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ABSTRACT 

 
MOLECULAR CHARACTERIZATION OF LONG NON 

CODING RNAs THAT MEDIATE APOPTOSIS IN HUMAN 
 
Apoptosis is an evolutionarily form of programmed cell death for development 

and tissue homeostasis. Apoptosis is regulated by protein-coding genes and plays an 

important role in a wide range of biological processes. We aimed to identify and 

characterize differentially expressed lncRNAs in apoptosis. HeLa cells were used as a 

model system to identify the lncRNAs. The total RNAs was subjected to deep 

sequencing by next-generation sequencing. OmicsBOX Bioinformatics tools were used 

for differential expression analysis of lncRNAs that are apoptosis-induced. Gene set 

enrichment analysis (GSEA) was used to profile the miRNAs targeting lncRNAs. 

Cytoscape software was used to reconstruct lncRNA-miRNA targeting networks. RT-

qPCR was used to validate miRNAs and their targets of lncRNAs and it was found that 

the overexpression of miR-519d-3p causes downregulation of lncRNAs RAB22A-202, 

PARD3-211, and AC027237.1-210. Also, the overexpression of miR-124-3p down-

regulates the expression level of APEX2-202 and CD59-209. GTF2A1-AS, 

TNFRSF10B-AS, and CAMTA1-DT were detected in the nucleus and have no poly 

(A) tail and they belong to TATA-less promoter genes. TNFRSF10B-AS has a coding 

probability of 0.99 and alignment to High-scoring Segment Pair (HSP) clarifies one hit 

to Q9UBN6 protein. ChIRP clarifies that TNFRSF10B-AS binds to a protein (25 kDa). 

miR-519d-3p and miR-124-3p interact with lncRNA targets by miRNA-mediated 

lncRNA degradation pattern under apoptosis conditions. TNFRSF10B-AS has a 

putative regulatory function in the nucleus during apoptosis via binding specifically to 

the ribonucleoprotein partner. 

 

Keywords:  Apoptosis, lncRNA, RNA-seq, GSEA, miRNA, ChIRP 
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ÖZET 

 
İNSANDA APOPTOZU DÜZENLEYEN UUZUN 

KODLAMAYAN RNA’LARIN MOLEKÜLER 
KARAKTERİZYONU  

 
Apoptoz, gelişim ve doku homeostazı için gerekli olan programlı bir ölüm 

formudur.Apoptoz, çok çeşitli biyolojik süreçlerde önemli bir rol oynayan ve 

apoptozda düzenleyici rolleresahip olan, ancak büyük ölçüde bilinmeyen uzun 

kodlamayan RNA’lar (lncRNA) gibi proteinkodlamayan ve kodlayan genler tarafından 

düzenlenir. Bu çalışmada, apoptozda farklı seviyedeifade edilen lncRNA’ların 

tanımlanması ve karakterize edilmesi amaçlandı. lncRNA’larıtanımlayabilmek için 

model sistem olarak HeLa hücreleri kullanıldı. Toplam RNA izole edildive NGS ile 

derin sekanslama yapıldı. OmicsBOX kullanılarak apoptoz tetiklenmiş olan 

HeLahücrelerinde lncRNA’ların farklı   seviyelerdeki   ifadeleri   belirlendi.   Gen  Seti 

ZenginleştirmeAracı (GSEA) ile uzun kodlamayan RNA’lar ve bu uzun kodlamayan 

RNA’ları hedef alanmiRNA’lar profillendi. lncRNA’lar ve miRNA’lar arasındaki 

ilişkiyi yeniden yapılandırmak içinCytoscape yazılımı kullanıldı. MikroRNAlar 

(miRNA) ve onların hedeflediği uzun kodlamayanRNA’lar  RT-qPCR  kullanılarak 

doğrulandı. miR-519d-3p’nın  aşırı ifadesinin  RAB22A-202,PARD3-211 ve 

AC027237.1-210 lncRNA’ların aşağı regülasyona neden olduğu bulundu. Bununyanı 

sıra,  miR-124-3p aşırı ifadesi APEX2-202 ve CD59-209 ifade seviyelerini aşağı 

yönlüregüle eder. GTF2A1-AS, TNFRSF10B-AS ve CAMTA1-DT lncRNA’larının 

çekirdektekonumlandığı, poli-A kuyrukları olmadığı ve TATA içermeyen promotör 

genlere ait olduğubulundu. TNFRSF10B-AS RNA’sının 0.99 kodlama potansiyeline 

sahip olduğu belirlendi veYüksek-skorlu Segment Çifti‘ne (HSP) hizalama Q9UBN6  

proteinine   hit verdiğini  ortayaçıkardı. TNFRSF10B-AS’in bir proteine bağlandığı (25 

kDa) ChIRP deneyi ile açığa çıkarıldı. 

miR-519d-3p   ve   miR-124-3p   lncRNA’ların   hedefleriyle   apoptoz   koşulları   

altındamiRNA-aracılı lncRNA degradasyon modeliyle etkileşime girer. TNFRSF10B-

AS, proteinpartneri ile etkileşerek apoptoz sırasında çekirdekte muhtemel bir 

düzenleyici göreve sahiptir. 

Anahtar Kelimeler:  Apoptoz, lncRNA, RNA-seq, GSEA, miRNA, ChIRP 
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CHAPTER 1 
 

 

INTRODUCTION 
 

 

1.1. Apoptosis 

 

 
Apoptosis is a physiological procedure in which cell death occurs in a regulated 

sequence of programmed events (Bialik et al. 2010, 556). That process allows single-

cell destruction without damaging nearby cells. Normally, apoptosis is involved in 

developmental processes, immune system defense mechanisms and self-controlling, 

and aging. Defects of apoptosis have a significant impact on various diseases such as 

cancer, neurodegenerative diseases, and autoimmunity. Therefore, apoptosis is very 

essential for keeping balance in the cell itself or tissue (Kerr, Wyllie, and Currie 1972, 

239). 

Once apoptosis is initiated, the cell goes under several morphological and 

biochemical changes, and as a final destination, the programmed death of the cell is 

completed. Thus, different signaling pathways tightly regulate the activation 

mechanisms of apoptosis (Norbury and Hickson 2001, 367). The main cascade of the 

initiation depends on caspases activated extrinsically by death receptors such as TNF, 

FAS, or TRAIL by binding of their specific ligands or intrinsically by toxic drugs and 

radiation resulting in DNA damage.  
 

 

1.1.1. Pathways of Apoptosis  
 

 

Two main pathways; the activation of death receptors (extrinsic pathway) and 

stimulation of mitochondria by stress induction such as DNA damage or hypoxia can 

trigger apoptosis. Although these two initiation mechanisms seem as if they work 
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separately from each other, it appears that there is a link between them by influencing 

molecules in one mechanisms to the other (Igney, and Krammer 2002, 277). 

 

1.1.1.1.  Extrinsic Pathway 
 

 

The receptor-mediated apoptotic pathway is regulated by cellular membrane 

receptors called tumor necrosis factor (TNF) superfamily such as Fas, TNFR1/2, and 

TRAIL1/2 (Locksley et al. 2001, 487). These receptors contain a segment of 80 

different amino acids called the “death domain” thus they are also called as death 

receptors. After activation of these receptors by binding of their specific ligands, TNF 

receptor segment transmits the death signals across plasma membrane. In cytosol, the 

phosphorylation cascade of caspase proteins is turned on and activates firstly initiator 

caspases 2, 8, 10 and then effector caspases 3, 6, and 7 (Hsu, Xiong, and Goeddel 1995, 

495). At the last destination, apoptosis induced cells go through the execution phase 

(Kelliher et al. 1988, 297). 
 

 

1.1.1.2.  Intrinsic or Mitochondrial Apoptotic Pathway 

 

 
Stress-induced apoptosis known as intrinsic pathway mainly involves 

mitochondria bound proteins and their related couples. Intracellular apoptotic signals 

from a damaged cell can be triggered by diverse conditions or molecules such as heat, 

nutrient, binding of nuclear receptors, glucocorticoids, deprivation, radiation, infection, 

hypoxia, high intracellular concentration of free fatty acids and calcium concentration, 

as an example, causing the  damage of  the mitochondrial membrane (Rai et al. 2005, 

138). 

When cells are exposed to stress, intracellular signals are formed and activate 

the intrinsic pathway. This activation depends on the release of cytochrome C from the 

mitochondrial membrane, and then, initiation of caspase signaling pathway (Igney, and 

Krammer 2002, 277). The unleashed cytochrome c interacts with APAF1 that is one of 

the pro-apoptotic factors to form a complex with caspase-9 named apoptosome. The 
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apoptosome complex activates sequential events of caspases, leading to complete cell 

degradation (van Loo et al. 2002, 20). 

The intrinsic pathway is regulated by a variety of proteins. Bcl-2 family proteins 

play a central role during the organization of intrinsic apoptotic pathways. Three sub-

family of Bcl-2 known as pro-apoptotic, anti-apoptotic, and BH3-only proteins function 

to either stop apoptosis (anti-apoptotic) or turn on the apoptosis (pro-apoptotic) (Wajant 

2002, 1635). There is a dynamic balance between anti-apoptotic and pro-apoptotic 

protein members within the cell. BH3 proteins play a very important role to sense 

intrinsic signals to direct cells to death via programmed cascades, such that cytoskeletal 

elements collapse and DNA degrade (Saelens et al. 2004, 2861). One of the Bcl-2 

family members, BH3 reaches out to the mitochondrial membrane, causes inhibition of 

anti-apoptotic proteins, and triggers the pro-apoptotic proteins Bax and Bak (Green and 

Kroemer 2004, 626). When pro-apoptotic proteins are activated, Bak and Bax bind to 

the mitochondrial outer membrane to increase its permeability. Cytochrome c with pro-

apoptotic factors can easily release to the cytoplasm (Chinnaiyan 1999, 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1.The intrinsic and extrinsic apoptosis pathway. Apoptosis induction via the
death receptor can result in the activation of the extrinsic and intrinsic
pathways. Chemotherapy and radiotherapy-induced apoptosis is executed
via the intrinsic pathway inhibition and activation.   
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The second mitochondrial-derived activator of caspases (SMACs) proteins is 

also discharged from the mitochondrial membrane into the cytosol of the cell.  Proteins 

that inhibit apoptosis (IAPs) are inactivated via binding to SMAC.  Therefore, the 

inhibition of IAPs allows the proceeding of the apoptosis cascade (Koenig, Eckhart, 

and Tschachler 2001, 1150). Normally, IAP also suppresses cysteine protease activity 

consisting of a group of cysteine proteases, which causes cell disruption, called 

caspase. Thus, the actual degradation enzymes are indirectly regulated by 

mitochondrial permeability (Figure 1.1) (Kang et al. 2002, 1115). 

 

 

1.1.2. Execution Phase of Apoptosis 
 

 

Intrinsic and extrinsic pathways trigger the execution phase. At the execution 

phase, many caspases directly cause cell death. The main caspases are 6, 7 and 3 

(Schimmer 2004, 7183). Lethal doses of caspases proteins exist within each cell, but 

they become active when the apoptosis process initiates (Guo et al. 2018, 1193). 

Caspase-3 has a central position of all the caspases protein. It can cause chromatin and 

DNA degradation, interrupt intracellular molecules transport and cause cytoskeletal 

collapsing, as well as it causes interruption of cellular signals transduction and cell 

cycle. If the caspases 7, 6 and 3 are induced they cannot be inactive and cell death is 

confirmed. At the final stage of apoptosis, the cell fragments are produced and rapidly 

recognized by adjacent cells. The cell fragments are engulfed and digested by 

surrounding macrophages (Li et al. 1998, 491).  

 

 

1.2. The Regulation of Apoptosis  
 

 

Apoptosis is regulated by different stages of the cellular processes. In addition 

to the cascade involving caspase or Bcl-2 family proteins, awide variety of signaling 

pathways can initiate or inhibit apoptosis. Similar to all other biological processes, 

apoptotic processes are dependent on the regulation of gene/mRNA/protein cascade at 
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transcriptional and/or translational levels. Thus, the role of protein-coding and non-

coding genes is still one of the hot topics in apoptosis researches. Gene ontology 

database shows that 1532 protein-coding genes are annotated for positive and negative 

apoptosis regulation (Esposti 2002, 433). 58 anti- and pro-apoptotic protein-coding 

genes were experimentally validated in malignant plasma cells, these genes involved in 

the extrinsic apoptosis pathway, mitochondrial apoptosis pathway, caspases proteins, 

IAP protein family and other proteins (Rossi and Antonangeli 2014, 85).Non-coding 

RNAs such as microRNAs, circular RNAs and lncRNAs play a significant regulatory 

role in apoptosis mechanisms (Li et al. 2019, 1). However, there is no documented 

study to survey all different non-coding RNAs involved in apoptosis. In this study, we 

are focusing on lncRNAs as the main gene player in apoptosis. 

 

 

1.3. Non-coding RNAs  
 

 

RNA molecules have the ability to convey the genetic information encoded in 

the DNA into protein synthesis. These messenger functions make RNA an essential 

player in DNA/RNA/protein molecules. Only about 2% of the RNAs present within a 

human cell are protein-coding, the remainder being noncoding RNA (ncRNA). The 

majority of ncRNAs are transfer RNA (tRNA) and ribosomal RNA (rRNA). Both of 

them are involved in the translation process (ENCODE 2004, 636). As well as 

mitochondrial RNA (mt-RNA). In addition, significant work by the ENCODE 

Consortium to characterize a complete RNA profile of human cells has reported that 

62% of genomic bases is characterized as RNA molecules (Zhao et al. 2010, 939). The 

results approved the annotation of 13249 transcripts as long noncoding RNAs 

(lncRNAs) and other 20447 transcripts as protein-coding RNAs (Harrow et al. 2012, 

1760). The majority of active lncRNA genes are occupied by the same histone 

modifications as protein-coding genes, which are synthesized by the same RNA 

polymerase II transcriptional complexes, 5' capped and are often spliced with similar 

intron/exon size (Guttman et al. 2009, 223). Many lncRNA transcripts are 

polyadenylated (Derrien et al. 2012, 1775; Kapranov et al. 2007, 1484). Some lncRNAs 

are generated through other pathways and are not polyadenylated and supposed to be 
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transcribed by RNA polymerase III (Sana et al. 2012, 103) or removed during mRNA 

processing splicing step (Guil et al. 2012, 664). Still, most known lncRNAs and their 

biogenesis processes are indistinguishable from mRNA transcripts. The functional 

global analyses revealed that lncRNA transcripts are expressed more regularly at lower 

levels compared to mRNA transcripts in a cell-type-specific manner (Guil et al. 2012, 

664;Furuno et al. 2016, 537). Still, there is significant interference between the 

expression level of RNA transcripts and the distribution of coding and noncoding RNA. 

Only, their ability of protein-coding and conservation is distinguishing lncRNAs from 

mRNAs (Dinger et al. 2012, e1000176). 

 

 

1.4.  Long non-coding RNAs 
 

 

Long non-coding RNAs (lncRNAs) are longer than 200 nucleotides in length. 

They are widely expressed across the genome. However, they do not encode a protein. 

In the late 1990s and early 2000s, whole-genome, global analysis helped to estimate the 

scale of transcription as 75–90% of the human genome at some point during embryonic 

development (Rinn et al. 2003, 529; 529; Bertone et al. 2004, 2242; Ota et al. 2019, 40; 

Kapranov et al. 2010, 149; Djebali et al. 2012, 101). RNA sequencing analyses assume 

that alternative splicing of known protein-coding genes may explain the pervasive 

transcription (Mortazavi et al. 2008, 621; Sultan et al. 2008, 956; van Bakel et al. 2010, 

1).  

The new findings support the noncoding transcription in intergenic regions with 

a correlation with chromatin signatures, histone modifications or transcription factor 

binding at loci and dependence of expression level of those noncoding on these 

transcription factors (van Bakel et al. 2011, 1; Guttman et al. 2009, 223; Guttman et al. 

2011, 295). Today, according to these studies, many novel and promising lncRNAs 

have been revealed. However, the numbers of identifying lncRNA transcripts are a few 

thousand, which is insufficient to explain the “C-value enigma” 75–90% of the whole 

genome. Although the idea of transcriptional noise (Hüttenhofer, Schattner, and 

Polacek 2005, 289) is still stronger evidence in the field, even in the early 1990s, 

several lncRNAs were involved in epigenetic regulation of H19 (Brannan et al. 1990, 

28). and Xist, were discovered (Brown et al. 1991, 82). 
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1.4.1. The Functional Roles of lncRNAs  
 

 

Currently, our understanding of the functional roles of lncRNAs are still 

limited. Several lncRNAs were functionally characterized, and shown to have many 

important roles in various processes. Until now, several studies have shown that 

differential expressed lncRNAs are linked with many diseases and development 

processes. However, the major bulk of lncRNAs needs further characterization (Li and 

Chen 2013, 1895; Sun et al., 2013). 

lncRNAs are appearing as the major bulk of regulators of embryonic 

pluripotency, cellular differentiation and patterning of the body axis (Sun. et al., 2013; 

Guil and Esteller 2015, 248). lncRNAs function as molecular platforms regulating 

histone modifications and influence the epigenetic platforms of the transcriptome. 

Studying the expression patterns of lncRNAs will be a vital method for understanding 

and accepting the roles they play in many model systems (Wu et al. 2013, 956).  

lncRNAs have been found to display a wide range of functions fluctuating from 

signaling, serving as molecular decays, and guiding ribonucleoprotein complexes to 

specific chromatin sites. They also act as scaffolds during formation of transcriptional 

machinery complexes as seen in Figure 1.2 (Yoon, Abdelmohsen, and Gorospe  2013, 

3723; Wang and Chang 2011, 904). 

Some of the lncRNAs play important roles during dosage compensation and 

genomic imprinting in X chromosome (Lyon 1961, 372). The X-inactive specific 

transcript (Xist) (17-kb) is overexpressed from a cluster of lncRNA loci of the X-

inactivation center, in the inactive X chromosome (Tsai et al. 2010, 689). During X 

chromosome inactivation, the Xist region acts as a scaffold for the recruitment of 

silencing factor polycomb repressive complex-2 (PRC-2) and other silencing factors 

(Clemson et al. 1996, 259; (Zhao et al. 2008, 750). Another key role of lncRNAs is in 

genomic imprinting (Edwards et al. 2007, 281; Wan and Bartolomei 2008, 207).There 

are specific genome loci, imprinting control regions, like in X chromosome inactivation 

where many lncRNAs are expressed. Both protein-coding and lncRNAs are 

reciprocally expressed, and lncRNAs may control the imprinted expression of 

neighboring protein-coding genes by recruiting epigenetic factors such as G9a and 

PRC-2 (Nagano et al. 2008, 1717; Pandey et al., 2008; Zhao et al. 2010, 939). 
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Other than epigenetic regulatory function, lncRNAs have a key role during 

organogenesis and embryonic development. Moreover, lncRNAs have significant roles 

in controlling of pluripotency to lineage specification. The transcription factors of 

pluripotency (e.g., Oct4, Nanog, and Sox2) were regulated by lncRNAs (Hawkins and 

Morris et al. 2010, 165). A number of lncRNAs such as HOTTIP, Mistral and HOTAIR 

are encoded within Hox genes, these genes are essential for anterior–posterior polarity 

detection, so that the lncRNAs regulate expression of Hox genes (Pearson, Lemons, 

and McGinnis 2005, 893; Bertani et al. 2011, 1040). Numerous lncRNAs are correlated 

with different kinds of diseases, especially in cancer (Gutschner and Diederichs 2012, 

703). ANRIL, PCAT-1, MALAT-1 and HOTAIR lncRNAs are upregulated in different 

cancer cell lines and contribute to metastasis and invasion progression (Gupta et al. 

2010, 1071). There are many lncRNAs play a functional role in DNA damage and in 

apoptosis, PANDA and lincRNA-p21, upregulated via p53 upon DNA damage 

(Prensner et al. 2019, 742). 

 

 

Figure 1.2. The functions of lncRNAs during gen transcription. A- the function of 
signaling to activate the gene. B- Molecular decoy function for gene 
repression. C- Guides function of lncRNA to mediate chromatin 
modification. D- LncRNA is one of scaffold component and act on 
chromatin structure 

C D 

A B 
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1.4.2. The Action Mechanisms of lncRNAs 
 

 

There is a few numbers of lncRNAs studied in detail while we know many of 

them. According to up-to-date knowledge, they are classified into different groups 

according to biotype (St Laurent, Wahlestedt, and Kapranov 2015, 239). One of the 

major bulks of lncRNA groups in intergenic these lncRNAs act as tethers, recruiters 

and scaffolds. They promote the recruitment of specific proteins that regulate 

chromatin states by recognizing the cis sequences (Hun et al. 2011, 621). 

lncRNA can involve the regulation of transcriptional processes by binding on 

cis-acting sequences present in neighbour genes or organizing the trans-acting proteins 

in the related gene site (Campos and Reinberg 2009, 559). Chromatin-remodeling 

complexes, such as PRC2, are investigated to reveal their interaction with a different 

number of lncRNAs (Zhao et al. 2010, 939). Due to some chemical and physical 

features of lncRNAs, they are excellent candidates for cis-acting recruiters, but still, 

trans-action has been insufficiently defined. 

lncRNAs can serve as structural scaffolds to form speckle and paraspeckles 

nodules involved in the formation of the nuclear domain. LncRNAs have an essential 

role as regulators of nuclear compartments (nuclear bodies) that exert essential 

functions in the nucleus (Mao, Zhang, and Spector 2011, 295). Other lncRNAs are 

related to the function and structure of the nucleolus membrane, and other nuclear 

compartments (Zhang et al. 2007, 67; Chen et al. 2009, 467). Certain lncRNAs 

(NEAT2 and MALAT-1) promote splicing factors proper localization to nuclear 

speckles and may have a significant role in alternative splicing of certain mRNA 

(Bernard et al. 2010, 3082; Tripathi et al. 2010, 925).Thus, there is a complex 

formation among lncRNAs, chromatin-modifying factors, cell-signaling pathways, and 

nuclear bodies during gene expression regulating (Zhang et al. 2015, 437). 

Where RNA polymerase II (RNAPII) becomes trapped downstream of the 

transcriptional start site (TSS) and unable to be liberated to resume the elongation 

process is called transcription pausing and many lncRNAs are involved in this pausing 

(Beltran et al. 2008, 756). The second level of lncRNA-directed regulation is by (Co) 

transcriptional control. RNAPII recruitment, transcription factors or/and co-factors to 

gene promoters is activated or inhibited by lncRNAs.  
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During RNA-mediated chromatin modulation, lncRNA interact with one or 

more of chromatin-modifying complexes to promote activation or repression of certain 

gene (Zhang et al. 2015, 437). Chromatin may be also modulated by a transcription-

mediated chromatin modulation mechanism in which lncRNA can interact with one of 

the chromatin remodeling complex and carboxy-terminal domains (CTD) of RNAP II 

(Khaitan et al. 2011, 3852). In the chromatin modulation, the transcription process is 

repressed. However, if lncRNA interacts transcriptional machinery through RNAP II 

the transcription process is activated (Figure 1.3) (Lopez-Pajares et al. 2015, 693).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. The functions of lncRNAs during chromatin modulation. A- RNA-mediated 
chromatin modulation. B- transcription-mediated chromatin modulation that 
activates the transcription C- repression of transcription process via lncRNA 
function by transcription-mediated chromatin modulation. 
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Figure 1.4. Transcription regulation by lncRNAs. A- lncRNA bind to RNAPII to repress 
transcription B- lncRNA bind to DNA duplex to hold up the binding of the 
pre-initiation complex to the promoter. C- lncRNA bind to transcription 
regulator to modulate transcription D- In the cytoplasm, lncRNA binds to 
transcription regulator with transporter factor and directed to the nucleus for 
gene regulation to modulate transcription. 
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lncRNAs can control the transcription process through general transcription 

machinery modulation by targeting RNAP II and cause disruption and holding up the 

RNAP II binding sides to the preinitiation complex. The second scenario to repress the 

transcription process is the binding of lncRNA directly to DNA duplex to hold up the 

formation of pre-initiation complexes in the promoter part (Beltran et al.  2008, 756). 

On the other hand, lncRNAs can modulate transcription by specific transcription 

machinery. LncRNA can target transcription regulators (repressors or activators). In 

this way, the transcription processes could be activated or repressed by formation 

regulator-lncRNA complex binding to pre-initiation complex (Figure 1.4) (Annilo, 

Kepp, and Laan 2009, 81). 

Several studies investigated the various functions and roles of lncRNAs during 

mRNA processing, stability metabolism, and transport. lncRNAs involve in post-

transcriptional regulation by mediating alternative splicing and cause overlapping 

transcripts by forming RNA duplexes that inhibit the splicing process (Yoon et al. 

2005, 195). Natural antisense transcripts (NATs), generally produced from the 3’-

untranslated region (3’-UTR) certainly involve instability of its antisense by recruiting 

other factors leading to the destabilization or stabilization of the transcripts (Barreau, 

Paillard, and Osborne 2006, 7138). lncRNAs, specifically NATs, may even play an 

effective role in translational regulation of their mRNA targets by binding to translation 

initiation factors through the competing endogenous network formation (Ebralidze et 

al. 2008, 2085). RNA duplex formation of sense-antisense strand connection is one of 

the mechanisms that may be possible to explain to use the transcript-mediated gene 

regulation mechanism (Krystal et al. 1999, 1480). 

 
 

1.4.3. lncRNAs in Apoptosis 
 

 

lncRNAs are globally distributed, in whole human genome, and significantly 

involved in cellular functions such as cell growth, survival, proliferation, and 

programed cell death (Ling, Fabbri, and Calin 2013, 847). Generally, lncRNAs regulate 

cell division via targeting cell cycle related complexes such as cell cycle-associated 
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cyclins (CACs), cyclin-dependent kinases (CDKs), or/and CDK inhibitors 

(DeOcesano-Pereira et al. 2016, 8343). 

lncRNAs serve as guides or/and scaffolds for chromatin-modifying complexes 

and can act as signals that responding to DNA degradation (Fatica and Bozzoni 2014, 

12). In addition, lncRNAs function as microRNA and protein decays, as well as 

lncRNAs implicated in cell division by modulating pro-oncogenes, oncogenes and/or 

tumor suppressors (Li et al. 2016, 1). lncRNAs play precious regulatory role as anti-

apoptotic lncRNAs such as PCGEM, LincRNA-EPS, PANDA, AFAP1-AS1, SPRY4-

IT1, PlncRNA-1 and HOXA.AS2. Otherwise LncRNAs play essential regulatory role 

as pro- apoptotic lncRNAs such as CCND, MEG3, LOC401317, UC002mbe.2, 

lincRNA-p21 and GAS5 (Rossi and Antonangeli, 2014). 

LncRNA INXS is a critical regulator of programmed cell death.  

Overexpression of lncRNA INXS causes a shift in splicing toward BCL-XS and 

activation of caspases 9, 7, and 3. These caspases drive the cell to apoptosis 

(DeOcesano-Pereira et al. 2016, 8343). A definitive number of lncRNAs are thought 

to have a regulatory role in apoptosis; however, the total number of lncRNAs that 

involved in apoptosis is still insufficient. The currently identified anti- and pro-

apoptotic lncRNAs were detected under specific conditions. Nevertheless, pathway-

specific and total lncRNAs need to be screened and defined with systematic and 

comprehensive methods. 

In this study, apoptosis were triggered by four different drugs (cisplatin, 

doxorubicin, TNF-α and anti-FAS). The differential expressed lncRNA candidates 

were identified and annotated to cellular apoptosis pathways via gene ontology. 

LncRNAs antisense types (GTF2A1-AS, CAMTA1-DT, and TNFRSF10B-AS) were 

chosen for molecular characterization to test the putative function of each candidate in 

apoptosis. In addition, lncRNAs-miRNAs interactions were investigated during 

apoptosis trigger in the HeLa cell LncRNAs can act as miRNA sponges, reducing the 

miRNAs regulatory effect on their mRNA targets and lncRNAs may cause degradation 

of miRNA by target mediated miRNAs (Huntzinger and Izaurralde 2011, 99). These 

functions introduce an extra additional layer of complexity in the miRNA–target 

interaction or regulatory network (Hansen et al. 2011, 4414). lncRNA and miRNA 

were experimentally validated by RT-qPCR. 
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1.5. Objectives of The Study 
 

 

1.5.1. Bioinformatic Analysis of RNA-seq Data 

  
Under stress conditions such as apoptosis, the eukaryotic cell's gene 

expression responds to stress by up or downregulation patterns.  

  

A. Differential expression analysis of lncRNA in induced-apoptosis HeLa cells 

lncRNAs could be differentially expressed under apoptosis condition, and 

transcriptomic sequenced data by next-generation sequencing can identify DE 

lncRNAs.  

 

B. Gene set enrichment analysis of differential expressed lncRNAs 

DE lncRNAs under apoptosis condition were be filtered based on gene 

ontology resources, and the filtered DE lncRNAs were linked to biological 

phenotypes via gene set enrichment analysis. 

  

C. Reconstruction of miRNAs-lncRNAs double targeting network 

The regulatory networks of lncRNA-miRNA in apoptosis suggest that a novel 

lncRNA candidate that targeted by miRNAs to form network complexes expand our 

understanding into the mechanisms involved in the apoptosis. 

 

D. Experimental validation of selected candidates of miRNAs that targets 

lncRNAs 

The selected lncRNA –miRNA targeting complexes may be interacting via 

different patterns such as 1. Sponge competing endogenous RNA (sponge ceRNA) or 

2. lncRNA dependent miRNA decay or 3. miRNA-mediated lncRNA degradation. 

The interaction pattern between lncRNAs and miRNAs under apoptosis condition 

would clarify and expand our understanding of the mechanisms involved in the 

programmed cell death. 
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1.5.2. Molecular Characterization of lncRNA Candidates 

 
Molecular charactrization of selected cadidates (GTF2A1-AS, CAMTA1-DT 

and TNFRSF10B-AS) may clearfiy the regulatory role of each candidate during 

apoptosis. 

A. Structural molecular characterization of lncRNA candidates 

Detection of 3'-end could clarify if the lncRNAs have poly(A) signals that may 

be involved in RNA transport to the cytoplasm and keep RNA from degradation. 

Additionally, detection of 5'-end could indicate if the lncRNAs have TATAA box in 

the promoter region or these lncRNA candidates are TATAA-less promoter genes or 

not. Detection of 3' and 5'-ends with demonstration of the physical shape, expression 

levels in tissues and mapping of lncRNA candidates into genome may help to 

understand molecular mechanisms that recruit lncRNA candidates in apoptosis.  

 

B. Functional characterization of lncRNA candidates 

The functional charactrization of selected cadidates may expand the 

understanding the regulatory role during apoptosis mechanims. 

 

i. Subcellular Localization of   of lncRNA candidates 

lncRNA candidates may be located in the nucleus or/and in the cytosol. The 

localization depends upon the molecular function of the candidates. 

 

ii. Coding potential calculation of lncRNA candidates 

lncRNA may has a coding potential and encode for a protein. Open reding 

fram (ORF) number and length per transcript length can indicate for fickett score and 

coding probability of each lncRNA candidate. 

 

iii. Identification of TNFRSF10B-AS binding protein(s) 

TNFRSF10B-AS   may interact with protein(s) that can form a complex and 

may determine the potential function of TNFRSF10B-AS. In addition, this complex 

may drive or chromatin stability or to be implicated in RNA processing or 

transcription-translation steps during apoptosis.   
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CHAPTER 2 
 

 

MATERIAL AND METHODS 
 
 

2.1. Cell Culture and Drug Treatment 
 

 

Frozen  Henrietta Lacks's cells (HeLa cells) were thawed within 1–2 minutes 

with gentle agitation in a 37 °C water bath and the thawed cell suspension transferred to 

15 ml falcon tube containing 1 ml of growth medium, the cells were collected by 

centrifugation at 1000 rounds per minute (RPM) for 5 min at room temperature (RT). 

The growth medium was removed by aspiration and the cells were resuspended by 

pipetting in 15 ml of fresh growth medium in RPMI 1640 media (Gibco, USA). The 

suspended cells were transferred into a T-75 TC tissue culture flask (Sarstedt, 

Germany) which was placed in a humidified incubator with 5% CO2 in the air at 37 °C. 

The HeLa cells were passaged when the culture reach 90-95% confluence and seeded 

every three days with 1/3 (2x106 cells). The cell culture medium was supplemented 

with 1% penicillin-streptomycin and 10% inactivated fetal bovine serum (Gibco, USA). 

Cell death was induced by cis-diamminedichloroplatinum II (cisplatin) 

(SantaCruz, USA). The drug treatments were performed using 6-well plate (Sarstedt, 

Germany) or tissue culture flask (Sarstedt, Germany). 0.25x106 cells and 0.85x106 cells 

were seeded per well and flask, respectively. Time-dose kinetics experiments were 

performed to continue experiments with an effective time intervals and doses. All 

experiments were performed at least three times and the results were analyzed by using 

Student’s t test, statistically. Subsequent experiments were set to 80 μM for 16 hr.  

Cisplatin stock solutions (80 μM) were freshly prepared in dimethyl sulfoxide (DMSO) 

in every drug screening experiment due to its chemical instability. Due to the toxic 

effect of DMSO on HeLa cells, DMSO treated group used as a negative control. 
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2.2. Measurement of Apoptosis 
 

 

Time- and dose- kinetics were carried out for cisplatin treatment and the cells 

were analyzed with Flow Cytometry (Applied Biosystems, USA). Annexin V (BD, 

USA) and 7-Aminoactinomycin D (7-AAD) (BD, USA) were used as markers in 

apoptosis detection. 7AAD (BD, USA) was diluted 1:10 with phosphate-buffered saline 

(PBS) (Gibco, USA) and Annexin V (BD, USA) was diluted 1:5 with PBS as well. 

Cisplatin treated and untreated cells were harvested with 0.25% Trypsin-EDTA (Gibco, 

USA) and washed twice with ice-cold PBS (Gibco, USA). After the removal of PBS 

from the last wash, cells were suspended in 50 μl annexin binding buffer. Further, 10 μl 

Annexin V and 10 μl 7AAD were added into the mixture. Reactions were incubated in 

dark at RT and apoptosis rates were analyzed by using Flow Cytometry (Applied 

Biosystem, USA). Annexin V+/7AAD- cells were considered to be at the early stage of 

apoptosis, and Annexin V+/7AAD- cells were considered to be at the late onset of 

apoptosis. Annexin V-/7AAD+ signal indicated dead cells and Annexin V-/7AAD- cells 

were considered to be alive.  

 

 

2.3. Total RNA Purification 
 

 

Total RNA was isolated by TRIzol™ reagent (Life Technologies, USA). After 

cisplatin treatment, cells were harvested with 0.25% Trypsin-EDTA (Gibco, USA) and 

washed twice with ice-cold PBS. 1 ml Trizol™ reagent was used for RNA isolation 

from 10x 106 cells. After cells were homogenized with Trizol™ reagent, the samples 

were incubated for 5 min at RT. 200 μl chloroform was added to samples, which were 

shaken vigorously by hand, incubated for 10 min at RT. The samples were centrifuged 

at 12000 g for 15 min at 4 °C. The clean top aqueous layer was transferred into another 

RNase free eppendorf. The transferred RNA was precipitated and washed before the 

elution step. For RNA precipitation, 0.5 ml isopropanol was added to the aqueous 

phase and vortexed for 15 sec and incubated for 10 min at RT before centrifugation at 

12000 g for 10 min at 4°C and supernatant was discarded. Further, precipitated RNA 
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washed with cold 1 ml 75% EtOH (25% DEPC water) and centrifuged at 12000 g for 

10 min at 4 °C  Lastly, RNA was dissolved in 50 μl RNase free water and measured by 

using NanoDrop 1000 (Thermo Scientific, USA). 

 

 

2.4. DNase Treatment for RNA 
 

 

To eliminate genomic DNA contamination, TURBO DNA-free TM kit (Thermo 

Scientific, USA) was used. 1 μl deoxyribonuclease 1 (DNase I) enzyme was added 

with 2.5 μl DNase I buffer to RNA samples as the reaction size was 25 μl, the sample 

was mixed and incubated at 37 °C for 30 min. DNase inactivation beads were added 

and mixed gently. Then samples were incubated for 2 minutes at RT and 11000 g for 2 

min 4 °C the integrity of DNAase treated nuclear RNA was checked by agarose gel 

electrophoresis. 
 

 

2.5. RNA Deep Sequencing  
 

 

The RNA integrity was checked befor shipping to the company that provide the 

RNA deep sequencing services. RNA sequencing had been performed by FASTERIS 

(https://www.fasteris.com/dna/). 
 

 

2.6. Bioinformatic Analysis  
 

2.6.1. Strategy and Approaches of RNA–Seq Data Analysis 

 

 
The workflows start with adaptor trimming and then perform alignment and 

assembly of reads, followed by applying customized algorithms for a particular 

analysis goal for quantification of genes expression.  
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The pipeline of RNA-seq data analysis had been applied by the OmicsBOX 

bioinformatic platform based on  STAR aligner and DEseq2 in the pipeline Typically, 

Figure 2.1. RNA-seq analysis workflow and designed pipeline.  A. workflow These 
diagrams clarify the principle and approach of RNA-seq data analysis 
B. designed pipeline for differential expression analysis. 

A 

B 
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this pipeline of RNA quantification analysis measures gene level expression 

in   DESeq raw read count, fold change (FC) values are generated through this pipeline 

by first aligning reads to the GRCh38 reference genome and then by quantifying the 

mapped reads (Figure 2.1). 

The alignment procedure consists of RNA-seq data read mapping to reference 

human genome and performing alignment using Spliced Transcripts Alignment to a 

Reference (STAR). OmicsBOX software tools use STAR as a genome-guided 

alignment for transcript reconstruction. 

 

 

2.6.2. Differential Expression and Quantification of Transcripts 
 

 

The used tool is DESeq to compare lncRNA expression levels between control 

and apoptosis, this tool uses a model based on a statistical analysis of the negative 

binomial distribution. 

  

 

2.7. Gene Set Enrichment Analysis  
 

 

Gene set enrichment analysis (GSEA) is used to classify the proteins or genes 

that are represented in a large set of proteins or genes, and this method an associate 

between genes with diseased phenotypes (Subramanian et al., 2007). GSEA can 

converge of concepts of the analyzed output of bioinformatic data into biological 

meaning, as well as it can recover a functional profile of that gene set, so as to better 

understand the biological processes. GSEA tools use statistical approaches to identify 

significantly enriched groups of genes. GSEA of the differentially expressed genes 

were analyzed directly by OmicsBOX software and from the gene ontology (GO) 

websites such as http://geneontology.org/ and https://biit.cs.ut.ee/gprofiler/convert. The 

analyzed profile of GSEA of differentially expressed lncRNA transcripts derives their 

information from the source of gene ontology, biological pathways, regulatory motifs, 

protein databases, and human phenotype ontology database. 
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2.8. Reconstruction of miRNA-lncRNA Targeting Network 

  
 

Cytoscape strongly supports restructure the regulatory network in system biology, 

genomics, transcriptomics, and proteomics. With Cytoscape we can load protein-

protein, lncRNA-protein and lncRNA-miRNA interaction data sets in Graph Markup 

Language, BioPAX, GraphML, SBML and Excel Workbook formats (Su et al. 2014, 

8). In this study, Cytoscape software was used for reconstructing the regulatory 

targeting network of miRNAs that target differentially expressed lncRNA transcripts 

 

 

2.9. Cytoplasmic and Nuclear RNA Purification 
 

 

According to the manufacturer’s instructions cytoplasmic & nuclear RNA 

purification kit (Norgen, Canada). 200 μl Lysis buffer J added to the cell palates (2.8 - 

3x106 cells) and the lysis buffer was mixed very gently for 1-2 minutes and incubated 

on ice for 10 min, and centrifuged at maximum speed in a benchtop centrifuge 18000 g 

for 10 min at 4 °C  and supernatant (cytoplasmic RNA) were transferred very carefully 

into new Eppendorf. Then 200 μL lysis buffer SK was added to the supernatant and 

400 μL lysis buffer SK was added to the pellet (nuclear RNA). The samples mixed by 

pipetting. Further, 200 μL of absolute RNAs free alcohol was added. 

Column and collection tubes were used for binding RNA to the column. The 

cytoplasmic and nuclear samples were transferred to the column for centrifuge 6000 g 

for 3 min at 4 °C. The samples were washed three times by washing with solution A. 

every time 650 μL washing buffer was used. The collection tube was removed and the 

column was left in the air for 10-15 min for drying. 50 μL of elution buffer was added 

to the air-dried column and centrifuged immediately at 2000 g for 3 min at 4°C. Quality 

control of total, cytoplasmic and nuclear RNAs was checked by agarose gel 

electrophoresis. 
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2.10. Real Time-Quantitative PCR (RT-qPCR) Assay 
 

 

RT2 lncRNA qPCR (200) kit (Qiagen, Germany) includes a proprietary genomic 

DNA elimination mix for each RNA sample to remove any residual DNA 

contamination in nuclear RNA samples before cDNA synthesis. The first strand cDNA 

synthesis kit was used for cDNA synthesis. RT2 SYBR master mixes and genome-

specific primers (GSP) for lncRNA candidates were used in RT-qPCR assay. 

The cytoplasmic and nuclear RNA, were purfied from cisplatin and DMSO 

treated cells. The quantitative relative expression of lncRNA candidates (GTF2A1-AS, 

CAMTA1-DT and TNFRSF10B-AS) were dtected via 1 μg RNAs (cytoplasmic and 

nuclear RNAs) were converted into cDNA using the RT² first strand Kit (Qiagen, 

Germany) followed by qPCR assay. The expression levels of lncRNA candidtes 

DDIAS-212, APEX2-202, RAB22A-202, PARD3-211, AC027237.1-210 and CD59-

209 were determied by RT-qPCR in apoptosis condition.  In addition the total RNA 

were purfied from HeLa cells afetr overexpression of miRNA cadidated miR-124-3p 

and miR-519d-3p The expression levels of mentioned lncRNA candidtes were 

detecred. RT-qPCR reactions were set up according to the manufacturer’s instructions 

using RT²lncRNA qPCR assays (Qiagen, Germany). 

PCR cycling were performed by the addition of 1 μl cDNA to 12.5 μl RT2 

SYBR Green master mix and the reaction sizes were 25 μl. In this PCR component mix 

1 μl of RT2 –qPCR primer assay (10 μM) was added to the PCR cocktail. The cellular 

localizations of GTF2A1-AS, CAMTA1-DT and TNFRSF10B-AS  were determined 

via RT-qPCR using cytoplasmic and nuclear markers. Genome-specific primer (GSP) 

for lncRNA candidates was provided from Qiagen as GTF2A1-AS (Qiagen Cat., 

LPH00619A-200), TNFRSF10B-AS (Qiagen Cat., LPH15855A-200) and CAMTA1-

DT (Qiagen Cat., LPH13091A-200). The level of expression of lncRNA candidate was 

measured relative to the expression level of cytoplasmic maker GAPDH (Qiagen Cat., 

LPH31725A-200) and nuclear marker MALAT-1 (Qiagen Cat., LPH18065A-200).  

The second group of lncRNAs that targetted by miRNAs aslo their expression levels 

were estimated by RT-qPCR and Qiagen provided the GSP such as DDIAS-212 

(Qiagen Cat., LPH37540A-200), APEX2-202 (Qiagen Cat., LPH38210A-200), 

RAB22A-202 (Qiagen Cat., LPH32919A-200), and PARD3-211 (Qiagen Cat., 
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LPH35659A-200), AC027237.1-210 (Qiagen Cat., LPH34435A-200) and CD59-209 

(Qiagen Cat., LPH29912A-200). 

In RT2-qPCR, the annealing and extension steps were merged in one step and 

cycle numbers were 40 cycles. RT- PCR assay enables us to calculate the ΔΔCT and 

differential expression of lncRNA candidates. All experiments was performed three 

different biological replicates and statistical analyses were performed by Student’s t-

test during calculation log2 fold change of each candidate under apoptosis condition. 

 

 

2.11. Transfection of mimics of miR-124-3p and miR-519d-3p  

 

 
HeLa cells were seeded before transfection in range of 75x103 cells/well in a 6-

well plate in antibiotic-free RPMI supplemented with 10% FBS. The second day, the 

cells grow up to 70-80% confluency. Mimic miR-124-3p (Qiagen Cat.No. 

MSY0000422), and mimic miR-519d-3p (Qiagen Cat.No. MSY0002853) 50 nM final 

concentration of mimics was used for the overexpression of miRNA candidates. The 

Fugene HD (Promega) was used as a transfection reagent (4.5 μl/well) for the 6-well 

plate. After thawing negative control siRNA (Qiagen Cat no. 1027280). Transfection 

reagent was added at last after being vortexed briefly. Transfection mixture volume was 

retained as 150 μl/well. The transfection reaction mixture (150 μl/well) is composed of 

transfection reagent: 4.5 μl/well (Promega cat no: E2311) and mimics miRNA volume 

for 50 nM (1.6 μl/well) RPMI without FBS is used up to 150 μl. The vortexed reaction 

mixture was incubated at RT for 15 minutes. The media of the cells were changed and 

the transfection mixture was added dropwise to the wells. Three biological replicates 

were created for negative control and test samples. Cells were incubated with a 

transfection mixture for 72 hr. Total RNA was purified after overexpression of miR-

124-3p and miR-519d-3p to check-up the expression level of their targets of lncRNA 

candidates. 
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2.12. Rapid Amplification of cDNA Ends (RACE) of lncRNA 

Candidates 
 

 

The amplified cDNA copies are ligated to the plasmid vector followed by 

transformation for subcloning. The successful ligated insert of lncRNAs were chosen 

for the sangar sequencing assay.  Based on the manufacturer’s protocol of 5'/3' RACE 

Kit 2nd generation (Roche; Cat.No. 03353621001) RACE-cDNA was synthesized.  The 

RACE approach for 5' ends detection is using genome-specific reverse primer1 

(GSRP1) for each candidate for cDNA synthesis and followed by ligation sequencing 

by addition poly (A) to 5' ends of cDNA. For amplification of cDNA genome-specific 

reverse primer 2 (GSRP2) with oligo d(T) anchored primer for  1st cycle of PCR 

reaction. Target enrichment of 5' end and product specificity increased by doing nested 

PCR or 2nd cycle PCR reaction via using genome-specific reverse primer 3 (GSRP3) 

(Figure 2.1.A). In RACE-PCR for 3’-end s detection, the oligo d(T) anchored primer is 

used for full length cDNA synthesis. Amplification of cDNA strand of each lncRNA 

candidate genome-specific forward primer 3 (GSFP2) with oligo d(T) anchored primer 

for 1st cycle of PCR reaction. Target enrichment of 5' end and product specificity 

increased by doing nested PCR or 2nd cycle PCR reaction (Figure 2.1.B) 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. A representative diagram of the RACE-PCR strategy. A- Strategy of 
identification of 5'-ends for lncRNA candidates. B- Strategy of 
identification of 3'-ends. Line in blue color is RNA strand, red line at 5' 
-ends is ligated sequences to cDNA, the red line in 3'-ends is anchor 
sequences to oligo d(T), lines in green color are amplified cDNA ends. 

A 

B 



25 
 

2.12.1. Amplification of the cDNA 3' and 5'-Ends of lncRNAs 

 

 
A positive control synthetic RNA strand and used for detection of 3’ and 5'-

ends as a positive control samples. Rapid amplification of cDNA 3' and 5' ends of 

lncRNA candidates were performed as the manufacturer’s protocol. In this 

amplification reaction, the DNA Taq polymerase (Thermo Scientific, Phusion Hot Statr 

II Cat. No. #F-549S and Dream Taq polymerase Cat. No. #EP0702) was used because 

of its high fidelity. The First Amplification cycles of 3’ and 5'-ends of each lncRNA 

cadidates were amplified. Nested PCR rounds were applied to purified PCR products 

from the first round of the reaction. After the second cycle of PCR which aimed for 

increasing the specificity of the PCR product, the DNA product were extracted from 

agarose gels by using NucleoSpinGel and PCR Clean-up kit (MN, USA).  

Gel electrophoresis was used for separation and visualization of the RACE-PCR 

products. Agarose gels were prepared using a weight/volume percentage solution, the 

concentration of agarose in a gel was 1%. 1% EtBr was used to visualize amplicons 

under ultraviolet UV light. The samples were loaded into the gel wells and a 90-volt 

electrical current was applied for 60 min. After running, the gel was visualized for 3 sec 

under UV light with Alpha Imager (Model IS-2200, Alpha Imager High-Performance 

Gel Documentation and Image Analysis System).  After running DNA on the gel by 

electrophoreses the DNA products were extracted from the gels by using NucleoSpin 

Gel and PCR Clean-up kit (MN, USA). DNA fragments were excised by a clean 

scalpel from the gel using a UV machinery system. 200 μl NTI was used for dissolving 

100 mg agarose slices.  The samples were incubated for 10-15 min at 50 °C. The gel 

slice was completely dissolved by the vortex. 700 μL of each sample were loaded in 

silica column and centrifuged for 30 sec at 11000 g at RT. 700 μL of buffer NT3 used 

for washing of silica membrane one or two times. DNA were eluted by using 30 μl of 

elution buffer NE. DNA products were purified and prepared to be inserted into the TA 

cloning vector. 
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2.13.  3' and 5'-Ends Cloning Assay 
 

 

The inserted DNA was produced by PCR reaction by using Taq DNA 

polymerase (Dream Taq polymerase Cat. No. #EP0702). TOPO TA (Invitrogen, USA) 

is a linearized cloning vector with single, 3'-T overhangs to clone the PCR product into 

the TA plasmid vector. The PCR products were mixed directly with the TOPO vector 

in high proportion without ligation enzymes. TOPO® TA cloning reaction 3′ and 5′ 

ends of lncRNA candidates were performed according to the manufacturer’s 

instructions. Cloned TOPO plasmid was transformed into Escherichia Coli DH5α 

strain bacterial competent cells. 

The competent cells were chemically prepared by using CaCl2 solution and 

preserved in -80 °C.  The competent cells were placed on ice for just 5 minutes up to be 

thawed. DNA plasmid (TOPO plasmid with 3' and 5' ends of lncRNA candidate's 

insert) was placed form -20 °C into ice to be ready for transformation reaction. 2μl of 

recombinant DNA plasmid was transformed via 50 μL of competent cells. After 20 min 

ice incubation, the bacterial cells were exposed to heat shock (40-50 sec) in a water 

bath at 42 °C. The transformation mix was added into 400 μl SOC liquid media was 

incubated at 37 °C for 45 min. 50μl the transformant cells were spread on LB agar 

plates (dry IPTG/X-Gal coated media) with 100μg ampicillin antibiotics. The plates 

were incubated at 37 °C overnight (14-16hr). Once colonies had been grown in dry 

IPTG/X-Gal coated media, the white colonies were carefully selected and transferred 

into a 15 ml tube with 5-7 ml of cold LB liquid media contain 100 μg ampicillin 

antibiotic.  All samples were incubated for overnight (14-16hr) with shaking at 

incubator 37 °C. After white colony selection and incubation overnight in LB liquid 

media, the recombinant vectors were purified and digested by restriction enzyme to 

clarify and investigate the ligation of the correct insert the gene of interest. The 

recombinant plasmids which are TOPO plasmid with 3’ and 5’ ends of lncRNA 

candidates insert were purified by using NucleoSpin Plasmid kit (MN, USA) and 

samples were placed in -20 °C. The recombinant vectors were digested by restriction 

enzyme EcoR1 (Thermo Scientific, USA) to clarify and investigate the ligation of the 

correct insert of 3' and 5' ends to TOPO plasmid. EcoRI restriction enzyme digests 

DNA strand at restriction sites which have specific sequences of 5'-G*AATTC-3' to 

produce sticky ends.  
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2.14. 3' and 5'-ends Sequencing Assay 

 

 

The plasmid samples (TOPO plasmids with the isert of 3' and 5'-end) 

were shipped to the Biomer center( https://biyomer.iyte.edu.tr/) for applying 
Sanger sequencing. Cycling conditions of sequencing were adjusted according to the 

manufacturer’s instructions and   M13 forward primer was used for sequancing. 

sequencing assay by using 3730/3730 x l DNA Analyzer machine and the data was 

exported as ABI format chromatogram file (.ab1) as it was accessible by using Finch 

TV 1.4.0 software. 
 

 

2.15. Chromatin Isolation by RNA Purification   
 

 

Oligonucleotides ordered as anti-sense DNA probes as such as non-

fluorescently labeled probe (e.g. biotin-modified probe at 3'prime). Glutaraldehyde is a 

good preserver and fixative for RNA-Chromatin interactions and cell pellet will be 

resuspended in 1% glutaraldehyde, and lysis buffers were used to have cell lysate. 

 

 
Figure 2.3. A representative diagram of ChIRP procedures, for identification of lncRNA-

protein complexes 
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2.15.1. Probe Designing 
 

 

Probe design performed by online programs as www.singlemoleculefish.com. 

The RNA sequence of lncRNA candidates was inputted to the probe program designer 

and 10 different anti-sense oligo probes were selected according to basic standard 

parameter of probe designing as one probe per 100 nucleotides of RNA target, one 

probe CG content equal 45%, oligonucleotide length equal 20 bp and spacing length 

between designed probes from 60 up to 80 bp. Anti-sense biotinylated probes were 

labeled and divided into two groups (even and odd) so the odd group contains probes 

with numbers of  1, 3, 5, etc.  And that even group contains all probes which numbered 

with 2, 4, 6 etc. [Figure 3]. There are no oligo sequences from odd group have the same 

homology sequences longer than 13 bp with those of even group, this homology 

sequences were confirmed by using http://meme.nbcr.net/meme/.   

This allows searching for forwarding and reverse-complement probes sequence, 

and look for any significant overlap between oligos in opposite groups. Anti-sense 

DNA probes were synthesized with Biotin TEG at 3'end. Nuclease free water was used 

for dissolving and preparation of all probes at the same concentration (100 μM). The 

probe of lncRNA candidates GTF2A1-AS, CAMTA1-DT and TNFRSF10B-AS were 

10, 10, and 14 probes respectively, each candidate has odd and even probe group 

distributed alternatively along lncRNA strand (Figure 2.3). 
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Figure 2.4. A representative diagram of designed probe distributions along lncRNA 
strand. The odd group contains probes with numbers of 1, 3, 5, 7, 9, 11 
and 13 and even group contains all probes which numbered with 2, 4, 6, 
8, 10,12, and 14. A- 10 designed probe distributions along GTF2A1-AS 
strand B- 10 designed probe distribution of CAMTA1-DT. C- 14 
designed probe distribution of TNFRSF10B-AS. 
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2.15.2.  Cell Lysate Preparation 
 

 

For HeLa cells, 15 cm plates is approximately 2 x 106 cells were used for Cell 

seeding and after 24 hr the plates were treated with CP for trigger apoptosis. This drug 

treatment allows lncRNA candidate to be overexpressed. HeLa cells were trypsinized 

and harvested through washing by 10 ml of PBS RNase free and 5 ml of 0.25% trypsin 

–EDTA (Gibco, USA) were added for trypsinization. Trypsin has been overcome by 

adding 10 mL of fresh complete media to each plate and Centrifuged at 800 x g for 5 

minutes to pellet cells. 

30 mL volume of 1% glutaraldehyde PBS was prepared by mixing of 1.2 ml   of 

25% gluteraldehyde to 28.8 ml of RNase free PBS (Gibco, USA). The cell pellet was 

suspended in 20 ml of 1% glutaraldehyde PBS and pipetted up and down with at 

incubation at RT for 10 minutes. 2 mL of 10X glycine was added to each 20 ml of 1 % 

glutaraldehyde PBS to put out the excess of glutaraldehyde. The samples were mixed 

and incubated at RT for 15 min on shaker.  

The cross-linked cells were washed 2 times by cold PBS and centrifuged for 

removing medium as much as possible without disturbing the cell pellet and kept at -80 

°C or directed to cell lysis and sonication steps. 

The cell pellet that has been stored at -80°C was thawed on ice. The cell pellet 

was centrifuged at 2000 x g for 3 minutes at 4°C and the remaining PBS was removed 

by using a sharp pipette. Cell pellet has been weighed by electronic balance (accurate to 

1 mg) tare the mass of Cell pellet was calculated by the difference between empty 

microcentrifuge tube and filled one with cell pellet. Cross-linked HeLa cells typically 

weigh 100 mg for one ChIRP reaction. 1.0 mL of lysis buffer for each 100 mg cell 

pellet was prepared by adding 5 μL of RNase inhibitor (Part # CS216144) and 5 μL of 

200X Protease Inhibitor Cocktail III (Part No. 535140-1ML) to 1.0 ml of the lysis 

Buffer (Part No. CS216587). 1.0 ml of prepared complete lysis Buffer was resuspended 

with 100 mg cell pellet smoothly and gently. And to immediately samples were 

proceeded to sonication process to Shear DNA. 
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2.15.3.  Shearing DNA by Sonication  
 

 

Conditions of sonication were optimized to shear cross-linked DNA to ~500 -

100 bp in length. For this experiment, a water bath sonicator was used at 40 °C. All cell 

lysate from cross-linked cells with 1 ml complete lysis buffer in a 2 ml microcentrifuge 

tube. Non-sheared DNA 10 μl of the lysate were taken and after sonication for another 

10 μL of the lysate were collected every 30 minutes during sonication time. Sonication 

condition sitting were 4 °C in the water bath and sonicator impulse power was 65%, 15 

seconds ON, 45 seconds OFF.  The total timing of sonication was 8 hr which were 

sufficient enough for shearing DNA up to 100 bp length. Sonicated cell lysate was 

centrifuged at 14000 RPM at 4°C for 10 minutes. And supernatants were combined, 

aliquots into new microcentrifuge tubes and transferred in liquid nitrogen then kept at -

80°C for the following step of RNA immunoprecipitation. 

DNA was isolated from non-sheared and sheared chromatin and was checked 

out electrophoresis by running on 1% agarose gel.  RNA was isolated and RT-PCR for 

confirmation existence of lncRNA candidates in the cell lysate. 

 

 

2.15.4.  DNA Isolation From Cell Lysate  
 

 

Before sonication 5 μL of the cell, the lysate was taken as non-sheared DNA, 

and every 30 minutes 5 μL of cell lysate up to 6 hr sonication. All of these samples 

were collected for genomic DNA isolation. 5 μL non-sheared and sheared 90 μL 

Proteinase K Buffer were added for DNA and 5 μL of Proteinase K. Samples were 

mixed and spine down briefly and incubated at 50 °C for 45 min. 

PCR Purification Kit (Roche, Kat No. 11732668001). 200 μl DNA binding 

buffer was added to the previous mixture and transferred to column and collection tube 

were used for binding DNA molecules to the silica membrane, the samples were 

washed by washing buffer and centrifuged at 6000 g for 1 min at 40 °C. 20 μl elution 

buffer was used for eluting DNA. The sonication efficiency was tested by 

electrophoresis via running sheared and non-sheared DNA on 1% agarose gel. 
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2.15.5. The Enrichment of lncRNA Candidate 
 

  

Cell lysate includes sheared genomic DNA, total proteins, total RNA and other 

cellular components.  Before immunoprecipitation of our lncRNA candidates, it was 

necessary to confirm and detect the test of existence lncRNA candidates in cell lysate 

before RNA immunoprecipitation. Total RNA was isolated from 100 μL complete 

sonicated cell lysate and cDNA was synthesized for RT-PCR assay. 

After complete sonication of CP treated cross-linked HeLa cells total RNA was 

isolated by TRIzol™ reagent (Life Technologies, USA). 1 ml TRIzol™ was used for 

total RNA isolation from 100 μl of cell lysate. To eliminate the total RNA 

contamination with genomic DNA, the TURBO DNA-free TM kit (Invitrogen, Cat. 

AM1907) was used for this purpose. Reverse Transcription into cDNA it was 

performed by Thermo scientific cDNA synthesis kit (Thermo Scientific, USA) and 

random primers are designed for efficient first strand cDNA synthesis. GTF2A1-AS, 

TNFRSF10B and CAMTA1-DT candidate existence has been tested whether or not in 

the cell lysate via amplification of lncRNA candidates by RT-PCR 
 

 

2.15.6. RNA Pull-Down Assay 
 

 

Reaction sizes of ChIRP, for a typical one set reaction of ChIRP, of sonicated 

cell lysate (1 ml) is diluted with Complete Hybridization buffer (2 mL) in 15 mL tube. 

The amount of reaction size and sonicated cell lysate and were optimized for the 

experiment as long as the volume ratio of Complete Hybridization buffer to sonicated 

cell lysate was kept at 2:1. As well as the amount of probe was adjusted as for one set 

reaction of ChIRP, 100 pmol of total probe per 1 mL sonicated cell lysate (100 pmol 

=2μL of 50 μM total probe) is suggested. 120 μL of Streptavidin magnetic beads are 

recommended per 100 pmol of probes. Thus, the final reaction size was 2 μl of 50 μM 

total probe / 120 μl of Streptavidin Magnetic beads / 2 ml Complete Hybridization 

buffer / 1ml sonicated cell lysate. 10 μL RNA input of sonicated cell lysate was 

removed and place it into a microcentrifuge tube, this 10% of RNA that was used as 

control sample for lncRNA candidate enrichment after precipitation with streptavidin 
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beads.  2 ml of Hybridization Buffer were warmed to 37 °C to dissolve precipitates, 

300 μL of formamide were added to 1.7 mL of hybridization buffer and for protection, 

the protein target and lncRNA from lysis 10 μL of 200X Protease Inhibitor Cocktail III 

and 10 μL of RNase inhibitor were added to mix well respectively. 2 mL of complete 

hybridization buffer were added to1 mL sonicated lysate in 15 mL conical tube and 

probes were thawed at RT (100 pmol of probe) and added to sonicated lysate with 

complete hybridization Buffer and all of the mixtures were incubated at 37 °C for 4 hr 

with vertical rotation to hybridize probes to lncRNAs. 

During this time of incubation, Streptavidin Magnetic Beads was prepared for 

even, odd and negative control groups. 120 μl of streptavidin magnetic beads were 

added in the microcentrifuge of even, odd and negative control groups. These beads 

were suspended in 1 mL of lysis buffer that used in the cell lysis step.   The streptavidin 

magnetic beads washed 2 times by using the magnetic separator kit were used to 

separate magnetic beads from lysis supernatant. Streptavidin magnetic beads were 

resuspended in 100 μL of Complete Lysis Buffer (99 μL of Lysis Buffer 0.5 μL of 

200X Protease Inhibitor Cocktail III + 0.5μl of RNase inhibitor). 

The prepared 100 μL of streptavidin magnetic beads was mixed with a 

hybridization reaction that were incubated for 4 hr and this new mixture was re-

incubated 30 minutes at 37 °C with constant rotation or mixing. Washing Buffer was 

incubated at 37 °C to be warmed and 25 μl of 200X Protease Inhibitor Cocktail III were 

added to 5 mL Washing Buffer. 

The ChIRP reactions were centrifuged and placed to magnetic separator for 5 

minutes, the supernatant was discarded carefully without disruption of the magnetic 

beads. magnetic the beads washed more 4 times using 1 ml of pre-warmed washing 

buffer for each washing time. After completing the washing process beads by gently 

pipetting many times to completely resuspend in 1 mL of washing buffer. 100 μl of 

bead suspension from each reaction were transferred into 1.5 ml micro-centrifuge 

tubes, this sample was used for RNA isolation. The remaining 900 μl of bead 

suspension was used for protein isolation. RNA and protein micro-centrifuge tubes 

were incubated at 37 °C for 5 min with mixing, then placed on a magnetic separation 

stand for 1 min. these samples were centrifuged and the washing buffer was removed 

with a sharp 10 -20 μl pipette tip and immediately proceed to RNA isolation and 

protein the samples could be stored in -80 °C some period before isolation. 
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2.15.7. Beaded RNA Purification  
 

 

This step is very important for quality control of ChIRP that in that step RNA 

was purified to check the existence of lncRNAs (GTF2A1-AS, CAMTA1-DT, and 

TNFRSF10B-AS). QIAGEN miRNeasy® Mini Kit RNA isolation form beaded and 

RNA input sample (10% Input) that collected after sonication and before hybridization 

step. 100 μL bead samples collected washing beaded mixture. 100 μL of bead sample 

and 10 μL RNA Input sample resuspend with 95 μL of proteinase K buffer for RNA 

(Part. #CS216567) by respectively and 5 μL Proteinase K (Cat. # CS207286) were 

added to each tube. 

Samples were incubated at 50°C for 45 minutes with regular rotation. Samples 

briefly centrifuged and re-incubated for 10 minutes at 95°C and placed on ice for 2 

minutes. 0.5 mL of TrizolTM Reagent was added to each tube with incubation at RT for 

10 minutes. 100 μL of chloroform was added to each tube and Centrifuged at 16000 

RPM for 15 minutes at 4°C. The upper aqueous phase was removed and transferred to a 

new microcentrifuge tube contains 100 % ethanol (1.5 volume of aqueous phase). 

QIAGEN miRNeasy Mini column and a 2 mL collection tube were used for RNA 

purification, samples were centrifuged at ≥8,000 x g for 15 second at RT. Buffer RWT 

(700 μL) and Buffer RPE (500 μL) were used for washing the column, 20 μL of 

nuclease-free water directly added to the miRNeasy mini-column to eluate RNA. All 

RNA samples and incubated for 20 minutes at 37 °C .1 μl of 0.1M EDTA was added 

for each sample and incubated for 10 minutes at 65 °C. RT-qPCR analysis was 

performed to confirm the existence of the lncRNAs. 
 

 

2.15.8. Protein Isolation 
 

 

Radio-Immune precipitation assay (RIPA) is used to extract the proteins from 

the beaded mixture, Samples that prepared with RIPA buffer can easily be used or other 

biochemical determination. After treatment with RIPA, samples were centrifuged, 

protein pellet was suspended in 25 μL SDS buffer. Suspended protein samples were 

runned on SDS page 2D to separate the protein mixture. The Gel was prefixed in 50% 
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methyl alcohol, 10% acetic acid, 40% water for 30 minutes, the gel stained with 0.25% 

Coomassie Blue R-250, for 3 to 4 hr, until the gel is a completely stained and uniform 

blue color. Staining is complete when the gel is no longer visible in the dye solution. 

This method will detect as little concentration of proteins. The dye solution was 

removed and wash the gel with water several times to remove the dye and de-staining 

process by transfer the gel in 5% methyl alcohol, 7.5% acetic acid, 87.5% water for 16 

hr up to the bands begin to appear in. de-staining until background becomes clear and 

gel could be stored in 7% alcohol. Our gel samples were sent to a special chemistry lab 

to apply mass spectrometry assay for protein identification. 

 

 

2.16.  Statistical Analysis 

 

 
Three biological replicates were used for dowenstream analysis. The 

significance between test and control sample were approved by probability value (P-

value). Significance between the test and control sample was approved by probability 

value (P-value) p<0.05 is significant. 
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CHAPTER 3 
 

  

RESULTS 
 

 

3.1. RNA-Seq Data Analysis 
 

 

RNA-seq analysis typically based on inputs such as human reference genome 

sequences, gene annotations, and RNA raw sequence data. Applying RNA-seq analysis 

with these inputs requires awareness with different standardized file formats as 

FASTQ, FASTA (.fa), general feature format (GFF), gene transfer format (GTF) and 

binary alignment map (BAM). 

In quality control step it is important to qualify the RNA-seq data to confirm 

that no microbial or bacterial infection to the samples. The total sequences that have 

been recovered from used human reference transcriptome were 38,739 sequences and 

these sequences in minimum length 5 and maximum length 205.012, and the average 

length is 867.807 (Table 3.1). 
 

Table 3.1. The total recovered sequances from raw data (fastaq files) 

 

 

 

 

Seventeen fastaq files of RNA seq data were processed for quality control.  

These output data were used for estimation of differentially expressed genes. The 

output aligned reads data reported, according to aligned times one or multiple times 

with the percentage each gained time, in addition, the report indicated the aligned rate 

and the number and percentage of not aligned reads (Table 3.2). 

 

Transcripts Min Length Max Length Avg Length 

38,739 5 205,012 867.807 



36 
 

Table 3.2. The total RNA-seq reads. investigation of aligned reads percentage and rate 
to reference transcriptome ‘Homo_sapiens.GRCh38.ncrna.fa'. 

 

 

The total  aligned reads in control samples ranges between  3,471,387  and 

2,366,862. On the other hand the total  aligned reads recordes lowest numbers or rate  

that were 2,783,563 in  doxorubicin treated cells, but the highs rate was in cisplatin 

treated cells 6,952,185. The  doxorubicin treated group seems to close to the control 

samples according to the total number of aligned reads (Table 3.2.) 

Input Reads Aligned Reads Total counts 

Sample Name Total 
Records 

Aligned one 
Time 

Aligned 
Multiple 
Times 

Overall 
Alignment 

Rate 
Not Aligned 

Control-1 19,478,665 459,256 
(2.3%) 

3,012,131 
(15.5%) 

3,471,387 
(17.8%) 

16,007,270 
(82.18%) 

Control-2 25,115,222 640,232 
(2.5%) 

2,164,432 
(8.6%) 

2,804,664 
(11.2%) 

22,310,558 
(88.83%) 

Control-3 13,977,569 322,076 
(2.3%) 

2,071,664 
(14.8%) 

2,393,740 
(17.1%) 

11,583,829 
(82.87%) 

Control-4 13,989,348 335,847 
(2.4%) 

2,031,015 
(14.5%) 

2,366,862 
(16.9%) 

11,622,486 
(83.08%) 

Cisplatin-1 16,695,258 438,057 
(2.6%) 

5,176,153 
(31.1 %) 

5,614,210 
(33.6%) 

11,081,048 
(66.37%) 

Cisplatin-2 18,871,780 501,321 
(2.6%) 

6,450,864 
(34.2%) 

6,952,185 
(36.8%) 

11,919,595 
(63.16%) 

Cisplatin-3 16,922,803 467,107 
(2.7%) 

5,041,608 
(29.8%) 

5,508,715 
(32.5%) 

11,414,088 
(67.45%) 

Doxorubicin-1 13,255,959 351,303 
(2.6%) 

2,599,983 
(19.6%) 

2,951,286 
(22.3%) 

10,304,673 
(77.74%) 

Doxorubicin-2 13,635,427 353,108 
(2.6%) 

2,430,455 
(17.8%) 

2,783,563 
(20.4%) 

10,851,864 
(79.59%) 

Doxorubicin-3 15,485,199 398,527 
(2.5%) 

3,436,381 
(22.2%) 

3,834,908 
(24.7%) 

11,650,291 
(75.24%) 

TNF-α-1 15,720,221 343,845 
(2.2%) 

3,214,548 
(20.5%) 

3,558,393 
(22.6%) 

12,161,828 
(77.36%) 

TNF-α-2 19,665,744 433,832 
(2.2%) 

4,259,770 
(21.6%) 

4,693,602 
(23.8%) 

14,972,142 
(76.13%) 

TNF-α-3 20,958,445 460,474 
(2.2%) 

4,657,181 
(22.2%) 

5,117,655 
(24.4%) 

15,840,790 
(75.58%) 

Anti-Fas-1 22,066,898 564,530 
(2.5%) 

4,945,221 
(22.4%) 

5,509,751 
(24.9%) 

16,557,147 
(75.03%) 

Anti-Fas-2 31,642,302 899,246 
(2.8%) 

4,067,525 
(12.8%) 

4,966,771 
(15.7%) 

26,675,531 
(84.30%) 

Anti-Fas-3 19,332,230 492,596 
(2.5%) 

4,025,966 
(20.8%) 

4,518,562 
(23.3%) 

14,813,668 
(76.63%) 

Anti-Fas-4 18,825,067 484,015 
(2.5%) 

4,065,370 
(21.6%) 

4,549,385 
(24.1%) 

14,275,682 
(75.83%) 
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Bar chart of library size per sample showing the number of read (counts) aligned 

to genomic features contained in each sample. The library size of  aligned features of 

control samples are closer to doxorubicin. The library size of  Cispaltin is the largest 

size among all libraries (Figure 3.1A).  

  
A 

Figure 3.1. Library size and distribution of counts of RNA-seq data. A. Library size of 
RNA-seq data investigates reading data by OmicsBOX tool and alignment 
of RNA-seq data to the reference of human ncRNA transcriptome. All 
libraries contain 17 reads of control and 4 replicates of different drug 
treatments. B. Distribution of counts number per library after alignment of 
RNA-seq data to the reference of human ncRNA transcriptome. Cisplatin 
reads’ pool has the highest value of count numbers and distribution among 
all pools of control and drug treatment libraries. 

B 
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The distribution of counts within each sample was approved through scattered 

box plot show the distribution of counts within each sample for all the transcripts.  The 

distribution of counts was represented in log2 reads, the counts distribution of Anti-

FAS-4 was the highest distrubtion range and control samples was the lowest 

distrubution ranges (Figure 3.1B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There were three different aligned reads in the RNA-seq data, the first type reads 

that aligned one time. Second type reads that aligned multiple times and the last type is 

unaligned reads that have not been assigned to any reference. Based upon the results 

generated by OmicsBOX tool, Anti-FAS treated group were the highest rate of counts 

A 

B 

Figure 3.2. Counts per category and percentage during alignment of RNAseq data. A. 
Bar chart showing the number of reads (counts) of each input file sorted 
by different categories. B. Chart showing the percentage of reads of each 
input file and indicating alignment times of each input file. 
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estimated as numbers and percentages as 484,015 (2.5%) reads were aligned one time, 

4,065,370 (21.6%)  reads were aligned one multiple time and 14,275,682 (75.83%) reads were 

not aligned.  On the other hand the control group  were the lowest rate of counts estimated 

as numbers and percentages as 640,232 (2.5%) reads were aligned one time, 2,164,432 

(8.6%)  reads were aligned one multiple time and 22,310,558 (88.83%)  reads were not aligned 

(Figure 3.2A and 3.2B). 

 

 

3.2. Pairwise Differential Expression of lncRNAs 

 

 

The differentially expressed genes were identified in a pairwise comparison of 

two different conditions, such as drug treatment vs untreated conditions. The total 

number of features during the data process was composed of 38,739 features and 

filtered features were 28,233, the number of features that have passed the filtering step 

(kept features) was 10,506. The total number of differentially expressed (DE) genes 

was 2,329. Up-regulated genes (log fold change (FC)) > 1 were 1,218, while down-

regulated genes (Log FC < -1) were 1,111 (Figure 3.3). All of the data was statistically 

significant, tested by multiple hypotheses testing corrections method and false 

discovery rate (FDR) was < 0.05 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. The number of total features during differential expression analysis. kept 
features (those who have passed the filtering step), differentially expressed 
features, up-regulated features, and down-regulated features. 
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Multidimensional scaling (MDS) show that the used three biological replicates 

of each goup (control and drug trated group) have the same level of similarities, also  

MDS indicate that the cisplatine treated groups are pairwise to the control groups 

unlike other  groups of Anti-FAS, TNF-α and doxorubicin (Figure 3.4). 

 

 

 

 

 

 

 

 

 

 

 

 

A volcano plot can combine a measure of statistical significance with the 

magnitude of the differential expression changes, The total number of DE lncRNAs 

were 2,329 candidates. 1,218 candidates were upregulated and  1,111 candidates were 

downregulated (Figure 3.5). 

 

 

 

 

 

 

 

 

 

Cisplatin Treated cell 

TNFα Treated 

AntiFAS Treated 
Control cells 

Doxorubicin Treated 

Figure 3.4. MDS plot of control and tested groups. MDS plot showing leading log FC in 
two dimensions to measure how much the gene expression changes between 
control and apoptotic condition in HeLa cells. 

Figure 3.5. Volcano plot of differentially expressed lncRNAs. Volcano plot presents the 
negative log of false discovery rate (FDR) versus log FC for each gene, up 
and downregulated transcripts in red-green color, respectively. 
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MA plots are also utilized for visualization of high-throughput sequencing 

analysis. MA plot showing the DE lncRNA was 2,329 that are highlighted and 

statistically significant genes (FDR < 0.05) are shown in red points. The majority of 

these DE candidates ranged between -2.5 and +2.5 log2 FC. (Figure 3.6).   

 

 

 

 

 

 

 

 

 

 

 

The number of differentially expressed transcripts in drug (cisplatin, 

doxorubicin, TNF-α, and anti-Fas) treated HeLa cells were investigated as 3488 , 2283, 

2237, and 1302 in Cisplatin, Doxorubicin, TNF-α, and  Anti-FAS by respectively 

(Table 3.3) and the list of top fifty differentially expressed candidates in each drug 

treatment are shown in Table 3.4.  

 

Table 3.3. The total number of differentially expressed lncRNA candidates. 
 

lncRNAs Cisplatin Doxorubicin TNF-α Anti-FAS 

Number of Differnerial 

expressed candidates 
3488 2283 2237 1302 

 

 

 

Figure 3.6. MA  plot of differentially expressed lncRNAs, showing leading log FC in 
tow dimensions to measure how much the gene expression changes between 
control and apoptotic condition in HeLa cells, highlighted and statistically 
significant genes are shown in red points. 
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Table 3.4. Top fifty of differentially expressed lncRNAs. The candidates were 
expressed in apoptosis-induced HeLa cells. 

 
Cisplatin treated HeLa cells Doxorubicin treated HeLa cells 

ENST00000494233 
ENST00000484035 
ENST00000470756 
ENST00000473799 
ENST00000462366 
ENST00000507977 
ENST00000508162 
ENST00000503100 
ENST00000569454 
ENST00000505263 
ENST00000495516 
ENST00000515144 
ENST00000585699 
ENST00000497205 
ENST00000469491 
ENST00000440901 
ENST00000542685 
ENST00000515296 
ENST00000497319 
ENST00000486261 
ENST00000493790 
ENST00000645787 
ENST00000606237 
ENST00000482797 
ENST00000649882 

ENST00000525519 
ENST00000493941 
ENST00000470309 
ENST00000593699 
ENST00000600764 
ENST00000423681 
ENST00000428516 
ENST00000475233 
ENST00000495388 
ENST00000507299 
ENST00000629661 
ENST00000446691 
ENST00000417895 
ENST00000472238 
ENST00000556646 
ENST00000578200 
ENST00000531002 
ENST00000367469 
ENST00000473995 
ENST00000478503 
ENST00000581901 
ENST00000476695 
ENST00000425470 
ENST00000533770 
ENST00000644557 

ENST00000509912 
ENST00000503989 
ENST00000391874 
ENST00000497004 
ENST00000380167 
ENST00000540608 
ENST00000515489 
ENST00000521611 
ENST00000648788 
ENST00000512693 
ENST00000469598 
ENST00000469220 
ENST00000500636 
ENST00000340585 
ENST00000554216 
ENST00000525309 
ENST00000504333 
ENST00000463155 
ENST00000426180 
ENST00000528086 
ENST00000500394 
ENST00000494936 
ENST00000554844 
ENST00000622121 
ENST00000496855 

ENST00000585979 
ENST00000497432 
ENST00000440735 
ENST00000498112 
ENST00000588131 
ENST00000463502 
ENST00000540875 
ENST00000588317 
ENST00000519326 
ENST00000557612 
ENST00000583128 
ENST00000514957 
ENST00000559573 
ENST00000527326 
ENST00000420462 
ENST00000576468 
ENST00000475019 
ENST00000634888 
ENST00000514040 
ENST00000528090 
ENST00000490002 
ENST00000465487 
ENST00000639121 
ENST00000529615 
ENST00000474484 
 

TNF-α treated HeLa cells Anti-FAS treated HeLa cells 
ENST00000531002 
ENST00000414046 
ENST00000558189 
ENST00000592937 
ENST00000440901 
ENST00000427015 
ENST00000465053 
ENST00000423667 
ENST00000585699 
ENST00000466840 
ENST00000474271 
ENST00000591248 
ENST00000510943 
ENST00000514994 
ENST00000540271 
ENST00000475584 
ENST00000602397 
ENST00000599433 
ENST00000525519 
ENST00000475917 
ENST00000495388 
ENST00000594936 
ENST00000572140 
ENST00000549023 
ENST00000624676 

ENST00000549009 
ENST00000649869 
ENST00000492120 
ENST00000599462 
ENST00000473995 
ENST00000477976 
ENST00000496239 
ENST00000496725 
ENST00000475235 
ENST00000606237 
ENST00000639693 
ENST00000635439 
ENST00000494634 
ENST00000502489 
ENST00000523863 
ENST00000519151 
ENST00000509057 
ENST00000493806 
ENST00000500817 
ENST00000646878 
ENST00000479065 
ENST00000647399 
ENST00000522846 
ENST00000412445 
ENST00000569810 

ENST00000523863 
ENST00000561940 
ENST00000599433 
ENST00000465053 
ENST00000647858 
ENST00000532486 
ENST00000500817 
ENST00000549009 
ENST00000488808 
ENST00000494634 
ENST00000572140 
ENST00000473995 
ENST00000611769 
ENST00000599462 
ENST00000537288 
ENST00000649869 
ENST00000496599 
ENST00000563729 
ENST00000558189 
ENST00000519151 
ENST00000491536 
ENST00000585699 
ENST00000498020 
ENST00000527261 
ENST00000544183 

ENST00000539690 
ENST00000557048 
ENST00000572838 
ENST00000423681 
ENST00000513665 
ENST00000483124 
ENST00000523752 
ENST00000549456 
ENST00000535163 
ENST00000646278 
ENST00000421232 
ENST00000524249 
ENST00000565364 
ENST00000535021 
ENST00000515296 
ENST00000508031 
ENST00000469375 
ENST00000636713 
ENST00000496725 
ENST00000476571 
ENST00000509006 
ENST00000483501 
ENST00000382897 
ENST00000648185 
ENST00000534794 
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A heatmap is a visualization and representation tool of data in a two-

dimensional view illustrated by a range of green and red colors. The total differentially 

expressed genes were represented as a clusters, the DE candidates of doxorubicin and 

control groups belongs the same cluster and TNF-α, Anti-FAS groups belonges same 

cluster, but cisplatin groups seem to belong depandant cluster. This heatmap show that 

the HeLa cells would respond by different mechanismis during the different drug 

treatment  (Figure 3.7). 
 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3.7. The heatmap of the differentially expressed lncRNAs. Up and 
downregulated genes are shown in green and red respectively. 
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As mentioned before the total differential expressed lncRNA in HeLa cells 

treated with cisplatin, doxorubicin, TNF-α and anti-Fas were 3488, 2283, 2237, and 

1302, respectively. 

Among all treated groups 114 lncRNAs are common mutual candidates, that 

were differentially expressed in intrinsic and extrinsic apoptosis pathways, this group 

A. Also, the differentially expressed lncRNAs in HeLa cells treated with TNF-α or 

anti-Fas were 2,719 candidates, 282 of them were restricted only to TNF-α and anti-

Fas.  These mutual candidates were not involved in cisplatin or doxorubicin drug 

treatments. These 282 candidates were considered as group B that were differentially 

expressed in the extrinsic apoptosis pathway. The differentially expressed lncRNA 

candidates in HeLa cells in intrinsic apoptosis mechanism that treated with cisplatin or 

doxorubicin are 5,235 candidates, 311 of them were mutual between cisplatin and 

doxorubicin where they were not involved TNF-α or anti-Fas drug treatments. These 

were considered as group C that were differentially expressed in the intrinsic apoptosis 

pathway. 

Venn diagram was performed to classify and to filter the transcripts in 

apoptosis-induced HeLa cells. It was found that there were 114 and 13 mutual 

transcripts differentially expressed with a fold change of ±1 and  ±5, respectively 

(Figure 3.8 A and B). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

B A 

Figure 3.8. Venn diagram of differentially expressed lncRNAs.  The diagram showing 
the number of differentially expressed transcripts in each drug treatment 
group. A. Mutual candidates with a fold change of ±1  among drug-treated 
groups. B. Mutual candidates with a fold change of ±5  among drug-treated 
groups. 
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The expression levels (log2 FC) of these common candidates among all groups 

were represented in a diagram that indicates drug treatment results up-regulation for the 

13 common candidates. Doxorubicin and cisplatin exhibit the highest values in all 

common candidates. LINC02257 gene recorded the highest expression level as 6.633, 

4.485, 6.028 and 5.609 log2 FC by treatment with Cisplatin, Doxorubicin, TNF-α and 

Anti-FAS respectively (Table 3.5 and Figure 3.9). 
 

Table 3.5. Mutual differentially expressed lncRNAs in HeLa cells.  The cells were 
treated by cisplatin, doxorubicin, TNF-α and anti-FAS. 

 

Gene name Transcript ID The expression leveles ( fold change) 
Cisplatin Doxorubicin TNF-α Anti-FAS 

MR1 ENST00000438435 3.642 3.739 4.376 3.698 
CEBPZOS ENST00000470216 1.404 2.768 2.081 0.998 
AC007493.1 ENST00000637635 1.667 2.458 1.679 1.712 
INTS14 ENST00000564306 5.346 5.718 4.716 4.506 
LINC02257 ENST00000412445 6.633 4.485 6.028 5.609 
AC025244.1 ENST00000505930 4.388 1.680 4.751 3.735 
AC069234.3 ENST00000544939 3.252 2.592 1.622 2.390 
WDR7-OT1 ENST00000592032 4.621 2.195 2.858 2.661 
LINC01151 ENST00000521608 2.495 4.244 2.528 1.560 
CAMKMT ENST00000477623 2.252 3.325 2.521 1.390 
CTNNA1 ENST00000521387 1.273 1.458 3.227 1.998 
TRIM14 ENST00000478530 3.954 1.458 1.858 2.028 
FADS3 ENST00000414624 3.352 2.106 2.527 2.735 

 

 

 

 

 

 

 

 

 

 

 
 

45

Figure 3.9. The expression level of the mutual lncRNAs between drug treatments. The 
expressed candidates among drug treatment groups (cisplatin, Doxorubicin, 
TNF-α and Anti-FAS). 
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3.3. Gene Set Enrichment Analysis (GSEA) 
 

 

GSEA analysis provides a comprehensive set of functional annotation data to 

understand the biological meaning that lies behind large lists of differentially expressed 

candidates (DEC) of lncRNAs. 

 

 

3.3.1. Biological Data Profile of GSEA  
 

 

DEC of lncRNA are categorized and classified into many groups according to 

common mutualism between the intrinsic and extrinsic apoptotic pathway, as group A, 

B and C. Group A has 114 DEC in both extrinsic and intrinsic apoptotic pathways that 

are induced by cisplatin, doxorubicin, TNF-α and anti-Fas. Group B has 282 DEC in 

the extrinsic apoptotic pathway induced by TNF-α and anti-Fas. Group C has 311 DEC 

in the intrinsic apoptotic pathway induced by cisplatin and doxorubicin. The data 

profile of GSEA analysis represents the biological function of DEC. Table 3.6 shows 

the number of biological functions in terms of gene ontology and biological pathways. 

The biological data profile of GSEA of differentially expressed lncRNA 

transcripts during apoptosis in HeLa cells for that A B, and C groups. GSEA data 

profile shows each biological function for each apoptotsis pathway.  Gene ontology GO 

profiles are molecular function, biological process (BP) and  cellular componant (CC). 

Biological pathways are a service of kyoto encyclopedia of genes and genome 

(KEGG), reactome pathway and WikiPathways. The biological data profile also show 

the regulatory motifs of transcription factor (TRANSFAC). Protein databases  also 

were represented in the biological profile as  human Protein Atlas and protein databases 

(CORUM).  The profile contians the regulatory motifs (miRTarBase) to clarify the 

targeting miRNA to lncRNA. 838 mirRNAs target 114 DEC in both extrinsic and 

intrinsic pathway and 1444 mirRNAs 282 DEC in extrinsic pathway and 1680 

mirRNAs 311 DEC in intrinsic pathway (Figure 3.10). 
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Table 3.6. Biological functions of analyzed profile of lncRNAs 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biological function 
Number of the biological function 

114 DEC in both extrinsic 
and intrinsic pathway 

282 DEC in extrinsic 
pathway  

311 DEC in intrinsic 
pathway 

Gene ontology (molecular function) 240 579 637 
Gene ontology (biological process) 1872 3191 3349 
Gene ontology (cellular componant) 240 455 517 
Biological pathways (KEGG) 127 213 164 
Biological pathways (Reactome) 244 516 563 
Biological pathways (WikiPathways) 88 189 166 
Regulatory motifs (TRANSFAC) 3480 3984 4076 

Regulatory motifs (miRTarBase) 
838 

(29)  miR/5 
lncRNA target 

1444 
(56)  miR/5 

lncRNA target 

1680 
(152)  miR/5 

lncRNA target 
Protein databases (Human Protein Atlas) 755 890 332 
Protein databases (CORUM) 26 83 138 
Human phenotype ontology (HP) 693 907 145 

A 

B 

C 

Figure 3.10. Biological data profile of GSEA of differentially expressed lncRNAs. A. 
Profile for the both extrinsic and intrinsic apoptotic pathways. B. Profile for 
extrinsic apoptosis C. Profile of intrinsic apoptotsis.
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3.3.2. miRNA-lncRNA Targeting and Interaction 
 

 

Data profile obtained from GSEA analysis was used to focus on miRNA-

lncRNA targeting and their interaction. The selected groups are categorized as A, B and 

C. Group A contains 838 miRNAs that interact with 114 DEC in both extrinsic and 

intrinsic apoptotic pathways. Among these, 29 miRNAs can target at least 5 lncRNA 

candidates. Group B contains 1444 miRNAs interacting with 282 DEC in the extrinsic 

apoptotic pathway. Among these, 56 miRNAs can target at least 5 lncRNA candidates. 

Group C exhibits 1680 miRNAs interacting with 311 DEC in the intrinsic apoptotic 

pathway. Among these, 152 miRNAs can target at least 5 lncRNA candidates. miRNAs 

that target at least 5 lncRNA candidates are represented in the Venn diagram in Figure 

3.11 and listed in Table 3.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B 

Figure 3.11. Venn diagram of miRNAs and tragets of differentially expressed lncRNAs 
A. Diagram of A, B and C groups in each drug treatment. Group A has 114 
lncRNA transcripts that are common in four drug treatment, Group B has 
282 lncRNA transcripts common between αα and anti-Fas treatment, 
Group C has 311 lncRNA transcripts common between cisplatin and 
doxorubicin treatment. B. Diagram of top miRNAs that target each group 
of DEC, each miRNA target at least 5 lncRNA candidates. 
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Table 3.7. Lists of miRNAs that target lncRNAs in apoptosis. These transcripts were 
differentially expressed in apoptosis, each miRNA targets at least 5 
lncRNAs. Group A is composed of 114 DEC in the both the extrinsic and 
intrinsic pathways. Group B has 282 DEC in the extrinsic pathway while 
Group C contains 311 DEC in the intrinsic pathway. 

 

A group B group C group 
 

miR-26a-5p 
miR-520d-3p 
miR-520e 
miR-520a-3p 
miR-520b 
miR-520c-3p 
miR-302a-3p 
miR-302b-3p 
miR-302d-3p 
miR-372-3p 
miR-302e 
miR-302c-3p 
miR-373-3p 
miR-19b-3p 
miR-20b-5p 
miR-106a-5p 
miR-16-5p 
miR-20a-5p 
miR-106b-5p 
miR-190a-3p 
miR-5011-5p 
miR-215-5p 
miR-93-5p 
miR-155-5p 
miR-26b-5p 
miR-1277-5p 
miR-17-5p 
miR-192-5p 
miR-92a-3p 

miR-30b-5p 
miR-8485 
miR-619-5p 
miR-5004-3p 
miR-1234-3p 
miR-7107-5p 
miR-3680-3p 
miR-548ap-3p 
miR-548t-3p 
miR-548aa 
miR-132-3p 
miR-21-5p 
miR-340-5p 
miR-660-3p 
miR-129-5p 
miR-5089-5p 
miR-302b-3p 
miR-302d-3p 
miR-520e 
miR-302a-3p 
miR-520d-3p 
miR-4668-5p 
miR-520c-3p 
miR-30a-5p 
miR-93-5p 
miR-520b 
miR-302e 
miR-372-3p 

miR-6134 
miR-3187-3p 
miR-544b 
miR-4755-3p 
miR-3122 
miR-3913-5p 
miR-450a-1-3p 
miR-6513-5p 
miR-887-5p 
miR-30c-1-3p 
miR-548s 
miR-302c-3p 
miR-520h 
miR-520g-3p 
miR-6807-5p 
miR-548c-3p 
miR-615-3p 
miR-23b-3p 
miR-186-3p 
miR-373-3p 
miR-526b-3p 
miR-106a-5p 
miR-150-5p 
miR-519d-3p 
miR-20b-5p 
miR-106b-5p 
miR-17-5p 
miR-520a-3p 

miR-5096 
miR-924 
miR-4279 
miR-211-3p 
miR-141-3p 
miR-15b-5p 
miR-15a-5p 
miR-302c-5p 
miR-23a-3p 
miR-148a-3p 
miR-6805-3p 
miR-5691 
miR-5584-5p 
miR-552-5p 
miR-6851-5p 
miR-513c-3p 
miR-3689d 
miR-513a-3p 
miR-3606-3p 
miR-520d-5p 
miR-361-5p 
miR-5582-3p 
miR-524-5p 
miR-4722-3p 
miR-6727-3p 
miR-548s 
miR-6747-3p 
miR-6733-5p 
miR-29b-3p 
miR-3153 
miR-29a-3p 
miR-1468-3p 
miR-6739-5p 
miR-3646 
miR-1229-3p 
miR-1-3p 
miR-6770-5p 
miR-339-5p 

miR-4510 
miR-92b-3p 
miR-6127 
miR-6133 
miR-5589-5p 
miR-335-5p 
miR-107 
miR-10a-5p 
miR-6506-5p 
miR-181b-5p 
miR-4731-5p 
miR-18a-3p 
let-7c-5p 
miR-302e 
miR-619-5p 
miR-520a-3p 
miR-520b 
miR-302d-3p 
miR-372-3p 
miR-302b-3p 
miR-302a-3p 
miR-373-3p 
miR-661 
miR-18a-5p 
miR-6760-5p 
miR-195-5p 
miR-6134 
miR-128-3p 
miR-3179 
miR-548ac 
miR-9-5p 
miR-548ae-3p 
miR-548aj-3p 
miR-548aq-3p 
miR-548ah-3p 
miR-486-3p 
miR-548bb-3p 
miR-548am-3p 

miR-375 
miR-183-5p 
miR-10b-5p 
miR-4753-3p 
miR-508-5p 
miR-520d-3p 
miR-520c-3p 
miR-3613-3p 
let-7f-5p 
miR-744-5p 
miR-19a-3p 
miR-302c-3p 
miR-1273g-3p 
miR-20a-5p 
miR-16-5p 
miR-6840-3p 
miR-520e 
miR-4668-5p 
miR-7-5p 
miR-6778-3p 
miR-20b-5p 
miR-106b-5p 
miR-17-5p 
miR-4282 
miR-6077 
miR-181a-5p 
miR-6825-5p 
miR-484 
miR-4270 
miR-4441 
miR-6754-5p 
miR-5011-5p 
miR-190a-3p 
miR-4419a 
miR-6130 
miR-203a-3p 
miR-6129 
miR-6809-3p 

miR-30e-5p 
miR-615-3p 
miR-222-3p 
miR-30d-5p 
miR-193b-3p 
miR-30b-5p 
miR-103a-3p 
miR-877-3p 
miR-603 
miR-548c-3p 
miR-3941 
miR-30c-5p 
miR-98-5p 
miR-19b-3p 
miR-142-3p 
miR-362-3p 
miR-218-5p 
miR-93-5p 
miR-548x-3p 
miR-548j-3p 
miR-6721-5p 
miR-765 
miR-4537 
miR-26a-5p 
miR-329-3p 
miR-92a-3p 
miR-215-5p 
miR-30a-5p 
miR-186-5p 
miR-32-5p 
miR-3202 
miR-377-3p 
miR-548d-3p 
miR-548h-3p 
miR-548z 
miR-8485 
miR-192-5p 
miR-124-3p 
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3.3.3. Reconstruction of miRNA-lncRNA Double Targeting Network 
 

 

To speculate on the functional role of lncRNAs that are targeted by miRNAs, a 

network between lncRNAs and miRNAs was reconstructed and then visualized in three 

different targeting networks. The main global reconstructed network was given in the 

Appendix, but the top selected miRNAs in Group A, B and C reconstructed networks 

were represented in this chapter. The lncRNA-miRNA targeting network is composed 

of miRNA nodes and lncRNA edges. In the reconstructed network, it was shown that 

one miRNA node directed to lncRNAs edges, based on the Pearson correlation 

coefficient (PCC).  

In extrinsic and intrinsic apoptotic pathways the miRNA-lncRNA targeting 

network composed of miRNA nodes and lncRNA edges was shown in blue and red-

colored boxes, respectively. In the reconstructed network, each miRNA has at least 5 

targets of lncRNA (Figure 3.12A). The top 4 miRNAs which have maximum targets of 

lncRNAs were visualized in figure Figure 3.12B and Table 3.8).  

In Network in Extrinsic Apoptotic Pathway network composed of 56 different 

miRNAs, each miRNA can target 5 or more different lncRNAs. In this miRNA-

lncRNA targeting network, miRNA nodes and lncRNA edges were shown in red and 

green colored boxes, respectively (Figure 3.13 A). The top 5 miRNAs that target 

lncRNAs are miR-150-5p, miR-20b-5p, miR-106b-5p, miR-17-5p and miR-519d-3p as 

listed in Table 3.9. targeting different targets lncRNA candidates (Figure 3.13 B). in 

intrinsic apoptotic pathway the last group (Group C) of lncRNAs that exhibited 

differential expression by cisplatin and doxorubicin treatment, GEEA analysis revealed 

1680 different miRNAs targeting 5233 lncRNA transcripts. There are 152 different 

miRNAs in this network, each of them targets at least 5 different lncRNAs. In this 

miRNA-lncRNA targeting network, miRNA nodes and lncRNA edges were shown in 

red and purple colored boxes, respectively (Figure 3.14.A). 

The top 5 miRNAs that traget lncRNAs are miR-124-3p, miR-192-5p, miR-8485, 

miR-8485 and miR-93-5p that are listed in Table 3.10 showing the different targets of 

lncRNAs (Figure 3.14.B). During selection of miRNAs that target differentially 

expressed lncRNAs all of the differentially expressed lncRNAs in Group A, B and C 

were used to analyze their function via gene ontology resource (GOR) analysis in the 
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biological process for Homo sapience, particularly in programmed cell death processes 

such as apoptotic pathway, positive and negative regulation of apoptosis process and 

regulation of programmed cell death. Three different miRNAs, miR-17-5p, miR-519d-

3p and miR-124-3p were selected from Group A, B and C respectively, as well as 3 

lncRNAs transcript targets shown as in Table 3.11. 

 
Table 3.8. Lists of top 4 miRNAs that target Group A of lncRNA transcripts. In 

intrinsic and extrinsic apoptotic pathways. 

 
No. miRNAs Targets of lncRNAs (Group A) 

1 miR-1277-
5p 

ENST00000524549, ENST00000486980, ENST00000547411, 
ENST00000638165, ENST00000492039, ENST00000528888, 
ENST00000478033 

2 miR-17-5p 
ENST00000553022, ENST00000524549, ENST00000521881, 
ENST00000524170, ENST00000638165, ENST00000492039, 
ENST00000512575 

3 miR-192-
5p 

ENST00000496323, ENST00000521499, ENST00000496725, 
ENST00000524170, ENST00000474875, ENST00000638165, 
ENST00000475419, ENST00000461071 

4 miR-92a-
3p 

ENST00000464226, ENST00000469611, ENST00000564975, 
ENST00000524549, ENST00000524170, ENST00000638165, 
ENST00000480966, ENST00000475419 

 
Table 3.9. Lists of top 5 miRNAs that target Group B of lncRNA transcripts. These 

lncRNAs were differentially expressed in the extrinsic apoptotic pathway. 
 

No. miRNAs Targets of lncRNAs (Group A) 

1 miR-150-5p 

ENST00000483190, ENST00000498674, ENST00000645621, 
ENST00000502475, ENST00000591857, ENST00000466092, 
ENST00000494653, ENST00000569628, ENST00000582053, 

ENST00000510804 

2 miR-519d-3p 

ENST00000488949, ENST00000596543, ENST00000489500, 
ENST00000497623, ENST00000591857, ENST00000466092, 
ENST00000473774, ENST00000494653, ENST00000558585, 

ENST00000465908 

3 miR-20b-5p 

ENST00000488949, ENST00000596543, ENST00000489500, 
ENST00000497623, ENST00000591857, ENST00000466092, 
ENST00000473774, ENST00000494653, ENST00000558585, 

ENST00000465908 

4 miR-106b-5p 

ENST00000488949, ENST00000596543, ENST00000489500, 
ENST00000463959, ENST00000497623, ENST00000591857, 
ENST00000466092, ENST00000473774, ENST00000494653, 
ENST00000558585, ENST00000470108, ENST00000465908 

5 miR-17-5p 

ENST00000474550, ENST00000488949, ENST00000596543, 
ENST00000489500, ENST00000497623, ENST00000591857, 
ENST00000466092, ENST00000462811, ENST00000473774, 
ENST00000494653, ENST00000509035, ENST00000558585, 

ENST00000465908, ENST00000556192 
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Table 3.10. Lists of top 4 miRNAs that target Group C lncRNA transcripts, that were 
differentially expressed in the intrinsic apoptosis pathway 

 
 
 

No. miRNAs Targets of lncRNAs (Group A) 

1 miR-93-5p 

ENST00000479177, ENST00000570892, ENST00000483509, 
ENST00000479727, ENST00000523135, ENST00000590776, 
ENST00000605011, ENST00000497498, ENST00000640087, 
ENST00000467500, ENST00000483207, ENST00000514962, 
ENST00000483507, ENST00000471739, ENST00000552391 

2 miR-8485 

ENST00000570892, ENST00000505082, ENST00000486006, 
ENST00000478846, ENST00000463502, ENST00000593249, 
ENST00000497498, ENST00000487997, ENST00000600117, 
ENST00000554879, ENST00000480320, ENST00000547486, 
ENST00000546744, ENST00000553727, ENST00000522811, 

ENST00000591648 

3 miR-192-5p 

ENST00000484437, ENST00000518582, ENST00000483509, 
ENST00000523135, ENST00000476730, ENST00000488573, 
ENST00000489323, ENST00000495732, ENST00000558230, 
ENST00000547706, ENST00000495714, ENST00000571776, 
ENST00000505692, ENST00000473501, ENST00000547486, 
ENST00000555232, ENST00000492431, ENST00000591648 

4 miR-124-3p 

ENST00000480086, ENST00000479177, ENST00000574744, 
ENST00000538174, ENST00000533750, ENST00000570892, 
ENST00000505082, ENST00000471758, ENST00000461614, 
ENST00000590776, ENST00000533901, ENST00000487997, 
ENST00000531662, ENST00000571776, ENST00000528987, 
ENST00000339436, ENST00000484353, ENST00000569128, 

ENST00000525054 
 

Table 3.11. Selected miRNAs and their lncRNA targets.  The selected lncRNAs in 
groups A, B, and C that were differentially expressed in apoptotic pathways 

 

Group miRNAs Targets of lncRNAs 

A miR-17-5p ENST00000553022 - ENST00000521881 - ENST00000524170 

B miR-519d-3p ENST00000488949 - ENST00000466092 - ENST00000558585 

C miR-124-3p ENST00000533750 - ENST00000471758 - ENST00000528987 

 

In intrinsic apoptosis the miR-519d-3p targets lncRNAs  ENST00000488949,  

ENST00000466092 and ENST00000558585. And in extrinsic apoptosis miR-124-3p 

target  ENST00000533750, ENST00000471758 and  ENST00000528987. On the other 

hand, miR-17-5p  has another target in both intrinsic and extrinsic apoptosis pathways 

(Table 3.11). 
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Figure 3.12. lncRNA-miRNA targeting network in extrinsic and intrinsic apoptosis. 
Targeting between miRNAs and differentially expressed lncRNA 
transcripts in HeLa cells. A. Targeting network in which each miRNA 
targets at least 5 lncRNA. B. Targeting network of the top 4 miRNAs 
and their lncRNA transcript targets. 
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Figure 3.13. lncRNA-miRNA targeting network in extrinsic apoptosis. Targeting 
between miRNAs and differentially expressed lncRNA transcripts in 
HeLa cells. A. Targeting network in which each miRNA targets at 
least 7 lncRNAs. B. Targeting network of the top 5 miRNAs and their 
lncRNA transcript targets. 
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Figure 3.14. lncRNA-miRNA targeting network in intrinsic apoptosis. Targeting 
between miRNAs and differentially expressed lncRNA transcripts in 
HeLa cells. A. Targeting network in which each miRNA targets at 
least 12 lncRNAs. B. Targeting network of the top 4 miRNAs and 
their lncRNA transcript targets. 
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3.3.4. Validation of miRNAs – lncRNAs  Targeting 
 

 

After GSEA of differentially expressed lncRNA transcripts. Prediction of 

interactions between the selected miRNA candidates and their targets as well as 

clarification of secondary immature and mature structure were performed by miRanda 

(Figure 3.15). 

 

 

 

 

 

 

 

 

  

 

 

 

hsa-miR-17-5p interacts and targets lncRNA (ENST00000553022) in four 

different targeting sites. One of the targeting sites is 7-mer while others are 6-mer. miR-

17-5p also targets lncRNA transcript (ENST00000521881) in one target site that is a 7-

mer. In addition, miR-17-5p interacts and targets lncRNA transcript 

(ENST00000524170) in five different targeting sites, four of them are 6-mer and one is 

a 7-mer target site. The targeting sites of miR-17-5p are distributed along the lncRNA 

strands and one target site for each lncRNA candidate is investigated at the nucleotide 

level (Figure 3.16). hsa-miR-519d-3p targets lncRNAs (ENST00000466092, 

ENST00000488949 and ENST00000558585). hsa-miR-519d-3p interacts with lncRNA 

transcript targets (ENST00000466092) in five different targeting sites, one of them is 

an 8-mer and remaining four target sites are 6-mer. hsa-miR-519d-3p also targets 

lncRNA transcript (ENST00000488949) in five target site that is 6-mer. In addition, 

hsa-miR-519d-3p interacts and targets lncRNA transcript (ENST00000558585) in eight 

A- hsa-miR-17-5p 

B- hsa-miR-519d-3p 

C- hsa-miR-142-3p 

Figure 3.15. Secondary structure of immature miRNAs candidates. The nucleotides 
marked with red color are the mature structure of the miRNA. A. hsa-
miR-17-5p, B. hsa-miR-519d-3p, and C. hsa-miR-124-3p. 
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different targeting sites, all of them are 7-mer. The targeting sites of hsa-miR-519d-3p 

are distributed along the lncRNA transcripts strands at the nucleotide level (Figure 

3.17). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hsa-miR-17-5p Target lncRNA transcripts 

  

  

hsa-miR-519d-3p Target lncRNA transcripts 

  

hsa-miR-124-3p Target lncRNA transcripts 

Figure 3.16. Diagram of hsa-miR-17-5p targets of lncRNA transcripts. 
ENST00000553022, ENST00000521881, and ENST00000524170. 

Figure 3.17. Diagram of hsa-miR-519d-3p targets of lncRNA. ENST00000466092, 
ENST00000488949 and ENST00000558585. 

Figure 3.18. Diagram of hsa-miR-124-3p targets of lncRNA. ENST00000528987, 
ENST00000533750 and ENST00000471758,   
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The selected miRNA candidate was hsa-miR-124-3p that targets lncRNA 

transcripts (ENST00000528987, ENST00000533750, and ENST00000471758). hsa-

miR-124-3p interacts with lncRNA transcript targets (ENST00000528987) in five 

different targeting sites, two of them are 7-mers and the remaining three target sites are 

6-mers. hsa-miR-124-3p also targets lncRNA transcript (ENST00000533750) in two 

target site that are 6-mer. Finally, hsa-miR-124-3p interacts and targets lncRNA 

transcript (ENST00000471758) in three different 6-mers targeting sites. The targeting 

sites of hsa-miR-124-3p are investigated along the lncRNA transcripts strands at the 

nucleotide level (Figure 3.18).  

 

 

3.3.5. Validation of  lncRNAs in Apoptosis 
 

 

The expresion levels of lncRNA targets of miR-124-3p and miR-519d-3p were 

exprementally validated via RT-qPCR and  the expression levels represented in log2FC 

(Table 3.12). 

 

Table 3.12. The expression level of lncRNA targets under apoptosis condition. 

 

Drug  APEX2-202  RAB22A-202  PARD3-211  AC027237.1-210  CD59-209 

Cisplatin  -0.37 0.983333 1.146667 3.666667 -0.02667 
Doxorubicin  5.91 7.193333 8.94 6.216667 3.006667 

TNF-α  0.336667 1.266667 2.728333 4.246667 0.046667 
Anti-FAS  2.426667 0.123333 -0.42333 -8.56333 -0.69 

 

The expression levels of selected lncRNA candidates don’t interfere with the 

expression level in the RNA-seq data profile. The lncRNA candidates (PARD3-211,  

AC027237.1-210 and CD59-209) were downregulated in Anti-FAS treatment.  The 

lncRNA candidates (APEX2-202,  and CD59-209) were downregulated in cisplatin 

treatment to HeLa cells. On the other hand, the remain candidates were upregulated 

under anti-cancer drug treatments (Table 3.12 and Figure 3.19 ).  
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Under apoptosis condition, The lncRNA candidates (APEX2-202,  RAB22A-202,  

PARD3-211, AC027237.1-210 and CD59-209) were specifically amplified by RT-

qPCR and the expected sizes were 277, 107, 85, 102 and 57 bp respectively and the 

GAPDH used as reference control and the size was 101 bp. (Figure 3.20 ). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.19. The exprimental validation (log2FC) of lncRNA candidates. A- the 
expression level (log2FC) by RT-qPCR  results. B. Heatmap of the 
expression level to clearfy up or  downregulation of each lncRNA. 
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3.3.6. Overexpression of  miRNAs Target lncRNAs    
 

 

Overexpression of miRNAs (miR-124-3p and miR-519d-3p) affect the expression 

level of lncRNA targets. The expression levels of lncRNA targets were down-regulated 

(Table 3.13).  

 

Table 3.13. The expression level of lncRNA targets after overexpression of miRNAs. 

 

RT-qPCR results clear that miRNAs (miR-124-3p and miR-519d-3p) affect the 

stability of lncRNA targets and  dowenregulate the expression levels of  lncRNAs 

mimic 
miRNAs PDCD6 BCL6 APEX

2-202 
CD59-

209 
RAB22A-

202 
PARD3-

211 
AC027237.1-

210 

miR-124-3p -2.85 …. -3.27 -2.6 … …. …. 
miR-519d-3p …. -5.185 …. …. -5.105 -5.235 -7.135 

DNA 

Marker 
RAB22A-202 APEX2-202 AC027237.1-210 PARD3-211 A 10P D2X

DNA 
Marker 

GAPDH CD59-209 5

Figure 3.20. The expression of lncRNA candidates under anti-cancer drug treatment. 
Non-templet (NT) and minus revers transcriptase (-RT) were used as 
a negative control for  RT-qPCR. Unteated  cells (UC), 
cycloheximide (CHX), DMSO  were used as negative controls 
during  anti-cancer treatment by cisplatin (CP), TNF-α, Anti-Fas and 
doxorubicin (DOX).  
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Overexpression of miR-124-3p downregule of APEX2-202 and CD59-209. And  also 

overexpression of miR-519d-3p downregule RAB22A-202,  PARD3-211 and  

AC027237.1-210 (Figure 3.21 and 22 ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.21. RT-qPCR  of lncRNA candidates after overexpression of miRNAs. the 
expression level (log2 FC) by RT-qPCR  results  

Figure 3.22. The exprimental validation of lncRNA candidates after overexpression 
of miRNAs. The expression leveL by RT-qPCR  results.  

1       2         3 1       2         3 1       2         3 1       2         3 1  

IGF2BPI APEX2-202 CD59-209 GAPDH PDCD6 DNA Marker 

miR-124-3p mRNA target miR-124-3p lncRNA target 

1        2          3 1        2          3 1        2          3 1        2          3 1        2          3 

BCL6 RAB22A-202 PARD3-211 AC027237.1-210 TWIST 

DNA Marker miR-519d-3p mRNA target miR-519d -3p lncRNA target 
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miRNA mimics were used for overexpression of miR-124-3p and miR519d-3p. 

TWIST and BCL6 mRNA used as apositive control targets of miR519d-3p and the 

expected sizes were 170 and 234 bp respectively.  Also, PDCD6 and IGF2BP1 used as 

apositive control targets of miR-124-3p and  the expected sizes were 230 and 126 bp 

respectively.. small interferance RNA (siRNA) used as a negative control during 

transfection (Figure 3.22). 

  

 

3.4. Molecular Characterization of lncRNA Candidates (GTF2A1-AS, 

TNFRSF10B-AS and CAMTA1-DT).  
  

 

RNA-seq data investigates that GTF2A1-AS, TNFRSF10B-AS, and CAMTA1-

DT are anti-sense lncRNA to sense protein-coding genes. Molecular characterization of 

these lncRNA candidates includes structural and functional molecular bases to 

understand the putative regulatory role of each lncRNA candidate during programmed 

cell death. RNA-seq data analysis revealed that the expression level of lncRNA 

candidates was upregulated after cisplatin, doxorubicin, TNF-α and anti-Fas treatment 

of HeLa cells. the highest upregulation level was in cisplatine treatment. The 

expression level of GTF2A1-AS, TNFRSF10B-AS and CAMTA1-DT were 5.1488, 

4.5081 and 3.6997 respectively (Table 3.14). 

 

Table 3.14. Expression levels of lncRNA candidates from RNA-seq data. 
 

 

RNA-seq data was visualized and the expression levels of 3 selected lncRNA 

candidates were investigated by a genome reviewer tool. lncRNAs were overexpressed 

under apoptosis condition due to cisplatin treatment, the exonic sequences of GTF2A1-

Gene name Gene ID 
Expression level (log2 fold change) from RNA-seq data 

Cisplatin Doxorubicin TNF-α Anti-Fas 

GTF2A1-AS ENSG00000273783 5.1488 1.5027 3.3417 3.6892 
TNFRSF10B-AS ENSG00000246130 4.5081 3.0534 2.7369 2.6561 
CAMTA1-DT ENSG00000237436 3.6997 1.0789 3.1828 3.3772 
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AS, TNFRSF10B-AS and CAMTA1-DT have high peaks in the cisplatin-treated 

sample over that control samples (Figure 3.23). 

 

 

  

Figure 3.23. Visualization of of GTF2A1-AS, CAMTA1-DT, and TNFRSF10B-
AS. The red squar refer to expression level in control and treated 
sample for each lncRNA. 
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3.4.1.  Induction and Measurement of Apoptosis  
 

 

Anti-cancer drugs were used to trigger apoptosis in HeLa cells in a dose- and 

time-dependent manner. Morphological changes after drug treatment were observed 

under a microscope. Thr HeLa cells shape change into round and the cells lose the 

attachement to the growing surface (Figure 3.24)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cisplatin caused cell death in a dose-dependent manner at a single time point. 

the 10 μM, 20 μM, 40 μM, 80 μM and 160 μM cisplatin doses caused 27%, 32%, 40%, 

56 % and 78% cell death after 16 hr treatment, respectively (Figure 3.25). 

The experiment was conducted in triplicate and Student’s t test was used for 

statistical analysis. Change in apoptotic rate between untreated cells and DMSO 

negative control group was non-significant (p value > 0.05) unlike negative control and 

CP-treated group (p value < 0.05).  

 

NC DMSO CP 

Figure 3.24. Morphology of HeLa cells under apoptosis condition.  non-treated 
(NC), DMSO-treated and cisplatin (CP) treated cells. 20X 
magnification. 
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Table 3.15. Apoptosis rate in anti-cancer durg treated Hela cells. The rate was 

calculated in apoptotic, live and dead cell percentages  
 
 

CP   Apoptotic cells Live cells Dead cells 
DMSO  18.04 ± 0.17 81.87 ± 0.04 0.07 ± 0.00 
10μm  27.59 ± 3.65 73.03 ± 3.61 0.00 ± 0.03 
20μm  32.28 ± 4.84 67.91 ± 2.38 0.13 ± 0.17 
40μm  40.72 ± 2.09 59.70 ± 1.19 0.23 ± 0.20 
80μm  56.53 ± 5.83 43.43 ± 2.50 0.10 ± 0.18 
160μm  76.98 ± 0.81 22.19 ± 1.28 0.82 ± 0.37 

 

7A
A

D
 

 

Annexin V 

CP 160μM CP 80μM CP 40μM 

DMSO CP 20μM CP 10μM 

Figure 3.25. Dot blot analysis of cisplatin dose response assay. cisplatin causes cell 
death in dose-dependent manner after 16 hours of treatment.  
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DOX    Apoptotic cells Live cells Dead cells 
NC  1.25 ± 0.15 95.40 ± 0.20 3.20 ± 0.30 
2.5 μm  39.47 ± 0.30 43.75 ± 0.95 2.15 ± 0.65 
5 μm  55.55 ± 1.80 42.00 ± 2.00 2.20 ± 0.30 
10 μm  52.82 ± 1.56 44.8 ± 1.20 2.25 ± 0.25 
25 μm 
 

 63.00 ± 1.56 34.81 ± 0.20 2.20 ± 0.25 

TNF-α    Apoptotic cells Live cells Dead cells 
CHX  12.8 ±1.5   85.1±3.10 1.80±0.5 
25ng/ml  21.40±2.7   76.30±2.4 2.30 ±0.2 
50ng/ml  35.10±2.8   61.60±3.2 3.00 ±0.3 
100ng/ml  44.10±3.0   52.10±2.8 3.30±0.5 
200ng/ml 
 

 63.10±2.9   33.60±2.9 3.30±0.6 

Anti-Fas  Apoptotic cells Live cells Dead cells 
NC  4.00± 0.37    95.1± 0.2 1.26± 0.15 
0.25 μg  17.00 ±1.8   82.08± 0.8 1.6± 0.3 
0.5 μg  36.05±1.95   62.43±0.7 1.70± 0.15 
1 μg  38.71± 2.02   60.22±1.5 1.70± 0.3 
2 μg  48.83± 3.10   49.86±1.9 1.9± 0.5 

 
 

 
 
Each drug concentration and treatment period were selected based on causing 

cell death in 50% of the population. Drug concentrations and treatment periods are 

given in Table 3.16 were used for further experiments. 
 

Table 3.16. Lethal dose of anti-cancer drugs. Treatment period, concentration and 
apoptosis rate of each dependant drug 

 
 

Anti-cancer 
drug 

Apoptosis inducing 
concentration 

Time treatment 
(hr) 

Approximate 
apoptosis rate (%) 

 

Cisplatin 80 μM + DMSO 16 45–50 

Doxorubicin 0.5 μM 4 20–25 

TNF-α 
125 ng/ml 

+(CHX 10 μg/ml) 
8 45–50 

Anti-Fas 0.5 μg/ml 16 30–35 
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A 

B 

C 

D 

Figure 3.26. Kinatic-dose treatment to HeLa cells.  A. cisplatin treated cells, B. 
TNF-α treated cells, C. anti-Fas treated cells, D. DOX- treated cells. 
NC refers to untreated group serving as the negative control of Anti-
Fas and doxorubicin treatment while DMSO- and cycloheximide 
(CHX)-treated cells were used as negative controls for cisplatin and 
TNF-α treatment, respectively. 
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3.4.2. Detection of  3' and 5'-Ends of lncRNA Candidates 
 

 

3.4.2.1. RACE-PCR  
 

 

Total RNAs were isolated from HeLa cells after drug treatments. Integrity of 

the samples was assessed by exhibited sharp 28S and 18S rRNA bands  (Figure 3.27). 

Synthetic Neo-RNA was used as a control for 5' and 3’-ends detection. The expected 

size of PCR reaction of control samples were internal Neo-gene, control 5' end and 3’-

ends of Neo-gene were 157,  293 and 1026 bp by respectively. The RACE PCR results 

of 5'-ends of lncRNAs showed that 5'-end GTF2A1-AS expected sizes of 1st, 2nd cycle 

N1 and 2nd cycle N2 PCR were 657, 564 and 394 bp by respectively. 5'-end 

TNFRSF0B-AS expected sizes of 1st and 2nd cycle of PCR were 730 bp and 452 bp by 

respectively and 5'-end CAMTA1-DT detection, the expected sizes of 1st and 2nd cycle 

of PCR were 385 and 298 bp by respectively (Figure 3. 28). In addition, The RACE 

PCR results of 3'-ends of lncRNAs showed that 3’-end GTF2A1-AS the sizes in 1st, 2nd 

cycle N1 and 2nd cycle N2 PCR were 713, 589, 466 bp by respectively. The expected 

sizes of 3’-end of TNFRSF10B-AS the sizes in the 1st and 2nd cycle of PCR were 489 

and 394 bp by respectively. Also, the results showed that 3'-end of CAMTA1-DT 

expected sizes were 374 and 218 bp 1st and 2nd cycle of PCR by respectively (Figure 3. 

29).  

 

 

 

 

 

 

 

 

 

Figure 3.27. Electrophoretic analysis of RNA integrity. 1μg RNA molecules were run 
on 1% agarose gel stained ethidium bromide DNA-binding dye (1% 
EtBr). Untreated cells (NC), DMSO is a control for cisplatin. CHX is a 
control for TNF-α treated group.  
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A 

B 

C 

Figure 3.28. Electrophoretic analyses of PCR of 5'-end of lncRNA candidates. PCR 
products were run on 1% agarose gel. PCR products of 5’-end of A. 
GTF2A1-AS, B. TNFRSF10B-AS and C. CAMTA1-DT. 
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Figure 3.29. Electrophoretic analyses of PCR of 3'-end of lncRNA candidates. PCR 
products were run on 1% agarose gel. PCR products of 3’-end of A. 
GTF2A1-AS, B. TNFRSF10B-AS, and C. CAMTA1-DT. 

B 

A 

C 
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3.4.2.2. Sequencing of 3' and 5'-ends lncRNA Candidates 
 

 

The PCR product of 5' and 3’-end s for each lncRNA candidate were cloned to 

the TA cloning vector and transformed into DH5α. Products correctly inserted into the 

plasmid were selected by blue-white colonies screening assay and confirmed by 

restriction digestions assay. The PCR product of 5' and 3’-end s were subjected to 

sequencing process, Sanger  sequencing results were investigated in Figure 3.30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.4. Detection of The Cellular Localization of lncRNA Candidates  
 

 

The quantitative of expression level approach used to quantify and categorize the 

subcellular localization pattern of a representative set of lncRNA candidates.  

5'-end GTF2A1-AS 
AGAACTTGCAAAGCGTTGCTGGAAAAGACGGGAGTTCTACTGACACTCCAGTCCAAAGCTAGGTGGGACCGCCTCCTGTCGCACGTTTCCGCCGGT
CCCGCGCTTTAGGAGCTAGGAAATGTGACAGAGGCGGTGCCTACTGCCTCGCTAGGAATGGCCGCGGAGGAGGACTGGTCACGTGGCGTGGCTTC
CGGCCTCTGGCGCGTTCCTTTCGGGAAGGTTTTAAATGCGGAGTCATCTCTTGATTTGTCAGCGAGGCTTTGACTGTGAGCTTCGCGGCGTTCGCG
CCTCACCGCCTCACCGAGGTGGGTACGCTGCGAAGACTAGGCTTATGTTACCCAGAGGTTAGTCCTCTACTAGGCCACGTACTTTAAATAATTTATC
ACGCTAGTGG 

5'-end TNFRSF10B-AS 
CGGAACGGAACCACTGGGCCGCAGCGACCACAGGGGAGTTCTTCGCCGGCCGCAGGTTCAAAGCGATCTGCAATGAGCGCCTTTAGGAATTCATTC
GAAGGCGCAAAAGAAAAAGAAATTAAGGCAGGAACTGAGCGAGGAAGGAAGGGAGGGAAAGAAAGGAAGAAAGAGAAAAAGAGAAAGAAACAGAA
AGAACAGGCAAAAGCTGAAAGGGTCATGGGAGGAGGCTGCTGGTTCCAGTGAATGGCGCTGACCCCACTGAGATCAACACCTTGCTGGAGGCCTCA
AACACTGAAAGAAAGACATGCAAAGGAAATAATTCAGGACCAACTGGTGGGCTCCAAAAATCTCTTCTATGAGGAAGGTGAATGCAGGCTCTGCTAC
GTCCTGCCTGTGAAAGAATCCCTTCAGGAAACCAGAGCTTCCCTCGTTTACCTTTTCTCCTACAAAGG 

5'-end CAMTA1-DT 
CGCGGGGGGCCTCGGGGCTGAGGTCCGCAGGGGTGCCGCGCCCTGGAGTCCGACTGCCTAGGAGTCCGGGCGTCGCTGCCGGCCGTGGGGGAGGG
GCGAGCCTCCCGCCAGGCCCCGCCCCCTCGGCGCCGCGTCCCCACGGCCCCGGCGCCGCCCGCCTGCGCCCGCCTCCTGTGCCCGCCCCCGGTAAT
ACCGGAAACAAAAGGAGAGGCTGCAATCGCAAATTGTTTAAAAAGAAGAAAAAGGAAAGAAAAGTTGAATCAAAATAAGTGAAAAATCCTCGTTCAA
GTGTTCTGGC  

A- 5'-end of lncRNA candidates 

3'-end GTF2A1-AS 
CGACCTTGCAAGCAGAACAGAGAATGCTGTTTGGAAGGCAGAATTCATAGTACCTAGTTTTCTTGTCCCTGGGAATTTTGAGGGACTTGAAATGTCG
CGTGGATGAGTGAGGGAGTTTGTCTTCCAGAGACAAAGCAAAACGAAACGTCAAAGTTCTGTGCTGGTGAAACCAGATTTGAAGAATATCAAAGGCG
TCTTACCAAAGAGGAAAAAAAATGCATCTTGCCAAGACTTGAAGAAAGGGATTAGAGAAACCAGAGGCCTTGAATACTCAGAAAATGGGAGATTGTG
AATGGGTGTAGAGGATATCTATGAACCTTGACATTTCTTTTCACGCCAAGTCCATTCCCCTGTTAACAGTTGCTTCCCAGTTTCCTGCACAGCTGCAT
GGTCTGGGACACTTAAAGAAAAAAATCACAGGAAATCAGTGTTCTTGGTATATTATATAAAGTTATGATTCTATCAA 

B- 3'-end of lncRNA candidates 

3'-end TNFRSF10B-AS 
GGCCTCAAAGCCCAGAGGGAGCCAGTCCAGCCCCAGCTCCCTTGTGCCTTCCGTAGAGGCCTTCCTTGAAGATGCATCTAGAGTGTCAGCCTTATC
AGTGTTTGTTAAGCTTATTCTTTTAAAGTAAGCTTCCTGACAACATGAAATTGTTGGGGTTTTCTGGAGTTGTTTGGTTTGTATGGGATTTGCTTTAT
CCCCAAGCCAAACAGCACATGACACACGACAGCCACTTAAGACAGTGTGTCACTCGTGGTTAGAGTCCTTTGATGTTTCTGCCCTATGGACCCTATT
TGAAGACTATGTTGTAATATCAAACAATACAAGGAAGCACGTTATACAGAAAATGCTCATATGTTTATGAATTTTGACCAAAATAAATATGAAATCTT
ATATT 

3'-end CAMTA1-DT 
AACAAAAGGAGAGGCTGCAATCGCAAATTGTTTAAAAAGAAGAAAAAGGAAAGAAAAGTTGAATCAAAATAAGTGAAAAATCCTCGTTCAAGTGTTC
TGGCATTAAGATTGACTGTCACACTGAATTCTGTGCCAATCCTAACAACATGTGTTCTTTTTCTGGTCTTCACAAGTAAGAATGTCTTAGGTTTTCCAG
AAATAAAGATGTCCCAAAAGAA 

Figure 3.30. Sequencing data of 5' and  3'-ends of lncRNA transcripts A. 5'-end of 
lncRNA candidates. B. 3'-end of lncRNA candidates (GTF2A1-AS, 
TNFRSF10B-AS and CAMTA1-DT). 
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After purification of RNA molecules, integrity and concentration was measured 

by the Nanodrop spectrophotometer, the purified RNA samples had no alcoholic and 

proteinic contamination and the results were with a clean spectrum curve and 260/280 

and 260/230 ratios were 1.8 to 1.9  (Table 3.17).  

 

Table 3.17. Nuclear and cytoplasmic RNA putirty and concentration. RNA purity 
values of DMSO- and cisplatin treated cells. Total RNA (T), Cytoplasmic 
RNA (C) and nuclear RNA (N). 

 

CP Drug RNA Conc.  260/280 260/230 
DMSO. T. 890 ng/μl 1.90 1.80 
DMSO. C. 750 ng/μl  1.90 1.80 
DMSO. N. 150 ng/μl 1.90 1.80 
Cisplatin T.   609 ng/μl 1.88 1.80 
Cisplatin C.   488 ng/μl 1.88 1.78 
Cisplatin N   110 ng/μl 1.88 1.80 

 

TBE gel (1% agarose) was used to control the integrity of RNA samples. Total 

and cytoplasmic RNAs had sharp 28S and 18S rRNA bands. In the case of nuclear 

RNA purification, genomic DNA contamination was present as expected. Nuclear 

RNA was treated with DNase enzyme to digest genomic DNA (Figure 3.31). 

 

 

 

 

 

 

 

 

 

 Figure 3.31. Electrophoretic analyses for cytosolic and nucleear RNA integrity. Total, 
cytoplasmic and nuclear RNA were purified from DMSO- and cisplatin-
treated cells. 
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The biological replicated were 3 samples of cytoplasmic (C) and nuclear (N) 

RNA which were treated with DMSO as a negative control and cisplatin-treated 

samples for apoptosis triggering.  references gene were GAPDH as a cytoplasmic 

marker and MALAT-1 as a nuclear marker, the expression level target genes antisense 

to the reference gene was detected in cytoplasmic and nuclear RNAs. 

 the expression levels of CAMTA1-DT, GTF2A1-AS, and  TNFRSF10B-AS in 

the cytoplasm were 2.274,  4.272 and 9.221 relative to  GAPDH and in the nucleus, the 

expression levels were 5.836, 11.46 and 33.82 respectively.  Relative to  MALAT-1as a 

nuclear marker the expression levels of CAMTA1-DT, GTF2A1-AS, and  

TNFRSF10B-AS in the cytoplasm were 0.050,  0.105 and 0.221 and in the nucleus, the 

expression levels were 0.660, 1.300and 3.830 respectively (Table 3.18).   

It was also shown that lncRNA expression level is much more in the nucleus than 

in cytoplasm when compared with reference genes MALAT-1 and GAPDH. the 

expression levels relative to MALAT-1 also give confirmation that  CAMTA1-DT, 

GTF2A1-AS, and  TNFRSF10B-AS are localizing in the nucleus (Figure 3.32). 

 

 

Table 3.18. Expression levels of lncRNA candidates in cytoplasm and nucleus.  The 

expression levels relative to cytoplasmic and nuclear markers GAPDH and 

MALAT-1, respectively. 
 

Gene name Ref. Cytoplasmic 
FC 

Nuclear 
FC Ref. Cytoplasmic 

FC 
Nuclear 

FC 

CAMTA1-DT 

G
A

PD
H

 2.274 5.836 

M
A

LA
T-

1 0.050 0.660 

GTF2A1-AS 4.272 11.46 0.105 1.300 

TNFRSF10B-AS 9.221 33.82 0.221 3.830 

 

 

In statistical analysis average and standard deviation were applied to ∆Cq and 

∆∆Cq values. The experiment was performed in three replicates and Student’s T-test 

was used for statistical analysis.  
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3.4.5. Physical Structure of lncRNA Candidates 
 

 

RNA-seq data not only introduced the number of exons for each lncRNA 

candidate, but also the expression level of each exon along with lncRNA sequences. In 

addition, these data presented the gene mapping of each lncRNA with up and down-

stream mapped genes to each selected lncRNA candidate. 

GTF2A1-AS lncRNA is localized on chromosome 14: 81,221,218-81,222,460 

as a forward strand to GTF2A1 protein-coding gene. It consisted of two non-coding 

A 

B 

Figure 3.32. RT-qPCR  showing the localization of lncRNA candidates.  The 
expression levels in cytoplasm and nucleous were corelated to reference 
genes.  A. MALAT1 and B. GAPDH. The black and white diagram in 
shows the relative percentage of lncRNA to reference genes. 
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exons with intronic sequences. GTF2A1-AS transcript length is 1130 base pairs, and 

the transcript version is ENST00000618431.1. the second candidate id CAMTA1-DT 

lncRNA that localized on chromosome 1: 6,783,892-6,784,843 as a reverse strand to 

CAMTA1 protein-coding gene. It consists of three non-coding exons with intronic 

sequences. CAMTA1-DT transcript length is 415 base pairs, and the transcript version 

is ENST00000442889.1. The last candidate is TNFRSF10B-AS lncRNA that localized 

on chromosome 8: 23,068,229-23,083,619 as a forward strand to TNFRSF10B protein-

coding gene. It consists of three non-coding exons with intronic sequences. 

TNFRSF10B-AS transcript length is 2636 base pairs, and the transcript version is 

ENST00000501897.1 (Figure 3.33). 

 
 

 

 

 

 

 

 

 

 

 

3.4.6. Mapping and Tissue Expression of LncRNA Candidates 

 

 
GTF2A1-AS (AL136040.2) is antisense lncRNA to GTF2A1 sense protein-

coding gene and its expression is in the forward direction. The upstream mapping site is 

the thyroid-stimulating hormone receptor (TSHR) protein-coding gene, while the 

downstream mapping site is the STON2 gene. CAMTA1-DT (AL590128.2) is an 

antisense lncRNA to the CAMTA1 sense protein-coding gene and its expression is in 

the reverse direction.  The upstream mapping site is found as a THAP domain 

Figure 3.33. The physical structure of lncRNA candidates, CAMTA1-DT, GTF2A1-AS, 
and TNFRSF10B-AS. The diagram shows the direction of each 
candidate compared to the sense gene. 
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containing 3 (THAP3) gene and dang heat shock protein family (Hsp40) member C11 

(DANJC11) gene. Downstream mapping site is a vesicle-associated membrane protein 

3 (VAMP3) and period circadian regulator 3 (PER3) genes. TNFRSF10B-AS 

(AC107959.2) is an antisense lncRNA to TNFRSF10B sense protein-coding gene and 

is expressed in a forward direction.  The upstream mapping site is Rho related BTB 

domain containing 2 (RHOBTB2) protein-coding gene, and the downstream mapping 

site is a TNF receptor superfamily member 10c (TNFRSF10B.C) protein-coding gene 

(Figure 3.34).  

 

 

 

 

 

 

 

 

 

 

 

 

The expression levels of GTF2A1, GTF2A1-AS (AL136040.1), TSHR and 

STON2 was found high in genital tissues and thyroid gland, which was proportional 

with the expression level of sense gene with up and downstream mapped genes The 

expression levels of CAMTA1, CAMTA1-DT (AL590128.2), THAP3, DANJC11, 

VAMP3, and PER3 were found high in testes tissues, thyroid gland, and prostate gland, 

which was proportional to the expression level of sense gene and upstream (THAP3 

and DANJC11) and downstream (VAMP3 and PER3) mapped genes. TNFRSF10B-AS 

(AC107959.2) expression level and TNFRSF10B, RHOBTB2 and TNFRSF10B.C 

were upregulated in genital tissues (testis) and leukocyte and adipose tissue, which was 

proportional to the expression level of sense gene and up and downstream mapped 

genes (Figure 3.35). 

C

A 

B

Figure 3.34. Mapping of lncRNA candidates. A- GTF2A1-AS B- CAMTA1-DT, and C- 
TNFRSF10B-AS, the diagram shows the direction of each candidate 
compared to the sense gene. 
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3.4.7. Coding Potential of lncRNA Candidates 

 

 
Here the coding potential for lncRNA candidates were calculated based on the 

previous features, the results investigate that TNFRSF10B-AS candidates have the 

potential to encode for proteins because it has a 0.99 coding probability. CAMTA1-DT 

and GTF2A1-AS (AL136040.1) candidates have 0.0171 and 0.0233 coding probability 

by respectively (Table 3.19). 

C 

A 

B 

Figure 3.35. Tissue expresion levels of lncRNA candidates. A- GTF2A1-AS B- 
CAMTA1-DT, and C- TNFRSF10B-AS, the diagram shows the expresion 
level of each lncRNA candidate compared to up and downstream mapped 
genes. 
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Table 3.19. Coding probability calculation of lncRNA via OmicsBOX tools 

 

lncRNAs Tags Seq. 
Name 

ORF 
size 

Fickett 
score 

Hexamer 
score 

Coding 
probability 

CAMTA1-DT Non-coding Ch.1 249 0.725 -0.228 0.0171 
GTF2A1-AS Non-coding Ch.14 261 0.619 -0.142 0.0233 
TNFRSF10B-AS Coding Ch.8 1404 0.507 0.078 0.9998 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

B 

C 

Figure 3.36. Coding potential distribution of lncRNA candidates’ sequences. A. 
CAMTA1-DT, B. GTF2A1-AS (AL136040.1), C. TNFRSF10B-AS 
(AC107959.2). 
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The results of coding potential calculation showed that the number of coding 

sequences of TNFRSF10B-AS has high coding potential distribution (Figure 3.36). 

The sequences of lncRNA candidates were objected to alignment to  High Scoring 

Pairs (HSP) in BLAST. It was found that TNFRSF10B-AS has one hit to Q9UBN6 

(Figure 3.37). 

 

 

3.4.8. Identification of TNFRSF10B-AS Bound Protein Complexes 
 

 

Identification of bounded proteins important for functional characterization 

detection of the phenotype of TNFRSF10B-AS. The  HeLa cells was treated with lysis 

buffer before sonication.  

 

Figure 3.37. Alignment of lncRNAs candidates to  HSP. A. CAMTA1-DT, B. 
GTF2A1-AS (AL136040.1), C. TNFRSF10B-AS (AC107959.2). 

A 

B 

C 
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3.4.8.1. DNA Shearing by Sonication 
 

 

Ultrasound waves sheared DNA into small fragments around  100 base pairs in 

length. The total timing of sonication was 4-5 hr at 4˚C, which was sufficient enough 

for shearing DNA up to 200 bp length. It was found that DNA was sheared after 5 hr 

sonication. DNA was isolated from samples taken from non-sonicated and sonicated 

samples for every 0.5 hr (Figure 3.38). 

 

 

 

 

 

 

 

 

 

 

 

After the optimization of DNA physical shearing by sonication, the existence of 

lncRNA candidates in sonicated cell lysate was validated. RNA was purified and 

integrity was checked by running on 1% agarose gel. Ribosomal RNA was clearly 

approved as clear 18S and 28S rRNA bands in unsolicited DMSO and cisplatin-treated 

cells, but rRNA partially seemed degraded after fixation of the cell with glutaraldehyde 

(Figure 3.39). 

sample (A) is unsolicited cells cross-linked with 1% glutaraldehyde only 

without lysis buffers, sample (B)  is unsolicited cell lysate treated with complete lysis 

buffer after fixation with glutaraldehyde,  sample (C)  fixed cells with glutaraldehyde, 

treated with lysis buffer and sonicated for 2 hr. Sample (D) fixed cells with 

glutaraldehyde, treated with lysis buffer and sonicated for 4 hr, this sample was used 

for validation of TNFRSF10B-AS in sonicated cell lysate. 

Figure 3.38. Electrophoretic analyses of sonicated genomic DNA.  DNA was 
purified from sonicated cell lysate and 10μL of purified DNA was 
used for running on 1% agarose gel. 
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TNFRSF10B-AS candidate’s existence was confirmed in the sonicated cell 

lysate. PCR products were run on 1% agarose gel. MALAT-1 and GAPDH as a 

positive control sample and expected sizes were 111 and 500 bp, respectively. 

TNFRSF10B-AS was present in the sonicated sample and the size was 91 bp (Figure 

3.40). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.39. Electrophoretic analysis of sonicated and unsonicated total RNA.  
Samples were run on 1% agarose gel.  DMSO- and cisplatin- (CP) 
treated cell A. Cells cross-linked with 1% glutaraldehyde, B. non 
sonicated cell lysate treated with complete lysis buffer, C. Sonicated 
cell lysate after 2 hr of sonication, D. Sonicated cell lysate after 4 hr 
of sonication. 

Figure 3.40. Electrophoretic analyses of PCR reaction of TNFRSF10B-AS in cell lysate.  
Non template (NT) reaction and reverse transcriptase (-RT), were used as 
negative controls. MALAT-1 and GAPDH were used as a positive control. 
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3.4.8.2. TNFRSF10B-AS Pull-Down  
 

 

ChIRP is applicable to lncRNAs because the design of affinity-probes is simple 

given the lncRNA sequence and requires no knowledge of the functional domains or 

RNA's structure. TNFRSF10B-AS separated via magnetic field by using magnetic 

beads in streptavidin-biotinylated tiling antisense-oligos. After the magnetic separation 

of TNFRSF10B-AS, it was very important to test the quality control of this critical step 

in ChIRP. Total RNA of non sonicated cell lysate, 10% of sonicated RNA input 

(without the bead) and beaded RNA were used to confirm the success of the 

TNFRSF10B-AS magnetic separation TERC lncRNA Probe set an even and odd were 

used as a positive control for CHIRP while single probe pool Set GAPDH (LacZ) was 

used as a negative control. The test samples were set as an even and odd pool of 

TNFRSF10B-AS. even pool is considered as an internal control of odd pool and by 

reverse. 
 

 

  

 

 

 

 

 

 

 

 

 

The existence of TNFRSF10B-AS as well as positive control TERC gene were 

tested in 6 different RNAs (total RNA from nonsonicated cell lysate, 10% of sonicated 

RNA input, beaded RNA with the odd pool of TERC, beaded RNA with even pool of 

TERC, beaded RNA with the odd pool of TNFRSF10B-AS and beaded RNA with even 

Figure 3.41. RT-PCR of TNFRSF10B-AS after RNA pull-down. NT, non-template 
reaction and -RT, minus reverse transcriptase was used as negative 
controls. GAPDH coding gene were used as a positive control for PCR 
reaction as well as the TERC gene used as a positive control for the 
ChIRP assay. 
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pool of TNFRSF10B-AS). The results of RT-PCR indicated the success of 

TNFRSF10B-AS precipitation step by magnetic separation. Since the TNFRSF10B-AS 

PCR product size was 91 bp, it was correctly precipitated as observed in beaded test 

samples (Figure 3.41). 

 

 

3.4.8.4. TNFRSF10B-AS Binding Proteins Visualization 

 

 
After confirmation of the magnetic separation step, the total protein sample 

obtained from TNFRSF10B-AS samples was purified and run on SDS-PAGE gel 

(15%). Streptavidin proteins appeared on the SDS page with a size of 11 kDa. The sizes 

of possible TNFRSF10B-AS interacting proteins in the odd and even pool were found 

as 25 KDs in endogenous and overexpressed TNFRSF10B-AS samples. İn addition 

there are other proteins appeared in overexpressed odd and even pool TNFRSF10B-AS 

samples, the protein sizes were 50, 60, and 134 kDa. (Figure 3.42). 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3.42. SDS page of TNFRSF10B-AS binding proteins.  Streptavidin protein size 
ranged to 11KDs. Odd and even pool of endogenous and overexpressed 
TNFRSF10B-AS 
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CHAPTER 4 
 

 

DISCUSSION 
 

 

Apoptosis is a form of cellular suicide or cell death via programmed cellular 

pathways that involved in biological processes ranging from organogenesis to aging, 

from tissue homeostasis to many human diseases. In addition, some diseases, such as 

cancer, obesity, and neurodegenerative diseases, can be cured via apoptosis, which 

produces few side effects (Sliwinska and Griffioen 2018, 251).  There are 26 coding 

genes being novel apoptosis-related genes, involved in the activation, regulation and 

execution of apoptosis-related events. On the other hand, apoptosis activation and 

regulation are also mediated by protein non-coding genes such as microRNAs 

(miRNAs), circular RNAs (ciRNAs) and lncRNAs (Gesing et al. 2015, 44). 

Several studies reported apoptosis activation and regulation mechanisms pointing 

to the contribution of the protein-coding gene only without mentioning the role of 

noncoding genes. The rationale of this study is the identification of differentially 

expressed lncRNAs in HeLa cells under apoptotic conditions. This study aims to 

investigate and clear the regulatory functions of lncRNAs during apoptosis. HeLa cells 

under apoptotic conditions were used as a model to study apoptosis-related lncRNA 

profiling. 

The biological data profile was established by GSEA for differentially expressed 

lncRNA candidates in apoptosis. miRNAs-lncRNAs targeting regulatory network was 

reconstructed to pickup miRNA candidates that have the highest score of targeting site 

to lncRNAs followed by experimentally validation for selected miRNA and lncRNA 

candidates. In addition, lncRNA candidates (TNFRSF10B-AS, GTF2A1-AS, and 

CAMTA1-DT) were functionally characterized to clarify their regulatory roles in 

human apoptosis. The raw data was 15 fastaq files, three biological replicates for 

control and other four test samples treated by anti-cancer drugs. In RNA-seq data 

analysis, the first step is aligning the reads to the human reference genome followed by 

the transcriptome assembly by using a reference transcriptome. The last step is an 

estimate of the expression level for each gene via the calculation of aligned reads to 
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each exon or full-length transcript (Kukurba and Montgomery 2015, 951). Splicing-

aware mapping tools have been developed for mapping transcriptome data. The more 

common tools for RNA-seq alignment include RUM (Grant et al. 2011, 2518), GSNAP 

(Wu and Nacu 2010, 873), MapSplice (Wang et al. 2010, e178), TopHat (Trapnell et al. 

2090, 1105) and Spliced Transcripts Alignment to a Reference STAR (Dobin et al. 

2013, 15). STAR Aligner can determine where the reads originated from the human 

genome. STAR designed especially to handle the challenges of RNA-seq data mapping 

by using a strategy to calculate spliced alignments (Dobin et al. 2013, 15). OmicsBox 

tools used STAR aligner and DEseq2 for differential expression analysis of lncRNAs. 

In the present study, the RNAseq data were analyzed via using an OmicsBox that 

can identify many more candidates not only lncRNAs but also identify more different 

types of RNA such as ncRNA, mRNA, rRNA, tRNA, miRNA - snRNA, snoRNA, 

scRNA, bidirectional promoter lncRNAs, 3’-UTR and  3’-overlapping to ncRNA.  And 

the OmicsBOX tool's results of differentially expressed candidates were investigated by 

Transcript Ensemble ID (ex: ENST00000XXXXXX) and these transcripts have 

different biotype such as processed transcript, retained intron, sense overlapping, 

lincRNA, Antisense and other biotypes of lncRNAs  OmicsBOX tools has many 

options to analyze lncRNAs types due to STAR aligner and the updated pipeline in this 

package (Figure 2.1). 

Quality Control of RNA-Seq is important to confirm the quality of RNA reads 

that was used for mapping to reference genome and transcriptome assembly. Fifteen 

fastaq files of RNA-seq data were processed by the OmicsBOX tool for quality control 

and creates a table containing genes listed for expressed genes. 

Human transcriptome "Homo_sapiens.GRCh38.ncrna.fa" was used as a reference 

to create a table containing statistics predicted expressed protein non-coding transcripts. 

The total sequences that have been recovered from used references were 38,739 

sequences. The output aligned reads data reported, according to aligned times one or 

multiple times with the percentage each gained time (Table 3.1). Statistical charts 

provide a quality assessment of Aligned RNA-seq such as Bar chart of library size per 

each sample that showing the number of reads (counts) in each sample, and distribution 

of counts within each sample was approved through scattered box plot investigate the 

distribution of counts within each sample for all the transcripts. The distribution of 

counts within each sample via scattered box plot clarifies the quality score of each 

sample, if any sample is outside of the range of distribution it wouldn’t be taken into 
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consideration for downstream analysis. The cellular stress responses involve cellular 

physiology, gene regulation and genome remodeling (Madlung aad Coma 2004, 481). 

The cisplatin-treated cells' library size recorded the largest size among all test groups 

that would give pre-indication for the genome of the HeLa cell has a huge response to 

cisplatin as a cellular stressor (Figure 3.1A and B). During alignment of RNAseq data, 

the reads category and percentage were estimated as: Reads that aligned one time and 

reads  that aligned multiple times. Finally, unaligned reads. Based upon the table 

created by OmicsBOX reads, counts were estimated as numbers and percentages in 

each category. The results claimed that the control samples was the lowest distribution 

ranges, on the other hands Anti-FAS-4 was the highest distribution range of aligned 

reads one time or more to the reference.   

Fas ligand/receptor interactions play a key role in the regulation of the 

progression of cancer and the immune system.  The treatment with  Anti-FAS drug 

induces the gene families involved in cancer progression and immune response (Sheikh 

and Fornace 2000, 1509) the results of alignment confirmed that Anti-FAS-4 was the 

highest distribution range of alignment  (Figure 3.2 A and B). 

The final filtering step includes the total number of differentially expressed genes 

that up and downregulated All of the data was statistically significant, tested by 

multiple hypotheses testing correction method and false discovery rate (FDR) was < 

0.05. The total numbers of differentially expressed genes under chemical treatment to 

human cell line depending on the cell line type, the chemical properties of the used 

drug for treatment and finally according to the action mechanism of the drugs (Han et 

al. 2002, 2890). The total number of differentially expressed under cisplatin, TNF-α, 

doxorubicin and anti-FAS were 10,506 genes (Figure 3.3). MDS was utilized to 

determine changes in gene expression between control and apoptosis condition in three 

replicates of reads (counts) of four different drugs treated cells vs non treated HeLa 

cells. THE results claimed that the cisplatin-treated HeLa cells is much more distant to 

control samples (Figure 3.5). 

A volcano plot visual the differentially expressed lncRNA transcripts that display 

statistically significant of large magnitude changes between up and downregulated 

lncRNA candidates. The total number of DE lncRNAs were 2,329 candidates, these 

genes up or downregulated under apoptosis condition (Figure 3.6). MA plots were 

utilized for visualization of high-throughput sequencing analysis of RNA.  

Differentially expressed genes are statistically significant genes (FDR < 0.05) in 
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cisplatin, doxorubicin, TNF-α, and anti-Fas treated HeLa cells were 3488, 2283, 2237 

and 1302 respectively (Figure 3.7 and Table 3.3). 

The total differentially expressed genes list was provided to visualized as multi-

dimensional and numerical genes. The heatmap provides a comprehensive presentation 

of molecular dynamics in a two-dimensional view in which digital values of points are 

illustrated by a range of colors (Deng et al. 2014, e111988). DE genes of doxorubicin 

treated groups and control belong to the same cluster.  DE genes of anti-FAS and TNF-

α treated groups clustered belongs the same, but cisplatin groups seem to belong 

dependant cluster. The HeLa cells respond to the drugs in different concepts based on 

each drug action mechanism and this is clear in the case of treatment the HeLa cells 

with doxorubicin and cisplatin (Figure 3.7). The DE lncRNAs were categorized 

according to the mutualism among treated drug via using  Venn diagrams.  RNA-seq 

claimed that that 114 lncRNAs of them were mutual candidates among cisplatin, 

doxorubicin, TNF-α and anti-Fas drug treatment, they were considered as a group A.  

These 114 gene are may be implicated in intrinsic and extrinsic apoptosis in a direct or 

indirect way. Catenin alpha-1 lncRNA (ENST00000521387) is one regulator of 

intrinsic and extrinsic apoptosis mechanism in gene ontology database, these candidates 

is differentially expressed during the extrinsic and intrinsic apoptosis pathway. The 

mutual lncRNA candidates between TNF-α and anti-Fas were 282 and were expressed 

in the extrinsic apoptosis pathway. The last group is 311 lncRNA candidates between 

them were restricted only to cisplatin and doxorubicin that were differentially 

expressed in the intrinsic apoptosis pathway. The gene ontology database claimed that 

some of these genes that belong, 282 and311 mutual groups, are directly implicated to 

extrinsic and intrinsic apoptosis pathways (Figure 3.8). 

GSEA provided a comprehensive set of functional annotation data to understand 

the biological meaning that lies behind large lists of differentially expressed lncRNAs. 

All of the gene lists of groups A, B and C were objected to GSE analysis The biological 

profile shows the distribution of reach biological function in GSEA data profile (Figure 

3.10). Data profiling obtained from GSE analysis was used to focus on miRNA-

lncRNA targeting complexes and their interaction. miRTarBase was utilized for 

investigation of the miRNAs that target DE lncRNAs in apoptosis. miRTarBase also 

was a source of binding motifs between miRNAs and lncRNAs (Figure 3.10). 

The information of miRNA-lncRNA complexes represented in the form of 

networks in order to model the visualization of interaction patterns between miRNA 
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and lncRNA. The network between lncRNAs and miRNAs was reconstructed to 

speculate on the functional role of lncRNAs that are targeted by miRNAs. In the 

network of lncRNA-miRNA, there are nodes and edges as a basic component of 

biological network based on the Pearson correlation coefficient  (Otasek et al. 2019, 

185). The reconstructed network was represented A, B, and C targeting networks. 

In extrinsic and intrinsic apoptosis pathway the mutual lncRNAs were 114 and 

based on GSEA were targeted by 838 different miRNAs. In the reconstructed network, 

each miRNA has at least 5 targets of lncRNA (Figure 3.12A) in addition to the top 4 

miRNAs which have maximum targets of lncRNAs that were investigated in another 

network (Figure 3.12B). miR-1277-5p, miR-17-5p, miR-192-5p, and miR-92a-3p were 

the top miRNA candidates that were clarified by reconstructed targeting network 

(Table 3.8.) miR17-5p was selected as a putative miRNAs, it targets 7 different 

lncRNA candidates in both intrinsic and extrinsic apoptosis mechanisms. 

The previous studies clarified that miR-17-5p is directly interacting and targeting 

7 different lncRNAs such as H19, HNF1A- AS1, HOTAIR, SNHG16, HORAIRM1, 

MALAT-1, and lincRNA p21. This targeting was predicted via bioinformatics analysis 

and experimentally validated by luciferase gene reporter assay and RNA 

immunoprecipitation (RIP) assay. 

the miR‐17‐92 cluster has seven members as the following, miR‐17‐3p, miR‐17‐

5p, miR‐20a, miR‐19a, miR‐19b, miR‐18a, and miR‐92a. miR‐17‐5p is the main 

member of this cluster, which functions as an oncogene in hepatocellular carcinoma, 

gastric cancer, pancreatic cancer, and glioma. However, miR‐17‐5p plays a tumor 

suppressor role in cervical and breast cancers. In ovarian cancer, miR‐17‐5p was 

investigated to inhibit apoptosis and promote cell proliferation by upregulating its 

target YES1. However in thyroid cancer, lncRNA H19 functions as a competitive 

endogenous RNA (ceRNA) regulatory network with miR‐17‐5p for modulation of 

YES1 expression (Liu et al. 2016, 2326). Down-regulation of lncRNA HNF1A-anti-

sense1 (HNF1A-AS1) inhibits lung cancer cell proliferation rate and increases the 

apoptosis rate. In lung cancer HNF1A-AS1 functions as a competitive endogenous 

RNA (ceRNA) regulatory network with miR‐17‐5p for lung cancer cells proliferation 

and invasion by regulating miR-17-5p (Zhang et al. 2018, 594). HOTAIR had been 

excessively validated having a role that can not be underestimated in oncogenic 

progression and tumor growth. HOTAIR plays a role that regulates osteogenic 

differentiation and proliferation via modulating miR-17-5p and its target gene SMAD7 
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in non-traumatic ONFH. Downregulation of HOTAIR increases the expression level of 

miR-17-5p and the decrease in the expression level of miR-17-5p target gene SMAD7. 

In addition to cervical cancer, HOTAIR plays the tumor-promoting role via sponging 

miR-17-5p. The experiments showed that miR-17-5p downregulation could reverse the 

tumor-suppressing effect caused by HOTAIR silencing (Ji et al. 2018, 354). lncRNA 

small nuclear RNA host gene 16 (SNHG16) regulates the epithelial-mesenchymal 

transition (EMT) progression of bladder cancer cells by directing expressions of both 

miR-17-5p and metalloproteinases 3 (TIMP3). Overexpression of miR-17-5p and 

SNHG16 both enhanced the cell viability, proliferation, migration, and cellular 

invasion, and at the same time suppressing their apoptosis. Besides, TIMP3 was 

subjected to targeted regulation of miR-17-5p, and TIMP3 overexpression reverses the 

effects of miR-17-5p on cell proliferation and metastasis progression (Peng and Li 

2019, 1465). lncRNA HORAIRM1 suppresses the PI3K/AKT pathway in gastric 

cancer (GC) and inhibits the proliferation and migration of GC cells as well as inducing 

their apoptosis HORAIRM1 to serve as ceRNA of miR‐17‐5p, mediating the 

expression of PTEN which is downstream target gene (Lu et al. 2019, 4952). In 

addition, miR-17-5p was a direct target of metastasis-associated lung adenocarcinoma 

transcript 1 (MALAT-1). FOXA1 expression was upregulated as the miR-17-5p 

expression was downregulated in lipopolysaccharide (LPS) treated A549 cells. Further, 

MALAT-1 silencing promotes the expression of miR-17-5p and inhibits expression of 

FOXA1, whereas the double silencing of miR-17-5p and MALAT-1 induces FOXA1 

expression. miR-17-5p silencing reverses the effect 

MiRTarBase website provides different validated methods of miRNAs targeting 

such as reporter assay, western blot, and qPCR that are strong validation methods, 

comparing to other validation methods such as NGS microarray and other methods. 

Screening of a human miRNA microarray has identified  miR-17-5p that interacts and 

targets lncRNA (ENST00000553022) in four seeds (targeting sites). One of the 

targeting sites is 7-mer while others are 6-mer. miR-17-5p also targets lncRNA 

transcript (ENST00000521881) in one target site that is a 7-mer. In addition, miR-17-

5p interacts and targets lncRNA transcript (ENST00000524170) in five seeds, four of 

them are 6-mer and one is a 7-mer target site. The targeting sites of miR-17-5p are 

distributed along the lncRNA strands and one target site for each lncRNA candidate has 

been shown at the nucleotide level (Table 3.11 and Figure 3.16).  The gene ontology 

resource indicates that lncRNA ENST00000524170 (MAPK9-212), 
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ENST00000553022 (TMBIM6-228) and ENST00000521881 (MFHAS1-204) are 

involved and implicated in the regulation of apoptotic signaling pathway and 

programmed cell death. 

Extrinsic apoptosis-induced miRNA-lncRNA targeting network the biological 

data profile of GSEA revealed that 1444 different miRNAs targeted 3539 lncRNA 

candidates through induction via TNF-α and anti-Fas treatment. the global double 

network was reconstructed between miRNAs and in this network, there are  56 

different miRNAs, each miRNA can target 5 or more different lncRNAs. In this 

miRNA-lncRNA targeting network, miRNA nodes and lncRNA edges were shown 

(Figure 3.13). The top 5 miRNAs that target lncRNAs  are miR-150-5p, miR-20b-5p, 

miR-106b-5p, miR-17-5p and miR-519d-3p as listed in Table 3.9 targeting different 

targets lncRNA candidates. Based upon the miRNAs targeting potential to lncRNAs, 

miR-519d-3p  was selected with high targeting potential in the extrinsic apoptosis 

pathway. The previous studies clarified that miR-519d-3p is directly interacting and 

targeted by 7 different lncRNAs such as lncRNAs  PVT1 and HOTAIR. 

mRNAs, lncRNAs and miRNAs, were determined in dexamethasone-treated 

HepG2 cells. Compared with control HepG2 cell, 655 mRNAs (527 up-\regulated / 128 

downregulated) 114 miRNAs (55 miRNAs upregulated / 59 downregulated) and 652 

lncRNAs  (528 upregulated / 124 downregulated), were differentially expressed in the 

dexamethasone-treated cell. 20 highly dysregulated miRNAs and 10 mRNAs, that are 

closely related to lipid metabolism. 5 lipid metabolism-related genes, including 

CYP11A1, CYP7A1, ABHD5, PDK4, and ACSL1, as well as miR-519d-3p, miR-

4328, miR-23a-3p, miR-15b-5p and 177 lncRNAs  were identified (Liu et al. 2018, 19). 

LncRNA PVT1 is significantly overexpressed in human laryngeal squamous cell 

carcinoma (LSCC) cell lines. Upregulation of PVT1 promoted cell migration and 

facilitates proliferation suppressed apoptosis and in LSCC cells. In addition, the 

silencing of PVT1 suppressed proliferation, promote apoptosis, and reduced LSCC cell 

migration. PVT1 promotes cell proliferation and migration by interacting with miR-

519d-3p. Overexpressing HOTAIR and downregulating miR-519d-3p protect MI and 

hypoxia-induced cardiomyocytes apoptosis (Zhang et al. 2019, 171). Under the 

extrinsic apoptosis condition of HeLa cells the miR-519d-3p targets 10 different 

differentially expressed lncRNAs, three of them were selected and targeting sites were 

confirmed by in miRTarBase database. Screening of a human NGS in miRTarBase 

database has identified  miR-519d-3p that interacts and targets lncRNA 
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(ENST00000466092) in five different targeting sites (seeds), one is an 8-mer and four 

target sites are 6-mer. miR-519d-3p also targets lncRNA (ENST00000488949) in five 

target seeds that are 6-mers. In addition, miR-519d-3p interacts lncRNA 

(ENST00000558585) in eight targeting sites, all of them are 7-mer. The targeting sites 

of miR-519d-3p are distributed along the lncRNA strands at the nucleotide level (Table 

3.11 and figure 3.17). The gene ontology resources indicate that lncRNA 

ENST00000466092 (PARD3-211), ENST00000488949 (RAB22A-202) and 

ENST00000558585 (KIF23-206) are involved and implicated in programmed cell 

death and regulation of apoptotic signaling pathway and with other mechanisms 

apoptosis-related. In the intrinsic apoptosis pathway the DE lncRNAs were 5233 

candidates and based on GSE analysis they were targeted by 1680 different miRNAs. 

There are 152 different miRNAs in this network, each of them targets at least 5 

different DE lncRNAs. In this miRNA-lncRNA targeting network, miRNA nodes and 

lncRNA edges were shown (Figure 3.14). The top 5 miRNAs that target lncRNAs  are 

miR-124-3p, miR-192-5p, miR-8485, miR-8485 and miR-93-5p  (Table 3.10). 

The previous studies clarified that miR-124-3p is directly interacting and targeted 

by lncRNAs such as  HOXA11-AS, lncRNA-H19, OGFRP1, SNHG16, LINC00511, 

XIST, NEAT1and MALAT-1. Expression of HOXA11-AS is elevated in osteosarcoma 

(OS), HOXA11-AS downregulation results in decreased cell proliferation of OS cells 

through inducing cell arrest in the G0/G1 phase. Moreover, HOXA11-AS forms an 

endogenous sponge by binding to miR-124-3p directly. Also, It is found that 

overexpression of miR-124-3p reverses the effects of lncRNA HOXA11-AS in 

proliferation and invasion. HOXA11-AS has a role in tumor progression by preventing 

miR-124-3p to bind its targets such as ROCK1 (Cui et al. 2017, 437). LncRNA-H19 

which its expression is elevated in endometrial cancer has a regulatory function in cell 

proliferation and invasion. lncRNA-H19 silencing leads to an increase in cell 

proliferation. The results show that the silencing of lncRNA-H19 leads to increased 

activation of miR-124-3p which targets integrin beta-3 (ITGB3), therefore decreased 

levels of ITGB3. On the other hand, overexpression of ITGB3 has reverse effects of 

miR-124-3p, suggesting that miR-124-3p and ITGB3 operate as downstream effector 

proteins in the H19-signaling pathway, and both miR-124-3p and ITGB3 could be 

modulated by lncRNA-H19 (Liu et al. 2019, 215). lncRNA OGFRP1 expression was 

significantly elevated in non-small cell lung cancer (NSCLC), resulting in increased 

proliferation, migration and invasion capacity of NSCLC tissues and cell lines and 
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knockdown of OGFRP1 conversely induced apoptosis. Further analysis revealed that 

lncRNA OGFRP1 directly interacted with miR-124-3p acting as a ceRNA network. 

This interaction prevented miR-124-3p to bind one of its target LYPD3. Sponge 

formation between these two non-coding RNAs ended up with the upregulation of 

LYPD3 expression which involved in cell migration and urothelial cell-matrix 

interactions (Tang et al. 2018, 578). SNHG16 is expressed and has an epigenetic 

regulatory mechanism in acute lymphoblastic leukemia (ALL).  

The analysis indicated that SNHG16 was upregulated in this cancer type, 

supporting cell proliferation and migration. It was also demonstrated that miR-124-3p 

and SNHG16 have a reversed effect, the expression of miR-124-3p was upregulated 

after SNHG16 was deregulated in ALL cells (Yang et al. 2019, 134). XIST has a 

regulatory function in laryngeal squamous cell carcinoma (LSCC), but underlying 

mechanisms of XIST is still unclear. XIST was significantly upregulated in LSCC 

tissues. Knockdown assays revealed that the downregulation of XIST led to the 

suppression of proliferation, migration, and invasion in LSCC cells. They also observed 

that the levels of both miR-124-3p and EZH2 were highly elevated after knockdown of 

XIST, suggesting that XIST could regulate the tumor progression by modulating miR-

124-3p/EZH2 cascade (Xiao et al. 2019, 136). NEAT1 is highly upregulated in many 

cancer types including ovarian cancer (OC). They observed that the expression of 

NEAT1 was stabilized by HuR, an RNA binding protein, and suppressed by miR-124-

3p in OC cell lines, suggesting that could be regulatory interaction between these three 

NEAT1/ miR-124-3p /HuR (Chai et al. 2016, 1588). The regulatory role of lncRNA 

MALAT-1 was investigated in pulmonary artery hypertension (PAH). It is observed 

that MALAT-1 expression was elevated in the pulmonary artery smooth muscle cells 

(HPASMCs) from PAH patients, and knockdown assay revealed that MALAT-1 

involved in proliferation and increased cell viability. Additionally, ıt is confirmed that 

MALAT-1/miR-124-3p.1complex targeted KLF5 and regulated its expression (Wang et 

al. 2019, 871). 

Under the intrinsic apoptosis condition of HeLa cells the miR-124-3p targets 19 

different DE lncRNAs , three of them were selected and targeting sites were 

experimentally supported by the microarray method in miRTarBase database. 

Screening of a human microarray in miRTarBase database has identified that miR-124-

3p targets and interact with the lncRNA (ENST00000528987, ENST00000533750, and 

ENST00000471758). miR-124-3p interacts with lncRNA transcript targets 
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(ENST00000528987) in five different seeds, two of them are 7-mer and the remaining 

three target sites are 6-mer. hsa-miR-124-3p also targets lncRNA (ENST00000533750) 

in two target site that are 6-mer. Finally, miR-124-3p interacts and targets lncRNA 

transcript (ENST00000558585) in three different 6-mer targeting seeds. The targeting 

seeds of  miR-124-3p was shown along the lncRNA strands at the nucleotide level 

(Table 3.11 and figure 3.18). 

The gene ontology resources indicate that lncRNA ENST00000528987 (CD59-

209), ENST00000533750 (DDIAS-212) and ENST00000471758 (APEX2-202 ) are 

involved and deeply implicated in programmed cell death and regulation of intrinsic 

apoptotic signaling pathway and with several mechanisms apoptosis-related. The 

expresion levels of lncRNA targets of miR-124-3p and miR-519d-3p were validated 

under apoptosis condition. The experimental validation of lncRNA's expression levels 

doesn’t interfere with the RNA-seq data expression profile. TNF-α and Doxurubicin 

induce apoptosis and cause upregulation for all selected lncRNA candidates that are 

targets of miR-124-3p and miR-519d-3p. Cisplatin and cause upregulation for lncRNA 

candidates that are targets of miR-519d-3p, cause downregulation of for lncRNA 

candidates that are targets of miR-124-3p. Anti-FAS drugs cause upregulation for  

APEX2-202 and RAB22A-202 and downregulation for PARD3-211, AC027237.1-210  

and CD59-209 ( Table 3.12 and Figure 3. 19 and 3.20 ) 

The lncRNA candidates (PARD3-211,  AC027237.1-210 and CD59-209) were 

downregulated in Anti-FAS treatment. The lncRNA candidates (APEX2-202,  and 

CD59-209) were downregulated in cisplatin treatment to HeLa cells. On the other hand, 

the remain candidates were upregulated under anti-cancer drug treatments (Table 3.12 

and Figure 3.19 ). Overexpression of miRNAs (miR-124-3p and miR-519d-3p) affect 

the expression level of lncRNA targets. The expression levels of lncRNA targets were 

downregulated (Table 3.13). RT-qPCR results clear that miRNAs (miR-124-3p and 

miR-519d-3p) affect the stability of lncRNA targets and downregulate the expression 

levels of lncRNA (Figure 3.21 and 22 ). The type of interaction between miR-519d-3p 

and miR-124-3p and their lncRNA targets could be classified into miRNA-mediated 

lncRNA degradation reaction patterns. Recent studies have suggested that miRNAs 

could potentially interact with other non-coding RNAs including lncRNAs and regulate 

their regulatory role in biological processes. Interaction between miRNAs and 

lncRNAs takes three different reaction patterns. The first pattern is a sponge or scaffold 

competing for endogenous RNA (sponge ceRNA). ceRNAs are the recent participants 
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adding to the complexities of miRNA mediated lncRNAs regulation. ceRNAs are 

RNAs that share miRNA recognition elements such as ncRNA thereby regulating each 

other. (Kartha 2014, 5). 

In the targeting interaction, both miRNA and lncRNA can be up or 

downregulated at the same time and they can keep the functional balance of gene 

targeting networks. The second pattern is lncRNA dependent miRNA decay which 

means degradation of miRNA based upon the expression level of lncRNA as the 

expression level of lncRNA downregulated and expression level of miRNA in the 

range,  but when the lncRNA upregulated the miRNA could be degregate. Actually the 

dynamics of miRNA degradation and the mechanisms involved remain ambiguous in 

humans (Marzi et al. 2016, 554). The third pattern of miRNA-lncRNA interaction is 

miRNA-mediated lncRNA degradation. The miRNAs have an impact on the 

complexity of lncRNAs expression during diseases. Moreover, miRNAs are involved 

in the post-transcriptional regulation of lncRNA (Wu et al. 2014, 561). During targeting 

of miRNAs to lncRNA, upregulation of miRNAs induce downregulation of lncRNA, 

this interaction takes the pattern of miRNAs targeting to mRNA. The availability of 

genome-scale datasets across a human transcriptome has encouraged us to reconstruct a 

genome-scale double network of targeting between lncRNAs and miRNAs in HeLa 

cells under apoptosis conditions. 

The second part of the results is the molecular characterization of the selected 

lncRNA candidates that are belong antisense categories of lncRNAs  (GTF2A1-AS, 

TNFRSF10B-AS, and CAMTA1-DT). 

Extrinsic apoptosis was induced by activation of HeLa cells' death receptor 

through treatment with TNF-α and anti-Fas ligand. TNF-α, a pro-inflammatory 

cytokine, has signaling activity via TNFR-1 and TNFR-2 receptors by activating NF-

kappaB transcription factor. NF-kappaB is important for the survival of many different 

cell types; however, TNF-α also induces apoptosis by recruitment of caspases 8,  9 and 

3. TNF-α induced apoptosis increases during aging (Gilmmore 2006, 6680) Fas (APO-

1/CD95) is a tumor necrosis factor-R (TNF-R) transmembrane proteins with death 

receptors that have a “death domain” (DD) in their cytosolic region. Fas belong to the 

family of TNF-related cytokines and are essential for apoptosis induction by activation 

of Fas-associated protein with death domain (FADD) that recruit caspases 8 and 10 

(Fulda and Debatin 2006, 4798). (Figure 1.1). 
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Intrinsic apoptosis was induced in HeLa cells by cisplatin and doxorubicin 

treatment. Although cisplatin is one of the main chemotherapeutic agents used against 

different types of human cancers, the apoptotic mechanism caused by cisplatin 

treatment is not fully understood. cisplatin-induced apoptosis activates p53 that recruits 

Bax and Bcl2 on the mitochondrial membrane to induce cytochrome C to liberate from 

mitochondria and excite to the cytoplasm. Caspases 9 and 3 were activated to form an 

apoptosome and cause cell death. Doxorubicin drug apoptotic mechanism is not so far 

different from cisplatin's mechanism (Kiraz et al. 2016, 8471). 

The lethal doses of anti-cancer drugs (cisplatin, doxorubicin, TNFα, and Anti-

FAS) are variable according to cell line type, duration and other factors related to drug 

concentration and action. The scientists reported the lethal dose of the mentioned drugs 

to induce apoptosis. 

The lethal doses of anti-cancer drugs (cisplatin, doxorubicin, TNFα, and Anti-

Fas) are variable according to cell line type, duration and other factors related to drug 

concentration and action. The scientists reported the lethal dose of the mentioned drugs 

to induce apoptosis. Doxorubicin, 1.5 and 1.2 μM in MDA-MB231 and MCF-7, 

respectively, which induces an anti-proliferative effect as well in comparison with data 

that reported in literature where Doxorubicin concentrations (ranging from 0.1 to 10 

μM) decreased the MCF-7 cell viability in a time- and dose concentration-dependent 

manner (Guerriero et al. 2017, 468). Non-small cell lung cancer cells (NSCLC) were 

treated with cisplatin in a wide range of concentrations (0.1, 0.25, 0.5, 1.0, 1.5, 3.0, 6.0, 

15.0, 30.0 and 55.0 mM), followed by MTT assay for viability (Wu et al. 2016, 945). 

Lymphocytes were treated with human recombinant TNF-α simultaneously with 

lactacystin (2.5 gM) directly to the cell culture at final concentrations of TNF-α from 

10 to 100 pg/ml. The proportion of apoptotic cells as a function of these different dose 

treatments was established after 24 h in culture (Delic et al. 1998, 1103). Mouse 

embryo fibroblasts (MEFs), 3T3 fibroblasts, and HCT116-3(6) colorectal carcinoma 

cells were cultured and treated with and 2.5 μg/ml of cycloheximide (CHX) and 10 

ng/ml of TNF-α, where apoptosis rate was measured by fluorescence-activated cell 

sorting (FACS) analysis (Chau et al. 2004, 4438). Primary mouse hepatocytes (PMH) 

were treated with human TNF-α (20 ng/ml) for 24 hr. The cell death rate was measured 

by FACS analysis via using apoptotic markers 7AAD and Annexin V (Faletti et al. 

2018, 900). 
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In this study, the kinetic dose assay showed the final used concentration for each 

drug used as 80 μM, 0.5 μM, 125 ng/ml and 0.5 μg/ml for Cisplatin Doxorubicin, TNF-

α and Anti-Fas respectively, (Table 3.16). DMSO 0.1% was used as a negative control 

for cisplatin-treated cells and cycloheximide (CHX) 10 μg/ml as an activator for TNF-

α. The definition of apoptosis was described based on a distinct sequence of 

morphological features of the cell, such as shrinkage of the cell, smaller nucleus in 

shape with compact and condensed chromatin (Saraste and Pulkki 2000, 528). After 

cisplatin treatment, HeLa cells lost adherence ability and became suspended in the 

culture medium. Light microscope images showed the apoptotic HeLa cells with a 

small size with condensed shape. Untreated and DMSO-treated cells exhibited typical 

HeLa cell morphology while apoptotic blebbing and suspended cells were apparent in 

the cisplatin-treated group (Figure 3.24). 

After detection, the 50% lethal dose of used drugs for induction of apoptosis in 

HeLa cells, RNA was purified  for downstream analysis and functional molecular 

characterization of lncRNA candidates (GTF2A1-AS, TNFRSF10B-AS, and 

CAMTA1-DT).  

The 3′-end of lncRNAs was detected for the purpose of identifying poly (A) 

signals and determine the length of the tail end of each lncRNA candidate. The 5'-end 

of lncRNA candidates were detected also via RACE-PCR followed by sequencing to 

provide information about the exact transcription start site (TSS) for each lncRNA 

candidates. The 5′-end (five prime end) of the RNA or DNA strand that has the fifth 

carbon in the ribose or deoxyribose at its terminus (Asaduzzaman et al. 2016, 1). The 

5′-end of RNA is the site of capping process at the post-transcriptional time, capping 

increases the stability of the RNA strand via protection from the effect of exonuclease 

enzymes, also capped 5′-end access for translation initiation (Kiledijan 2018, 454). The 

5′-untranslated region (5′-UTR) is transcribed into RNA and is located at the 5′-end of 

the RNA and this region implicated in translation regulation. The 5′-untranslated region 

is the portion of the gene between the cap site and the AUG translation initiation codon, 

this portion contains sequences for the rRNA binding site and contains the Kozak 

sequence, or which may affect the stability of the RNA and determination of the RNA 

translation efficiency (Chukwudi 2016, 4433). The promoters of protein-coding genes 

in Eukaryota differ generally classified as lacking a containing or TATA box 

(TATAAAA), which is located 25-30 nucleotides upstream from the initiator element 

or the transcriptional start site (Xu, Thali, and Schaffner  1991, 6699). In many TATA-
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less promoters, there is multiple GC boxes (GGGCGG) that bind the transcription 

factor such as Krox/Egr, Sp1, MIGI, Wilms' tumor, and CREA   (Ulfhammer et al. 

2016, 2016). BLAST data revealed a 99% match between Sanger sequencing results 

and RNA-seq data (Figure 29 and 30.B).  The sequencing results presented that the 5'-

ends of lncRNA candidates (GTF2A1-AS, TNFRSF10B-AS, and CAMTA1-DT) 

without the TATA box in the promoter region and they belonged to TATA-less 

promoter genes. According to genomic sequences, the CG boxes exist in 5'-UTR as a 

common binding site for Zinc finger proteins (ZFs) as transcription factors and 

transcription machinery could be start-up by modulation of CG boxes that exist in 5'-

UTR. 

Subcellular localization of lncRNA candidates, the nuclear and cytoplasmic 

markers were used for the detection of the lncRNAs. MALAT-1 noncoding RNA is 

localized to nuclear speckles and involved in the regulation of gene expression 

(Bernard et al. 2010, 3082). Heterokaryon assay (HA) approves that MALAT-1 does 

not transport between the nucleus and cytoplasm. MALAT-1 as a reference lncRNA 

gene that wholly expressed only in the nucleus 100% (Miyagawa et al. 2012, 738). And 

according to relative expression level calculations, RT-qPCR results indicated that the 

GTF2A1-AS is nuclear-localized and the quantity expression level of GTF2A1-AS is 

92.8% in the nucleus and 7.2% in the cytoplasm and also the relative expression of 

TNFRSF10B-AS is 94.5% in nucleus 5.4% in the cytoplasm. CAMTA1-DT is 93 % in 

nucleus 7 % in cytoplasm (Figure 3.32). 

The molecular characterization of include the lncRNA candidates' mapping and 

biotype (sense or antisense). Many scientists initially consider the transcription of 

antisense genes as transcriptional noise, increasingly being important players in the 

regulation of gene expression. Transcription of antisense genes can perform as a 

regulatory switch and remodeler for protein complexes, The genomic mapping, and 

arrangement of antisense non-coding transcripts opposite sense coding genes refer to 

that they might be part of self-regulatory gene circuits that allow coding genes to 

regulate their own transcription and translation (Shen et al. 2018, 540). GTF2A1-AS 

(AL136040.2) is antisense lncRNA to GTF2A1 sense protein-coding gene and thyroid-

stimulating hormone receptor (TSHR) protein-coding gene, while the downstream 

mapping site is the STON2 gene (Figure 3.34.A). The highest expresion level 

GTF2A1-AS is in the thyroid gland and testis (Figure 3.35.A). It might be the 

GTF2A1-AS part of the self-regulatory circuits of TSHR, STON2, and GTF2A1 gene 
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expression. CAMTA1-DT (AL590128.2) is an antisense lncRNA to the CAMTA1 

sense coding gene and  THAP domain containing 3 (THAP3) gene and dang heat shock 

protein family (Hsp40) member C11 (DANJC11) gene (Figure 3.34.B). while the 

downstream mapping site is the vesicle-associated membrane protein 3 (VAMP3) and 

period circadian regulator 3 (PER3) genes (Figure 3.35.B). The highest expresion level 

CAMTA1-DT is in the thyroid gland and testis.  It might be CAMTA1-DT part of self-

regulatory circuits of THAP3, CAMTA1 gene expression. In addition, the mapping of 

TNFRSF10B-AS (AC107959.2) is an antisense lncRNA to the TNFRSF10B sense 

coding gene and is expressed in a forward direction.  The upstream mapping site is Rho 

related BTB domain containing 2 (RHOBTB2) coding gene, and the downstream 

mapping site is a TNF receptor superfamily member 10c (TNFRSF10B.C) protein-

coding gene (Figure 3.34.C). The highest expresion level TNFRSF10B-AS is in Brain 

and adipose tissue and macrophage (Figure 3.35.C). It might be TNFRSF10B-AS part 

of self-regulatory circuits of RHOBTB2 and TNFRSF10B gene expression.  

The lncRNA candidates (TNFRSF10B-AS, GTF2A1-AS, and CAMTA1-DT) 

were objected to coding potential calculation by OmicsBOX tools that have the 

capability for calculation the coding potential based on an alignment-based method.  

Most of the coding potential calculation tools heavily rely on multiple 

alignments. Target sequences were aligned to calculate a phylogenetic conservation 

score of RNA or pairwise alignment to search for protein-coding evidence. The coding 

potential based on 4 different features Open Reading Frame (ORF) size, the ratio of 

ORF size to transcript size (ORF coverage), Fickett statistic (TEST CODE) and 

conservation score (PhastCon) (Hu et al. 2017, e2). A long putative ORF is improbable 

to exist by random chance in non-protein-coding sequences, because of that the ORF 

length is one of the most essential features used to differentiate protein-coding RNA 

from non-protein-coding RNA.  In addition, ORF coverage is the ratio of ORF length 

to lncRNA transcript length. While some lncRNA sequences may contain ORFs by 

chance, they frequently have lower ORF coverage (Kong et al. 2007, 345). The Fickett 

TEST CODE statistic differentiates protein-coding RNA from non-protein-coding 

RNA based upon the combinational effect of codon usage bias and nucleotide 

composition. The last feature is the Hexamer score that indicates conservative, usage 

bias and is important because of the dependence between arranged amino acids in 

proteins (Wang et al. 2013, e74). The Coding Potential of lncRNA candidates' 

calculation was calculated via using of the OmicsBOX software. This tool was 
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developed to assess the coding potential of RNA sequences via an alignment-based 

method.  

GTF2A1-AS (AL136040.1) and CAMTA1-DT have coding probability 0.0233 

and 0.0171 respectively. TNFRSF10B-AS (AC107959.2) candidates have a 0.99 

coding probability, contain ORFs, and frequently have a 0.5 ORF coverage (Table 

3.19). According to OmicsBOX tool calculation, that means TNFRSF10B-AS may 

have the capability for encoding a protein. The results of coding potential calculation 

by OmicsBOX software showed that the number of coding sequences of TNFRSF10B-

AS has high coding potential distribution (Figure 3.36). With the goal of accurate 

assessment of the coding ability of TNFRSF10B-AS, we upgraded the coding potential 

calculator and the outcome of this analysis was impressive and give pre indication 

about the probability of TNFRSF10B-AS to encode for a protein candidate, This was 

the motivation behind knowing which protein may be the outcome of the coding 

probability of TNFRSF10B-AS. Based upon the RNA sequencing data, The sequences 

of TNFRSF10B-AS candidate was objected to alignment to A high-scoring segment 

pair (HSP) in BLAST. HSP is a local alignment with no gaps that achieve one of the 

scores for alignment. HSP also is a subsegment of a pair of nucleotide or amino acid 

sequences, that share a high similarity level. The RNA sequences of lncRNA 

candidates were objected to HSP alignment, it was found that TNFRSF10B-AS has one 

hit to Q9UBN6 (Figure 3.37). Q9UBN6 is Apo2 ligand (Apo2L), also called TRAIL 

for tumor necrosis factor (TNF)-related apoptosis-inducing ligand. It contains a 

truncated death domain and not able to induce apoptosis but can protect against 

TRAIL-mediated apoptosis. Q9UBN6 able to induce the NF-kappa-B pathway 

activates apoptosis in tumor cells (Marsters et al. 1997, 1003). On the other hand  

Q9UBN6 unable to induce the NF-kappa-B pathway during apoptosis of cancer cells  

(Adegli et al. 1997, 813). 

For more additional functional characterization of selected lncRNA candidates, 

TNFRSF10B-AS was selected as lncRNA that can interact or bind directly to protein 

partners. It is believed that it has a role in regulatory functions during apoptosis of 

cancer cells.  

RNA binding proteins (RBPs) play key roles in controlling RNA processing and 

post-transcriptional events which, along with transcriptional regulation, is a major way 

to regulate gene expression patterns during development (Lunde, Moore, and Varani 

2007, 479). Controlling of post-transcription can occur at several different steps in 
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RNA metabolism, polyadenylation, including splicing, mRNA stability, mRNA 

translation and localization (Matera, Terns, and Terns 2007, 209). They particularly 

play a major part in post-transcriptional control of RNAs, such as joining 

polyadenylation, mRNA stabilization, mRNA localization and interpretation 

(Dictenberg et al. 2008, 926). The investigation by the 2D-gel electrophoresis array of 

non-apoptotic control and apoptosis induced cells to lead to different protein spots 

(Liao et al. 2017, 2164). These spots can be distinguished by different strategies as 

matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS) and 

Electrospray ionization mass spectrometry, these methods are particularly suitable for 

this aim due to their sensitivity, accuracy, and speed (Stefl, Skrisovska, and Allain 

2005, 33). In order to identify proteins that are involved in apoptosis of cancer cells, 

the 2D-gel electrophoresis database as a reference was used to examine the protein 

interactions that had been apoptosis-induced. The proteomic analysis demonstrated that 

37 apoptosis-modified spots of 21 distinctive proteins were distinguished. Interestingly, 

15 of these proteins include an RNA binding motifs (RNP and KH), and 12 are 

included in the RNA splicing process (Buss et al. 2013, e79748). Apoptosis induction 

resulted in caspase cleavage of the scaffold binding domain, and disrupted scaffold 

binding, but had no effect on RNA binding (Chen et al. 2017, 518). In this study, the 

TNFRSF10B-AS candidate was overexpressed via apoptosis trigger in HeLa cells. 

ChIRP was used to identify the bound protein complexes of TNFRSF10B-AS.  

ChIRP was applicable to TNFRSF10B-AS lncRNA because the design of 

affinity-probes is straightforward given the RNA sequence and doesn’t require 

information about the RNA's structure or functional domains. ChIRP is an RNA-

centric technique for exploring chromatin-associated lncRNA function. Specifically, 

ChIRP enables the genome-wide identification of RNA-chromatin binding sites and 

has been used to provide insights into several molecular mechanisms such as apoptosis 

pathways. During the experiment HeLa cells were cross-links between RNA and 

proteins were fixed by glutaraldehyde followed by DNA fragmentation, ultrasound 

waves sheared DNA into small fragments around  100-200 base pairs in length (Figure 

3.38).  

By using glutaraldehyde cross-linking of histones to DNA or protein to RNA and 

gel electrophoresis assays we show that glutaraldehyde fixation discriminates between 

nucleosome- packed (inactive) and nucleosome-free (active) fractions of ribosomal 

RNA and other RNA genes (Shen et al. 2015, 75). Cross-link fixation followed by 
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sonication affect rRNA physical appearance of in the cell (Amaresh, Martindale, and 

Gorospe 2016, e2062). 28s rRNA and 18s rRNA were negatively affected and were 

partially degregated (Figure 3.39), but sonication does not cause degradation of 

TNFRSF10B-AS, as well TNFRSF10B-AS existence has been confirmed in the 

sonicated cell lysate (Figure 3.40). The TNFRSF10B-AS tagged in this manner is then 

incubated with a cell-free system to allow RBPs to recognize TNFRSF10B-AS regions 

to which it has an affinity, while regions with no affinity do not interact with RBPs. 

After the binding is complete, the biotinylated RNA is pulled down using magnetic 

beads in streptavidin-biotinylated tiling antisense-oligos, TNFRSF10B-AS was 

successfully after pulled-down and this step was confirmed by PCR (Figure 3.41). 

The beaded mixture of RNA pulled down was used for protein purification, SDS-

PAGE is commonly used to separate of complex mixtures of proteins in high 

resolution. Streptavidin proteins appeared on the SDS page with a size of 11 kDa.  The 

sizes of specifically interacting proteins with TNFRSF10B-AS in the odd and even 

pool were found as 25 KDs in endogenous and overexpressed TNFRSF10B-AS gene. 

İn addition, there are other non-specific proteins that appeared in overexpressed odd 

and even pool samples, the protein sizes were 50, 60, and 134 kDa. (Figure 3.42).  

RNA immunoprecipitation-sequencing (RIP-seq) results and Bioinformatics 

analysis investigate that that circular RNA circZKSCAN1 plays its inhibitive role by 

competitively binding FMRP, Therefore, block the binding between FMRP and mRNA 

of the β-catenin-binding protein-cell cycle and apoptosis regulator 1 (CCAR1) inhibit 

the transcriptional activity of Wnt signaling (Zhu et al. 2019, 3526). Bioinformatic 

analysis of the protein networks indicates potentially unique functions for β-catenin, 

and the direct interaction between the fragile X mental retardation protein (FMRP) and 

β-catenin is confirmed.  Biochemical studies reveal basal recruitment of β-catenin to 

the messenger translational pre-initiation complex and ribonucleoprotein (Ehyai et al. 

2018, e45536). The recent bioinformatics analysis claimed that TNAFRSF10B-AS is 

predicted to interact with 9233 different proteins, for instance, MAPK9, NFKB1, 

ZNF175, UBR4, and SERTM. In addition,  TNAFRSF10B-AS interacts directly with 

FRM1 protein in the HEK293 cell line and this interaction is experimentally validated 

by  CLIP-seq data. FRM1 protein is a nuclear RNA binding protein and  

ENST00000495717.5 is one of  FRM1 transcript and encode a protein 28,8 Da that is 

the same size of the specific protein identified by ChIRP assay. 
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CHAPTER 5 
 

 

CONCLUSION 
 

 
With the advances in RNA sequencing tools, more lncRNA candidates are 

expected to get identified. OmicsBOX tools have the potential to discover a new 

lncRNA such as retained intron transcripts. The OmicsBOX tool was able to calculate 

the coding potential of newly identified lncRNA candidates.  

A Cytoscape tool that focuses on large scales biomolecules interaction, such as 

RNAs-protein interaction or protein-protein interaction. The differentially expressed 

LncRNA-targeting miRNA double network were reconstructed by Cytoscape software. 

The expression level of miRNAs plays an important role in distinguishing a 

normal cell from the apoptotic cell, suggesting a significant role for the future apoptotic 

marker for therapeutic purposes. miRNAs have multiple target genes, whether coding 

or non-coding, which has the potential for therapeutic uses. miRNAs can target 

lncRNAs  and this targeting was estimated by gene set enrichment analysis (GSEA). 

GSEA analysis investigated that these miRNAs (hsa-miR-124-3p, hsa-miR-519d-3p 

and hsa-miR-17-5p) have the highest score of targeting side to differentiate expressed 

lncRNA candidates under apoptosis conditions. hsa-miR-124-3p has a putative function 

during apoptosis and targets 19 different lncRNA candidates in the intrinsic apoptosis 

pathway. 

And the expression levels of the lncRNA candidates RAB22A-202, PARD3-211, 

AC027237.1-210, APEX2-202 and CD59-209 that were estimated by RNA-seq data 

analysis don't interfere with the experimentally validated expression levels via RT -

qPCR under apoptosis conditions. Overexpression of miR-124-3p downregulates the 

expression level of APEX2-202 and CD59-209. Likewise The overexpression of miR-

519d-3p causes downregulation of RAB22A-202, PARD3-211, and AC027237.1-210. 

miR-124-3p and miR-519d-3p interact with their own lncRNA targets by miRNA-

mediated lncRNA degradation pattern under apoptosis conditions. 
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lncRNA candidates (TNFRSF10B-AS, GTF2A1-AS, and CAMTA1-DT) are 

nuclear-localized and they have no poly (A) tail, these candidates probably have 

regulatory functions in the transcription process, RNA processing and epigenetics and 

chromatin interactions. TNFRSF10B-AS lncRNA has a 0.99 coding probability; it may 

have the potential to encode for Q9UBN6 protein that was deeply implicated in 

apoptosis induction. 

5'-ends sequencing of lncRNA candidates by RACE assay and 5'-ends upstream 

sequences investigated that there is no TATA box and they probably belong to TATA-

less promoter gene type. 

TNFRSF10B-AS has putative regulatory functions in HeLa cells under apoptosis 

via interaction specifically with ribonucleoprotein (25KDs) 

We are still in need of new concepts and techniques involving miRNA-lncRNA-

mRNA targeted in the apoptosis of cancer cells. In addition, lncRNAs-proteins 

interaction that implicated in apoptosis still in need also to be investigated and 

visualized as a biological network. 
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APPENDIX   
 

 
In this study the primers were designed according to guide line primer designing. 

the primers were provided  from www.sacem.com.tr 

  

Table App., 1. Primers sequences in the RACE-PCR and sequencing assay. 
 

Primer Name Primer Sequence 
3'GTF2A1-AS GSP (FP) 5'CCCACCAGCCTTTGGATTGTAACAGCAC3' 
3'GTF2A1-AS Nested A  GSP (FP) 5'CCCACCAACTCGCATGGCCTCTCGCTAT3' 
3'GTF2A1-AS Nested B  GSP (FP) 5'CGACCTTGCAAGCAGAACAGAGAATGC3' 
5'GTF2A1-AS GSP reverse primer 5'GGCAGGATTTGCTTGGGCAGAACAAGTC3' 
5'GTF2A1-AS Nested A  GSP (RP) 5'GAGAGGCCATGCGAGTTGGTGGGTCAAG3' 
5'GTF2A1-AS Nested B  GSP (RP) 5'GCCTAGTAGAGGACTAACCTCTGGGTAAC3' 
3'TNFRSF10B-AS GSP (FP) 5'CTTCTCCATAGCAGTCCAGTAGTGGTAG3' 
3'TNFRSF10B-AS Nested A GSP (FP) 5'GGCGTCCCATGCGTTGTCCCCTGCACAT3' 
3'TNFRSF10B-AS Nested B GSP (FP) 5'GGCCTCAAAGCCCAGAGGGAGCCAGTC3' 
5'TNFRSF10B-AS GSP (RP) 5'GGACTCTTTCTTCCAGGCTGCTTCCCTT3' 
5'TNFRSF10B-AS Nested A GSP (RP) 5'CAGGCAGGACGTAGCAGAGCCTGCATT3'  
5'TNFRSF10B-AS Nested B GSP (RP) 5'TCACTGGAACCAGCAGCCTCCTCCCATGA3' 
3'CAMTA1-DT GSP (FP) 5'CCTGGAGTCCGACTGCCTAGGAGT3' 
3'CAMTA1-DT Nested A GSP (FP) 5'CGCCTCCTGTGCCCGCCCCCGGTAA3' 
3'CAMTA1-DT Nested B GSP (FP) 5'CCGGAAACAAAAGGAGAGGCTGCAAT3' 
5'CAMTA1-DT GSP (RP) 5'CCTAAGACATTCTTACTTGTGAAGACCAG3' 
5'CAMTA1-DT Nested A GSP (RP)  5'GGCACAGAATTCAGTGTGACAGTCAATC3' 
5'CAMTA1-DT Nested B GSP (RP) 5'GCCAGAACACTTGAACGAGGATTTTTCAC3' 
GeneRacer 3' end  (RP) 5'GCTGTCAACGATACGCTACGTAACG3' 
GeneRacer 3' end Nested A (RP) 5'CGCTACGTAACGGCATGACAGTG3' 
GeneRacer 3' end Nested B (RP) 5'GTAACGGCATGACAGTGTT3' 
GeneRacer 5' end (FP) 5'CGACTGGAGCACGAGGACACTGA3' 
GeneRacer 5' end Nested A (FP) 5'GGACACTGACATGGACTGAAGGAGTA3' 
GeneRacer 5' end Nested B (FP) 5'CTGACATGGACTGAAGGAGTA3' 
Human β-actin Control  A (FP) 5'GCTCACCATGGATGATGATATCGC3' 
Human β-actin Control  B.1  (RP) 5'GACCTGGCCGTCAGGCAGCTCG3' 
M13 Forward primer (-20) 5'GTAAAACGACGGCCAG3' 
M13 Reverse primer 5'CAGGAAACAGCTATGAC3' 
T3 Reverse primer 5'ATTAACCCTCACTAAAGGGA3' 
T7 Forward primer 5'TAATACGACTCACTATAGGG3' 

Oligo d(T)-Anchor Primer 5'GACCACGCGTATCGATGTCGACTTTTTTTTTT
TTTTTTV3'  

PCR Anchor Primer 5'GACCACGCGTATCGATGTCGAC3' 
Control Primer neo 1 5'CAGGCATCGCCATGGGTCAC-3' 
Control Primer neo 2 5'GCTGCCTCGTCCTGCAGTTC3' 
Control Primer neo 3 5'GATTGCACGCAGGTTCTCCG3' 
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Amplification of the cDNA 3' and 5'-Ends. 

 

Amplification the cDNA of 3' and 5' ends of lncRNA candidates were 

performed as the manufacturer’s protocol. In this amplification reaction,   it was used 

due to it has high fidelity properties for the product of PCR reaction as well as can 

generate PCR product for TA cloning when the extension time increases up to 30 min 

in PCR cycling.  

Figure App., 1. A representative diagram showing ligated RNA strand and RNA oligo 
sequences A: RNA strand with dephosphorylated and decapping 5' end. 
B: specific sequences of RNA oligo which ligated to decapped RNA 
strand also the RNAoligo strand show the priming site of GeneRacer 5' 
Primer and the GeneRacer 5' Nested Primers A and B. 

Figure App., 2. A representative diagram showing ligated RNA strand and first strand 
cDNA synthesize through reverse transcriptase reaction based upon 
GeneRacerTM Oligo dT primer 
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The first round of PCR reaction 

 

Table App., 2. RACE PCR reaction mixture of 5'-ends of lncRNA candidates. 
 

Reagents  
β-actin 
internal 

gene 

5'-end  
β-actin 

5'-end  
lncRNAs 

GeneRacerTM 5'  forward primer (10mM) xxx 2 μl 2 μl 
5' lncRNA GSP reverse primer  (10mM) xxx xxx 2 μl 
Human β-actin Control  A forward primer (10mM) 2 μl xxx xxx 
Human β-actin Control  B.1 reverse primer (10mM) 2 μl 2 μl xxx 
RT template (cDNA template) xxx 2 μl 2 μl 
HeLa cells RT template 2 μl xxx xxx 
dNTP solution mix (2 mM) 5 μl 5 μl 5 μl 
10X Taq buffer with KCl 5 μl 5 μl 5 μl 
Magnesium chlorides MgCl2 (25 mM) 3 μl 3 μl 3 μl 
DNA Taq Polymerase 1U/μl (Thermo, #EP0402) 1.25 μl 1.25 μl 1.25 μl 
Water nuclease free 29.75 μl 29.75 μl 29.75 μl 
Total volume 50 μl 50 μl 50 μl 
 
 

Table App., 3. RACE PCR reaction mixture of 3'-ends of lncRNA candidates. 

Reagents  
β-actin 
internal 

gene 

3'-end  
β-actin 

3'-end  
lncRNAs  

GeneRacerTM 3'  reverse primer (10mM) xxx 2 μl 2 μl 

3' lncRNA GSP forward primer  (10mM) xxx xxx 2 μl 

Human β-actin Control  A forward primer (10mM) 2 μl 2 μl xxx 

Human β-actin Control  B.1 reverse primer (10mM) 2 μl xxx xxx 

RT template (cDNA template) xx 2 μl 2 μl 

HeLa cells RT template 2 μl xxx xxx 

dNTP solution mix (2 mM) 5 μl 5 μl 5 μl 

10X Taq buffer with KCl 5 μl 5 μl 5 μl 

Magnesium chlorides MgCl2 (25 mM) 3 μl 3 μl 3 μl 

DNA Taq Polymerase 1U/μl (Thermo, #EP0402) 1.25 μl 1.25 μl 1.25 μl 

Water nuclease free 29.75 μl 29.75 μl 29.75 μl 

Total volume 50 μl 50 μl 50 μl 
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Table App., 4. Cycling condition of RACE PCR reaction for lncRNA candidates. 
 
 
 
 
 
 
 
 
 
 
 
 
Table App., 5. Nested RACE PCR reaction sitting of 3' and 5' end lncRNA candidates. 

 

Reagents  3'end  
lncRNAs  

5'end  
lncRNAs  

Nested GeneRacerTM 5'  forward primer (10mM) xxx 2 μl 
Nested  5'lncRNA GSP reverse primer  (10mM) xxx 2 μl 
Nested GeneRacerTM 3'  reverse primer (10mM) 2 μl xxx 
Nested 3' lncRNA GSP forward primer  (10mM) 2 μl xxx 
Purified DNA template  5 μl 5 μl 
dNTP solution mix (2 mM) 5 μl 5 μl 
10X Taq buffer with KCl 5 μl 5 μl 
Magnesium chlorides MgCl2 (25 mM) 3 μl 3 μl 
DNA Taq Polymerase 1U/μl (Thermo, #EP0402) 1.25 μl 1.25 μl 
Water nuclease free 26.75 μl 26.75 μl 
Total volume 50 μl 50 μl 

 
 

Table App., 6. Cycling condition of Nested RACE PCR of 3' and 5' end lncRNAs. 
 

 

After the second and third cycles of PCR which aimed for increasing the 

specificity of the PCR product, the DNA product were extracted from agarose gels by 

the same principle of using NucleoSpinGel and PCR Clean-up kit (NAGEL, cat 

740609.50). DNA products were purified and prepared to be inserted into the TA 

cloning vector for subcloning assay. 

Step Temperature Time Cycles 
Initiation of 
denaturation 95 3 minutes 1 

Denaturation 95 30 seconds  

Annealing 58,60,62,65,68 
(62C-13∆) 30 seconds 50 

Extension 72 60 seconds  
Final extension 72 30 minutes 1 

Step  Temperature  Time  Cycles  

Initiation of denaturation 95 3 minutes 1 
Denaturation 95 30 seconds  
Annealing 62 C0 30 seconds 35 
Extension 72 60 seconds  
Final extension 72 30 minutes 1 
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Thymine and Adenine (TA) Cloning Assay 
  

 

TA cloning is the most simple and fitting method for PCR products subcloning. 

This cloning technique uses the ability of adenine (A) to hybridize to thymine (T) 

complementary base pairs in the presence of ligases with saline solution at the same 

time restriction enzymes are not needed for this hybridization, PCR products were 

amplified by using DNA Taq polymerases enzymes which especially add an adenine to 

the product's 3' end. TA cloning technique uses the activity of terminal transferase of 

deoxyribonucleic acid which can overhang to each 3' thymine end of the PCR products. 

 

Table App., 7. TOPO® TA cloning reaction of 5′ and 3′-end of lncRNAs 
 

Reagents Volume  

Purified PCR product 3 μL 
Salt solution 1 μL 
Water nuclease free 1 μL 
TOPO® vector 1 μL 
Total volume 6 μL 

 
 

All the reaction components were mixed gently and were incubated for 10 min 

at 25 C0 and the reaction products were placed in -20 C0 and TOPO-cloning reaction 

become ready to be transformed.  For amplification of TOPO®- 3' and 5' ends of 

lncRNA candidates a plasmid product, the TOPO plasmid is was transformed into 

Escherichia coli DH5α strain bacterial competent cells. The plasmids have been 

replicated when a bacterial cell divides. After a good number of colonies have grown, 

the plasmid was purified by the NucleoSpin Plasmid kit. 

 

Bacterial Transformation Assay 
 

 

Bacterial transformation is taking up foreign DNA which is TOPO® plasmid 

with 3' and 5'-ends of lncRNA candidates at a low frequency, the process of 

transformation enhanced to introduce TOPO® plasmid DNA with the insert into DH5-
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α bacterial strains that were made more permeable, for uptaking plasmid DNA as 

competent bacterial cells. 
 

 

Chemically DH5-α Competent Cells Preparation 

 

 

Table App., 8. CaCl2 solution for competent cell preparation. 

Reagents A mount  

60 mM CaCl2 0.44 gm 

10 mM PIPES 0.595  gm 

15% glycerol (autoclaved) 50 ml 

 

 

Table App., 9. LB agar and media preparation for competent cell preparation . 

 

 

 

 

 

 

 

White-blue Colonies Screening   

 

The negative control samples (without X-Gal) of subcloning of 5' and 3'-end of 

GTF2A1-AS investigate homogenous bacterial growth without blue colonies. The test 

samples on dry IPTG/X-Gal coated media investigate that bacterial colonies were 

grown and become differentiated into white and blue colonies with different intensities, 

in subcloning of 5'and 3' end products, the recombinant vector indicates the correct 

insertion of the product due to appearance of white colonies.   

 

LB agar Reagents 150ml   LB media Reagents 300ml  

Yeast extract 0.5 gm  Yeast extract 1.5 gm 

NaCl 1 gm  NaCl 3 gm 

Trypton 1 gm  Trypton 3 gm 

Agar 1.5 gm    
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Table App., 10. TOPO- plasmid digestion assay. 

Reagents Volume 

DNA (1μg/μL) xxxx μL 

10X Buffer EcoRI  1 μL 

EcoRI enzyme  0.5 μL 

nuclease-free water up to 10 μL 

Total volume 10 μL 

 

Figure App., 3. DH5α transformation with recombinant TOPO plasmid and white blue 
selection of 5’ and 3'-end products of GTF2A1-AS. (1.a) Control 
samples transformation efficiency of laboratory-made DH5α competent 
cells, 1.b. & 1.c. are negative control (No X-gal) of subcloning of 5' 
and 3'-end of GTF2A1-AS respectively. (2.a, b, and c) white and blue 
colonies of TOPO vector with 5'-end of GTF2A1-AS insert. (3.a, b, and 
c) white and blue colonies of 3'-end of GTF2A1-AS recombinants.   

a b c 

c b a 

b a 

2 

1 

3 
c 
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Figure App., 4. Electrophoretic analyses of TOPO plasmid digestion by EcoR1 
restriction enzyme, 10μL of recombinant plasmid were used for 
running on 1% agarose gel stained ethidium bromide DNA-
binding dye (1% EtBr). (A) TOPO plasmid contains insert of 5' 
end of GTF2A1-AS. PCR products 1(A, B, C) and 2 (A, B, C) 
were purified and cloned into TOPO plasmid. (B) TOPO plasmid 
contains an inserts of 3' end of GTF2A1-AS. PCR products 1, 2, 3 
and 4 were purified and cloned into TOPO plasmid. 
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DNA product (3' and 5'-ends) Sequencing Assay 

 

 
in this method DNA to be sequenced, the fragments are combined with DNA 

Taq polymerase, primer, and DNA dideoxynucleotides (dATP, dGTP, dTTP, and 

dCTP). The chain-terminating dideoxynucleotides (four dyes labeled) were added, but 

less than the ordinary nucleotides. New nucleotides addition to the chain continued 

until to add normal one of a dideoxynucleotide. At that moment, no further more 

nucleotides could be added, so the strand ended with the dideoxynucleotide. Big Dye™ 

Terminator V3.1 Cycle Sequencing Kit (Thermo Fisher Pub. No: 4337035) was used 

for sequencing assay. The recommended quantities of the DNA template to use in a 

single cycle sequencing reaction are 5–20 ng for 500–1000 bp length. PCR mixture was 

prepared in standard reaction 20 μL volume for forward sequencing by using 3.2 pmol 

of M13 forward primer and 2 μL BigDye™ Terminator mix. (Table App., 11). 

 

Table App., 11. PCR mixture of sequencing assay of 3' and 5' ends lncRNA candidates 
 
 

Component Reaction forward Reaction Reverse 

BigDye™ Terminator Reaction Mix 2 μL 2 μL 

Forward primer (3.2 μM) 3.2 pmol 2 μL ----- 

Reverse primer (3.2 μM) 3.2 pmol ------ 2 μL 
DNA template  20 ng 20 ng 
Deionized water (RNase/DNase-free)  xxxxx xxxxx 

Total volume 20 μL 20 μL 

 

Table App., 12. Cycling condition of sequencing of 3' and 5'-ends lncRNA candidates 

 

Step  incubation 
30 cycles 

Hold 
Denaturation Annealing Extension 

Amp. rate  1°C / second 

Temperature 96°C 96°C 58°C 60°C 4°C 

Time 60 seconds 10 seconds 5 seconds 4 minutes ----- 
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After PCR reactions the final products were purified with BigDye X-Terminator 

kit (Thermo Fisher, Pub. No. 4374408). Clear Adhesive Film was removed from the 

sequencing plate. 20 μL of bead solution and 90 μL SAM solution were added and 

mixed to a sequenced sample. The plate was centrifuged for 2 min at 1000 RPM and 

stored at 4 C° for capillary electrophoresis preparation or at –20°C until future usage. 

 

Table App., 13. Purification PCR product of sequencing assay of 3' and 5'-ends 

lncRNA candidates 

Components  Volume 20 μL 

SAM solution  90 μL 

BigDye X-Terminator bead solution  20 μL 

Total volume  110 μL 

 

Capillary electrophoresis were applied to the purified the product of sequencing 

assay by using a 3730/3730xl DNA Analyzer machine and the data was exported as 

ABI format chromatogram file (.ab1) as it was accessible by using FinchTV 1.4.0 

software. 
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13

Figure App., 5. Sanger sequencing electropherograme data of prime ends of GTF2A1-
AS gene.  A. RACE sequencing data of 5' end of GTF2A1-AS, the 
beaks seems with some noisy B. RACE sequencing data of 3' end of 
GTF2A1-AS, the beaks seems with some noisy 
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Table App., 14. Genomic DNA elimination mix for RT-qPCR 

 

 

 

 

 

 

 

Table App., 15. Reverse transcription mix for RT-qPCR 
 

Component  Volume 

5X Buffer BC3  4 μl 

Control B2 1 μl 

RE3 RT Mix 2 μl 

RNAase –free water 3 μl 

Total volume 10 μl 

 

Table App., 16. RT-qPCR component mix 
 

 

 

 

 

 

 

 

 

Table App., 17. Cycling condition for lncRNA candidates in RT-qPCR. 
 

Cycle Duration Temperature Comments 

1 10 min. 95 C0 Activation of initiation 
 

40 
15 sec. 95 C0  

Annealing and extension 1 min. 60 C0 

 

Component  Amount 

RNA  1000 ng 

Buffer GE 2 μl  

RNAase-free water variable (…μl) 

Total volume 10 μl 

Component  Volume 

RT2 SYBR Green Mastermixes 12.5 μl 

TR2 –qPCR primer assay 1 μl 

cDNA synthesize reaction 1 μl 

RNAase –free water 10.5 μl 

Total volume 25 μl 
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Table App., 18. Quantification cycles of target and references genes calculation 

equations and the consequences steps for calculation the relative 

expression level of the target to references (N=3 and P value < 0.05) 

 
 Cq Mean 

GTF2A1-AS 
Cq 

GAPDH 
ΔCq 

(GAPDH) 
ΔΔCq 

(GAPDH) 
KD (%)  

(GAPDH) 
DMSO T 29.17±0.3 27.99±0.1 1.18±0.1 1.00 XX 
DMSO C 29.75±0.7 29.05±0.1 0.71±0.5 1.00 XX 
DMSO N 31.25±0.1 30.19±0.4 1.07±0.3 1.00 XX 

CP T 27.61±0.2 27.27±0.0 0.34±0.2 -0.73±0.1 0.79±0.001 
CP C 27.08±0.3 28.48±0.2 -1.39±0.1 -0.58±0.4 2.62±0.004 
CP N 27.11±0.1 29.56±0.2 -2.45±0.1 -0.67±0.2 5.46±0.002 

 Cq Mean 
GTF2A1-AS 

Cq 
MALAT-1 

ΔCq  
(MALAT1-) 

ΔΔCq  
(MALAT1-) 

KD (%) 
(MALAT1-) 

DMSO T 29.17±0.3 26.25±0.1 2.92±0.2 1.00 XX 
DMSO C 29.75±0.7 33.48±0.3 -3.72±0.5 1.00 XX 
DMSO N 31.25±0.1 31.52±0.4 -0.27±0.3 1.00 XX 

CP T 27.61±0.2 26.99±0.1 0.62±0.1 -2.31±0.1 4.99±0.001 
CP C 27.08±0.3 27.56±0.8 -0.49±0.5 3.25±1.0 0.10±0.010 
CP N 27.11±0.1 27.75±0.1 -0.65±0.1 -0.38±0.5 1.30±0.005 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure App., 6. Threshold level on an RT-qPCR amplification curve plot of GTF2A1-
AS relative expression. (A). Amplification curves of target GTF2A1-
AS and reference GAPDH which they indicate for the relative 
expression level of GTF2A1-AS to GAPDH. (B). Amplification 
curves of target GTF2A1-AS and reference MALAT-1 which they 
indicate for the relative expression level of GTF2A1-AS to MALAT-
1

B 

A 



 

   141 
  

Table App., 19. Quantification cycles of target and references genes calculation 
equations and the consequences steps for calculation the relative 
expression level of the target to references. 

  
 

Given value Step 1 Step 2 Step 3 Step 4 Step 5 

CqREF CqTAR CqTAR - CqREF ΔCq 
EXP 

STDEV 
CAL 

ΔΔCq 
EXP 

KD% 
EXP level 

Step 1. Normalize to (REF). 
Step 2. Exponential expression transforms. (∆Cq= Cq target - Cq reference). 
Step 3. Average replicates and calculates standard deviation. 
Step 4. Normalize to treatment control. (∆Cq TAR- ∆Cq REF) 
Step 5. % KD = (1 – ∆∆Cq) × 100  and Expression level = 2-∆∆Cq 

 

 

 

14

Figure App., 7. Coding potential distribution of lncRNA candidates’ sequences. A. 
CAMTA1-DT, B. GTF2A1-AS (AL136040.1), C. TNFRSF10B-AS 
(AC107959.2). 
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Table App., 20. GTF2A1-AS designed anti-sense oligo probes for ChIRP 

 

Probes NO: Probe seq.  5′ > 3′ CG % contents 

1 AAACACCGTGGTAAGGACGT 50 
2 TTCTCGAGGTTTTCAGCTGC 50 
3 TTCCAGCAACGCTTTGCAAG 50 
4 CCCTTTGGAAAATCCTACAC 45 
5 TACAATCCAAAGGCTGGTGG 50 
6 TTTGCTTGGGCAGAACAAGT 45 
7 TGTGCAGGAAACTGGGAAGC 55 
8 AACTAGGTGGAAGGTGAGGG 55 
9 CTGGATGGCACACATATGTT 45 
10 GAGCACTAGGGCCTAAATAT 45 

 
 

Table App., 21. CAMTA1-DT designed anti-sense oligo probes for ChIRP 

 

Probes NO: Probe seq.  5′ > 3′ CG % contents 

1 TGCCGAAAACAAGCCGGAAG 55 
2 TTCTTGACCAATCCTTTCAG 40 
3 TGTAGTGACGCCCAATCAAA 45 
4 CGCCAGAAAAGGGGACAACG 60 
5 ATTGAGGAGGGTGGGAAACT 50 
6 AGAATTCCTTACTTTCTCCG 40 
7 GGCACAGAATTCAGTGTGAC 50 
8 CATAATTTTGGGTATTGCCC 40 

 
 

Table App., 22. TNFRSF10B-AS designed anti-sense oligo probes for ChIRP 

 

Probes NO: Probe seq.  5′ > 3′ CG % contents 

1 CTATCAGGAAGCATGAGGTC 50 
2 TAGAGTCAGTCTCAGCAGAC 50 
3 TTCTGATGGTAACTCGCCAG 50 
4 CTAACTGTCCTAGTGAGGAG 50 
5 AAAGAGTCGGCTTTGTAGGG 50 
6 GGTTCCTTGGGAAAACGAGA 50 
7 CGGAGTCGGGGGAAGAGATG 65 
8 GAACAACGGGGACAGAACGC 60 
9 CAGGACCCAGAAACAAACCA 50 
10 CGGACTCTGAACCTCAAGAC 55 
11 ATAGAGATTGGACCAGTCCG 50 
12 TGTTAACAGAGCCTGCAGAA 45 
13 GAAGAGTGGCAGGTAAACCA 50 
14 TCTCAGTAGAGGCTGTGAAC 50 
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Table App., 14. RT-PCR reaction mixture of GTF2A1-AS, TNFRSF10B-AS and 

CAMTA1-DT in quality control of sonicated cell lysate 

 

Reagents  Non 
template 

-RT MALA
T-1 

GAPDH CAMTA
1-DT 

TNFRSF
10B-AS 

GTF2A1 
-AS 

        
Reverse primer (10mM) 2 μl 2 μl 2 μl 2 μl 2 μl 2 μl 2 μl 

Forward primer  (10mM) 2 μl 2 μl 2 μl 2 μl 2 μl 2 μl 2 μl 

RT template (cDNA template) XXX 1 μl 1 μl 1 μl 1 μl 1 μl 1 μl 

dNTP solution mix (10 mM) 2 μl 5 μl 5 μl 5 μl 5 μl 5 μl 5 μl 

10X Taq standard buffer with KCl 5 μl 5 μl 5 μl 5 μl 5 μl 5 μl 5 μl 

MgCl2 (25 mM) 3 μl 3 μl 3 μl 3 μl 3 μl 3 μl 3 μl 

Taq Poly. 5U/μl (NEB- M0320S)  0.5 μl 0.5 μl 0.5 μl 0.5 μl 0.5 μl 0.5 μl 0.5 μl 

Water nuclease free 37.5 μl 36.5 μl 36.5 μl 36.5 μl 36.5 μl 36.5 μl 36.5 μl 

Total volume 50 μl 50 μl 50 μl 50 μl 50 μl 50 μl 50 μl 
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Figure App., 8. SYPRO-Ruby stained the SDS page of TNFRSF10B-AS boundary 
proteins after magnetic separation via using biotinylated tiling 
antisense-oligos. Streptavidin protein size ranged to 11KDs. Even 
pool of TNFRSF10B-AS size ranged 25-26, 46 and 57 KDs in 
figure A and 12-14 KDs in figure B.   
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