MB-231, HeLa 

and normal breast tissue agarose gel image was given in Figure 3.39. HeLa cell 

line was used as a non-breast sample for comparison. 

 

 

 
 
Figure  3.39:  RT-PCR of hsa-mir-383 pre-miRNA in MCF7, MDA-MB-231, HeLa and normal 
breast tissue by using oligodT and random hexamer primers. Legend is shown in Table 3.2. 
 

 
 Fold changes of hsa-mir-383 in cell lines normalized to microRNA (mir)/ 

GAPDH in normal breast are shown in Table 3.2. Results showed that oligodT 

and random hexamer primers didn’t differ and resulted in similar fold changes.  

    1   2    3   4 (-) 5 6 7        8 

GAPDH 
mir-383 
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Table  3-2:  Densitometry and Fold Change Results for hsa-mir-383 normalized to GAPDH and 
normal breast tissue. 
 

 

 

Densitometry analysis on the RT-PCR gel image showed that hsa-mir-383 

precursor expression was detected as loss (with fold changes ranging from 0.4 to 

0.8) in MCF7, MDA-231, and HeLa cells compared to normal breast tissue. 

Analysis of precursor miRNAs (pre-miRNA) and primary transcripts (pri-

miRNA) was not very accurate as differentiating them was not easy. Although 

primary transcript and pre-miRNA expression levels indicate expression of the 

mature form, it is not necessarily a direct indication of how much mature 

microRNA is present. Detection of mature microRNAs gives more biologically 

relevant results in expression levels and significance of a particular microRNA as 

mature forms are the active forms. 

 

 

3.3.2 Mature microRNA Expression Results 
 

Detection of mature microRNA expression is challenging with methods 

such as northern blotting [115], microarrays, and microRNAs are very small and 

require optimizations for accurate detection especially for low abundant 

microRNAs. Real-time RT-PCR analysis is used to detect mature microRNAs  

  primers used in RT cell lines GAPDH mir mir/GAPDH 
fold change 
normalized 

1 oligodT MCF7 6461,84 10515,12 1,63 0,77 
2 oligodT MDA-MB-231 19096,00 17340,40 0,91 0,43 
3 oligodT HeLa 16250,08 16662,80 1,03 0,48 
4 oligodT Normal breast 11944,24 25379,20 2,12  
5 random hexamer MCF7 9116,80 22422,40 2,46 0,80 
6 random hexamer MDA-MB-231 14469,84 23278,64 1,61 0,52 
7 random hexamer HeLa 8155,84 13810,72 1,69 0,55 
8 random hexamer Normal breast 6092,24 18695,60 3,07  



 
 
 

 
 

 

88

 

Expression of hsa-miR-21 and hsa-miR-383 was analyzed using Taqman 

miRNA assay kit and compared to U6 expression. Data analysis was done using 

absolute quantification. 

3.3.2.1 Results for RNA Isolation by Trizol Reagent versus mirVana  
 

Real time RT-PCR analysis of hsa-miR-21 in MCF7 was compared by 

using two different RNA isolation methods: mirVana and Trizol. MirVana 

microRNA isolation kit detected was more sensitive in detecting hsa-miR-21 (at 

Ct=18 ) than Trizol Reagent (Ct=19) with no very significant difference (Figures 

3.40 and 3.41). This shows the accuracy and efficiency of both detection method 

and isolation methods. Trizol Reagent was used for further experiments as it is 

more cost effective.  

 

 

 
 
Figure  3.40:  Amplification plot (Ct=18 and Ct=19) of hsa-miR-21 in MCF7 
Starting amount of 10 ng and 20 ng RNA were used and isolated by mirVana Isolation Kit.  
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Figure  3.41:  Amplification plot (Ct=19) of hsa-miR-21 in MCF7  
Starting amount of 10 ng and 20 ng RNA were used and isolated by Trizol Reagent. 
 

 

3.3.2.2 Real time RT-PCR Results and Absolute Quantification of U6, hsa-

miR-21 and hsa-miR-383 

 
Taqman microRNA real-time detection involved two types of data 

analysis: relative quantification and absolute quantification. 

 

Relative quantification (comparative Ct method) requires an endogenous 

gene that is constantly expressed across the samples to normalize sample 

expressions according to a selected calibrator sample. Constitutive expression of 

selected endogenous gene was analyzed prior to the experiment. Commonly used 

endogenous genes are 18S rRNA, let-7a, and hsa-miR-16. Ribosomal RNA 

(rRNA) 18S subunit was used in some studies and found to be most stable 

endogenous gene in colorectal cancer samples [116]. RNU6B regulation process 

is similar to that of microRNAs, unlike 18S rRNA. Moreover, let-7a and hsa-mir-

16 have the potential to be deregulated in cancer samples and might not be 

suitable endogenous genes. To keep the RT efficiency similar with microRNAs, 

RNU6B was used in other studies in breast cancer samples. In our study, we 
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decided to select RNU6B (small nuclear U6) as an endogenous gene, available in 

Taqman microRNA assays. 

 

In our study, we assigned quantities of selected standard sample as 1, 0.5, 

0.25, and 0.125 for cDNA dilutions no dilution (neat), 1:2, 1:4, and 1:8, 

respectively. Thus, the quantities detected were relative to standard sample 

selected but not the absolute quantity in the cell. In calculation of quantities, the 

average of all biological and technical replicates was used.  

 

 

3.3.2.2.1 Absolute Quantification of U6 Endogenous Gene 
 

Prior to detection of hsa-miR-21 and hsa-miR-383, U6 was tested to check 

its constant expression across different cancer samples. Acceptable Ct differences 

across samples should be 0.5-1 Ct (1-2 folds).  

 

Quality control values (slope=-3.45 and R2=0.95) in the standard curve 

indicated that the efficiency and reliability of the detection is optimal (Figure 

3.42). Quantities of other cell lines were calculated by the SDS 2.0 software using 

this standard plot, assigning each quantity due to Ct value detected in PCR 

reaction.  

 

The absolute quantification of U6, to see whether it was suitable for 

relative quantification, resulted in variation in expression across different cell 

lines. The amplification plot in Figure 3.43 shows variation of U6 expression 

detected in a Ct ranging from 32-35 cycles. A 3 Ct change is equal to a 6 fold 

difference across samples. This may be due to various genetic alterations present 

in each cell line. Thus, instead of using U6 in comparative quantification and 

normalization, absolute quantification by constructing a standard curve was used 

in data analysis.  
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Figure  3.42:  Standard Plot of U6 gene in MCF10 cell line  
MCF10 was used to construct a standard curve and quantify U6 gene in other cell lines. Blue dots 
are different dilutions of MCF10 and replicates 
 

 

 
 
Figure  3.43: Amplification plot of U6 in all cell lines  
Data is represented by different colors, Ct (at exponential state) of each sample shows variation 
ranging from 32-35 cycles. 
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The expression level variation of RNU6B among cancer cell lines and 

MCF10 (immortalized breast cell line) is shown in Figure 3.44. This variation was 

not in an acceptable range for relative quantification and normalization. Thus, 

absolute quantification of U6 and microRNAs were done and U6 was compared to 

microRNAs for each cell line, individually.  

 

 

 
 
Figure  3.44: Real time RT-PCR analysis of U6 gene in all cell lines by absolute quantification  
 

 

3.3.2.2.2 Absolute Quantification of hsa-miR-21 
 

Quality control values (slope=-3.59 and R2=0.97) in standard curve 

(Figure 3.45) indicated that the efficiency and reliability of the detection was 

optimal. MCF10 was used as standard sample. Overall amplification plot of all 

samples are shown (Figure 3.46).  
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Figure  3.45:  Standard Plot of hsa-miR-21 gene in MCF10 cell line  
MCF10 was used to construct a standard curve and quantify hsa-miR-21 in other cell lines. 
 

 

 
 
Figure  3.46: Amplification plot of hsa-miR-21 in all cell lines  
 

 

Quantities calculated for hsa-mir-21 in 7 breast cancer cell lines and rat 

brain tissue show that hsa-mir-21 expression varies across cancer cell lines. 

Especially, MCF7 shows higher expression compared to other cell lines including 
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MCF10. However, other cell lines, MDA-MB-231, HS578T, SUM159, HeLa, and 

SHSY-5Y show low expression compared to MCF7 and MCF10. Also, hsa-mir-

21 expression is low in SHSY-5Y (neuroblastoma cell line) and rat brain tissue 

(Figure 3.47). 

 

Considering MCF10 as a representative of normal breast, expression of 

hsa-mir-21 was down-regulated in cancer cell lines, except MCF7, which is 

contrary to studies showing overexpression and oncogenic role of hsa-mir-21 in 

several tumors compared to normal tissues [69], [70], [71], [68]. There are no 

published reports on hsa-mir-21 expression in MCF10. However, it is not clear 

that MCF10 cell line represents real expression of a normal breast since it is 

derived from breast epithelial tissue that was processed through a spontaneous 

immortalization step 

 

Studies on MCF10 have shown that it represents normal breast 

characteristics as it lacked tumorigenicity in nude mice, three- dimensional 

growth in collagen, hormone and growth factor induced growth in culture, and 

formation of dome in confluent cultures. Although cytogenetic analyses on 

MCF10 before immortalization process indicates a normal diploid genome, 

immortalized MCF10 by cultivating in low calcium concentrations was shown to 

exhibit minimal rearrangements and abnormal karyotype [117]. Hence, 

immortalization step might have caused some rearrangements in the genome as 

well as possible gene expression differences. Moreover, it is acceptable that cells 

should change some characteristics to adjust cultivation and continuous division. 

Continuous cultivation and passaging may have also caused small regional 

rearrangements in the genome even if its karyotype shows diploidy. Considering 

all these possibilities, it would be a biased argument to consider MCF10 as 

“normal breast sample”, although it is widely used as a model in studies with 

cancer cell lines. 
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Figure  3.47:  Real time RT-PCR analysis of hsa-miR-21 in cell lines by absolute quantification. 
MCF10 was used in standard curve and rat brain tissue was used as a control. 
 

 

 

When we compare hsa-mir-21 expression to U6 expression within each 

cell line (Figure 3.48), its expression is higher in MCF7 and MDA-MB-231. 

MCF10 was set to equal expression as it was used in standard curve plot. 

SUM159 and HS578T show lower expression of hsa-mir-21 compared to U6 

expression. HeLa and SHSY-5Y also showed lower expression compared to U6. 

These results might be due to gene expression deregulations due to cultivation and 

passaging of cell lines. Besides these, hsa-miR-21 expression (as well as many 

other microRNAs) may be dependent on complex factors such as cell type, 

cellular status, environmental effects or combinatorial consequence of these. 
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Figure  3.48: Comparison of hsa-miR-21 and U6 expression in cell lines 
 

 

3.3.2.2.3 Absolute Quantification of hsa-miR-383 
 

 Quality control values (slope=-3.76 and R2=0.96) in standard curve 

(Figure 3.49) indicated that the efficiency and reliability of the detection is in the 

optimal range. Rat brain tissue was used as standard sample as previously we 

detected its high expression in this tissue. Overall amplification plot of all samples 

are shown in Figure 3.50. 
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Figure  3.49: Standard plot of hsa-miR-383 in brain tissue 
Rat brain tissue was used to construct a standard curve and quantify hsa-miR-21 in other cell lines. 
 

 

 
 
Figure  3.50: Amplification plot of hsa-miR-383 in all cell lines 
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Absolute quantification of hsa-miR-383 (Figure 3.51) in breast cancer cell 

lines showed that its expression is very low except in MDA-MB-231 and rat brain 

tissue where hsa-miR-383 is highly expressed. This may indicate that hsa-mir-383 

is a brain specific miRNA; however, in the neuroblastoma cell line (SHSY-5Y) it 

is also expressed at low levels. Relatively high expression in the MDA-MB-231 

cell line may suggest its cell type specific expression. MDA-MB-231 is known to 

be different from other cell lines as it is poorly differentiated and highly 

metastatic, Estrogen Receptor negative (ER-). Thus these differences may cause 

differential expression of some microRNAs. 

 

 

 
 
Figure  3.51: Real-time RT-PCR analysis of hsa-miR-383 in all cell lines 
 

 

When we compare it with internal U6 expression, it is down-regulated in 

all cell lines, except MDA-MB-231 where its expression if slightly higher than U6 

(Figure 3.52). It significance in MDA-MB-231 cell line should be investigated 

further. 
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Figure  3.52: Comparison of hsa-miR-383 and U6 expression in cell lines 
 

 

3.4 Potential Targets of hsa-miR-21  
 

A search for predicted miR-21 targets in available microRNA target 

prediction programs (MiRanda, miRBase, TargetScan, and Pictar) resulted in a 

list of a thousand genes targeted by miR-21 with near-perfect complementarity to 

3’UTR regions. High scoring (top of the list) targets indicated the high probability 

of being targeted by corresponding microRNA. Approximately 40 genes were 

selected from each program according to listing from high score to low score (top 

to bottom) within each program (Table 3.4). 
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Table  3-3: Predicted targets of hsa-miR-21 by 4 target prediction programs 
Colored pairs are common genes targeted by different programs 
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Some genes with potential important roles in cancer mechanism (role in 

apoptosis and kinases) were predicted more than one program such as PIK3RI, 

RECK, PLEKHA1, JAG1, and TRPM7. Among this list, PCDC4 and TGFBI were 

predicted by all 4 programs with potential roles in cancer such as tumor 

suppressor or growth factor. Recently, PDCD4 (predicted by all programs) has 

been shown to be regulated by hsa-miR-21 in colon cancer samples [71]. BCL-2 

(predicted by Pictar) has also been shown to be indirectly regulated by hsa-mir-21 

in breast cancer cells. This indirect effect was observed by transfection of MCF7 

cells with anti-mir-21 inhibitors which resulted in down-regulation of BCL-2 

protein (anti-apoptotic) and so lead to apoptosis [69] which may indicate the 

regulation of a gene that regulates BCL-2 protein expression. This may explain 
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the complexity of microRNA targeting and predicted oncogene targets of an 

oncogenic microRNA. 

 

Experimental verifications of microRNA targets predicted by these target 

prediction programs show that it is worth to interrogate these predicted targets 

experimentally. Six target genes were selected (Table 3.4) and were examined for 

3’ UTR sites that hsa-miR-21 binds by using target prediction programs. Almost 

all resulted in same target sequences (~22 bp) which is imperfect complementary. 

Total 40 bp of these target regions (ordered as oligos from Sigma) were cloned 

into 3’ UTR of luciferase vector (pMIR-REPORT miRNA Expression Reporter 

Vector; Ambion, AM5795; Vector map is given in Figure 3.45) and sequencing 

results confirmed successful cloning. Future direction for this project will be the 

experimental validation of hsa-miR-21 targeting these sequences and down-

regulate that gene having potential roles in tumorigenesis  

 

 

 
 
Figure  3.53: Map of PMIR-REPORT Luciferase Expression Vector 
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CHAPTER 4 

 

 

    CONCLUSION 
 

 

 

 MicroRNAs are recently discovered small non-coding RNAs that regulate 

protein expression and they have been found to have important roles in cellular 

pathways such as tumorigenesis.   

  

The objective of this study was to investigate microRNAs mapping to 

reported common genomic instability regions in breast cancer. 

 

 To achieve this, first, a literature search on common reported genomic 

instability regions (loss or gain) in breast cancer was investigated and 18 regions 

were selected for further analyses. Thirty-nine microRNA genes were found to 

map to these regions by using databases such as UCSC Genome Browser, 

miRBase. 

 

 Thirty-nine DNA regions of pre-microRNAs (precursor) identified were 

further interrogated for confirmation of genomic instability in 20 breast cancer 

cell lines and 2 immortalized cell lines by using semi-quantitative duplex PCR 

method. Two normal DNAs were used as controls. GAPDH was co-amplified 

with microRNA genes and used as housekeeping gene. Densitometry analyses and 

fold change calculations showed that 61% (22/36) of microRNAs exhibited 

genomic instability (loss-less than 0.5 fold or gain-more than 2.5 folds) in at least 

3 cell lines. 
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Among microRNAs showing significant gains, hsa-mir-383 and hsa-mir-

21 were selected for further expression analysis in two stages. First, hsa-mir-383 

pre-miRNA expression in MCF7, MDA-MB-231, HeLa, and normal breast was 

analyzed by using RT-PCR. However, this method is not very accurate in 

differentiating pre-miRNAs (precursor transcripts) and pri-miRNAs (primary 

transcripts).  

 

Then, expression of hsa-miR-383 and hsa-miR-21 mature microRNA 

(active forms) expression analysis was done by using real-time RT-PCR. U6 was 

used as internal control to compare expression levels of microRNAs. Its 

expression was varying across cancer samples and, therefore, was not used in 

normalization. Absolute quantification of hsa-miR-383 and hsa-miR-21 showed 

that hsa-miR-21 is highly expressed in MCF7, MDA-231 and MCF10 compared 

to U6. Hsa-miR-383 was observed to be expressed in low levels except MDA-

MB-231 and rat brain tissue which was used as a control tissue. 

 

Future work will include identification of target genes of these microRNAs 

by using expression reporter vector systems and other confirming methods. 

Potential targets of hsa-mir-21 predicted by miRNA target prediction programs 

include many tumor suppressor and oncogenes. Further analysis of these 

candidate genes targeted by microRNAs will reveal significant microRNAs that 

involve in tumorigenesis mechanism. Thus, analyzing microRNAs and their 

targets will contribute to understanding functions of microRNAs and their 

potential to be used as biomarkers in breast cancer. 
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APPENDIX A 
 

 

 MAMMALIAN CELL CULTURE MEDIUM 

 

 

 
Table A-1. Composition of Cell Culture Medium 

 

Component End conc. 
M

C
F7

 

H
S5

78
T

 

M
D

A
-M

B
-2

31
 

SU
M

15
9 

M
C

F1
0 

H
eL

a 

SH
SY

-5
Y

 

DMEM - + + + - - + + 

Ham’s F12 

Nutrient mix 
- - - - + - - - 

Leibovitz’s media - - - + - - - - 

Horse Serum 5% - - - - + - - 

Insulin (5 mg/ml) 10 μg/ml - - - - + - - 

EGF (100 ug/ml in 

DMEM) 
20 ng/ml - - - - + - - 

Cholera Toxin 

(1 mg/ml in dH2O) 
100 ng/ml - - - - + - - 

Hydrocortisone 

(50 ug/ml) 
0.5 μg/ml - - - - + - - 

L-Glu (200 mM) 1% + + + + + + + 

Penicillin / 

Streptomycin 

(10 mg/ml) 

1% + + + + - + + 
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APPENDIX B 

 

 

PRIMERS AND PCR OPTIMIZATION CONDITIONS 

 

 

 
Table B-1. Pre-miRNA microRNA DNA Specific Primers and Product Sizes 

 

microRNAs primer sequences (5’  3’) product 
sizes 

mir-let7a2-F ATAGGGAGAAAAGGCCTGGA 238 bp 

mir-let7a2-R ATGGCCCAAATAGGTGACAG   

mir-135a1-R GAAGAAGTGCCTGCAAGAGC 169 bp 

mir-135a1-F CTGTCCTGCCTCCTTTTGAG   

mir-15a-R ATTCTTTAGGCGCGAATGTG 203 bp 

mir-15a-F TACGTGCTGCTAAGGCACTG   

mir-34b-R CAGGCATCTTCTCTCGAAGG 335 bp 

mir-34b-F CAGCTACGCGTGTTGTGC   

mir-let7g-R AGCCTCTGCTGTGAGGATGT 238 bp 

mir-let7g-F GGTTTCCCAGAGATGAGCAG   

mir-138-1-F AGCAGCACAAAGGCATCTCT 210 bp 

mir-138-1-R CTCTGTGACGGGTGTAGCTG   

mir-100-R GTCACAGCCCCAAAAGAGAG 231 bp 

mir-100-F AGGTCTCCTTCCTCCACCTC   

mir-320-R GGGACTGGGCCACAGTATTT 238 bp 

mir-320-F GAGGCGAATCCTCACATTG   

mir-425-F CCACCCCCATTCCTTTTAAT 247 bp 

mir-425-R CAGGTCATGCACCTTCAGAAT   

mir124a-1 F TTGCATCTCTAAGCCCCTGT 201 bp 
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mir-124a1-R TCTACCCACCCCTCTTCCTT   

mir-7-3-R CCGAGTGGAAGCGATTCTT 236 bp 

mir-7-3-F CAGGTGAGAAGGAGGAGCTG   

mir-16-1-R CCATATTGTGCTGCCTCAAA  248 bp 

mir-16-1-F TGAAAAAGACTATCAATAAAACTGAAAA   

mir-34c-F TTGAGCTCCAACTCAACCAA 191 bp 

mir-34c-R GATGCACAGGCAGCTCATT   

mir-125b-1-F ACCAAATTTCCAGGATGCAA 171 bp 

mir-125b-1-R CGAACAGAAATTGCCTGTCA   

mir-191-F AAGTATGTCTGGGGGTCAGG 245 bp 

mir-191-R ACAACCTACTCCCGGGTCTT   

mir-383-F AGTCCACCAAATGCAGTTCC 176 bp 

mir-383-R ACTTCAGAATCTCCCCGTCA   

mir-486-F CCTGGGGTGTGAATGGTAAC 217 bp 

mir-486-R ATCTCCAGCAGGTGTGTGTG   

mir198F GCCGGAGGTTAAACATGAAA 391 bp 

mir198R CCCAGCCTACCAATATGCTC   

mir384F TGGCCAGTTAGCATCTTGAA 238 bp 

mir384R TCAGGCCTGCAGAAATAGTG   

mir325F TCCTTTTCACCCCTCAACAC 280 bp 

mir325R GGATTCAAGTCCACAGAACCA   

mir145F GGCTGGATGCAGAAGAGAAC 258 bp 

mir145R CAGGGACAGCCTTCTTCTTG   

mir143F CCCTCTAACACCCCTTCTCC 276 bp 

mir143R AACTTCCCCAGCATCACAAG   

mir125b2F TCGTCGTGATTACTCAGCTCAT 262 bp 

mir125b2R CAGGGATCAGCTGGAAGAAG   

mir10bF TAATAAAGCCGCCATCCTTG 395 bp 

mir10bR CTGGCTATTCCGAAGAAACG   
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mir361F GGAGCTCAACCATACCAGGA 317 bp 

mir361R TTGGGCATATGTGACCATCA   

mir15bF AGAACGGCCTGCAGAGATAA 388 bp 

mir15bR CGTGCTGCTAGAGTGGAACA   

mir16-2F TGTTCGTTTTATGTTTGGATGA 391 bp 

mir16-2R AGTGGTTCCACCAAGTAAGTCA   

mir103-2F CCCTAGGGAGGAATCCAGAG 236 bp 

mir103-2R AGCCATAAGCTGCACCAACT   

mir152 F AAGGTCCACAGCTGGTTCTG 243 bp 

mir152 R CAGGGATCAGCTGGAAGAAG   

mir92-1F CCATGCAAAACTGACTGTGG 199 bp 

mir92-1R CAGTGGAAGTCGAAATCTTCAG   

mir20aF CGATGTAGAATCTGCCTGGTC  203 bp 

mir20aR GGATGCAAACCTGCAAAACT   

mir17 F CCCCATTAGGGATTATGCTG  254 bp 

mir17 R CCTGCACTTTAAAGCCCAACT   

mir 18a F GGCACTTGTAGCATTATGGTGA 247 bp 

mir 18a R TGCAAAACTAACAGAGGACTGC   

mir 19a F TGCCCTAAGTGCTCCTTCTG 244 bp 

mir 19a R CCAGGCAGATTCTACATCGAC   

mir 19b-1F GCCCAATCAAACTGTCCTGT 173 bp 

mir 19b-1R ACCGATCCCAACCTGTGTAG   

mir 21 F CCATTGGGATGTTTTTGATTG 478 bp 

Mir 21 R TCCATAAAATCCTCCCTCCA   

mir142 F CAGGGTTCCACATGTCCAG 479 bp 

mir 142 R CTGAGTCACCGCCCACAAG   

mir301F CTCATTTAGACAAACCATAACAACTT 499 bp 

mir 301R CATCAATAAGCAACATCACTTTGA   

mir 633 F AGGACTGGGTTTGAGTCCTG 284 bp 



 
 
 

 
 

 

117

mir 633 R TTAGACATTCCTCCTGGTGAA   

GAPDH (644) F TGCCTTCTTGCCTCTTGTCT 644 bp 

GAPDH (644) R CTGCAAATGAGCCTACAGCA   

GAPDH_F(472bp) TGCCTTCTTGCCTCTTGTCT 472 bp 

GAPDH_R(472 bp) TTGATTTTGGAGGGATCTCG   

 

 
Table B-2. Semi-quantitative Duplex PCR Optimization Conditions 

 

microRNAs GAPDH:miR 
primer amounts 

GAPDH 
conc. 

miR 
conc. Tm Cycle # 

hsa-mir-10b 3µl/3µl 100% 100% 59°C 28 
hsa-mir-138-1 3µl/3µl 100% 100% 59°C 28 
hsa-mir-425 3µl/3µl 100% 100% 58°C 28 
hsa-mir-191 3µl/3µl 100% 100% 63°C 28 
hsa-let7g 3µl/2µl 100% 100% 58°C 28 
hsa-mir-135a1 3µl/3µl 100% 100% 58°C 28 
hsa-mir-198 3µl/3µl 100% 100% 58°C 28 
hsa-mir-15b 3µl/3µl 100% 100% 58°C 28 
hsa-mir-16-2 3µl/3µl 100% 100% 58°C 28 
hsa-mir-143 3µl/3µl 100% 100% 58°C 28 
hsa-mir-145 3µl/3µl 100% 100% 58°C 28 
hsa-mir-383 3µl/3µl 100% 100% 58°C 28 
hsa-mir-320 3µl/3µl 100% 100% 58-60°C 29 
hsa-mir-486 3µl/2µl 100% 100% 63°C 28 
hsa-mir-34c 3µl/3µl 100% 100% 58°C 28 
hsa-mir-125b1 3µl/2µl 100% 100% 58°C 28 
hsa-let7a-2 3µl/3µl 100% 100% 60°C 28 
hsa-mir-100 3µl/3µl 100% 50% 56°C 28 
hsa-mir-16-1 3µl/3µl 100% 100% 59°C 29 
hsa-mir-15a 3µl/2.5µl 200% 100% 58°C 30 
hsa-mir-17 2µl/3µl 50% 100% 58°C 28 
hsa-mir-18a 3µl/3µl 150% 100% 56°C 28 
hsa-mir-19a 3µl/3µl 100% 100% 59°C 28 
hsa-mir-20a 2µl/3µl 100% 50% 58°C 28 
hsa-mir-19b-1 3µl/3µl 100% 100% 59°C 28 
hsa-mir-92-1 3µl/3µl 50% 100% 56°C 28 
hsa-mir-152 3µl/3µl 50% 100% 58°C 28 
hsa-mir-142 3µl/3µl 100% 100% 59°C 28 
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hsa-mir-301 3µl/3µl 100% 100% 58°C 28 
hsa-mir-21 3µl/3µl 100% 100% 59°C 27 
hsa-mir-633 3µl/3µl 100% 100% 59°C 27 
hsa-mir-7-3 3µl/1,5µl 100% 100% 63°C 28 
hsa-mir-103-2 3µl/3µl 100% 100% 59°C 27 
hsa-mir-125b-2 3µl/3µl 100% 100% 59°C 28 
hsa-mir-384 3µl/3µl 100% 100% 59°C 28 
hsa-mir-325 3µl/3µl 100% 100% 59°C 27 
hsa-mir-361 3µl/3µl 100% 100% 58°C 28 
 

 
Table B-3. pre-microRNA cDNA Specific Primers 

 

Primers Sequences 5’ 3’ 
GAPDH (115bp)_F TATGACAACGAATTTGGCTAC 
GAPDH (115bp)_R TCTCTCTTCCTCTTGTGCTCT 
hsa-mir-633cDNA_F CTCTGTTTCTTTATTGCGGTAG 
hsa-mir-633cDNA_R CCTCACAACAATTTTATTGTGG 
hsa-mir-145cDNA_F CACCTTGTCCTCACGGT 
hsa-mir-145cDNA_R AGAACAGTATTTCCAGGAATCC 
hsa-mir-383cDNA_F CTCCTCAGATCAGAAGGTGAT 
hsa-mir-383cDNA_R CTCTTTCTGACCAGGCAGT 
hsa-mir-361cDNA_F GGTGCTTATCAGAATCTCCAG 
hsa-mir-361cDNA_R GCAAATCAGAATCACACCTG 
hsa-mir-21cDNA_F TGTCGGGTAGCTTATCAGACT 
hsa-mir-21cDNA_R TCAGACAGCCCATCGAC 
hsa-mir-486cDNA_F GTATCCTGTACTGAGCTGCC 
hsa-mir-486cDNA_R CATCCTGTACTGAGCTGCC 
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APPENDIX C 

 

 

BUFERS AND SOLUTIONS  

 

 

 

10X TBE (Tris Borate) Buffer -1L 

Tris-base       108 g  

Boric acid        55 g  

0.5M EDTA (pH: 8.0)      40 ml  

The volume was completed to 1 L with dH2O.  

 

 

1X TE (Tris-EDTA) Buffer -1 L 

Tris.HCl 10 mM  

EDTA 1 mM  

The volume was completed to 1 L with dH2O.  

 
 
DNA Loading Dye (6X) 

Xylene Cyanol      0.025 g 

Bromophenol Blue      0.010 g 

Glycerol (60%)      5 ml 

dH2O         5 ml 

 

 


	ABSTRACT...........................................................................................................iv
	ÖZ...........................................................................................................................vi
	DEDICATION....................................................................................................viii
	ACKNOWLEDGEMENTS .................................................................................ix
	TABLE OF CONTENTS.....................................................................................xi
	LIST OF TABLES..............................................................................................xiv
	LIST OF FIGURES.............................................................................................xv
	LIST OF ABBREVIATIONS..........................................................................xviii
	INTRODUCTION
	1.1 Cancer and Genetic Alterations
	1.2 Common Genomic Instability Regions in Breast Cancer
	1.3 MicroRNAs
	1.3.1 MicroRNA Biogenesis and Function
	1.3.2 Gene Regulation by microRNAs
	1.3.3 MicroRNAs and Cancer

	1.4 Aim of the Study

	MATERIALS AND METHODS
	2.1 Materials:
	2.1.1 Cancer Cell Lines
	2.1.1.1 Mammalian Cell Culture Conditions 


	2.2 Methods
	2.2.1 Literature Research on Common Genomic Instability Regions in Breast Cancer
	2.2.2 Mapping microRNAs to Common Loss and Gain Regions 
	2.2.3 Investigation of microRNA Gene Fold Changes in Breast Cancer Cell Line Genomes
	2.2.3.1 Primer Designs
	2.2.3.2 Semi-quantitative Duplex PCR
	2.2.3.3 Densitometry Analysis and Fold Change Calculation

	2.2.4 Expression Analysis of microRNAs
	2.2.4.1 RNA Isolation and DNase Treatment
	2.2.4.1.1  RNA Isolation by Trizol Reagent
	2.2.4.1.2 RNA Isolation by mirVana microRNA Isolation Kit

	2.2.4.2 Expression Analysis of pre-microRNAs by RT-PCR
	2.2.4.3 Expression Analysis of Mature microRNAs by Real-Time RT-PCR 

	2.2.5 Target Search for hsa-miR-21 and hsa-miR-383 


	RESULTS AND DISCUSSION
	3.1 MicroRNAs Mapping to Reported Common Genomic Instability Regions in Breast Cancer
	3.2 Semi-quantitative Duplex PCR Results and Fold Changes of microRNAs
	3.2.1 Fold Change Results for microRNAs mapping to common gain regions
	3.2.2 Fold Change Results for microRNAs mapping to common loss regions
	3.2.3  Fold Change Results for microRNAs mapping to common loss or gain regions

	3.3 Expression Analysis Results
	3.3.1 pre-miRNA Expression Results 
	3.3.2 Mature microRNA Expression Results
	3.3.2.1 Results for RNA Isolation by Trizol Reagent versus mirVana 
	3.3.2.2 Real time RT-PCR Results and Absolute Quantification of U6, hsa-miR-21 and hsa-miR-383
	3.3.2.2.1 Absolute Quantification of U6 Endogenous Gene
	3.3.2.2.2 Absolute Quantification of hsa-miR-21
	3.3.2.2.3 Absolute Quantification of hsa-miR-383



	3.4 Potential Targets of hsa-miR-21 

	    CONCLUSION
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


