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ABSTRACT 

OF THE THESIS OF 

 

 

 

Ohanes Haroutoun Ashekyan  for Master of Science 

      Major: Biochemistry 

 

 

Title: Characterizing the Role of LncRNAs in Conferring Sensitivity/Resistance to I-

BET151 Treatment Using an In-Vitro Model of Leukemia Cell Lines 

 

Studies on mechanisms of drug resistance have extensively focused on protein-coding 

genes, yet cancer development and progression cannot be fully explained solely by the 

coding genome. Novel technologies revealed that only < 1% of the genome is protein-

coding, with the non-coding genome harboring a crucial gene regulatory potential. Long 

non-coding RNAs (LncRNAs), which are RNA molecules greater than 200 nucleotides 

in length, have been presented as the main players of the non-coding genome along with 

their shorter microRNA (miRNA) counterparts, regulating gene expression at the 

transcriptional, post-transcriptional, translational, and epigenetic levels. 

 

It has been shown that long intergenic non-coding RNA – Regulator of Reprogramming 

(LINC-ROR) and LINC01287 are implicated in several cancers with roles in resistance 

to drugs. LINC-ROR is responsive to the epigenetic drug inhibitor of bromodomain and 

extra-terminal proteins 151 (I-BET151) treatment at low concentrations in I-BET151-

sensitive AML cell line (MV4-11) and LINC01287 was demonstrated to be 

differentially upregulated in I-BET151-resistant CML cell line (K562) relative to MV4-

11. Here, we hypothesized that LINC-ROR and LINC01287 are the intrinsic I-BET151 

sensitivity/resistance mediators of MV4-11 and K562 cell lines, respectively. 

 

In our study, we explored LINC-ROR and LINC01287 expression profiles in cancer 

patients and blood cancer cell lines using publicly available cancer genome atlas 

(TCGA) and leukemia-lymphoma 100 (LL-100) panel datasets. We demonstrate their 

overexpression and uniqueness across several cancers and blood cancer cell lines of 

distinct cellular origins, lineages, and cancer subtypes. We also investigated in-silico 

lncRNA-miRNA interactions and discovered a unique role for LINC-ROR and 

LINC01287 in hematological malignancies through miRNA regulation. Lastly, 

following a fluorescently labeled siRNA-mediated gene knockdown approach coupled 

with cell sorting, we attempted to discover whether LINC-ROR knockdown 

recapitulates the effect of I-BET151 treatment on the MV4-11 cell line and if 

LINC01287 knockdown enhances the sensitivity of the K562 cell line to I-BET151. 

Interestingly, RT-qPCR on a panel of LINC01287 targets in K562 cells revealed 

promising trends. We further aimed to conduct RNA-sequencing but were limited with 

the logistics. Our findings if coupled with RNA-sequencing in the near future may 

provide greater support to our hypothesis and pave the way for further research on 

manipulating lncRNA-mediated epigenetic regulation in favor of disease treatment. 
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CHAPTER I 

INTRODUCTION AND OBJECTIVES 

 

A. Long Non-Coding RNAs 

 The traditional notion of gene regulation is centered around the central dogma, 

which supports the notion that DNA is transcribed into mRNAs, which are in turn 

translated into proteins. However, recently, discoveries through several high-throughput 

genomic platforms propose that non-coding portions of the genome are also responsible 

for the tight regulation of gene expression, which greatly contributes to the complexity 

of the organism1. Whole-genome and transcriptome analyses, using microarray and 

next-generation sequencing technologies have revealed that just as little as <1% of the 

human genome encodes proteins and that a large proportion of the genome is actively 

transcribed into non-coding RNAs (ncRNAs)2. According to their function, ncRNAs are 

classified into two main categories: structural ncRNAs and regulatory ncRNAs. 

Structural ncRNAs, such as ribosomal RNAs (rRNAs) and transfer RNAs (tRNAs) are 

known for their roles in protein synthesis. Regulatory ncRNAs are further categorized 

according to their length into small, medium, and long ncRNAs3,4. The well-studied 

regulatory ncRNAs are long non-coding RNAs (lncRNAs), which are defined as 

transcripts longer than 200 nucleotides, and micro RNAs (miRNAs), which are small 

ncRNAs of ~ 20-23 nucleotides in length. While miRNAs regulate gene expression 

primarily through mRNA degradation or silencing, lncRNAs act via several 

mechanisms at both the transcriptional and translational levels5. 
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1. Biogenesis & classification 

 The biogenesis of lncRNAs is cell type- and stage-specific, which is in turn 

regulated via cell type- and stage-specific stimuli6. Whole Transcriptome studies 

revealed that lncRNAs display more specific expression patterns than mRNAs as they 

are expressed in cell-, tissue-, developmental stage or disease state-specific fashions7,8. 

LncRNAs are transcribed by RNA polymerase II (Pol II) from genomic loci with 

analogous chromatin states to mRNAs. They also exhibit similar post-transcriptional 

processing (5’ capping, splicing, and polyadenylation) as mRNAs9. These processed 

lncRNAs differ from their mRNA counterparts in that they have a simpler exon-intron 

composition, with almost half of the lncRNA transcripts consisting of just two exons, 

and that they exhibit weaker primary sequence conservation compared to mRNAs. 

Hence, the secondary/tertiary structure of lncRNAs seems to play a more critical role in 

their function than their sequence10. Also, despite their tissue-specific expression 

patterns, lncRNAs exhibit markedly lower expression levels than protein-coding 

genes8,11. Additionally, mRNAs are largely localized to the cytoplasm where they are 

translated, while lncRNAs are predominantly nuclear. However, several lncRNAs are 

nuclear and/or cytoplasmic12,13. 

 lncRNAs are classified according to their genomic location, transcriptional 

orientation, and their organization relative to protein-coding genes. Accordingly, 6 main 

classes of lncRNAs have been annotated (Figure 1A). Moreover, the antisense and 

sense lncRNAs are sub-classified according to the direction of gene transcription and 

the extent of overlap between the lncRNA and the protein-coding gene (Figure 1B). 
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Figure 1: LncRNA classification. A) Main classes of lncRNAs according to genomic 

location, orientation, and relation to PCGs (adapted from Policarpo et al., 202114). a) 

Intergenic lncRNAs are located between protein-coding genes (PCGs), and are 

transcribed independently i.e., without any overlap with adjacent PCGs; they are known 

as long intergenic non-coding RNAs (lincRNAs) since they’re located at least 10kb 

away from the neighboring PCGs; b) Intronic lncRNA transcripts are transcribed from 

within an intron of a PCG; c) Bidirectional lncRNAs share a promoter with PCGs, 

however, they are transcribed from the opposite strand and in the reverse direction; d) 

Sense lncRNAs overlap one or several exons of a PCG; e) Antisense lncRNA 

transcripts, also known as Natural Antisense Transcripts (NATs), are transcribed from 

the opposite strand and may overlap fully or partially with the corresponding PCG; f) 

Enhancer lncRNA transcripts are originated from enhancer regions of PCGs. B) 

Subclassification of antisense and sense lncRNAs (adapted from Wu & Du, 201715). a) 

Divergent antisense lncRNAs are transcribed from the opposite strand of a PCG in a 

head-to-head directionality; b) Convergent antisense lncRNAs are transcribed from the 

opposite strand of a PCG in a tail-to-tail directionality; c) Overlapping antisense 

lncRNAs may fully or partially overlap PCGs or be nested in a PCG; d) Overlapping 

sense lncRNAs may partially overlap a PCG or be nested in a PCG 14-16. Arrows 

indicate the direction of gene transcription. 

 

2. Mechanism of action 

 LncRNAs interact with a diverse range of biomolecules, such as DNA, 

messenger RNAs (mRNAs), microRNAs (miRNAs), proteins, peptides, and small-

weight compounds17 as they exert their function at the nuclear and cytoplasmic levels 

through various mechanisms. These mechanisms include, but are not limited to 
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signaling, decoying, guiding, scaffolding, looping, trafficking, activating/inhibiting 

translation, sponging, etc.18 (Figure 2) 

 

 

Figure 2: LncRNA mechanisms of action  (Adapted from Gomes et al., 201718). 

LncRNAs respond to various stimuli and act as molecular signals of active 

transcription. LncRNAs repress gene transcription by acting as decoys through 

sequestering transcription factors and other regulatory proteins. LncRNAs facilitate the 

formation of ribonucleoprotein complexes and guide them to their target locations, 

resulting in activation or repression of transcription through chromatin modification. 

LncRNAs function as scaffolds bringing different proteins together in the nucleus or 

cytoplasm to activate or repress gene transcription. Enhancer lncRNAs form chromatin 

loops bringing enhancer and promoter regions closer together, facilitating gene 

transcription. LncRNAs mediate translational activation or inhibition via binding 

mRNAs. LncRNAs inhibit miRNAs' function via sponging them through 

complementary base pairing via MREs. 

 

a. Signal 

LncRNAs may serve as molecular signals because transcription of lncRNAs 

occurs at a very precise time and place to incorporate developmental cues, define the 
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cellular context or respond to diverse stimuli. Thus, they are presented as markers of 

significant biological events19. For example, elevated levels of long intergenic non-

coding RNA, regulator of reprogramming (LINC-ROR) were found to be a marker of 

cellular reprogramming. LINC-ROR expression was induced via co-localization of core 

pluripotency factors OCT4, SOX2, and NANOG at its promoter. Moreover, low levels 

of OCT4 were correlated with low LINC-ROR expression, suggesting that LINC-ROR 

is directly regulated via these transcription factors20. 

 

b. Decoy 

 LncRNAs can act as molecular decoys for a range of RNA-binding proteins, 

which can be transcription factors, chromatin modifiers, or other regulatory factors. As 

a result, the lncRNA prevents the corresponding protein from exerting its function19. 

For instance, the lncRNA metastasis-associated in lung adenocarcinoma transcript 1 

(MALAT1) regulates alternative splicing via controlling the amounts of phosphorylated 

serine/arginine-rich (SR) proteins, which are splicing factors through sequestering these 

proteins. It was observed that depletion of MALAT1 or overexpression of SR proteins 

affects the alternative splicing of a set of endogenous pre-mRNAs21. An example of a 

lncRNA sequestering a chromatin modifier is the lncRNA myosin heavy chain-

associated RNA transcript (Mhrt). Mhrt was found to sequester and inhibit Brg1, which 

is a chromatin remodeling factor that is induced by stress to stimulate abnormal gene 

expression and cardiac myopathy from recognizing its genomic DNA targets, thus 

preventing it from exerting its roles in chromatin remodeling and gene regulation22. 

 

 



 

 16 

c. Guide 

LncRNAs may bind various chromatin modifier proteins, forming 

ribonucleoprotein complexes, and guide these proteins into specific genomic sites, 

inducing alterations in gene expression either in cis i.e. on nearby neighboring genes, or 

in trans i.e. on distantly located genes23. These alterations may result in the activation or 

repression of gene expression, depending on the type of the chromatin modifier. 

Recruitment of DNA methyltransferase3 (DNMT3), and the histone modifiers 

polycomb repressive complex 2 (PRC2) and histone H3 lysine 9 (H3K9) 

methyltransferases result in repression of gene expression24,25. In contrast, recruitment 

of the H3K4 methyltransferase MLL1 complex leads to activation of gene expression26.  

The major example of cis-regulation of gene transcription via lncRNAs is the 

lncRNA X-inactive specific transcript (XIST), which is responsible for the initiation of 

X chromosome inactivation in females. Studies in both mice and mouse embryonic 

stem cells (ESCs) have revealed that XIST acts in cis, leading to the establishment of a 

repressive heterochromatic state via tethering PRC2 to the X chromosome from which it 

is transcribed, initiating the inactivation process27,28. Accordingly, XIST deletion in 

mice was shown to cause loss of X chromosome inactivation and female-specific 

lethality29. Moreover, an example of a trans-acting lncRNA is the lncRNA HOX 

transcript antisense RNA (HOTAIR). HOTAIR interacts with PRC2 and is 

indispensable for the repressive trimethylation of the histone H3 lysine 27 (H3K27me3) 

at the HOXD gene cluster, leading to repression of transcription in trans across 40kb of 

the HOXD locus30. 
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d. Scaffold 

 LncRNAs can operate as platforms upon which various molecular components 

can be assembled owing to their possession of multiple binding domains that may bind 

multiple effector molecules simultaneously, bringing these effector molecules closer 

together and hence resulting in transcriptional activation or repression in the nucleus or 

contributing to tethering different signaling molecules in the cytoplasm19,31. For 

instance, the lncRNA HOTAIR was found to act as a scaffold via binding PRC2 and 

LSD1/CoREST/REST complexes simultaneously through independent domains, 

resulting in transcriptional repression since PRC2 methylates H3K27 and 

LSD1/CoREST/REST complex demethylates H3K4. Thus, thanks to HOTAIR the 

HOTAIR/PRC2/LSD1 complex is able to repress transcription through various 

mechanisms simultaneously30,32. 

 

e. loop 

 Enhancer lncRNAs (eRNAs) are a class of lncRNAs that are transcribed from 

enhancer regions throughout the genome. eRNAs interact with mediator complexes and 

induce chromatin looping, bringing enhancer and promoter regions closer together, 

resulting in transcriptional activation. Also, this enhancer-promoter contact is further 

stabilized via cohesin33. For instance, the AS1eRNA was shown to facilitate the spatial 

interactions of the enhancer and promoter regions of the DHRS4-AS1 gene via 

chromosomal looping. Consequently, AS1eRNA along with RNA POL II and 

p300/CBP histone acetyltransferase was shown to mediate activation of DHRS4-AS1 

gene expression34. 
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f. mRNA Translation 

 LncRNAs can regulate mRNA translation as they act on target mRNA 

transcripts, which may originate from the same chromosomal locus or independent loci 

via complementary base pairing23. For instance, the lncRNA Linc-p21 was observed to 

co-distribute with ribosomes and contribute to the inhibition of translation of target 

mRNAs. Linc-p21 was shown to partially base-pair with β-catenin and JunB mRNAs at 

several sites spanning the coding and untranslated regions (UTRs). Moreover, the linc-

p21-mRNA complexes were able to further recruit translational repressors Rck and 

Fmrp. Thus, linc-p21was documented to inhibit the translation of mRNAs via a 

multitude of mechanisms12. An example of a lncRNA positively regulating mRNA 

translation is the antisense ubiquitin carboxyterminal hydrolase L1 (AS Uch1) lncRNA. 

AS Uch1 was shown to induce the formation of active polysomes on Uch1 mRNA and 

facilitate its translation through harboring a short interspersed nuclear element B2 

(SINEB2) sequence and binding a 73 nucleotide-spanning region at the 5’ end of the 

mRNA through partial overlapping complementarity35. 

 

g. miRNA Sponge 

 lncRNAs that bind miRNAs are termed competitors of endogenous RNAs 

(ceRNAs)36. ceRNAs are localized into the cytoplasm and harbor microRNA response 

element (MRE) sequences, which allow them to bind multiple miRNAs. ceRNAs 

sponge miRNAs, preventing them from exerting their normal function of inhibiting 

protein-coding mRNA translation through the same mechanism of MRE 

complementarity between miRNAs and mRNAs37 (Figure 3). ceRNAs are implicated in 

cancer as they may act as oncogenes or tumor suppressor genes, depending on the 
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function of the protein-coding gene downstream of the target miRNA. The urothelial 

carcinoma-associated 1 (UCA1) lncRNA was observed to act as an oncogene since it 

was shown to control miR-18a levels that in turn target the YAP1 oncogene38. In 

contrast, the cancer-associated transcript-2 (CCAT2) lncRNA was presented as a tumor 

suppressor gene since it was documented to sponge miR-21, relieving its inhibitory 

effect on the tumor suppressor PTEN mRNA39.  

 

 
 

Figure 3: The lncRNA-miRNA interplay and its effect on protein-coding gene 

translation (Cajal et al., 201937). LncRNAs sponge miRNA via sequestering them 

through MREs and prevent their downstream inhibitory action on protein-coding 

mRNAs. 

  

3. Implications in cancer 

A growing number of studies have revealed that lncRNAs are engaged in 

various roles in controlling gene expression at the transcriptional, post-transcriptional, 

translational, and epigenetic levels. Accordingly, abnormal expression or dysregulation 

of lncRNAs have been found to be implicated in various diseases, including cancer19,40. 

During cancer onset and development, lncRNAs have been shown to regulate cellular 
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proliferation, apoptosis, migration, invasion, and maintenance of stemness23,41. In line 

with these, Rao et al.42 have demonstrated that lncRNAs are crucial players in cancer 

since they have been documented in the hallmarks and enabling characteristics of 

cancer, which were conceptualized by Hanahan and Weinberg43,44 (Figure 4).  

 

 
 

Figure 4: LncRNAs implicated in the hallmarks and enabling characteristics of cancer 

(Rao et al., 201742). PCAT1 is a major lncRNA that promotes c-MYC expression, 

sustaining proliferative signals. ANRIL enables the evasion from growth suppressors 

via PRC2-mediated decrease of p15 (INK4B) and PRC1-mediated decrease of p16/p14 

(INK4A/ARF) activity. TERC along with TERRA that acts as an RNA primer 

facilitates telomerase enzyme function, enabling replicative immortality. LncRNA-ATB 

promotes epithelial-to-mesenchymal transition (EMT), inducing invasion and metastasis 

via upregulating the EMT mediators ZEB1 & ZEB2. Decreasing levels of the ncRuPAR 

are correlated with increasing levels of VEGF leading to induction of angiogenesis. 

SOCS2-AS1 plays a role in resisting cancer cell death via suppressing the apoptosis-

stimulating TNFSF10 gene. LncRNA-MIF de-regulates cellular energetics via blocking 

glucose uptake and inhibiting aerobic glycolysis through sponging miR-586. The 

lincRNA-COX2 promotes evasion of immune destruction via selective activation or 

repression of immune responsive genes. DDSR1 increases genomic instability by 

inhibiting the assembly of BRCA1/RAP80/hnRNPUL1, leading to a decreased response 



 

 21 

to DNA damage. HOTAIR inhibits IL-1b hence interrupting the tumor-promoting IL-

1b/MMP signaling pathway of inflammatory cells. 

 

a. LncRNAs in solid tumors 

 A considerable number of lncRNAs have been documented to play diverse roles 

in a range of solid tumors, including but not limited to neuroblastoma45-54, non-small 

cell lung cancer (NSCLC) 55-58, breast cancer59-64, glioma65,66, and hepatocellular 

carcinoma (HCC)67-69. For instance, Tee et al.49 have shown that increasing levels of the 

lncRNA MALAT1 under hypoxic conditions promotes angiogenesis in neuroblastoma 

cells through enhancing the expression of pro-angiogenic fibroblast growth factor 2 

(FGF2) expression. Moreover, in a study by Hua et al.57, the lncRNA LINC01123 was 

shown to be a candidate biomarker and therapeutic target in NSCLC since LINC01123, 

which is a downstream transcriptional target of c-MYC was found to enhance the 

proliferation and aerobic glycolysis of NSCLC cells through a positive feedback loop 

with c-MYC via sponging miR-199a-5p. 

  

b. LncRNAs in hematologic neoplasms 

 LncRNAs have been documented to control hematopoietic development at many 

stages, including differentiation of the myelocytes, lymphocytes, and erythrocytes. 

Thus, aberrant regulation of lncRNAs has been shown to lead to a range of 

hematopoietic disorders, including hematological neoplasms70. Accordingly, various 

lncRNAs have been demonstrated to be involved in acute myeloid leukemia (AML)71-76, 

chronic myeloid leukemia (CML) 77-80, acute lymphocytic leukemia (ALL)81,82, acute 

pro-myelocytic leukemia (APL)83, chronic lymphocytic leukemia (CLL)84,85, B-cell 

lymphoma86, diffuse large B-cell lymphoma (DLBCL)87, Hodgkin lymphoma (HL)88, 
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and multiple myeloma (MM)89. For example, Xue and Che71 have detected elevated 

levels of the lncRNA LOC285758 in clinical AML samples and cell lines. LOC285758 

was shown to enhance cell viability and invasion via sponging miR-204-5p whose 

overexpression was in turn shown to increase E-cadherin expression along with 

decreasing N-cadherin and TWIST-1 expression, reversing the invasive characteristics 

of AML cells. Moreover, Lu et al.78 have reported high levels of the lncRNA HULC in 

CML cell lines and primary hematopoietic cells obtained from CML patients. HULC 

was shown to act through the PI3K/Akt pathway to promote cellular proliferation and 

viability of CML cells through sponging miR-200a, and relieving its inhibitory effects 

on its downstream targets, most importantly, the ones which are downstream of the 

PI3K/Akt pathway, namely, c-MYC and the anti-apoptotic factor Bcl-2. 

  

B. The Long Intergenic Non-Coding RNA – Regulator of Reprogramming (LINC-

ROR) 

1. Genomic location, coding potential, and conservation 

 LINC-ROR belongs to the intergenic subtype of lncRNAs. It is called the 

regulator of reprogramming since it is recognized for its role in maintaining 

pluripotency20,90. In homo sapiens, its locus is located on chromosome 18q.21.31 on the 

reverse strand and it codes for three transcript variants (Figure 5A). The lncRNA 

database LNCipedia91 proposes a low coding potential for LINC-ROR of 7.38% 

(CPAT92 algorithm coding probability cut-off: 36.4%), validating the lack of protein-

coding ability of LINC-ROR. Similar to other lncRNAs, LINC-ROR exhibits low 

interspecies locus conservation according to the Ensembl Compara API, where a human 
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lncRNA is considered conserved when the flanking protein-coding genes have flanking 

orthologues in another species (Figure 5B). 

 

 
 

Figure 5: LINC-ROR’s genomic location & locus conservation. A) UCSC snapshot of 

LINC-ROR locus. B) LNCipedia snapshot of LINC-ROR’s locus conservation in 

drosophila, zebrafish, mouse, and chimpanzee according to the Ensembl Compara API. 

 

2. Sub-cellular localization 

 Several studies have documented the diverse regulatory roles of LINC-ROR in 

the cytoplasm, including but not limited to enhancing mRNA stability93, inhibition of 

mRNA translation94,95, and miRNA sponging96-99. Moreover, LINC-ROR was also 

shown to be loaded into novel extracellular vesicles, namely exosomes, and transferred 

extracellularly to mediate cell-cell communication in hepatocellular carcinoma100,101 and 

thyroid cancer102. Furthermore, Zhang et al.103 have reported the detection of increased 

levels of circulating LINC-ROR in the plasma of breast cancer patients, pointing out its 

diagnostic biomarker potential. In addition to reports documenting the cytoplasmic 

function of LINC-ROR, Fan et al.104 have shown that LINC-ROR may operate at the 

nuclear level, acting as a decoy for histoneG9A methyl-transferase. 
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3. The role of LINC-ROR in cancer 

 LINC-ROR has been well studied for its diverse roles in a variety of cancer-

promoting pathways, such as tumorigenesis promotion, stemness, hypoxia, and EMT 

(Figure 6). LINC-ROR was shown to promote tumorigenesis via a variety of pathways 

one of which is principally established around p53 as Zhang et al.105 have presented that 

upon DNA damage, p53 was observed to induce LINC-ROR expression, which in turn 

was shown to negatively feedback p53 expression by disturbing the interaction between 

the heterogenous nuclear ribonucleoprotein 1 (HnRNP1) and p53 mRNA, leading to its 

translational inhibition. Moreover, Huang et al.93 have demonstrated that LINC-ROR 

enhances c-MYC mRNA stability by sequestering away AU-rich element RNA-binding 

protein 1 (AuF1) and increases c-MYC mRNA translational potential via recruiting 

HnRNP1. In addition to p53/LINC-ROR axis-mediated tumorigenesis promotion, two 

other pathways have been discovered. Eades et al.106 have discovered that triple-

negative breast cancer (TNBC) invasion was primarily activated through the sponging 

function of LINC-ROR on miR-145, which led to the activation of a downstream gene 

ARF6, which regulates cellular invasion. Also, Fan et. al104 have presented the decoying 

function of LINC-ROR on histoneG9A methyltransferase, promoting the release of 

H3K9 methylation from the TESC promoter, enhancing its expression and hence 

leading to increased tumor growth and metastasis in gastric and colon tumors. 

 miR-145 sponging action of LINC-ROR was documented to be involved in two 

additional pathways of stemness and hypoxia. Accordingly, Wang et al.107 have shown 

that LINC-ROR in its attempt to promote stemness and an undifferentiated cellular 

state, relieves the miR-145-mediated inhibition on the core pluripotency transcription 

factors, namely OCT4, NANOG, and SOX2, leading to elevated levels of these 
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transcription factors. Moreover, Takashi et al.108 have demonstrated that in 

hepatocellular carcinoma, LINC-ROR expression was stimulated by hypoxic stress, 

leading to an enhanced HIF-1α and its target genes VEGF, TGF-β, and PDK1 

expression via miR-145 sponging. Interestingly, LINC-ROR was also shown to be 

extracellularly transferred enhancing intercellular hypoxia signaling. 

 Lastly, LINC-ROR was implicated in stimulating the process of epithelial-to-

mesenchymal transition (EMT) and hence playing a role in tumor invasion, migration, 

and metastasis as Zhan et al.95 have reported that in pancreatic cancer, LINC-ROR was 

able to enhance the expression of the EMT mediator ZEB1 through suppression of P53, 

which is known to negatively regulate ZEB1 expression. Furthermore, Hou et al.109 

have demonstrated that in breast cancer (BC), LINC-ROR promoted EMT, and 

metastasis of BC cells, via sponging miR-205, activating its downstream EMT mediator 

target ZEB2. 

 

 
 

Figure 6: The role of LINC-ROR in cancer (Chen et al., 2020110). LINC-ROR is 

implicated in a variety of cancer pathways, namely tumorigenesis promotion, stemness, 

hypoxia, and EMT. In these pathways, LINC-ROR was documented to act via diverse 
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mechanisms ranging from miRNA sponging, regulating mRNA stability and translation, 

to direct gene regulation. 

 

C. The Long Intergenic Non-Coding RNA 01287 (LINC01287) 

1. Genomic location, coding potential, and conservation 

 LINC01287 is classified as an intergenic lncRNA. In homo sapiens, its locus is 

located on chromosome 7q.36.2 on the reverse strand and it codes for nine transcript 

variants (Figure 7A). According to the lncRNA database LNCipedia91, LINC01287 has 

a relatively low coding potential of 21.91%, suggestive of its reduced ability to code for 

proteins. Similar to LINC-ROR and other lncRNAs, LINC01287 displays low 

interspecies locus conservation according to the Ensembl Compara API (Figure 7B). 

 

 
 

Figure 7: LINC01287’s genomic location & locus conservation. A) UCSC snapshot of 

LINC01287 locus. B) LNCipedia snapshot of LINC-01287’s locus conservation in 

drosophila, zebrafish, mouse, and chimpanzee according to the Ensembl Compara API. 

  

2. Sub-cellular localization 

 Compared to LINC-ROR, LINC01287 has not been well-studied as there are 

only a few studies reported in the literature. Nevertheless, the existing studies propose 

that LINC01287 is mostly localized into the cytoplasm exerting its effects via a miRNA 
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sponging mechanism as a ceRNA. Accordingly, LINC01287 was found to act as a 

ceRNA in several cancer types, such as lung cancer111,112, colon cancer113, 

hepatocellular carcinoma114-116, and gastric cancer117. In these cancer types, LINC01287 

was shown to establish a lncRNA-miRNA-mRNA axis via which it exerted its various 

oncogenic roles. In addition, Yan et al.118 proposed a nuclear mechanism of action for 

LINC01287 as it was found to be involved in the genomic instability of melanoma via a 

machine-learning approach. Moreover, Song et al.119 have shown that LINC01287 plays 

a role in activating Wnt/β-catenin signaling, contributing to breast cancer cells 

proliferation and metastasis, however, without exploring the underlying mechanism. 

Therefore, it is important to further dissect and validate LINC01287’s mechanisms of 

action to be able to more confidently determine its subcellular localization. 

 

3. The role of LINC01287 in cancer 

 Information about LINC01287 is scarce since it is a novel lncRNA that is yet to 

be thoroughly investigated. However, there exists a few articles reporting its role in 

cancer initiation, progression, and metastasis (Figure 8). Zhang et al.111 have recently 

reported that LINC01287 enhances lung adenocarcinoma (LUAD) cells’ proliferative 

abilities and confers cellular survival via inhibiting apoptosis. At the post-

transcriptional level, LINC01287 was shown to sponge miR-3529-5p, relieving its 

inhibitory effect on the ribonuclease H2 subunit A (RNASEH2A), which is a 

nucleotide-degrading enzyme that may affect cellular growth, DNA replication, and 

genomic stability. Also, at the transcriptional level, forkhead box A1 (FOXA1) was 

shown to positively regulate LINC01287 and RNASEH2A expression via interacting 

with their promoter. Moreover, Fu et. al113 have demonstrated the role of LINC01287 in 
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promoting proliferation, migration, invasion, and EMT of colon cancer. LINC01287 

was shown to modulate the miR-4500/MAP3K13/NF-κB p65 axis via sponging miR-

4500, leading to the phosphorylation of NF-κB p65 through active MAP3K13. 

Furthermore, Song et. al119 have shown that LINC01287 enhances the proliferation and 

metastasis of breast cancer cells via activating the Wnt/β-catenin signaling pathway 

through positively regulating β-catenin, cyclin D1, and c-MYC genes via an unexplored 

mechanism. 

 LINC01287 was also documented to contribute to hepatocellular carcinoma 

(HCC) prognosis by a couple of studies. Song et. al114 have reported that LINC01287 

promotes proliferation and migration of HCC cells via sponging miR-559 and in turn 

indirectly positively regulating its downstream target TCF12, which is known to 

regulate cellular growth and differentiation. Moreover, two studies by Mo et al.115,116 

have also reported the involvement of LINC01287 in HCC, where it was shown to 

enhance cellular growth, invasion, and EMT via sponging miR-298, leading to the 

activation of MYB and STAT3 genes, which were in turn shown to induce further 

LINC01287 activation via a positive feedback loop. 

In addition to individual studies targeting LINC01287, it was also discovered in 

studies aimed to explore lncRNA networks in cancers. For instance, LINC01287 was 

found to be part of a ceRNA network in gastric cancer with H.pylori infection along 

with three other lncRNAs that were found to be upregulated117. Also, LINC01287, 

along with 5 other lncRNAs, was found to be part of a metastasis-associated ceRNA 

network that was suggested to act as a prognostic marker for lung cancer112. In another 

novel study by Yan et al.118, where they utilized a machine-learning approach, 

LINC01287 was found to be one of seven lncRNAs that were presented as significant 
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candidates that may play a role in the genomic instability of melanoma. Thus, we 

observe that LINC01287 is implicated in a variety of pathways and lncRNA networks 

in a considerable number of cancers, however, further descriptive and mechanistic 

studies are required to better assess the diverse potentials of LINC01287 in 

malignancies. 

 

 
 

Figure 8: The role of LINC01287 in cancer. LINC01287 promotes cancer initiation, 

progression, and metastasis by its direct or indirect mechanism of action, resulting in 

the activation of signature genes that lead to carcinogenesis.  

 

D. Inhibitor of Bromodomain and Extra-terminal Proteins 151 (I-BET151) 

DNA methylation, posttranslational histone modification, miRNA modulation, 

and nucleosome positioning along the DNA are potential epigenetic alterations. Of 

interest, histone modifications are enabled through multi-subunit complexes that act as 

“writer”s, “eraser”s, and “reader”s, functioning in spatial and temporal coordination 

with each other120. A well-studied epigenetic reader family is the BET family of 
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bromodomain-containing proteins that will be further investigated in this section, 

stressing the effect of their normal function and also inhibition on gene expression. 

 

1. BET proteins 

 The BET family is comprised of four members, namely BRD2, BRD3, and 

BRD4, which are ubiquitously expressed, and BRDT, whose expression is restricted to 

the male germ cells121. BET proteins are characterized by the presence of two N-

terminal conserved bromodomains (BD1 and BD2) in tandem, in addition to a distinct 

extra terminal (ET) domain122. BRD4 and BRDT harbor an additional C-terminal 

domain (CTD) that is not present in BRD2 and BRD3123. The BD structure is composed 

of four alpha-helices, which are separated by a variable loop region that creates a 

hydrophobic cavity, which in turn enables the recognition of acetylated lysines124. The 

interaction of BDs with acetylated histones and transcription factors either at gene 

promoters or at cis-regulatory elements i.e. enhancers or super-enhancers (a group of 

enhancers) enables the initiation of gene transcription125,126. The ET domain acts as a 

scaffold, enabling the recruitment of various protein components of the transcriptional 

complex and the CTD domain of BRD4 and BRDT is required for the recruitment of 

the positive elongation factor (P-TEFb), which in turn phosphorylates serine residues of 

the RNA Pol II C-terminal motif (CTM), allowing the resumption of transcriptional 

elongation127.  

BET proteins are widely engaged in the regulation of cell growth, 

differentiation, and inflammation. These proteins are localized into the nucleus and 

control various cellular processes including gene transcription, DNA replication, cell-

cycle progression, and hence may contribute to tumor development, infections, 
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autoimmunity, and inflammation128. Therefore, several small-molecule inhibitors that 

bind and antagonize BET proteins, namely BET inhibitors (BETi) have been developed 

to overcome BET protein-related disorders, the first being JQ1129, followed by several 

other drugs, including but not limited to I-BET151130 and I-BET762131. These inhi bitors 

were shown to block the acetyl-lysine binding hydrophobic bromodomain pockets of 

BET proteins, inducing their displacement from acetylated lysine residues on histones 

and transcription factors, leading to the suppression of gene expression129 (Figure 9). 

 

 
 

Figure 9: BET inhibitors mode of action (Adapted from Sahai et al. 2016132). BET 

inhibitors block the hydrophobic acetyl-lysine binding bromodomain cavities of BET 

proteins, leading to the removal of BET proteins from acetylated histones and also 

transcription factors, losing their epigenetic reader function and resulting in repression 

of gene expression. 

 

2. I-BET151 drug composition, chemistry, and mechanism of action 

 I-BET151 (GSK1210151A) is a novel isoxazole class BET inhibitor epigenetic 

drug. Its molecular formula is C23H21N5O3, with a molecular weight of 415.4 

g/mol133. Dawson et al.130 have demonstrated that I-BET151 is able to target and block 

BRD2, BRD3, and BRD4 BET proteins with respective IC50 values of 0.5, 0.25, and 
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0.79 µM. Moreover, they proposed that the mechanism of action of I-BET151 is 

through induction of early cell cycle arrest and apoptosis, by using two distinct human 

leukemic mixed-lineage leukemia (MLL)-fusion cell lines, namely MV4-11 and 

MOLM13 that harbor MLL-AF4 and MLL-AF9 gene fusions, respectively. In these cell 

lines, I-BET151 was shown to induce apoptosis and G0/G1 cell cycle arrest. Also, some 

of the transcriptional changes of these two cell lines were found to be correlated and 

contained key MLL targets (BCL2, c-MYC, and CDK6) that were found to be 

downregulated as a result of the displacement of BRD3/4, polymerase associated factor 

complex (PAFc), and super elongation complex (SEC) components from chromatin by 

the blocking action of I-BET151 (Figure 10). 

 

 
 

Figure 10: I-BET151 mode of action in MLL-fusion leukemias (Adapted from Dawson 

et al., 2012130). I-BET151 induces early cell cycle arrest and apoptosis via displacing 

BRD3/4 from acetylated histones, leading to the uncoupling of BRD3/4 and its 

associated protein components PAFc, SEC, and MLL-AF4/AF9 from chromatin, 

resulting in the transcriptional repression of signature MLL target genes, namely BCL2, 

c-MYC, and CDK6. 
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3. I-BET151 in cancer therapy 

 I-BET151 has been widely demonstrated to be implicated in a variety of solid 

tumors52,134-147 and hematological neoplasms130,148-160, harboring an anti-cancer efficacy 

alone or in combination with other drugs or molecules. I-BET151 has been shown to 

exert anti-tumor activity alone in a range of solid tumors, including but not limited to 

Ovarian Cancer134, and Melanoma140. Accordingly, Zhang et al.134 have demonstrated 

the anti-tumor function of I-BET151 in Ovarian Cancer and explored its mode of action 

in inhibiting ovarian cancer cell growth, which was revealed to be via reducing 

forkhead box protein M1 (FoxM1) levels. Also, Gallagher et al.140 have shown that I-

BET151 stimulated human melanoma cell death via BIM-dependent apoptosis and p21-

mediated G1 cell cycle arrest, in addition to attenuating melanoma growth in vivo.  

In addition to solid tumors, I-BET151 was also demonstrated to act alone in a 

number of hematological neoplasms, such as MLL fusion protein-driven 

leukemias159,160, multiple myeloma (MM)151, and others. Carretta et al.159 have 

confirmed the in vitro and in vivo anti-leukemic efficacy of I-BET151 in MLL-AF9+ 

models, acting via reducing the expression of crucial oncogenic drivers MYC and 

BCL2. Moreover, Bardini et al.160 have revealed that I-BET151 was able to induce 

apoptotic cell death and cell cycle arrest in MLL-AF4+ leukemic cell lines and lower the 

leukemic engraftment and disease burden in a pre-clinical model MLL-AF4+ infant 

ALL mice. It was also shown that MLL-AF4+ cells underwent a transcriptional 

reprogramming after I-BET151 treatment, resulting in a downregulated BRD4, 

HOX7/HOX9, and RUNX1 gene networks. I-BET151 was also reported to have an 

anti-myeloma potential by Chaidos et al.151 as they demonstrated the apoptosis-inducing 

and growth attenuating effect of I-BET151 in vitro and in vivo. They further dissected 



 

 34 

the mechanism of action underlying this anti-cancer effect, which appeared to be 

through MYC downregulation, which was achieved via the additive effect of BRD2/3/4 

proteins displacement from the chromatin, and HEXIM1 upregulation on attenuating P-

TEFb function, resulting in a decreased MYC transcription. 

I-BET151 was also reported to exhibit an anti-cancer role when used in 

combination with other drugs. For instance, Felgenhauer et al.147 have shown that I-

BET151 or the aurora kinase A (AUKRA) inhibitor alisertib were ineffective when used 

alone, however, when used together, they synergistically induced lethality of in vitro 

and in vivo neuroblastoma models. The synergy was shown to lie in the ability of I-

BET151 to reduce elevated levels of AUKRA, MYC, and MYCN that were upregulated 

in response to alisertib treatment.  

In another setting, I-BET151 was proposed to confer chemosensitivity in some 

chemoresistant cancers. In a study by Momeny et al.135, I-BET151 was shown to 

enhance the chemosensitivity of cisplatin-resistant ovarian cancer cells via reducing the 

expression levels of survivin and BCL2, which blocks p53-mediated apoptosis. Yao et 

al.142 have also indicated the role of I-BET151 in conferring chemosensitivity as it was 

shown to sensitize glioblastoma multiforme (GBM) cells to temozolomide (TMZ), 

synergistically inducing apoptosis, via I-BET151-mediated upregulation of the pro-

apoptotic PUMA protein and enhancement of caspase-3 activity. 

 

4. Resistance to I-BET151 in cancer treatment 

 The suppression of critical oncogenes by target-specific drugs provokes a 

considerable primary response in several cancers. However, drug resistance ultimately 

appears even for the most effective single-agent targeted therapies. This may be 
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accounted for several phenomena including but not limited to the selection of resistant 

sub-clones, development of extra genomic alterations, and compensatory mechanisms 

between alternate redundant signaling pathways161. In line with these resistance 

mechanisms, resistance to I-BET151 has been documented to arise, taking advantage of 

a variety of signaling pathways commonly involved in cancer. Accordingly, Qiao et 

al.162 have demonstrated that in triple-negative breast cancer (TNBC), I-BET151 was 

shown to exhibit anti-cancer activity through attenuating NF-κB signaling by 

downregulating IKBKE expression. However, Resistance to I-BET151 was observed to 

emerge through TNBC-activated tumor-associated macrophages (TAMs), which 

secreted IL-6 and IL-10, activating STAT3 signaling, which led to the upregulation of 

NF-κB-activating IKBKE expression. Moreover, in a study by Hishiki et al.163 on U937 

human histiocytic lymphoma cells, resistance to I-BET151 in U937 resistant (U937R) 

cells was also shown to be mediated via constitutive activation of NF-κB signaling. 

Increased levels of BRD2, BRD4, and nuclear NF-κBp65 proteins were detected in 

U937R cells, and stabilization of NF-κBp65 was proposed to be mediated by BRD4 via 

preventing its ubiquitination. Interestingly, U937R cells exhibited an analogous 

transcriptional pattern to I-BET151-resistant K562 cells, which were also shown to 

harbor higher levels of BRD2, BRD4 and NF-κBp65 compared to I-BET151-sensitive 

cell lines MV4-11, MOLM13, and THP1. Furthermore, Rathert et al.164 have proposed 

WNT signaling as another candidate resistance-promoting signaling entity as they 

indicated the ability of I-BET-resistant leukemia cells to quickly restore c-MYC 

expression after its acute suppression by I-BET through a WNT-signaling-mediated 

remodeled enhancer. The significance of WNT signaling was demonstrated to lie in its 

capability of compensating for BRD4 loss after I-BET treatment and WNT signaling 
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was demonstrated to be activated via PRC2 suppression. Thus, targeting these 

resistance-promoting signaling entities may represent a promising approach to 

overcome I-BET151 resistance. 

 In addition to signaling entities, resistance to I-BET151 has been documented to 

emerge through mechanisms that enhance resistance to cell death. In breast cancer, Qiao 

et. al165 have shown that I-BET151 exhibits anti-tumor activity via stimulating 

ferroptosis, which is a novel mechanism of cell death dependent on iron accumulation 

and lipid peroxidation. I-BET151-mediated ferroptosis was shown to be halted via the 

synergy between NR5A2 and NCOA3, leading to the elevated expression of NRF2, 

which is a transcription factor that regulates various antioxidant genes. Consequently, 

inhibition of NR5A2/NCOA3 is another promising strategy to enhance I-BET151 

sensitivity. 

 Resistance to I-BET151 has also been shown to be mediated via enhancer 

remodeling. In a study by Guo et. al166 using I-BET151-resistant leukemia cell lines, 

including K562 among others, the second intron of the lncRNA PVT1 has been 

presented to become a denovo enhancer that acted to reestablish MYC expression 

conferring resistance to I-BET151. Naturally, MYC transcription is controlled by the 

BENC super-enhancer that is BRD4 dependent and is targeted by BET inhibitors. 

MYC-dependent I-BET151 resistance was shown to be enhanced via switching from 

the BRD4-dependent BENC super-enhancer to the BRD4-independent PVT1 enhancer. 

Hence, targeting enhancer plasticity is also a potential strategy to improve I-BET151 

sensitivity. 

 Dawson et al.130,158 have demonstrated the sensitivity of MLL-fusion genes-

driven AML cell lines, such as MV4-11 to I-BET151 compared to BCR-ABL-driven 
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CML cell lines like K562. Moreover, Shan et al.157 confirmed their hypothesis in a 

replication study. Accordingly, several researchers have based their studies on these I-

BET151-sensitive/resistant cell line models154,159,160,163,167. Furthermore, Khoueiry et 

al.167, in an attempt to uncover the mechanisms of intrinsic I-BET sensitivity/resistance, 

have demonstrated that intrinsic I-BET sensitivity of MV4-11 cell line is explained by a 

potent displacement of BRD4 downstream of the transcriptional start site (TSS) 

concomitant with an extended POLII pause, leading to a reduced gene expression. 

Remarkably, at the lowest concentration of I-BET151 of 50nM, sensitive MV4-11 cells 

exhibited a significant BRD4 displacement at five TSSs corresponding to four non-

coding RNAs: LINC01585, LINC-ROR, NRON, LINC02367, and one protein-coding 

gene: RBM38, however, no significant BRD4 loss was seen in the resistant K562 cells 

at the same drug concentration. Nevertheless, a significant BRD4 displacement was 

observed at the RBM38 TSS at higher drug concentrations. This brings about the notion 

that long non-coding RNAs may be central players in conferring the sensitivity of 

MV4-11 cells to I-BET151 treatment. Furthermore, all five genes were shown to be 

reduced in MV4-11 cells in contrast to K562 cells where they were either not detected 

or affected to a lesser extent. Thus, we built our hypothesis that LINC-ROR 

downregulation may be the potential intrinsic I-BET151 sensitivity-mediator in MV4-

11 cells backed by previous research on LINC-ROR’s extensive role in a variety of 

oncogenic pathways as discussed earlier. 

Additionally, appreciating the possible role of lncRNAs in I-BET151 sensitivity 

and resistance, we further hypothesized that LINC01287, which was also shown to be 

implicated in various cancer pathways, may be the potential intrinsic I-BET151 

resistance-mediator since we have observed that LINC01287 was the most significantly 



 

 38 

differentially upregulated lncRNA and among the top 20 differentially expressed genes 

in untreated K562 vs MV4-11 cells and that it was highly expressed even at the highest 

I-BET151 concentration of 5000nM in an unpublished data from Khoueriy et al.167. 

 

E. Knowledge Gap & Objectives 

 Drug resistance and in particular resistance to new-generation epigenetic drugs, 

in our case I-BET151 is a major obstacle in achieving success in novel targeted cancer 

therapies. We have shown that resistance could arise from diverse and sometimes 

additive mechanisms, involving several players. We have also demonstrated that 

lncRNAs epigenetically regulate gene expression at multiple levels, making them 

attractive targets for manipulating epigenetic processes. Moreover, Khoueiry et al.167 

have presented long non-coding RNAs to be potential players in conferring 

sensitivity/resistance to I-BET151 treatment in hematological malignancies. Although 

LINC-ROR and to a much lesser extent LINC01287 have been studied in the context of 

cancer, there is a lack of mechanistic studies linking them or other lncRNAs to I-

BET151 and in general to epigenetic drug sensitivity/resistance. 

 In our investigative study, we aim to: 

• Explore LINC-ROR and LINC01287 expression profiles of cancer 

patients using publicly available cancer genome atlas (TCGA) data. 

• Investigate in-silico lncRNA-miRNA interactions and the extent of 

LINC-ROR/LINC01287-miRNA axis involvement in hematological 

malignancies. 

• Demonstrate LINC-ROR and LINC01287 expression profiles in blood 

cancer cell lines using publicly available leukemia-lymphoma 100 (LL-

100) panel data. 

• Observe if knocking down LINC-ROR recapitulates the effect of I-

BET151 treatment on I-BET151 sensitive AML cell line (MV4-11). 

• Uncover the role of LINC01287 in conferring resistance to I-BET151 

treatment using I-BET151 resistant CML cell line (K562). 
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CHAPTER II 

MATERIALS AND METHODS 

 

A. Wet Lab Techniques 

1. Cell culture 

MV4-11 and K562 cell lines were acquired from ATCC and cultured in 

suspension utilizing RPMI-1640 medium (Sigma-Aldrich) supplemented with 5% FBS 

(Fetal Bovine Serum) and 1% penicillin-streptomycin (PS). Cells were passaged 

every other day and maintained at 37°C in a humidified incubator under 5% CO2 

atmosphere. No mycoplasma contamination was encountered. 

 

2. I-BET151 

 I-BET151 (GSK1210151A) (Cayman, #11181) is soluble in 5mg/ml dimethyl 

sulfoxide (DMSO). Accordingly, 10mg of I-BET151 powder was dissolved in 2mL 

DMSO to make up the main stock solution of 12000µM from which intermediate stock 

and final solutions were derived to reach 50, 500, and 5000nM concentrations to be 

used in cell viability assays and fluorescence-activated cell sorting (FACS) with 

subsequent RNA isolation. The final DMSO concentration was adjusted to 0.1% per 

well. 

 

3. siRNA-based knockdown of LINC-ROR and LINC01287 

 LINC-ROR and LINC01287 knockdown was done using two different silencer 

select siRNAs (Invitrogen) for each (Table 1 and Table 2, respectively), targeting 
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common exons between their different transcript variants (Figure 11 and Figure 12, 

respectively). Moreover, silencer select negative control non-targeting and positive 

control GAPDH siRNAs (Invitrogen) were purchased to be used as control siRNAs. 

Lipofectamine RNAiMAX (Invitrogen, #13778150) was used as a transfection reagent. 

MV4-11 and K562 cells were seeded 24 hrs before transfection in 96-, 12-, and 6-well 

plates for cell viability assays, sorting optimization, and FACS with subsequent RNA 

isolation, respectively. For cell viability assays, 10nM final siRNA concentration was 

used per well in 96-well plates with a final lipofectamine volume of 0.3μL/well, 

according to the manufacturer’s instructions. For FACS and subsequent RNA isolation, 

150nM final siRNA concentration was used per well in 6-well plates along with a final 

lipofectamine volume of 11.25μL/well after optimizing for sorting efficiency in 12-well 

plates. 

 

Table 1: siRNA sequences targeting LINC-ROR 

 

Sequence Name Sequence (5’-3’) Target 

siROR3 GGAGAGGAAGCCUGAGAGUTT Common exon of two variants 

siROR4 GGUUAAAGACACAGGGGAATT Common exon of two variants 

 

 

 

 

 

Figure 11: siRNAs’ sequence location on LINC-ROR locus. siROR3 and siROR4 

sequences aligned to LINC-ROR locus (BLAT; UCSC genome browser), targeting a 

common exon across two transcript variants. 
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Table 2: siRNA sequences targeting LINC01287 

 

 

 

 
 

4. Cell viability assay 

MTT reagent (Cayman, #21795) is a tetrazolium salt used for assessing cell 

viability in a spectrophotometric assay. MTT powder was resuspended and filtered in 

PBS1X to reach a concentration of 5mg/mL. K562 and MV4-11 cells were seeded in 

quadruplets in 96-well plates in a total volume of 100 μL/well. Initial seeding density of 

5,000 cells/well and 15,000 cells/well for K562 and MV4-11, respectively were used to 

avoid reaching confluency at the end of the farthest time-point. Two separate plate 

designs were used to check the possible effect of siRNAs alone at (24, 48, and 72hrs) 

post-transfection or in combination with I-BET151 at (24, 48, and 72hrs) post-treatment 

with increasing concentrations (50, 500, and 5000nM) of I-BET151 at 24hrs post-

transfection to ensure gene knockdown. At each time-point, 10μL of MTT was added 

per well including blanks, and plates were incubated for 3 hrs until formazan crystals 

Sequence Name Sequence (5’-3’) Target 

si01287-1 GGUUGAUACAUACGAUAUUTT Common exon of six variants 

si01287-2 GGUUCAUAAGUAGCUCUAATT Common exon of six variants 

Figure 12: siRNAs’ sequence location on LINC01287 locus. si01287-1 and si01287-2 

sequences aligned to LINC01287 locus (BLAT; UCSC genome browser), targeting a 

common exon across six transcript variants. 
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were formed. Then, 150μL of MTT solvent that is composed of acidified isopropanol 

(1mM HCl and 0.1% NP40 in isopropanol) was added to each well. The plates were 

then left on an orbital shaker for 15 mins at room temperature and the Optical Density 

(OD) was measured at λ = 595nm and λ = 630nm. The final OD was measured as (595-

630nm). 

 

5. Fluorescence-activated cell sorting (FACS) 

Negative/Positive control, siROR3/4, and si01287-1/2 siRNAs were manually 

labeled using the silencer siRNA labeling kit with Cy3 dye (Invitrogen, #AM1632) 

according to the manufacturer’s protocol. After optimizing for cell density and sorting 

efficiency for both MV4-11 and K562 cell lines in 12-well plates, 875,000 MV4-11 

cells and 625,000 (n1-n4) / 800,000 (n5-n7) K562 cells were seeded in 6-well plates to 

a total volume of 1.5mL/well. 24hrs after seeding, cells were transfected with the 

labeled siRNAs. For gating purposes, untransfected (untreated), and transfected with 

unlabeled siRNA conditions were also included. 24hrs after transfection, cells were 

treated with increasing concentrations (50, 500, and 5000nM) of I-BET151 for 6 hours, 

along with a 0.1% DMSO-treated condition to serve as a control for I-BET151-only 

treated conditions. After 6 hours, cells were pelleted and resuspended in 200μL PBS 1X 

and sorted using the BD FACS Aria Cell Sorter (BD Biosciences) selecting only the 

cells that were positively transfected with the respective labeled siRNAs. Sorted cells 

were pelleted and resuspended in 350μL RLT Plus buffer of the RNeasy Plus Mini Kit 

(Qiagen, #74137) and stored at -20°C/-80°C for subsequent RNA extraction. According 

to the sorted cell number availability, 50,000-100,000 cells were pelleted and 

resuspended in 200μL CryoStor cell preservation media (Sigma-Aldrich) and stored at -
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80°C in a cryopreservation chamber for later ATAC-sequencing. A completely similar 

strategy was adopted for untreated, DMSO and I-BET151-only treated conditions, 

however, without the sorting step. 

 

6. RNA isolation and RT-qPCR 

 RNA was extracted using RNeasy Plus Mini Kit (Qiagen, #74137) according to 

the manufacturer’s protocol. In short, RLT Plus Buffer-resuspended cells were filtered 

through a genomic DNA eliminator column followed by precipitation and washing 

steps. Hence, Pure RNA was extracted and stored at -80°C. Concentration and purity 

were measured using a DS-11 spectrophotometer (DeNovix). High-Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems, #4368814) was used for reverse 

transcription of 0.5μg of RNA to cDNA in a total reaction volume of 20μL. Reverse 

transcription reactions were conducted on a T-100 thermal cycler (Bio-Rad 

Laboratories) using the following program: 

• 25°C for 10 minutes 

• 37°C for 2 hours 

• 85°C for 5 minutes 

• 4°C (infinite hold) 

For gene expression analysis, quantitative PCR reactions were performed in 

technical duplicates using qPCR Green Mix (Biotechrabbit) with a final primer 

concentration of 2.5μM (forward and reverse) and 1μL of cDNA template. Each primer 

was tested for efficiency using the serial-dilution method, and selected based on 

efficiency%, where primer efficiencies falling in the 90-110% range were considered 

efficient. Lastly, a common qPCR program was applied for all primers on a real-time 

PCR Biorad CFX96 machine (Bio-Rad Laboratories). 



 

 44 

RT-qPCR program: 

• 50°C for 2 seconds 

• 95°C for 3 minutes 

• 95°C for 10 seconds 

• 60°C for 30 seconds (annealing step) 

• Repeat for 39 cycles 

• 65°C for 5 seconds 

• 65-95°C in 0.5 increments 

 

QPCR products were denatured in the last 2 steps to produce melting curves 

which indicate the quality and specificity of the primers. Gene expression analysis was 

done with the ΔΔCq method using OTUD5 as a reference gene and each condition was 

assessed relative to its appropriate control. OTUD5 was used in a previous study167 for 

gene expression analysis in I-BET151-treated MV4-11 and K562 cell lines and showed 

an insignificant change in gene expression in different conditions. No Template 

Controls (NTC) were also incorporated in the analysis for every primer to check for 

contamination and primer dimers. The utilized primers and their respective sequences 

are outlined in (Table 3). 

 

Table 3: Primer sequences used for RT-qPCR 

Gene name Sequence (5’-3’) 

OTUD5 
F: CTGCCTTTGGTCTGAATGACTG 

R: CCCTGGGTCTCCATCAACTC 

LINC01287 
F: CCTCCCCACAGACCCATACT 

R: GCCTGTTCAGGGTTCCTGTC 

TCF12 
F: CTTGCAAAGTCAGTCTGGAACT 

R: TCCTCATCTTCATTAGTACTGCTTG 

STAT3 
F: AGCAGTTTCTTCAGAGCAGGT 

R: AGGCGTGATTCTTCCCACAG 

β-catenin 
F: CTGAGGAGCAGCTTCAGTCC 

R: GGCCATGTCCAACTCCATCA 

c-MYC 
F: GGCCCCCAAGGTAGTTATCC 

R: CGTTTCCGCAACAAGTCCTC 
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7. miRNA RT-qPCR 

 In an attempt to assess miRNA gene expression, specific TaqMan MicroRNA 

Assays (Applied Biosystems, #4427975), targeting LINC-ROR direct targets (hsa-miR-

145-5p and hsa-miR-205-5p) and LINC01287 direct targets (hsa-miR-298 and hsa-miR-

559) were acquired. Briefly, 10ng of extracted RNA was reverse-transcribed into cDNA 

in a total reaction volume of 10μL using TaqMan MicroRNA reverse transcription kit 

(Applied Biosystems, #4366596) and miRNA-specific TaqMan MicroRNA Assay RT 

primers in a multiplex PCR approach using the T-100 thermal cycler (Bio-Rad 

Laboratories) and the following program: 

• 16°C for 30 mins 

• 42°C for 30 mins 

• 85°C for 5 mins 

• 4°C (infinite hold) 

Quantitative PCR was performed on miRNA-specific cDNAs in technical 

duplicates using TaqMan MicroRNA Assay probes and TaqMan Universal Master Mix 

II, no UNG (Applied Biosystems, #4440040) with a 0.5μL final 20X microRNA probe 

and 2.5μL cDNA template to a total reaction volume of 10μL with the following qPCR 

program on real-time PCR Biorad CFX96 machine (Bio-Rad Laboratories): 

• 95°C for 10 mins 

• 95°C for 15 seconds (denaturation step) 

• 60°C for 60 seconds (annealing and extension step) 

• Repeat 39 times 

 

The U6B small nuclear RNA (RNU6B) was used as an endogenous control. No 

template controls (NTC) containing no cDNA were incorporated to account for 

contamination and primer dimers and no amplification controls (NAC), were also 

included as a no template RT control. 
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8. Statistical analysis 

 One-way ANOVA with Dunnett’s post-hoc test was used for statistical analysis 

of the two aforementioned MTT assay designs, with comparison in reference to the 

untreated condition in the siRNAs only design, and to the DMSO condition in the 

siRNAs plus I-BET151 design at each time point. Moreover, in the siRNAs plus I-

BET151 design for K562 cells, one-way ANOVA with Sidak’s post hoc test was further 

used to check if LINC01287 knockdown enhances drug sensitivity of the K562 cells by 

comparing si01287-transfected conditions in reference to untransfected conditions at 

similar drug concentrations at each time-point. As for RT-qPCR gene expression 

analyses, independent t-test or one-way ANOVA with Dunnett’s post hoc test was used, 

employing suitable controls and statistical tests for the desired comparisons. All tests 

were done using GraphPad Prism version 8.0.1. All plots were generated using 

Microsoft Excel version 2108. All results were reported as mean ± standard deviation. 

Adjusted or unadjusted p-values below 0.05 were considered significant and p-values 

were annotated as follows: <0.05 as (*), <0.01 as (**), <0.001 as (***), and <0.0001 as 

(****). 

 

B. Bioinformatics Analysis 

1. TCGA data analysis 

Harmonized RNA-Seq counts were downloaded from the GDC portal using the 

“TCGAbiolinks” Bioconductor package in R. Data harmonization accounts for 

sequencing and alignment biases between samples. Taken together, the downloaded 

datasets included 11,093 patient samples ranging across 33 cancer types. Raw counts 
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were then normalized as transcript per million (TPM) and samples were divided into 

tumor and normal samples according to each patient’s TCGA barcode using the 

“TCGAutils” package (Bioconductor). LINC-ROR and LINC01287 median expressions 

were assessed in all 11,093 samples in both normal and tumor cases across the 33 

cancer types using TPM values. Moreover, mean TPM was calculated for each gene in 

different cancer types excluding normal samples followed by unsupervised hierarchical 

clustering of LINC-ROR, LINC01287, and the expression of their targets alone or 

combined. Mean TPM values for LINC-ROR, LINC01287, and their targets were also 

used to visualize the correlation of these targets across 33 cancer types. Pearson’s 

correlation was calculated and correlations were plotted using the “corrplot” package in 

R with a 0.05 p-value threshold for statistical significance. In addition, after identifying 

lncRNA gene IDs (14,077 lncRNA genes) and calculating their mean TPM expression 

in cancer samples only, lncRNA expression profiles were established across 33 cancer 

types on which unsupervised hierarchical clustering was applied to visualize similarities 

and differences between the different lncRNA profiles of TCGA cancers. Also, 

Following the same strategy, samples were clustered based on their mean protein-

coding gene expression. All plots were generated in R using the “ggplot2” package.  
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Table 4: TCGA cancer abbreviations (NA: Not applicable) 

Study 

Abbreviation 

Study 

Name 

Total 

Sample 

Size 

Tumor 

Sample 

Size 

Normal 

Sample 

Size 

LAML Acute Myeloid Leukemia 151 151 NA 

ACC Adrenocortical carcinoma 79 79 NA 

BLCA Bladder Urothelial Carcinoma 433 60 19 

LGG Brain Lower Grade Glioma 529 529 NA 

BRCA Breast invasive carcinoma 1222 1109 113 

CESC Cervical squamous cell carcinoma 

and endocervical adenocarcinoma 

309 306 3 

CHOL Cholangiocarcinoma 45 36 9 

COAD Colon adenocarcinoma 521 480 41 

ESCA Esophageal carcinoma 173 162 11 

GBM Glioblastoma multiforme 174 169 5 

HNSC Head and Neck squamous cell 

carcinoma 

546 502 44 

KICH Kidney Chromophobe 86 62 24 

KIRC Kidney renal cell carcinoma 611 539 72 

KIRP Kidney renal papillary cell 

carcinoma 

321 289 32 

LIHC Liver hepatocellular carcinoma 424 374 50 

LUAD Lung adenocarcinoma 594 535 59 

LUSC Lung squamous cell carcinoma 551 502 49 

DLBC Diffuse Large B-cell Lymphoma 48 48 NA 

MESO Mesothelioma 86 86 NA 

OV Ovarian serous 

cystadenocarcinoma 

379 379 NA 

PAAD Pancreatic adenocarcinoma 182 178 4 

PCPG Pheochromocytoma and 

Paraganglioma 

186 183 3 

PRAD Prostate adenocarcinoma 551 499 52 

READ Rectum adenocarcinoma 177 167 10 

SARC Sarcoma 265 263 2 

SKCM Skin Cutaneous Melanoma 472 471 1 

STAD Stomach adenocarcinoma 407 375 32 

TGCT Testicular Germ Cell Tumors 156 156 NA 

THYM Thymoma 121 119 2 

THCA Thyroid carcinoma 568 510 58 

UCS Uterine Carcinosarcoma 56 56 NA 

UCEC Uterine Corpus Endometrial 

Carcinoma 

587 552 35 

UVM Uveal Melanoma 80 80 NA 
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2. In-Silico lncRNA-miRNA interaction predictions 

The DIANA-LncBase2168 tool was utilized to predict LINC-

ROR/LINC01287-miRNA interactions according to the extent of sequence 

complementarity. By default, the tool is set to an interaction score threshold of 0.7 

(Interaction scores 0 to 1 representing increasing interaction strength). For LINC-

ROR, to select more significant interactions and reduce the number of predictions, 

we set the interaction score threshold to 0.8, ending up with 65 predictions. As for 

LINC01287, following the same approach and because the predicted number of 

LINC01287-miRNA interactions was very high, we set the interaction score 

threshold to 0.975, ending up with 103 predictions. DIANA-LncBase2 also provides 

additional information on the predicted miRNAs as it outlines the respective 

miRNA-related diseases. Of interest, we have focused on the involvement of each 

miRNA in different cancers and generated pie-charts in R, representative of the 

extent of LINCROR/LINC01287-interacting miRNAs’ involvement in these cancers. 

Moreover, we have chosen the four most-represented cancer-related groups in each 

of LINC-ROR/LINC01287-miRNA predictions and generated Venn diagrams using 

the “venn” package in R to find out if these cancers share common miRNA pools. 

Lastly, we have aimed to compare and plot using the “ggplot2” package in R, the 

number of predictions between LINC-ROR-miRNA and LINC01287-miRNA 

interactions at (0.8, 0.85, 0.9, and 0.95) thresholds to assess the extent of miRNA-

interacting potential of LINC-ROR and LINC01287. 

 



 

 50 

3. LL-100 panel data analysis 

Raw paired-end RNA-Seq data of 100 leukemia and lymphoma cell lines were 

downloaded from the European Nucleotide Archive database along with the samples’ 

metadata (project ID: PRJEB30312)169. The data was previously analyzed in our lab, 

and we used the previously generated TPM-normalized FeatureCounts matrix for our 

downstream analyses. Accordingly, LINC-ROR and LINC01287 log2(TPM+1) 

expression profiles were presented in LL-100 cell lines and lineages along with 

proportions of cell types in the top 25 cell lines highly expressing LINC-

ROR/LINC01287. Moreover, expression profiles of LINC-ROR and LINC01287 were 

assessed in different AML and CML subtype cell lines. Cell types and cancer subtypes 

were pinpointed using the dataset’s metadata. All plots were generated in R. 
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Table 5: Blood cancer subtypes as represented in LL-100 panel 

Disease Type Disease Description Number of cell lines 

Pre-B-ALL Acute Lymphoblastic Leukemia 5 

Burkit/B-ALL Acute Lymphoblastic Leukemia 5 

CLL/PLL Chronic Lymphocytic Leukemia/ 

Prolymphocytic Leukemia 

5 

DLBCL ABC Diffuse Large B-cell Lymphoma 

Activated B-Cell subtype 

5 

DLBCL GC Diffuse Large B-cell Lymphoma 

Germinal Center subtype 

6 

HCL Hairy Cell Leukemia 3 

MCL Mantle Cell Lymphoma 5 

PEL Primary Effusion Lymphoma 4 

PMBL Primary Mediastinal B-cell 

Lymphoma 

1 

Multiple 

Myeloma/PCL 

Plasma Cell Leukemia 6 

HL Hodgkin Lymphoma 5 

T-ALL/T-LL Acute Lymphoblastic Leukemia/ 

Lymphoblastic lymphoma 

6 

Mature T-malignancy  3 

NK Malignancy Natural Killer Malignancy 3 

ALCL Anaplastic Large Cell Lymphoma 4 

AML myelocytic Acute Myeloid Leukemia 7 

AML monocytic Acute Myeloid Leukemia 6 

AML erythroid Acute Myeloid Leukemia 4 

AML megakaryocytic Acute Myeloid Leukemia 6 

CML myeloid BC Chronic Myeloid Leukemia 6 

CML lymphoid BC Chronic Myeloid Leukemia 4 

MPN Myeloproliferative Neoplasm 1 
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CHAPTER III 

RESULTS 

 

A. TCGA Data Analysis 

1. LncRNAs have a unique expression profile in LAML  

 We aimed to assess the lncRNA genes expression profile in 10,363 cancer 

samples ranging across 33 cancer types of the TCGA dataset via conducting 

unsupervised hierarchical clustering on TPM normalized mean values of these genes in 

each cancer type in an attempt to pinpoint cancer types with distinct global lncRNA 

expression profiles. We noticed that cancer types of similar tissue origin harbored 

analogous lncRNA expression profiles, such as LGG/GBM, KIRC/KIRP, 

UCS/OV/UCEC, PCPG/ACC, ESCA/STAD, COAD/READ, and SKCM/UVM (Figure 

13A). However, despite having a similar bone-marrow tissue origin, LAML and DLBC 

did not cluster together as LAML clustered independently of all the other cancer types, 

suggestive of a unique lncRNA expression profile for this cancer type since even the 

cancer type of similar tissue origin did not cluster with it. Furthermore, to support our 

observation, we sought to investigate protein-coding gene expression profiles in an 

effort to show that lncRNA genes are the specific reason for LAML clustering 

independently. Strikingly, we observed a similar trend in terms of cancers originating 

from similar tissues, however, in this case, LAML clustered with DLBC, without a 

distinct expression profile, suggestive that lncRNAs harbor a unique expression profile 

in leukemias, here LAML (Figure 13B). This highlights the potential role of lncRNAs 

in hematological malignancies in general and leukemias in specific, which is in line 
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with the current observations in the literature concerning the involvement of lncRNAs 

in hematological malignancies.  

 

 

 

 

 

2. LAML is among the five cancer types that highly express LINC-ROR 

 As previously demonstrated, LINC-ROR was shown to be a central regulator of 

various cancer-promoting pathways in several cancers. Based on this observation, we 

aimed to assess the extent of LINC-ROR overexpression in the TCGA cancer dataset, 

encompassing 11,093 patients across 33 cancer types, and compare cancer to normal 

samples when possible. Comparing cancer versus normal samples in the top 5 cancers 

with the highest mean LINC-ROR expression (Figure 14), we found that in LIHC and 

HNSC, LINC-ROR is overexpressed in cancer compared to normal samples in line with 

several observations in the literature101,170-174. As for other high LINC-ROR-expressing 

cancers (TGCT, OV, and LAML), no normal samples were provided in the TCGA 

Figure 13: TPM normalized gene expression heatmaps comparing lncRNA vs PCGs 

expression profiles. TPM-normalized A) lncRNA genes and B) Protein-Coding genes 

expression profiles. Normal patient samples were excluded. Log2(TPM+1) scale was 

applied for both heatmaps with an unsupervised hierarchical clustering strategy on rows 

and columns, representing genes and mean values for samples in each cancer type, 

respectively. 
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dataset. Interestingly, the observation that LAML cancer samples display high LINC-

ROR expression is in line with our hypothesis that LINC-ROR may be a central player 

in LAML. 

 

 
 

Figure 14: LINC-ROR median log2(TPM+1) expression in cancer (red) vs normal (light 

blue) samples of the TCGA dataset. A) Full-scale graph. B) restricted scale (y-axis 

0:0.75). TCGA cancer types are alphabetically ordered, and the top 5 cancer types 

highly expressing LINC-ROR are highlighted in Red. 

 

3. LINC01287 is overexpressed in a considerable number of cancers 

 Although studied to a much lesser extent than LINC-ROR, LINC01287 was also 

demonstrated to play oncogenic roles in a few cancer types as previously discussed. 

Hence, following a similar approach and since we found that LINC01287 generally 
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harbors higher expression levels compared to LINC-ROR across most cancers, we 

assessed its expression in cancer vs normal samples of the top 10 cancer types with the 

highest mean LINC01287 expression (Figure 15). Interestingly, across 6 of these cancer 

types (LIHC, LUSC, BLCA, LUAD, STAD, and HNSC), LINC01287 was found to be 

overexpressed in cancer vs normal samples. Moreover, in ESCA and BRCA, even 

though median LINC01287 expression was shown to be lower in cancer compared to 

normal samples, the extent of outliers, which show very high LINC01287 expression 

gave us the confidence to also include these cancers in the list of cancer types harboring 

LINC01287 overexpression compared to normal samples. Lastly, very few and no 

normal samples were provided in the TCGA dataset for SKCM and UCS, respectively, 

making the comparison ineligible. In line with our aforementioned observations 

concerning LINC01287 overexpression in cancer vs normal samples, LINC01287 was 

shown by several studies to be implicated and overexpressed in some of these cancers, 

such as LIHC114-116, LUSC/LUAD111,112, BRCA119, and STAD117. This supports our 

observations and paves the way for future studies on LINC01287 to further dissect the 

role of LINC01287 as a central player in cancerous pathways. 
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Figure 15: LINC01287 median log2(TPM+1) expression in cancer (red) vs normal 

(light blue) samples of the TCGA dataset. A) Full-scale graph. B) restricted scale (y-

axis 0:0.75). TCGA cancer types are alphabetically ordered, and the top 10 cancer types 

highly expressing LINC01287 are highlighted in Red. 

 

4. LINC-ROR/LINC01287 and their targets exhibit distinct expression profiles in 

hematological malignancies 

 

 Several direct and indirect targets for both LINC-ROR and LINC01287 were 

proposed by several researchers as previously mentioned. Based on these propositions, 

we aimed to visualize the specificity of these targets to their respective cancer types via 

conducting unsupervised hierarchical clustering on mean TPM-normalized expression 

values for these genes in cancer samples of each cancer type. Fortunately for LINC-

ROR targets, LAML cancer samples are provided in the TCGA dataset. However, for 

LINC01287, which we hypothesized that may play a role in mediating resistance to I-
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BET151 in CML, no CML samples are provided in the TCGA dataset. To overcome 

this limitation, we aimed to look at and relate LINC01287 targets to hematological 

malignancies in general. Accordingly, we found out that LAML and DLBC clustered 

together based on the expression of LINC-ROR and its target genes, suggestive of 

distinct and analogous expression profiles for them in hematological malignancies in 

general and LAML in specific (Figure 16A). Interestingly, we also noted that LAML 

clustered independently based on the expression of LINC01287 and its target genes, 

indicative of a potential role for LINC01287 in hematological malignancies (Figure 

16B). Furthermore, we sought to discover the specificity of LINC-ROR, LINC01287, 

and their targets combined to any of the TCGA cancer types following a similar 

approach of unsupervised hierarchical clustering. Strikingly, we noticed that LAML and 

DLBC clustered together somewhat independently of the other cancer types, supporting 

our notion that lncRNAs may have unique roles in hematological malignancies since we 

discovered that themselves and their targets’ expression is specific to hematological 

malignancies (Figure 16C). 

 Additionally, we attempted to discover if these target genes of lncRNAs exhibit 

significant correlations with their respective lncRNAs across the various TCGA 

cancers. Therefore, we assessed gene correlations by calculating Pearson's correlation 

coefficient on mean TPM-normalized expression values of genes in cancer samples of 

different cancer types. We discovered that LINC-ROR is very strongly, significantly, 

and positively correlated with NANOG and OCT4 genes across the TCGA cancer 

types, in line with its documented role in promoting stemness (Figure 16D). As for 

LINC01287, we did not observe any significant correlations with its target genes.  
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Figure 16: TPM-normalized mean expression profiles of LINC-ROR/LINC01287 and 

their targets. Mean expression profile of A) LINC-ROR and its targets; B) LINC01287 

and its targets; C) LINC-ROR/LINC01287 and their targets combined. D) Correlation 

plot of LINC-ROR/LINC01287 and their targets. Unsupervised hierarchical clustering 

was conducted on genes (rows) and samples (columns). For gene correlations, 

Pearson’s correlation coefficient was calculated for the mean of genes across TCGA 

cancer types. Only cancer samples were considered. Log2(TPM+1) scale was applied 

for all plots. P-values below 0.05 were considered significant. (*) implicates statistical 

significance. 

 

B. In-Silico lncRNA-miRNA Interaction Predictions 

1. LINCROR and LINC01287 are predicted to be implicated in hematological 

malignancies through the miRNAs that they potentially regulate 

 

 Taking into consideration that the most documented and robust mode of action 

of lncRNAs to regulate gene expression is through miRNA-sponging, we sought to 

predict, using DIANA-Lncbase2168 the miRNA-interacting capabilities of LINC-ROR 

and LINC01287 via sequence complementarity to get an idea of the potential pathways 

or diseases that they may affect through regulating miRNAs. Following strict 

interaction score thresholds, we found out that many predicted miRNAs were disease-

associated; 38 out of 65 for LINC-ROR, and 66 out of 103 for LINC01287. 

Interestingly, these disease-associated miRNAs were implicated in a variety of cancers 

and cancerous pathways (Figure 17A). A considerable proportion of these predicted 

miRNAs were found to be extensively implicated in hematological neoplasms, breast 

neoplasms, diffuse large B-cell lymphoma and neoplasm metastasis for both LINC-

ROR and LINC01287. This sheds light on the unique role of lncRNAs in hematological 

neoplasms since it harbored the most predicted miRNAs (16) for LINC-ROR and the 

second-most (19) for LINC01287. Of interest, we further identified these miRNAs 

along with their specific interaction scores (Table 6).  
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Table 6: Predicted LINC-ROR/LINC01287-interacting miRNAs in hematological 

neoplasms along with their respective interaction scores 

LINC-ROR LINC01287 

miRNA Name Interaction Score miRNA Name Interaction Score 

hsa-miR-335-3p 0.899 hsa-miR-513a-5p 1 

hsa-miR-4640-5p 0.876 hsa-miR-122-5p 1 

hsa-miR-148a-3p 0.857 hsa-miR-4656 1 

hsa-miR-30c-2-3p 0.85 hsa-miR-4662b 1 

hsa-miR-4646-5p 0.847 hsa-let-7e-5p 1 

hsa-miR-539-5p 0.843 hsa-let-7f-5p 0.999 

hsa-miR-411-3p 0.838 hsa-let-7g-5p 0.999 

hsa-miR-379-3p 0.837 hsa-miR-4647 0.999 

hsa-miR-194-5p 0.837 hsa-let-7a-5p 0.998 

hsa-miR-124-5p 0.833 hsa-let-7i-5p 0.998 

hsa-miR-194-3p 0.819 hsa-miR-4710 0.997 

hsa-miR-515-5p 0.806 hsa-miR-214-5p 0.996 

hsa-miR-616-3p 0.805 hsa-let-7b-5p 0.996 

hsa-miR-33b-3p 0.804 hsa-miR-574-5p 0.996 

hsa-miR-30c-1-3p 0.802 hsa-miR-296-3p 0.994 

hsa-miR-129-5p 0.801 hsa-miR-34a-5p 0.988 

- - hsa-miR-449a 0.988 

- - hsa-miR-193b-5p 0.981 

- - hsa-miR-127-5p 0.979 

 

2. LINC-ROR and LINC01287 may be involved in a variety of cancers or cancerous 

pathways concomitantly via regulating several multi-targeting miRNAs 

 

Taking the implication of LINC-ROR/LINC01287-interacting miRNAs in a 

variety of cancers and cancerous pathways as a starting point, we further sought to find 

out if these groups share common miRNA pools via plotting Venn diagrams (Figure 

17B). Although we could not verify a common pool of miRNAs implicated in the four 

groups, however, for LINC-ROR, we observed 2 miRNAs (hsa-miR-4640-5p/4646-5p) 

and for LINC-01287, 5 miRNAs (hsa-miR-4656/4662b/ 4647/4710/574-5p) 

concomitantly involved in hematological and breast neoplasms. Moreover, we noted 2 

miRNAs (hsa-miR-4529-5p/3130-3p) and 5 miRNAs (hsa-miR-3170/ 3175/3115 /3152-



 

 61 

3p/3180-5p) concurrently implicated in breast neoplasms and neoplasm metastasis for 

LINC-ROR and LINC01287, respectively. This suggests that individual lncRNAs may 

play crucial roles in several cancers or cancerous pathways simultaneously via targeting 

multiple miRNAs that are in turn involved in multiple cancers or cancer-promoting 

pathways. 

 

3. LINC01287 is predicted to harbor a greater miRNA-interacting potential compared 

to LINC-ROR 

 

As a means of comparison between LINC-ROR and LINC01287 for their 

potential miRNA-interacting capacities, we compared their respective predicted 

miRNAs’ numbers at different interaction score thresholds. We realized that 

LINC01287 has a much more robust predicted miRNA-interacting capability as we 

revealed the high number of predicted miRNAs compared to low numbers for LINC-

ROR at different thresholds (Figure 17C). Overall, we presented that lncRNA-miRNA 

and specifically LINC-ROR/LINC01287-miRNA interactions, having valuable 

implications in cancers in general, and in hematological neoplasms in specific. 

However, further genomic-level investigations and interaction validations should be 

conducted in an attempt to establish a LINC-ROR/LINC01287-miRNA interaction 

network in hematological neoplasms. 
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Figure 17: LINC-ROR/LINC01287-miRNA interaction predictions by 

DIANA_Lncbase2. A) LINCROR/LINC01287 predicted disease-associated miRNAs 

distributions; B) The multi-targeting potential of individual lncRNAs presented by their 

respective predicted miRNAs’ concomitant involvement in a multitude of cancers and 

cancerous pathways; C) Comparison between the number of predicted LINC-

ROR/LINC01287-interacting miRNAs, showing a greater number of predicted miRNAs 

for LINC01287 at different interaction thresholds. 
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C. LL-100 Data Analysis 

1. LINC-ROR is highly expressed in B-cell-driven leukemia cell lines, while 

LINC01287 is highly expressed in B-cell and plasma cell-driven blood cancer cell 

lines. 

 

We previously demonstrated in our TCGA data analysis that lncRNAs, in 

general, may play unique roles in hematological malignancies. Also, we showed 

through lncRNA-miRNA interaction predictions that LINC-ROR and LINC01287 are 

anticipated to be regulating miRNAs that play crucial roles in hematological 

malignancies. Taking these observations as a starting point, we further attempted to 

inspect the extent of expression of these lncRNAs in 100 blood cancer cell lines of the 

(LL-100 panel169) encompassing 22 subtypes of leukemias, lymphomas, and myelomas 

in an effort to associate LINC-ROR and LINC01287 to specific blood cancer subtypes. 

Overall, we observed that LINC01287 harbored higher expression levels across the 100 

cell lines compared to LINC-ROR, in line with our TCGA data output that also showed 

this same trend, but across different cancer types (Figure 18A and B). We noted that 

LINC-ROR was highly expressed in three B-cell-driven leukemia cell lines (PGA1, 

JVM-3, and BONNA). However, these cell lines were not of the same disease subtype 

(Figure 18A). Moreover, LINC01287 was found to have elevated expression levels 

across a range of cell lines with different cellular origins and disease subtypes, such as 

B-cell-driven leukemia and lymphoma cell lines (BC-3, BCBL-1, CRO-AP2, KM-H2, 

and PGA-1), and plasma cell-driven myeloma cell lines (KMS-12-BM, OPM-2, RPMI-

8226, and U-266) (Figure 18B). 
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Figure 18: LINC-ROR and LINC01287 expression levels in the LL-100 panel blood 

cancer cell lines along with their cellular origins. Log2(TPM+1) expression levels of A) 

LINC-ROR and B) LINC01287 across LL-100 cell lines sorted by cellular origin. 

Proportions of cell types in top 25 cell lines highly expressing C) LINC-ROR and D) 

LINC01287. Lymphoid lineage-originated blood cancer cell lines exhibited the highest 

levels of LINC-ROR and LINC01287 expression. Empty bars represent no expression. 

Color codes represent cellular origins and are matched across the different plots. 
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2. LINC-ROR and LINC01287 are suggested to have a more detrimental role in the 

pathology of the lymphoid-originated compared to myeloid-originated blood cancers 

 

The abovementioned observations directed us to further inspect the cell lineage 

distribution of cell lines harboring high expression levels of LINC-ROR and 

LINC01287 (top 75th percentile, 25 cell lines) in an attempt to link them with specific 

lineage pathologies. In both cases, B-cell, T-cell, and plasma-cell driven blood cancer 

cell lines prevailed, suggestive that these lncRNAs may play a more crucial role in the 

pathology of the lymphoid compared to the myeloid lineage (Figure 18C and D). 

 

3. LINC-ROR is relatively overexpressed in AML myelocytic and monocytic cell lines 

while LINC01287 is considerably overexpressed in CML myeloid blast K562 cells in a 

panel of AML/CML cell lines. 

 

 As outlined in our hypothesis, we selected AML myelomonocytic MV4-11175 

and CML myeloid blast169 K562 cell line models to study the role of LINC-ROR and 

LINC01287 in I-BET151 sensitivity and resistance, respectively. Accordingly, we 

aimed to assess the level of LINC-ROR and LINC01287 expression, exclusively in 

AML and CML cell lines of various subtypes of the LL-100 panel. Interestingly, we 

noticed that LINC-ROR was relatively overexpressed in AML monocytic and 

myelocytic cell lines compared to other AML and CML subtypes (Figure 19A). This 

supports our hypothesis in that LINC-ROR is possibly expressed to a certain extent in 

AML myelomonocytic MV4-11 cell line, in accordance with LINC-ROR’s various 

cancer-promoting potential. Moreover, we demonstrate that LINC01287 was found to 

be specifically overexpressed in the K562 cell line relative to other CML and AML 

subtype cell lines (Figure 19B). This further validates the unique elevated expression 
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pattern of LINC01287 in I-BET151-resistant K562 cells, suggestive of a possible role 

for LINC01287 in promoting this resistance.  

 

 

 

 

 

 

 

Figure 19: Expression profiles of LINC-ROR and LINC01287 in a panel of AML/CML 

subtype cell lines of the LL-100 panel. Log2(TPM+1) expression profiles of A) LINC-

ROR and B) LINC01287. LINC-ROR was found to be relatively overexpressed in 

AML monocytic and myelocytic cell lines while LINC01287 was shown to harbor a 

distinct overexpression pattern in CML myeloid blast K562 cell line. Empty bars 

represent no expression. Color codes represent different AML/CML subtype cell lines. 
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D. Cell Viability Assay 

1. Transfection and siRNA-mediated gene knockdown does not affect MV4-11 and 

K562 cellular viability 

 

As previously described, LINC-ROR was shown to play various roles in cancer 

progression. Therefore, we anticipated that MV4-11 cell proliferation would decrease 

upon LINC-ROR silencing. However, we did not observe any significant effect on cell 

viability at 24, 48, and 72hrs post-transfection with siROR3 or siROR4 (Figure 20A). 

This proposes that LINC-ROR downregulation is not sufficient to trigger cell death. 

Also, as previously discussed, LINC01287 was shown to be involved in a variety of 

cancer pathways. Hence, we attempted to observe if LINC01287 knockdown via 

si01287-1 or si01287-2 affects K562 cell viability and found out that LINC01287 

knockdown at different time points did not significantly affect K562 cell viability 

(Figure 20B). Moreover, in both cell lines, we did not observe any transfection-related 

toxicity since control siRNAs too showed no significant effect on cell viability at 

different time points (Figure 20A and B). 

 

 
 

Figure 20: Cell viability (MTT) assay on MV4-11 & K562 cells transfected with 

siRNAs at 24, 48, and 72hrs (n=3). No significant changes in cell viability were 

observed in siRNA-transfected conditions relative to untreated conditions upon 

transfection with different siRNAs at different time points, implying that A) transfection 

and LINC-ROR knockdown in MV4-11 cells and B) transfection and LINC01287 

knockdown in K562 cells did not affect cell viability. One-way ANOVA with Dunnett’s 
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post hoc test was applied for statistical significance at each time point with the untreated 

condition as the control. 

 

2. MV4-11 cells are sensitive to I-BET151 treatment 

MV4-11 cell line was presented to be sensitive to I-BET151 by several studies, 

which we reported previously. Accordingly, we were able to confirm that IBET151 is 

functional and significantly reduces MV4-11 cell viability. At 24hrs post-treatment, we 

observed a decrease in cellular viability in 500, and 5000nM I-BET151-treated 

conditions relative to DMSO, however, this decrease was not statistically significant. At 

48hrs post-treatment, we noted a significant decrease in cellular viability at 500 and 

5000nM I-BET151-treated conditions. Lastly, at 72hrs post-treatment, 500 and 5000nM 

I-BET151 concentrations exhibited a more significant and harsher effect on cell 

viability. This is suggestive that 5000nM drug concentration may be cytotoxic to the 

cells given that the high drug concentration was coupled with a relatively long treatment 

duration (Figure 21). 

 

 
 

Figure 21: Cell viability (MTT) assay on MV4-11 cells at 24, 48, and 72hrs post-

treatment with increasing concentrations (50, 500, and 5000nM) of I-BET151 (n=3). I-

BET151 was observed to significantly reduce MV4-11 cells viability at 500, and 

5000nM drug concentrations 48, and 72hrs post-treatment. One-way ANOVA with 

Dunnett’s post hoc test was applied for statistical significance at each time point with 

the DMSO condition as the control. 
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3. I-BET151 does not affect K562 cellular viability with or without LINC01287 

knockdown but exhibits cytotoxicity at high drug concentrations 

 

K562 cell line is known to be resistant to I-BET151 and is often utilized as a 

model cell line for studying BETi resistance. Here, we knocked down LINC01287 and 

treated the cells with different I-BET151 concentrations (50, 500, and 5000nM) in an 

attempt to find out if LINC01287 knockdown sensitizes the cells to I-BET151-

treatment. Comparing siRNA-transfected conditions at different I-BET151 

concentrations relative to their untransfected counterparts at each time point, we did not 

note any significant difference in cell viability. Moreover, when we compared the 

cellular viability between all the conditions relative to DMSO at each time-point, and 

even though K562 cells are resistant to I-BET151, we observed a decreasing viability 

trend at 500 and 5000nM I-BET151 concentrations. At 24 and 48hrs post-treatment, 

these decreases were not significant, however, at 72hrs “I-BET5000” and “si01287-1 + 

I-BET5000” conditions exhibited a significant decrease in cell viability, suggestive of 

drug cytotoxicity at high concentrations and prolonged treatment (Figure 22). 
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Figure 22: Cell viability (MTT) assay on K562 Cells at 24, 48, and 72hrs post-treatment 

with increasing concentrations (50, 500, and 5000nM) of I-BET151 with or without 

LINC01287 Knockdown (n=3). No significant differences were observed between 

transfected and untransfected I-BET151-treated conditions at different concentrations at 

each time point. A decreasing, but non-significant viability trend was observed at 500 

and 5000nM drug concentrations at 24 and 48hrs, and a significant decrease in viability 

was observed at 72hrs in “I-BET5000” and “si-01287-1 + I-BET5000” conditions. One-

way ANOVA with Sidak’s or Dunnett’s post hoc test was applied for statistical 

significance at each time point in reference to untransfected I-BET151 and DMSO 

conditions, respectively. 

 

E. Fluorescently Labeled SiRNA-Mediated Cell Sorting 

1. Optimization for initial seeding density and labeled siRNA concentration 

 In order to test our labeling kit and optimize the initial cellular density and 

labeled siRNA concentration to get a good transfection efficiency for subsequent cell 

sorting, we plated K562 and MV4-11 cells in 12-well plates at different cellular 

densities and transfected them with different concentrations of manually labeled 

siRNAs (Table 7). Taking into consideration several factors such as the optimal cellular 

density to avoid confluency, siRNA toxicity at high concentrations, and the percentage 

of cells positively transfected with the labeled siRNAs, we decided to use 250,000 

initial cellular density for K562 and 350,000 for MV4-11 cell lines even though in our 

tests 250,000 MV4-11 cellular density showed a slightly better transfection efficiency, 

however, we anticipated that a higher cellular density would eventually result in better 

transfection efficiency. Moreover, 150nM labeled siRNA concentration seemed 

convenient since it is not expected to cause any toxicity and resulted in a perfect 

transfection efficiency for K562 cells, although not being ideal for MV4-11 cell lines, 

because of the nature of these cells that are difficult to transfect (Table 7). However, we 

tried to employ alternative approaches to get a relatively better MV4-11 cell number for 

RNA isolation. Lastly, since we have planned to conduct our FACS experiments in 6-
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well plates, we used cell surface area to calculate the initial cellular density for K562 

and MV4-11 from 12-well plates, ending up with 625,000, and 875,000 cells, 

respectively. 

 

Table 7: Initial cellular density and labeled siRNA concentration optimization 

Test # Cell line 
Initial Cell Density 

 (cells/well) 

Labeled siRNA 

Concentration 

Labeled siRNA 

Transfection efficiency 

Test 1 K562 200,000 100nM 6.15% 

Test 2 K562 250,000 

100nM 40.6% 

150nM 50.5% 

200nM 44.7% 

Test 3 

K562 250,000 
100nM 40.1% 

150nM 47% 

MV4-11 250,000 
100nM 5.4% 

150nM 6.2% 

Test 4 MV4-11 350,000 
100nM 2.4% 

150nM 4.2% 

 

2. K562 cells exhibit ideal transfection and cellular sorting efficiencies, while MV4-

11 cells are presented to be difficult-to-transfect 

 

K562 cells are known to be easier to transfect compared to MV4-11 cells, which 

present a challenge in studying siRNA-mediated gene knockdown in MV4-11 cell 

line176. In line with this observation, labeled siRNA transfection was found to be 

effective in K562 cells as we observed good transfection efficiencies and consequently 

high sorted cell numbers (Table 8). In contrast to MV4-11 cells, where labeled siRNA 

transfection was relatively less effective as we noted low transfection efficiencies and 

low sorted cell numbers (Table 9). However, we employed alternative approaches in an 

attempt to overcome this limitation, such as seeding several wells of the same intended 

condition and pooling these wells before FACS as we did with replicates (5, 6, and 7), 

or pooling replicates after FACS i.e. in the RNA isolation step like we did with 

replicates (3 and 4). 
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Table 8: FACS results for K562 cells (n=7). (Abbreviations: si-1 = si01287-1; si-2 = 

si01287-2; I- = I-BET) 

 

 

Table 9: FACS results for MV4-11 cells (n=7) 

n Conditions 
Negative 

Control 

Positive 

Control 
siROR3 siROR4 

1 
efficiency 0.3% 0.5% 0.3% 0.4% 

cells 4,389 7,300 6,141 7,519 

2 
efficiency 0.6% 0.9% 1% 0.8% 

cells 10,240 20,366 12,497 16,613 

3 
efficiency 4.1% 3.8% 2.4% 3.8% 

cells 35,778 77,388 12,479 15,406 

4 
efficiency 0.4% 0.8% 0.8% 0.6% 

cells 6,992 15,191 36,816 11,058 

5 
efficiency 0.5% 0.6% 0.9% - 

cells 7,168 11,865 37,355 - 

6 
efficiency 0.1% - 0.1% - 

cells 2,109 - 11,076 - 

7 
efficiency 0.2% - 0.5% - 

cells 5,121 - 37,336 - 

 

 

F. Gene Expression Analysis 

 After FACS and subsequent RNA extraction, we aimed to assess gene 

expression at the level of RT-qPCR using the ΔΔCq method. For K562 cells, we 

managed to extract sufficient RNA to conduct RT-qPCR and RNA-sequencing thanks 

to the good number of sorted cells after FACS. As for MV4-11, even though we 

employed alternative methods to overcome the low transfection efficiencies for FACS, 

we did not manage to extract enough RNA from the low number of sorted cells to 

n Conditions 
Negative 
Control 

Positive 
Control 

si-1 si-2 
si-1 + 
I-50 

si-1 + 
I-500 

si-1 + 
I-5000 

si-2 + 
I-50 

si-2 + 
I-500 

si-2 + 
I-5000 

1 
efficiency 30.6% 28.4% 25.1% 19.6% 21.2% 12.3% 14.7% 41.9% 33.8% 37.2% 

cells 468,000 419,000 324,000 418,000 294,000 205,000 201,000 615,000 510,300 560,700 

2 
efficiency 15.4% 22.7% 13% 13% 15.1% 11.8% 11.4% 18.9% 19.3% 21.1% 

cells 257,00 344,500 210,000 171,000 197,300 176,000 157,000 242,600 203,500 250,000 

3 
efficiency 16.1% 30.4% 15.4% 25.7% 24.1% 17.9% 17.6% 21.4% 17.6% 21.3% 

cells 256,120 490,114 259,596 402,418 373,749 266,312 248,186 319,364 274,362 281,311 

4 
efficiency 23.8% 34.7% 27.6% 29.4% 18.1% 17.2% 19.5% 30.1% 30.3% 29.7% 

cells 362,185 549,328 334,419 373,419 228,017 228,040 263,492 399,440 355,616 440,799 

5 
efficiency 10.1% 18.9% 15.6% - - 21% - - - - 

cells 158,804 351,006 268,215 - - 387,233 - - - - 

6 
efficiency 11.4% - 15.3% - - 13.6% - - - - 

cells 156,908 - 264,914 - - 213,268 - - - - 

7 
efficiency 10.6% - 16.3% - - 18.9% - - - - 

cells 183,715 - 312,328 - - 322,479 - - - - 
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conduct both RNA sequencing and RT-qPCR. Therefore, we prioritized using the 

modest amount of extracted RNAs to conduct RNA-sequencing.  

 

1. si01287-1 knocks LINC01287 down more significantly compared to si01287-2 

We assessed the expression levels of LINC01287 and a panel of its target genes 

(TCF12, STAT3, β-catenin, and c-MYC), through which LINC01287 was shown to 

exert its various cancer-promoting function. First, we sought to select the si01287 with 

the highest and most significant knockdown efficiency. We observed that both si01287-

1 and si01287-2 exerted analogous percentages of significant knockdown of 50% 

relative to negative control siRNA conditions. Moreover, we noticed that si01287-1 was 

able to exert a more statistically significant knockdown compared to si01287-2 (Figure 

23A). For this reason and for having more available RNA amounts across most of the 

conditions, we decided to carry on with si01287-1 for our further gene expression 

analyses. Furthermore, we utilized positive control GAPDH siRNA to confirm siRNA 

delivery and ensure optimal transfection conditions. Accordingly, we noted that 

GAPDH gene expression went down significantly by 32% in positive control GAPDH 

siRNA relative to negative control siRNA conditions (Figure 23A). 

 

2. LINC0187 knockdown alone imposes a downregulatory trend on some of its targets 

and increasing I-BET151 concentrations along with LINC01287 knockdown 

enhances this trend. 

 

In order to assess if LINC01287 knockdown had any effects on the expression 

of its target genes, we compared the expression of the panel of genes in si01287-1 

relative to negative control siRNA conditions (Figure 23B). We observed a reduced 

expression trend for TCF12, β-catenin, and c-MYC genes, along with an unaffected 
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STAT3 gene. Moreover, we intended to see if increasing concentrations of I-BET151 

along with si01287-1-transfection had a more robust and significant downregulatory 

effect on these targets (Figure 23B). Overall, we noted a similar reduced expression 

trend for all the genes, except STAT3 with a stronger downregulatory effect at 

increasing I-BET151 concentrations, especially at 500 and 5000nM. Accordingly, we 

demonstrate that c-MYC was significantly downregulated at 500 and 5000nM drug 

concentrations. We also observed that drug treatment did not alter or reverse 

LINC01287 knockdown since we saw significant downregulations at all drug 

concentrations. Furthermore, we saw a decreasing and then increasing trend for the 

STAT3 gene upon increasing I-BET151 concentrations. 

 

3. I-BET151 treatment alone at increasing concentrations has a significant 

downregulatory effect on TCF12 and c-MYC, and modest upregulatory effects on β-

catenin and STAT3 genes 

 

In an attempt to assess the extent of LINC01287 and its targets’ susceptibility to 

I-BET151 treatment alone, we compared conditions treated by increasing 

concentrations of I-BET151 (50, 500, and 5000nM) relative to DMSO (Figure 23C). As 

expected, and also outlined in our hypothesis, we show that LINC01287 expression was 

not significantly affected by I-BET151 treatment even at high drug concentrations. As 

for the expression of its targets, we reveal that TCF12 and c-MYC genes were 

significantly downregulated at 500 and 5000nM drug concentrations consistent with our 

previous observations of their decreasing expression trend in combination with 

LINC01287 knockdown. Hence, the major reduction in gene expression is owed to drug 

treatment, however, LINC01287 knockdown may be enhancing this decrease since for 

TCF12 and c-MYC, the reductions in gene expression were more profound at 50, 500 
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and 500, 5000nM I-BET151 concentrations, respectively, when knockdown was 

coupled with drug treatment. As for the β-catenin gene, in contrast to our previous 

observation, we noted an unchanged or increased expression at different I-BET151 

concentrations, suggestive of it exhibiting a reduced expression trend only when 

LINC01287 is knocked down and that this trend is enhanced by combining I-BET151 

treatment with LINC01287 knockdown. We also show that the STAT3 gene exhibited 

an unchanged to increased expression trend at increasing I-BET151 concentrations 

alone, similar to its trend going from 50 to 5000nM when coupled with LINC01287 

knockdown. However, even though LINC01287 knockdown alone did not alter STAT3 

expression (Figure 23B), the combination of drug and knockdown at 50 and 500nM led  

to a modest decrease in expression that was reversed at 5000nM drug concentration, 

suggestive of a mechanism for its reactivation at high drug concentrations. 
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Figure 23: RT-qPCR results of a panel of genes, representative of LINC01287 and its 

targets in sorted K562 cells (n=2). A) LINC01287 expression levels after knockdown 

with either si01287-1 or si01287-2 along with GAPDH expression level after 

knockdown via positive control GAPDH siRNA, both relative to negative control 

siRNA. B) Expression levels of the panel of genes in only si01287-1-transfected or 

si01287-1 transfected and I-BET151-treated relative to negative control siRNA 

conditions. C) Expression levels of the panel of genes in I-BET151-treated relative to 

DMSO conditions. Expression analysis was done using the ΔΔCq method. Independent 

t-tests for A and one-way ANOVA with Dunnett’s post hoc test for B and C were used 

to test for statistical significance.  
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CHAPTER IV 

SUMMARY & DISCUSSION 

 

LncRNAs are a class of non-protein coding RNAs that contribute to the 

regulation of gene expression at various levels via interacting with a range of 

biomolecules. Accordingly, lncRNAs are implicated in numerous biological processes 

and abnormal regulation of lncRNAs may lead to various diseases, including cancer 

since deregulated lncRNAs may act at the genetic and epigenetic levels, promoting 

genomic instability. Increasing numbers of lncRNAs are being documented to play 

crucial roles in different cancerous pathways. Of note, LINC-ROR and LINC01287 

have been shown to overtake cancer-promoting roles in a variety of cancer types, 

specifically solid tumors. However, the roles of LINC-ROR and LINC01287 in 

hematological malignancies have not fully been elucidated. 

In a study by Khoueiry et al.167, where they aimed to uncover the mechanisms of 

intrinsic I-BET151 sensitivity/resistance, LINC-ROR has been demonstrated to exhibit 

a significant loss of BRD4 binding at its TSS upon treatment of drug-sensitive MV4-11 

cells with low concentrations, which was not the case in drug-resistant K562 cells, 

where LINC01287 was found to be differentially upregulated. Hence, we hypothesized 

that MV4-11 cells’ sensitivity to I-BET151 is mediated through LINC-ROR 

downregulation and K562 cells’ resistance to I-BET151 is conferred via elevated levels 

of LINC01287. 

In our exploratory study, we assess LINC-ROR and LINC10287 expression 

profiles in various cancer types and blood cancer cell lines along with identification of 
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their potentially interacting miRNAs in an attempt to uncover a unique role for these 

lncRNAs in hematological malignancies. Moreover, following a siRNA-mediated gene 

knockdown approach, we aim to discover if LINC-ROR knockdown recapitulates the 

effect of I-BET151 treatment and if LINC01287 knockdown enhances I-BET151 

sensitivity. 

 We discovered through our TCGA data analysis of 10,363 patient cancer 

samples based on the expression of lncRNA genes compared to protein-coding genes 

that LAML clustered independently of all the other cancer types and specifically, 

DLBC even though being originated from a similar bone-marrow tissue origin (Figure 

13). Hence, we concluded that lncRNAs may exhibit unique roles in LAML, 

specifically. Moreover, we observed that a considerable number of lncRNAs harbored 

elevated expression levels in LAML presented in red color, suggestive that these 

lncRNAs may be involved in leukemogenesis as their elevated expression profile is 

possibly the reason behind LAML clustering independently. Thus, these specific 

lncRNAs or lncRNA families must be identified and cross-referenced to the existing 

literature to validate their potential involvement in leukemias in specific and 

hematological malignancies in general. Interestingly, several articles177-179 have 

reviewed the roles of upregulated lncRNAs in leukemias in general and LAML in 

specific, supporting our observation and paving the way for the establishment of an 

oncogenic lncRNAs network in hematological malignancies. 

 We aimed to assess the expression profiles of LINC-ROR and LINC01287 

across the 33 cancer types of the TCGA dataset. We observed that they are very lowly 

expressed, reaching maximum levels of (log2(TPM+1) = 4) for LINC-ROR in TGCT 

(Figure 14) and (log2(TPM+1) = 5.6) for LINC01287 in BLCA (Figure 15) as outliers, 
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consistent with the fact that lncRNAs harbor lower levels of expression compared to 

protein-coding genes. However, even though lncRNAs, in general, are lowly expressed, 

several lncRNAs, including LINC-ROR and LINC01287 have been implicated in a 

variety of cancerous pathways. Moreover, comparing the expression profiles of LINC-

ROR and LINC01287 across TCGA (Figure 14 and 15) and LL-100 datasets (Figure 

18A and B), we noted that in various cancer types and blood cancer cell lines, 

LINC01287 harbors relatively higher expression levels compared to LINC-ROR, 

suggestive that it may have undocumented significant roles in tumorigenesis. 

 We pinpointed overexpression of LINC-ROR and LINC01287 in several cancer 

types of the TCGA dataset compared to normal samples and linked these observations 

to existing research validating their involvement in a considerable number of our 

observed cancer types (Figure 14 and 15). However, no or scarce normal samples were 

provided for LINC-ROR in LAML, OV, and TGCT and for LINC01287, in SKCM, and 

UCS cancers of the TCGA dataset. This drove us to inspect and compare the expression 

of LINC-ROR and LINC01287 in the TCGA cancer samples to normal samples of the 

GTE-x (Genotype-Tissue Expression) portal, using the GEPIA180 (Gene Expression 

Profiling Interactive Analysis) tool that enables this comparison between different 

datasets through global normalization. For LINC-ROR, we observed similar trends 

supporting our overexpression hypothesis in LAML, OV, and TGCT (Figure 24A). The 

indication that LINC-ROR is overexpressed in LAML cancer relative to normal 

samples is a central finding that is highly supportive of our main hypothesis. As for 

LINC01287, we demonstrate that it is overexpressed in SKCM cancer relative to 

normal samples, while in UCS we could not verify an overexpression trend (Figure 

24B). While no documented evidence is present for LINC-ROR’s and LINC01287’s 



 

 80 

involvement in LAML and (SKCM, UCS), respectively, LINC-ROR was shown to be 

mediate EMT and metastasis in OV181,182 and to be overexpressed in TGCT183. 

The strategy that we followed to conclude overexpression of LINC-ROR and 

LINC01287 in various cancers compared to normal samples was not only dependent on 

their median expression values but also the extent of outliers that these cancer samples 

harbored. It is important to note that these outliers cannot be ignored since they may be 

associated with advanced/metastatic stages of the disease. For LINC01287, in some 

cancer types, such as BRCA and ESCA, cancer samples harbored lower median values 

compared to normal samples (Figure15), however, we concluded that LINC01287 is 

overexpressed based on the extent of outliers that the cancer samples comprised. 

Looking at median expression values is sometimes elusive since it is not as sensitive to 

outliers as mean expression values. Therefore, the researcher should observe and give 

credit to these outliers in cases, where they are crucial.  
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Figure 24: Gene expression profiles of LINC-ROR and LINC01287 in TCGA cancer 

samples vs GTE-x normal samples via the GEPIA tool. A) Median Log2(TPM+1) 

expression profile of LINC-ROR in LAML, OV, and TGCT cancers compared to 

normal GTE-x tissues. B) Median Log2(TPM+1) expression profile of LINC01287 in 

SKCM and UCS cancers compared to normal GTE-x tissues. TCGA cancer samples are 

shown in red, while GTE-x normal samples are in light blue. 

 

 In an attempt to see the specificity of LINC-ROR and LINC01287 and their 

targets to distinct cancer types, we assessed the mean expression profile of each gene in 

cancer samples of the TCGA dataset. We noticed that LINC-ROR and its targets 

harbored distinct expression profiles in LAML and DLBC (Figure 16A), while 

LINC01287 and its targets exhibited a specific expression pattern in LAML (Figure 

16B). Furthermore, when we combined the expression profiles of LINC-ROR, 

LINC01287, and their targets, we saw LAML and DLBC clustering together (Figure 

16C). Therefore, we concluded that these specific gene sets’ expression patterns may be 

unique to hematological malignancies in general and may pave the way to further 

studies targeting these gene sets to take advantage of their possible interactions to 

improve the treatment of respective hematological cancer types. In addition, we 

observed that the expression of LINC-ROR and its targets are also specific to TGCT 

(Figure 16A), consistent with our previous observation of LINC-ROR overexpression in 

TGCT and documented literature evidence of its elevated expression in TGCT tissues, 

suggestive of a potential cancer-promoting role for LINC-ROR in TGCT that needs to 

be uncovered. 

 Although the above-mentioned heatmaps do provide gene correlation 

information, however, they do not take into account the nature of the differences in 

expression levels between the different gene types, for instance, in (Figure 16C), LINC-
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ROR and LINC01287 were shown to be correlated across the TCGA cancer types, 

however, this does not imply that they exhibit similar expression trends since the reason 

behind their clustering is the reduced expression of lncRNAs in general compared to 

protein-coding genes. To more correctly address gene correlations, we used Pearson’s 

correlation and found that LINC-ROR is significantly correlated with NANOG and 

OCT4 genes across the 33 cancer types consistent with its verified role in maintaining 

cellular pluripotency. In contrast, LINC01287 did not exhibit any significant 

correlations with its targets (Figure 16D). Strikingly, we also did not observe a 

significant correlation between LINC-ROR and LINC01287, supporting our notion in 

using Pearson’s correlation approach. 

 In accordance with the extensively documented miRNA-interacting mode of 

action of lncRNAs, our in silico lncRNA-miRNA interaction prediction analysis 

reflected the considerable number of miRNAs predicted to be interacting with LINC-

ROR and LINC01287. Also, in line with our previous observations in TCGA and LL-

100 datasets that LINC01287 exhibits an elevated expression profile compared to 

LINC-ROR, LINC01287 was predicted to be interacting with a greater number of 

miRNAs than LINC-ROR at different interaction score thresholds (Figure 17C). This 

supports the notion that in addition to LINC-ROR, which is relatively more studied and 

validated for its roles in promoting various diseases, including cancer, LINC01287 may 

potentially exert even further disease-promoting roles that need to be elucidated. 

 We demonstrated that LINC-ROR and LINC01287-interacting miRNAs are 

particularly involved in hematological malignancies and revealed that the interaction of 

lncRNAs with multiple miRNAs that in turn target multiple genes establishes an 

amplified effect for an individual lncRNA and that an individual lncRNA may be 
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implicated in several cancers or cancer-promoting pathways (Figure 17A and B). We 

further identified several of these predicted miRNAs for both LINC-ROR and 

LINC01287 that were implicated in hematological malignancies (Table 6). In an 

attempt to uncover potential shared targets among these identified miRNAs, we used 

the miRTargetLink184 tool, which generates convenient network graphs representative 

of the genes that are targeted by multiple miRNAs. Accordingly, we identified several 

common target genes for LINC-ROR-interacting (Figure 25A) and LINC01287-

interacting (Figure 25B) miRNAs. Interestingly, for LINC-ROR, the common targets 

(STAT3, CDKN1B, TWIST1, and BECN1) were found to be implicated in AML185-188 

and also to be responsive to BET inhibitors185,189-191, in line with our hypothesis that I-

BET acts via LINC-ROR downregulation in AML. Moreover, Wang et al.186 

demonstrated the elevated expression of TWIST1 in leukemia stem cells, which is in 

line with the documented role of LINC-ROR in pluripotency maintenance, suggestive 

of a LINC-ROR/miRNA/TWIST1 axis in leukemias. As for LINC01287, almost all the 

common miRNA targets were shown to be associated with CML192-200, except E2F2, 

IL-13, MYCN, and AGO1 genes. Also, all the genes except AURKB, IL-13, PRDM1, 

AGO1, and TNFRSF10b were implicated in BET-i responses150,164,201-208. Hence, we 

conclude that LINC01287 is potentially implicated in CML and may be regulating I-

BET-related genes, which is supportive of our hypothesis that LINC01287 plays I-BET-

resistance promoting roles in CML. 
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Figure 25: miRTargetLink network graph of validated miRNA target genes for DIANA 

Lncbase2-predicted A) LINC-ROR and B) LINC01287-interacting miRNAs implicated 

in hematological malignancies. Target genes were considered whenever they were 

shared by a minimum of 2 miRNAs for A) and 3 miRNAs for B). miRNAs are 

represented in blue and target genes are represented in green. 

 

As previously demonstrated, several miRNAs were experimentally validated to 

interact with LINC-ROR and LINC01287, enhancing their cancer-promoting mode of 

action in a variety of cancer types. We have in turn looked up the predicted scores for 

these respective lncRNAs in DIANA lncbase2 (Table 10). Interestingly, the miRNAs 

(hsa-miR-4500, and hsa-miR-559) were predicted to be interacting with LINC01287 

above our specific chosen interaction score threshold of 0.975, whereas hsa-miR-3529-

5p and hsa-miR-298 were predicted to be interacting at relatively high interaction 

scores, however, below our selected threshold. As for the LINC-ROR-interacting 

miRNAs (hsa-miR-145-5p, hsa-miR-205-5p), the predicted interaction scores were 

relatively low, suggestive that even if sometimes prediction scores are low, lncRNA-

miRNA interactions could be biologically meaningful. Therefore, lncRNA-miRNA 

predictions should be complemented with experimental validations to establish 

lncRNA/miRNA/target gene axes. 

 



 

 85 

Table 10: Experimentally validated LINC-ROR/LINC01287-interacting miRNAs’ 

predicted interaction scores 

LINC-ROR 

interacting miRNAs 

Interaction 

Score 

LINC01287 

interacting miRNAs 

Interaction 

Score 

hsa-miR-145-5p 0.585 hsa-miR-4500 1 

hsa-miR-205-5p 0.576 hsa-miR-559 0.990 

- - hsa-miR-3529-5p 0.941 

- - hsa-miR-298 0.936 

 

We showed through the LL-100 panel dataset that LINC-ROR and LINC01287 

are overexpressed in B-cell and B or Plasma-cell driven hematological malignancies, 

respectively, exhibiting more robust roles in the pathology of the lymphoid compared to 

the myeloid lineage (Figure 18). This is supported by the fact that in addition to 

exhibiting tissue specificity, lncRNAs also exhibit cell-type specificity209. Therefore, 

linking individual lncRNAs to distinct cell lineages, populations or subpopulations is a 

noteworthy strategy that can be employed to ease the functional annotation of lncRNAs.  

 The  LL-100 panel data analysis of LINC-ROR and LINC01287 expression 

profiles in AML and CML subtype cell lines exclusively revealed LINC-ROR’s relative 

overexpression in MV4-11-like AML myelocytic and monocytic cell lines and 

LINC01287’s overexpression in K562 cells (Figure 19). Remarkably, Dawson et al.130 

have demonstrated the I-BET151 sensitivity and resistance of MV4-11 and K562 cell 

lines through their respective IC50 values of 36nM and >100µM. This was in line with 

our cell viability (MTT) assay results that confirmed MV4-11 cells’ I-BET151-

sensitivity (Figure 21) and K562 cells’ I-BET151-resistance (Figure 22). Moreover, 

similar results were obtained by Khoueiry et al.167, where they utilized a different cell 

viability assay (CellTiter Glo). Furthermore, we showed via RT-qPCR that LINC01287 

gene expression is not affected by I-BET151 treatment even at high concentrations like 

5000nM (Figure 23C). These observations are highly supportive of our hypotheses 
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concerning LINCROR’s and LINC01287’s roles in mediating I-BET151 

sensitivity/resistance, respectively, and establishes a clear ground for further 

investigations. 

Our MTT assay outcomes for drug-treated MV4-11 (Figure 21) and K562 cells 

(Figure 22) were suggestive of I-BET151 cytotoxicity at high concentrations, especially 

at 5000nM. This presents a challenge for translating BETi in general to clinical settings. 

Accordingly, several early clinical trials210-212 of the BETi OTX015 in hematopoietic 

and solid cancers revealed critical dose-limited cytotoxicities in patients, such as 

gastrointestinal disorders, anemia, thrombocytopenia, hyperbilirubinemia, fatigue, 

headache, and back pain. Interestingly, several researchers reported the ability of 

Vitamin C to enhance BETi sensitivity in melanoma213 and TNBC214 cells via lowering 

the required dose of the drug through decreasing H3 and H4 histone acetylations by 

upregulating histone deacetylase 1 (HDAC1). Hence, combinatorial approaches using 

BETi and Vitamin C should be considered to successfully translate BETi treatment into 

clinical settings via achieving reasonable non-cytotoxic, but effective drug 

concentrations. 

 TCF12 is a member of the basic helix-loop-helix family (bHLH) of transcription 

factors that is responsible for cellular growth and differentiation. Interestingly, it is 

particularly involved in the regulation of hematopoietic stem cell differentiation215. 

Also, several studies linked TCF12 over-expression to epithelial-to-mesenchymal 

transition, migration, and invasion114,216. Therefore, its reduced expression after 

LINC01287 knockdown that was further enhanced by I-BET151 treatment in our RT-

qPCR results for K562 cells (Figure 23B) is suggestive of an anti-cancer/anti-metastatic 

efficacy of this combination. 
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The Wnt/β-catenin signaling pathway regulates the self-renewal, pluripotency, 

and differentiation of stem cells, especially hematopoietic stem cells217, and aberrant 

activation of this pathway is linked to excessive proliferation and metastasis119. 

Strikingly, Fong et al.206 presented that BETi resistance develops from leukemia stem 

cells due to the abnormal activation of Wnt/β-catenin signaling. This resistance was 

found to be mediated via c-MYC, which is a major regulatory component of cell 

proliferation and is implicated in a wide range of cancers since it contributes to disease 

progression through activation of a transcriptional network that affects cell division, 

metabolic adjustment, and survival218,219. BET inhibition was observed to stimulate 

acute MYC repression in leukemias, regardless of their sensitivity. However, resistant 

leukemias quickly acted to restore MYC expression and this was achieved through 

Wnt/β-catenin signaling, which compensated for BRD4 loss164. Hence, prolonged c-

MYC downregulation was proposed as a hallmark of I-BET sensitivity. Accordingly, 

our si01287-transfected and I-BET151-treated samples displayed a significant decrease 

via RT-qPCR (Figure 23B) in c-MYC at 500 and 5000nM drug concentrations along 

with a decreasing trend for β-catenin, which is the major component of the Wnt/β-

catenin pathway. Therefore, we propose that LINC01287 knockdown may mediate I-

BET151 sensitivity in K562 cells via preventing the restoration of c-MYC transcription 

through downregulating the Wnt/β-catenin pathway’s major effector. However, the 

validity of this observation remains to be further elucidated via conducting further gene 

expression analyses across further time points to see if other compensatory mechanisms 

would arise to restore c-MYC expression since we have conducted our analysis only 

after 6 hours of I-BET incubation. 
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 Constitutive activation of STAT3 is documented in a considerable number of 

human cancer cell lines and tumor tissues, including solid tumors and hematological 

malignancies, promoting cell proliferation, cell survival, invasion, angiogenesis, and 

metastasis220,221. As previously demonstrated, LINC01287 was found to upregulate 

STAT3 in HCC through miR-298 sponging, promoting cellular growth, invasion, and 

EMT. Furthermore, Qiao et al.162 have demonstrated that resistance to I-BET151 

emerged through TNBC-activated tumor-associated  macrophages (TAMs)-activation 

of STAT3 signaling. Accordingly, we showed via RT-qPCR of STAT3 in K562 cells 

(Figure 23B) that the combination of LINC01287 knockdown and I-BET151 treatment 

led to a slight downregulation of STAT3 at 50 and 500nM drug concentrations that was 

further reversed at 5000nM, suggestive that it may play a role in promoting resistance to 

I-BET151 through c-MYC restoration that is supported by the evidence of c-MYC-

activating potential of STAT3222. Overall, we show that I-BET resistance could be 

mediated through restoring and maintaining elevated levels of c-MYC expression after 

its acute repression via a variety of signaling pathways such as WNT/β-catenin or 

STAT3. Therefore, combinatorial inhibition of BET proteins along with the various 

signaling pathways that act to confer resistance to this inhibition may be employed in an 

attempt to enhance I-BET sensitivity. 
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CHAPTER V 

LIMITATIONS AND FUTURE PERSPECTIVES 

  

The true potential of the non-coding genome and specifically lncRNAs have not 

yet been fully elucidated. Further mechanistic studies are required to validate the roles 

of lncRNAs in the regulation of gene expression in various diseases, including cancer to 

be able to tackle them more readily. We have used huge publicly available datasets, 

such as TGCA and LL-100 intending to assess the expression profiles of the lncRNAs 

studied. Generally, dealing with large datasets is challenging since they need a great 

deal of processing power and manipulation. Moreover, publicly available datasets may 

not always provide the required types of diseases or cell lines. In our case, the TCGA 

dataset did not contain LAML normal samples and CML cancer/normal samples. Also, 

even though the LL-100 panel was comprised of different types of AML and CML cell 

lines, including K562, it did not contain the MV4-11 cell line, constraining our gene 

expression analysis of LINC-ROR in MV4-11 cells. In addition, we observed an 

unequal distribution of cancer vs normal patient sample counts across the TCGA cancer 

types, and many cancer types harbored no or scarce normal patient samples, disabling 

or weakening our comparative analysis of lncRNA expression between cancer and 

normal cases. To overcome this limitation, we have used the GEPIA tool that enables 

the comparison between TCGA cancer and GTEX normal samples, which would not be 

possible without the normalization of the two datasets, however, there was still an 

unequal distribution between cancer vs normal samples. It is also important to note that 



 

 90 

the TCGA dataset is scarce of various hematological malignancy subtypes, presenting 

an urge to establish a TCGA-like cancer dataset for them, exclusively. 

 Our lncRNA-miRNA interaction prediction in-silico analysis via DIANA 

lncbase2 resulted in a list of miRNAs that were found to be implicated in hematological 

malignancies and predicted to interact readily with LINC-ROR/LINC01287. However, 

further experimental validations are required to confirm the extent of this interaction 

perhaps via dual-luciferase assays. Also, further lncRNA knockdown strategies should 

be employed to assess the effect of miRNA sponging on the relative target genes, 

especially the validated target genes that we presented via miRTartgetlink, and the 

possibility to manipulate this lncRNA/miRNA/target gene axis in favor of disease 

treatment. 

 At the experimental level, we employed a labeled siRNA transfection coupled 

with FACS approach to increase the percentage of particular lncRNA gene knockdown. 

Accordingly, we achieved success in labeled si01287-1/2 transfection of K562 cells 

demonstrated via high transfection efficiencies, a considerable number of sorted cells, 

and a high knockdown percentage. However, this strategy did not comply with MV4-11 

cell transfection as we obtained low transfection efficiencies and consequently a low 

number of sorted cells that restricted us from doing RT-qPCR on the MV4-11 cell line 

and prioritizing the extracted RNA from these modest number of cells for RNA-

sequencing. The difficulty of MV4-11 transfection was reported by several studies and 

attributed to the nature of these suspension cells. Although we have tried to overcome 

this limitation via pooling approaches before or after FACS, we still did not manage to 

extract satisfactory amounts of RNA from the sorted cells for our downstream 

experiments. Alternative approaches include 1) Electroporation-based nucleofection, 
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which is believed to be effective for suspension cells; 2) CRISPR/Cas9 gene knockout 

approach, which is increasingly being used in basic research; 3) Plasmid-mediated 

stable shRNA transfection. These approaches may enable us to reach convenient 

percentages of gene knockdown and assess the effect of LINC-ROR knockdown in 

MV4-11 cells more readily. 

 We intended to see the effect of lncRNAs’ knockdown on their direct validated 

miRNA targets via miRNA-specific Taqman microRNA Assays. Unfortunately, the 

RNA extraction kit that we used (RNeasy Plus Mini Kit) was found to isolate RNA 

molecules longer than 200 nucleotides and exclude any RNA component below this 

threshold i.e., miRNAs, which are around 20 nucleotides in length were eliminated, 

leading to no signal in our Taqman Assays. Alternative approaches would include using 

microRNA-specific RNA extraction kits or extraction of total RNA via the TRIzol 

reagent. It is important to note that we were obliged to use the RNeasy Plus Mini Kit to 

get pure and high-quality RNA for further RNA-sequencing. 

The major problem we encountered was the unsuccessful attempt in RNA-

sequencing that led to the loss of our samples (n1-n4). The complication was believed 

to arise in the PCR amplification step of the library preparation before RNA-seq. 

Hence, we repeated our experiments for both K562 and MV4-11, generating additional 

replicates (n5-n7), waiting for a new RNA-seq kit to be ordered and delivered 

There were also other negative factors affecting our research progress, such as 

the coronavirus pandemic and the financial crisis in Lebanon. The COVID-19 pandemic 

restricted our access to campus, resulting in delays in conducting our experiments. Also, 

the financial situation in Lebanon coupled with the pandemic presented major obstacles 
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in obtaining our required experimental reagents, materials, and kits on time, leading to 

further delays, sometimes for months. 

Lastly, we believe that there is still a lot of insight that can be gotten from 

manipulating lncRNA-mediated epigenetic regulation. This manipulation in a correct 

manner may pave the way to increase the efficacy of a lot of epigenetic drugs, 

increasing the chance of translating them into clinical settings, increasing the treatment 

response, and establishing a ground for further investigative mechanistic studies linking 

lncRNAs more readily to epigenetic regulation and find robust ways of targeting them, 

especially in hematological malignancies.  
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