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ABSTRACT 

 

 

INVESTIGATING POSSIBLE INVOLVEMENT OF MIR-125B IN THE E2, 

NF-кB NETWORK 

 

 

Yavuz, Esra 

 

M. S., Department of Biology 

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

 

 

September 2015, 83 pages 

 

 

MicroRNAs (miRNAs) play important roles in diverse biological processes and are 

emerging as key regulators of tumorigenesis and tumor progression. Some miRNAs 

act as tumor suppressors and are downregulated in cancers such as miR-125b in 

breast cancer cell lines and tumors. Earlier, we developed a miR-125b expression 

model system and performed a transcriptomics experiment. Among many indirect 

targets, ALCAM (activated leukocyte antigen molecule) appeared to be very 

significantly  upregulated in MCF7-125b cells. ALCAM  is an NF-кB induced cell-

cell contact molecule. Given its significant induction in MCF7-125b cells, we aimed 

to investigate NF-кB and miR-125b interaction. Interestingly, several studies also 

linked miR-125b expression and Estrogen (E2) which made us consider whether 

miR-125b may be a player in the E2-NF-кB  network. We investigated nuclear p65,  

subunit of NF-кB TF (Transcription Factor)  and TRAF6 levels, an inducer of NF-кB 

and a known target of miR-125b in MCF7-125b and T47D-125b cells as well as in 

E2 treated cells. E2 treated cells demonstrated decreased miR-125a and miR-125b 

levels both in MCF7 and T47D cells. Accordingly, TRAF6 protein levels increased 

as a result of E2 treatment in T47D cells. However, we failed to detect TRAF6 in 
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MCF7 cells. miR- 125b transfected T47D cells also had decreased levels of TRAF6 

consistent with miR-125b targeting of TRAF6. NF-кB component nuclear p65 levels 

also decreased in T47D cells. On the other hand, nuclar localization of p65 also 

increased in  miR-125b transfected MCF7 cells. When MCF7 cells were treated with 

E2, p65 levels  in the nucleus decreased in MCF7 cells. Our data suggests MCF7 and 

T47D cells are different models of miR-125b expression, possibly due to variations 

of NF-кB regulatory mechanims. Finally, we detected p65 and TRAF6 levels in 

miR-125b silenced T47D cells. miR-125b silenced cells had increased TRAF6 and 

p65 levels, due to decreased miR-125b levels. Our results indicate the complexity of 

a possible crosstalk between E2, miR-125b and NF-кB and how this complexity may 

be variable in different cellular backgrounds. 

 

 

Keywords: miR-125b, breast cancer, NF-кB signalling, p65, TRAF6, estrogen. 
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ÖZ 

 

 

E2, NF-кB SİNYAL AĞINDA MİR-125B’NİN OLASI ROLÜNÜN 

ARAŞTIRILMASI 

 

 

Yavuz, Esra 

 

Yüksek Lisans, Biyoloji Bölümü 

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

 

 

Eylül 2015, 83 sayfa 

 

 

MikroRNAlar (miRNAlar) çeşitli biyolojik süreçlerde önemli roller oynar ve 

tümörigenezisin ve tümör gelişiminin anahtar düzenleyicileri olarak ortaya 

çıkmaktadırlar. Bazı miRNAlar tümör baskılayıcı olarak işlev görür ve bazı 

kanserlerde ifadeleri baskılanır; miR-125b de bu miRNA’lardan biridir ve meme 

kanseri hücre hatlarında ve tümörlerinde ifadesi baskılanır. Daha önceden, miR-

125b ifadesi model sistemi geliştirmiş ve bir transkriptom analizi 

gerçekleştirmiştik. MCF7-125b hücrelerinde, çok sayıda indirekt hedefler arasında, 

ALCAM (aktive lökosit antijen molekülü) ifadesinin istatistiksel olarak anlamlı 

düzeyde arttığı  ortaya çıkmıştır. ALCAM,  NF-кB sinyal yolağı ile indüklenen bir 

hücre-hücre adezyon molekülüdür. Biz de, ALCAM’ın MCF7-125b hücrelerindeki 

ifadesinin artışından yola çıkarak, NF-кB ve miR-125b etkileşimini  araştırmayı 

amaçladık. İlginç bir şekilde, bazı çalışmalarda, miR-125b ifadesinin östrojene 

(E2) bağlı olarak düzenlendiği gösterilmiştir ve bu da bizi, miR-125b’nin E2- NF-

кB sinyal ağında bir rolü olabileceğini düşünmeye sevk etmiştir.  

 



viii 
 

MCF7-125b ve T47D-125b hücrelerinin yanı sıra E2 muamelesi yaptığımız 

hücrelerde, NF-кB transkripsiyon faktörü olan p65 ve bilinen bir miR-125b hedefi 

olan NF-кB indüktörü olan TRAF6 seviyelerini ölçtük. E2 muamelesi yaptığımız  

MCF7  ve T47D hücrelerinde hem miR-125a hem de miR-125b düzeylerinde 

azalma olduğunu gördük. Aynı zamanda TRAF6 protein seviyeleri T47D 

hücrelerinde E2 muamelesinin bir sonucu olarak artmıştır.  Ancak, MCF7 

hücrelerinde TRAF6’yı tespit edemedik. miR-125b transfekte edilmiş T47D 

hücrelerinde  miR-125b’nin TRAF6’yı hedeflemesinden dolayı, TRAF6 

seviyesinde azalma gözlemledik. NF-кB sinyal yolağının transkripsiyon faktörü 

olarak görev yapan  p65 düzeyi de T47D hücrelerinde azalmıştır. Öte yandan, miR-

125b transfekte edilmiş MCF7 hücrelerinde, hücre çekirdeğindeki p65 seviyesi 

artmıştır. MCF7 hücreleri, E2 ile muamele edildiği zaman ise, hücre 

çekirdeğindeki p65 düzeyi azalmıştır. Sonuçlarımız bize, MCF7 ve T47D 

hücrelerinin, miR-125b ifade seviyeleri açısından,  muhtemelen NF-кB sinyal 

yolağındaki farklı düzenleyici mekanizmalardan dolayı, farklı modeller olduğunu 

göstermiştir.  Son olarak, miR-125b ifadesi susturulmuş T47D hücrelerinde, p65 ve 

TRAF6 seviyelerini araştırdık. miR-125b’nin ifadesinin susturulmasına bağlı 

olarak, TRAF6 ve p65 düzeylerinde artış tespit ettik. Sonuçlarımız; E2, miR-125b 

ve NF-кB sinyal yolağı arasındaki olası bir kompleks ilişkiyi ve kompleks ilişkinin 

farklı hücresel arkaplan etkilerinden kaynaklanıyor olabileceğini işaret etmektedir.   

 

 

Anahtar kelimeler:  miR-125b, meme kanseri, NF-kB sinyal yolu, p65, TRAF6, 

östrojen. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

1.1. MicroRNAs (miRNAs)  

 

miRNAs or microRNAs were first noticed by Victor Ambros and colleagues,  in  C. 

elegans, lin-4, a small non-coding RNA  that doesn’t code for a protein but has 

important role in controlling timing of larval development [1]. Since then, vast 

number of miRNAs have been discovered in other organisms such as bacteria,  [2], 

[3],  plants [4], mammals [5, 6] and even in viruses [7]. In miRBase release 21.0, 

June 2014; 35. 828 mature miRNA products have been defined in 223 species. Until 

now, 2661 human miRNA sequences have been entered to miRBase.     

 

The fact that many miRNAs are conserved among species ,  indicates that they have 

an evolutionary conserved  role in gene regulation[8], [9], [10]. After the discovery 

of the critical role of let-7 for larval development regulation in C.elegans [11] there 

have been other studies about miRNA function in cells.  Studies showed that 

miRNAs play critical roles in invertabrate and vertabrate development by regulating 

proliferation and differentiation of embryonic stem cells, lineage commitment and 

maturation of tissues [12].  Later work revealed  roles of miRNAs in neuronal 

patterning [13],  hematopoiesis lineage commitment [14],   tissue homeostasis [15],  

[16] and apoptosis [17], [18], [19].  miRNAs are also important  regulators for  

metabolism and energy homeostasis [12]. They are important for tissue 

differentiation involved in production of energy, utilization and storage (e.g., liver, 

skeletal muscle, adipocytes) [12],  regulation of lipid metabolism [20] and insulin 

release [21]. 
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1.1.1. MiRNA Biogenesis, Mechanism and Function 

 

MiRNAs are ~ 22 nucleotide long small non-coding RNAs [22] which play 

important roles in gene regulation by targeting mRNAs. MicroRNAs are generally  

transcribed by RNA polymerase II, followed by endonucleolytic cleavage events 

[23]. Most of the miRNA genes are found in intergenic regions [24], [25] or in 

intronic regions. Intronic located miRNAs are found within a host gene, transcribed 

by the same promoter [26], [27]. However, intergenic miRNAs tend to have  their 

own promoters [28].  

 

Primary miRNAs  are similar to   mRNA transcripts;  they have poly(A) tails and 7-

methyl guanylate (m7G) caps [29]. MiRNA biogenesis contains two main cleavage 

process; firstly   nuclear , then  cytoplasmic cleavage is done  by ribonuclease III 

endonucleases, Drosha and Dicer [30], [31]. After transcribed by RNA Polymerase 

II, the resulting transcript is a capped and polyadenylated product [32]. MiRNAs of 

animals are firstly transcribed as ∼80 nucleotide RNA stem-loop that forms primary 

miRNA (pri-miRNA) s [32].  Then, these long primary transcripts, pri-miRNAs, are 

processed into hair-pin shaped pre-miRNAs by nuclear RNase II enzyme Drosha 

[33]. The  intermediate product,  precursor miRNA (pre‐miRNA) is sent out of the 

nucleus with the Ran‐dependent nuclear transport receptor family protein Exportin-5 

(Exp-5) [34], [35]. This  pre‐miRNA is finally cleaved by cytoplasmic enzyme Dicer 

[36], [37], [38], [39] into a ∼22‐nt long two stranded miRNA. One strand is 

degraded, but  the other one remains as a mature miRNA [31]. The strand which has 

a less stable 5’ end, usually  remains as the mature miRNA  [40], [41], [42] (Figure 

1.1). 

 

 

 

http://en.wikipedia.org/wiki/Stem-loop
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Figure 1.1. MiRNA biogenesis. (a) RNA polymerase II (pol II) transcribes miRNAs into pri-

miRNAs, and then they are cleaved by RNase III enzyme Drosha in the nucleus which give rise to 

pre-miRNA. (b) Pre-miRNA translocates to the cytoplasm via exportin 5 and processed by Dicer. (c) 

One strand of miRNA duplex (mature miRNA) incorporates with RISC. (d)  miRNA guide RISC to 

cleave mRNA or repress translation (Figure taken from Garzon R, et al. 2009)  [42]. 

 

 

 

MiRNA maturation process shows differences depending upon miRNA location 

(intergenic or coding-intronic) in the genome [32]. Intergenic miRNAs are 

transcribed by RNA Pol II and the product is a pri-miRNA [32]. The process of 

maturation starts with pri-miRNA nuclear cleavage by ‘’microprocessor’’ complex 

which contains  Drosha and RNA-binding protein DiGeorge syndrome critical region 

gene 8 (DGCR8) [30], [43]. There is evidence showing that some other  

microprocessor-associated proteins are  needed for specific pre-miRNAs during the 

maturation process [44], [45].  The most accepted model for processing indicates that 

the recognition of pri-miRNA by DGCR8 leads Drosha to cleave a specific  site and 

form a ~ 60-70 bp pre-miRNA [46], [47], [48]. The resulting pre-miRNA have 5′ 

phosphate and 3′ hydroxy ends, and two- or three-nucleotide 3′ single-stranded 

overhanging ends, all of which are characteristics of Drosha cleavage of dsRNA 
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[49]. So, mature miRNA resides in the 3′ arm of some pre-miRNA and in the 5′ arm 

in others [49].  

 

Coding-intronic miRNAs are located in introns of protein coding genes and are 

transcribed as part of the pre-mRNA by Pol II [26].  A relatively novel type of 

miRNAs,  referred as mirtrons, have also been discovered in  mammals [50], [51].  

pre-mRNA splice sites are appropriately marked and microprocessor selectively 

cleaves pre-miRNA, at the same time splicing continues  normally  to generate  

mature mRNA [51]. This observation proves that the microprocessor complex has an 

alternative method of recognition that still needs to be investigated from in detail 

[52], [53], [54]. 

 

1.1.2. Target Recognition and Silencing by miRNAs 

 

Activated RISC binding to target mRNA works through classical Watson Crick base-

pairing between the 3’ UTR of the target and guide strand [55],[56]. The rate of 

complementary sites between the target  and guide strand  is important  to determine 

the gene silencing process [57], [58].  

 

One  miRNA  can regulate various  mRNA targets or several miRNAs can together  

target a single mRNA [6]. Mainly, there are two different silencing mechanisms; 

translational repression and mRNA cleavage, that can be described as slicer-

independent and slicer-dependent silencing respectively [59]. Slicer dependency 

requires a perfect sequence match between miRNA and target mRNA and means 

endonuclease cleavage of the mRNA  by Ago2 [60]. MRNA degradation (slicer 

dependent mechanism) and translation inhibition (slicer independent mechanism) 

both leads to gene expression downregulation. The difference between two processes 

is that the mRNA degradation is not reversible; but, translation inhibition is 

reversible [61].  

 

Translational repression occurs by  miRNA-RISC binding to 3’UTR (untranslated 

region) of target mRNA [62], [63]. Perfect binding of miRNA and its target is not 
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necessary for translational repression [64], [65]. This is generally seen in animals but 

complete binding of miRNAs to their targets is seen in plants which lead to cleavage 

of mRNA target [66]. Plant miRNA and target binding occurs by perfect 

complementarity [67]. Whereas mammalian miRNA-target binding is imperfect 

except for ‘’seed region’’. Seed region is 7 nucleotide long and begins from the 

second nucleotide of the mature miRNA. Because of this  seed region can be found 

in many targets, only one miRNA may target many mRNAs [68], [69].  

 

1.1.3. MiRNAs in Cancer 

 

Cancer is a complex and progressive disease that leads normal cells develop genetic 

alterations which cause neoplastic processes. At the end of these changes, cancer 

cells have very distinct characteristics like invasion and metastasis, continuous 

angiogenesis, limitless replicative potential, evading apoptosis, independency of 

growth signals and insensitivity to growth signals [70]. 

 

Cancer initiation and development is associated with deregulation of apoptosis, cell 

differentiation and proliferation genes. Tumor suppressors and oncogenes are cancer 

associated genes. While activation of oncogenes causes selective growth advantages 

which could lead to tumor development, tumor suppressor genes have repressive 

roles in cell. Both group of genes  have regulatory roles in biological processes; so 

deregulation of their  expression leads to cancer [71]. MiRNAs; just as protein 

coding genes, can have tumor suppressor or oncogene function in cancers [72]. 

Because miRNAs play essential  roles in controlling numerous signaling and 

regulatory  pathways in cell, especially  those controlling cell division, proliferation, 

differentiation and survival [73]. Expression pattern of miRNAs show differences for 

particular tissues, so their tumor suppressor or oncogenic characteristics differ among 

tissues [74], [75]. Several mechanisms like mutation, deletion, epigenetic silencing 

or alterations at miRNA processing induce loss of function of miRNAs [76]. Loss of 

function of tumor suppressor miRNAs may cause to malignant transformation of a 

normal cell. The miRNAs are considered oncogenes if their expression increased in 

tumors.  These oncogenic  miRNAs are also  called oncomirs and they induce tumor 
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development via suppressing tumor suppressor genes or the genes which  control cell 

differentiation or apoptosis [77], [78]. 

  

 1.1.4. MiRNA Function in Breast Cancer 

 

Breast cancer is one of the most common cancer types among women and it is a 

complex disease described by significant genetic changes. Based on their phenotype 

and gene expression profile, there are six major types of breast cancer. These are 

tumor enriched with human growth factor receptor 2 (Her2), claudin-low, normal 

like, basal-like, luminal A and luminal B subtype [79]. Luminal A is the most 

common subtype and defined by expression of  progesterone receptor (PR), estrogen 

receptor (ER), Bcl-2 and lack of Her2 [80]. The luminal B subtype is defined by the 

expression of  PR, ER and lack of Her2. They can be separated from luminal A 

subtype based on high Ki67 staining which marks higher proliferation rate [81].  

Her2 positive subtype is characterized by high proliferation rate and high Her2 gene 

expression. Basal-like subtype does not express the three markers (ER, PR and Her2) 

[81]. In normal-like subtype, ER, PR and Her2 are expressed but absence of 

expression of EGFR and CK5 [81]. Claudin- low subtype is triple negative and 

defined by low E-cadherin expression, ocludin and claudin-3,4,7 [82]. Figure 1.2. 

shows molecular classification of breast cancer. 
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Figure 1.2. Molecular classification of Breast Cancer. Breast cancer subtypes based on their ER, PR, 

HER2, CK5/6 expression profile (Figure is taken from Labmedicine Volume 41 Number 6- Molecular 

Classification of Breast Cancer). 

 

 

 

These different subtypes are known to have specific miRNA expression patterns 

[83]. For instance, miR-221, miR-210 and miR-21 are significantly upregulated in 

triple negative breast cancer; on the other hand miR-122a, miR-145, miR-205 are 

significantly downregulated [83]. miR-221, miR-210 and miR-21 associated with 

worse  survival rate, so they play an important role in triple negative breast cancers 

[84].  In an another study, let-7c, miR-199a-3p, miR-146-5p, miR-145, miR-143, 

miR-127-3p, miR-126 and miR-125b were shown to be upregulated in basal like 

subtype, but miR-429 and miR-200c are mostly upregulated in luminal subtype [84]. 

Also, miR-199, miR-145, miR-143, miR-127 and miR-126 levels are significantly 

upregulated in myoepithelioma compared to basal-like and luminal subtypes. MiR-

429 and miR-200c levels were lower in malignant myoepithelioma than basal-like 

and luminal breast cancer [85].  
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The most remarkable miRNAs which act as oncogenes expressed in breast cancer 

cells are miR-10 family [86], miR-21 [87], miR-17-92 cluster [88]. Tumor 

suppressor miRNAs mostly seen in breast cancer are let-7 family [89], miR-200 

family  [90] and miR-125b [91], [92], [93]. Thus it is clear that miRNAs in breast 

cancers have important roles (Figure 1.3).  

 

 

 

   

Figure 1.3. Functional classification of miRNAs in breast cancer. (Figure is taken from Role of 

microRNAs in breast cancer Ramesh Singha & Yin-Yuan Moa) [83]. 

 

 

 

1.2. MiR-125 Family and Its Expression in Breast Cancer 

 

Lin-4 is among the miRNAs found in C.elegans and miR-125b is the human 

orthologue [94]. Lin-4 is important in post-embryonic proliferation process and 

differentiation process in the organism [93]. Human miR-125b expression level is 

highest in thyroid gland, epididymis, prostate, liver, uterus, ovaries, pituitary gland, 
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brain, placenta, testes and spleen (http://www.microRNA.org). MiR-125b is a 

member of miR-125 family, comprise of miR-125a, miR-125b-1 and miR-125b-2. 

miR-125b-1 and miR-125b-2 precursors are processed and form the same mature 

miRNA, miR-125b. Even though mature miR-125a and miR-125b sequences are 

different , they have  the same seed region (nucleotides 1-9),  so this indicates that 

they may target same mRNAs [92] (Figure 1.4).  

 

 

 

          hsa-mir-125a:   5’- UCCCUGAGACCCUUUAACCUGUGA – 3 

          hsa-mir-125b:   5’- UCCCUGAGACCCU__ AACUUGUGA – 3 

Figure 1.4. Mature miR-125a and miR-125b sequences and differences between them. 

 

 

 

MiRNA-125b (miR-125b) is deregulated in several different tumors [95]. 

Interestingly, while miR-125b downregulation in some tumors suggests tumor 

suppressive potential of miR-125b, upregulation in others indicates that miR-125b 

may have oncogenic roles [95]. 

 

MiR-125a is downregulated in breast cancer, gastric cancer, colorectal cancer, 

glioblastomas and non-small cell lung cancer (NSCLC) indicating that miR-125a 

acts as a tumor suppressor for these tumors [95] . Mature miR-125b originates from  

miR-125b-1 (chromosome 11q24) and miR-125b-2 (chromosome 21q21) [95], [96], 

[97]. It has been shown that both gene loci are inside   fragile sites that are usually 

deleted in ovary, breast, cervical and lung cancers [95], suggesting loss of function 

for miR-125b in these tumor types. Downregulation of miR-125b is also seen at 

other tumor types like; endometrial tumors [96], gliomas [97], Ewing sarcomas [98], 

osteosarcomas [98], oral squamous cell carcinomas [99], melanomas [100], head and 

neck tumors [101] (Figure 1.5). Although the molecular mechanisms of miR-125b 

downregulation are not exactly known, miR-125b promoter hypermethylation which 
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could lead to supression of miR-125b expression has been shown in some of these 

cancer types [100], [101].   

 

 

 

 

Figure 1.5. Deletions,  hypermethylation and androgen signaling  reduces miR-125b expression. This 

causes target mRNAs’ upregulation  causing indicated tumor types formation. (Figure is taken from 

Good guy or bad guy: the opposing roles of microRNA 125b in cancer Julia Banzhaf-Strathmann1* 

and Dieter Edbauer) [102]. 

 

 

 

MiR-125b has important roles in cellular proliferation, differentiation and apoptosis 

[103], [104] processes which are all associated with cancer. For instance; p53, which 

is a tumor suppressor gene controlling the regulation of apoptosis [105], is directly 

targeted by miR-125b [106]. MiR-125b also targets other mRNAs as cyclin C, 

cdc25c, Puma and Bak 1 which are cell cycle and apoptosis regulators [104]. Other 
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cancer related genes are also directly targeted by miR-125b such as HER2/3 in 

invasive mammary carcinomas such as human epidermal growth factor receptor 

(Her2 and 3) [107]. These genes are also related with lung, ovarian, salivary, bladder 

and stomach carcinomas [108]. Extended levels of those genes changes signaling 

pathways which affect cellular control mechanisms [108]. 

Downregulation of miR-125b expression in mammary tumors and other cancerous 

tissues may suppress tumor progression via upregulated p53 expression  and possibly 

others [102]. For breast cancer, due to decreased miR-125b expression, increased 

expression of miR-125b target EGF receptor family members ERBB2/3 is an 

important oncogenic driver [109].  

 

ERBB2 and 3 are among the first identified miR-125b targets [110].  

Downregulation of miR-125b activates ERBB2/3 expression which enhances cellular 

proliferation through MAPK signaling pathway and suppress apoptosis through 

targeting mTOR pathway [110]. Further, miR-125b expression decrease in ERBB2 

positive tumors was  detected compared to ERBB2 negative breast tumors [111]. 

ARID3B is another confirmed target of miR-125b in MCF7 cells [89]. ARID 

proteins are TFs which controls cell growth, development and  differentiation [112], 

mesenchymal transition [113], regulation of actin cytoskeleton organization and cell 

motility [114]. miR-125b downregulation in breast cancer also activates the 

expression of EPO (erythropoietin) again raising cellular survival [115]. Also, miR-

125b was shown to target ETS1, one of the ETS transcription factor families, in 

breast cancer [100]; E2F3, a cell cycle regulator, in bladder cancer [116]; a proto-

oncogene BCL3 in ovarian cancer [117]. Other upregulated miR-125b targets in 

breast cancer are multiple epidermal growth factor-like-domains 9 (MEGF9), 

Glutamyl aminopeptidase (ENPEP), cyclin J (CCNJ) and casein kinase II subunit α 

(CK2-α) [91]. In addition to direct targets, our group reported indirect/ downstream 

targets of miR-125b using miR-125b transfected MCF7 cells in a microarray 

experiment [90]. Majority of gene expression changes are possibly due to 

downstream and indirect effects of miR-125b expression [90].  Activated leukocyte 

antigen molecule (ALCAM) was among the significantly increased downstream 

effectors of miR-125b. ALCAM is an NF-кB induced cell-cell adhesion molecule 
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[90]. Expression of ALCAM transcript levels were significantly increased upon miR-

125b expression in miR-125b transfected MCF7 cells [90].Because ALCAM is 

important for cell-cell interactions, tightly bound cells via ALCAM possibly have 

less proliferation rate as detected in MCF7-125b ALCAM expressing cells [90]. On 

the other hand, there was no ALCAM induction in T47D-125b cells. Unlike MCF7-

125b cells, T47D-125b cells also didn’t show a decreased proliferation rate, maybe 

because of different cellular backgrounds [90].  

 

However, for some other types like colorectal cancer [118], gliomas [119], 

pancreatic cancer [120], gastric cancer [121] , follicular cancer [122] and some 

leukemias [123] miR-125b upregulation has been reported (Figure 1.6). The reason 

of these upregulations could be aberrant miRNA expression because of 

translocations and copy number variations which occur at miRNA loci [124]. In 

these tumors, miR-125b was shown to target anti-apoptotic proteins [124]. 
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Figure 1.6. Oncogenic potential of miR-125b. Some translocations, insertions and androgen signaling 

cause miR-125b upregulation. Translational blockage of target mRNAs, leads formation of indicated 

tumor types.(Figure is taken from Good guy or bad guy: the opposing roles of microRNA 125b in 

cancer Julia Banzhaf-Strathmann1* and Dieter Edbauer) [102]. 

 

 

 

1.3. NF-кB transcription factor and Its Role in Cancer 

 

NF-кB (nuclear factor kappa-light-chain-enhancer of activated B cells) pathway is 

one of the most deregulated pathways in tumor progressing process. So, it is crucial 

to understand the regulators of this pathway and its relationship with other cancer 

associated pathways. NF-кB transcription factors family comprises of five members: 

RelA or p65, RelB, cRel, NFкB1 or p50 and NFBк2 or p52 [125]. All of these 

members have highly conserved Rel homology domain at their N-terminus, that is 

responsible for DNA binding, nuclear translocation, dimerization, and association 

with NF-кB inhibitor (IкB)  proteins [126]. Mature NF-kB proteins forms 
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homodimers and heterodimers that can bind to DNA [127]. Various stimuli can 

induce activation of NF-кB like inflammatory cytokines (TNFα, lipopolysaccharide 

and IL-1), chemicals and growth promoting signals [125]. Activation of NF-кB 

pathway goes through either the canonical pathway or the noncanonical pathway 

[128]. In the canonical NF-кB pathway, NF-кB dimers (generally RelA/NFкB1) are 

kept in the cytoplasm by the inhibitor of NF-кB α-protein (IκBα). After activation, 

phosphorylation of IκBα is done by a complex comprises of inhibitor of NF-кB 

kinase 1 (IKK1) (IKKα), IKK2 (IKKβ) and IKKγ. IкB proteins Phosphorylation 

induces degradation of cytoplasmic inhibitors and promotes NFκB complex 

translocation into the nucleus [125]. In non-canonical pathway, activation of the 

p52/RelB NF-кB complex is targeted. This pathway depends mainly on the inducible 

processing of p100, a molecule functioning as both a RelB-specific inhibitor and the 

precursor of p52. Another important signaling component for non-canonical pathway 

is NF-кB-inducing kinase (NIK), which combines signals from TNF receptor family 

members and activates IкB kinase-α (IKKα), to trigger p100 phosphorylation and 

processing. The non-canonical (nc) pathway results in processing of the p100 protein 

to form active p52, that can bind a dimerization partner, mainly RelB, and entering to 

the nucleus [129].  

 

NF-кB regulates almost every position of tumor biology, such as; progressing of cell 

survival, stimulation of cell proliferation, metastasis promotion and stimulation of 

angiogenesis [129]. For breast cancer, NF-кB has roles in the epithelial-

mesenchymal transition induction [130]. Recent studies suggests that, self-renewal of 

breast cancer stem cells are regulated by mammary epithelial NF-кB in a model of 

Her-2 dependent way [131]. 

 

It was demonstrated that NF-кB activation is found mainly in ER-negative breast 

tumors [132]. Parallel to these results, there is an inversely correlated relationship 

between NF-кB DNA binding and cellular ER concentration [125].  Furtherway; NF-

кB target gene expression is mostly expressed in breast tumors which have low ER 

target gene expression [133], [134].  Also, in human retinal pigment epithelial cells, 

Toll-like receptor-4-mediated NF-кB activation is reversed by the estradiol addition, 
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indicating that the inhibitory crosstalk between these transcription factors is 

reciprocal [135], [136]. In another study, it was demonstrated that 17β-estradiol (E2) 

increases p105 subunit levels in MCF7 cells, inhibiting NF-кB activation, because 

p105 blocks nuclear translocation of NF-кB [137]. Also, ER can interact with 

transcriptional enhancers or repressors related with NF-кB transcription pathway. ER 

may compete with NF-кB to bind to transcriptional activators like CREB-binding 

protein or ER may recruit repressors like glucocorticoid receptor interacting protein 1 

to NF-кB complexes [138]. 

 

Although most of the studies suggest the negative crosstalk between ER and NF-кB, 

there are some studies showing a positive cross-talk between them [139], [140]. 

There may be three main mechanisms: 1) ER-enhanced expression of NF-кB target 

genes, 2) NF-кB-enhanced expression of ER target genes and 3) an additive effect of 

both transcription factors [141],  [142]. For example, expression of some estrogen 

responsive genes (like ABCG2 and PTGES) is enhanced by NF-кB because NF-кB 

stabilizes the binding of ER to its response element [142]. For CCND1, there is a 

different mechanism between ER and NF-кB. Because CCND1 promotor does not 

have an estrogen response element, ER should interact with NF-кB proteins which 

allow the binding of the complex to NF-кB response elements found in the promotor 

of CCND1. So, this data suggests that NF-кB is crucial to bind ER to the cyclin D1 

promoter [143].   

 

There are many studies showing that ER/NF-кB crosstalk could lead to endocrine 

resistance. Lots of studies focused on NF-кB activation and it’s the role in ER 

positive endocrine resistant breast cancer. To compare tamoxifen-sensitive and 

tamoxifen-resistant MCF-7 cells, the results indicated that obtaining a resistant 

phenotype along with elevated NF-кB activity levels [144].  

  

To summarize, all these data suggest that, NF-кB may modulate ER activity, also 

affect ER positive breast cancer tumors response to endocrine therapy.   There are 

different hypothesis to explain this resistance. Firstly, transrepression of ER by NF-

кB may lead ER-positive breast cancer cells losing ER expression and, thus, leads  
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tumor cells to subpopulation which are endocrine treatment resistant [141]. 

Secondly, transrepression of NF-кB by ER could lead to resistance to aromatase 

inhibitors, SERDs (selective estrogen receptor downregulators) or estrogen 

withdrawal. Elevated ER activation which results from aromatase inhibition or 

estrogen withdrawal releases NF-кB from the ER-driven inhibition, causing  NF-кB-

induced tumor progression [141] . 

  

1.4. NF-кB - miR-125b Relationship 

 

The relationship between miRNAs and NF-кB pathway has been studied [145], 

[146]; pointing out that dysfunction of these interactions may lead to NF-кB 

associated tumors. For example, miR-125a and miR-125b target TNFAIP3, an 

inhibitor of NF-кB signaling pathway in lymphomas [147], [148]. Stable expression 

levels of miR-125a/b in DLBCL (Diffuse Large B Cell Lymphoma) cell lines 

showed NF-кB function induction, but when miR-125a or miR-125b antagomirs 

used, via upregulation of TNFAIP3 expression, activity of NF-кB significantly 

decreased [149], [150]. This indicates that NF-кB may stimulate transcription of 

miR-125b1, maybe by extend or strengthen some signals by suppressing TNFAIP3 

[148]. It was confirmed that DLBCL cells which transfected with miR-125a and/or 

miR125b have lower expression of TNFAIP3 and higher activity of NF-кB [148].  

 

In an another study, it was demonstrated that BCL3 is important for inducing cell 

proliferation because it can bind NF-кB p50 and p52 dimers, giving rise to 

expression  of proliferation genes [151]. BCL3 is a miR-125b target and miR-125b is 

involved in proliferation of OC (ovarian cancer) cells [152], [117]. So, this indicates 

that, miR-125b controlled proliferation of OC cells through regulation of BCL3 

expression [117].   

 

TRAF6 is an important effector in the TLR-mediated NF-кB activation pathway 

[153]. TRAF6 plays a crucial role in the induction of inflammatory responses via 

activation of IкB kinases, leading to NF-кB nuclear translocation and activation 

[154]. It was also shown that miR-125b targets TRAF6 in rat cardiomyoblasts [153] 
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(Figure 1.7). So that, high levels of miR-125b has an inhibitory role on NF-кB 

pathway. 

 

 

 

 

Figure 1.7.  NF-кB signalling pathway. The activity of NF-кB is primarily regulated by interaction 

with inhibitory IкB proteins including IкBa, IкBb, IкBg, IкBe, etc., and also by IкB kinase (IKK). The 

activated NF-кB complex enters the nucleus to activate target gene expression. (Figure is taken from 

GeneCopoeia: NF-кB Signaling Pathway 2015).  

 

 

 

Interestingly, miR-125b was also linked to both NF-кB and E2 signaling in breast 

cancers. As previously mentioned, Drosha process pri-miRNAs [155] which is 

associated with approximately 20 polypeptides, collectively named as the ‘’Drosha 

microprocessor complex’’ [43]. Drosha complex components p68 and p72 play roles 

in miRNA processing [156]. Interestingly, p68 and p72 coactivate ERα (Estrogen 



18 
 

Receptor alpha) and increase the transcriptional activity of ERα, via getting 

interaction  with the N terminus of ERα, but not ERβ (Estrogen Receptor beta)  

[157]. Also, ERα N terminus directly interacts with LXXLL motif of Drosha C 

terminus [158]. ERα–Drosha interaction, enhanced by E2 and liganded ERα (E2-

ERα); suppresses the expression of some miRNAs in mouse uterus, through 

downregulating the Drosha-mediated processing of pri-miRNAs to pre-

miRNAs [158]. There is evidence that, E2-ERα represses the expression of some 

mature miRNAs, such as miR-125a levels in MCF-7 cells, but does not affect the 

pre-miR-125a transcription levels [158], [159], [160], [161].  These data shows that 

suppression of miRNA processing by E2-ERα complex may be associated with its 

direct interaction with p68/p72 and Drosha [158]. ERβ is not known to  interact with 

Drosha or p68 [162], [163], [164].      

 

To understand whether miRNAs play roles in ER(+) breast cancer progression, the 

expression of 800 miRNAs was profiled using NanoString in estrogen dependent 

breast cancer cell line MCF7 and its estrogen independent form MCF7:2A [165]. 78 

of these miRNAs were found to be upregulated; including let-7c, miR99a, and 

miR125b in MCF7:2A cells. These miRNAs are indicated as ER targets in MCF7 

cells, and in MCF7:2A cells, ER binding and expression of these miRNAs 

significantly decreased [165]. Also, it was showed that these miRNAs are expressed 

at higher levels in luminal A tumors than luminal B tumors and luminal B breast 

cancers have a worse outcome than luminal A. And within the luminal A subtype, 

low expression of the let-7c/miR99a/miR125b cluster may cause poor patient 

outcome. It was found that, let-7c and miR-125b inhibit HER2 protein expression 

and HER2 protein increase in luminal A tumors lacking expression of these miRNA 

may cause poor patient outcome. To understand that whether these miRNAs are 

estrogen regulated, they measured their expression in response to E2 treatment. A 3 

hour treatment demonstrated an increase in expression of miR125b [165].  

 

With in vitro assays, liganded (estrogen bounded) ERα was demonstrated to inhibit  

the process of maturation of the miRNAs by interacting with the Drosha complex 

and so preventing the transition of pri-miRNAs into pre-miRNAs [158].  So, the 
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regulation of mature and pre-miRNA expression may be post-transcriptional level 

but not at transcriptional level. It was previously found that p68/p72 interacts with 

the N-terminal A/B domain of ERα [166]. Because of that, E2-bound ERα regulates 

the enzymatic function of the Drosha complex by its physical interaction with 

p68/p72 [158].  

 

1.5. Aim of the Study 

 

Based on our earlier findings that miR-125b transfected cells had different ALCAM 

levels [100], a target of NF-кB, and that E2 may alter miR-125b levels, we aimed to 

start investigating whether miR-125b may be a player in the E2- NF-кB network. 

While the crosstalk between E2 and NF-кB pathways would be expected to be 

complex, we investigated if miR-125b can be considered as a component of this 

complex network.  
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CHAPTER 2 

 

 

MATERIALS AND METHODS 

 

 

 

2.1. Cancer Cell Lines,  Cell Culture Conditions and Treatments  

 

MCF7 and T47D cells (Appendix A)  were grown in DMEM with Earle’s salts and 

10% FBS. T47D cells were grown in DMEM with Earle’s salts , 10% FBS and  0.1% 

non-essential amino acids.  Media contained 1% Penicillin/Streptomycin (P/S).  

MCF7-EV,  MCF7-125b, T47D-EV and T47D-125b stably transfected cells were 

generated earlier by our group [100]. T47D-mirzip125b stably transfected cells 

(miR-125b silenced cells via shRNA) were generated by Merve Öyken. Stable cell 

lines were maintained with the 0.25 mg/mL Geneticin (Cat#04727894001; Roche 

Applied Sciences) addition .Cell lines were cultured as monolayers and were 

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

 

For hormone induction experiments, cells were grown in phenol red-free medium 

containing  10% charcoal stripped FBS (Appendix F), 1% L-glutamine and 1% P/S  

for 48 hours. Treatments with 10 nM 17 β-Estradiol (E2) ( β-Estradiol E2257-1MG; 

Sigma-Aldrich) or ethanol (vehicle control) for MCF7 and T47D were performed for 

12 and 24 hours.  1 µM ICI 182,780 ( Cat.# 1047; Tocris Biosciences)  pre-

treatments were performed 1 hour before E2 treatment  for both cell lines. 

 

Cell frozing in liquid nitrogen was done when cells reached approximately 70-80% 

confluent. Ten or five percent DMSO (dimethyl sulfoxide) (Sigma, Cat# 154938) 

was added to the media  for long term storage of frozen cells. Cell pelletting was 

done during freezing at 1400 rpm for 5 minutes. Cells were thawed in a 37°C water 

bath.  
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2.2.  RNA Isolation by Trizol Reagent 

 

DEPC-treated water was used for preparation of all of the solutions used in RNA 

isolation.  6-well cell culture plates were  used to growe cells  to 70-75% confluency. 

Medium was discarded from the wells and 1.1 mL of Isol reagent (Guanidine  

thiocyanate) from 5 Prime  (Cat# 2302700) was used for each well for lysis of the 

cells. After incubation at room temperature (RT) for 5 minutes, lysates were taken 

into 1.5mL sterile eppendorf tubes and 510 µl chloroform was added for each tube. 

Tubes were vigorously shaken for 15 seconds . After incubation at RT for 2-3 

minutes, samples were centrifuged at 4500g for 20 minutes at 8°C. After 

centrifuging, phase seperation was occured and RNA was in the aqueous phase and 

this aqueous phase was taken to an another 1.5 ml tube. To precipitate RNA, 530 µl  

of isopropanol addition was done to each RNA containing aqueous phase. The tubes 

were  incubated at RT for 10 minutes then centrifuged at 13000g at 4°C for 20 

minutes. After centrifuge, a gel-like RNA pellet  was formed. Supernatant was 

discarded and washing of RNA pellet was done with 75% ethanol by briefly 

vortexing. Centrigugation was done again at 13000g at 4°C for 10 minutes.  Then 

this step was repeated with %70 ethanol. Ethanol was discarded very well from the 

tube and samples were left to dry for 15 minutes at RT. Suspension of the pellet was 

done in 25 µl Molecular grade water.  RNA samples were kept at -80°C for long 

storage. 

 

2.3. RNA Quantity and Quality Determination 

 

RNAs were quantified via NanoDrop ND2000 (Thermo Scientific). RNA sample 

purity was detected by A260/A280 and A260/A230 ratios. RNA concentration was 

calculated using the following formula :  RNA (µg/mL) = 40 X Dilution Factor X 

OD260. For all RNA samples,  A260/A280 ratio was  between 1.8 and 2 and 

A260/A230 ratio was higher than 1.8 (Appendix B.1.). 
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2.4.cDNA synthesis 

 

cDNAs  synthesis  were performed by using synthesized via the RevertAid First 

Strand cDNA Synthesis Kit ( Cat#1622; Life Technologies ). Random primers were 

used for the reaction.  Reaction conditions are given in Table 2.1. 

 

 

 

Table 2.1. Reverse Transcription Reaction Conditions 

RNA 500 ng (1-2 µl 

Primer (oligodT or random hexamer) 1 µl 

MG water variable 

TOTAL 12 µl 

Briefly centrifuged and incubated for  5 minutes at 70 °C. 

5X Reaction Buffer 4 µl 

Ribolock RNAse inhibitor 1 µl 

dNTP mix 2 µl 

RevertAid RT enzyme 1 µl 

TOTAL 20 µl 

Tubes  were incubated  for 60 minutes at 42°C; reaction was stopped by heating at 

70°C for 5 minutes. 

 

 

 

2.5.DNase I Treatment 

 

DEPC-treated water was used for  all the solutions in DNase treatment. Treatment of 

isolated RNA samples were done using Deoxyribonuclease I (DNase I) from 

Fermentas (Cat # EN0521)  to acquire  DNA-free RNA. Reaction components are 

listed in Table 2.2. 
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Table 2.2. DNase I reaction mixture 

RNA (4-5 ug/µl) 10 µl 

10 X Reaction Buffer 10 µl 

Dnase І (1u/µl ) 2 µl 

DEPC water variable 

TOTAL 100 µl 

 

 

 

Preparation of  this reaction mixture was done on ice and reaction was followed 

through  for 60 minutes at 37°C in a waterbath. 100 µl Phenol: Chloroform: Isoamyl 

Alcohol (25: 24: 1) was used to stop the reaction. Mixture was mixed by vortexing 

for 30 seconds then left to incubate  on ice for 10 minutes. Then, centrifugation of 

samples were done for 20 minutes  at 14000g at 4°C. After centrifuge, RNA 

containing upper phase (approximately 80 µl) was taken into a fresh tube. 

Approximately 240 µl 100%  ethanol  and 8 µl 3M NaAc was added to RNA 

containing samples and samples were left to incubate overnight at -20°C. The 

following day, samples were centrifuged at 14000g  for 30 minutes at 4° C. 

Supernatant was removed and the pellet was washed via  70%  ethanol and  

centrifuged again at 14000g for 15 minutes at 4°C. In the end, 25µL MG Water was  

used to dissolve pellet. 

 

Absence of DNA contamination was controlled by conventional PCR using GAPDH 

(Glyceraldehyde 3-phosphate dehydrogenase) specific primers. GAPDH_F: 

5’GGGAGCCAAAAGGGTCATCA-3’ and GAPDH_R: 5’-

TTTCTAGACGGCAGGTCAGGT-3’ (product size: 409 bp). PCR conditions were: 

incubation at 94°C for 10 minutes, 40 cycles of 94°C for 30 seconds, 56°C for 30 

seconds, and 72°C for 30 seconds,  final extension at 72°C for 10 minutes. For 

positive control, genomic DNA was used (Appendix B.2.). 
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2.6.Quantitative RT-PCRs for Detection of Mature miRNAs 

 

For detection of  the mature miR-125 levels, Taqman assay kit (Applied Biosystems) 

was used  for PCR amplifications.  2 µl of synthesized cDNA  was used in 10 µl 

PCR containing 2X Taqman PCR mastermix (TaqMan ® Universal PCR Master 

Mix, Cat#4304437) and 20X miRNA assay mix specific for RNU6B (Cat # 

4427975-TM:001093),  miR-125b (Cat#4427975-TM:000449) and miR-125a (Cat # 

4427975-TM:000448). The qRT-PCRs were performed  on Corbett Rotor-Gene 6000 

(Qiagen, Corbett, Germany). PCR conditions were: denaturation at 95°C for 15 

minutes, then 40 cycles at 95°C for 15 s and 60°C for 60 s. RNAU6B was used as 

reference gene. To calculate mature miRNA expression levels, ΔΔCt method was 

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

replicates. 

 

Taqman microRNA assay  includes two main steps as shown in Table 2.3. The first 

step was cDNA synthesis  of mature microRNAs by microRNA RT kit; extension by 

looped primers specific to specific microRNA from 20 ng total RNA of starting 

material. cDNA synthesis conditions were: 16°C for 30 minutes, 42°C for 30 minutes 

and 85°C for 5 minutes. The second step was synthesis of second strand of cDNA 

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

master mix.  Following conditions were used: incubation at 95°C for 10 minutes, 40 

cycles of 95°C for 10 seconds and 60°C for 1 minutes. Assay results of RT-qPCR are 

shown in Appendix C.   
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Table 2.3. cDNA synthesis mixture by TaqMan microRNA RT Kit 

dNTP mix (100 mM total ) 0.15 µl 

Multiscribe RT enzyme (50 U/µL) 1 µl 

10X RT Buffer 1.5 µl 

RNase inhibitor (20 U/µL) 0.19 µl 

DEPC water 4.16 µl 

Specific primer mix 3 µl 

RNA (20 ng/uL) 5 µl 

TOTAL 15 µl 

 

 

 

Table 2.4. TaqMan qPCR Reaction Mixture 

TaqMan microRNA Assay (20X) 0.5 µl 

cDNA 2 µL 

TaqMan 2X Universal Master mix 5 µl 

DEPC Water 2.5 µl 

TOTAL 10 µl 

 

 

 

2.7. Protein Isolation and Western Blotting 

 

2.7.1.Nuclear and Cytoplasmic Protein Isolation 

 

Nuclear protein extractions were made by NE-PER Nuclear and Cytoplasmic 

Extraction Reagents Kit (#78835) (Thermo Scientific) according to the 

manufacturer’s instructions. All the tubes and reagents were kept on ice. All 

centrifuges was done at 4°C. Trypsin was used to remove adherent cells from culture 

surface. PBS (phosphate buffered saline) was used twice volume of trpsin to stop the 

trypsin reaction. Cell pellet was taken to 1.5 ml ependorf tubes and centrifuged at 

500 g for 2-3 minutes.  Pellet was   washed with PBS (phosphate buffered saline) and 
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centrifuged at 500 g for 2-3 minutes again and supernatant was discarded. 100 µl of 

CER-I reagent was used per cell pellet. This mixture was vortexed very well for 15 

seconds and incubated on ice for 10 minutes. Then, 5.5 µl of CER-II reagent was 

used per cell pellet. Tubes was vortexed for 5 seconds and incubated on ice for 1 

minutes. Following that, pellet was vortexed for 5 seconds again and centrifuged at 

16000 g for 5 minutes. After the centrifuge, supernatant which contains cytoplasmic 

proteins was taken to a cool and fresh tube and stored at -80°C.  50 µl of NER-I 

solution was added to remained pellet and suspended. Pellet was incubated on ice for 

40 minutes and  vortexed for 15 seconds every 10 minutes during 40 minutes 

incubation. After the incubation, pellet was centrifuged for 10 minutes at 16000g. 

Supernatant which contains  nuclear proteins was taken to a cool and fresh tube and 

stored at -80°C.  Pierce BCA Protein Assay Kit (Cat.#23227; Themo Scientific) was 

used to quantificate lysates. 

 

2.7.2. Isolation of Total Protein 

 

Extraction of total proteins was done by M-PER Mammalian Protein Extraction 

Reagent (#78501; Thermo Scientific). Cells were washed with PBS twice. M-PER  

was added on monolayer cells (for T75 flasks 500-1000 µL), twirled via shaker for 

15 minutes. Cells were collected by scraper into a eppendorf tube. Then lysates were 

centrifuged at 14000g for 15 minutes. Supernatants were taken to a new tube and 

stored at -80° C. 

 

2.7.3.  Western Blotting Analysis 

 

Nuclear extract, cytoplasmic extract and total protein extract (50 µg) denaturation 

were done by 6X Laemmli buffer (Appendix E) at 100°C for 10 minutes and were 

run on a 8% polyacrylamide gel and transferred onto a nitrocellulose membrane. To 

detect p65 protein, the blocking of membranes were done with  5% non-fat milk in 

PBS-T (Phosphate Buffer Saline- Tween) (Appendix E)  and were left for overnight 

incubation  with the monoclonal anti-p65 mouse antibody (1:500 dilution; sc-8008, 

Santa Cruz Biotechnology); then incubated for 1 hour with the secondary anti-mouse 
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antibody (1:2000 dilution; Santa Cruz Biotechnology). For nuclear protein loading 

control, Histone deacetylase (HDAC) antibody, ( sc-81598, Santa Cruz 

Biotechnology), was used. 5% non-fat milk in TBS-T (Tris Buffer Saline- Tween) 

(Appendix E) was used for blocking. Primary antibody was 1:1000 diluted and 

secondary goat anti-mouse  (sc-2005; Santa Cruz Biotechnology) antibody was 

1:2000 diluted. To detect nuclear protein purity; GAPDH (Glyceraldehyde 3-

phosphate dehydrogenase) antibody (sc-25778; Santa Cruz Biotechnology)  was 

used. %5 BSA in TBS-T was used for blocking. Primary antibody was 1:1000 

diluted and secondary mouse anti-rabbit  antibody (sc-2357; Santa Cruz 

Biotechnology) was 1:2000 diluted. Cytoplasmic extracts were used to detect TRAF6 

(TNF receptor  associated factor 6) antibody (1:200 dilution; ab181622, Abcam). %5 

BSA in TBS-T was used for blocking. For loading control, ACTB antibody (1:2000 

dilution; sc-47778; Santa Cruz Biotechnology) was used. Proteins were visualized 

using an enhanced chemiluminescence kit ( Cat#32132; ECL Plus; Pierce) according 

to the manufacturer’s instructions. 

 

2.8.  Analysis of TFF1 Expression Levels 

 

TFF1 (trefoil factor 1)  is a protein encoded by TFF1 gene (NM_003225) (also called 

pS2 gene) and  known as an  E2 induced gene [167]. TFF1 expression was controlled 

by conventional PCR as a positive control to confirm the E2 treatment efficiency. 

Following primers were used; TFF1_F: 5’-CCATGGAGAACAAGGTGATCTGC-3’ 

and TFF1_R: 5’GTCAATCTGTGTTGTGAGCCGAG-3’ (product size: 399 bp).  

PCR conditions were as follows: incubation at 94°C for 10 minutes, 25 cycles of 

94°C for 30 seconds, 56°C for 30 seconds, and 72°C for 30 seconds, and final 

extension at 72°C for 5 minutes. 
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CHAPTER 3 

 

 

RESULTS AND DISCUSSION 

 

 

 

3.1.  Role of miR-125b in NF-кB Signaling Pathway 

 

As one of the most downregulated miRNAs, mir-125b, is predicted to be an 

important tumor suppressor in breast cancer [89], [90]. In a transcriptome analysis 

performed in our laboratory, we detected various indirect targets of miR-125b in 

MCF7-125b cells. One of those was ALCAM, an NF-кB induced cell adhesion 

protein. In MCF7-125b cells, both ALCAM mRNA and protein levels were 

significantly upregulated, suggestive of altered NF-кB activity. Interestingly, we 

detected no increase in ALCAM levels in T47D-125b cells, suggesting that we had 2 

different miR-125b expression models. The fact that MCF7-125b cells had decreased 

proliferation rates compared to EV cells only, supported this observation.  

  

3.1.1. Detection of miR-125a and miR-125b Expression Levels  

 

To better understand the difference between MCF7 and T47D miR-125b transfected  

cell lines;  at first, we measured basal miR-125b expression levels in untransfected 

cells (Figure 3.1).  We demonstrated that, miR-125b levels were downregulated in 

both cells compared to normal breast. This was expected, and in agreement with our 

previous analysis. 
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Figure 3.1. Expression levels of miR-125b in MCF7 and T47D cell lines. MiR-125b expression levels 

of MCF7 and T47D cells were detected by TaqMan qPCR assay. Analysis was performed 2 

independent times. Commercial normal breast total RNA was used for normalization. Quantification 

was done using the reaction efficiency correction and ΔΔCq method.  One-way ANOVA with 

Tukey’s multiple comparison post test was performed using GraphPad Prism (California, USA).  ** 

(p≤ 0.01), and *** (p≤ 0.001) indicates statistical significance.  

  

 

 

Next, we confirmed miR-125b levels in the 2 model systems; first model was the 

stably 125b transfected MCF7 cells, second model was the stably miR-125b 

transfected T47D cells generated by previous members of our lab (Figure 3.2.a and 

Figure 3.2.b). 
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             a)                                                                                     b) 

 

       

Figure 3.2. Confirmation of stable transfection of miR-125b. Restoration of miR-125b expression was 

detected by TaqMan  qPCR assay a) in MCF7-125b transfected cells and b) in T47D-125b transfected 

cells compared  to their EV transfected and untransfected forms.  Each experiment was repeated 2  

independent times.  The baseline for the control  samples was set to 1. miR-125b expression of 

transfected cells was normalized to untransfected cellsQuantification was done using the reaction 

efficiency correction and ΔΔCq method.  One-way ANOVA with Tukey’s multiple comparison post 

test was performed using GraphPad Prism (California, USA).   *** (p≤ 0.001) indicates statistical 

significance. 

 

 

 

Stable transfection of miR-125b indeed, increased the miR-125b epression in MCF7 

and T47D cells, as expected, confirming the validity of our models.  

 

3.1.2. p65 Protein Levels Changes Upon miR-125b Overexpression 

 

After confirming our model systems, we then decided to start investigating the 

difference between MCF7-125b and T47D-125b cells. Given that earlier experiments 

[90] showed significant activation of ALCAM, an NF-кB target, we then looked at 

NF-кB activation in our model systems. We measured p65 protein levels in both 

cells as an indicator of NF-кB activation. p65 is a subunit of NF-кB transcription 

complex, that  plays a crucial role in immune  and inflamatory responses. Since the 

activation of this pathway is associated with the intracellular localization of the NF-
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кB complex, the nuclear localization of p65 is commonly used as a parameter of 

activation [167]. Figure 3.3 shows western blotting results in MCF7 and T47D cells 

and their 125b transfected forms. MCF7- 125b transfected cells showed an 

approximately 3 fold increase of p65 protein levels; whereas T47D-125b transfected 

cells showed decreased levels of p65.  

 

 

 

 

Figure 3.3. Nuclear p65 levels in miR-125b models. As an indicator of NF-кB activity, p65 protein 

levels were quantified by western blotting for mir-125b transfected cells using nuclear extracts . 

HDAC antibody was used to test equal loading of nuclear proteins. Lack of cytoplasmic GAPDH was 

detected by GAPDH antibody. Total protein extracts was loaded to confirm to detect efficiency of  

GAPDH antibody. Image J program was used for quantification of the bands. Fold increases are 

indicated below the bands. 

 

 

 

To understand why MCF7 and T47D cells have different p65 levels in miR-125b 

transfected cells, we turned to potential miR-125b targets that have roles in the NF-

кB pathway. A known target of miR-125b is actually TRAF6 [168], an inducer of 

NF-кB  [170].  Interestingly, in T47D cells, miR-125b expression indeed resulted 

with decreased TRAF6 expression, consistent with decreased p65 levels in T47D-

125b cells (Figure 3.4).  
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Figure 3.4. Western blot analysis of TRAF6 protein in T47D cells.  TRAF6 protein  levels were 

quantified in T47D cells by western blot analysis, using 50 µg of cytoplasmic extracts. Beta actin 

(ACTB) was used for loading control. Image J program was used for quantification of the bands. Fold 

increases are indicated below the bands. 

 

 

 

To our surprise, we failed to detect significant expression of TRAF6 in MCF7 cells 

(Figure 3.5). 

 

 

 

 

Figure 3.5. Western blot analysis of TRAF6 expression in MCF7 cells. 50 µg of total and cytoplasmic 

extracts of MCF7 and T47D cells used to quantify TRAF6 protein levels.  Beta actin was used for 

loading control. Image J program was used for quantification of the bands. Fold increases are 

indicated below the bands. 

 

 

 

 

 

 

 



34 
 

3.2. miR-125b Expression Levels Upon E2 Treatment 

 

3.2.1. E2 Treatments and Its Effect on miR-125b Maturation Process 

 

To continue addressing the difference in MCF7 and T47D cells in terms of p65 

levels; we then turned to the E2 signalling pathway. The reason for choosing the E2 

pathway over other pathways to modulate NF-кB was because a study suggested E2 

induced downregulation of miR-125b, which led to an increase in TNFAIP3 levels 

and decreased levels in p65 [169]. TNFAIP3 is a protein which is known to suppress 

NF-кB activation by inhibiting IKKs [169]. 

 

To test whether E2 has any effect on miR-125a and miR-125b expression,  first 

MCF7 and T47D cells were grown in phenol red-free medium containing %10 

dextran-coated-charcoal stripped FBS for 48 hours, then added either ethanol or 10 

nM E2 for 12 and 24 hours. Next, we isolated RNA, synthesized cDNA and 

performed TaqMan RT-PCR. TFF1 is an known E2 upregulated gene [167]. The 

efficiency of E2 treatment was confirmed with the induced expression of TFF1 in E2 

treated samples (Figure 3.6).     
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Figure 3.6. TFF1 expression control. MCF7 and T47D cells were grown in phenol red-free medium 

containing 10% dextran-coated-charcoal stripped FBS, pre-treated with 1 µM ICI for 1 hour, then 

with 10 nM E2 for 12 and 24 hours. Ethanol was used as vehicle control. E2 treatment caused induced 

expression of TFF1 gene. 

 

 

 

We detected nearly 2 fold reduction in the mature levels of miR-125a and miR-125b 

in both cell lines upon E2 treatment (Figure 3.7). 
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                 a)                                                                          b) 

 

                      c) d)                         

 

Figure 3.7. Mature miR-125a and mir-125b expression upon E2 treatment.  MCF7 and T47D cells 

were grown in phenol red-free medium containing 10% dextran-coated-charcoal stripped FBS,  then 

treated with 10 nM E2 for 12 and 24 hours. Ethanol was used as vehicle control. a) miR-125a levels 

upon treatment in MCF7 cells. b) miR-125a levels upon E2  treatment in T47D cells. c) miR-125b 

levels upon E2  treatment in MCF7 cells. d) miR-125b levels upon E2  treatment in T47D cells. 

Relative expression of mature miR-125a and miR-125b expression levels were determined by 

TaqMan RT-qPCR assay. For each experiment, 2 biological replicates were used. TaqMan qpCR 

assay was performed with 3 technical replicates for each experiment. The baseline for the control 

treated samples was set to 1.  Every treated sample were normalized to its ethanol control at that time 

point. Quantification was done using the reaction efficiency correction and ΔΔCq method.  One-way 

ANOVA with Tukey’s multiple comparison post test was performed using GraphPad Prism 

(California, USA). * (p≤ 0.05), ** (p≤ 0.01), and *** (p≤ 0.001) indicates statistical significance.  
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To confirm the effects are due to the presence of ERα (Estrogen Receptor alpha), we 

treated cells with ICI 182,780 (Tocris Biosciences),  an antagonist of ER (Figure 

3.8.).  For MCF7 and T47D cells, we saw decreased levels of miR-125a and miR-

125b expression for E2 treated samples. E2 with prior ICI treatment failed to cause a 

decrease in miR-125a and miR-125b levels, suggesting the downregulation to be ER 

specific.  
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a)                                                                                 b)    

 

         c)                                                                                 d) 

 

Figure 3.8. Mature miR-125a and mir-125b expression upon E2 and ICI treatments.  MCF7 and 

T47D cells were grown in phenol red-free medium containing 10% dextran-coated-charcoal stripped 

FBS, pre-treated with 1 µM ICI for 1 hour, then with 10 nM E2 for 12 and 24 hours. Ethanol was used 

as vehicle control.  Relative expression of mature miR-125a and miR-125b expression levels were 

determined by TaqMan RT-qPCR assay. a) miR-125a levels upon E2 and ICI treatments in MCF7 

cells. b) miR-125a levels upon E2 and ICI treatments in T47D cells. c) miR-125b levels upon E2 and 

ICI treatments in MCF7 cells. d) miR-125b levels upon E2 and ICI treatments in T47D cells. For each 

experiment, 2 biological replicates were used. TaqMan qpCR assay was performed with 3 technical 

replicates for each experiment. The baseline for the control treated samples was set to 1.  Every 

treated sample were normalized to its ethanol control at that time point. Quantification was done using 

the reaction efficiency correction and ΔΔCq method.  One-way ANOVA with Tukey’s multiple 

comparison post test was performed using GraphPad Prism (California, USA).  *** (p≤ 0.001) 

indicates statistical significance.  
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3.2.2.  p65 Levels Change Upon E2 Treatment 

 

After demonstrating that mature miR-125a and miR-125b levels were decreased by 

E2, we investigated NF-кB  activation using the E2 treated cells. We performed 

western blotting to detect nuclear p65 levels in T47D and MCF7 cells (Figure 3.9). 

We saw approximately 2.5-3 fold  increase of p65 levels in T47D cells after 24 hour 

E2 treatment, but there was no change after 12 hours. Interestingly, we saw a 

reduction in nuclear p65 levels when cells were treated with ICI alone. Considering 

that cells were grown in charcoal stripped medium lacking E2, and the validity of 

TFF1 PCR results, our expectation was to see similar protein levels in E2(-) ICI(-) 

cells. 

 

These  results suggested that we might have had some estrogenic contribution of 

serum if our charcoal stripping was not efficient. 
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Figure 3.9. Nuclear p65 levels in T47D cells upon E2 and ICI treatments. 50 µg of nuclear  lysates of 

E2 and ICI treated T47D cells were used for western blotting. T47D cells were grown in phenol red-

free medium containing 10% dextran-coated-charcoal stripped FBS, pre-treated with 1 µM ICI for 1 

hour, then with 10 nM E2 for 12 and 24 hours. HDAC antibody was used to test equal loading of 

nuclear proteins. Lack of cytoplasmic contamination was detected by cytoplasmic  GAPDH 

esxpression. Total protein extracts was loaded to confirm to detect efficiency of  GAPDH antibody. 

Image J program was used for quantification of the bands. Fold increases are indicated below the 

bands.  T47D-1 and T47D-2 indicate biological replicates.  
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MCF7 cells, on the other hand, showed an inverse pattern of p65 expression levels 

due to E2. There was a decrease in p65 levels after 12 hour of E2 treatment (Figure 

3.10). 
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Figure 3.10. Nuclear p65 levels in MCF7 cells upon E2 and ICI treatments. 50 µg of nuclear  lysates 

of E2 and ICI treated MCF7  cells were used for western blotting. MCF7 cells were grown in phenol 

red-free medium containing 10% dextran-coated-charcoal stripped FBS, pre-treated with 1 µM ICI  

for 1 hour, then with 10 nM E2 for 12 and 24 hours. HDAC antibody was used to test equal loading of 

nuclear proteins. Lack of cytoplasmic contamination was detected by cytoplasmic GAPDH 

expression. Total protein extracts was loaded to confirm to detect efficiency of  GAPDH antibody. 

Image J program was used for quantification of the bands. Fold increases are indicated below the 

bands.  MCF7-1 and MCF7-2 indicate biological replicates. 

 

 

 

 As expected, ICI alone pre-treatment and E2(-) ICI(-) cells had similar p65 levels, 

confirming ER involvement. Next, to answer why these 2 cell lines had different 
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levels of p65 in response to E2, we tested  whether TRAF6 levels changed after E2 

treatment. We performed a western blot for  E2 and ICI treated T47D cells. Parallel 

to the increase of p65 levels , we saw an increase in TRAF6 levels for T47D cells 

after 24 hours of E2 treatment. ( Figure 3.11). 

 

 

 

 

Figure 3.11. TRAF6 levels upon E2 and ICI treatments in T47D cells. 50 µg of cytoplasmic extracts 

of E2 and ICI treated T47D cells were used for western blotting. T47D cells were grown in phenol 

red-free medium containing 10% dextran-coated-charcoal stripped FBS, pre-treated with 1 µM ICI  

for 1 hour, then with 10 nM E2 for 12 and 24 hours. Β-actin antibody was used to test equal loading. 

For the band quantification, Image J program was used. Fold increases are written below the bands.   

 

 

 

Because TRAF6 is an inducer of NF-кB activity, this result suggested that decreased 

miR-125b levels led to an increase in TRAF6 and eventually increased p65 levels in 

T47D cells. As described earlier, MCF7 cells lack detectable levels of TRAF6. It is 

also of interest to note that only after 24 hours, we saw an increase in TRAF6. This 

result may suggest involvement of secondary, tertiary or even later response 

elements. Currently, the explanation of why p65 levels increase in response to E2 

lacks for MCF7 cells. But in MCF7 cells, after 12 hours of E2 treatment, p65 levels 

were low. This could be due to the fact that TRAF6 is not as ubiqutiously expressed 

in MCF7 cells as in T47D cells. This suggests, presence of other NF-кB modulator 

pathways or different miR-125a and miR-125b basal levels in MCF7 and T47D cells.  
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Then our next step was to investigate specifity of this observation. We already had 

T47D miR-125b silenced cells (T47D-mirzip125b) in our laboratory. After 

confirming the silencing (Figure 3.12), we detected p65 and TRAF6 levels in T47D 

cells with miR-125b aiming shRNA oligos (Figure 3.13). 

 

 

 

 

Figure 3.12. Confirmation of miR-125b silencing in T47D cells.  Silencing of miR-125b expression 

was detected by TaqMan  qPCR assay  in T47D-mirzip125b transfected cells  compared  to their EV 

transfected  forms.  Each experiment was repeated 2  independent times.  The baseline for the control  

samples was set to 1. miR-125b expression of miR-125b silenced cells was normalized to EV 

transfected cells. Quantification was done using the reaction efficiency correction and ΔΔCq method.  

One-way ANOVA with Tukey’s multiple comparison post test was performed using GraphPad Prism 

(California, USA).  ** (p≤ 0.01) indicates statistical significance.   
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Figure 3.13. p65 and TRAF6 levels of miR-125b silenced T47D cells. 50 µg of nuclear extracts of 

miR-125b silenced T47D cells (T47D-mirzip125b) and were used for western blotting of p65 protein 

and 50 µg of cytoplasmic extracts miR-125b silenced T47D cells were used for western blotting of 

TRAF6 protein. HDAC antibody was used to test equal loading of nuclear extracts and  ACTB 

antibody was used to test equal loading of cytoplasmic extracts. For the band quantification, Image J 

program was used. Fold increases are indicated below the bands.   

 

 

 

Compared to T47D-EV cells, miR-125b silenced cells had increased TRAF6 and p65 

levels. However we lack a plausible explanation to how p65 and miR-125b are 

interconnected in MCF7 cells.  
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CHAPTER 4 

 

 

CONCLUSION 

 

 

 

miR-125b is downregulated in breast cancers and therefore accepted as a tumor 

suppressor. We previously detected various indirect targets of miR-125b in a cell line 

that was stably transfected with miR-125b. One of those was ALCAM, an NF-кB 

induced cell adhesion protein. In MCF7-125b cells, both ALCAM mRNA and 

protein levels were significantly upregulated suggesting  altered NF-кB activity.  

However, we detected no increase in ALCAM levels in T47D-125b cells. Mature 

miR-125b levels are low in both T47D and MCF7 cells compared to normal breast, 

but high levels of miR-125a were observed in T47D cells but not in MCF7 cells. 

Considering that both miR-125a and miR-125b target similar RNAs.  miR-125a level 

differences of MCF7 and T47D cells may explain the difference of ALCAM 

expression levels in T47D and MCF7 cells. Moreover, our results suggested 

ALCAM transcriptional regulation to be more complex than we initially predicted. 

 

Here, by using  expression analysis, changing levels of p65, an NF-кB component 

were shown upon E2 treatment and miR-125b downregulation in breast cancer cells. 

TRAF6 is a miR-125b target and we showed that TRAF6 levels decreased when 

T47D cells were transfected with miR-125b. As an important inducer of NF-кB 

pathway,  TRAF6 levels are in positive correlation with p65 levels . When miR-125b 

levels increase, TRAF6 is targeted and it can not induce IKKs to phosphorylate NF-

кB inhibitor IкB, so NF-кB complex does not translocate to the nucleus to activate 

transcription.  

 

To further understand role of miR-125b in NF-кB pathway regulation, we stimulated 

changes of miR-125b levels using E2. E2 has an inhibitory role on miR-125b 

maturation process in MCF7 and T47D cells. miR-125b expresssion was suppressed 
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in MCF7 and T47D cells after E2 treatment. Then we measured p65 levels in these 

cells. For T47D cells, we showed that there is an increase in p65 levels and TRAF6 

levels upon E2 treatment. When miR-125b levels decrease in response to E2 

treatment; TRAF6 is less targeted and it activates NF-кB pathway, so we see an 

increase in p65 levels in T47D cells. But interestingly, we showed that  MCF7 cells 

response differently. Although, miR-125b expression is suppressed by E2 , there is a 

decrease in p65 levels. MCF7 cells does not have or have very low levels of TRAF6 

protein, but other regulators of NF-кB pathway may affect the activation process of 

NF-кB.  

 

Then, to understand whether miR-125b  has a direct or indirect role in NF-кB 

pathway, we used miR-125b silenced T47D cells for detecting  p65 and TRAF6 

levels. As we expected, we saw increased levels of miR-125b target TRAF6, upon 

miR-125b silencing. Also we observed that p65 levels were increased parallel to 

increased TRAF6 levels. These results indicates that, miR-125b regulates NF-кB  

pathway activation, targeting TRAF6 and also other unidentified miR-125b targets. 

 

When we treated MCF7 cells with E2, miR-125b was downregulated and we saw 

decreased levels of p65 after 12 hours of E2 treatment. In contrast, T47D cells 

showed an inverse pattern of these observations. There was a decrease in p65 levels 

in miR-125b transfected T47D cells and we saw increased levels of p65 upon miR-

125b downregulation when we treated T47D cells with E2 for 24 hours. These 

results emphasized different cellular backgrounds of MCF7 and T47D cells. Possible 

relationship of E2, miR-125b, and NF-кB is illustrated in Figure 4.1. 
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Figure 4.1. MiR-125b, E2 and p65 levels. 

 

 

 

Considering that miR-125a and miR-125b target similar mRNAs, our future studies 

will include detecting p65 and TRAF6 levels in miR-125a transfected and also miR-

125a silenced MCF7 and T47D cell lines. Endogenous levels of miR-125a levels in 

T47D cells may explain the ALCAM and p65 expression difference in MCF7 and 

T47D cells. It will also be important to consider other NF-кB pathway regulators in 

terms of ER relevance as well as miR-125a and miR-125b. Unraveling E2, miR-125b 

and NF-кB relationship will hopefully help studies to explain the endocrine therapy 

resistance in some patients.  
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APPENDIX A 

 

 

MAMMALIAN CELL CULTURE PEROPERTIES 

 

 

 

Below table shows the basic properties of breast cancer cell lines which were used in 

this study. These properties include source of tumor, tumor type and tumor subtype 

and ER-PR-ERBB2 gene status. 

 

 

Table A.1. Mammalian cell lines’ properties. 

Cell 

Lines 

Subtypes ER 

Status 

PR 

Status 

ERBB2 

Status 

Source Tumor type 

MCF7 Luminal + + - Pleural 

Effusion 

Metastatic 

Adenocarcinoma 

T47D Luminal + + - Pleural 

Effusion 

Invasive Ductal 

Carcinoma 
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APPENDIX B 

 

 

RNA QUANTIFICATION, DNA CONTAMINITATION AND cDNA 

SYNTHESIS CONFIRMATION 

 

 

 

 

Figure B.1.: RNA concentrations were determined using NanoDrop ND1000 (Thermo Scientific). 

Purity was determined by A260/A280 and A260/A230 ratios. 

 

 

 

 

Figure B.2.: Confirmation of lack of DNA contamination in RNA samples.  PCR was performed 

using GAPDH specific primers. GAPDH_F: 5’-GGGAGCCAAAAGGGTCATCA3’ and GAPDH_R: 

5’-TTTCTAGACGGCAGGTCA GGT-3’ (product size: 409 bp). Following conditions were used for 

the PCR reactions: incubation at 94°C for 10 minutes, 40 cycles of 94°C for 30 seconds, 56°C for 30 

seconds, and 72°C for 30 seconds, and final extension at 72°C for 5 minutes. Genomic DNA was used 

as a positive control. 
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APPENDIX C 

 

 

TAQMAN QPCR ASSAY PERFORMANCE RESULTS 

 

 

 

 

U6 TaqMan- qPCR Assay Performance Results 

 

 

 

 

Figure C.1. Raw Data For Cycling A.Green 
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Figure C.2. Quantitation data for Cycling A.Green 

 

 

 

 

Figure C.3. Standard Curve 

 

 

 

 

Figure C4. qRT-PCR assay performance shown with respect to MIQE guidelines. Raw fluoresence 

data, quantitation data, standard curve and quantitation information was analyzed by RotorGene 

Software for RNU6B primers. In TaqMan probe systems melting curve analysis  is not performed.   
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Figure C.5. Quantitation Information. qRT-PCR assay performance shown with respect to MIQE 

guidelines. Raw fluoresence data, quantitation data, standard curve and quantitation information was 

analyzed by RotorGene Software for RNU6B primers. In TaqMan probe systems melting curve 

analysis is not performed. 

 

 

 

miR-125b TaqMan- qPCR Assay Performance Results 

 

 

 

 

Figure C.6. Raw Data For Cycling A.Green 

 

 

 



74 
 

 

Figure C.7. Quantitation data for Cycling A.Green 

 

 

 

 

Figure C.8. Standard Curve 

 

 

 

 

Figure C9. qRT-PCR assay performance shown with respect to MIQE guidelines. Raw fluoresence 

data, quantitation data, standard curve and quantitation information was analyzed by RotorGene 

Software for miR-125b  primers. In TaqMan probe systems melting curve analysis  is not performed.   
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Figure C.10. Quantitation Information. qRT-PCR assay performance shown with respect to MIQE 

guidelines. Raw fluoresence data, quantitation data, standard curve and quantitation information was 

analyzed by RotorGene Software for miR-125b  primers. In TaqMan probe systems melting curve 

analysis is not performed.  

 

 

 

miR-125a TaqMan- qPCR Assay Performance Results 

 

 

 

 

Figure C.11. Raw Data For Cycling A.Green 
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Figure C.12. Quantitation data for Cycling A.Green 

 

 

 

 

Figure C.13. Standard Curve 

 

 

 

 

Figure C.14. qRT-PCR assay performance shown with respect to MIQE guidelines. Raw fluoresence 

data, quantitation data, standard curve and quantitation information was analyzed by RotorGene 

Software for miR-125a primers. In TaqMan probe systems melting curve analysis  is not performed. 
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Fİgure C.12. Quantitation Information. qRT-PCR assay performance shown with respect to MIQE 

guidelines. Raw fluoresence data, quantitation data, standard curve and quantitation information was 

analyzed by RotorGene Software for miR-125a  primers. In TaqMan probe systems melting curve 

analysis is not performed. 
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APPENDIX D 

 

 

MARKERS 

 

 

 

 

Figure D.1.: GeneRuler 100 bp DNA Ladder Plus. 
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Figure D.2.:  PageRuler Pre-stained Protein Ladder. Fermentas SM1811 Protein ladder was used 

during Western Blot experiments. 
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APPENDIX E 

 

 

BUFFERS 

 

 

 

TBS-T:  

20 mM Tris  

137 mM NaCl  

0.1% Tween 20  

pH: 7.6    

 

PBS-T: 

137mM NaCl 

2,7mM KCl 

10mM Na2HPO4.2H2O 

2mM KH2PO4 

0.1% Tween 20  

pH: 7.4 

 

6X Laemmli Buffer:  

12% SDS  

30% 2-mercaptoethanol  

60% Glycerol  

0.012% bromophenol blue  

0.375 M Tris   

 

 

 

 

 

 



82 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



83 
 

APPENDIX F 

 

 

CHARCOAL DEXTRAN TREATMENT OF FETAL BOVINE SERUM 

 

 

 

For 500 ml of fetal bovine serum (FBS), 10 g of charcoal, dextran coated from Sigma 

(Product#C6241) is added.  250 ml FBS and 5 g dextran coated charcoal are added to 

two 500 ml centrifuge bottles (Nalgene, polycarbonate, autoclaved). This  mixture is 

incubated for overnight at 4°C with agitation ( by using a shaker at 100 rpm, or 

similar). Charcoal is precipitated by centrifuging at 10800xg for 30 minutes at 4°C. 

In a biological safety cabinet, supernatant is tranfered carefully  into new 500 ml 

centrifuge bottles. Remaining charcoal is precipitated by centrifuging at 10800xg for 

30 minutes at 4°C.  Supernatant is transferred into new 500 ml centrifuge bottles.  5 g 

of dextran coated charcoal is added again to this remaining supernatant. Mixture is 

incubated for 4-5 hours at 4°C with agitation. Charcoal is precipitated at  10800xg 

for 30 minutes at 4°C for two times as previously made. At the end, in the biological 

safety cabinet, the supernatant is vacuum filtered through a  0.45 uM sterile filter unit 

(Corning, polysytrene, cellulose acetate membrane, low protein binding). Charcoal 

dextran treated FBS is aliquoted into 50 ml falcon tubes and stored at -20°C . 

 

This protocol is prepared by M. Muyan. 

 


