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Abstract 

The metastasis of prostate cancer (PCa) cells is a major reason for the PCa-related death. For 

this reason, it is of paramount importance to uncover mechanisms that cause the metastatic processes in 

PCa and target them for therapeutic purposes. Recent studies have showed that the expression of 

Myosin1C-isoform A is increased in PCa and the differential expression of Myosin1C-isoform A is 

observed in different metastatic prostate cancer cells. For example, PC3 cells express Myosin1C-

isoform A more than the metastatic PCa cell line, LNCaP. Also, it is found that functionally this protein 

increases invasion of PCa cells. Despite the accumulating information about Myosin1C-isoform A, not 

enough is yet known about which gene regulatory mechanisms control the expression of Myosin1C-

isoform A in normal prostate and during PCa progression. Therefore, my aim was to identify 

transcriptional mechanisms that can regulate the expression of Myosin1C-isoform A in two different 

metastatic PCa cell lines, LNCaP and PC3. Specifically, I conducted experiments to find whether 

Androgen receptor and epigenetic factors have an influence on the expression of Myosin1C-isoform A. 

My experiments showed that Androgen receptor can repress the expression of Myosin1C-isoform A in 

LNCaP cells, but not in PC3 cells. The repressive effect of the Androgen receptor in LNCaP cells occurs 

without its binding to the upstream gene regulatory region of Myosin1C-isoform A. Bioinformatic 

analysis of the chromatin landscape and DNA methylation profile around the promoter of Myosin1C-

isoform A showed that this promoter has a more transcription-repressive environment in LNCaP cells 

than in PC3 cells. Increasing histone acetylation and decreasing DNA methylation globally to activate 

transcription resulted in significant expressional increase of Myosin1C-isoform A in LNCaP cells, but 

significant expressional decrease in PC3 cells.  

Taken together, this study shows the cell-specific effects of Androgen receptor, DNA 

methylation and histone acetylation on the expression of Myosin1C-isoform A. The study, also, provides 

epigenetic factors as new target to further understand Myosin1C-isoform A gene regulation in PCa and 

to decrease this isoform expression in invasive PCa cells. 
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Chapter 1. Introduction  

1.1 Prostate and Prostate Cancer (PCa) 

The prostate is an accessory gland in the male reproductive system. Prostatic fluid secreted by 

the gland constitutes a part of seminal plasma and has a role in male fertility, including sperm 

activation and maturation (Verze et al., 2016). The glandular part of the prostate consists of 

several cell types: epithelial luminal cells, basal cells and neuroendocrine cells (Xin et al., 2013). 

Uncontrolled expansion of the luminal cell layer in the prostate causes the most common type 

of prostate cancer, prostate adenocarcinoma (Packer, J.R. and Maitland, N.J., 2016). 

In the United States, prostate cancer is the most common cancer after skin cancer and the second 

leading cause of cancer death after lung cancer (ACS, 2019). 

  1.2 Risk Factors 

1.2.1 Age 

Aging is the important risk factor for prostate carcinogenesis. The median age when PCa is 

diagnosed is 66 years and approximately 2/3 of patients who have died of PCa were over 75 

years of age (NCI, 2019). 

1.2.2 Familial factors 

Genetic factors shared in families or in populations make some people more likely to develop 

PCa. In a study by Kiciński et al. (2011), it was found that a man’s PCa risk increases 

approximately 2 to 3 fold when his first-degree relative is diagnosed with PCa.  Genetic linkage 

studies defined HOXB13 as a PCa predisposition gene (Ewing et al., 2012). Genome-wide 

association studies determine 77 single nucleotide polymorphisms related to the PCa (Eeles et 

al., 2014). Furthermore, several studies show the connection between germline BRCA2 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kici%C5%84ski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22073129
https://www.nature.com/articles/nrurol.2013.266#auth-1
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mutations and PCa risk (Breast Cancer Linkage Consortium, 1999), PCa progression (Castro 

et al., 2013) and early-onset of the PCa below the age 65 (Kote-Jarai et al., 2011). 

1.2.3 Race 

In a study by Bhardwaj et al. (2017), it was noted that PCa incidence and mortality is higher in 

African-Americans than in European-American. This observed racial disparity in PCa 

incidence is explained by differences in the genetic and molecular background as well as 

socioeconomic factors like dietary habits, life style, and access to health care. In another study, 

Mao et al., reported that prostate cancer incidence is increased in the UK’s population compared 

to the Chinese population (Mao et al., 2010). The study also found some genomic differences 

between these two populations. For example, oncogenic ERG-TMPRRS2 fusion and PTEN 

tumor suppressor inactivation are more frequently observed in UK populations. 

1.2.4 Lifestyle and Environmental effects 

People migrating from China, Japan, and Korea to the USA have an increased risk of PCa 

compared to the native people in these eastern Asian countries (Tomomi Marugame Kota 

Katanoda et al., 2006). For example, Peto (2001) reported that Japanese migrants to Hawaii 

have a greater PCa risk than native Japanese and PCa rates among these migrant populations 

approach those of the local population of Hawaii.   

Besides these profound risk factors, diet (World Cancer Research Fund/American Institute for 

Cancer Research, 2007) and obesity ( Laurent et al., 2018; Boehm et al., 2015) are among other 

minor risk factors for PCa. 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Castro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23569316
about:blank
about:blank
about:blank
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lavalette%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30349643
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boehm%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26278366


3 
 

1.3 Prostate cancer heterogeneity 

Prostate cancer contains heterogeneous cell clones that are different from each other in terms 

of molecular background and cell of origin.  Studies stratify PCa on molecular level based on 

genomic alterations like existence of fusion genes, genetic changes like the existence of 

mutations, and expressional heterogeneity. Oncogenic ERG gene fusions with the AR-regulated 

TMPRRS2 gene promoter are the most common genomic alterations in PCa (Tomlins et al., 

2009). In a molecular taxonomy study, primary PCa was classified into seven-subtypes. Four 

of these subtypes contained positivity in ETS-family gene fusions and the other three subtypes 

were detected in ERG fusion negative PCa cancers and had mutations in SPOP, FOXA1, and 

isocitrate dehydrogenase (IDH1) genes. Mutations in SPOP and FOXA1 causes activation of 

AR and the mutant IDH1 results in high levels of DNA methylation in PCa (The Cancer 

Genome Atlas Research Network, 2015). Chromodomain helicase DNA-binding protein 1 

(CHD1) negativity is frequently observed in fusion negative PCa and CHD1 was found to be a 

tumor suppressor for PCa (Burkhardt et al., 2013). Also, the study by Taylor et al., (2010) shows 

the alterations of cancer signaling pathways like PI3K, Ras/Raf, and activated AR pathway in 

PCa.  

In addition to these molecular differences, PCa contains various tumorigenic cell types.  Studies 

show that prostate adenocarcinoma can originate from both, luminal and basal cells of prostate 

tissue (Xin et al., 2013). For neuroendocrine PCa, various cells are proposed to be the cell of 

origin for PCa including de-differentiation of prostatic adenocarcinoma cells, prostate stem 

cells or a small AR- cell population of neuroendocrine cells in the prostate tissue (Berman-

Booty et al., 2015). 

https://erc.bioscientifica.com/search?f_0=author&q_0=Lisa+D+Berman-Booty
https://erc.bioscientifica.com/search?f_0=author&q_0=Lisa+D+Berman-Booty
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1.3.1 Prostate Cancer Models- LNCaP and PC3 cell lines 

LNCaP and PC3 cells are originated from the PCa cell lines metastatic to lymph node and bone, 

respectively (Kaighn et al, 1979; Horoszewicz et al., 1980). However, there are some cellular 

and molecular differences between these cell lines. The LNCaP cell line has a luminal origin 

because it expresses AR. PC3 cells are a neuroendocrine type PCa cell line because of AR 

negativity and expression of neuroendocrine markers (Tai et al., 2011). Beside the distinct cell 

origin of LNCaP and PC3, they have different molecular background.  For example, PC3 cells 

are P53- PTEN- whereas LNCaP cells have wild type P53+ and inactive PTEN and a mutation 

in AR ligand binding domain which confers binding other steroid hormones (Cunningham, D. 

and You, Z., 2015). 

1.4 Prostate Cancer Epigenetics 

In PCa, epigenetic mechanisms like DNA methylation and Histone modifications change 

during the disease progression. 

1.4 .1 DNA methylation 

Although a decrease in global DNA methylation level was observed in PCa tissues (Brothman 

et al. 2005; Yang et al., 2013) and a correlation between hypomethylation and PCa invasion 

was detected (Pakneshan et al., 2003; Shukeir et al., 2015), location-specific DNA 

hypermethylations have been observed to silence tumor suppressor proteins.  Massie et al (2017) 

combined the methylation data from 17 PCa studies and showed that 45 genes have 

hypermethylation profiles in least 4 of these studies. For example, the promoters of tumor 

suppressor genes, such as GSTP1, RASSF1A, and APC, are hypermethylated and expression 

of GSTP1 is lost in PCa (Vardi, et al., 2010).  Also, Sharma et al (2016) showed AR promoter 

hypermethylation in PC3 and DU145 metastatic prostate cancer cells and this epigenetic 

repression of AR is related to the resistance to androgen deprivation therapy in PCa. Moreover, 

https://www-sciencedirect-com.gate.lib.buffalo.edu/science/article/pii/S0165460804001724#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pakneshan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12773490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shukeir%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25631332
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Gravina et al. (2013) showed that primary PCa tissues with high Gleason score and high 

tumorigenic PCa cell lines like PC3 and DU145 showed increased DNA methyltransferase 

activity and increased levels of DNA methyltransferase when compared to the PCa tissues with 

low Gleason score, benign prostatic tissue, and low tumorigenic PCa cell lines like LNCaP. 

This type of increase is also observed after androgen blocking therapy with bicalutamide or 

androgen-free medium in 22rV1, human prostate carcinoma epithelial cell line, and LNCaP 

derivatives with low androgen sensitivity (Gravina et al., 2011).   

1.4 .2 Histone acetylation and Histone deacetylation 

Cang et al (2009) demonstrated a decrease in acetylation levels on histone H3 lysine 9, 14, 18, 

and 20 residues in LNCaP, DU-145, PC3, and prostate adenocarcinoma compared to the non-

malignant prostatic cell lines and normal prostate tissue. Also, Histone deacetylase (HDAC) 

activity was increased in both, the adenocarcinoma and the prostate cancer cell lines above. 

Ellinger et al. (2010) showed that Histone H3-acetylation and H4-acetylation are significantly 

reduced in PCa compared to non-malignant prostate specimen in the analysis of a tissue 

microarray containing 113 localized PCa and 23 non-malignant prostate tissue samples.  

Weichert et al. (2008) showed that HDAC 1, 2, and 3 are upregulated in PCa cancer tissues and 

Halkidou et al. (2004) found an increase in HDAC1 expression in hormone resistant PCa tissues 

and in CWR22 xenografts after castration. Other studies reported that HDAC inhibitors have 

anti-tumor activities on prostate cancer models (Qian et al., 2007) and metastatic hormone 

resistant PCa (Ruscetti et al., 2016). Beside the alteration in histone acetylation levels in PCa, 

AR itself can mediate these changes by interacting with several histone acetylases and histone 

deacetylases (Heemers et al., 2007). Furthermore, AR show binding preference to H3 acetylated 

chromatin regions in C4-2B human prostate cells (Jia et al., 2008). 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gravina%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23254386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gravina%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23254386
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1.5 Androgen receptor  

The androgen receptor (AR) is a nuclear receptor. Binding of androgens (testosterone, 

dihydrotestosterone (DHT)) to the AR initiates the translocation of the AR from cytosol to 

nucleus. In the nucleus, the ligand-activated AR dimerizes and this dimeric AR binds to 

androgen response elements (ARE) (Hu et al., 2017; van Royen et al., 2012). A consensus ARE 

contains a palindromic sequence separated by 3 nucleotides: AGAACAnnnTGTTCT. However, 

ChIP experiments could detect different AREs on genome shifting from the consensus ARE to 

degenerated AREs and even to the half part of the ARE (Wilson et al, 2016). AR as a 

transcription factor can activate or repress expression of many genes depending on its 

interaction partners (Bennett et al., 2010).  

AR has various functional roles in prostate cells in normal and diseased conditions. For example, 

in normal prostate tissue, AR gene regulation activities are essential to the formation of the 

luminal layer and secretion of prostate-specific seminal fluid proteins like PSA, which is a 

glycoprotein enzyme and regulated by AR transcriptionally. Also, in normal prostate epithelial 

cells in the luminal layer, AR does not trigger proliferation. However, AR nuclear functions 

can stimulate PCa progression due to AR’s new ability to activate the expression of oncogenic 

genes. For example, it can stimulate PCa proliferation by allowing cell cycle progression (Balk, 

2014).  

1.5.1 Changes in AR Transcriptional Program during PCa Progression 

The androgen receptor-regulated gene pool depends on several factors. AR reprogramming 

factors that can interact with AR physically can modulate AR binding to the genome (Mills, 

2014) and their altered expressions in the PCa can activate expression of AR-stimulated 

oncogenic genes (Wang et al. 2009; Balasubramaniam et al., 2013). Splice variants of AR can 

also trigger different AR transcriptional programs to induce PCa progression (Hu et al., 2012). 
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Lastly, Sharma et al. show the existence of in-vivo-specific AR binding regions in castration-

resistant Prostate Cancer (CRPC) tissues of primary PCa that are not observed in in vitro 

metastatic PCa cell lines (Sharma et al., 2013). As an explanation for the divergence in AR 

binding sites in vivo and in vitro, they focus on AR interaction partners and differences in 

cellular context between tissue and cultured cells. They found that androgen receptor binding 

sequences detected only in CRPC tissue samples are enriched with STAT, MYC, and E2F 

binding motifs. Also, cytokine treatment as cellular context difference between in vivo and in 

vitro conditions redirects AR to the sequences which are in vivo-specific AR binding regions 

in LNCaP cell ( Sharma et al., 2013). 

  

1.5.2 Androgen Deprivation Therapy and its Consequences 

Androgen deprivation therapy through castration or AR-receptor blocking drugs is a standard 

therapy for PCa prevention. This therapy initially leads to regression in prostate cancer, but 

eventually prostate cancer exposed to this therapy evolves into more aggressive form of PCa, 

called castration-resistant PCa (Tsai et al., 2018).  There are some mechanisms explaining this 

recurrence, which can be AR-dependent or -independent. Examples of AR-dependent 

resistance mechanisms are related to the reactivation of AR signaling during castration. 

Examples of AR-independent mechanisms include the existence of AR-negative 

neuroendocrine cells and other oncogenic signaling events like PI3K pathway and Myc 

upregulation. Moreover, studies showed a negative effect of this therapy in that androgen 

deprivation triggers epithelial mesenchymal transition in PCa (see below). 

1.5.2 .1 Activation AR signaling in castration resistant prostate cancer 

Studies found that castration resistant PCa has activated AR signaling by several mechanisms: 



8 
 

 - AR gene amplification/overexpression that increases sensitivity of the receptor for low 

level of androgen (Urbanucci et al., 2012). 

 -AR mutations in the ligand binding domain that can broaden ligand specificity 

(J.Veldscholte et al., 1990) and provide anti-androgen resistance by making anti-androgens 

behave like agonists (Tan et al., 1997). 

 - AR splice variants that can be activated without androgens (Watson et al., 2015). 

 - Increase in intratumoral androgen synthesis to maintain physiological levels of 

androgen despite the castration (Dai et al., 2017). 

 - Partial AR transcriptional program activation by other receptors like the glucocorticoid 

receptor (Arora et al., 2013). 

1.5.2.2 Other Factor Causing Castration Resistance 

1.5.2.2.1 Neuroendocrine small cell prostate cancer 

Next generation AR inhibitors such as abiraterone or enzalutamide may cause relapse of more 

aggressive PCa that has low or absent AR expression in some men with PCa (Small et al, 2016). 

This relapsed aggressive subpopulation can frequently express neuroendocrine differentiation 

markers. Molecular profiling of neuroendocrine PCa shows loss of PTEN, RB, and p53, as well 

as MYCN and AURKA amplification (Tan et al, 2014; Beltran et al., 2011). 

1.5.2.2.2 Activation of oncogenic signaling pathways in Castration resistance 

 PI3K/AKT pathway 

In PCa, aberrations in the PI3K/Akt pathway are frequently observed. According to the study 

by Taylor et al.(2010), these aberrations are detected in 42% of primary and 100% of metastatic 

PCa. Also, PTEN loss is a frequent event that comprises 40% of primary PCa and 70% of 

https://www.sciencedirect.com/science/article/pii/S0006291X05800671?via%3Dihub#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9092797
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arora%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=24315100
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metastatic PCa (Taylor et al, 2010). Studies show negative interactions between the AR and 

PI3K-AKT pathway. (Carver et al., 2011; Lin et al. 2002)  

 Myc 

Myc, a transcription factor TF with transformative properties due to its role in cell cycle 

progression, is upregulated in early prostate tumors (Gurel et al., 2018) and its locus is 

frequently amplified in CRPC (Nupponen et al, 1998). For example, Myc amplification is 

observed in neuroendocrine PCa (Beltran et al., 2011).  Studies show negative relationship 

between AR and Myc. Overexpression of Myc in LNCaP and VCaP cells reduces AR 

transcriptional activity to downregulate some AR-upregulated genes (Beltran et al., 2011; 

Barfeld et al., 2017). 

1.5.2.3 Androgen Deprivation Therapy, Prostate Cancer Metastasis and Epithelial-

Mesenchymal Transition (EMT) 

Sun et al. (2012) demonstrate that androgen deprivation therapy causes EMT in normal prostate 

and PCa, which is related to the cancer metastasis, cancer stemness, and therapeutic resistance. 

The mechanism behind the EMT after androgen deprivation is that expression of some 

epithelial markers like E-cadherin decreases and mesenchymal markers like Zeb1 and Vimentin 

increase. Furthermore, Sun et al show how AR and ZEB1 protein negatively regulate each other 

so that ZEB1 can repress E-cadherin expression in androgen deprivation conditions. Tanaka et 

al. (2010) demonstrate similar findings that androgen deprivation increased N-cadherin and 

metastasis in both LNCaP xenografts and human clinical samples. Additionally, an LNCaP 

clone selected in charcoal-striped serum (CSS) had low E-cadherin expression (Tso et al., 

2002), and expressed high vimentin levels (Singh et al., 2003). 

According to the study by Chen et al (2017), AR inhibits transforming growth factor–b 

(TGFbeta) signaling, which is a master signaling for EMT, through increasing the activity of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beltran%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22389870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beltran%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22389870
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SPDEF, a transcription factor and a member of the ETS (E26 transformation–specific) 

transcription factor family. The activated SPDEF, in turn, suppresses the TGFbeta -induced 

protein (TGFBIP), a downstream effector of the TGFbeta signaling pathway. TGFBIP is 

involved cancer metastasis and EMT through its remodeling of the extracellular matrix and 

promotion of adhesion to lymphatic endothelial cells under hypoxic conditions.  Therefore, 

androgen deprivation activates the TGFbeta / TGFBIP axis and brings about PCa metastasis 

and EMT. Tsai et al. (2018) showed that AR-activated SPDEF represses CCL2, a 

chemokine involved in the resistance to androgen deprivation therapy, in prostate cancer cells 

from Pten/TP53-null mice. CCL2 causes inflammation-mediated EMT in PCa metastasis. Also, 

they showed that patients treated with androgen deprivation therapy had low levels of SPDEF 

and high levels of CCL2 compared to the patients without ADT. Their findings suggest a model 

that in primary PCa increased activity of SPDEF through AR signaling represses CCL2 which 

in turn decreases EMT. However, this emerging pathway is reversed in castration resistant PCa 

and increased CCL2 causes EMT in PCa.  

 

1.6 MYOSIN 1C (Myo1C) 

Myosin1C is an unconventional actin-binding motor protein that can execute its functions in 

cytosol (Bose et al, 2002) and nucleus (Pestic-Dragovich et al, 2000).  In the human genome, it 

is located on chromosome 17p13.3 and expressed in the form of three different isoforms 

(Myosin IC-isoform A, B, and C) that have different N-terminal sequence extensions 

(Ihnatovych et al., 2012) (Figure 1.1). 
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Figure 1.1. Schematic Depiction of Myosin 1C isoforms. The 5' end region of the precursor 

mammalian myosin IC mRNA and its splicing locations. For example, exon-2 is conjoined with 

exon 1 to form Myosin IC-isoform A. Also, the differences in N-terminal amino acid sequences 

for all Myosin 1C isoforms are shown below (Ihnatovych et al., 2012). 

 

 The common structure of the Myosin 1C isoforms include a motor domain that binds to 

actin and ATP, a tail region that binds to membranes, and a neck domain that contains three IQ 

domains which interact with calmodulin regulating Myosin1C localization (Maly et al., 2016) 

and activity (Münnich et al., 2014) in a Ca+2 dependent manner. 

 Myosin1C can localize to different parts of the cell from membranes to nucleus. Because 

it has a pleckstrin homology (PH) domain in the tail region that can bind to 

phosphatidylinositol-4,5-bisphosphate (PIP2), (Hokanson et al., 2006), Myosin1C can interact 

with membranes and participate in intracellular vesicle transport toward the plasma membrane, 

exocytosis, and lipid raft delivery to membrane (Brandstaetter, H. et al., 2012).  Also, because 

it has a nuclear localization signal (Maly et al., 2016) (Schwab et al., 2013) in the IQ domain it 

can enter the nucleus to do nuclear functions like transcriptional roles by interacting with RNA 

polII and nucleolar functions by interacting with RNA pol 1, which is especially true for isoform 

B (Schwab et al., 2013). 
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 One of the functions of Myosi1C is related to the intracellular transport that Myo1C can 

bind to lipids rafts. Myosin1C can be extracted in detergent-resistant lipid rafts (Brandstaetter 

et al., 2012) which are membrane microdomains rich in cholesterol and sphingolipid and 

signaling proteins (Bond et al., 2013). Myo1C participates in lipid raft delivery to the plasma 

membrane. The study by Brandstaetter et al. (2012) finds the knockdown of Myosin1C leads to 

defects in the distribution of lipid-raft-associated glycosylphosphatidylinositol(GPI)-linked 

proteins to the membrane and this mistrafficking impairs cell spreading and migration and 

cholesterol-dependent salmonella entry. In another study (Brandstaetter et al., 2014), loss of 

myosin1C function causes increased intracellular cholesterol-rich membranes, accumulation of 

autophagosomes and impairs the fusion of autophagosomes to lysosomes and clearance of 

autophagic contents.  

 Myo1C has the function of glucose uptake in adipocytes and skeletal muscles. Myo1C 

participates in insulin-dependent glucose uptake by docking GLU4-containing vesicles to actin 

cytoskeleton just under the plasma membrane, cortical actin remodeling and fusion stage of the 

vesicles with membranes and so increases surface expression of the GLUT4 glucose transporter 

(Bose et al, 2004; Boguslavsky et al., 2012).  

 Myo1C has a function in angiogenic signaling in primary human endothelial cells by 

translocating VEGFR2 containing caveolin-rich vesicles to the plasma membrane after VEGF 

stimulus. In a 2012 study (Tiwari et al., 2012), knockdown of Myo1C resulted in less surface 

expression of VEGFR2 and reduction of phosphorylation of VEGFR2 after the VEGF 

stimulation and reduced activation downstream signaling proteins like ERK1/2 and c-Src. This 

less activated signaling pathway in Myo1c-depleted cells leads to a decrease in cell proliferation 

and migration. 

 Additionally, Myo1C has a role in surfactant secretion by alveolar type II cell by 

compressing surfactant-containing vesicles after their membrane fusion. Plasma membrane-
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fused surfactant-containing vesicles are covered with actin coats and Myosin1C is detected as 

a linker between the fused vesicle membrane and this actin coat. It is thought that Myosin1C 

has an effect on the vesicle compression and secretion of surfactants with this bridging function 

(Kittelberger et al., 2016).  

 In addition to the functions above, Myosin 1C can transport proteins like Neph2 and G-

actin.  Myosin1C transports Neph2 protein to the membrane in kidney podocytes so that it has 

a function in the formation of slit diaphragm between podocytes that is important for the 

filtration barrier function of glomerulus (Arif et al, 2011). Other studies show Myosin 1c can 

interact with G-actin, building blocks of an actin filament, and transporting it to the leading 

edge of endothelial cells and influencing cell motility (Fan et al, 2012).   

1.6.1 Myo1C and Cancer 

 Several studies have found an association between Myo1C functions and cancer 

formation. In one study (Visuttijai et al., 2016), Myo1C was suggested as tumor suppressor 

candidate because in endometrial cancer, Myo1C protein levels are negatively correlated with 

the tumor grade. This study showed that total AKT protein and phosphorylated AKT are 

decreased after Myo1C overexpression in Hela cells  

 In another study (Du et al., 2016), miR137 showed tumor suppressor abilities in gastric 

cancer (GC). Its expression is decreased in GC progression. In the study, it is demonstrated that 

miR137 inhibits proliferation and migration of gastric cancer cell lines. The authors found the 

mechanism behind this phenotype is the repressive effect of miR137 on Myo1C and KLF12 

gene and protein expression.  

1.6.2 Myo1C-isoform A  

Recently, a new splice form of Myo1C mRNA, called myosin IC-isoform A, has been 

discovered in the mammalian genome (Ihnatovych et al., 2012). Studies show myosin IC-
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isoform A has some unique features. For example, myosin IC-isoform A could not be detected 

in the nucleolus despite its nuclear existence. It can interact with RNA pol II, but not with RNA 

pol I. Inhibition of RNA pol II causes localization of Isoform A in nuclear speckles where RNA 

is processed (Ihnatovych et al., 2012). Also, Myosin IC-isoform A gen and protein expression 

pattern is tissue specific in mice whereas the Isoform B expression pattern is more ubiquitous 

in tissues. For example, Myosin IC-isoform A is more specifically expressed in some parts of 

adipose tissue, pancreas, kidney, and adrenal gland (Sielski et al., 2014). Other studies show 

that Myosin IC-isoform A expression is increased in prostate cancer when compared to its 

expression in a normal prostate. For example, in TRAMP mice, a clinical prostate cancer model, 

the protein expression of Myosin IC-isoform A is upregulated in prostatic intraepithelial 

neoplasia (PIN) samples of prostate tissue and metastatic sites to liver and lung when it is 

compared to the normal prostate tissue in the mice (Ihnatovych et al., 2014). Also, human 

prostate cancer cell lines PC3 (metastatic to bone), DU145 (metastatic to brain), LNCaP 

(metastatic to lymph node) and 22Rv1 show higher Myosin IC-isoform A expression profiles 

than RWPE-1 normal prostate cancer cell line (Saidova et al., 2018). Another study (Maly et 

al., 2017) explains how Myosin IC-isoform A protein could leads to metastatic abilities of 

prostate cancer cells. In this study, Myosin IC-isoform A is shown to have role in invasiveness 

of PC3 cell in the extracellular matrix by participating in secretion of exosomes that contain 

metalloproteinases. 

  The data related to the tissue-specific regulation of Myosin IC-isoform A expression is 

limited. For example, in one study several transcription factors could be detected on Isoform A 

promoter region such as NF1, sin3a and P53 in LNCaP and PC3 prostate cancer cell lines. Also, 

p53,  expressed in LNCaP cells, but not in PC3 cells, might have repressive effects on the 

expression of Myosin IC-isoform A in prostate cancer cell lines (Schwab, 2016).  
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1.7 Rationale 

Myosin IC-isoform A is expressed in a tissue-specific manner in mouse tissues. Its 

expression is upregulated in prostate cancer compared to the normal prostate. Myosin IC-

isoform A has a role in the migration of PC3 cells, a bone metastatic prostate cancer cell line, 

inside the extracellular matrix and so increases invasion of a subtype of PCa. Understanding 

the mechanisms that regulate the expression of Myosin IC-isoform A gene in metastatic PCa 

cell lines is important to target the metastasis of PCa cells. 

1.8 Aims in the Thesis 

Although metastatic PCa cells (LNCaP and PC3) express higher levels of Myosin1C 

isoform A than normal prostate cancer cell line, they have a differential expression levels for 

Myosin IC-isoform A. For example, PC3 expresses IsoA much higher than LNCaP cells. The 

objective of my thesis research was to identify the mechanism that contribute to the differential 

expression of Myosin IC-isoform A in these cell lines. The aims are to identify: 

1) If Androgen receptor can regulate Myosin IC-isoform A expression 

2) Whether epigenetic factors have an influence on Myosin IC-isoform A expression 
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Chapter 2: Methods 

2.1 Solutions, Buffers, and Media 

Antibiotics (1000x stock) 

Ampicillin (Fisher, Fair Lawn, N.J.) – 100 mg/ml in RGW (Reagent grade water) 

Kanamycin (Fisher, Fair Lawn, N.J.) – 50 mg/ml in RGW 

 

Antibody dilution buffer, store at 4 ºC 

 TBS 1x 50 ml 

 BSA 5% 2.5 g 

 1 M NaN₃ 1 mM 50 μl 

 

Blocking buffer for Nitrocellulose membrane 

 TBS-T 1x 50 ml 

 Milk (powder) 5% 2.5 g 

 

6x DNA loading buffer 

 Bromophenol blue 0.2%  

 Glycerol 60%  

 EDTA 60 mM  

 

LB broth (Lennox)/ 1 L (pH 7.4)  

 Tryptone 10 g  

 Yeast Extract 5 g  

 NaCl 

 

5 g 

 

 

 

 

Phosphate Buffered Saline 1x (PBS)/1 L , pH 7.4 

 NaCl 155.2 mM 9 g 

 KH₂PO₄ 1.5 mM 0.21 g 

 Na₂HPO₄•7H₂O  

 

2.7 mM 0.726 g 
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Ponceau-S staining solution  

 Ponceau S 0.2%  

 Glacial acetic acid 3%  

 

SDS Loading Sample Buffer/ 0.1 L 

 2 M Tris HCl pH 6.8 250 mM 12.5 ml 

 SDS 10% 10 g 

 Glycerol 30% 30 ml 

 β-mercaptoethanol 5% 5 ml 

 RGW  up to 100 ml 

 

SDS-PAGE solutions: 

 

5% Resolving Stock/ 0.1 L 

 1.5 M Tris pH 8.8 25 ml 

 30% Acrylamide/Bis 16.7 ml 

 10% SDS 1 ml 

 0.04% Bromophenol Blue 3 ml 

 RGW 54.3 ml 

20% Resolving Stock/ 0.1 L 

 1.5 M Tris pH 8.8 25 ml 

 30% Acrylamide/Bis 66.7 ml 

 10% SDS 1 ml 

 RGW 7.3 ml 

3% Stacking Stock/ 0.1 L, store at 4 ºC 

 30% Acrylamide/Bis 10 ml 

 0.5 M Tris pH 6.8 25 ml 

 10% SDS 1 ml 

 RGW 64 ml 

 

Running Buffer- 10x SDS stock (4 L in RGW), pH= around 8.3  

 Tris 250 mM 121 g 

 SDS 1% 40 g 

 Glycine 192 mM 57.6 g 
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TAE 25x (2 L) 

 Tris 1 M 242 g 

 Glacial acetic acid 50 mM 57.1 ml 

 0.5 M EDTA (pH 8.0) 25 mM 100 ml 

 

TBS 10x (1 L), pH 7.4 in RGW and store at 4 ºC 

 Tris 200 mM 24.3 g 

 NaCl 1.5 M 

 

84 g 

TBS-T 1x  and complete with RGW to 0.5 L 

 TBS 10x 1x 50 ml 

 Tween %0.1 0.5 ml 

 

Transfer Buffer (4 L volume in RGW) 

 Tris, pH=8.3 25 mM 12.08 g 

 Glycine 192 mM 57.6 g 

 Methanol 20% 800 ml 
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2.2 Molecular Biology Techniques 

2.2.1 Total RNA extraction 

RNA extraction was conducted with TRIzol™ Reagent (Invitrogen: Cat. No. 15596026) 

at room temperature. First, 1ml TRIzol™ Reagent for 5x105-7x106 cells was added directly to 

cell culture dishes and cells were collected into microcentrifuge tubes for later steps. The 

TRIzol™ Reagent and cell mixture were incubated together for 5 minutes to allow the 

dissociation of nucleoprotein complexes. 200 µl chloroform for 1 ml TRIzol™ Reagent was 

added to each tube and shaken for at least 15 seconds and then incubated 3 minutes. Then the 

incubation the tubes were centrifuged 12000g for 15 minutes at 4 ºC. The centrifugation step 

resulted in three separate layers in the tube: a red phenol-chloroform layer, interphase and 

colorless aqueous phase. Without disturbing interphase and the bottom red layer, approximately 

450 µl of the aqueous phase that contained RNAs was pipetted into new microcentrifuge tubes. 

500 µl isopropanol per 1 ml TRIzol™ Reagent was added into the aqueous phase and mixed. 

The mixture was incubated 10 minutes at room temperature. After the incubation, the tubes 

were centrifuged at 12000g for 10 minutes at 4 ºC to an RNA pellet. After the centrifuge the 

supernatant above the RNA pellet was removed carefully and 1 ml warm washing buffer RPE 

(Qiagen, Cat No.: 1018013) at room temperature was added onto the RNA pellet and rigorously 

vortexed to wash the RNA pellet. After the washing step, the tubes were centrifuged at 7500g 

for 5 minutes at room temperature to collect RNA pellets. The supernatant above the washed 

RNA pellet was pipetted out completely to remove the all remnants of the washing buffer which 

contains ethanol contaminant. The RNA pellet was dried for 6-15 minutes depending on the 

pellet size. In the drying step, over-drying the RNA pellet was avoided.  When the remnants of 

ethanol were removed from the RNA pellet, the RNA pellet was solved in 30-50 µl RNase-free 

water and incubated at 60 ºC in a water bath for 15 minutes . RNA purity was measured with 

NanoDrop™ One (Thermo Scientific™) and RNAs that had A260/A280 ratio around 2 and 
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A260/A230 ratio 2-2.30 were used in RT- qPCR (real time quantitative polymerase chain 

reaction).  The RNA solution was stored at -80 ºC after the incubation step. 

2.2.2 cDNA Synthesis 

The extracted RNAs were converted to cDNA by following the instruction in the manual 

of SuperscriptsTM III Reverse transcriptase (Cat No.: 18080-093, Invitrogen).The instruction 

below is per tube and equal amounts of total RNA from each sample was used for one reaction 

tube. Chemicals and reagents used in the experiment were kept on ice, except DTT.  The first 

mixture was prepared as follows: 2 µg of total RNA was mixed with, 0.5 µl 100µM oligo dT18 

(Thermo scientific, #SO132), 1 µl 10 mM dNTP mixture, and the total volume was completed 

to 13 µl with RNase-free water. This first mixture was incubated at 65 ºC for 5 minutes. During 

the incubation, the second mixture was prepared by mixing together 4 µl 5X First-Strand Buffer 

1µl DTT, 1µl RNaseOUTTM (Invitrogen, Cat No.: 10777-019), and 1µl SuperscriptsTM III 

Reverse transcriptase. After the incubation, the tubes were cooled in ice for 3 minutes and spun 

down to collect all material at the bottom of the tubes. The first mixture and second mixture 

were combined, pipetted and incubated at 50 ºC for 1 hour to synthesize the cDNA. After the 

synthesis step, the reaction was ended by another incubation step at 70 ºC for 15 minutes. After 

this incubation step, the tubes were cooled in ice for 3 minutes.  Later, 1 µl RNase HTM 

(Invitrogen, Cat No.: 18021-014) was added into each tube to remove RNAs and the tubes were 

incubated at 37 ºC for 20 minutes. The synthesized cDNA was stored at -20 ºC for the qPCR 

experiment. 

2.2.3 Real Time Quantitative Polymerase Chain Reaction (RT-qPCR) 

The qPCR experiment was conducted by using the CFX Connect Thermal Cycler (Bio-

Rad) and the results were analyzed with CFX MaestroTM software. To prepare the polymerase 

chain reaction solution per well, two mixtures were prepared and kept on ice. The first mixture 

contained 10 µl Supermix (iQ™ SYBR Green Supermix, Bio-Rad), 0.4 µl forward, 0.4 µl 
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reverse primers (1 µg/ µl), and 4 µl water. The second mixture contained 1.2 µl cDNA and 4 µl 

water.   

Primers used in the experiments: 

AR forward: AATTGTCCATCTTGTCGTCTTCGG 

AR reverse: GCCTCTCCTTCCTCCTGTAGTTTC 

Myosin IC-isoform A forward: GGAGAGATCATCCGTGTGGT  

Myosin IC-isoform A reverse: GGACCGATGTAGGTATAAAGAGG  

PSA forward: TGTGTGCTGGACGCTGGA 

PSA reverse: CACTGCCCCATGACGTGAT 

Actin forward: AGCGAGCATCCCCCAAAGTT 

Actin reverse: GGGCACGAAGGCTCATCATT 

GAPDH forward: AGGTCGGAGTCAACGGATTTG 

GAPDH reverse: AGGGGCCATCCACAGTCTTC  

YHWAZ forward: ACTTTTGGTACATTGTGGCTTCAA 

YHWAZ reverse: CCGCCAGGACAAACCAGTAT 

To amplify the region of interest on cDNAs, I used this qPCR condition: 

1. 94 ºC for 2 minutes 

2. 94 ºC for 30 seconds 

3.  63 ºC for 30 seconds 

4. 72 ºC for 30 seconds 

Read the plate  

Go to 2.step for 44 times 

5. 95 ºC for 10 seconds  
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6. Melting curve analysis from 65 ºC to 95 ºC ; increment 0.5 ºC for 5 seconds 

Read the plate 

2.2.4 ChIP (Chromatin Immunoprecipitation) 

The chromatin immunoprecipitation assay was conducted by following the 

manufacturer's instructions (Magna ChIP HiSens, Cat No.:  17-10460). The volumes used for 

each agent were adjusted for 100 mm culture dishes. 

2.2.4.1 Cross-linking Nucleoprotein complexes in LNCaP cells 

LNCaP cells were starved in a charcoal-striped serum-free medium for 72 hours and 

these LNCaP cells (around 95% confluent in 100mm culture dishes) were treated with 10nM 

DHT in a serum-free medium overnight. The next day, before beginning the fixation step, 21ml 

1x PBS was prepared and kept on ice and estimation of cell number per plate was done by 

counting LNCaP cells in an additional dish treated with DHT the same way.  Later, LNCaP 

cells were fixed in 1% formaldehyde by directly adding 275 µl 37% formaldehyde into the 

culture dishes containing 10 ml of medium. The culture dish was mixed gently and incubated 

for 10 minutes at room temperature. Meanwhile 1 ml cold 1x PBS was prepared by adding 5 µl 

200x protease inhibitor and was stored on ice. After the 10-minute fixation, 1 ml 10x Glycine 

was added into the dish to quench excessive formaldehyde and the dish was swirled during the 

5 minute-incubation at room temperature. After the incubation, the culture dish was placed on 

ice and the medium was removed. LNCaP cells were washed with 10 ml cold 1x PBS two times. 

Later 1 ml 1x PBS with protease inhibitor was added onto the plate and LNCaP cells were 

scraped into a 1.5 ml microcentrifuge tube. The tube was spun down at 800g at 4 ºC for 5 

minutes to get the cell pellet. The supernatant was aspirated and the cell pellet was stored at -

80ºC or used in further steps in the experiment immediately. 
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2.2.4 .2 LNCaP nuclear lysate preparation containing cross-linked nucleoprotein complexes 

For each cell pellet, 500 µl of cold nuclei lysis buffer was prepared by adding 2.5 µl 

200x proteinase inhibitor.  The cell pellet was resuspended in the nuclei lysis buffer and 

incubated on ice for 15 minutes. During the incubation the cell suspension was vortexed every 

5 minutes to increase lysis efficiency. After the incubation, the cell suspension was centrifuged 

at 800g at 4 ºC for 5 minutes. Meanwhile 500 µl of cold SCW buffer (Sonication/ChIP/Wash) 

with 2.5 µl 200x proteinase inhibitor was prepared. After spinning down the nuclei pellet, the 

pellet was resuspended in the cold SCW and the nuclei suspension was sonicated to share 

chromatin. To get DNA fragments between 200-1000 base pairs in length, LNCaP nuclei 

suspension equivalent to 4x 106 cells was sonicated for 10 seconds 6 times. To avoid 

overheating, the sample was kept on ice for 1 minute between each sonication step. After 

sonication, the sheared cross-linked chromatin was spun down at 10,000 x g  at 4 ºC for 10 

minutes and the chromatin suspension was aliquoted equally into new microcentrifuge tubes 

containing approximately 1x 106  cells . The tube was stored at -80ºC to be used in further steps.  

2.2.4.3 Immunoprecipitation of Crosslinked nucleoprotein complexes 

SCW buffer used contained 1x proteinase inhibitor. For per ChIP reaction, 800 µl SCW 

buffer was prepared and kept on ice. The Stock Magna ChIP protein A/G bead vial was gently 

shaken to homogenize the settled beads and 10 µl of the beads was pipetted out into a new 

microcentrifuge tube for per ChIP reaction. Then the tube was placed on a magnetic separator 

for 1 minute. The supernatant was removed without disturbing the bead pellet and 50 µl SCW 

buffer (5 times the original bead volume) was added into the tube to wash the beads. The beads 

were pipetted gently up and down several times and then the tube was placed on the magnetic 

separator for 1 minutes. This washing step was repeated one more time.  The beads were 

resuspended in 10 µl the SCW buffer. For chromatin immunoprecipitation, the beads were 

combined with approximately 190 µl SCW buffer and 1 µg AR/IgG control antibody. The tube 
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was placed on a rotating platform for 2 hours at 4 ºC. After the incubation, the tube was spun 

down briefly and placed on the magnetic separator for 1 minute. The supernatant was removed 

without disturbing the antibody-bounded beads.  500 µl SCW buffer and the chromatin 

suspension equivalent to 1 x 106 cells were mixed with the beads and incubated on the rotating 

platform overnight at 4 ºC. Also, at this step, 10% of the chromatin suspension was separated 

as an undiluted chromatin suspension to prepare input DNA samples later and was stored at -

20ºC. 

  The next day, before starting the remaining steps of the experiment, 1500 µl SCW and 

1000 µl low stringency buffer containing 1x protease inhibitor were prepared for per chromatin 

preparation and kept on ice. The tube was centrifuged briefly and placed on a magnetic 

separator for 1 minute. The supernatant was removed and the beads were washed with 500 µl 

SCW buffer by pipetting gently several times. After the washing, the tube was place on the 

magnetic separator for 1 minute and the supernatant was pipetted out without disturbing the 

beads. This washing step was repeated two more times. After washing the chromatin-bound 

beads three times, the beads were washed with 500 µl cold low stringency buffer. Then the tube 

was placed on the magnetic separator for 1 minute and the supernatant was removed carefully. 

The beads were resuspended in 500 µl low stringency buffer and transferred to a new 

microcentrifuge tube and the beads were pelleted with the magnetic separator for 1 minute. The 

supernatant was removed and the chromatin-bound beads were resuspended in 50 µl ChIP 

elution buffer and mixed with 1 µl Proteinase K. At this elution step, the undiluted chromatin 

suspension was also mixed with 1 µl Proteinase K and its volume was completed to 50 µl with 

ChIP elution buffer. The samples were incubated in water bath at 65 ºC for 2 hours and then 95 

ºC for 15 minutes by flipping the tube gently every 10 minutes to prevent the beads from settling. 

After the incubation, the tubes were briefly centrifuged and placed on the magnetic separator 
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for 1 minute. 45 µl of the ChIP-DNA sample and input DNA sample were transferred into new 

tubes without disturbing the beads. These tubes were stored at -20 ºC to be used in RT-qPCR. 

2.2.4.4 Real-time qPCR from ChIP samples 

In order to evaluate the success of the ChIP experiment, I used RT-qPCR to detect the 

enrichment of AR antibody-bounded DNA fragments over the control antibody-bounded DNA 

fragments. For this aim, I used primer sets to amplify the DNA fragments containing a PSA 

enhancer as a positive control, an AR-unresponsive irrelevant sequence as a negative control 

and possible AR binding regions on the regulatory sequence of myosin IC-isoform A . 

Preparation qPCR reaction solution and running parameters: 

2 µl the ChIP DNA or input DNA was mixed with 5 µl RNase-free water to prepare the first 

mixture. Later 12 µl SYBR-Green Master mix, 4 µl RNase-free water, 0.5 µl forward and 0.5 

µl reverse primers (1ug/ul) were combined to prepare the second mix. Both the first and second 

mix were combined to prepare complete 25 µl- qPCR reaction solution. 

Primers used in ChIP-qPCR: 

AR1 primer_F: ACCTCCAAAGCCCTCACTTG 

AR1 primer_R: GACTACTGAGACCGCTCTGC 

AR2 primer_F: CCTTCATTGGGCAGATGGGA 

AR2 primer_R: TTAATCAGAACGGGGAGGCG 

AR3 primer_F: TGTCAGGAGCCATTGACGAC 

AR3 primer_R: CATGTCCCCAAAGCCCCTAG 

PSA enhancer_F: GCCTGGATCTGAGAGAGATATCATC  

PSA enhnacer_R: ACACCTTTTTTTTTCTGGATTGTTG  
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Irrelevant primer_F: TCATCATGAATCGCACTGTTAGC  

Irrelevant primer_R: GCCCAAGTGCCTTGGTATACC  

Running settings:  

Initial denaturation at 94 ºC for 10 minutes was followed by 50 cycles that include  a 

denaturation step  at 94 ºC for 20 seconds, an anneal step at 60 ºC for 30 seconds , and an 

extension step at 60 ºC for 30 seconds. 

2.2.4.5 Analysis of ChIP-qPCR data 

After the RT-qPCR was run, the threshold cycles (Ct) for each antibody-precipitated 

sample were used in the calculations.  First, the ChIP DNA Ct values was normalized the input 

DNA Ct values for each primer set by using the formula: ΔCt = CtChIP – (Ctinput - Log2 [Input 

Dilution Factor]).  Input dilution factor = (the fraction of the undiluted chromatin solution 

saved for input DNA preparation/ the total fraction of undiluted chromatin solution)-1).  

To calculate the fold enrichment of ChIP DNA fragments amplified with PSA enhancer , 

AR1, AR2, and AR3 primer sets over negative control DNA fragments, first the ΔCt values of 

PSA enhancer, AR1, AR2, and AR3 DNA fragments  were normalized to ΔCt values of the 

negative DNA fragment: (ΔΔCt =ΔCtpositive or ARs - ΔCtnegative).  Later, the fold enrichment for 

each antibody-precipitated sample was calculated by the formula: Fold enrichment = 2-ΔΔCt 

2.2.5 Analyzing Possible AR Binding Sites on Myosin IC-isoform A Gene Regulatory 

Sequence 

 The consensus AR response element (ARE) is AGAACAnnnTGTTCT, which contains 

two parts of reverse palindromic sequences separated with any three nucleotides (Guo et al, 

2015). However, this consensus ARE contains degeneration in base positions (Jolma et al., 

2013).  Also, ChIP-seq experiments for AR point out that AR can bind to even half site of ARE 

(Wilson et al, 2016). Therefore, first I searched the existence of the full-length consensus ARE 
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and later literature-based AR binding sequences (Jolma et al, 2013) on the Myosin IC-isoform 

A gene regulatory sequence. This regulatory sequence spans from the transcriptional start site 

of Iso A to 2200 base pairs 5' upstream region of Myosin IC-isoform A. Even though the full-

length ARE could not be detected, several AR half binding sequences were found on this 

Myosin IC-isoform A gene regulatory sequence. These AR half binding sequences were 

amplified in the ChIP -qPCR by using AR1, AR2, and AR3 primer sets (Figure 3.3A). 

2.3 Protein biochemistry 

2.3.1 Preparation Protein Lysates 

5x RIPA lysis buffer was thawed at room temperature, diluted to 1x RIPA buffer as 

much as needed, and kept on ice.  LNCaP and PC3 cells are harvested, the cell numbers were 

determined and the pelleted cells were kept on ice. 10 µl 1x RIPA buffer is added for every 

50000 cells and the cell pellet was resuspended in the appropriate volume of RIPA lysis buffer 

by pipetting several times. The cell suspension was sonicated at %50 output for 15 seconds 3 

times in cold room. To avoid overheating during sonication, cell pellets are kept on ice 1 minute 

between each sonication steps.  After sonication, the lysed cell samples were spun down at 

13,000rpm at 4ºC for 10 minutes and the supernatant was removed into new microcentrifuge 

tubes. The protein lysates could be stored at -20 ºC or directly used in protein electrophoresis. 

2.3.2 SDS Polyacrylamide gel electrophoresis (PAGE) 

Protein lysates were mixed with the appropriate amount of 6x SDS loading buffer and 

denatured at 100 ºC for 5 minutes. Denatured protein lysates were cooled on ice for 2-3 minutes 

and spun down briefly before loading in gel. Proteins were separated on 10% SDS-

polyacrylamide gel at 40 mA for one gel and at 80 mA for 2 gels. 
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2.3.3 Western Blot 

Proteins were transferred from the polyacrylamide gel to the nitrocellulose membrane 

(GE Healthcare, Pittsburgh, P.A.) in the transfer buffer at 4˚C for 4 hours at 50 mA, followed 

by 150 mA for 2.5 hours. The nitrocellulose membrane was stained with Ponceau S to confirm 

protein transfer and blocked in 5% milk in TBS-T for 1 hour at room temperature. The 

membrane was probed with primary and secondary antibodies (for antibodies used, incubation 

times, and concentrations see table). The nitrocellulose membrane was washed with 1X TBS-

T (0.1%) 3 times for 5 minutes each time after antibody incubation step. Lastly, immunoreactive 

bands were visualized by incubation of the membrane in ECL solution (GE Healthcare, 

Pittsburgh, P.A.) for 1 minute and then X-ray films are exposed to the membrane between 30 

seconds and 5 minutes depending on antibodies used. 

Table 2.1 Western Blot antibodies and ChIP antibodies 

Antibody Concentration/incubation Manufacturer 

β actin (C4 mouse IgG)  

 

1/3000 (in the antibody 

dilution buffer) for 1 hour in 

room temperature 

Sigma Aldrich, St. Louis, 

M.O. 

Myosin IC-isoform A  1/2000 (in the antibody 

dilution buffer) overnight at 

4˚C. 

Ihnatovych et al., 2012 

AR antibody for Western blot 1/700 (in the antibody 

dilution buffer) overnight at 

4˚C. 

Abcam, 

 catalog number ab9474 

Conjugated Peroxidase 

goat-α-mouse 

 

1/10000 (in TBS-T(%0.1)) 

for 1 hour at room 

temperature 

GE Healthcare, Pittsburg, 

P.A.  
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Conjugated Peroxidase 

goat-anti-rabbit 

 

 IB 1:30,000 (in TBS, 30-60 

min) 

 

GE Healthcare, Pittsburg, 

P.A. 

anti-GFP (Rabbit IgG)  1:6000 (in TBST, 

30-60 min) 

Abcam, Cambridge, M.A. 

AR antibody for ChIP 1:200 (µg/ µl)  Millipore, Cat.# 17-10489 

IgG control antibody for ChIP 1:200 (µg/ µl) Millipore, Cat.# 17-10489 

                           

2.4 Cell Biological Methods 

 2.4.1 Cell Culture 

PC-3 and LNCaP were purchased from ATCC (Manassas, V.A.) and cultured at 37˚C 

with 5% CO₂ in the incubator (Heracell™ VIOS 160i, Thermo ScientificTM). PC-3 and LNCaP 

cells were cultured in Roswell Park Memorial Institute- 1640 medium (RPMI) (Invitrogen, 

Grand Island, N.Y.) supplemented with Fetal Bovine Serum (FBS) (Atlanta Biological, 

Lawrenceville, G.A.) and 1% Penicillin/Streptomycin (Pen/Strep) (10,000 U/ml, Invitrogen, 

Grand Island, N.Y.) . 

2.4.2 Cell Splitting 

Both PC3 and LNCaP cells have their characteristic growth profiles during culturing 

process. Therefore, cell splitting to new culture dishes was conducted according to their speed 

of proliferation and their confluency in the dishes. The frequency of the splitting was usually 

two times in a week. 
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2.4.3 Cell Handling 

Because LNCaP cells attached to the culture dishes weakly, they are treated gently to 

prevent cell loss during medium changing medium or washing.  

2.4.4 Drug treatments 

2.4.4.1             5a-Dihydrotestosterone (DHT) treatment 

LNCaP cells were split into new culture dishes and allowed to attach to the dish surface. 

The next day, the regular growth medium removed, the cell was washed gently with PBS and 

incubated in 5% charcoal-stripped serum free medium for 48h to extract RNA and for 72h to 

do the ChIP experiment. After the incubation, LNCaP cells were treated with 10 nM DHT 

(Sigma, D-073) or methanol in a serum-free medium for 24h to 36h to induce AR-mediated 

transcription and overnight to measure AR binding events on LNCaP genome.  

2.4.4.2        SAHA (Suberoylanilide hydroxamic acid) treatment 

After splitting LNCaP and PC3 cells, they were allowed to attach the surface and 

proliferate 48h hours. Later, the cells were treated with 5µM SAHA (Sigma-Aldrich:Product 

number SML0061, Cat No.: 149647-78-9) or dimethyl sulphoxide (DMSO) for 36 hours. 

2.4.4.3         5'-Azacytidine treatment 

After splitting LNCaP and PC3 cells, they were allowed to attach to the surface and 

proliferate for 48h hours.  Filtrated 1µM and 5µM 5-Azacytidine (Sigma-Aldrich, Cat 

No.:  320-67-2, Product Number A2385) in regular growth medium was prepared for LNCaP- 

and PC3-cell treatment, respectively.  Later, these cells were treated with the 5-Azacytidine 

solution for 24 hours. 

2.4.5 Plasmid DNA Isolation  

5 ml LB media supplemented with ampicillin antibiotics (1 µl in 1000 µl LB media) 

were inoculated with a single colony or with bacterial stock cultures and grown overnight at 

https://www.sigmaaldrich.com/catalog/search?term=149647-78-9&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=US&focus=product
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37°C with horizontal shaking (Orbital Shaker, ThermoForma). Cells were pelleted at 5,000 rpm 

for 10 min. Plasmid DNA was isolated using QIAGEN Plasmid Mini Kit- QIAprep® Spin 

MiniPrep Kit (Qiagen, Germantown, M.D.) according to protocol. 

2.4.6 Cell Transfection 

PC3 cell-transfections were performed with Lipofectamine 2000 Reagent (Invitrogen, 

Grand Island,N.Y.) in OPTI-MEMTM medium (Gibco™, Cat No.:  31985070) according to 

manufacturer's instructions. PC3 cells are transfected with AR plasmid, GFP plasmid, and a 

pGL-3 basic vector containing firefly luciferase gene, AR siRNA (Invitrogen,Cat 

No.: 4390824 ), and negative  control siRNA (Invitrogen, Cat No.: 4390843) for 48h. 

Table 2.2. Plasmid vector constructs 

Plasmid construct Antibiotic resistance Product 

pCMV-EGFP expression 

vector 

Kanamycin EGFP(Enhanced green 

fluorescent protein) 

pCMV-hAR expression 

vector 

 (Addgene, # 89078) 

Ampicillin Human AR 

pGL-3 basic vector 

containing firefly luciferase 

gene (Promega, Madison, 

W.I.) 

Ampicillin firefly luciferase protein 

 

2.4.7 Cell Counting 

Cells were counted using a cell counter (BioRad TC20 Automated Cell Counter, 

Hercules, C.A.). If necessary, cells were stained with trypan blue to count live and dead cells 
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2.4.8 Cell Harvesting 

 Cells for protein lysate preparation were washed with 1x PBS and detached from the 

surface with trypsin 0.25% EDTA. After detachment of the cells, the trypsin was inactivated 

with regular growth medium and the cells were collected into a 15 ml tube for centrifugation at 

room temperature at 150 g for 5 minutes. After pelleting the cells, cells were counted in 

appropriate amount of 1x PBS. When the cell number was detected, the cell was spun down to 

get the cell pellet. The pellet could be immediately used in protein lysate preparation or stored 

at -80 ˚C.     

 Cells prepared for RNA extraction were harvested directly on the culture dishes. 

2.5 Data Analysis 

Graphics were prepared and statistical differences were calculated with unpaired student 

t test by using GraphPad Prism 8.0.2 (263) and the results were presented in terms of mean with 

standard error of the mean (SEM). ChIP-seq graphs were produced using the University of 

California’s Santa Cruz Genome Browser. 
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Chapter 3: Results 

3.1 The Effect of Androgen Receptor (AR) on the Expression Levels 

of Myosin IC-isoform A in Prostate Cancer Cell lines 

 The prostate cancer cell lines, LNCaP and PC3, used in the experiments are known as 

AR-positive and AR-negative cell types, respectively (Tai et al., 2011). Surprisingly, Myosin 

IC-isoform A expression appeared inversely related to the expression level of AR in these cell 

lines.  While PC3 cells expressed the high levels of Myosin IC-isoform A protein, LNCaP cells 

showed low expression of this protein (Ihnatovych et al., 2014; Saidova et al., 2018) (Figure 

3.1).  These data suggest a possible relationship between AR activity and the expression level 

of Myosin IC-isoform A. 

 

Figure 3.1. Differential protein expression levels of Myosin IC-isoform A and AR in 

LNCaP and PC3 cells. Protein samples from LNCaP and PC3 cells cultured in the RPMI 

medium were probed for the expression of Myosin1C-isoform A, AR, and actin proteins in the 

immunoblotting assay. The protein expression of Myosin1C-isoform A is higher in PC3 cells 

than in LNCaP cells. However, AR protein is expressed in higher levels in LNCaP cells.  In the 

experiment, actin was used as a loading control. The image represents the result of two different 

experiments. 

 To determine if AR can regulate the expression of Myosin IC-isoform A, first the 

activity of AR was stimulated with 5a-Dihydrotestosterone (DHT) in LNCaP cells. DHT is a 
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potent AR-binding androgen and treatment of LNCaP cells with DHT results in the changes in 

the expression of AR-regulated genes (Xu et al., 2006). After the stimulation of LNCaP cells 

with DHT, the changes in Myosin IC-isoform A mRNA levels was measured. The results of 

the treatment suggested that LNCaP cells used in the experiment were still androgen responsive 

because after the DHT treatment the expression of PSA, an AR-regulated gene, was increased 

when its expression was compared with the PSA expression in control androgen starved LNCaP 

samples in which AR activity was not stimulated. In these circumstances, the activated AR 

decreased the expression of Myosin IC-isoform A in LNCaP cells (Figure 3.2)  

  

Figure 3.2. The expression of Myosin IC-isoform A mRNA is decreased in DHT-treated 

LNCaP cells. LNCaP cells were treated with 10nM DHT in a serum-free medium and control 

LNCaP cells were cultured in methanol-containing serum-free medium for 48 hours. Myosin 

IC-isoform A mRNA levels in both groups were detected by using RT-qPCR. To be able to 

compare mRNA levels from different samples, an equal amount of total RNA from each sample 

was converted to cDNA and these cDNAs were used in the qPCR experiment. The amount of 

Myosin IC-isoform A mRNA in each sample was normalized to the amount of housekeeping 

genes actin and GAPDH in the same sample. The AR-regulated PSA gene was used as a positive 

control in the experiment. The experiment was repeated 3 times. (P value < 0.05) 
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 To determine whether this repressive effect is direct or indirect, the binding of AR to 

the gene regulatory region of Myosin IC-isoform A was tested by a Chromatin 

immunoprecipitation (ChIP) assay (Figure 3.3). In this assay, LNCaP cells were briefly 

stimulated with DHT to allow AR proteins to bind to the LNCaP genomic DNA and later 

LNCaP cells were fixed with formaldehyde to detect where AR proteins were recruited on the 

DNA after DHT treatment. In the assay, the significant enrichment of the PSA enhancer DNA 

fragment could be detected, which was used as a positive control for AR binding events (P< 

0.01). However, the AR binding events could not be detected evidently on the DNA fragments 

of myosin1C-Isoform A gene regulatory region (Figure 3.3)  

A.) 

  

B.) 

 

Figure 3.3. The ChIP experiment detecting AR binding to the certain locations of the 

genomic DNA of DHT-treated LNCaP cells. LNCaP cells were cultured in 10nM DHT-
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containing serum-free medium overnight. The next day, LNCaP cells fixed with 1% 

formaldehyde were used to prepare nuclear lysates. These lysates were sonicated to shear 

genomic DNA into smaller fragments (200-1000kb). Later, these DNA fragments were 

immunoprecipitated by AR antibody and a control antibody. The antibody-bound DNA 

fragments were eluted and used in the RT-qPCR experiment. A.) The amplified DNA fragments 

on Myosin IC-isoform A gene regulatory upstream region are shown. B.) The amount of the 

amplified DNA fragment from AR and control antibody immunoprecipitations was normalized 

to the amount of the amplified DNA fragments from input samples that was not treated with 

any antibody. Later, the enrichment of the DNA fragments (PSA enhancer, AR1, AR2, and 

AR3) over the irrelevant DNA fragments was calculated for the AR antibody and control 

antibody. The experiment used the PSA enhancer DNA fragment as positive control for AR 

binding events and the irrelevant DNA fragment as a negative control for AR binding events. 

The experiment was repeated 2 times, except for AR1 primer set, which showed a single 

experiment result.   

 Furthermore, to support findings from the ChIP experiment above, it was searched for 

the ChIP-seq experiments done for AR binding events in LNCaP cells after androgen treatment 

and androgen deprivation. For example, Wang et al. treated LNCaP cells with DHT and a 

control vehicle and detected genome-wide AR binding events. Their ChIP-seq data show AR 

binding events were detected significantly on the PSA enhancer region after DHT treatment, 

but not after control vehicle treatment(Figure 3.4A). Also, AR binding enrichment was not 

detected on Myosin 1c-isoform A gene regulatory region after the DHT treatment as. (Wang et 

al, 2011) (Figure 3.4B). Furthermore, in another ChIP-seq study, Pomerantz et al. showed that 

the enrichment of AR binding events on the Myosin 1C-isoform A gene regulatory region is 

not obviously detected in fresh-frozen radical prostatectomy specimens (Pomerantz et al., 2015) 
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A.)  

 

B.) 

 

 

 

Figure 3.4. The ChIP-seq analysis in LNCaP cells shows AR does not bind to the upstream 

gene regulatory region of Myosin 1C-isoform A after the DHT treatment. The y-axis in the 

graph shows the density of DNA fragments enriched with the AR antibody and the X-axis 

shows the positions of these DNA fragments on the LNCaP genome. The green-colored graph 

shows the result for the control treatment group and the light blue-colored graph is for DHT 

treatment group. The shaded vertical areas in this ChIP-seq graph are the DNA fragment 

locations that were amplified in my ChIP-qPCR experiment. A.) The enrichment value of the 

PSA enhancer is around 27 in DHT-treated LNCaP cells while this value is around 3 in control 

vehicle-treated cells. The irrelevant sequence is not enriched by the AR antibody in either group. 
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B.) The AR antibody does not precipitate the DNA fragments on Myosin IC-isoform A 

promoter region when the y-axis values are compared with the y-axis value for the PSA 

enhancer. These graphs are obtained from UCSC Genome Browser.  

3.2 Investigating the Effect of AR on Myosin IC-isoform A 

Expression in PC3 Prostate Cancer Cell Line 

To confirm the repressive effect of AR on the expression of Myosin 1C-isoform A in another 

cell, other experiments were conducted in PC3 cell, which is an AR-negative prostate cancer 

cell line (Cunningham, D. and You, Z., 2015).  PC3 cells were transfected with AR plasmid 

vector and the gene and protein expression were analyzed for Myosin IC-isoform A. The result 

from the transfection experiments showed that myosin 1C-isoform A mRNA and protein levels 

were decreased after the transfection of PC3 samples when they were compared with the mRNA 

and protein levels of non-transfected PC3 samples. However, AR-transfected PC3 samples and 

control vector transfected-PC3 cells had similar Myosin 1C-isoform A levels. This suggested 

the Myosin IC-isoform A expression is decreased by the transfection itself and not by AR 

protein in PC3 cells (Figure 3.5; Figure 3.6).  

 

 



39 
 

   

Figure 3. 5. Myosin IC-isoform A mRNA levels in transfected and non-transfected PC3 

cells. PC3 cells were grown in the RPMI culture medium and transfected for 48 hours with the 

plasmids coding for AR and GFP. The expression analysis was conducted using three different 

PC3 samples: AR plasmid vector-transfected samples, GFP control plasmid vector-transfected 

samples, and non-transfected samples. The qPCR result for Myosin1C-isoform A was produced 

using an equal amount of RNA for each sample and actin housing-keeping gene was used as 

normalizer. The confirmation of AR expression in PC3 cells after the transfection is shown 

above. This transfection experiment shows that the transfection without depending on the 

plasmids decreases Myosin1C-isoform A expression in PC3 cells. The experiment was repeated 

2-3 times depending on the groups.   
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A.)                                                         B.) 

  

Figure 3.6. Myosin IC-isoform A protein levels in transfected and non-transfected PC3 

cells. The immunoblot analysis of PC3 samples using different antibodies against Myosin1C-

isoform, AR, GFP, and actin. The volume of PC3 protein lysates loaded into each SDS-PAGE 

gel wells contains an equal amount of PC3 cells. Furthermore, actin was used as loading control 

A.) Comparison of the amount of Myosin IC-isoform A protein levels in wild-type (WT) non-

transfected PC3 cells and AR-transfected samples. The AR-transfection in PC3 cells decreased 

the protein expression of Myosin1C-isoform A relative to the non-transfected samples. The 

experiment was repeated 3 times.  B.) Myosin IC-isoform A protein levels after AR-transfection 

and control-vector transfection. The protein expression levels in PC3 cells transfected with AR 

and GFP plasmids were similar. The experiment was repeated 2 times.  

 AR expression can be modulated epigenetically in AR-negative cell lines. For example, 

AR expression can be induced in an AR-negative DU 145 prostate cancer cell line with 

epigenetic drug treatments (Fialova et al, 2016). Based on this data, SAHA, a pan-histone 

deacetylase inhibitor (HDACi), was tried on PC3 cells to induce the endogenous expression of 

AR. This HDACi results in increased levels of histone acetylation and changes gene expression 

by inhibiting class I and II HDACs. Also, SAHA has anti-proliferative, growth arresting and 

apoptotic effects in cells (Richon et al., 2006). The treatment of PC3 cells with SAHA resulted 

in increased levels of AR and Myosin 1C-isoform A expression was decreased in this condition. 



41 
 

To find out whether the increased AR levels resulted in the downregulation of myosin IC-

isoform A expression in PC3 cells, PC3 cells  were transfected with negative control-siRNA 

and AR-siRNA and then treated the transfected cells with SAHA. The results from the 

experiments surprisingly demonstrated that the increased level of AR after SAHA treatment 

does not change Myosin 1C isoform A expression in PC3 cells because when AR was knocked 

down in SAHA-treated PC3 cells, myosin1c-isoform A gene expression was not recovered 

(Figure 3.7). Therefore, this result suggests SAHA treatment might reduce Myosin IC-isoform 

A expression by other mechanisms.       

 

 Figure 3.7. Endogenously increased AR does not repress Myosin1C-isoform A expression 

in PC3 cells treated with SAHA and transfected with siRNA plasmid vectors. The results 

reflect the relative amount of gene expression that was determined using equal amount of total 

RNA for each sample. PC3 cells were transfected with siRNA plasmid vectors for 48 hours and 

treated with 5uM SAHA or DMSO for 36 hours in the RPMI regular growth medium. SAHA-

treated PC3 cells expressed more AR mRNA compared with DMSO-treated cells and less 

Myosin1C-isoform A, but the reduced expression of Myosin1C-isoform A was not dependent 

on AR. The single-experiment result is shown. 
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 These results from the AR-transfection and AR-re-expression experiments in PC3 cells 

suggested AR levels are not correlated with the expression levels of Myosin IC-isoform A.  

3.3 Effects of Epigenetic Mechanisms on Myosin IC-isoform A 

Expression in Prostate Cancer Cell Lines  

3.3.1 Expression of Myosin IC-isoforms in LNCaP and PC3 cells  

When the expression levels of Myosin IC-isoform A and B are compared to each other, 

there is a substantial difference between their expression levels in LNCaP cells. Myosin IC-

isoform B is expressed much more than Myosin IC-isoform A in LNCaP cells (Figure 3.8). 

Also, there is significant difference in the expression level of Myosin IC-isoform A in LNCaP 

and PC3 cells. PC3 cells express this Myosin1C isoform in higher levels (Figure 3.1).  This 

data suggests that the Myosin1C-isoform A promoter is less transcriptionally active in LNCaP 

cells and therefore, it was assumed that the promoter of Myosin IC-isoform A should have a 

more transcription-suppressing environment in LNCaP cells. The chromatin on myosin1C 

isoform A promoter was analyzed in terms of its chromatin accessibility, the status of an active 

transcription mark Histone 3 lysine 4 trimethylation (H3K4me3) and the DNA methylation 

profile. In this analysis, the promoter region of myosin1C-isoform B in LNCaP and the 

promoter region of myosin1C-isoform A in PC3 were used as positive control because of their 

high expression profile in these cells.  
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Figure 3.8. Comparison Myosin IC-isoform A and isoform B expression levels in LNCaP 

cells.  Representative western blot images showing the protein expression of Myosin IC-

isoform A and B in LNCaP cell lines. Actin was used as a loading control. (Schwab, 2016 

[modified]). 

3.3.2 Comparison of the Chromatin Landscape of Myosin 1C Isoforms in LNCaP Cells  

3.3.2 .1 DNase Hypersensitive sites (DHS) on the promoter of myosin IC isoforms  

 DNaseI is an endonuclease that cuts DNA preferentially in open chromatin regions such 

as low nucleosome-occupied regions and the DNA fragments digested with DNase, called 

DNase hypersensitive sites, give information about accessibility of chromatin and locations of 

gene regulatory regions like transcription start site, enhancer, active histone mark sites, and 

transcription factor binding sites (Wang et al., 2015; Natarajan et al., 2012). When the DHSs 

of Myosin1C isoforms in LNCaP cells were analyzed using the DNase-seq data produced by 

"Open Chromatin" (Duke university, accession no. GSE32970) (Thurman et al., 2012; 

Natarajan et al., 2012), it was found that Myosin IC isoform A and B have DNase sensitive sites 

around their promoter regions (Figure 3.9C). However, the sequence density of the DHSs is 

lower on the Myosin IC-isoform A promoter (Figure 3.9B). This suggests the Myosin IC-

isoform A promoter is less accessible to DNaseI activity when compared the promoter of 

myosin1C-Isoform B.  
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Figure 3.9. DNaseI Hypersensitive locations on Myosin1C isoform promoters in LNCaP 

cells. A.) Schematic depiction of the positions of promoters relative to the first exons 

myosin1C-isoform A and B genes (Dreos et al., 2013). Both promoters are located close to the 

upstream region of their first exons B.) DNaseI-digested DNA ends in LNCaP cells are 

sequenced and aligned to the reference human genome (hg19) to find the sequence enrichment 

density, which is shown on the y-axis. C.) Significant peaks for DNaseI hypersensitive sites are 

determined by combining the contiguous regions in graph B that have p-values below 0.05 or 

0.01.  The color change on the horizontal bars reflects the strength of peak and the vertical bars 

in the horizontal bars are the locations where the highest peak signal is. The boxes show the 

upstream and downstream close regions to the Myosin1C isoform promoters.   

3.3.2 .2 H3K4me3 Histone Modifications on Myosin 1C Isoforms 

 H3K4me3 marks on nucleosomes are correlated with the expression of genes (Howe et 

al., 2017; Guenther et al., 2007). In the ChIP-seq experiment for H3K4me3 modification 
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(Thurman et al., 2012), it was found that the promoter region of Isoform B is flanked with this 

histone mark, but  the promoter of Myosin IC-isoform A lacked this histone mark pattern in 

LNCaP cells (Figure 3.10). This difference might provide an explanation for the low expression 

profile of Myosin IC-isoform A in LNCaP cells.    

Figure 3.10. H3K4me3 modification marks can be detected around the promoter of 

Myosin1C isoform B, but not the promoter of Myosin1C isoform A in LNCaP cells. The 

y-axis shows the density of the DNA fragments precipitated by H3K4me3 antibody and x-axis 

shows the positions for these DNA fragments. LNCaP cells used in the experiment were 

cultured in the RPMI medium. The boxed area shows the close environment of Myosin1C 

isoforms. This data shows Myosin1C-isoform A promoter region in LNCaP cells lacks the 

H3K4me3 modification pattern seen in the Myosin1C-isoform B promoter region, which was 

used as positive control for the high-expressed gene in LNCaP cells. 

3.3.2 .3   LNCaP DNA methylation profile 

 DNA methylation on promoters of genes is related to the repression of gene expression 

(Jones et al., 2012). When the CpG methylation profile of Myosin1C isoforms in LNCaP cells 

was analyzed using the data produced with Methyl 450K Bead Arrays from ENCODE/HAIB, 

it was found that the promoter region of Myosin IC-isoform A contained methylated CpG 

dinucleotides. However, the promoter region of   Myosin 1C-isoform B has mostly 

unmethylated CpG dinucleotides (Figure 3.11). This data suggests the DNA methylation profile 
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on the promoter of Myosin IC-isoform A might have a repressive effect on this isoform's 

expression in LNCaP cells.  

 

Figure 3.11. Methylation status of CpG dinucleotides on Myosin1C promoters in LNCaP 

cells. Methylation level is color-coded as: orange = methylated (score >= 600), purple = 

partially methylated (200 < score < 600), bright blue = unmethylated (0 < score <= 200), and 

black = NA (score = 0). The boxed areas contain the sequences of approximately 500 base pairs 

upstream and downstream of the start position of the first exons of Myosin1C isoforms. This 

LNCaP methylation profile data shows that the Myosin1C-isoform A promoter region contains 

methylated CpG dinucleotides whereas the promoter region of Myosin1C-isoform B not. This 

data was obtained from the study with accession number GSE40699 using UCSC genome 

browser. 

3.3.3 Comparison of the chromatin landscape of Myosin 1C isoforms in PC3 cells 

3.3.3.1 DNase Hypersensitive sites 

  PC3 cells contain DHSs on the promoter regions of Myosin1C isoform A and B, but the 

pattern of these DHSs is different. For example, the Myosin1C-isoform A promoter region is 

more sensitive to DNase activity than the Myosin1C-isoform B promoter, which is opposite in 

LNCaP cells (Figure 3.12; Figure 3.9B). This suggests that the Myosin1C-isoform A promoter 

contains an open chromatin region in PC3 cells (ENCODE Project Consortium, 2012).  

https://www.ncbi.nlm.nih.gov/gds/?term=GSE40699%5bAccession%5d


47 
 

  

Figure 3.12. DNaseI hypersensitive locations on Myosin1C isoform promoters in PC3 

cells. This DNase-seq data shows an open chromatin region on the promoter of Myosin1C-

isoform A that is higher than the promoter of Myosin1C-isoform B. The data was retrieved 

from GSE90286  and shows the signal density of the DNA fragments on the promoters of 

Myosin1C after the digestion with DNaseI enzyme. 

3.3.3.2 H3K4me3 marks on Myosin 1C promoters 

Myosin IC-isoform A and B contain H3K4me3 marks around their promoter regions 

in PC3 cells (ENCODE Project Consortium, 2012) (Figure 3.13). This data suggests Myosin 

IC-isoform A promoter in PC3 contains this transcription activating histone mark.  

 

Figure 3.13. H3K4me3 modification marks can be detected around the promoters of 

Myosin1C isoforms in PC3 cells. This H3K4me3-ChIPseq experiment data shows the 

significant enrichment of the sequences around the promoter region of Myosin1C isoform A 

and B. The graph is produced using the data from GSE96019 . 

https://www.ncbi.nlm.nih.gov/gds/?term=GSE90286%5bAccession%5d
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE96019
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3.3.4 Analysis of the Effects of SAHA and 5-Azacytidine on Myosin IC-isoform A 

Expression in LNCaP Cells  

 These ChIP-seq, DNase-seq, and DNA methylation profiling data indicated that the 

chromatin landscape around the promoter of Myosin IC-isoform A in LNCaP cells contains a 

less accessible DNA, a lack of H3K4me3 marked chromatin region, and methylated CpG 

dinucleotides when the landscape is compared with the promoter environment of Isoform B in 

LNCaP cells and the Myosin IC-isoform A promoter environment in PC3 cells. If this 

repressive environment is one of the mechanisms that decrease myosin1C-isoform A expression 

in LNCaP cells, then reversing this process should increase its expression in these prostate 

cancer cells. Therefore, epigenetic drugs were used to relax the chromatin structure in LNCaP 

cells and their effects on Myosin IC-isoform A gene expression were analyzed. 

  Acetylation of histones is associated with activation of gene expression (Clayton et al., 

2006). To increase global level of histone acetylation, a histone deacetylase inhibitor, called 

suberoylanilide hydroxamic acid (SAHA) was used. SAHA inhibits class I and II histone 

deacetylases (HDAC). It is used in gene expression studies and causes cell cycle arrest and/or 

apoptosis in high concentrations (Richon et al., 2006). After treating LNCaP cells with SAHA, 

it was detected that these cells express higher levels of Myosin IC-isoform A mRNA than 

control LNCaP cells do (Figure 3.14). This result suggests that the expression of Myosin IC-

isoform A in LNCaP cells can be increased by higher acetylated histone levels.   
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Figure 3.14. Myosin IC-isoform A (ISO A) gene expression increases after SAHA 

treatment in LNCaP cells. 5uM SAHA treated LNCaP cells and DMSO-treated LNCaP cells 

were cultured 36 hours in RPMI medium and Myosin IC-isoform A gene expression was 

detected with RT-qPCR experiment. To compare mRNA levels from SAHA- and DMSO-

treated samples, equal amount of total RNA from these samples were converted to cDNA and 

the amount of amplified PCR product in each sample was normalized to the amount of 

housekeeping genes actin and YHWAZ from the same sample. The results showed the 

expression of Myosin1C-isoform A is significantly increased in SAHA-treated LNCaP cells 

relative to the control LNCaP cells. The experiment is repeated 3 times. P<0.01      

Additionally, the effect of DNA methylation mechanism on Myosin IC-isoform A 

expression was tested in LNCaP cells because methylated DNA on the promoter regions has a 

repressive effect on gene expression (Jones et al., 2012). Therefore, LNCaP cells were treated 

with 5-Azacytidine (AZA), a DNA methylation inhibitor, and the change in Myosin 1C-isoform 

A gene expression was analyzed. AZA is a cytidine base analogue and can be incorporated 

DNA and irreversible binding of DNA methyltransferase to AZA causes its inactivation and 
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loss of methylated DNA (Christman, 2002). In these experiments, the increased level of Myosin 

1C-isoform A expression could be detected after the AZA treatment of LNCaP cells (Figure 

3.15).    

 

Figure 3.15. Myosin 1C-isoform A gene expression is increased after 5-Azacytidine (AZA) 

treatment of LNCaP cells. LNCaP cells were cultured in the RPMI medium containing 1 µM 

AZA as an experimental group and in just the RPMI medium as a control group for 24 hours. 

The cDNAs from each group were synthesized using equal amount of total RNA. The 

expression level of the Myosin 1C-isoform A gene was normalized to the amount of YHWAZ 

from that sample. The result demonstrated that the AZA treatment increased Myosin1C-isoform 

A expression relative to the RPMI medium treatment. The experiment was repeated two times. 

(P<0.01)    

3.3.5 Analysis of the effects of SAHA and 5-Azacytidine on Myosin IC-isoform A 

expression in PC3 cells  

 In PC3 cells, the protein expression of Myosin IC-isoform A could be detected, but it 

was barely found in LNCaP cells (Figure 3.1). Also, DNase-seq (Figure 3.12) and ChIP-seq 
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data (Figure 3.13) suggested the Myosin 1C-isoform A promoter region in PC3 cells contains 

open chromatin and a transcription-activating histone mark. These data indicate that the 

promoter of Myosin1C-isoform A is more active in PC3 cells. However, PC3 cells show 

different characteristics than LNCaP cells. For example, PC3 cells are a prostatic small cell 

neuroendocrine carcinoma cell line and LNCaP cells are a prostatic adenocarcinoma cell line 

(Tai et al. 2011). Therefore, it is possible these cells have different epigenetic backgrounds that 

result in distinct gene expression patterns and characteristics and it was determined how PC3 

cells react to SAHA and AZA treatment in terms of Myosin 1C-isoform A expression. When 

PC3 cells were treated with AZA and SAHA in separate experiments, surprisingly Myosin1C-

isoform A expression was decreased significantly as a response to the both drugs (Figure 3.16).  
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 A.)                                                                                          B.) 

               

C.) 

 

Figure 3.16. Myosin 1C-isoform A expression decreases after SAHA and AZA treatment 

in PC3 cells. A.) The results of the RT-qPCR experiment show the mRNA levels of Myosin 

1C-isoform A (ISO A) after 5 µM SAHA and DMSO treatment for 36 hours. It was found that 

there was a significant reduction in the expression of Myosin1C-isoform A after SAHA 

treatment.  (P<0.01). B.) The protein level of Myosin 1C-isoform A after SAHA/DMSO 

treatment. Actin was used as a loading control to normalize the Myosin 1C-isoform A 

expression levels in both groups. This data confirmed Myosin1C-isoform A also decreased in 

protein level after SAHA treatment C) Change in the mRNA expression levels of Myosin 1C-

isoform A after 5µM AZA treatment for 24 hours. Like the SAHA treatment, the AZA treatment 
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caused a significant reduction of Myosin1C-isoform A in PC3 cells. (P<0.01). The mRNA 

levels in both AZA-and SAHA-treated samples were analyzed by converting equal amount of 

total RNA from each sample to cDNA and running RT-qPCR. The experiments were repeated 

2 times.  
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Chapter 4: Discussion 

Expression of a gene and its protein has an influence on cell phenotype depending on 

the function of the protein in the cells. For example, a transcription factor can regulate 

expression/repression of many different genes. The proteins produced from these genes can be 

cell-type specific or have a role in various biological mechanisms like cell proliferation, 

metabolic reactions, cell morphology and so on. In cancer, normal gene regulatory network is 

lost. Expression of some genes, called oncogenes, are upregulated and expression of tumor 

suppressor genes are downregulated so that normal differentiated cells undergo 

dedifferentiation and uncontrolled growth. 

Because of the importance of gene expression in tumorigenic activities, I investigated 

myosin1C-isoform A expression in luminal- and neuroendocrine-type prostate cancer cell lines. 

Several studies showed that Myosin 1C-isoform A expression is increased in prostate cancer 

(Ihnatovych  et al., 2014; Saidova et al., 2018) and one study demonstrated that myosin1c-

Isoform A might increase the invasive abilities of PC3 in extracellular matrix (Maly et al., 2017). 

Furthermore, the expression level of Myosin 1C-isoform A is a tissue-specific manner (Sielski 

et al., 2014). This suggests the myosin1C-isoform A gene regulatory region is under tight 

control and this region is less transcriptionally active when it is compared with Myosin1C-

isoform B, which is ubiquitously expressed. 

Therefore, I first started to test whether the androgen receptor (AR) can regulate Myosin 

1C-isoform A expression in LNCaP and PC3 prostate cancer cell lines because while LNCaP 

cell is an AR-positive cell line and PC3 cell is AR-negative, the expression level of Myosin 1C-

isoform A in PC3 cells is higher than its level in LNCaP cells. This makes AR a good candidate 

for a cell-specific transcription factor repressing Myosin 1C-isoform A expression. My 

experiments showed that the activity of AR can repress Myosin 1C-isoform A gene expression 
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in LNCaP cells, but this repression should be indirect because my ChIP experiment and publicly 

available ChIP-seq data could not find the significant enrichment of AR binding on the Myosin 

1C-isoform A gene regulatory region. Surprisingly, I could not detect this repressive effect of 

AR on Myosin 1C-isoform A gene expression in PC3 cells. In AR vector/control vector-

transfected PC3 cells, Myosin 1C-isoform A expression was similar, but non-transfected PC3 

cells have higher Myosin 1C-isoform A expression levels than the transfected PC3 cells. 

Second, I investigated the chromatin landscapes of Myosin1C isoforms because epigenetic 

mechanisms modifying the chromatin on Myosin1C isoforms could also differentially regulate 

the gene expression of myosin 1C-isoform A in luminal-type LNCaP and neuroendocrine-type 

PC3 prostate cancer cells. The DNA-seq data suggested that the myosin 1C-isoform A promoter 

region in LNCaP cells less accessible when it is compared to the promoter region of Myosin1C-

isoform B in LNCaP cells and the promoter region of Myosin 1C-isoform A in PC3 cells. 

H3K4me3-ChIP seq data showed the pattern of this histone modification mark observed in 

more active promoters is absent from Myosin IC-isoform A promoter in LNCaP cells, but 

Myosin 1C-isoform A promoter shows a peak region for this H3K4me3 mark in PC3 cells. 

Lastly, the DNA methylation profile for LNCaP cells showed a higher methylation level on 

Myosin 1C-isoform A promoter region than it is on the promoter of Myosin1C-isoform B. To 

confirm these DNA-seq, ChIP-seq and DNA methylation profile data, which indicate the 

transcription-repressive chromatin landscape on the promoter of  Myosin1C-isoform A in 

LNCaP cells, I treated LNCaP and PC3 cells with SAHA histone deacetylase inhibitor and 5-

Azacytidine DNA methylation inhibitor to globally increase acetylation levels on chromatin 

and decrease methylation levels in genome, respectively. In LNCaP cells, Myosin 1C-isoform 

A expression was upregulated after the treatment with both drugs. These results from the drug 

treatments supported the DNA-seq and DNA methylation profile data because the existence of 

lower acetylated histones and higher methylated CpG dinucleotides on Myosin 1C-isoform A 
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promoter might be reversed by the drug treatments to increase Myosin 1C-isoform A expression 

in LNCaP cells. However, both the drugs downregulated the expression of Myosin 1C-isoform 

A in PC3 cells. These results were not expected because histone acetylation or decreased DNA 

methylation is expected to facilitate transcription of genes.   

Before discussing the study results further, it is important to note that the results of gene 

expression studies is strictly dependent on methods chosen to measure mRNA levels. In this 

study, the relative mRNA levels of Myosin1C-isoform A were detected using reference genes 

such as actin and GAPDH for the DHT treatment experiments. One disadvantage of the method 

was that when the expression of the reference genes used in the experiments was affected by 

the treatment, it gave wrong expression values for Myosin1C-isoform A. For example, the 

methanol treatment of LNCaP cells during androgen starvation decreased the actin reference 

gene expression almost 15%. In this situation, when Myosin1C-isoform A expression was 

normalized to the amount of actin, its expression increased 15% in methanol-treated LNCaP 

cells when compared to the expression of Myosin1C in DHT-treated LNCaP cells. Therefore, 

to more reliably measure the expression of Myosin1C-isoform A in LNCaP cells after the 

methanol/DHT treatment, its mRNA level was normalized to the amount of both actin and 

GAPDH, which was least affected by the treatment (Figure 3.2). This kind of reference gene-

related problems can be overcome by choosing better reference gene that is not affected by the 

treatment and correlates with the cell number in samples or using more than one reference genes. 

Another way to overcome this is to choose a method that is less dependent on reference gene 

usage or to measure the absolute amount of the mRNA in samples. For example, digital droplet 

PCR is a sensitive way to measure low nucleic acid levels with the less dependency on reference 

gene (Baker, 2012).    

● What is the biological significance the reduced expression of Myosin 1C-isoform A gene 

after DHT treatment in LNCaP cells?  
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The expression of Myosin 1C-isoform A is already low in LNCaP cells (Figure 3.1) and the 

DHT-treatment reduces the amount of Myosin 1C-isoform A more. However, it was found that 

myosin 1C-isoform A protein can increase the invasive ability of PC3 in an extracellular matrix. 

Therefore, despite its low expression in LNCaP cells, Myosin 1C-isoform A protein might also 

result in an increase in the invasiveness of these cells by activating similar molecular 

mechanisms. Therefore, androgen deprivation therapy would cause more invasive luminal-type 

androgen-dependent prostate cancer cells due to the expressional increase in Myosin 1C-

isoform A after an androgen deprivation condition.  

● Does AR effect Myosin IC-isoform A expression in LNCaP by binding directly to a 

regulatory sequence on the Myosin 1C-isoform A gene or indirectly via AR-regulated 

repressor? 

In my ChIP experiment, I tested three potential AR binding locations that reside on the 

upstream region of Myosin 1C-isoform A gene and I analyzed AR-ChiP seq data to detect AR 

binding events on the Myosin 1C-isoform A gene regulatory region in LNCaP cells. These 

experiments and analyses showed that the AR enrichment on this region is not observed. 

However, still another DNA location inside the Myosin1C gene body can recruit AR proteins. 

When the AR-ChIP seq data produced using prostate cancer and normal prostate tissues was 

analyzed (Pomerantz et al., 2015), AR binding location was observed on the 25th intron of 

myosin1C gene, which was detected just in the prostate cancer tissues compared to the normal 

prostate tissue. This AR binding site on the Myosin1C gene body might directly decrease 

Myosin 1C-isoform A expression in LNCaP cells by long-distance interactions with Myosin 

1C-isoform A promoter.      

My experiments surprisingly showed that AR could not repress myosin 1C-isoform A 

expression in PC3. This result might indicate AR needs other interaction partners, which might 
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be LNCaP-specific, to repress Myosin 1C-isoform A expression in PC3 cells. In the AR ChIP 

experiment in PC3 cells transfected with AR, Lin et al.(2009) was able to detect an AR binding 

event on an ARE that regulates PSA gene, an AR-regulated gene, but they could not see the 

expressional induction of PSA gene in the AR-transfected PC3 cells. Their explanation for the 

discrepancy was that AR might require other cofactors to produce PSA mRNA after the binding 

event. Also, in my qPCR experiments, I observed that the transient-transfection of PC3 cells 

with the AR plasmid vector could not increase the expression of PSA. Likewise, the repression 

of Myosin 1C-isoform A expression by AR might depend on the expression of other binding 

partners in PC3 cells.  

● Why do non-transfected PC3 cells express more Myosin 1C-isoform A than the transfected 

PC3 cells do? 

In the transfection experiments, I observed that the transfection itself reduced Myosin 1C-

isoform A expression in PC3 cells, which was not dependent on the transfection of a specific 

gene vector. This result suggests that the expression of Myosin 1C-isoform A is affected by the 

transfection process. It is known that transfection event can have cytotoxic effects on cells. Also, 

gene expression profile can be changed in cells by transfection itself (Jacobsen et al, 2009).     

● The opposite response of PC3 cells to the epigenetic drugs? 

Epigenetic mechanisms are important for the formation of cell identities (Barrero et al., 

2010). PC3 cells are neuroendocrine prostate cancer cells that show different characteristics 

and expression profile than the luminal-type LNCaP cells (Tai et al. 2011). This suggests the 

existence of different epigenetic profile and gene expression profile between LNCaP and PC3 

cells. Also, studies show DNA methylation is higher in PC3 cells than in LNCaP cells (Gravina 

et al., 2013 and 2011). Therefore, these differences between these cell types might provide an 

explanation why PC3 had a decreased Myosin 1C-isoform A expression after SAHA and AZA 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gravina%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=23254386
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treatment because there is a possibility that these treatments in PC3 cells might result in 

activation or re-expression of a repressive transcription factor that might be normally expressed 

in LNCaP cells. 

 To specifically confirm whether acetylation and methylation levels are essential 

regulatory mechanisms for Myosin 1C-isoform A gene expression in LNCaP cells, further 

experiments are needed. First, it is not known whether the increase in the expression of Myosin 

1C-isoform A in LNCaP cells is due to a change in acetylation and methylation status of Myosin 

1C-isoform A promoter region after SAHA-and AZA-treatment because I globally changed 

histone acetylation or methylation in LNCaP with these treatments. Therefore, the acetylation 

and methylation status of Myosin 1C-isoform A gene regulatory region can be investigated after 

the treatments. Second, these drugs are not specific for a certain HDAC or DNA 

methyltransferase (DNMT).  For example, SAHA is a pan-HDAC inhibitor and AZA is general 

DNA methylation inhibitor. Finding more specific targets is needed to better understand which 

HDACs or DNMTs work on Myosin 1C-isoform A promoter to repress the expression of 

Myosin 1C-isoform A in LNCaP cells. Therefore, siRNA knockdown experiments and small 

molecule inhibitors specific to HDAC and DNMT family members would help to find the 

enzyme/s regulating Myosin 1C-isoform A expression in LNCaP cells. For example, HDAC1 

and HDAC2 can be targeted because previously it was shown that Sin3A is recruited to Myosin 

1C-isoform A promoter (Schwab, 2016) and Sin3a is part of a gene repressor complex known 

as Sin3-HDAC1/2 (Delcuve et al, 2012). 

The evidences from my qPCR results and chromatin and DNA modification profiles of 

Myosin 1C-isoform A gene indicate the promoter region of Myosin 1C-isoform A in LNCaP is 

less active than the same promoter in PC3 cells.  

The DNase-seq analysis and DNA methylation profile suggest that Myosin 1C-isoform 

A promoter region should have more compact chromatin structures and H3K4me3 ChIP-seq 
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data points out this promoter region lacks the transcription-activator histone mark in LNCaP 

cells. Also, when RNA-polII ChIP experiment was done in PC3 and LNCaP cells to precipitate 

Myosin1C-isoform A promoter region, more DNA fragments were enriched by RNA pol II 

antibody in PC3 cells that in LNCaP cells, which indicates more active Myosin 1C-isoform A 

promoter in PC3 cells (Schwab, 2016). 

Additionally, in the study (Saidova et al., 2018), it was found that the expression level 

of Myosin 1C-isoform A gene in LNCaP and PC3 cells is approximately 38.8-fold different. 

Based on this finding, if we were to run qPCR with equal amount of total cDNA from LNCaP 

and PC3 sample and to normalize the results to a suitable housekeeping gene, the cycle of 

threshold(Ct) of difference for Myosin 1C-isoform A between these cells would 5.3 (calculated 

by 2x = 38.8). In my qPCR experiments, I found the Ct value was 31.2 for Myosin 1C-isoform 

A in LNCaP cells cultured in RPMI medium. Therefore, the Ct value for PC3 cells in RPMI 

medium would be 25.9. Even though the treatments with SAHA and AZA could increase the 

Myosin 1C-isoform A gene expression in LNCaP cells and brought down the Ct value to 30, 

the expression of Myosin 1C-isoform A is still lower when compared with the imaginary Ct 

value for Myosin1C-isoform A in PC3 cells. Therefore, it can be inferred that these drugs can 

increase this isoform expression in LNCaP cells, but cannot increase the transcriptional activity 

of Myosin 1C-isoform A promoter as much as the transcriptional activity of the same promoter 

in PC3 cells. Also, this suggests that there must be some other more effective gene regulatory 

mechanisms or transcription factors that can increase the Myosin 1C-isoform A promoter 

activity in PC3 and decrease it in LNCaP cells. For example, some possibilities that can increase 

Myosin 1C-isoform A expression in LNCaP cells are chromatin regulators that make Myosin 

1C-isoform A promoter accessible to activator transcription factors, increase H3K4me3 mark 

on the promoter or PC3-specific activator proteins that can bind to the Myosin 1C-isoform A 

gene regulatory region.   
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  The confirmation of the existence of histone mark or DNA methylation mark around 

Myosin 1C-isoform A promoter would be beneficial to find other transcription factors that can 

be recruited to these marks. 

  The chromatin landscape of the promoter of Myosin 1C-isoform A in LNCaP and PC3 

cells show a greater difference in terms of H3K4me3 profile. This histone modification at 

promoters have roles in activation of transcription. For example, it provides docking sites for 

TAF3, part of TFIID general transcription initiation factor  (Lauberth et al., 2013), chromatin 

remodeling proteins such as CHD1(Sims et al., 2005) and BPTF (Wysocka et al., 2006). Also, 

it increases acetylation at promoter (Zhang et al., 2015) and prevents DNA methylation (Rose 

and Klose, 2014). To be able to find why H3K4me3 methylation marks are increased in the 

promoter region of Myosin1C-isoform A in PC3, but not in LNCaP cells, the expression levels 

of histone methyltransferases and histone demethylase can be analyzed because there might be 

upregulation of histone demethylases (HDM) or downregulation of histone methyltransferases 

(HTM) in LNCaP cells or vice versa in PC3 cells. In case all HDMs and HTMs are expressed 

both in PC3 and LNCaP cells in similar level, still other nuclear proteins that can recruit HMTs 

and HDMs to Myosin 1C-isoform A promoter might be differentially expressed in these cells. 

Also, this histone modification can help to find additional transcription factors that can 

upregulate Myosin 1C-isoform A expression in PC3 cells by co-immunoprecipitating 

H3K4me3 mark-bound proteins around Myosin1C-isoform A promoter with H3K4me3 

antibody.  

  Besides being the active transcription mark on the promoter of most genes, H3K4me3 

marks were associated with mRNA splicing (Davie et al., 2015). Because the higher level of 

this histone modification on Myosin1C-isoform A promoter close regions was observed in PC3 

cells than in LNCaP cells, it is possible this histone modification is related the formation of 

more Myosin1C-isoform A mRNAs in PC3 cells through recruiting splicing factors.   
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 DNase hypersensitive chromatin regions can be used to find transcription factor binding 

events (Boyle et al., 2011) Based on the DNA-seq data for LNCaP (Figure 3.9B)and 

PC3(Figure 3.12), I searched transcription factor binding sites on these open chromatin areas 

of Myosin1C-isoform A gene. It is found that E2F4, RFX5, GATA2 can bind these areas 

(Lesurf et al, 2015). Also, the binding sites for GATA1, and GFI-1 transcription factors on these 

open chromatin region are conserved in human, mouse and rat (UCSC Browser, 2019). 
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APPENDIX A: Chemicals 

β-mercapto ethanol – Sigma (St. Louis, M.O.)  

Agarose (ULTRA PURE Aqua-Por™ LE) – National Diagnostics (Atlanta, G.A.) 

APS – Fisher (Fair Lawn, N.J.) 

30% Acrylamide/Bis – BioRad (Hercules, C.A.) 

Bromophenol Blue – Fisher (Fair Lawn, N.J.) 

BSA – Fisher (Fair Lawn, N.J.) 

Deoxycholic Acid – Acros Organics (Fair Lawn, N.J.) 

EDTA – J.T. Baker (Phillisburg, N.J.) 

Ethidium Bromide – Fisher (Fair Lawn, N.J.) 

FBS – Atlanta Biological (Lawrenceville, G.A.) 

Glacial acetic acid – J.T. Baker (Phillisburg, N.J.) 

Glycerol – Fisher (Fair Lawn, N.J.) 

Glycine – Amresco (Solon, O.H.) 

Hydrochloric Acid – J.T. Baker (Phillisburg, N.J.) 

Methanol – Fisher (Fair Lawn, N.J.) 

Nonidet-P40 – U.S. Biological (Salem, M.A.) 

PBS 10x – Corning (Bedford, M.A.) 

Ponceau S – Sigma (St. Louis, M.O.) 

SDS – Fisher (Fair Lawn, N.J.) 

Sodium Chloride – Fisher (Fair Lawn, N.J.) 

Sodium Hydroxide – Fisher (Fair Lawn, N.J.) 

Formaldehyde – J.T. Baker (Phillisburg, N.J.) 

TEMED – Fisher (Fair Lawn, N.J.) 

Tris – Fisher (Fair Lawn, N.J.) 
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Triton X-100 – J.T. Baker (Phillisburg, N.J.) 

Trypan Blue – Fisher (Fair Lawn, N.J.) 

Tryptone – BD (Sparks, M.D.) 

Tween® - Fisher (Fair Lawn, N.J.) 

Yeast Extract – BD (Sparks, M.D.) 

DMSO-Fisher (Fair Lawn, N.J.) 

Chloroform- Fisher (Fair Lawn, N.J.) 

2-Propanol- Fisher (Fair Lawn, N.J.) 

Ethanol 200 Proof Anhydrous- Decon Labs, Inc 
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Appendix B: Abbreviations 

BSA ………………………………………………. Bovine Serum Albumin 

ChIP ………………………………………………. Chromatin Immunoprecipitation 

DMEM ……………………………………………. Dulbecco’s Modified Eagle’s Medium 

EB …………………………………………………. Elution Buffer 

FBS …………………………………………….….. Fetal Bovine Serum 

IB ………………………………………………….. Immunoblot 

IsoA ………………………………………………... Myosin 1C Isoform A 

Isoform A ………………………………………….. Myosin 1C Isoform A 

LB broth……………………………………………. Luria-Bertani Broth 

PBS………………………………….……………... Phosphate Buffered Saline 

PCR ………………………………………………... Polymerase Chain Reaction 

Pen/Strep ………………………………………….. Penicillin/Streptomycin 

PIN ……………………………………………………… Prostatic Intraepithelial Neoplasia 

PLB …………………………………………….….. Passive Lysis Buffer 

RGW ………………………………………………. Reagent Grade Water 

RPMI……………………………………… Roswell Park Memorial Institute – 1640 Medium 

SDS ……………………………………………….. Sodium Dodecyl Sulfate 

SDS-PAGE …………………Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 

TAE ……………………………………………….. Tris, Acetic acid, EDTA 

TBS ………………………………………………... Tris-Buffered Saline 

TBST ……………………………………………..... Tris-Buffered Saline and Tween 20 

TE ………………………………………………….. Tris, EDTA 

PCa ………………………………………………….. Prostate Cancer 

NaN₃…………………………………………………..  Sodium azide 
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EDTA…………………………………………………..  Ethylenediaminetetraacetic acid 

DTT…………………………………………………..  Dithiothreitol 

dNTP ……………………………………………..   Deoxyribose nucleoside triphosphate  

RIPA……………………………………………..  Radioimmunoprecipitation assay buffer 

EGFP…………………………………………………..    Enhanced green fluorescent protein  

siRNA…………………………………………………..  Small interfering Ribonucleic Acid 

DNase-seq…………………………………………………..    DNase-sequencing  

 

https://en.wikipedia.org/wiki/Deoxyribose
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