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ABSTRACT

INVESTIGATION OF MICRORNAS ON GENOMIC INSTABILITY
REGIONS IN BREAST CANCER

Selguklu, S.Duygu
M.Sc., Department of Biology
Supervisor: Assist. Prof. Dr. Ayse 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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MEME KANSERINDE GENOMIK INSTABILITE BOLGELERINDEKI
“MIKRO-RNA”LARIN ARASTIRILMASI

Selguklu, S.Duygu
Yiiksek Lisans, Biyoloji Boliimii
Tez yoneticisi: Yrd. Dog. Dr. Ayse Elif Erson

Kasim 2007, 119 sayfa

Genomik instabilite meme kanserinde siklikla goriiliir. Bugiline kadar
primer tiimorlerde ve kanser hiicre hatlarinda bir ¢ok kromozomal veya bolgesel
kopya sayis1 degisikligi gosteren bolge belirlenmistir. Bu sebeple, bu bolgelerdeki

potansiyel tumor baskilayici genler veya onkogenler arastirilmaktadir.

MikroRNAlar ~18-24 nt uzunlugunda protein kodlamayan RNAlardir.
Protein ekspresyonunu hedef mRNAlarin kesilmesi veya translasyonun
engellenmesi ile diizenlerler. Bu c¢alismanin hipotezi, meme kanseri
hiicrelerindeki siklikla goriilen genomik instabilite bdlgelerinde bulunan
mikroRNAlarin tiimorigenez mekanizmasindaki etki edebilecekleri veya katkida
bulunabilecekleridir. Bu ¢aligmada, meme kanserinde siklikla goriilen kopya
sayist degisikligi gosteren bolgelerde bulunan mikroRNA genlerinin genomik
diizensizlikleri arastirilmustir. Ilk olarak, biyoinformatik kaynaklar kullanilarak

bugline kadar belirlenmis, siklikla goriilen genomik instabilite bdlgelerinden 18
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tane secildi ve bu bolgelerde bulunan 30 dan fazla ve 35 aday mikroRNA genleri
belirlendi. Belirlenen mikroRNA genlerindeki kopya sayist degisikliklerini
dogrulamak icin 6nciil mikroRNA’lara spesifik primerler dizayn edildi ve “yari-
nicel PCR” yontemi ile 20 meme kanseri hiicre hattt DNAsinda, 2 dliimsiiz hiicre
hattt DNAsinda ve 2 normal kontrol DNA o6rneginde kopya sayisi analizleri
yapildi. Densitometre Ol¢iim sonuglarma gore dikkat c¢ekici bir sekilde
mikroRNAlarin % 61 ‘inde (22/36) en az 3 farkli hiicre hattinda kopya sayisi
degisikligi (delesyon veya amplifikasyon) gosterdigi bulundu. Ilging olarak bu
degisikliklerin ¢ogu literatiirde delesyon olarak gegen bazi bdlgelerdeki
mikroRNAlarin amplifikasyonu olarak bulundu. Belirlenen kopya sayilari,
biyolojik olarak anlamli bir baslangic noktasi olarak kullanilabilir ve meme
kanserinde mikroRNA ekspresyon diizeyi ve fonksiyonel ¢aligmalar agisindan
adaylarin se¢ilmesinde Onemlidir Kopya sayisi analizlerini takiben secilen iki
mikroRNA geninin (hsa-miR-21 ve hsa-miR-383) qRT-PCR yontemi ile

ekspresyon analizi yapildi.

Bu c¢alismanin sonuclari, 20 meme kanseri hiicre hattinda ve normal
orneklerde 36 mikroRNA geninin yari-nicel PCR yontemi ile genomik instabilite
diizeylerinin kapsamli taramasini sunmaktadir. Bugiine kadar meme kanseri hiicre
hatlar1 ile bu kadar genis ¢apli bir tarama yapilmamistir ve sundugumuz sonuglar
bir ¢cok mikroRNAnin meme kanserinde kapsamli arastirilmasini igermektedir ve
meme kanseri mekanizmasinda potansiyel olarak rolii olabilecek adaylarin
belirlenmesi agisindan onemli ipuglart sunmaktadir. MikroRNAlarin genomik
instabilitesi ekspresyon diizeylerine etki edebilir, bu da hedef genlerin
ekspresyonunu etkileyecektir. MikroRNAlarin bu genleri nasil diizenlediklerinin
belirlenmesi tlimorigenez mekanizmasia katkida bulunacak, teshis ve tedavi

amagcli uygulamalarda bu bilgiler kullanilabilecektir.

Anahtar kelimeler: meme kanseri, genomik instabilite, mikroRNA
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CHAPTER 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



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].

Self-sufficiency in
growth signals

Evading Insensitivity to
apoptosis anti-growth signals

Sustained Tissue invasion
angiogenesis & metastasis

Limitless replicative
potential

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].



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: 7P53, RB, pl16,
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 ERBB?2

[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, 5933, 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



suppressor genes such as PL6, NPRL2, 101F6, and FUSI [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 FGFRI 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.



Figure 1.2: MCF7 SKY (Spectral Karyotyping) karyotype
(Figure taken from Davidson et al, 2000, http://www.path.cam.ac.uk/)
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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, 11ql4-pter, 13g21-qter, X, 1p13, 8pl4, 17923, and
20q13 and gains in 11ql3, 17q21-qter, 20q, 3q13, 8p, 11923, 11ql4, and 13ql4.
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 ef 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, /in-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 /in-/14 messenger RNA
(mRNA) which is a developmental repressor of LIN-14 protein; /in-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],



[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
IIT 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],
[301, [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].

Cap

1

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 ).

Cap

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).

e B - D)
-_—.

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 ez 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 (7PM]I), 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].
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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 lorio et al, 2005, analyzed breast cancer
tumors and cell lines and showed that compared to normal breast tissue, hsa-
mil25b, 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

MATERIALS AND METHODS

2.1 Materials:

2.1.1 Cancer Cell Lines

Twenty breast cancer cell line DNAs (BT20, BT474, BT549, CALS1,
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, HelLa, 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 1U/ 10 000
ng/ml), (Biowhittaker, DE17-602E) filtered through 0, 45 pum filters. All cell lines
were incubated in 37°C incubators with 95% air and 5% CO,. 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.

I1X 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 -80°C for 1-2 days and transferred to liquid nitrogen.
Cells were thawed in a 37°C 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 100uM.

mir-21 stemloop precursor cDNA primer design

UCGGGLUAGE UCAGACUGAUG SACUGUUGAAUCUCAUGGCAACACCAGUCGAUGGGCUGUCUGACA
UCSC In silico PCR check:
>chr17:55273409455273478 70bp TGTCGGGTAGCTTATCAGACT gatgttgactgttgaatotcatggeaacaccaGTCGATGGGCTGTCTGA

Forward: 566 C tgtcggatagettateagact
Revwerse: 56.4 C tcagacageccatcgac

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 uL. PCR master mixture included: 3uL. 10X complete
Taq Pol buffer, 3 uL ANTP mix (2nM each), and 3uLL microRNA forward primer
(5 uM) and 3puL microRNA reverse primer (5 uM), 16.25 uL dH,O, 0.25 uL Taq
Polymerase (Applichem, A5186), and 2 pL. DNA (50ng/uL).

PCR was performed in a thermal cycler using ~3-4°C lower Tm of each
primer pair in PCR program: 1 cycle denaturation step at 94°C for 2 min, 35
cycles of amplification at 94°C for 30 sec (Tm-3) °C for 30 sec, extension step at
72°C for 30 sec) and final extension step at 72°C for 10 min was performed. For
nonspecific bands, relatively higher temperatures were used for amplification step
((Tm-1)°C). For some of the microRNA PCRs, the following touchdown program
was used: 1 cycle denaturation step at 94°C for 2 min., 3 cycles of amplification at
94°C 30 sec., annealing at (Tm-1)°C 30 sec and extension step at 72°C for 30 sec),
3 cycles of (94°C 30 sec., (Tm-3)°C 30 sec., 72°C 30 sec), 29 cycles (94°C 30 sec.,
(Tm-5)°C 30 sec., 72°C 30 sec), and 72°C 10 min.

Semi-quantitative duplex PCR master mixture included 3uL 10X complete
Taq Pol Buffer, 3 pL. ANTP mix (2mM each), 3 uL. GAPDH forward primer
(5uM) and 3 pL. GAPDH reverse primer (5uM), 3 uL microRNA forward primer
(5uM) and 3 pL microRNA reverse primer (SuM), 9.75 uL dH20 and 0.25 pL
Taq Polymerase, finally 2 ul of 50ng/uL. DNA template (total 100 ng) was added
for a final 30 pL 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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27th cycle

1kb 22 24 26 28 30 35

500 bp GAPDH
472 bp

200 bp mir-34¢
191 bp

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.

C (mir/GAPDH)
Fold change=

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, AMI1560). 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 HelLa (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, 19516) 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 2-8°C. 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 15-30°C for 10 min. Then, it was
centrifuged at 12,000 x g for 10 min at 2-8°C. 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 °C. The RNA
pellet was air-dried for 5-10 min. RNA was dissolved in 30-50uL RNase-free
water and stored at -80°C. RNA concentrations were measured in Nanodrop

Spectrophotometer (ND-1000).

50 pul RNA (~200ng/ul) was treated with 1 pl DNase I supplied in TURBO
DNA-free Kit, and incubated at 37°C for 30 min. 5 ul 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 RN As were stored at -80°C.

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 Sml 1X PBS. 3ml of
1X Trypsin was added to detach the cells and cells were incubated at 37°C, 5%

CO; 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 uL) was
added to cells and vortexed. MiRNA homogenate additive (60 pl) was added to
the cell lysate, mixed, and incubated on ice for 10 min. Then, 600 pul
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 pL) 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 ul RNase-free water to filter and centrifuging at 10,000 x g for 20-
30 sec. RNA was stored at -80°C.

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)

l RT-PCR
Duplex 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 c¢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 pg (1-2 uL)

Primer (oligodT or random hexamer) 1 puL

dNTP mix 2 uL

DEPC- treated water variable

TOTAL 12 uL.

Briefly centrifuged, incubated at 70C for 5 min., chilled on ice and briefly centrifuged.
5X reaction buffer 4 uL

Ribolock RNase inhibitor 1 uL

Briefly centrifuged and incubated at 37°C for 5 min (25°C for random hexamer primers)
Revertaid RT enzyme 1 pL

TOTAL 20 uL.

Mixed and incubated at 42°C for 60 min (25°C for 10 min,, 42°C for 60 min for random
hexamer primers), reaction was stopped by heating to 70°C 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 | 1pg(1-2p0)
heated to 70°C for 10 min. to avoid secondary structure, briefly centrifuged and put on ice.
Primer (oligodT or random hexamer) 1 puL

dNTP mix 1 puL

DEPC- treated water variable

TOTAL 12 uL

Mixed and heated to 700C for 5 min., put on ice

5X Ist strand reaction buffer 4 uL

0.1 M DTT 2 uL

Ribolock RNase inhibitor 1 uL

Mixed and incubated at 42°C for 2 min (25°C for random hexamer primers)

Superscript 11 | Lul

Mixed and incubated at 42°C for 50 min (25°C for 10 min, 42°C for 50 min for random
hexamer primers) and 70°C for 15 min.

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

RNA [ 1pg1-2p0)

heated to 650C for 5 min to avoid secondary structure, briefly centrifuged and put on ice.
10X reaction buffer 2ulLl

Primer (oligodT or random hexamer) 2 uL

dNTP mix 2 uL

DEPC- treated water variable

Ribonuclease inhibitor, 10U/ul (Fermentas, cat#) 1 uL

Omniscript RT enzyme 1 puL

TOTAL 20 ul.

Mixed and heated to 37°C 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 MgCl, 3ul
dNTP mix 3uL
microRNA forward primer 3ul
microRNA reverse primer 3pul
DMSO (to prevent secondary structures) 3ul
DEPC-treated water 13.75 uL
Taq Polymerase 0.25 uL
DNA(100ng /ul) 1l
TOTAL 30 puL

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

95°C 3:00 min

95°C 0:30 min

48-60°C 0:30 min 35 cycles
72°C 0:30 min

72°C 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

48°C to 60°C 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
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Table 2-6: Duplex PCR reaction mixture to amplify pre- miRNA and GAPDH.

1X master mix

10 X buffer with MgCl, 3pul
dNTP mix (2mM each) 3puL
microRNA forward primer (100%) 3pul
microRNA reverse primer (100%) 3ul
GAPDH forward primer (12.5 %) 4 pL
GAPDH reverse primer (12.5 %) 4 pL
DMSO 3uL
DEPC-treated water 5.75 uL
Taq Polymerase 0.25 uL
cDNA 1 ulL
TOTAL 30 puL

Table 2-7: Duplex PCR cycling conditions for pre-miRNA.

(Annealing temperature differs for all microRNAs)

95°C 3:00 min
95°C 0:30 min
55°C 0:30 min
72°C 0:15 min
72°C 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), Tagman microRNA Reverse Transcription Kit (ABI, 4366596) and
commercially available Tagman microRNA Assays (ABI, 4373381), and Tagman
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
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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.

Tagman 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, Taqgman
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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miRNA

TagMan® MicroRNA
Assays

Stem-loop RT

Four oligos per miRNA

l Step 1:
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1. RT primer
Forward primer
Reverse primer
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3.
4. TagMan probe

Step 2:

Real-time PCR

Two enzymes required

\ Forward primer

ITT 11T T

1. Reverse transcriptase
2. AmpliTaq Gold® DNA
Polymerase

<

Reverse

TaqMan probe

primer

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

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

Component Volume ul / 15 pL reaction
dNTP mix (100mM total) 0.15 uL.

Multiscribe RT enzyme (50U/uL) 1 puL

10X RT Buffer 1.5 ul

RNase inhibitor (20U/uL) 0.19 pLl

Nuclease-free water 8.16 uL

Specific primer mix 3ulL

RNA (10ng/uL) 1L

Total 15 ul

Table 2-9: Tagman 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: .Tagman miRNA cDNA PCR reaction mixture

Component Volume pL / 10pLreaction
Tagman microRNA Assay (20X) 0.5 pL
Product from RT reaction (cDNA) 0.7 pL
Tagman 2X Universal Master mix 5uL
Nuclease-free water 3.8 uL
Total 10 uL

Table 2-11: Tagman 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.

Human miRNA Targets April 2005 Version, Using Ensembl build 27.1 miRanda web server | microrna.org | FAQ | ]
Query by miRHA(s): 2l Query by gene(s): 3/ Additional Search Options: 2
21 Enter st of genes Limit search totarget stes conserved in
Display: Dispay: Dlchieken
@ mitargets () miRMA reguistors of any of these genes
O common targets @ miRNA reguiators camman to all ofthess genes
Genes targeted by. hsa-mir-21
|Download Results {Excel Format)]
Found 76 genes,
Sorted from highest to lowest scoring
Prepend "ENSGO0000" to gene in summary table to get ENSEMBL gene id
Legend: gga- Gallus gallus (Chicken)  mmu - Mus musculus (Mouse)  mo - Rattus nonegicus (Rat)
Gene Gene Name Hits Hit by Conserved in Gene Gene Name Hits Hit by Conserved in Gene Gene Name Hits Hit by Conserved in Gene Gene Name |
141034 1 hsa-mir-21, hsa-miR-21 mimu, mo 163681 SLMAP 1 hsa-mir21, haa-miR-21 mrmu, mo 155324 1 hsa-mir-21, hsa-miR-21 memu, mo 177272 KCNA3
152061 1 hsa-mir-21, hsa-miR-21 mmu, mo 197111 1 hsa-mir21, hsa-miR-21 mmu, mo 126947 1 hsa-mir-21, hsa-miR-21 mmu, mo 107679 PLEKHAT -
147862 NFIB 1 hsa-mir-21, hea-miR-21 mmu, mo, gga 122707 RECK 1 hsa-mir21, hga-miR-21 mmu, mo 143436 MRPLS 1 hsa-mir-21, hsa-miR-21 mmu, mo 155640 C10orf12
122756 CNTFR 1 hga-mir21, hsa-miR-21 mmu, mo 174010 1 hsa-mir-21, hsa-miR-21 mmu, mo 164093 PIT:2 1 hga-mir21, hsa-miR-21 mmu, mo 175066
134532 S0XA 1 hsa-mir21, hsamiR-21 mmu, mo, gga 156531 PHFE 1 hsa-mir21, haa-miR-21 mrmu, mo 164684 1 hsa-mir-21, hsa-miR-21 memu, mo 061987
149970 1 hsa-mir-21, hsa-miR-21 memu, mo 171316 1 hsa-mir21, haa-miR-21 mrmu, mo 187772 1 hsa-mir-21, hsa-miR-21 memu, mo 150593 PDCD4
133030 1 hsa-mir21, hea-miR-21 mmu, mo, gga 087448 1 hsa-mir21, hga-miR-21 mmu, mo 162378 1 hsa-mir-21, hsa-miR-21 mmu, mo 157933 SKI
075239 ACATI 1 hsa-mir-21, hsa-miR-21 mmu, mo 196937 1 hsa-mir21, hsa-miR-21 mmu, mo 972 STAG2 1 hsa-mir-21, hsa-miR-21 mmu, mo 144580 ROCD1
169564 PCEP1 1 hsa-mir21, hsamiR-21 mmu, mo 113300 1 hsa-mir-21, hsa-miR-21 mmu, mo 180667 2 hsamir-21, hsa-miR-21 mmu, mo 185652 HTF3
145675 PIK3R1 1 hsa-mir21, hsamiR-21 mmu, mo, gga 100425 BRO1 1 hsa-mir21, haa-miR-21 mrmu, mo 050628 PTGER3 1 hsa-mir21, hsa-miR-21 mmu, mo 119669 C14orid

Displayinyg hits 1- 50 of 109
first | next | last

Click on gene ID to see all miRNAs that hit that gene
Click on miRMNA ID to see all genes that are hit by that miRNA.
The numbering helow is relative to the start of the 3' UTR.

Figure 2.5: miRanda web interface, microRNA targets search page
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Enter Datahase 3
Information E hagelofz)
Release Notes
Known Targets Length
i
FAQ
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sapiens intracellular signaling molecule)
Website Search [Source:Uniprot/SWISSPROT Acc. Q9EFAT]
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- - sapiens interacting protein 3) (M-RIF) (RIP3) (p116Rip)

Library Services [Source:Uniprot/S¥WISSPROT: Acc: QBWCQ1 |
Site Map Homa GLCCI  ENSTOD000223145 glucocorticoid induced transcript 1 OO0 2z 282 63687607 800 2 9 2[4
Feedback / Help sapiens [Source:RefSeq_peptide; Acc:NP_B12435)

Homo NFIB ENSTOOODO3A0957 Muclear factor 1 Bype (Nuclear factor /63 (NF1-6) [ 17.142 1859 661076207 2000 10 7 124

sapiens (MNFIB) (MF-17B) (CCAAT-box-binding transcription

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

TargetScan

Prediction of microRNA fargets Release 4.0: July 2007

Human | miR-21
186 conserved targets, with a total of 192 conserved sites and 48 poorly conserved sites. Table sorted by total context score (Grimson ef al., 2007).

Target

gene Gene name MM Tmerlm M
m3 | 1A
YOD1 YOD1 OTU deubiquinating enzyme 1 homolog (S. cerevisiae) 2 2 1] 0 2 0 1 1 hsa-miR-590 -0.91
LOC150786 RABBC-like 1 0 0 1 2 1 0 1 hsa-miR-590 -0.81
GPR64 G protein-coupled receptor 64 1 1 i] 0 1 1 0 0 hsa-miR-21 -0.79
PLAG1 pleiomorphic adenoma gene 1 3 0 2 1 1 0 1 0 hsa-miR-590-0.72
SCML2 sex comb on midleg-like 2 (Drosophila) 1 1 0 0 1 0 1 0 hsamiR-21 -0.70
KRIT1 KRIT1, ankyrin repeat containing 1 1 0 0 1 1 0 0 hsa-miR-590-0.70
FRS2 fibroblast growth factor receptor substrate 2 1 1 0 0 1 0 1 0 hsa-miR-590-0.70
RP2 retinitis niamentosa 2 (X-linked recessive) 1 0 0 1 2 1 1 0 hsa-miR-590 -0.69

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

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], 2121 [100], and Xqg21 [29]. Gains were found in: 2q31-32
[101], 3q [102], [103], 8p11-12 [104], [105], [106], 8p23 [14], 11923-24 [91],
13q31 [29], [107], 17q22-24 [108], [109], [110], 17923 [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 5933, as shown in Figure 3.1.

Home Genomes  Blat Tables Gene Sorter PCR DNA Convert PDFIPS Session  Help
UCSC Genome Browser on Human May 2004 Assembly
nmove ZOOM il Zoom out

position/search s 14876, 566-148302. 325 [jump [ elear] size 23,760 bp.

|cm~s cos2) (I ]

] chrS: I 1457550888] 14g790000] 145795088] 145500008]
Chromosome Bands Localized by FISH Mapping Clones
J Chromosome Band
C/D and HAACA Box shoRMAS, sCaRMAs, and microRMAS from snoRHABase and miRBEase
J hsa-mir-143 |
EETE

move stat ek on a feature for details. Chcl\ onbase positionto .o q

zoom n around curgor. Click /blue bars on left for
(e [2 - =l [Js
track options and descriptions.

’ default tracks ” hide all I ’ add custorn tracks ” configure I ’ refresh ]

Use drop down confrols below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

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 | Gain/ microRNA genes
. Samples References .
Loci Loss mapping
2q31-32 gain | MDA-MB-231 [101] ]
1 hsa-mir-10b
2q loss | breast tumors [26]
breast cancer cell lines hsa-mir-135a-1. let7
3p21 loss 141,[82], [83 Sa-mir-1.5.a-1, let/g,
2 P and breast tumors L14},[82], [83] hsa-mir-191, hsa-mir-
3p loss | breast tumors [81] 138-1, hsa-mir-425
3 3q gain | breast tumors [102], [103] lh 6s_az—m1r-15b, hsa-mir-
4 3ql3.3 loss | MCF7 [29] hsa-mir-198
5| 5q32 | loss |breasttumors [14], [84], [85] }llfgm“'m » hsa-mir-
. breast cancer cell lines
P 8pll-12 g3 |3 breast tumors [104],[105], [106] hsamir-486
8pl1-21 loss [ breast tumors [86]
7 8p21 loss | breast tumors [81], [86] hsa-mir-320
breast cancer cell lines ] )
8 | 8p21-8p23 loss | 3 breast tumors [14], [81], [87], [88] | hsa-mir-383, hsa-mir-
. 124a-1
gain | breast tumors [14]
gain | breast tumors [91] hsa-mir-34c, hsa-mir-
34b, hsa-mir-100, hsa-
9 | 11g23-24 .
loss | breast tumors [89], [90], [91] 1let7a-2a hsa-mir-125b-
breast cancer cell lines hsa-mir-15a, hsa-mir-
10 13ql14 loss and breast fUmors [92], [81], [29], [93] 16-1
hsa-mir-17, hsa-mir-
. . 18a, hsa-mir-20a, hsa-
11 13g31 gain | breast cancer cell lines | [29], [107] mir-19a, hsa-mir-19b-
1, hsa-mir-92-1
12 17921 loss | breast tumors % } % % 931, hsa-mir-152
. breast cancer cell lines hsa-mir-301, hsa-mir-
131 17q22-24 | gain and breast tumors [109], [21], [110] 142
. breast cancer cell lines [95], [109], [21], hsa-mir-21, hsa-mir-
14 17423 831 and breast tumors [110], [108], [114], 633
[111],]110],[112]
breast tumors and .
15 19p13 loss cancer cell lines [29], [98], [99] hsa-mir-7-3
. breast cancer cell lines .
16 20p gain | 1 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., CALS1).
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, ¥4), 0.5-1.5 folds (no significant change, [1), 1.5-2.5 folds (low gain, (1),
2.5-4 folds (moderate gain, B ) and > 4 folds (significant gain, Il ). 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].

UCSC Genome Browser on IHHuman May 2004 Assembly
move zoom in zoom out

position/search |chr13:90,800,550-90 802 451 size 1.902 bp.

|cnr~13 coz1 .50 PR

chriE: SeSelaaal Seseisaal EE=EEEEE
Chromosome Bands Localized by FISH Mappins Clones

[E=I=T-F W=
Cy0 and HsAACA Box snol FEHAS, =cakMA=s, an microfRNAsS from snoRMABase and mikEBase
hEa—mir—17 i hsa—mir—=28a
h=a—mir—17 s hisa—mir—1S0—1 g
h=a—mir-1&5a S h=a-mir—oz—1 g
hEa—mir—155 =gy
hsa—mir— 105 .

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 17922, showed moderate gains in 27%
(6/22) of the cell lines (Figure 3.6), hsa-mir-21, located on 1723, 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 CALS51 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).
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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.

GAPDH
mir-383

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

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

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
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Expression of hsa-miR-21 and hsa-miR-383 was analyzed using Tagman
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.

Armplification Phot
Amplification Plot
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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.

88



Arnplification Plot
Amplification Plot

1.000 E+1

1000

1.000 E-1
£
-

1.000 B2

SN

1.000 E-4

i} 5 10 15 0 25 30 35 <40
Cycle

Detector:[Fam = | Plat[aRn vs. Cycle =1 Threshoia] 020

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

Tagman 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

Tagman 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 R*=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
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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.

u6 expression across cell lines
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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 R?=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.
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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.

94



hsa-miR-21 expression across 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. HeLLa 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 R’=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.
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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.
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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

MiRanda

TargetScan

100

Hiaelear factor 1B Protooncogsne
CHIFR, | Cilhoy toomohic St hosgtan Mgt sk bt | DURE Dﬂm’ﬁFm ad m Futicic pignetoss
Regnlition of ermbmyonic develpment , : - Stimlaory or nbdbtoey of
S| i LOCISAED | Aot protein ADYD p
ACAT] | Acey) Comaymme A wetylrotise | GLECTL mmmmed AFHBAIY | GTPase wtivtivgpronn | LOCTIS3ZD A et proten
PCEPL PolyCibhdizprotem, FHA biding HFIE rouclear factor IE BHCI hasoruclin Idlramatory process
FIGR] Ditaholic actions of Meulin THOCT b Tl Iocss FIPZ4P PIP3 wssociged protein
SLMAPL 86101 | Twmorswopthiliyzes 100 | CDCA g STAT3 mm:ﬁu‘w
Rt AL e i R
FECE proted, xpressiom i amppressed 1 F—— mﬁm{& CEEF TESER Thstis specific kiuse
ity b ¥
Temsoptimalregltion, metd : Endorytosis of [GFL )
PHFS i flammtory process EHDL neetirs SATEL Henmeohox 1 apaptoss
- Thizom INFIOH | Ziucfinger protein IR e aiptimductir SFRSS Splidng megdity rotein
Helps protet syrdhiesis within the Hitral kedler cell stimwnlatory Cilisry remratrophir factor
MRS | R Lia |00 EPHi Nt st CNTER, eatn
Transiption factor , developmmint of Hituo g of redsemst ch epadr .
RITI2 e ! MEH g, A i colon catcer FAILG poptosk PEL polytrang
srap | TosTpHmal ot dromd ppe | Dhipuindld modf FLIBI0 | Meioticclea civieion ERD] Sigral mansuction il in
atigan CONfUZti emyine caminol
Tt ey - . . Pernyisctne prolifistor
PTGERS b IET and. e E)E.m’c ) STCH Stress protein chaperome GATADIE | GATAmh: Snger danuin et e
KCHAD | T-collpmlfineio s atiotin AEPN | Curtilage morriv BIRG | Gpmtmcopldnegrr| NI Sl und diferatistion, of
; . - : Helps protet sydhasis withir,
PLEFHAL | agezelited manlopathy RTHY Hinmrite onstgronath fbdhbor ThG] T progressinm MEPLY e pitoinct
IDED4 :;3101“?7‘; rathartion ihdter, KR | Aedyrirpet contiving LOCSLI - N34T Tin: finger prasin
SEL | Sarcoms Viralovwopme LANCL] | Peptideomodifiing sayme o
RQCD] dﬁm“‘l’m““m aid CCLE | Chmmokive lgmd HITE Huslew hoar UB HEAL o
s polyirC) bizingprotedn, RHA neoplistic oo polyrtbindivg protei, K174 |
NTF | Pmuclectide em | PR IDCD4 F i s |2 b
WED | Dostegladingolm cecr SPATISLL | Spemutogmesk ssociisd prn | Adetr g&'ﬁmmﬁ EASEIN
Chernnbare: pramiotes hons metstacis Tmorreaosis factor, bbbt pi3medisted growth
2 | fipen 7o R DLEKHAL | sgeoelited marhpathy DDA p g
Perozieane prolifivstor
BNG12 | MAPEpdhmy THH e gt SFN whm
RHEEL wRHA amelinc ATX kT




Sext detemminivg regim ¥, driver of . s Fae guaylrelessing ProteireproteieDHA
- P — TEE Endothelal tyrosine kituse RASEFDL prosin EHFI10Z . .
Dulyaning metsholiom defiriert in ﬁmﬁm%
MIAP mla;Iy capicer MEFT, co-deleted with DEPDC1 b RECE expression is sse’d SKEI Sarcorna Vi cncogene
P i fimmore
50085 | Suppressorof cytoline sigulling SHEPAL m“’l’em“ ) ) SCMLE f— IS Iehiters of puatrhe
otuacleoprotien, polypeptide ALOprd
GLCCIL Ghacocorticoid wdaced traneaipe 1 GALHTI2 LT SE1 Sarcotha Viral oncogne
SATEL Homecbox | apoptosis M4
Alagille syndrome , overexpresced A
AL | g MERTE | Protocrcogems tyrosine kirase
Feceptor ptentiel cation chaemel, Traefimning Trsciption fictar
spoptosis THFRSFLIE | Tumornedosis factor receptor facter, d;veil:;m o T2 el ofthe ey
ggmm«%]%fmr pEGRl | e . ¢ mataholic artios of ISR K"m”’?’.“"?i‘ atios | pr g sgeelited manlopitiy
CBEDY | Memonal FASLG ;ﬁgxm“ fetar, TAGAD T cell actiation, - Elnck spoptisic
Caneer susceptibiline
candidate , zeased
PRIF4E Pre-mBHA processig factor TGFER2 Transfomning grovth futor CASCY expression ieTelated vih HFIB Yhaclear facter B
overexpression of Her-
e probocncogene
Polranine
Dibaltiple epidenmal grovth fuctor metabolim deficiert i : .
EGFLS o MTAP caer MCFT, co- Role itrpsaiption
deleted vrifh ple
: . Sext detenminivg regim ¥,
OSEPL1A | Botmacelhaler lipid receptar e o b et
KCHAL ;DMT <im d‘mufﬁ el Potssshn chrwel
. o Idncing-cysteine-
Apotosk sl I i
: RECE Tich protely, expression is
- i seed fn s
MELL Marose pecific leptin, Blwcls - Spoptasis 1deth
WL Cell-cell pmctims, Cardinyopathy TAG] Tranor progressint,
. . nieoplastic rmefonmation
Fole in travwaiption PLCI4 b p
) Reglatiom of amhryonic
gﬁ:”m adenoem gane, i development detemmination of
onogme cell fite
MAFEID Einace, pmonal spoptosis ECL2 Elocks spoptosis

Some genes with potential important roles in cancer mechanism (role in

apoptosis and kinases) were predicted more than one program such as P/IK3RI,

RECK, PLEKHAI, JAGI1, 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
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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

Aol
Q| e —
= 5 | & w2 s |0
Component End conc. = B |
@) u : 2 Q L n
= 8l |2 (2 |F |z
8 | 7
=
DMEM - + 1+ + | - I
Ham’s F12
_ _ _ _ + _ -
Nutrient mix
Leibovitz’s media - - - + - - - -
Horse Serum 5% - - - - + - -
Insulin (5 mg/ml) 10 pg/ml | - - - -+ - -
EGF (100 ug/ml in
20 ng/ml | - - - - + - -
DMEM)
Cholera Toxin
100 ng/ml | - - - -+ | - 3
(1 mg/ml in dH,0)
Hydrocortisone
0.5 ug/ml | - - - -+ - -
(50 ug/ml)
L-Glu (200 mM) 1% + |+ |+ |+ |+ |+ |+
Penicillin /
Streptomycin 1% + + + + - + +
(10 mg/ml)
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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°) Ei;(;;luct
mir-let7a2-F ATAGGGAGAAAAGGCCTGGA 238 bp
mir-let7a2-R ATGGCCCAAATAGGTGACAG

mir-135al-R GAAGAAGTGCCTGCAAGAGC 169 bp
mir-135al-F CTGTCCTGCCTCCTTTTGAG

mir-15a-R ATTCTTTAGGCGCGAATGTG 203 bp
mir-15a-F TACGTGCTGCTAAGGCACTG

mir-34b-R CAGGCATCTTCTCTCGAAGG 335bp
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

mirl24a-1 F TTGCATCTCTAAGCCCCTGT 201 bp
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mir-124al-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
mirl98R CCCAGCCTACCAATATGCTC

mir384F TGGCCAGTTAGCATCTTGAA 238 bp
mir384R TCAGGCCTGCAGAAATAGTG

mir325F TCCTTTTCACCCCTCAACAC 280 bp
mir325R GGATTCAAGTCCACAGAACCA

mirl45F GGCTGGATGCAGAAGAGAAC 258 bp
mirl45R CAGGGACAGCCTTCTTCTTG

mirl43F CCCTCTAACACCCCTTCTCC 276 bp
mirl43R AACTTCCCCAGCATCACAAG

mirl25b2F TCGTCGTGATTACTCAGCTCAT 262 bp
mirl125b2R CAGGGATCAGCTGGAAGAAG

mirl ObF TAATAAAGCCGCCATCCTTG 395 bp
mirl ObR CTGGCTATTCCGAAGAAACG
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mir361F GGAGCTCAACCATACCAGGA 317 bp
mir361R TTGGGCATATGTGACCATCA

mirl5bF AGAACGGCCTGCAGAGATAA 388 bp
mirl5bR CGTGCTGCTAGAGTGGAACA

mirl6-2F TGTTCGTTTTATGTTTGGATGA 391 bp
mirl6-2R AGTGGTTCCACCAAGTAAGTCA

mirl103-2F CCCTAGGGAGGAATCCAGAG 236 bp
mir103-2R AGCCATAAGCTGCACCAACT

mirl52 F AAGGTCCACAGCTGGTTCTG 243 bp
mirl52 R CAGGGATCAGCTGGAAGAAG

mir92-1F CCATGCAAAACTGACTGTGG 199 bp
mir92-1R CAGTGGAAGTCGAAATCTTCAG

mir20aF CGATGTAGAATCTGCCTGGTC 203 bp
mir20aR GGATGCAAACCTGCAAAACT

mirl7 F CCCCATTAGGGATTATGCTG 254 bp
mirl7 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

mirl42 F CAGGGTTCCACATGTCCAG 479 bp
mir 142 R CTGAGTCACCGCCCACAAG

mir301F CTCATTTAGACAAACCATAACAACTT 499 bp
mir 301R CATCAATAAGCAACATCACTTTGA

mir 633 F AGGACTGGGTTTGAGTCCTG 284 bp
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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 G’?PDH'.miR GAPDH | miR Tm Cycle #

primer amounts | conc. conc.

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

Table B-3. pre-microRNA ¢cDNA Specific Primers

Primers

Sequences 5’23’

GAPDH (115bp) F

TATGACAACGAATTTGGCTAC

GAPDH (115bp) R

TCTCTCTTCCTCTTGTGCTCT

hsa-mir-633cDNA F

CTCTGTTTCTTTATTGCGGTAG

hsa-mir-633¢cDNA R

CCTCACAACAATTTTATTGTGG

hsa-mir-145¢cDNA F

CACCTTGTCCTCACGGT

hsa-mir-145¢cDNA R

AGAACAGTATTTCCAGGAATCC

hsa-mir-383cDNA F

CTCCTCAGATCAGAAGGTGAT

hsa-mir-383cDNA R

CTCTTTCTGACCAGGCAGT

hsa-mir-361cDNA F

GGTGCTTATCAGAATCTCCAG

hsa-mir-36IcDNA R

GCAAATCAGAATCACACCTG

hsa-mir-21cDNA F

TGTCGGGTAGCTTATCAGACT

hsa-mir-21cDNA R

TCAGACAGCCCATCGAC

hsa-mir-486¢cDNA F

GTATCCTGTACTGAGCTGCC

hsa-mir-486¢cDNA 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 dH20.

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

Tris.HCI 10 mM

EDTA 1 mM

The volume was completed to 1 L with dH20.

DNA Loading Dye (6X)

Xylene Cyanol 0.025 g
Bromophenol Blue 0.010 g
Glycerol (60%) Sml

dH,O 5ml
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