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ABSTRACT 

The human and mouse hepatocyte nuclear factor 1 homeobox A (HNF1A) gene locus expresses 

the HNF1A transcript and a long non-coding RNA in the antisense (HNF1A-AS1) direction. HNF1A-

AS1 is expressed in numerous types of cancers. Poor clinical outcomes such as higher mortality 

rates, greater metastatic capacity, and poor prognosis of the disease are associated with this 

expression. It is also involved in metabolic disorders such as fatty liver disease. Since HNF1A-AS1 

is mostly localized to the nucleus, it is thought to interfere with gene expression. We studied the 

expression level and localization of HNF1A-AS1 RNA, HNF1A RNA, and HNF1A protein in both 

cancer cells and pancreatic beta cells (insulin-secreting cells of the Islets of Langerhans). We also 

investigated the association of HNF1A-AS1 with polycomb repressive complex 2 (PRC2).  

A total of four human colon cancer cell lines, including HT-29, HTC116, RKO, SW480, and a normal 

colon cell line CCD841 along with a lung cancer cell line A549 were cultured. Additionally, we 

used Min6 cells, a clonal cell line of pancreatic beta cells. Western Blot was done on all samples 

to quantify HNF1A protein level. RT-qPCR was done to illustrate the expression level of HNF1A-

AS1 and HNF1A genes in total cell lysates as well as subcellular compartments. We used triplex 

domain finder (TDF) for investigating the probability of triplex formation between HNF1A-AS and 

DNA as well as predicting DNA binding domains of HNF1A-AS along with possible target genes. 

We have done RNA immunoprecipitation (RIP) to investigate the association of enhancer of zeste 

homolog 2 (EZH2) as a member of PRC2 complex and HNF1A-AS1. Then anchorage-independent 

growth assay was done to investigate the effect of inhibiting EZH2 on colony formation in HT-29 

and RKO cell lines. Subcellular localization of HNF1A-AS1 varied in different cell types.  
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In adenocarcinomic human alveolar basal epithelial cells (A549), it was localized chiefly in the 

cytoplasm, while in colorectal adenocarcinoma cells (HT-29) as well as Min6 cells mainly were 

localized in the nucleus. HNF1A protein was mostly located in the nuclear compartment, while 

HNF1A RNA was commonly cytoplasmic. Using TDF, we found that HNF1A-AS1 had potential to 

form a RNA:DNA:DNA triplex with many genomic sites. We showed the association of HNF1A-

AS1 with PRC2 complex and the effect of inhibiting EZH2 on colony formation. Possible function 

of HNF1A-AS1 might be through forming triplex with genomic sites and recruiting EZH2 to the 

site.  

This knowledge about the location and the mechanism will increase insight for planning 

subsequent experimental investigations and hopefully better preventive and therapeutic 

modalities and consequently improve clinical outcomes in the future.   
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1.0 INTRODUCTION  

1.1 Hepatic nuclear factor-1A (HNF1A) 

 1.1.1 HNF1A Gene 

The HNF1A gene encodes the hepatocyte nuclear factor 1 homeobox A (HNF1A) protein 

(Bethesda, 2004; Courtois, Morgan, Campbell, Fourel, & Crabtree, 1987). The gene is located in 

12q24.31 (Bach et al., 1990; C. J. Kuo, Conley, Hsieh, Francke, & Crabtree, 1990) (Figure 1).  

 

Figure 1. Schematic location of HNF1A gene on the Chromosome 12. The blue lines represent 

telomeres.   

RNA-Seq gene expression profiles across 16 selected tissues from the human and Non-Human 

Primates Reference Transcriptome Resource have shown that liver, kidney, and colon express 

the highest level of HNF1A. It also is expressed in the cecum, intestine, stomach, thymus, 

pancreas, lungs, thyroid, and prostate (Thierry-Mieg).  

HNF1A and HNF1B are important paralogs which means they are homologous genes that have 

been created by a duplication event in the same species and code for proteins with similar 

function. The functions of the two genes are not identical (Harries, Brown, & Gloyn, 2009) which 

means three isoforms of each one alternatively use the promoter, alternatively splices and their 

polyadenylation sites could be used differentially and even a combination of all of these might 

changes the function of HNF1A and HNF1B (Harries et al., 2009).  
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1.1.2 HNF1A Protein   

HNF-1A protein is a 631-aminoacid transcription factor expressed in organs mentioned above. It 

comprises three functional domains (Baumhueter et al., 1990), including an N-terminal 

dimerization domain (first 32 residues), a DNA-binding motif which contains an atypical POU-

homeodomain, and a C-terminal transactivation domain (residues 281 to 631). As an essential 

transcription factor, HNF1A forms dimers (mostly homodimers) to bind to the inverted 

palindrome 5'-GTTAATNATTAAC-3' of DNA and regulate transcription of target genes in the liver, 

intestine, pancreas, and kidney (Courtois, Baumhueter, & Crabtree, 1988). Both HNF1A and 

HNF1B need to bind to the DNA as dimers, not monomers (Rouet, Raguenez, Tronche, Mfou'ou, 

& Salier, 1995), and this characteristic excludes them from all other POU transcription factors 

since they bind DNA either as monomers or dimer. The dimerization, that can happen 

interchangeably between HNF1A and HNF1B, makes their function much more complex and their 

structure much more diverse because monomers of both proteins exchange freely with each 

other to form homo- and heterodimers (Rey-Campos, Chouard, Yaniv, & Cereghini, 1991).   

The HNF1A protein is also is involved in different type of disorders such as diabetes (Cardenas-

Diaz et al., 2019; Y. Ma et al., 2020) and cancer (Abel et al., 2018; Fujino et al., 2021; Kalisz et al., 

2020).   

1.1.3 HNF1A in Cancer    

Defects in the HNF-1A gene can result in the appearance of hepatic adenomas (Feo et al., 2000). 

Also, the first GWAS study of human N-Glycome proposes that HNF1A plays a crucial role in 

cancer development through different mechanisms. This study identified HNF1A as main 

regulator of plasma protein fucosylation (Lauc et al., 2010). In a study published in 2018, HNF1A 
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has been identified as a novel oncogene that regulates human pancreatic cancer stem cell (PCSCs) 

properties. Using bioinformatics tools, they illustrated that HNF1A is a master regulator of PCSC 

function. They showed that depletion of HNF1A led to impaired programmed cell death, 

diminished tumorsphere formation, growth inhibition, reduced PCSC marker expression, as well 

as down-regulation of POU5F1/OCT4 expression (Abel et al., 2018).  

Another paper was published one year later explaining that HNF1A expression was associated 

with TNM stage of pancreatic ductal adenocarcinoma patients as well as invasion of the tumor 

cells around neurons. They demonstrated that HNF1A suppressed ATP binding cassette subfamily 

B member 1 (ABCB1) expression by directly binding to a specific region of its promoter. 

Overexpression and deletion of HNF1A increased and decreased the level of ABCB1 mRNA, 

respectively. They also reported that HNF1A-positive patients would benefit from gemcitabine 

chemotherapy more than negative ones (Lu et al., 2019).  

The fact that in Abel et al. (Abel et al., 2018) study, HNF1A was significantly elevated only in the 

CD44high/EPCAM high subpopulation, not all the tumors, indicates the diverse role of HNF1A in 

different subpopulations of cancer cells in pancreatic tumor. HNF1A also can activate PTEN/Akt 

signaling in pancreatic cell lines (SW1990, BxPC-3, AsPC-1, CFPAC-1 and PANC-1) consequently 

inhibiting proliferation of these cells, that signifies role of HNF1A in tumor suppression in these 

cell lines (Y. Yu et al., 2019). All hepatocellular carcinoma cell lines and their subtypes showed 

combinatorial expression of HNF1A, HNF4A, and forkhead box protein A3 (FOXA3) transcription 

factors resulted in growth suppression (Takashima, Horisawa, Udono, Ohkawa, & Suzuki, 2018). 

In the same cells (hepatocellular carcinoma cells), the combination of the aforementioned three 
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transcription factors synergistically reprogrammed the cells to hepatocyte-like cells (Z. Cheng et 

al., 2019).  

1.1.4 HNF1A in diabetes   

Variants in HNF1A contain the most common type of maturity-onset diabetes of the young 3 

(MODY3) (Shields et al., 2010). The HNF1A (G319S) variant (HNF1AG319S) is significantly higher in 

indigenous Canadian youth with type 2 diabetes mellitus (T2DM), which is different from MODY3. 

In MODY3, there is absolute insulin deficiency, while in Canadian youth with T2DM, plasma 

insulin concentrations are high. Insulin resistance resulted from obesity is the reason for this high 

level of circulating insulin in indigenous Canadian youth (Harries et al., 2009; Sellers, Triggs-Raine, 

Rockman-Greenberg, & Dean, 2002). The co-activator activity of HNF1AG319S is much less than the 

wild type transcription factor, which would impact the expression of genes regulated by HNF1A. 

However, DNA binding of HNF1AG319S was not compromised compared to HNF1A wild-type 

(Triggs-Raine et al., 2002).  

1.2 HNF-1A antisense RNA (HNF1A-AS1, Hnf1aos1) 
 

Within the first intron of the HNF1A gene is a highly conserved region in which the DNA elements 

regulate the expression of the HNF1A antisense (human HNF1A-AS1, mouse Hnf1aos1) long non-

coding RNA (Figure 2, 3). Based on the predictions of all in silico prediction, HNF1A binds to the 

intron 1 conserved region and appears to regulate the expression of HNF1A-AS (Figure 4). 

Different transcripts of HNF1A-AS1 are shown in Table 1.  
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Table 1. Different transcripts of HNF1A-AS1 based on the lncipedia.org 
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1.2.1 General overview of long non-coding RNAs (their importance, general function, criticism in 

their functional significance) 
 

We know it is estimated that more than 90 percent of the mammalian genome is transcribed into 

non-coding RNAs (Bertone et al., 2004). If the length of the RNA exceeds 200 nucleotides and 

does not have the potential for being translated into protein, then it is termed a long non-coding 

RNA (lncRNAs) (Kung, Colognori, & Lee, 2013).  

Origin of lncRNAs can be from various genomic locations. Consistent with the genomic location 

in relation to the adjacent coding gene, lncRNA genes are categorized as intergenic, bidirectional 

(divergent), sense or overlapped (intronic or exonic), and antisense (intronic or natural antisense 

transcript). They usually intersperse between protein-coding genes. Although, lncRNAs can be 

transcribed from the sense or antisense strands of introns as well as exons of coding genes 

(Espinosa, 2017). 

1.2.2 The importance of their localization (in transcriptional level and post-transcriptional level)  

Initially, since lncRNAs have low expression levels, they were considered as transcriptional noise. 

However, it is nowadays determined that most non-coding RNAs are highly conserved. Being 

highly conserved, intensely supports the view that these RNAs play important in vivo roles and 

reveal considerable functionality (Sarropoulos, Marin, Cardoso-Moreira, & Kaessmann, 2019). 

They can function as transcriptional (Engreitz et al., 2016) or post-transcriptional regulators 

(Cifuentes-Rojas, Hernandez, Sarma, & Lee, 2014). They can bind to proteins including but not 

limited to transcription factors, histone-modifying complexes, and RNA polymerase II (Bunch et 

al., 2016). They also can bind to DNA and form triple helixes (Kalwa et al., 2016). They may bind 
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to or interfere with RNAs such as mRNA. Also they can modulate microRNA or enzyme function 

(Jarroux, Morillon, & Pinskaya, 2017) (Figure 2).  

i. Transcriptional level:  

Transcriptional regulation by lncRNAs can take place either close to the lncRNA’s site of 

transcription that is called cis or away from its site of transcription that is called trans (Engreitz 

et al., 2016). lncRNAs can interfere with the RNA polymerase II enzyme and consequently block 

the transcriptional initiation or elongation. In addition, lncRNAs might be able to facilitate the 

formation of chromatin loops between promoters and enhancers by directing transcription 

factors or any other cofactor to the promoter regions of target genes. This is another mechanism 

by which lncRNAs regulate transcription in transcriptional level (Engreitz et al., 2016). 

Recruitment of proteins or protein complexes such as histone-modifying complexes or polycomb 

repressive complexes is another common mechanism of transcriptional regulation through 

lncRNAs (Akhade, Pal, & Kanduri, 2017).  

ii. Post-transcriptional level  

LncRNAs have a pivotal role at the post-transcriptional level. They might interact with splicing 

factors or mRNA itself and consequently regulate pre-mRNA splicing (Engreitz et al., 2016). For 

example, metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) is a well-studied 

lncRNA that interacts with splicing factors. This interaction leads to a change in their 

phosphorylation status, and accordingly their activity level. MALAT1 interaction with splicing 

factors also impacts their subnuclear distribution. In addition to splicing, lncRNAs 

correspondingly control messenger RNA (mRNA) stability and translation.  They may interact with 
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proteins involved in mRNA decay. Also, they might act as competitive endogenous RNAs. These 

competitive endogenous RNAs sponge up microRNAs and thereby stop them from binding to and 

inducing degradation or translational repression of their mRNA targets (L. Hu, Tang, Huang, 

Zhang, & Feng, 2018), (Cifuentes-Rojas et al., 2014). 

In brief, lncRNAs can act as signals, decoys, scaffolds, guides, competing endogenous RNAs, and 

regulators of enzyme function. To determine lncRNAs regulation and sites of action and unravel 

mechanisms involved in transcriptional and post-translational regulation by them, the key is to 

know in which subcellular compartment lncRNAs exists. Overall, they are located predominantly 

in the nucleus and secondarily in the cytoplasm (Carlevaro-Fita & Johnson, 2019; Gudenas & 

Wang, 2018; L. Hu et al., 2018; Zuckerman & Ulitsky, 2019). 

 

Figure 2. Regulatory effect of non-coding RNAs on DNA, mRNA, and protein (Jarroux et al., 2017). 

(Permission for reproduction of this figure has been granted from Pinskaya Marina and the 

publisher).  
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1.2.3 Different techniques for localization  
 

Localization of RNAs is regulated and evolutionarily conserved (Ryder & Lerit, 2018). According 

to the literature, there are different common techniques for subcellular localization of proteins 

and RNAs: (i) by biochemical fractionation of subcellular fractions; (ii) by application of light 

absorption methods (with or without staining) to living cells or tissue sections (Rosner, Schipany, 

& Hengstschlager, 2013).  

In biochemical fractionation, cell fractionation contains three main procedures to rupture cells, 

separate and suspend cell constituents in the isotonic medium. Overall, it involves three steps 

including extraction, homogenization, and centrifugation. In extraction, the cells or tissues will 

be suspended into a solution of appropriate pH and salt content in order to maintain the 

biological activity of organelles and bio-molecules. Next, the suspended cells or tissues will be 

disrupted by the process of homogenization. Grinding, high pressure (french press or nitrogen 

bomb), osmotic shock, and sonication are different ways of homogenization. Fractionation of 

various components of the homogenate is carried out by a series of centrifugations (Rosner et 

al., 2013). 

These techniques and less common alternatives have been successfully used in many 

applications. However, there are also many types of molecules and samples where the above 

techniques do not perform well and their results are difficult to interpret, inconsistent, and/or 

susceptible to arbitrariness and bias. Therefore, each tissue, each animal species, each type of 

cell poses particular problems when it comes to subcellular fractionation. Fractionation schemes 

may appear experimentally challenging, and incomplete separation can cause contaminations 
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and/or false positive or negative identification of localized RNA and/or protein (Channaveerappa, 

Ngounou Wetie, & Darie, 2019). 

Table 2 shows some examples of the kits that have been used in the publications for cell 

fractionation in long non-coding RNA studies.   

Table 2. Kits that have been used in the publications for cell fractionation in long non-coding RNA 
studies 

 

Author Cancer  lncRNA Fractionation 
method 

Localization Journal 

(Hui et 
al., 
2019) 

pancreatic 
cancer (BxPC-3 
cells and AsPc-
1 cells) 

AGAP2-
AS1 

PARIS kit nuclear Cell Death Dis. 
2019 

(Zheng 
et al., 
2019) 

hepatocellular 
carcinoma 
(MIHA and 
SMMC7721 
cell lines) 

LINC01554 Cytoplasmic 
and Nuclear 
RNA 
Purification 
Kit 
(Norgenbiotek 
Corporation, 
Thorold, ON, 
Canada) 

cytoplasmic Theranostics. 
2019 

(Shi et 
al., 
2019) 

Diffuse large B-
cell lymphoma  

functional 
intergenic 
repeating 
RNA 
element 
(FIRRE) 

Cytoplasmic 
and Nuclear 
RNA 
Purifcation Kit 
(Norgen, 
Torold, 

ON, Canada) 

 Biochemical and 
Biophysical 
Research 
Communications  
(2019)  

1.3 HNF-1A sense and antisense RNA association  

The human and mouse HNF1A gene locus expresses the HNF1A transcript and a long non-coding 

RNA in the antisense direction. As with HNF1A, HNF1A-AS1 is expressed in pancreas, liver, kidney, 
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and digestive tract. Typically, exons show high conservation among vertebrates, and introns do 

not. But in the case of the HNF1A gene, the intron 1, in which HNF1A binds, shows high 

conservation (Figures 3, 4, 5). 

 
Figure 3: HNF1A genomic structure in human. 3A, Dimerization, DNA binding and transactivation 

domains. Numbered boxes correspond to exons. Numbers out of the boxes correspond to amino 

acid residue positions. The position of the G319S variant on the sequence is shown with red box 

and red arrow. 3B, Binding to DNA as transcription factor and its effect on HNF1A-AS1 

transcription in wild type HNF1A and HNF1AG319S variant.  Filled arrows indicates transcription 

and dashed arrows is indicative of impaired transcription. 
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Figure 4. Human HNF1A loci codes for sense (HNF1A) and antisense (HNF1A-AS1). HNF1A gene 

loci not only express the HNF1A transcript but also expresses a non-coding RNA in the antisense 

direction. Sites in intron 1 are highly conserved and bound by HNF1A. HNF1A binding sites in 

intron 1 are in nucleosome free regions shown in DNase sequencing row 

(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE104247) marked by H3K27ac regions 

(Lee, Zhang, Liu, & Gerstein, 2020). HNF1A recruits CBP/p300 which acetylates H3K27. Fair Use 

Evaluation Documentation has been provided for this Figure.  

 
 

 

 

 

 

HNF1A ChIP seq 

H3K27ac ChIP seq 

Conservation 

DNase Seq – Nucleosome Free Site 

Human HNF1A 

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE104247
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Overall, it has been shown that knock down of the promoter of antisense RNAs could affect the 

neighbor gene both directly and indirectly. If the changes involve just the cis allele, then it most 

likely would arise as a direct local effect while changes involving both the cis and trans alleles 

most likely are result of indirect function of lncRNA such as downstream consequences (Engreitz 

et al., 2016). On the other hand, studies have shown that expression of HNF1A-AS1 is 

proportional to the level of HNF1A (Feng & Wang, 2018). 

Studies have shown that suppression of HNF1A has a role in TNF-α/NF-κB pro-HCC 

(hepatocellular cancer) signaling (J. Ding et al., 2013). They proposed that HNF1A-regulated lipid 

and glucose metabolisms are main mechanisms involved in the milieu of liver cancers. HNF1A 

regulates the expression of human hepatic lipase gene (LIPC) and consequently affects the 

metabolism of lipids (X. Wang et al., 2019). To further elucidate the signaling transduction 

Mouse Hnf1a 

Figure 5. Mouse Hnf1a loci codes for sense (Hnf1a) and antisense (Hnf1aos1). Hnf1a gene loci 

express the Hnf1a transcript as well as a non-coding RNA in the anti-sense direction. This 

screenshot has been taken form UCSC genome website.  
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mechanism, researchers indicated that HNF1A regulates the expression of HNF1A-AS1 in 

hepatocellular cancer cells. In hepatocellular cancer cells HNF1A-AS1 consecutively drives 

metastasis and tumorigenesis through binding to the C-terminal of Src homology region 2 

domain-containing phosphatase-1 (SHP-1) directly. Inhibition of enzymatic activity of SHP-1 

reversed the synergistic effects of HNF1A and HNF1A-AS1. Although anti-HCC action revealed in 

this study for HNF-1A/HNF1A-AS1/SHP-1 axis, other groups revealed tumor-promoting role for 

HNF1A-AS1 in HCC (C. H. Ding et al., 2018). 

1.4 HNF-1A antisense RNA levels and localization in different cancers 

There is mounting evidence that in many types of cancer overexpression of HNF1A-AS1 is 

associated with poor clinical outcomes such as higher mortality rates, greater metastatic 

capacity, and poor prognosis of the disease. It is also involved in metabolic disorders such as 

metabolic syndrome and fatty liver disease (Feng & Wang, 2018; H. T. Liu, Liu, Liu, Ma, & Gao, 

2018; Z. Liu, Li, Fan, Lin, & Lian, 2018; Ma et al., 2016; Wang, Liu, Ji, Wei, & Gao, 2018; Zhan et 

al., 2017; Zhang, An, Zhao, Zhang, & Zhao, 2018).  

HNF1A-AS1 is mostly localized to the nucleus and based on the subcellular localization, it is 

thought to interfere with gene expression. One of possible mechanisms is binding to PRC2 

complex (Y. Wang et al., 2018). In hepatocellular cancer cells lines, HNF1A-AS1 can directly bind 

to EZH2, H3K27me3 and PRC2 and affect gene expression at transcriptional level (C. Wang et al., 

2017).  

Other studies reported that HNF1A-AS1 acts as a “sponge” to bind to microRNAs that regulate 

the expression of sirtuin 1 (SIRT1 as a lysine deacetylase) and p53 (Fang et al., 2017), and that 
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HNF1A-AS1 controls the expression of genes coding for proteins regulating the Notch signaling 

pathway (Z. Liu et al., 2018). HNF1A-AS1 also functioned as an oncogene through sponging hsa-

miR-30b-5p in hepatocellular carcinoma (Z. Liu et al., 2016).  

Long non-coding RNAs are often associated with chromatin modifying enzymes (Han & Chang, 

2015; Saxena & Carninci, 2011). HNF1A-AS1 binds to DNA methyltransferase 1 (DNMT1) and 

mediates its binding to the promoter of the target gene (Wu et al., 2015), which catalyzes CpG 

methylation and regulates gene expression (reviewed in my first author review (Sepehri, Beacon, 

Osman, Jahan, & Davie, 2019). In a global screening for EZH2-binding lncRNAs in different tissues 

in healthy mouse, Hnf1aos1 was consistently only detected in the liver (Y. Wang et al., 2018).  

Using gene set enrichment analysis, it was illustrated that HNF1A-AS expression is associated with 

genes involved in microenvironment, cyclin D1 and metastasis. They showed DNMT1 regulates 

expression of E-cadherin by binding directly to its promoter. Down regulation of HNF1A-AS 

resulted in increased E-cadherin along with decreased N-cadherin and β-catenin (Y. Wu et al., 

2015). Published papers on HNF1A-AS are summarized in Table 3.  
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Table 3. Published papers on HNF1-AS1 and cancer  

Author  Cancer  Overall result More details and Fractionation 
results 

Liu HT 

(H. T. Liu, Liu, Liu, 
Ma, & Gao, 2018) 

Gastric 
cancer 

Higher HNF1A-AS1 expression levels → 
increased cell proliferation and 
promotion of cell-cycle progression 

 EGR1 → directly binds to the HNF1A-
AS1 promoter region and promotes its 
transcription activity 

 No Fractionation  

Liu Z 

(Z. Liu, Li, Fan, Lin, 
& Lian, 2019) 

oral 
squamous 
cell 
carcinoma 

higher HNF1A-AS1 expression levels 
were positively associated with tumor 
size, number of tumor lesions, less 
tumor differentiation (higher levels 
HNF1A-AS1 →  advanced TNM stage 

STAT3 positively regulates HNF1A-AS1.  
No Fractionation 

 

Wang YH 

(Y. H. Wang, Liu, 
Ji, Wei, & Gao, 
2018)  

urothelial 
carcinoma of 
the bladder 

levels of HNF1A-AS exert as an 
independent prognostic indicator for 
overall survival in patients with 
urothelial carcinoma of the bladder 

HNF1A-AS1 might be a beneficial 
prognostic biomarker for patients with 
urothelial carcinoma of the bladder  

No Fractionation 

Feng Z (Feng & 
Wang, 2018) 

human 
bladder 
cancer 

Knockdown of HNF1A-AS1 in vitro → 
cell cycle arrest 5637 and T24 cell lines 

HNF1A-AS1 promotes bladder cancer 
cell migration and invasion  

No Fractionation 

Ding CH (C. H. 
Ding et al., 2018)  

hepatocellul
ar carcinoma 
(HCC) 

HNF1A targets HNF1A-AS1 in HCC cells. 
HNF1A-AS1 is involved in the anti-HCC 
effect of HNF1A 

HNF1A-AS1 → directly interacts with 
SHP-1  

No Fractionation 

Zhang G 

(G. Zhang, An, 
Zhao, Zhang, & 
Zhao, 2018) 

non-small 
cell lung 
cancer 

lncRNA HNF1A-AS1 targets miR-17-5p 
directly → promotes proliferation as 
well as invasion in lung cancer cells 

No Fractionation 

Zhang X 

(X. Zhang et al., 
2017) 

colorectal 
cancer 

decreased expression of HNF1A-AS1 →  
downregulation of the expression of β-
catenin, cyclinD1, and c-myc → 
suppression of the Wnt/β-catenin 
signaling pathway activity 

higher expression levels of HNF1A-
AS1 might exert sd an independent 
prognostic factor for disease-free 
survival (DFS) and overall survival (OS) in 
patients with colorectal cancer 

No Fractionation 

Zhan Y 

(Zhan et al., 
2017) 

bladder 
cancer cells 

down-regulation of HNF1A-AS1 → over 
expression of miR-30b-5p → inhibited 
expression of Bcl-2  

knockdown of miR-30b-5p → reverses 
the changes induced by silencing HNF1A-
AS 

No Fractionation 
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Fang C (Fang et 
al., 2017) 

colon cancer HNF1A-AS1 acts in a competitive 
endogenic RNA dependent way to 
modulate expression of microRNA-34a 
→ repression of miR-34a/SIRT1/p53 
feedback loop and activation of 
canonical Wnt signaling pathway 

Upregulation of  HNF1A-AS1 increased 
the cell viability, migration of colon 
cancer cells and their invasion   

 HNF1A-AS1 located primarily in 
the cytoplasm in sw620 and sw480 cells 

Cai L 

(Cai et al., 2017) 

Osteosarco
ma 

knockdown of HNF1A-AS1 in vitro in 
osteosarcoma cells → inhibition of cell 
proliferation, inhibition of G1 /S 
transition during cell cycle, suppression 
of migration, inhibition of  invasion 
(impacting the epithelial-mesenchymal 
transition (EMT) program).  

HNF1A-AS1 exerts an independent risk 
factor for overall survival in 
Osteosarcoma patients.  

higher HNF1A‐AS1 expression in the 
nucleus versus the cytoplasm 

Zhu W 

(Zhu et al., 2017) 

colorectal 
carcinoma 
(CRC) 

knockdown of HNF1A-AS1 in vitro → 
inhibition of CRC cell proliferation, 
inhibition of migration, inhibition of 
invasion, inhibition of colony 
formation, and suppression of S-phase 
entry in cell cycle 

HNF1A-AS1 located primarily in the 
nucleus confirmed by Biochemical 
fractionation using 0.1% NP-40 and then 
TRIzol reagent for cytosolic RNA 
extraction. Following the same steps for 
the nuclear lysate  

Wang C 

(C. Wang et al., 
2017) 

hepatocellul
ar carcinoma 

knockdown of HNF1A-AS1 → inhibition 
of proliferating cell nuclear antigen 
expression as well as cycle-related 
protein cyclin-D1 in HCC cells  

HNF1A-AS1 →  interacts with enhancer 
of zeste homolog 2 (EZH2) → represses 
the NKD1 and p21 expression → 
promotes HCC cell proliferation  

HNF1A-AS1 located in cytoplasm = 
nuclear in Huh-7 and SMCC-7721 cell 
lines 

Ma YF 

(Y. F. Ma et al., 
2016) 

non-small 
cell lung 
cancer 
(NSCLC) 

Higher levels of HNF1A-AS exert as an 
independent poor prognostic indicator 
for overall survival in NSCLC patients  

No fractionation 

Zhao H 

(H. Zhao et al., 
2016) 

Osteosarco
ma  

Higher HNF1A-AS1 expression levels 
were related to the higher clinical 
stage, more distant metastasis, and 
reduced overall survival of 
osteosarcoma patients.  

 HNF1A-AS1 → regulates the activity of 
the Wnt/β-catenin pathway → promotes 
progression of OS  

No fractionation 

Liu Z 

(Z. Liu et al., 
2016)  

hepatocellul
ar carcinoma 

higher HNF1A-AS1 expression levels 
were positively associated with tumor 
size, number of tumor lesions, less 
tumor differentiation (higher levels 
HNF1A-AS1 →  advanced TNM stage 

HNF1A-AS1 sponges hsa-miR-30b-5p 
(miR-30b) and de-represses Bcl-2.  

No fractionation 

Dang Y human 
gastric 
cancer 

lower expression of HNF1A-AS1 was 
related to tumor size/diameter (TNM), 
levels of serum carcinoembryonic 

No fractionation 

https://www-sciencedirect-com.uml.idm.oclc.org/topics/medicine-and-dentistry/cytoplasm
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(Dang et al., 
2015) 

antigen, and carbohydrate antigen 19-
9, and ribonucleotide reductase 
catalytic subunit M1 expression in 
tissue samples.   

Wu Y 

(Y. Wu et al., 
2015) 

lung 
adenocarcin
oma 

Patients with high HNF1A-
AS1 expression had less overall 
survival.  

HNF1A-AS1 both in vitro and in vivo  → 
regulates E-cadherin, N-cadherin and β-
catenin, and cyclin D1 expression → 
promotes tumor proliferation and 
metastasis. HNF1A-AS1 expression was 
mostly detected in the nucleus versus the 
cytosol using PARIS Kit (Life 
Technologies) 

Yang X 

(Yang et al., 2014) 

oesophageal 
adenocarcin
oma cells 

Knockdown of HNF1A-AS1 in multiple 
in vitro models →  inhibition of cell 
proliferation, inhibition of anchorage-
independent growth, suppressed S-
phase entry, inhibition of cell 
migration, inhibition of invasion  

HNF1A-AS1 knockdown impacts H19 
gene the most.  

EGR1: Early growth response protein 1 

  

1.5 HNF-1A antisense RNA in colorectal and lung cancer  

HNF1A-AS1 has shown both oncogenic and tumor suppressive effects (Yang et al., 2014).  

1.5.1 Colon cancer  

Colorectal cancer is the third most common cancer in the world and second one in Canada 

(https://www.canada.ca/en/public-health/services/publications/diseases-

conditions/colorectal-cancer.html). According to Canadian cancer society statistics, the 5-year 

net survival for colorectal cancer in Canada is 65%. However, 5-year relative survival varies from 

92% to 12% based on the stage of the cancer (https://www.cancer.ca/en/cancer-

information/cancer-type/colorectal/statistics/?region=on). The relative low level of survival is 

due to frequent recurrence and metastasis in more advanced stages. Expression of lncRNA 
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HNF1A-AS1 is significantly increased in human gastrointestinal track including esophagus, small 

intestine as well as colon (Yang et al., 2014). 

1.5.2 Lung cancer  

Lung cancer has been a health problem and leading cause of cancer-related death worldwide for 

decades. About 1.4 million death a year makes lung cancer the leading cause of death all around 

the world. Adenocarcinoma as the most common histologic type of lung cancer tends to 

metastasize and deteriorate patient prognosis. Also, it is the most common type of lung cancer 

seen in non-smokers. Females as well as younger ages are more burdened by this type of cancer 

(Barrera-Rodriguez and Morales-Fuentes 2012). Considering major developments in the 

treatment of late-stage lung cancer, the five-year survival rate of the disease is approximately 5% 

(Blandin Knight, Crosbie et al. 2017).  

Almost 85% of these cases are non-small cell lung cancers (NSCLCs) that survive shortly because 

high rates of recurrence and metastasis. Ma et al, in 2016, studied 177 confirmed NSCLC patients 

regarding aberrant expression of HNF1A-AS in tumor tissue as well as its association with poor 

prognosis. Using RNA isolated from patient samples, they illustrated high HNFA1-AS level in 

NSCLC tissue comparing to adjacent tissues. Moreover, lymph node metastasis and higher TNM 

stage were associated with higher levels of HNF1A-AS. Using Kaplan Mayer curves, they showed 

shorter overall survival in patients with higher levels of HNF1A-AS. Ultimately, they indicated 

HNF1A-AS as an independent prognostic factor in NSCLC (Y. F. Ma et al., 2016).   

In another study on lung cancer published in 2015, Wu. et al compared 40 paired patient samples 

with adjacent normal counterparts along with A549 and SPC-A1, H520 cell lines regarding HNF1A-
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AS level status and location. They observed HNF1A-AS is upregulated in tumor samples, and 

A549, and SPC-A1 cell lines, with nuclear localization being more than cytoplasmic. HNF1A-AS 

expression levels was correlated to TNM stage, tumor size, and lymph node metastasis. In terms 

of functionality, they reported that HNF1A-AS regulates cell growth and metastasis in vitro and 

in vivo. Down regulation of HNF1A-AS would increase number of A549 cells in G1 cell cycle phase 

and decrease cells in S/G1 cell cycle arrest (but not in SPC-A1). HNF1A-AS expression levels had 

no effect on apoptosis (Y. Wu et al., 2015).  

1.6 Long non coding RNAs and triple helix formation  

1.6.1 Triple helix formation in DNA and RNA 

DNA has changed from a simple carrier of the genes to a complex structure in last few decades. 

Since the introduction of canonical B-form DNA double helix structure, mounting amounts of 

literature have exemplified polymorphic conformation of DNA. This polymorphism in 

conformation, makes DNA a main player in different potential biologic roles in the cellular 

processes. These dozens of alternative DNA structures are called non-B DNA (Figure 6).  
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Figure 6. Non-B DNA conformations involved in rearrangements. (Albino Bacolla, and Robert D. 

Wells J. Biol. Chem). (Permission for reproduction of this figure has been granted from Albino 

Bacolla and Robert Wells and the publisher). 

 

These non-B DNA structures are clinically important since there is solid direct connection 

between formation of these structures in genome and development of human disease. 

(https://doi.org/10.1371/journal.pgen.1005696).  

Triplex (triple helix, H-DNA) DNA occurs at oligo (purine·pyrimidine) ((R·Y)n) tracts and is favored 

by sequences containing a mirror repeat symmetry. There are Hoogsteen hydrogen bonds 

between purine-rich strand of WC DND strands and the third strand in the major groove. Yet the 

B-like conformation of DNA will be maintained. Triplex DNA is polymorphic regarding the 

composition and orientation of the third strand (Figure 7). RNA as third strand may form a triple 

helix with dsDNA. The same rules are applied here as well (Gotfredsen et al., 1998) (Figure 8).  

https://doi.org/10.1371/journal.pgen.1005696
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 Figure 7. Models for intramolecular DNA triplexes and common triplets (Albino Bacolla, and 

Robert D. Wells J. Biol. Chem). (Permission for reproduction of this figure has been granted from 

Albino Bacolla and Robert Wells and the publisher). 
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Figure 8. RNA-DNA triplex formation. (A) Hoogsteen and reverse Hoogsteen hydrogen bonds in 

the triplex formation. (B) Possible parallel and antiparallel triplex formation structures. (C) 

Schematic structure of RNA-DNA triplex. The third-strand (brown) that can be RNA, binds to the 

major groove of the DNA (Gotfredsen et al., 1998). (Permission for reproduction of this figure has 

been granted from American Chemical Society Publication).  

1.7 RNA-Protein interactions in gene expression  

1.7.1 Long non-coding RNAs involved in RNA-Protein interactions in gene expression  

Xist RNA is a lncRNA which plays two major roles in the process of X chromosome inactivation; 

the chromosome-wide repression of gene expression through a molecular signal and guiding the 

recruitment of polycomb repressive complex 2 (PRC2) (Sarma et al., 2014; Tsai et al., 2010). 

HOTAIR (HOX Transcript Antisense RNA) is another lncRNA that scaffolds two distinct histone 

modification complexes, PRC2 and LSD1/CoREST/REST complex, which will lead to histone H3 

lysine 27 methylation and lysine 4 demethylation, respectively (Tsai et al., 2010).  
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1.7.2 Proteins involved in RNA-protein interactions in gene expression  

1.7.2.1 PRC2 complex  
 

Histone H3 trimethylated at K27 (H3K27me3) is a strong repressive mark. H3K27me1/2/3 is 

catalyzed by EZH2 which is part of the PRC2 complex (Yu, Lee, Oksuz, Stafford, & Reinberg, 2019). 

The PRC2 complex consists of enhancer of zeste homolog 1 or 2 (EZH1 and/or EZH2), embryonic 

ectoderm development (EED), suppressor of zeste 12 (SUZ12), and RBAP46/48 (histone binding 

proteins). The lysine methyltransferase activity requires the cofactor S-adenosyl-L-methionine 

(SAM), which links metabolism to epigenetic processes. PRC2 having both writer and reader 

activity sequentially propagates the repressive H3K27me3 through large genomic regions, 

establishing repressive chromatin domains. The PRC2 writer function is provided by EZH2, while 

the reader function is provided by the EED subunit which binds to H3K27me3. The binding of 

PRC2 to H3K27me3 enhances the EZH2 enzymatic activity. SUZ12 binds to PRC2 accessory factors 

(AEBP2, PCL family of proteins, Jumonji- and AT-rich interaction domain (ARID)-domain-

containing protein (JARID2) and EPOP (Kouznetsova, Tchekanov, Li, Yan, & Tsigelny, 2019; van 

Mierlo, Veenstra, Vermeulen, & Marks, 2019). These accessory proteins regulate PRC2 activity 

and targeting in a cell-type specific manner. PRC2 tends to locate to CpG islands of poorly 

expressed and silenced genes (van Mierlo et al., 2019). H3K4me3, an active histone mark, is 

antagonistic to PRC2 binding. Further, at active genes, PRC2 is bound to the RNA transcript which 

substantially reduces EZH2 activity. However, the nearby PRC2 would be available to re-engage 

with the gene upon transcription silencing (Cifuentes-Rojas et al., 2014).  
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EZH1 and EZH2 have different functions and expression patterns (J. R. Yu et al., 2019). PRC2/EZH2 

has greater catalytic activity than that of PRC2/EZH1 but PRC2/EZH1 has a higher affinity for 

nucleosomes than does PRC2/EZH2. PRC2/EZH1, but not PRC2/EZH2, can compact chromatin 

independent of its catalytic activity. Both complexes are found in cycling cells, but in some 

differentiated cells PRC2/EZH1 predominates (J. R. Yu et al., 2019).  
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2.0 RATIONALE, HYPOTHESIS, RESEARCH AIMS  

2.1 Rationale 
 

Rationale for using MIN6 cell line: Higher prevalence of T2DM is associated with variant 

(HNF1AG319S) in Canadian indigenous youth. Therefore, a similar cellular model such as wild-type 

Hnf1a expressing Min6 cells and Hnf1aG319S variant were studied to identify the location and 

function of Hnf1aos1 as well as genes regulated by this long non-coding RNA. Min6 cells are 

pancreatic beta cells of the mouse that have shown the same function as human pancreatic beta 

cells in insulin and glucose metabolism and responses. There is no published paper yet that 

illustrates the HNF1a protein along with the sense Hnf1a, and Hnf1aos1 in Min6 cells.  

Rationale for using cancer cell line: There are no published papers yet that illustrates the HNF1A 

protein along with the sense HNF1A and HNF1A-AS1 antisense RNA transcripts in colon cancer 

and lung cancer cells. In this research, HT-29, HCT116, RKO, SW480 cell lines were used as colon 

cancer cell lines and CCD841 was used as normal epithelial colon cell line, and A549 was used as 

lung cancer cell line. 

2.2 Hypothesis 
 

HNF1A-AS1 as well as Hnf1aos1 are localized in the nucleus and regulate gene expression by 

forming triple helices with DNA and association with polycomb repressive complex 2 (PRC2). To 

test this hypothesis there are three aims for this study.  
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2.3 Specific Aims  
 

2.3.1 Aim 1: Determine the expression of HNF1A protein, sense Hnf1a, HNF1A and antisense 

Hnf1aos1, HNF1A-AS1 transcripts in Min6 cells (wild type and Hnf1aG319S expressing cells) and 

their localization using Western Blot and RT-qPCR, and cellular fractionation. 

Expression of HNF1A protein, sense Hnf1a, HNF1A and antisense Hnf1aos1, HNF1A-AS1 

transcripts in Min6 cells (manipulated and non-manipulated wild type and Hnf1aG319S expressing 

cells) and other aforementioned cell lines were determined. Immunoblot assays with antibodies 

against HNF1A determined HNF1A protein levels in total and fractionated cell lysates. As a 

loading reference, antibodies against ERK and histone deacetylase were used. RT-qPCR assays 

with primer sets to the Hnf1a, HNF1A, Hnf1aos1 and HNF1A-AS1 transcripts determined the 

relative expression levels of the transcripts. GAPDH, beta actin, U1 and U6 transcripts were used 

as references. 

2.3.2 Aim 2: Determine the possible mechanisms that HNF1A-AS1 might affect gene expression 

by evaluating whether HNF1A-AS1 can form triplex with DNA and determining whether PRC2 

complex binds to HNF1A-AS1.  

Triplex domain finder (TDF) characterized the triplex-forming potential between HNF1A-AS1 and 

DNA regions. TDF examines all HNF1A-AS1 regions to find what regions likely form DNA binding 

domains (DBD) in the potential target DNA regions. TDF provides two distinct statistical tests, 

promoter test and genomic region test. Promoter test evaluates the triple helix potential in 

promoters while genomic region test evaluates triple helix potential in a given set of genomic 

regions (Figure 9). Using HT-29 cells, RNA immunoprecipitation (RIP) was done, which 
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determined whether HNF1A-AS1 transcript is bound to immunoprecipitated protein of interest 

(EZH2). In brief, cells were harvested, nuclei were isolated and nuclear pellets were lysed, 

chromatin was sheared, EZH2 was immunoprecipitated with RNA, unbound material was washed 

off, RNA that is bound to immunoprecipitated was purified, RNA was reverse transcribed to cDNA 

and was analyzed by qPCR.  Transcripts have been detected by real-time PCR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. The process of finding triple helices and computational task to find triple helix domains 
((C. C. Kuo et al., 2019), Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License) 

Triplexes: Finding Triple Helices 

TDF: Computational Task 
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2.3.3 Aim 3: Determine tumorigenicity of a cell line with high expression of HNF1A-AS1 along with 

no expression of HNF1A-AS1 and comparing these two in response to the inhibitor 

Anchorage independent growth assay was done on HT-29 cell line since it shows the highest 

amount of expression of HNF1A-AS1 among studied colon cancer cell lines and RKO cell line since 

it does not express HNF1A-AS1.  
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3.0 MATERIALS AND METHODS 

3.1 Cell Culture  

3.1.1 Cell lines 
 

Human colon adenocarcinoma cell lines including HT-29, HCT116, RKO, and the human 

embryonic kidney HEK293T cell line as well as normal colon epithelium CCD841 cell line were 

obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). Pancreatic beta 

cells (the insulin-secretion cells of the Islets of Langerhans) of the mouse (Min6 cells), which were 

genetically edited by CRISPR CAS9 technology, were kindly provided by Dr Christine Doucette 

(Department of Physiology and Pathophysiology, Children's Hospital Research Institute of 

Manitoba, University of Manitoba, Winnipeg, Canada).  

The Min6 cell line, which was not manipulated at all, was named the non-manipulated wild type. 

The Min6 cell line, which was genetically edited (adenine is introduced instead of guanine at 

codon 319, which results in a substitution of Serine for Glycine at this position) was named the 

G319S variant.  The Min6 cell line, which was genetically edited again (guanine is re-introduced 

at codon 319, instead of adenine, which results in a substitution of Glycine for Serine at this 

position) was named the manipulated wild type.  

Human lung adenocarcinoma cell line A549 as well as human colon adenocarcinoma cell line 

SW480 were a kind gift of Dr Kirk McManus (Research Institute in Oncology and Hematology, 

University of Manitoba, Winnipeg, Canada). Detailed information about the cell lines is 

summarized in Table 4.  
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Table 4. Detailed information about cell lines have been used in this research 

Cell line Derived 

from  

Patient Differentiati

on status of 

the original 

tumor 

Microsatellite 

Instable (MSI) 

versus  

Microsatellite s

table (MSS)  

Cox-2 

expressi

on status 

Oncogene

s 

HT-29  Primary 

Adenocarci

noma 

44 y/o 

Female 

Moderate MSS Over 

expressio

n 

myc +; ras 

+; myb +; 

fos +; sis +; 

p53 +; abl -; 

ros -; src - 

HCT116 Primary 

Adenocarci

noma 

Adult 

Male 

Poor MSI Low 

expressio

n 

ras + 

SW480 Primary 

Adenocarci

noma 

50 y/o 

Male 

Poor MSS Not 

expressed 

myc +; myb 

+ ; ras +; fos 

+; sis +; p53 

+; abl -; ros 

-; src - 

RKO Primary 

Adenocarci

noma 

? Poor MSI ? p53 + (wild 

type) 

CCD841 Normal 

epithelial of 

Colon 

21 weeks 

gestation 

fetus/fem

ale 

- - - - 

A549 Lung 

adenocarci

noma  

58 y/o 

Male 

Alveolar Type 

2 

No data available Over 

expressed 

No data 

available 

HEK293t Kidney 

epithelium 

Fetus No data 

available 

No data available No data 

available 

No data 

available 
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3.1.2 Cell culture conditions 
 

All cells were maintained inside 37°C incubator containing 5% carbon dioxide (CO2) and normal 

O2 condition (20%). High glucose Dulbecco’s Modified Eagle’s Medium (4.5 g/L glucose + 4 mM 

L-glutamine) (Gibco®) was used as medium for RKO, A549, HEK293T, and Min6 cell lines (at a pH 

of 7.4 for RKO and A549 cell lines and pH of 7.2 for Min6 and HEK293T cell lines). McCoy's 5A 

medium modified with L-glutamine, without sodium bicarbonate (2 mM L-glutamine, Sigma-

Aldrich) was used for HT-29 and HCT116 cell lines (at a pH of 7.4). The base medium for CCD841 

cell line was ATCC-formulated Eagle's Minimum Essential Medium (with L-glutamine). The cells 

obtained for experiments in this study were at passage number 36 (Min6 non-manipulated wild 

type), 45 (Min6 manipulated wild type), 44 (Min6G319S variant), 4 (HEK293T), 5 (A549, HT-29, 

HCT116, RKO), and 2 (SW480). All base media were supplemented with 10% (v/v) fetal bovine 

serum (FBS) (Gibco®) and 1% Antibiotic-Antimycotic (100X- 10,000U/ml penicillin G; 10,000 

µg/ml streptomycin; and 250 ng/ml amphotericin B (Gibco®). 

3.1.3 Cell passaging  
 

Once the cells were confluent at approximately 70-80% plate coverage, they were sub-cultured. 

The culture medium was aspirated from the cell culture plate and discarded. To wash the cell 

monolayer and remove any traces of FBS, which contains trypsin inhibitor, 5 ml of 1X sterile 

phosphate buffered saline (PBS) was added, and the plate was tilted slowly for three times. Then, 

based on the size of the plate, 1-4 ml of TrypLE Express Enzyme (Gibco®) was added to the plate. 

Min6 cells Pancreatic 

beta cells of 

Insolinoma 

Mouse No data 

available 

No data available No data 

available 

No data 

available 
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The plates were tilted to coat entire bottom surface. The plates were placed back in the 37°C 

incubator for 5 minutes. Following that, the plates were removed from incubator and were gently 

tapped to loosen cells. Then, plates were checked for cell detachment/rounding under phase 

contrast microscope. Plates were returned to the incubator for additional detachment time 

(usually 2 minutes at a time) if it was necessary. To deactivate the enzyme, triple of its volume of 

growth medium was added to the plate with a serological pipet. Then the pipet was used to 

detach cells from the plate surface by rinsing with the cell suspension. The detached cells were 

transferred into a 15 ml centrifuge tube (CorningTM FalconTM).  

The cells were centrifuged at 150 x g for 5 minutes at room temperature (Thermo Scientific IEC 

MICROLITE Benchtop Centrifuge). The supernatant was aspirated without disturbing the pellet, 

and the cell pellet was resuspended by gently flicking the tube and in an appropriate volume of 

medium (usually 5 ml). In case the cells were very clumpy, a 1000 µl pipette tip was used to break 

them up. Then, the suspension was pipetted up and down to mix. The cell suspension was mixed 

in 15 ml conical tube (VWR) by pipetting up and down and then was aliquoted into new culture 

plates using a 100 µl pipette tip in total volume of 3-15 ml appropriate medium depending on 

the size of the plate. At the end, plates were placed back to the incubator.   

3.1.4 Cell counting 
 

In cases in which cell counting was necessary, 10 µl of cell suspension was transferred using 10 

µl pipette tip into a 1.5 ml microfuge tube. Then 10 µl of Trypan Blue solution (1:1) (Sigma) was 

added to the 1.5 ml microfuge tube and was pipetted to mix. Following that, 10 µl of cell 

suspension was transferred to each side of the hemocytometer. In experiments to quantify the 
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level of HNF1A protein in Min6 cells using Western Blot technique, cells were counted to be 

cultured in the same number in 6 well plates. Counting the cells was done manually. Cells were 

counted in the four large outer squares of hemocytometer on a phase contrast microscope. To 

calculate cell numbers in 1 ml of cell suspension, this formula was applied:  

# cells/ml = # cells counted × dilution factor × number of squares counted × 10,000    

In all other experiments, cells were counted using the TC20TM automated cell counter (Bio-Rad 

Laboratories, Hercules, California, USA) (Figure 10).  

 

https://www.bio-rad.com/en-ca/product/tc20-automated-cell-counter?ID=M7FBG34VY 

Figure 10. Three steps for counting cells using the TC20 automated cell counter 

(https://www.bio-rad.com)  

 

3.1.5. Cell storage and recovery  
 

For cell cryopreservation, cells were cultured to 70-90% confluency. Before starting 

cryopreservation process, cryovials were labeled with cell type, passage number, and number of 

cells in vial, my initials and date. Washing with 1X sterile PBS, detachment using TrypLE Express 

Enzyme, counting cells using the TC20TM Automated Cell Counter (Bio-Rad) and Trypan Blue 

Stain (1:1) (Sigma) have been explained in the previous section in detail. Afterwards, the cells 

https://www.bio-rad.com/en-ca/product/tc20-automated-cell-counter?ID=M7FBG34VY
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were centrifuged at 150 x g using microcentrifuge for 5 minutes at room temperature. The 

supernatant was aspirated off without disturbing the pellet. The cell pellet was resuspended by 

gently flicking the tube in a freezing medium composed of 95 % (v/v) appropriate medium with 

5% (v/v) dimethyl sulfoxide (DMSO) (Sigma). One milliliter of the cells (≥ 2x 106 cells/ml) were 

aliquoted into cryovials (Thermo Fisher Scientific), and immediately transferred into a Styrofoam 

cooler to be transported and stored in a -80°C freezer. Cells were transferred to liquid nitrogen 

tank for long-term storage after 24 hours of residing in -80°C freezer.  

For cell revival, first the appropriate medium was prewarmed in 37°C water bath. Then 9 ml 

prewarmed medium was transferred into a 15 ml conical tube (VWR). Then the vial of the cells 

was removed from -80°C freezer or liquid nitrogen and the vial/vials were transferred into a 

cooler full of ice to the cell culture room. The cryovials of frozen cells were fast-thawed in a 37°C 

water bath and were closely observed until the cells were mostly defrosted. The surface of 

vial/vials were then immediately decontaminated with spaying copious amount of 70% ethanol 

and the content of the vial/vials were quickly transferred into the prepared 15 ml centrifuge tube 

(VWR) containing 9 ml appropriate medium and centrifuged at 150x g for 5 minutes at room 

temperature. The supernatant (media and DMSO) was aspirated without disturbing the pellet, 

the tube was flicked to resuspend the cell pellet in 3 ml growth medium and the entire amount 

of the suspension were transferred drop wise in 3-5 ml growth medium to 35 mm or 60 mm cell 

culture plates. The cells were allowed to adhere to the plate through overnight incubation at 

37°C and medium was replaced by a fresh one the following day. The cells were checked daily 

until they reached the required confluency for passaging.  
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3.1.6 Treatment conditions 
 

In experiments to quantify levels of HNF1A protein in Min6 cells using Western Blot technique, 

different numbers of Min6 cells (non-manipulated wild type and G319S variant) were cultured in 

two sets in 6 well plates as well as 60 mm dishes. The medium was changed every other day. 

3.2 Protein-Based Techniques 

3.2.1 Preparation of total cellular lysate  
 

Confluent cells (60-70% plate coverage for Min6 cells and 90-95% coverage for the rest of cell 

lines) were washed three times with ice-cold 1X PBS and harvested on ice in 5 ml 1X PBS from 

cell culture dishes, using a cell scarper into 15 ml tubes (VWR). The cell pellet was obtained by 

centrifugation for 5 minutes at 150 x g at 4°C. The supernatant (1X PBS) was aspirated carefully 

using a glass pipet, and the cell pellet was resuspended in ice-cold RIPA lysis buffer (40 mM Tris-

HCl pH 8.0, 150 mM NaCl, 1 mM EDTA, 1% (v/v)  Na deoxycholic acid and 1% (v/v) NP-40), 

containing protease and phosphatase inhibitors (Roche), followed by an incubation on ice for 10 

minutes and sonication (Fisher Scientific, Sonic demembrator Model 100) on ice at a power of 2, 

three times each 10 seconds, with 30-second intervals on ice between sonication cycles (Khan, 

2013)(Khan, 2013)(Khan, 2013). Protease and phosphatase inhibitors were added to the buffer 

shortly before use. The components of these inhibitors are listed in Table 5.   
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Table 5. Components of protease and phosphatase inhibitors from Roche.  

Inhibitor  Components 

Protease inhibitor 1.4-(2-Aminoethyl) benzenesulfonyl Fluoride  
Hydrochloride.  
2. 2-Pyrrolidinone, 1-etenyl-,  
homopolymer.  
3.  N-Acetyl-L-leucyl-L 
leucyl-L-arginial hemisulfate salt, and  
4. Aprotinin Trypsin inhibitor 

Phosphatase inhibitor 1. 2-Pyrrolidinone, 1-etenyl-, homopolymer.  
2. 1-O-n-Dodecyl-beta-D-glucopyranosyl(1-4) 
alpha-D-glucopyranosid.  
3. Okadaic acid.  
4. 4,7-Epoxyisobenzofuran-1,3-dione,  
hexahydro-3a,7a-dimethyl-, (3ar,4S,7R,7as) 

 

The cell lysate was centrifuged at 13,000 x g at 4°C, and the supernatant was kept while the pellet 

was discarded. The protein concentration of the total cellular lysate (supernatant) was quantified 

as per the manufacturer’s instructions using the Pierce BCA Protein Assay Kit (Thermo Scientific) 

and BSA as a standard. Once quantified, the total cellular lysates were stored at -80°C. 

3.2.2 SDS-PAGE and Western Blotting   
 

Protein samples were denatured by the addition of the sodium dodecyl sulfate (SDS) loading 

buffer (62.5 mM Tris-HCl pH 6.8, 25% glycerol, 2% SDS (w/v), 0.01% bromophenol blue (w/v), and 

5% β-mercapthoethanol). Once SDS loading buffer was added, samples were boiled at 95°C for 

approximately 5 minutes prior to loading onto a polyacrylamide gel. The polyacrylamide gel 

percentage (10%, 12% or 15%) was chosen depending on the molecular mass of the target 

protein. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was run at 80V 

for first 1 cm of the gel and then at 120V for the rest of the gel for 1-1.5 hour. Using the Trans-

Blot Turbo Transfer System (Bio-Rad), as per manufacturer’s instructions, the proteins were 
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transferred from the polyacrylamide gel to a 0.45 µm nitrocellulose membrane (Bio-Rad). To test 

the efficacy of the transfer, the membrane was stained with Ponceau S (0.5% Ponceau S and 5% 

acetic acid) for 5 minutes. The stained membrane was washed with ddH2O for 2 minutes. The 

membrane was blocked with 5% (w/v) skim milk powder in 0.1% (v/v) TBST (50 mM Tris-HCl pH 

7.6, 150 mM NaCl, and 0.1% Tween-20) at room temperature for 1 hour on a rocking platform 

(VWR, Model 200). After blocking, the membrane was incubated with a primary antibody at an 

optimized dilution in 5% skim milk or 5% (w/v) BSA in 0.1% (v/v) TBST according to the antibody 

manufacturer’s instructions. The primary antibody incubation was done overnight at 4°C on a 

rotator (Boekel Scientific, Model 260200). The membrane was then washed three times (10 

minutes per wash) at room temperature with 0.1% TBST on a rocking platform. The membrane 

was then incubated for 1 hour at room temperature with the appropriate horseradish 

peroxidase-conjugated anti-IgG secondary antibody diluted in 5% (w/v) skim milk. After 

secondary antibody incubation, the membrane was washed three times (15 minutes per wash) 

at room temperature with 0.1% TBST on the rocking platform. Lastly, the target protein on the 

membrane was visualized with Western Lighting Plus-ECL (Perkin Elmer) on Hyperfilm ECL 

(Amersham) or on a ChemiDoc (Bio-Rad) as per the manufacturer’s instructions.  

3.2.3 Quantitative Western Blotting to determine optimal protein concentration.   
 

Optimizing protein and antibody concentrations reduces background noise due to nonspecific 

binding and significantly reduces cost. Subsequently, an antibody saturation curve helps to 

produce interpretable Western Blots. An antibody saturation curve was done for all antibodies 

used in the experiment. In brief, varying amounts (µg) of protein were loaded in a 10% or 12% 

polyacrylamide gel, depending on the molecular mass of the target protein. The SDS-PAGE was 
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then run and transferred to a nitrocellulose membrane, as described in section 3.2.2. The target 

protein on the membrane was visualized with Western Lighting Plus-ECL on the FluorChem HD2 

(Alpha Innotech) or Image Lab Software (ChemiDoc, Bio-Rad), and the optical intensity of each 

band was measured.  A graph of the protein concentration (x axis) against the optical density (y 

axis) was plotted.  Sample concentrations should not exceed the saturation point, which is 

observed on the plotted graph.  

3.3 RNA-Based Techniques  

3.3.1 Whole RNA isolation and real time RT-qPCR analysis 
 

Before starting RNA extraction, the entire workspace as well as pipets and instruments were 

cleaned using RNaseZap to maintain an RNase-free environment and prevent RNase 

contamination and subsequent RNA degradation. After removal of medium and washing the cells 

with ice-cold X1 PBS for three times, the cells were scraped in 5 ml ice-cold X1 PBS and then 

centrifuged for 5 minutes at 150 x g at 4°C. Then supernatant was discarded carefully not to 

disturb the pellet. Cells were resuspended in 5 ml ice-cold X1 PBS and were counted as explained 

in previous sections. Total RNA was extracted from all cell lines (10X106) using the RNeasy Plus 

Mini Kit (Cat#74134, Qiagen, Germany) as per the manufacturer’s instructions. Briefly, once cells 

were confluent (60-70% plate coverage for Min6 cells and 90-95% coverage for the rest of cell 

lines), they were harvested and disrupted in the supplied RLT buffer (in which 2-mercaptoethanol 

was added shortly before use). Next step, a quick spin through a QIA shredder for 2 minutes at 

the maximum speed of the microcentrifuge (13500 rpm) was done to shear the DNA. The 

supernatant was then mixed with 70% ethanol and further taken to run through a RNeasy spin 

mini-column supplied in the kit. This step was repeated if needed to make sure all the solution 
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was run through the column. Then the supplied binding buffer was added to the mini column 

followed by twice washing with supplied washing buffer. Finally, the RNA was eluted with RNase-

free H2O and stored in -80°C. The RNA concentration and purity based on the A260/A280 and 

A260/A230 ratio was measured using Nanodrop 2000 (Thermo Fisher Scientific). Once RNA was 

isolated and purified, a DNase 1 treatment to remove any genomic DNA present in the sample 

was carried out using the RQ1 kit (Promega, Madison, WI, USA) as per manufacturer’s 

instructions. Briefly, 8 µl of the RNA sample plus 1 µl of DNase and 1 µl of reaction buffer was 

incubated at 37°C for 30 minutes and then 1 µl of RQ1 DNase stop solution was added to 

terminate the reaction. This was incubated at 65°C for 10 minutes to inactivate the DNase. The 

cDNA synthesis was performed from 0.8 µg of RNA for Min6 cells and 1 µg of RNA for the rest of 

cell lines using a Reverse Transcription kit (iScriptTM Reverse Transcription Supermix for RT-qPCR, 

Bio-Rad, USA) as per the manufacturer’s instructions (aforementioned amount of RNA plus 4 µl 

of iScript RT Supermix and RNase free water to the final volume of 20 µl). Titration of input RNA 

for all the cell lines was done as well. PCR of cDNA was done using GenAmp PCR system 2700 

with the following protocol: 25°C for 5 minutes, 46°C for 20 minutes, and 95°C for 1 minute 

following a cool down step at 4°C. 

3.3.2 Primer design and primer sequencing 
 

ENCODE project website was used for primer design (https://www.encodeproject.org/). The 

model that was selected in the filter data matrix section was cell line as in this project, the entire 

work was with cell lines. Then the most recent genome assembly in UCSC was used for human 

and mouse (human GCRh38/hg38 and mouse GRCm38/mm10, respectively) to visualize the 

target of interest in the genome. Once the sequence of the gene was visualized through Refseq, 
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this genomic sequence was used for Primer Design on IDT website. All the primers were designed 

with maximum GC content of 60% and maximum amplicon length of 120 bp. Upon verification of 

location of amplicon on UCSC genome browser, oligodt calculator was used to assay for self-

complimentary features in primers to avoid hairpin formation 

(http://biotools.nubic.northwestern.edu/OligoCalc.html). 

Before proceeding to sequencing the primers, it was confirmed that there was no primer dimer 

for each primer. To do so, a gradient real-time PCR on the primers was run. Then, the best 

annealing temperatures was picked by looking at the melt curve peak and Cq values (high melt 

peak and low Cq values, there should be no double melt peak). Once this was done, the sample 

well was run on an agarose gel, taking 10 µl of the PCR product. Once the agarose gel was run 

and it was confirmed there are no primer dimers, the remaining PCR product with the best 

annealing temperature was purified using the Qiagen Qiaquick PCR purification kit (Qiagen, 

Germany). Then 2 µM concentrations of the forward and reverse primers were prepared. At the 

end, 8 µl of the PCR product was added to the 4 µl of each primer at 2 µM concentration and was 

sent for sequencing. 

3.3.3 cDNA and reverse transcription polymerase chain reaction (RT-PCR) 
 

cDNA from RT-PCR was diluted 5X, and RT-qPCR analyses were performed using the Bio-Rad 

CFX96 Real-Time PCR Detection System. The qPCR reactions were prepared in 96-well plates on 

ice. The reactions were prepared to a total volume of 20 µl by adding 10 µl of the SYBR Green 

Supermix (Bio-Rad), 5µl of RNase free water (Fisher Scientific), 1 µl of the forward primer, 1 µl of 

the reverse primer and 3 µl of the 5X diluted cDNA. Conditions for PCR were as follows: stage 1, 
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50°C for 2 minutes; 95 °C for 2 minutes; stage 2, 40 cycles at 95 °C for 5 seconds, 60°C for 30 

seconds; stage 3 (dissociation stage), 95 °C for 5 seconds, 60 °C for 1 minute, 95°C for 15 seconds. 

Quantitative or real-time polymerase chain reaction (qRT-PCR) was performed in triplicate. The 

recorded cycle threshold (Ct) values were normalized to corresponding GAPDH expression for 

each cell line (ΔCt method). Higher ΔCt values for each gene indicated lower expression. In some 

experiments, the expression level of targets was obtained by using the ΔΔCt method. ΔCts for 

each cell line was normalized to an appropriate control.  Fold changes were calculated using 2^ 

ΔΔCt formula. 

Furthermore, SYBR Green Supermix (Bio-Rad) was compared to Applied Biosystems™ 

PowerTrack™ SYBR™ Green PCR Master Mix (Fisher Scientific) to evaluate which one is better in 

detecting HNF1A-AS. The primers used for cDNA RT-qPCR analyses are shown in Table 6. 

Table 6. List of primers used for cDNA RT-qPCR analysis 

Name  Sequence 

Human 

HNF1A sense (forward) 5’-TATGCTCATCACCGACACCAC-3’ 

HNF1A sense (reverse) 5’-GAGGTGAAGACCTGCTTGGT-3’ 

HNF1A-Antisense (forward) 5’‐TTGCTTTTTCAGAGAGCCAG‐3’ 

HNF1A-Antisense (reverse) 5’‐AATGCGAGGTGTTTCAGGTA‐3’ 

GAPDH (forward) 5’-TGTTGCCATCAATGACCCCTT-3’ 

GAPDH (reverse) 5’-CTCCACGACGTACTCAGCG-3’ 

U1 (forward) 5’‐CTGGCAGGGGAGATACCATG‐3’ 

U1 (reverse) 5’‐AGGGGAAAGCGCGAACCA‐3’ 

U6(forward) 5’‐CATATCTCGCGTGCTCGCTTCGGCAGCACA‐3’ 

U6 (reverse) 5’‐AAAATATGGAACGCTTCACGA‐3’ 

HNF1A-Antisense longest transcript (forward) 5’‐TCTTGCTACTGCTCACTCTTTG‐3’ 

HNF1A-Antisense longest transcript (reverse) 5’‐GTTCCTCCTGGTGGGTTTATG‐3’ 

Mouse  

hnf1a sense (forward) 5’-CAGCCGCAGAACCTTATCAT-3’ 

hnf1a sense (reverse) 5’-ACCGATAACCAGGGTGGA-3’ 

hnf1a-os1 (forward) 5’-TACACGACAGCCAAAGTTACA-3’ 
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hnf1a-os1 (reverse) 5’-CCACCCTGCTGCACTAAATA-3’ 

gapdh (forward) 5’-ATCATCAGGCACAGGAGGAA-3’ 

gapdh (reverse) 5’-TCCACCAACTTACAATGCTGA-3’ 

U1 (forward) 5’‐CTGGCAGGGGAGATACCATG‐3’ 

U1 (reverse) 5’‐AGGGGAAAGCGCGAACCA‐3’ 

U6(forward) 5’‐GTGCTCGCTTCGGCAGCACA‐3’ 

U6 (reverse) 5’‐AAAATATGGAACGCTTCACGA‐3’ 

 

3.4 Fractionation 

3.4.1 Fractionation using TNM buffer 
 

Freshly cultured A549 cells were scraped, centrifuged as explained in section 3.2.1. Then, the cell 

pellet was resuspended in TNM buffer (100 mM NaCl, 300 mM sucrose, 10 mM Tris-HCl, pH 7.4, 

2 mM MgCl2, 1% thiodiglycol) containing 1 mM phenylmethylsulfonyl fluoride and protease 

inhibitor mixture (Roche) (J. M. Sun, Chen, & Davie, 2001). Then cells were passed through a 

syringe with 22-gauge needle and then were centrifuged at 4500 ×g. Nuclei preparation was 

inspected by microscopic analyses. TNM buffer (10 mM Tris·HCl, pH 8.0, 10 mM NaCl, 2 mM 

MgCl2, 0.3 M Sucrose, 1 mM DTT, 0.2 mM PMSF, 0.5 μg/ml leupeptin, 0.7 μg/ml pepstatin, 1 

μg/ml aprotinin) was used again to resuspend the nuclei. The nuclei were extracted by adding 

Triton X-100 to a final concentration of 0.5% and incubated on ice for 5-10 min. Then the extract 

was centrifuged at 4500×g for 10 min (J. M. Sun et al., 2001).   

3.4.2 Fractionation of RNA and protein using PARIS Kit 
 

The Ambion® PARIS™ (Protein and RNA Isolation System) kit (Cat#AM1921, Thermo Fisher 

Scientific) was used for the isolation of both RNA and native protein from freshly cultured 

mammalian and mouse cells in the same experimental sample as per manufacturer’s 

instructions. Flowchart and overview of fractionation are shown in Figure 11.  
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Figure 11. Flowchart and overview of fractionation using The Ambion® PARIS™ (Protein and 

RNA Isolation System) kit (Cat#AM1921, Thermo Fisher Scientific). 

 

In brief, the lab bench, pipettors, and equipment were cleaned up with an RNase 

decontamination solution (Ambion® RNaseZap Solution). Up to 10×106 fresh cultured cells were 

collected on ice and were washed twice in ice-cold ×1 sterile PBS. Then, cells were resuspended 

in 100–500 μL ice-cold Cell Fractionation Buffer (protease and phosphatase inhibitors was added 

to an aliquot of Cell Fractionation Buffer immediately before use). Amount of Cell Fractionation 
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Buffer was optimized based on the amount of protein needed for analysis and the cell line of 

interest. After incubation of the suspension on ice for 5–10 minutes (in most of cell lines for 10 

minutes), it was centrifuged for 1–5 min at 4°C at 500 x g. Next, the cytoplasmic fraction was 

carefully aspirated away from the nuclear pellet. The nuclear pellet was resuspended in ice-cold 

×1 sterile PBS to be inspected under the microscope. The pellet was fractionated again if needed 

using the same buffer and protocol. Then the nuclear pellet was lysed in Cell Disruption Buffer. 

Then the sample was split for RNA isolation and protein analysis. The volumes of the lysate used 

for RNA and protein isolation were recorded. Immediately after splitting, the lysate was mixed 

gently but thoroughly with an equal amount of 2X Lysis/Binding Solution. After adding one 

“sample volume” of 100% ethanol to the mixture, it was applied to a Filter Cartridge and was 

centrifuged for ~0.5–1min or until the lysate/ethanol mixture was through the filter. In cases 

when the filter was clogged, the viscose sample was passed through a syringe needle (22G) 

several times. Sometimes the syringe needle was clogged as well. In this case the viscosity was 

reduced by sonicating the lysate on ice at a power of 2, three times each 10 seconds, with 30-

second intervals on ice between sonication cycles (Khan, 2013). If the sample contained visible 

debris, it was removed by spinning in a microcentrifuge for 1 min at 10,000 x g. After a few 

washing steps according to the kit instructions, 40–60 μL Elution Solution preheated to ~95–

100°C was applied to the center of the filter. To improve the RNA yield, in some cases the eluted 

RNA was reapplied to the filter and was centrifuged again. The yield and concentration of RNA as 

well as that of protein samples were assessed as explained in sections 3.3.1 and 3.2.1, 

respectively. Samples were stored in -80 freezer for further analysis.  
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3.4.3 Fractionation of RNA and protein using NE-PER™ (Nuclear and Cytoplasmic Extraction 

Reagents) kit. 
 

NE-PER™ (Nuclear and Cytoplasmic Extraction Reagents) kit (Cat# 78833, Thermo Fisher 

Scientific) was used for extraction of separate cytoplasmic and nuclear protein fractions from 

fresh (not frozen) cells. After harvesting HT-29 cells, 10 × 106 cells were transferred to a 1.5 ml 

microcentrifuge tube and were pelleted by centrifugation at 500 × g for 2-3 minutes at 4°C. After 

carefully removal of the supernatant not to disturb the pellet using a sawed-off glass pipette, the 

cell pellet was left to be dried as much as possible. Then, the appropriate amount of ice-cold CER 

I was added to the cell pellet (Table 7). Cytoplasmic and Nuclear Protein Extraction was done 

using the reagent volumes indicated in Table 7.  

Table 7. Reagent volumes for different packed cell volumes 

Packed Cell Volume (µl)  CER I (µl) CER II (µl) NER (µl) 

10 100 5.5 50 

20 200 11 100 

50 500 27.5 250 

100 1000 55 500 

 

To proceed, the tube was mixed vigorously on a vortex at the highest setting for 15 seconds to 

fully suspend the cell pellet. After incubation on ice for 10 minutes, ice-cold CER II was added to 

the tube. The tube was mixed using vortex for 5 seconds on the highest setting and subsequently 

was incubated on ice for 1 minute. Last mixing was repeated once more and followed by 

centrifuging the tube for 5 minutes at maximum speed in a benchtop microcentrifuge (~16,000 

× g). The supernatant was split equally into two 1.5 ml microcentrifuge labeled tubes for 

subsequent RNA and protein analysis. Volumes were recorded for subsequent analyses. The 

pellet, which contains nuclei, was resuspended in ice-cold NER and was mixed on a vortex on the 
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highest setting for 15 seconds every 10 minutes, for a total of 40 minutes. The sample was placed 

back on ice in between mixings. Following this, the tube was centrifuged at maximum speed 

(~16,000 × g) in a benchtop microcentrifuge for 10 minutes. The supernatant (nuclear extract) 

fraction was immediately transferred and was split into two clean pre-chilled labeled tubes for 

subsequent RNA and protein analysis. Extracts were stored in -80°C freezer until use.  

3.4.4 Fractionation of RNA and protein using our newly developed protocol.  
 

After harvesting 10 × 106 cells and scraping the cells in x1 ice-cold sterile PBS, cells were 

centrifuged at 150 xg at 4°C for 5 minutes. After discarding the supernatant, the cell pellet was 

resuspended in 500 µl Cell Lysis Buffer/Nuclei Isolation Buffer (10 mM PIPES pH 7.9 at 4°C, 2 mM 

MgCl2, 10 mM KCl) supplemented with protease and phosphatase inhibitors just before use. To 

assess the leakage from the nuclei, three different percentages of NP-40 were used as follow 

0.25%, 0.5% and 1% (v/v). Next, the cells were incubated for 5-15 minutes (mostly 15 minutes 

was needed) at 4°C followed by centrifugation at 2000 x g for 5 minutes. The pellet was 

resuspended in x1 ice-cold sterile PBS to be inspected under the microscope. The cell lysis step 

and centrifugation were repeated one more time for 10 minutes if less than 80% of the smear 

obtained was nuclei. Indication of isolated nuclei was a black dot surrounded by a bright circle. 

To remove potential debris, the supernatant was centrifuged again at 16000 xg at 4°C for 5 

minutes. Then, the supernatant was split equally into two 1.5 ml microcentrifuge labeled tubes 

for subsequent RNA and protein analysis. Volumes were recorded for subsequent analyses. The 

pellet was fully suspended in appropriate amount of RIPA buffer (40 mM Tris-HCl pH 8.0, 150 mM 

NaCl, 1 mM EDTA, 1% (v/v)  Na deoxycholic acid and 1% (v/v) NP-40 supplemented with protease 

inhibitors) depending on the size of the pellet (10 times of the cell pellet volume was used). For 
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example, if cell pellet volume was equal to 10 µl, 100 µl of the RIPA buffer was used to lyse the 

pellet. To fragment the DNA, the mixture was sonicated on ice (Fisher Scientific, Sonic 

demembrator Model 100) with power of 2, 10 seconds sonication with 30 seconds interval, 3 

times). If the sample was still viscous after sonication, another amount of RIPA buffer was added 

to the suspension and sonication was repeated. The mixture was centrifuged after sonication at 

13500 rpm at 4°C for 10 minutes using microcentrifuge. The debris pellet was kept for further 

analyses and 50 µl 1X SDS Laemmli buffer was added to it. Following this, the supernatant 

(nuclear extract) fraction was immediately transferred and was split into two clean pre-chilled 

labeled tubes for subsequent RNA and protein analysis. Volumes were recorded for further 

analysis. Extracts were stored in -80°C freezer until use.  

3.5 Triplex Domain Finder (TDF) software 

3.5.1 Importance and principles of analysis  
 

There is a need for statistical characterization of triplex-forming regions within lncRNAs as well 

as specific target regions on the DNA before performing biological evaluation because all newly 

developed techniques such as Split-Pool Recognition of Interactions by Tag. Extension (SPRITE-

seq), Chromatin-associated RNA sequencing (ChAR-seq), global RNA interactions with DNA by 

deep sequencing (GRID-seq), mapping RNA-genome interactions (MARGI), capture hybridization 

analysis of RNA targets (CHART), chromatin isolation by RNA purification (ChIRP), chromatin oligo 

affinity precipitation (ChOP), and RNA antisense purification (RAP), capture both protein 

mediated RNA–DNA interactions along with direct RNA–DNA interactions. Consequently, they 

will be incapable of disclosing molecular mechanisms underlying the interaction of interested 

RNAs with targeted specific DNA loci.  
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After initial computational methods search for purine rich DNA regions, TRIPLEXATOR detected 

triple helices of an RNA in large DNA sequences. It computes all potential engaged regions of RNA 

and DNA sequences in the formation of triple helices with size minimum length of l bp and with 

k maximum mismatches and tolerated number of consecutive errors of 2 (c). However, it is not 

able to perform statistics for selection of relevant triple helices or ranking the selections.  

Triplex Domain Finder (TDF) has been proposed as a computational tool to detect DNA binding 

domains (DBDs) in RNA molecules such as candidate lncRNA which in our research is HNF1A-AS. 

These DBDs are detected based on the likelihood of forming triple helices in specific target DNA 

regions compared to the background genomic regions (all gene promoters or random genomic 

regions). Besides, using statistics, TDF is able to rank both DBDs as well as DNA target regions. 

After this identification through statistics, further biological validation is needed.  

First the tool (TDF) needs our RNA sequence. So HNF1A-AS RNA sequence was given to the tool, 

P = p1p2⋅⋅⋅pn, as well as Human DNA sequence T = t1t2⋅⋅⋅to. Based on the biochemical rules for 

hydrogen bonds and matching codes, the program will search for (maximum length) substrings 

pi...pj and tu..tv from P and T with minimum length of 14 bp (l).  

An error rate of e was adopted for definition of k, such that k = ⌈e × L⌉, where L is the total length 

of the triplex. Each triplex was characterized as a tuple t = (rP, rT), where rP (triplex forming 

oligonucleotide or TFO) = (i, j) represents the location in the RNA forming a triplex, and rT (triplex 

target site or TTS) = (u, v) represents the location in the DNA forming a triplex. At first, the 

software searches for triple-helix initial matches (seeds) of fixed size of 14bp (l). The problem 

would be addressed as a k-mismatch pattern search and would be solved by the bit-parallel 
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algorithm of Myers. Initially, a suffix array of all substrings of length l in P would be made to 

obtain an exclusive set of l-grams. Then, this set of l-grams would be roughly matched against 

each DNA sequence T separately by Myers’ bit-parallel algorithm, yielding a set of seeds with 

length l which signify putative triple helices between P and T. Subsequently, these regions would 

be extended to identify the maximal triplexes for the seeds while confirming entire constraints 

including maximum number of consecutive errors, minimum rate of guanines, maximum error 

rate would be completely satisfied. The extension of these seeds was done using a heuristic 

algorithm. The software will report a superset of entire maximal triplexes satisfying all the 

constraints at the end. Detection of auto-binding RNA–DNA triple helices is another novel feature 

of this software. Briefly, in a given RNA (or DNA) sequence, for candidate string pi...pj, TRIPLEXES 

searches for triple helices in string pu...pv, where |i − u| = |j − v| < g for small g values (default is 

3). Such an approach allows us to discover entire auto-binding sites in the human genome for the 

given parameters within minutes (about 60 minutes for human hg38). 

In next step, TDF defines DBDs by finding contiguous RNA regions with overlapping TFOs. 

Following this, it matches number of TTS formed by a given DBD in the target DNA regions. This 

would be contrasted to the number of TTS of the same DBD in background regions, which is 

mostly all promoter regions. DBDs with statistically significant higher number of target regions 

with a TTS than in background regions were regarded as triplex-forming domains of the RNA. 

Additionally, TDF uses the statistical significance to rank detected DBDs in case more than one 

DBD was indicated as significantly enriched.  

DBDs with less than 5 TFOs or having TFOs associated to <5% of target DNA regions would be 

ignored by TDF since TDF would categorize them as low TFO support DBDs. Subsequently, triplex-
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forming potential of each candidate DBD was assessed. This assessment was done based on the 

comparison between the number of DNA regions with at least one TTS associated to a DBD in 

target DNA regions and the number of DNA regions with at least one TTS associated to a DBD in 

to background DNA regions. DBDs with greater number of DNA regions with at least one TTS in 

target DNA regions were considered as potential triple helix forming DBDs. This operation was 

applied in two statistical tests as follows.  

3.5.2 Promoter test 
 

Promoter test estimates whether the DBDs of HNF1A-AS RNA were likely to form triple helices in 

the promoter regions of specific target genes. GENCODE annotation was used by TDF to define 

promoter regions. This test compared the events of binding of the HNF1A-AS RNA in the 

promoters of target regions ( ), with the binding events in the remaining promoters of the 

genome which is our background regions or ). Primarily, TDF counts all TTSs from a set of 

triple-helix predictions (which is called) T associated with DBD (which is called d):  

 

 Next, TDF computes the number of target regions with at least one TTS for the given DBD d:  

  

Along with non-target regions with at least one TTS for the given DBD d.  

 

 Then, the numbers of target and non-target regions with at least one (or no) TTS for a given DBD 

were shown in a two-by-two contingency table representing as follows: 
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    with TTS without TTS 

Target promoters  a    

Non-target promoters  c    

At the end, Fisher’s exact test was used on the above-mentioned contingency table for each DBD. 

TDF produces the corrected P-value, an odds ratio, and binding-site statistics a and c for all 

candidate DBDs. 

3.5.3 Genomic region test 
 

Genomic region test addresses the question if the DBDs of a HNF1A-AS RNA are potentially able 

to form triple helices in particular genomic regions. H random regions were made by random 

selection of DNA regions with the same size/length as those of the target region ( ) to be 

used as background region. Following this, an empirical statistical test was done. This test 

compares the number of target regions with at least one TTS with the number of ‘random’ non-

target regions with one or more TTS for a given DBD. TDF usually carries out the randomization 

for 1000 times. 

Likewise, distribution  was taken, where ch accounts for the number of non-target 

regions with at least one TTS per DBD of the hth non-target region. A P-value was defined by 

calculating the values higher than a that are found in c. 
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 To finish, the false discovery rate (FDR) was applied as a multiple-test correction method to the 

P-values.   

3.5.4 Ranking of target DNA regions 
 

Using TDF we were able to rank target regions as well. This ranking was based on the number of 

TTSs detected in the interested region normalized by kilo bases and the proportion of the base 

pairs covered by TTSs. To achieve this goal, TDF accounts just TTSs from statistically significant 

DBDs. Once first step of ranking was done, TDF also offered a combined statistic considering the 

sum of ranks on all the available criteria and ultimately will rank again the targets based on this 

summation. The lower the number is the higher the rank would be.  

The primary systematic analysis was performed in collaboration Dr Franco Vizeacoumar and Dr 

Archana Banerjee at Saskatchewan Cancer Agency. Parameters used in this analysis are 

summarized in Table 8. The same parameters were applied for shortest and longest transcript of 

HNF1A-AS. As it is shown in the table, human GCRh38/hg38 was used for analysis and alpha level 

for rejection P value was considered less than 0.05.  
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Table 8. Parameters used in TDF analysis 

 

3.6 RNA Immunoprecipitation (RIP) Assay  

3.6.1 Nuclear Extraction 
 

The lab bench and equipment were cleaned with an RNase decontamination solution (Ambion® 

RNaseZap Solution). The plastic ware needed for the procedure were labeled for next steps and 
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pre-chilled. All the steps were done as quickly as possible, and the samples were kept cold (at 

4°C) all the time to prevent RNA degradation. Laboratory gloves were worn at all times during 

this procedure and were changed frequently to prevent contamination with nucleases that are 

present on skin. During all procedures, RNase-free pipette tips were used. Then, the cells which 

were grown to ~80-90% confluence in 150 mm dishes in appropriate media were placed on ice 

and the media was discarded and cells were washed using sterile ice-cold 1X PBS. Upon discarding 

the PBS, 5 ml of 1X PBS was added to each dish, and cells were scraped from the plates on ice. 

The released cells were collected in 15 ml falcon tube and were centrifuged (Benchtop, Thermo 

Scientific, ST 8R centrifuge) at 150×g for 5 minutes at 4°C. Cells were washed by suspending the 

cell pellet with 1 ml ice-cold 1X PBS and then were centrifuged at 500×g for 5 minutes at 4ºC. The 

supernatant was removed using a sawed-off glass pipette. The cell pellet was resuspended with 

1 ml ice-cold 1X PBS, and cells were counted via hemocytomer. 10×106 cells were transferred to 

a 15 ml falcon tube to proceed to cell fractionation. Nuclear contents were extracted by steps 

explained in section 3.4.4.  

3.6.2 RNA immunoprecipitation 
 

When the nuclear pellet was obtained, it was resuspended in 1 ml of IP Buffer (Table 9). To shear 

the chromatin, the suspension was passed through a needle (23G1) on ice (~20 strokes). Then 

the nuclear suspension was sonicated at power 2 for 3-5 times for 12 sec each, with 1 minute 

interval on ice each time. Debris were removed by centrifugation at 13000 rpm for 10 minutes at 

4°C using a microcentrifuge.  
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Table 9. IP buffer components  

IP buffer (Final Conc.) For 1 ml Stock 

10 mM HEPES pH 7.5 10 uL 1 M HEPES pH 7.5 

250 mM KCl 250 uL 1 M KCl 

1 mM EDTA pH 8 2 uL 0.5 M EDTA pH 8 

1% NP40 (Ipegal) 100 uL 10% Ipegal (Denis) 

0.5 mM DTT 5 uL 0.1 M DTT 

1X Protease inhibitor 
cocktail 

4 uL 250X Protease 
inhibitor 

1 mM PMSF 5 uL 200 mM PMSF 

100 U/ml RNAse Inhibitor 2.5 (0.5 wash) uL 40 U/uL RNAsin 

Water, RNAse-free 621.5 (623.5 wash) uL RNAse-free water 

 

The supernatant was transferred to a new tube. The volume was adjusted as needed for the 

number of IPs (5x106 cells and 500 µl volume per antibody is preferred). About 50 µl (equal to 

10% of the volume) was kept aside as input sample. About 5 µg (5 µl if concentration was 

unknown) antibody of interest was added to the nuclear lysate and the mixture was incubated 

on rotor at 4°C overnight. Of the 50 µl of Input material, 10 µl was taken and was added to 35 µl 

of 2X SDS-PAGE buffer and was boiled for doing Western Blot. The rest (40 µl) was added to 120 

µl of Trizol for RNA extraction as 10% of IP. Protein A beads were blocked using BSA/PBS block 

solution (5 mg/ml). A volume of 10 µl of protein A or G (depending on the antibody of interest 

which in our research was compatible with protein A) was added for every 1 µg of antibody used. 

Putting beads into an eppendorf tube, a magnetic bar was used to pull beads to the wall of the 

tube. Next, supernatant was removed and was washed with 1 ml of blocking solution (by 

inverting tube several times). Washing was repeated 2 more times (total of 3 washes). On the 

last wash, the beads in the cap were pipetted into the solution. Following the final wash, the 

beads were resuspended in 10 µl of the blocking solution per 10 µl of beads (e.g., 50 µl of starting 

beads into 50 µl of blocking solution). The beads were added directly into the samples, which 
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were incubated for at least 2h at 4°C with gentle rotation. Washing the beads was done very 

gently to avoid losing RNA material. The samples were placed on the magnetic bar (waited 2 

minutes) and the supernatant was gently pipetted out without disturbing the beads. Gently, 500 

µl of the IP buffer was added, and the beads were resuspended by inverting the tube three times. 

This wash was repeated 2 more times (3 washes total with IP buffer). After IP washes, the beads 

were resuspended in 500 µl of PBS. A volume of 100 µl of beads slush (20% of IP) was taken for 

Western Blot and was placed on magnet. PBS was removed and 15 µl of 5X SDS buffer was 

immediately added to the beads and the sample was boiled at 95°C for 10 minutes before cooling 

on ice. Remaining 400 µl of beads were washed on magnet and was used for RNA extraction. 

3.6.3 RIP qPCR 
 

To purify and isolate RNA, 500 µl of Trizol was added to the beads directly after the final wash in 

PBS. RNA extraction was continued via normal Trizol (Cat#15596026, Invitrogen, Thermo Fisher 

scientific) protocol as per company’s instructions. Briefly, upon adding Trizol, the sample was 

incubated on ice for 5 minutes and then 100 µl of chloroform was added to the sample and was 

incubated for another 2-3 minutes on ice. Then the sample was centrifuged for 15 minutes at 

12000 g at 4°C. The aqueous phase was transferred to a new tube by angling the tube at 45° and 

pipetting the mixture out. Also, the input sample was thawed and 24 µl of chloroform was added 

to it. When pelleting the RNA, 2 µl of RNase-free glycogen was added to the sample before adding 

isopropanol to achieve final concentration of glycogen 0.05-1 µg/µl or 1 µl of glycogen per 20 µl 

of the solution. Then 0.5 ml of isopropanol per 1 ml of Trizol reagent used for lysis was added to 

the aqueous phase. The mixture was incubated on ice for 10 minutes followed by centrifuging 

for 15 minutes at 12000 xg at 4°C. Then the pellet was resuspended in 1 ml of 75% ethanol per 1 
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ml of Trizol reagent used for lysis. Following this, sample was mixed on a vortex for a few seconds. 

After centrifuging the of sample for 5 minutes at 7500 xg at 4°C, the supernatant was removed 

with a micropipettor. Pellet was air dried for 5-10 minutes following by eluting the RNA in ~95 µl 

of RNase-free water and a SpeedVac for 3 minutes to remove ethanol. Immediately 1 µl of DNase 

I was added plus 10 µl of the 10X buffer and was incubated at 37°C for 15 minutes. The RNA was 

re-extracted by adding 300 µl of Trizol and all steps were repeated the same way except not 

adding more glycogen during this precipitation step. Finally, the RNA pellet was dissolved in ~25-

26 µl of DNase/RNase-free water and SpeedVac was carried out for 2 minutes. The RNA 

concentration and purity based on the A260/A280 and A260/A230 ratio was measured using 

Nanodrop 2000 (Thermo Fisher Scientific). For making cDNA random, Hexamer priming was used 

instead of oligo (dT) primers. 

3.7 Anchorage independent growth assay 

3.7.1 Cell culture and agarose gel preparation 
 

For preparation of materials and reagents, each well of a tissue culture 6-well plate was labeled 

appropriately for each cell line or condition being investigated. Then 2x cell culture medium was 

prepared by dissolving 1 bag of powder medium and in de-ionized/distilled water to a final 

volume of 500 ml. This medium was passed through a filter to be sterilized. Additional 

components needed for normal culture of the cell line of interest (HT-29 and RKO) were added 

to the 2X media. Medium was warmed up to 37 °C in hot water bath prior to use. One percent 

agarose was prepared by adding 1 g of agarose to 100 ml of de-ionized/distilled water as well as 

0.6% agarose by adding 0.6 g of agarose to 100 ml of de-ionized/distilled water. Then the agarose 

was passed through filter to be sterilized. All steps were done sterilely and cell culture grade 
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water was used. To warm up the agarose, the cap on the bottle of 1% agarose was loosened and 

was microwaved for about 1-2 min. While heating in a microwave, the solution was monitored 

closely to avoid boiling over. Heating, while mixing intermittently, was continued until agarose 

was completely dissolved and the solution was clear. Melted agarose solution and pre-warmed 

2x culture medium was placed in an ice bucket filled with hot tap water (42°C). Also, a 50 ml 

conical tube was placed in a tube holder in the ice bucket with hot water. The bucket was 

transferred to cell culture hood for subsequent steps. 

For the bottom layer of agar, 1.5 ml of a mix of agarose and medium (1:1) per well of a 6-well 

plate was used. The conical tube containing equal amount of 1% agarose and appropriate 

medium was inverted several times to mix. All the work was done at a brisk pace to prevent 

premature hardening of the soft agar. While drawing up the mixture, the air bubbles were 

allowed to rise to top of pipette column before depositing 1.5 ml of this mixture into each well 

to avoid deposition of any air bubbles into the plate wells. Next, the plates were covered and 

agar mixture was allowed to solidify at room temperature or at 4°C for 5 -15 minutes or an hour. 

Once the lower layer of agar was solidified, preparation of the upper layer started. First, cells 

were harvested and were counted, and the number of cells needed per well to prepare a final 

cell suspension at this time was calculated. This number will vary depending on cell type. The 

more cells plated the faster the colonies form. This number was optimized for HT-29 cell line. For 

example, to seed 5000 cells, a cell suspension of 6,667 cells/ml was prepared (i.e., each well will 

receive 0.75 ml of this suspension and 0.75 ml of agar for a total volume of 1.5 ml; the 

concentration of cells will also be diluted 1:2 for a final total cell count of 5,000). Following this 

rule, the volume of cell suspension needed per well of a 6-well plate would again be 1.5 ml. At 
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this point we already mixed our desired cell line in their appropriate media. Next step, the desired 

treatment was added to the mixture of medium and the cell line. Then 0.6% agar solution was 

melted in a microwave as above and was placed into ice bucket containing hot water along with 

a 50 ml conical tube in a tube holder. The ice bucket was transferred with melted 0.6% agar to 

cell culture hood for subsequent steps.  The reason for this transfer was that we do not have 

microwave or heating instrument in cell culture so we needed to melt agarose in the lab and then 

transfer it quickly to the cell culture. To prevent early solidification of agarose during transfer, we 

used ice bucket. The 0.6% agar and cell suspension were mixed in a 1:1 ratio. 1.5 ml was required 

per well. As we have cells in this step, the temperature of this mixture must be kept around 42°C 

to avoid premature hardening and to maximize cell survival. Working quickly, this mixture was 

mixed using a pipette 2-3x to distribute cells, then drawing up the mixture into a 5 ml serological 

pipette, any air bubbles were allowed to rise to top of pipette column before depositing 1.5 ml 

of this mixture into each well to avoid deposition of any air bubbles into the plate wells. Cell/agar 

mixture was allowed to solidify at room temperature, in cell culture hood, for 30 minutes before 

placing into a 37 °C humidified cell culture incubator. The time required for adequate colony 

formation varies for each cell line, typically around 21 days.  

3.7.2 Cell number optimization 
 

To evaluate the number of cells needed for the main experiment, different numbers of HT-29 

cells were cultured in a 6 well plate to monitor colony formation timing as well as confluency of 

the cells in the wells after 4 weeks.  
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3.7.3 Treatment condition 
 

A layer of growth medium appropriate for the cell line of interest and 0.6% agarose (just as for 

the top layer containing treatment) was maintained over the upper layer of agar to prevent 

desiccation. This was called feeding the cells which was carried out twice per week. In each 

feeding attempt, the treatment of interest was added to the mixture. Some wells were just blank 

and some wells remained untreated as controls. For the treatment wells, there were four 

different treatments: just DMSO; 5 µM concentration EZH2i (GSK343); 10 µM EZH2i (GSK343); 5 

µM MSKi (SB747651A).  

3.7.4 Staining, counting colonies and analysis  
 

After 4 weeks plates were stained with 0.5 ml of 0.005% Crystal Violet. The plate was placed back 

in incubator for more than 1 hour. Colonies were inspected and photographed under the 

microscope and was counted using ImageJ software.  
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4. RESULTS  

4.1. HNF1A protein measurements 

4.1.1. HNF1A protein quantitation on Western Blot membranes. 
 

Protein and antibody set up and optimization were done to determine the proper sample amount 

of proteins in order to produce interpretable and quantitative data from Western Blots. First 

different amounts of total protein extracted from whole cell lysate from Min6 cells were loaded 

in a 10% polyacrylamide gel to test the suitability of beta-actin protein as a reference protein. 

The SDS-PAGE was then run, and proteins transferred to a nitrocellulose membrane as described 

in section 3.2.2. Since the saturation point for beta-actin was very low, ERK was selected as 

appropriate reference signal for data normalization. Upon determining linear dynamic range 

along with saturation point for ERK (Figure 12), 10 µg of different samples were loaded.  

 

 

Figure 12. Linear dynamic range for ERK using Cell Signaling ERK (Cat#9102) antibody with Min6 

whole cells lysate. A, Immunoblot analyses of for HNF1A and ERK (1,2) proteins.  B, densitometric 

plot for ERK antibody. At loads greater than 10 µg the plot is no longer in the linear range but 

clearly it plateaus out.  

B 
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4.1.2. Expression of HNF1A protein is not changed in Min6G319S variant comparing to Min6WT  
 

To determine if HNF1A protein quantity is insensitive to the influence of various physiological 

conditions such as different levels of confluency as well as type of the dishes in use, different 

number of the Min6G319S variant cells were cultured in 6 well plates and 60mm dishes along with 

corresponding numbers of Min6WT to be compared for quantity of HNF1A protein. As it is shown 

in Figure 13, quantity of HNF1A protein detected on Western Blot was not significantly different 

in the two cell lines. Confluency as well as type of the dish did not change the results (Figure 13). 

 

 

 

 

 
 

 

  
 

 

 

Figure 13. Quantity of HNF1A protein detected on Western Blot in Min6G319S variant compared to Min6WT.  

A, Immunoblot analysis using anti-HNF1A antibody and anti-ERK antibody. B, Spot densitometry for 
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quantification of HNF1A protein.  ERK was used as an internal control. Results shown are the mean ± SD 

of repeated independent experiments. n=2.  

HNF-1A and HNF1B act as homodimers or heterodimers. Therefore, even small amounts of the 

variant isoforms could modify the tightly regulated feedback circuit between these two. To 

determine if the G319S variant may impact expression of HNF1B as a part of an autoregulatory 

network, Western Blot was done to quantify amount of HNF1B in three different Min6 cell lines, 

WT non-manipulated, WT manipulated, and G319S Variant. As it is shown in Figure 14, the 

amount of HNF1B detected on Western Blot in G319S variant was higher than wild type cell lines.  

 

 

 

 

 

 

 

 

Figure 14. Immunoblot analysis of three different Min6 cell lines for detection of HNF1B protein. 

Expression of HNF1B protein is changed in Min6G319S variant compared to wild type cell lines. n=1 
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4.1.3. HT-29 is the only cell line expressing HNF1A protein among 5 different cell lines evaluated 
 

As described in sections 3.2.2 and 4.1.1, 10 µg of the whole cell lysates of colon adenocarcinoma 

cell lines including HT-29, HCT116, RKO, SW480 as well as normal colon epithelium CCD841 cell 

line was loaded to perform Western Blot analyses of HNF1A protein levels. The human embryonic 

kidney HEK293T cell line and Min6 cell line were used as negative and positive controls, 

respectively. HNF1A protein could be detected only in HT29 cell line in immunoblats (Figure 15).  

 

 

 

 

 

 

Figure 15. HNF1A protein detected by immunoblotting of cell lysates of HT-29, HCT116, RKO, 

SW480, CCD841, HEK293T, and Min6 cell lines using anti-HNF1A antibody and anti-ERK antibody. 

ERK was used as an internal control.  
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4.2. HNF1A sense and antisense RNA measurements 

4.2.1. Designed primers for mouse and human cell lines 
 

Primers for hnf1a, hnf1aos1, HNF1A, and HNF1A-AS were designed as described in section 3.3.2. 

Primer location of hnf1a, hnf1aos1, HNF1A, and HNF1A-AS are shown in Figure 16.  

 

 

Figure 16. Primer location of A, hnf1a gene and B, hnf1aos1 gene in UCSC Genome Browser 

(GRCm38/mm10) Assembly, C, HNF1A-AS gene, D, HNF1A gene, E, longest transcript of HNF1A-

AS gene in UCSC Genome Browser (GRCh38/hg38) Assembly. The red circle and lines show the 

exact location of the amplicon.  
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4.2.2. Hnf1A and Hnf1aos1 expression levels in mouse pancreatic beta cells (Min6) 
 

Whole cell RNA isolation was done using RNeasy Plus Mini Kit (Cat#74134, Qiagen, Germany) as 

described in section 3.3.1. The RNA concentration and purity based on the A260/A280 and 

A260/A230 ratio were measured, and 0.8 µg of isolated RNA was used for RT-qPCR. As shown in 

Figure 17, Min6G319S cell line express more sense (hnf1a) and antisense (hnf1aos1) compared to 

Min6WT.  

 

 

Figure 17. Analysis of relative expression of sense and antisense RNA for hnf1a in mouse 

pancreatic beta cells (Min6). A, Relative expression of hnf1a RNA in mouse pancreatic beta cells 

Min6 wild type and variant (G319S). B, Relative expression of hnf1os1 RNA in mouse pancreatic 

beta cells Min6 wild type and variant (G319S). All the experiments were repeated three times. 

All RNA expressions are examined by RT-qPCR and normalized to GAPDH expression. n=3. Paired 

T-Test, ***= P<0.001 **** = P<0.0001 
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4.2.3. HNF1A and HNF1A-AS expression levels in colon cell lines  
 

The same procedures explained in section 4.2.2 were done for colon cell lines except the amount 

of RNA used for RT-qPCR was increased to 1 µg. All evaluated cell lines expressed HNF1A RNA. 

However, HNF1A-AS was detected only in HT-29, SW480, and HCT116 cell lines (Figure 18). Based 

on the location of the primers (C, E) (Figure 16), approximately 20% of the total HNF1A-AS 

detected in RT-qPCR  in HT29 cell line were long transcripts.    

 

Figure 18. Analysis of HNF1A RNA and HNF1A-AS1 RNA expression in different human colon cell 

lines. A, Relative expression of HNF1A RNA in four colon cancer cell lines and normal epithelial 

colon cell line (CCD841). B, Relative expression of HNF1A-AS1 RNA in four colon cancer cell lines 
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and normal epithelial colon cell line (CCD841). All experiments were repeated five times. All RNA 

expressions are examined by RT-qPCR and normalized to GAPDH expression. 

4.3. Cellular distribution of HNF1A protein and HNF1A sense and antisense RNA 

4.3.1 Cellular distribution of RNA and protein using the TNM buffer 
 

For two reasons, it was planned to switch to other methods for fractionation. First, at least 20×106 

fresh cultured cells were needed for each experiment. Considering the number of experiments 

and cell duplication time for some cell lines such as Min6 cells, it would take months to keep cells 

in culture. Second, after doing RT-qPCR and normalization to GAPDH expression, HNF1A-AS1 was 

detected mostly in cytoplasmic fraction which was not our expectation. Therefore, after a 

literature review, the Paris kit that was selected for fractionation (Y. Wu et al., 2015) (Chen et al., 

2020).    

4.3.2 Cellular distribution of RNA and protein using the Paris Kit 
 

The Ambion® PARIS™ (Protein and RNA Isolation System) kit (Cat#AM1921, Thermo Fisher 

Scientific) was used for the isolation of both RNA and native protein from freshly cultured 

mammalian and mouse cells in the same experimental sample as per manufacturer’s 

instructions. Flowchart and overview of fractionation are shown in Figure 11 and explained in 

section 3.4.2. Fractionation of protein using Paris Kit using 10µg of the according lysate for each 

cell line is shown in Figure 19. HNF1A mostly showed nuclear distribution in A549 and HT-29 cell 

lines. HDAC2 as a nuclear marker was observed on the cytoplasmic portion as well (panel A, B). 

The a-tubulin and H3 bands in panel B in the figure indicated cellular distribution of the markers 

is according to their expected location. However, the intensity of the bands observed was weak.  
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GAPDH, HDAC2, SP1 were observed in the cytoplasm and nucleus in HT-29 cell line (panel B).  In 

Min6 cells HNF1A was detected mostly in the cytoplasm and loss of lysate through the step is 

shown based on the strength of the detected bands. The amount of loss of sample was calculated 

and shown in next steps. 

 

  

  

  

 

 

 

   

   

Figure 19. The purity of subcellular fractions from fresh lysates in immunoblot analysis of the 

subcellular fractionation of three different cell lines using Paris Kit. In all lanes and cell lines the 

same amount of protein (10µg) was loaded. Antibodies against alpha tubulin and GAPDH were 

used as cytosolic markers. AntiHDAC2, anti-H3, and anti-SP1 were used as nuclear markers in 

fractions.  A, in A549 cell line. Immunoblot analyses of cellular fractions show HNF1A protein and 

HDAC2 mostly detected in the nuclear fraction. Hence, we observe HDAC2 in the cytoplasm as 

well. B, in HT-29 cell line.  Fractionation shows HNF1A protein and HDAC2 mostly in the nucleus 
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as well and we observe the nuclear markers in the cytoplasm too. C, in Min6 cells HNF1A was 

detected mostly in the cytoplasm and loss of lysate through the step is shown based on the 

strength of the detected bands. White lines indicate where parts of the same blot were cut and 

then reassembled for presentation.  

4.3.3 Cellular fractionation of RNA and protein using NE-PER™ (Nuclear and Cytoplasmic 

Extraction Reagents) kit 
 

The NE-PER™ (Nuclear and Cytoplasmic Extraction Reagents) kit (Cat# 78833, Thermo Fisher 

Scientific) was used for to separate cytoplasmic and nuclear protein fractions from fresh (not 

frozen) cells. As there was no information in using the kit to determine the cellular distribution 

of RNA, we tried to extract RNA from the samples as well. HT-29 cells (10 × 106) were fractionated 

using the reagent volumes indicated in Table 7. Extraction of RNA failed using this kit. The results 

of protein extraction are shown in Figure 20. HNF1A protein and SP1 were mostly nuclear and 

GAPDH was cytoplasmic as it is expected but there is a leakage of HDAC2 to the cytoplasm. 

Another issue with this fractionation was the bands which are expected to be augmented in 

fractions, but they are not. It may be indicative of loss of sample through the process of 

fractionation. 
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Figure 20. Fractionation of protein using NE-PER™ (Nuclear and Cytoplasmic Extraction Reagents) 

kit with HT-29 cells. The same amount of protein (10µg) was loaded in all lanes.  

 

4.3.4 Cellular fractionation of RNA and protein using our newly developed protocol 
 

It was necessary to develop a protocol to improve recovery of input during the separation process 

and make the fractionation as precise as it is possible. To this end, we developed a protocol based 

on the previous experience in the lab and optimized it for each cell line. Nuclear pellets from the 

nuclear extraction were also collected to evaluate if any remnant of the HNF1A exist in it. As we 

illustrated by the presence of HDAC2 in the cytoplasmic fraction in other methods, we decided 

to examine three different percentages of 0.25%, 0.5% and 1% (v/v) to assess leakage from the 

nuclei as well. The protocol is explained in section 3.4.3 and results of the fractionation using this 
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method are shown in Figure 21. The blue box shows that the portion of HNF1A is lost through 

the process of recovery can be detected in nuclear debris. For HT-29 cell line, there was no 

difference among different percentages of NP40 regarding fractionation results in Western Blot. 

 

 

 

 

 

 

 

 

 

Figure 21. Fractionation of protein using our newly developed protocol in HT-29 cell line. Protein 

loaded was 20 µg in all experiments using the same antibody and the same exposure time (60 

sec).  
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The same protocol was done for A549 cell line as well to evaluate if the protocol works on this 

cell line as well. Figure 22 shows the results.  For A549 cell line, there was no difference among 

different percentages of NP40 regarding fractionation results in Western Blot. 

 

 

 

 

 

 

 

 

Figure 22. Fractionation of protein using our newly developed protocol in A549 cell line. Protein 

loaded was 20 µg in all experiments using the same antibody and the same exposure time (60 

sec).  
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The protocol was done on Min6 G319 cell line as well. Results are shown in Figure 23. For Min6 

G319 cell line, there was a difference among different percentages of NP40 regarding 

fractionation results in Western Blot. The higher concentration of NP40 resulted in better 

extraction of nuclear protein in Western Blot. 

 

 

 

 

 

 

 

Figure 23. Fractionation of protein using our newly developed protocol in Min6 G319 cell line. 

Protein loaded was 20 µg in all experiments using the same antibody and the same exposure time 

(60 sec).  
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4.3.5. Recovery of input by different methods of cellular fractionation 
 

Based on the amount of protein measured using BCA assay in the whole lysate and in each 

fraction knowing the volumes and concentration of protein in the different fractions, maximum 

percentages of input recovered in different fractionation methods for HT-29 cell line were 

calculated. Results are shown in Figure 24.  

 

Figure 24. Maximum percentages of input recovered in different fractionation methods. Total 

number of the cells, concentration of protein and the volumes used for each experiment were 

recorded. Then, the total amount of protein extracted (mg/ml) from 1million cells in 100 µl 

volume was calculated. The number for whole lysate (T) was divided to the added cytoplasmic 

(C) and nuclear (N) numbers and multiplied to 100 [(T/C+N)*100]. In our developed protocol we 

could improve recovery of input up to 99%.   
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Cellular distribution of RNAs of interest are shown in Figure 25. RNA was prepared from the total, 

cytoplasmic and nuclear fractions of HT-29, A549, and Min6G319S cell lines and quantified by RT–

qPCR as explained in sections 3.3.3 and 3.4.3. RNA used for reverse transcription was 1 µg for HT-

29 and A546 cell lines and 0.8µg for Min6G319S cell line. The predominantly nuclear localization of 

HNF1A-AS RNA in HT-29 cell line (Figure 25 A) and Min6G319S cell line (Figure 25 C) was shown 

while in A549 cell line (Figure 25 B) it was determined mostly in the cytoplasm.  

 

Figure 25. Expression of HNF1A protein and HNF1A-AS in subcellular compartments. The 

nuclear/cytoplasmic ratios of the indicated RNA levels were normalized to that of total cell lysate. 

GAPDH fits as a positive control of predominantly cytoplasmic genes. n=3. The immunoblots 

shown in this Figure are taken from immunoblots in Figures 21, 22, 23.  
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4.4. Triplex domain finder (TDF) 
 

As it is illustrated in Figure 9, TDF identifies triple helices on target and non-target (background) 

promoters based on the biochemical rules for hydrogen bonds and matching codes which is 

explained in section 3.51. TDF finds regions with contiguous TFOs that will be defined as DBDs. 

Then, applying Fisher exact test TDF evaluated the binding potential for each DBD. It detected 

one enriched DBD in longest transcript of HNF1A-AS located in the region 28-50 (Figure 26) and 

three enriched DBD in the shortest transcript of HNF1A-AS located in the regions 60-94, 103-196 

and 461-495 (Figure 27). To calculate the Z score, which shows the potential of binding of the 

DBD to the DNA, TDF uses three variables: X which is number of target regions having at least 

one TTS, µ which represents average number of random regions with at least one TTS, and Ơ 

which is standard deviation of numbers of regions with TTS from each randomization.  The higher 

Z-score represents the higher potential for binding to the DNA.  
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Figure 26. TDF detects an enriched DBD on the longest transcript of HNF1A-AS. A, TDF shows the 

presence of the domains that were predicted to form a triplex in the promoter of the genes. The 

blue color represents the number of TTSs in each domain. B, The enriched domain based on 

Fisher exact test. C, A total of 691 target regions with TTS have been detected on the DNA for the 

longest transcript of HNF1A-AS. Region highlighted in gray represents significant DBD. TTS stands 

for triplex target DNA site. TTS coverage is the proportion of the region that has potential to form 

triple helices with the HNF1A-AS. 
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Figure 27. TDF detects three enriched DBD on the shortest transcript of HNF1A-AS. A, TDF shows 

the presence of the domains that were predicted to form a triplex in the promoter of the genes. 

The blue color represents the number of TTSs in each domain. B, The statistically enriched 

domains based on Fisher exact test. C, A total of 4843 target regions with TTS has been detected 

on the DNA for the shortest transcript of HNF1A-AS. Regions highlighted in gray represent 

significant DBDs. 
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The next step after evaluating the potential DBDs was to perform a combined ranking of the 

target genes based on the number of TTSs, normalized TTSs which were defined as the number 

of the TTSs to the length of TTS, and coverage of TTSs. According to this combined ranking, target 

genes on the DNA are ranked for the longest and the shortest transcript of the HNF1A-AS on each 

chromosome. The longest transcript of HNF1A-AS had the potential to just form triplexes on 

chromosome 19 and all its 691 target genes were located on this chromosome.  

The summarized process of analyzing the target genes for HT-29 cell line is shown in Figure 28.  
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Total target regions based on TDF results 

 (34643 target genes) 

Target regions with TTS (triplex target site) 

(5534 target genes) 

5534 Targets were ranked based on TTS count, TTS normalization and TTS coverage 

Total of genes ranked less than 10 on each chromosome 

(88 genes) 

Genes expressed in HT-29 cells* 

(16 genes) 

Expressed genes with DNase I hypersensitive region in HT-29 cells** 

7 genes 

ADGRE5, ZNRF4, CASZ1, PDE2A, VSIG10, LAMA5, BID, Chr19: 5404170-5404299 

 

Figure 28. Summarized step by step analysis of the target regions for HNF1A-AS.  

*https://www.encodeproject.org/experiments/ENCSR971GPJ/ 

**https://www.encodeproject.org/experiments/ENCSR814KRX/ 
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To explain the aforementioned steps, the top ranked target regions and possible associated 

genes for the longest transcript of HNF1A-AS are shown in Figure 29.  DDX39A was ranked as the 

first possible target according to the combined ranking with sum of ranks of 2. Sequence for this 

region is shown in Figure 30. However, the potential binding site for the HNF1A-AS was in intron 

3 of the nearby ADGRE5 gene (Figure 31).  
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Figure 29. Combined ranking of target regions and possible associated gene for enriched DBD of 

longest transcripts of HNF1A-AS on the chromosome 19. The genes with sum of rank of less than 

10 (red box) are included in next analysis steps. The sequences were referenced against the 

GRCh38/hg38 assembly.  
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Figure 30. TFOs on the HNF1A-AS and target regions on the DNA (TTS) along with the sequences 

for top ranked target of the longest transcript of HNF1A-AS.  
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Figure 31. The HNF1A-AS could potentially form a triplex in exon 3 of the ADGRE5 gene. 

 

The target region with no associated gene (chr19: 5404170-5404299) in Figure 29 was a cis-

regulatory element with high H3K27ac mark and high CTCF (distal to a transcription start site) in 

HT-29 cell line. The nearest protein coding gene to this region were PTPRS, ZNRF4, SAFB2 (Figure 

32). The target region also had a DNase I hypersensitive site (Figure 33). This nucleosome-free 

region may facilitate the formation of a triplex. The transcription factor which binds to this 

neighborhood was RB1.  
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Figure 32. According to UCSC genome browser (GRCh38/hg38) the chr19: 5404170-5404299 is 

located in a cis-Regulatory Element region in HT-29 cell line.  

 

 

Figure 33. An HNF1A-AS triplex could potentially form in the region chr19: 5404170-5404299. 

There is a DNase I hypersensitive site in this region in HT-29 cells. 
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The same combined ranking has been done for the target regions of shortest transcript of HNF1A-

AS. This transcript potentially form triplex in all chromosomes. Top ranked target regions for the 

shortest transcript of HNF1A-AS on the chromosome 19 are shown in Figure 34. The first top 

ranked target region was the same as the longest transcript of HNF1A-AS.  

 

Figure 34. Combined ranking of target regions and possible associated gene for enriched DBDs of 

the shortest transcripts of HNF1A-AS on the chromosome 19. The genes with sum of rank of less 

than 10 (red box) are included in next analysis steps. 

 

Other target regions and possible associated gene for enriched DBDs of the shortest transcripts 

of HNF1A-AS on the other chromosomes are summarized in the Table 10. Genes that are 

expressed in HT-29 cell lines are shown in bold.  
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Table 10. Targets of HNF1A-AS predicted by TDF. 

Target region Gene  TTS 

counts 

Normalized 

TTS 

TTS 

coverage 

Sum 

of 

Ranks 

chr1:53502728-53502857 none 5 38.76 0.43 3 

chr1:94396525-94396554 RP11-148B18.4 1 34.48 0.59 4 

chr1:237670244-237670523 RYR2 10 35.84 0.19 9 

chr1:10699884-10700033 CASZ1 3 20.13 0.24 10 

chr2:42841738-42841808 AC098824.6 2 28.57 0.24 4 

chr2:105129863-105129932 UTAT33,AC104655.3 2 28.99 0.22 5 

chr2:72189721-72189882 AC006461.2 3 18.63 0.22 10 

chr3:10992415-10992564 SLC6A1 7 46.98 0.38 3 

chr3:50374193-50374462 CACNA2D2 7 26.02 0.41 3 

chr3:100797535-100797586 ABI3BP 1 19.61 0.29 7 

chr3:113677914-113678063 USF3 3 20.13 0.22 7 

chr4:190016077-190016111 DUX4L9 1 29.41 0.50 2 

chr4:118194269-118194338 FKBP4P1,NDST3 2 28.99 0.26 4 

chr4:78343410-78343519 FRAS1 2 18.35 0.24 6 

chr4:12116674-12116742 none 1 14.71 0.22 9 

chr5:61731224-61732565 C5orf64 38 28.34 0.24 4 

chr5:88684844-88684993 LINC00461 4 26.85 0.38 4 

chr5:133284540-133284578 FSTL4 1 26.32 0.45 4 

chr5:77155001-77155200 ZBED3-AS1 4 20.10 0.21 9 

chr5:108993333-108993684 FER 9 25.64 0.18 10 

chr6:104533576-104534011 none 8 18.39 0.17 3 

chr6:41371403-41371472 RP1-149M18.4 1 14.49 0.22 3 

chr6:151299466-151299615 AKAP12 2 13.42 0.15 9 

chr6:33834384-33834533 MLN,LINC01016 2 13.42 0.15 9 
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chr7:155509446-155509595 CNPY1 4 26.85 0.31 2 

chr7:4807830-4807979 RADIL 3 20.13 0.23 7 

chr7:155324111-155324200 AC008060.7 2 22.47 0.21 7 

chr7:20417378-20417527 SNORD56 3 20.13 0.22 8 

chr7:445804-446013 HRAT92 3 14.35 0.24 9 

chr8:10379491-10379680 MSRA 3 15.87 0.14 4 

chr8:37179943-37180072 AC068207.1 2 15.50 0.19 4 

chr8:21788849-21788998 GFRA2 2 13.42 0.24 5 

chr8:4496519-4496668 CSMD1 2 13.42 0.13 8 

chr9:82333746-82333803 RP11-15B24.5 3 52.63 0.30 2 

chr9:127589202-127589351 none 2 13.42 0.19 9 

chr10:126843027-126843061 SNORD60,DOCK1 1 29.41 0.44 2 

chr10:17013201-17013600 none 11 27.57 0.26 4 

chr10:69914485-69914594 COL13A1 2 18.35 0.20 9 

chr10:71609284-71609453 CDH23 4 23.67 0.14 9 

chr10:127939801-127940200 PTPRE 6 15.04 0.20 10 

chr11:72674417-72674546 PDE2A 5 38.76 0.37 5 

chr11:66279170-66279209 RP11-867G23.3 1 25.64 0.38 6 

chr11:82682299-82682488 FAM181B 6 31.75 0.27 9 

chr11:40734968-40735012 LRRC4C 1 22.73 0.34 9 

chr12:70920601-70920630 PTPRR 1 34.48 0.52 2 

chr12:118098200-118098600 VSIG10 10 25.00 0.43 4 

chr12:117361316-117361445 NOS1 3 23.26 0.25 6 

chr12:111034597-111034786 CUX2 4 21.16 0.19 8 

chr13:65768769-65768918 AL354775.1 2 13.42 0.13 4 

chr13:100502801-100503000 PCCA 3 15.08 0.12 5 

chr13:42803998-42804110 LINC00428 1 8.93 0.13 5 

chr13:85608426-85608675 RNU6-72P 2 8.03 0.12 8 
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chr14:95125119-95125614 DICER1 8 16.16 0.15 4 

chr14:77637598-77637687 ALKBH1 1 11.24 0.17 9 

chr14:74682658-74682807 none 2 13.42 0.15 10 

chr14:57865483-57865572 SLC35F4 1 11.24 0.16 10 

chr15:41689201-41689400 MGA 7 35.18 0.43 2 

chr15:72325030-72325094 RP11-106M3.3 1 15.63 0.27 6 

chr15:33737820-33737969 RYR3 3 20.13 0.21 7 

chr15:88156444-88156510 NTRK3 1 15.15 0.23 9 

chr16:66417138-66417203 LINC00920, BEAN1 1 15.38 0.31 5 

chr16:50470150-50470251 none 2 19.80 0.18 8 

chr16:67652838-67652907 ENKD1 1 14.49 0.22 8 

chr16:49408010-49408199 ZNF423 4 21.16 0.16 10 

chr17:78438417-78438459 DNAH17 2 47.62 0.50 2 

chr17:6491041-6491110 PITPNM3 2 28.99 0.43 4 

chr17:29401383-29401532 RP11-296K13.4 4 26.85 0.23 7 

chr17:76840747-76841125 none 7 18.52 0.25 8 

chr18:79420221-79420350 NFATC1,RP11-196B3.1 5 38.76 0.42 2 

chr18:23235917-23236026 CABLES1 1 9.17 0.14 5 

chr18:74265217-74265329 CYB5A 1 8.93 0.13 8 

chr18:37553858-37553967 CELF4 1 9.17 0.13 8 

chr20:58515802-58516199 APCDD1L-AS1,APCDD1L 15 37.78 0.42 3 

chr20:62321185-62321234 LAMA5 2 40.82 0.39 3 

chr20:46111001-46111999 CDH22 28 28.06 0.28 6 

chr20:46312382-46312511 CDH22, SLC35C2 3 23.26 0.26 8 

chr21:40840765-40840953 DSCAM 3 15.96 0.18 2 

chr21:46143127-46145001 AP001468.58 23 12.27 0.14 4 

chr22:41915057-41915226 SHISA8 4 23.67 0.12 3 

chr22:20110618-20110767 RANBP1 2 13.42 0.13 5 
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chr22:20793273-20793422 PI4KA 2 13.42 0.12 10 

chr22:17754375-17754524 BID 2 13.42 0.12 10 

chrX:249801-251865 GTPBP6 60 29.07 0.38 3 

chrX:40772554-40772617 MKRN4P 2 31.75 0.30 4 

chrX:94602-95400 none 23 28.82 0.33 5 

chrX:19373103-19373292 MAP3K15 5 26.46 0.20 8 

chr Y: 10181421 - 10184427 PCMTD1P1, CDC27P2 149 49.57 0.23 4 

Genes that are expressed in HT-29 cell lines are shown in bold. 

 

As potential targets of the HNF1A-AS in HT-29 cells, we determined whether genes that were 

expressed in HT-29 cells had a DNase I hypersensitive site where the triplex could form (Figure 

35). Expressed genes with a DNase I hypersensitive region in HT-29 cells were CASZ1, PDE2A, 

VSIG10, LAMA5, and BID.  

The target region in the CASZ1 gene was in intron 3 (Figure 35). As indicated by the vertical arrow, 

there was a DNase I hypersensitive site in intron 3 which could facilitate the formation of a triplex. 

The target region in PDE2A gene was in the promoter region of this gene. For the VSIG10 gene, 

the target was in intron 1, which had a DNase I hypersensitive site in HT-29 cells where a triplex 

could form. The target sites for the BID and LAMA5 where in intron 1 and 2, respectively, and 

both genes in HT-29 cells had a DNase I hypersensitive site at the target region. However, of the 

five genes characterized, the DNase I hypersensitive site in intron 2 of the LAMA5 gene was the 

most intense. 
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Figure 35. The target site in the CASZ1, PDE2A, VSIG10, BID, and LAMA5 genes in HT-29 is 

indicated by vertical arrow. For comparison, the genes in HCT116 and HepG2 cells are shown. 

 

As the target regions can be analysed based on the TTS coverage, the cutoff of 0.10 was 

considered to compare the target regions for the shortest and the longest transcripts of HNF1A-

AS on chromosome 19. There were 4 and 44 target regions with TTS coverage of more than 0.10 

for the longest and shortest transcript of HNF1A-AS, respectively. The online tool of 

Networkanalyst.ca was used for enrichment analysis of these regions (Figure 36). As shown in 

the Figure 36, B cell receptor signaling pathway, glutamergic synapse, calcium signaling pathway, 

mannose type o-glycan biosynthesis and regulation of actin cytoskeleton are biologic pathways 

which were significantly different between the two transcripts.  
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Figure 36. Functional enrichment analysis using Networkanalyst.ca of the target regions of 

longest and shortest transcript of the HNF1A-AS. A, indicates the size of the nodes and the 

connections. B, statistically analysis of the two networks.  
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4.5. RNA immunoprecipitation (RIP)  
 

Before starting the RIP analyses, Western Blot analyses were done on the cell lines (HT-29, RKO, 

HCT116, SW480, CCD841, Min6WT, Min6G319S) to evaluate the presence of the EZH2 and SUZ12 in 

the cells. Figure 37 shows that all the cells express EZH2 and SUZ12 proteins. However, this 

immunoblot was done once and the whole cell lysates that have been used for Min6WT and 

Min6G319S were not fresh. Therefore, there is a concern in this blot regarding the degradation of 

the proteins that might affects the blot results. 

 

 

 

 

 

Figure 37. Western Blot analyses of cell lines for EZH2 and SUZ12. The same amount of whole cell 

lysate (50 µg) was loaded in all lanes and columns (EZH2: Cell Signaling, Rabbit monoclonal 

(cat#5246), SUZ12: ABCAM, Rabbit polyclonal (cat#12073).  
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After nuclear extraction explained in section 3.6.1 in HT-29 cell line, the next step was done as 

explained in section 3.6.2. Then RT-qPCR was done as described in section 3.6.3. Results of IP and 

RT-qPCR upon RIP are shown in Figure 38. There is enrichment of HNF1A-AS in the 

immunoprecipitation of EZH2 compared to IgG.   

 

 

 

 

 

Figure 38. Results of the RIP on HT-29 cell line for EZH2 along with HN1A-AS fold enrichment. A, 

RIP-Western Blot displaying identification of target protein (EZH2). Bar graph indicating the RT-

qPCR results upon RIP for EZH2 and IgG, along with enrichment of HNF1A-AS. RIP lysate prepared 
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from HT-29 cells (1x106cell equivalents per IP) were subjected to immunoprecipitation using 5 

µg of either a normal mouse IgG or anti-EZH2 antibody, n=2.  

4.6. Anchorage independent growth assay 
 

Anchorage independent assays were done as described in section 3.7 to evaluate tumorigenicity 

of the cell lines regarding their growth and survival without anchorage to the extracellular matrix. 

The number of cells needed for the experiment was optimized. Then the HT-29 and RKO cell lines 

were grown in a layer of soft agar. After 4 weeks, the plates were stained with Crystal Violet. The 

plate was placed back in incubator for more than 1 hour. All plates were inspected and 

photographed under the microscope, and colonies were counted using ImageJ software. Both 

cell lines formed colonies in all treated [5 µM and 10 µM concentration of EZH2inhibitor (GSK343) 

and 5 µM MSK inhibitor (SB747651A)] and non-treated wells (Figure 39, 40). The treatments were 

chosen to evaluate dependency of the cell lines on EZH2 and MSK for survival in an anchorage 

independent situation. The concentration for MSK inhibitor was chosen based on previous 

experiments were done in the lab on breast cancer cell lines by Ifelowa Adewumi. The 

concentrations for EZH2i were chosen according to MSK inhibitor experiments. HT-29 cells 

formed significantly less colonies when compared to RKO cells in 10 µM EZH2inhibitor (GSK343). 

The effect of the inhibitors on the number and size of the colonies in 5 µM concentration of 

EZH2inhibitor (GSK343) and 5 µM MSK inhibitor (SB747651A) was greater in HT-29 cell line 

compared to RKO, yet this difference was not statistically significant (Figure 41). 
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Figure 39. Anchorage independent growth assay of HT-29 cell line expressing HNF1A-AS. Both 

inhibitors and all concentrations significantly affected the number of colonies. Values are the 

mean of two independent experiments, and the error bars represent the standard error of mean. 

***= P<0.001 ** = P<0.01, * = P<0.05. 
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Figure 40. Anchorage independent growth assay of RKO cell line not expressing HNF1A-AS. Both 

inhibitors and all concentrations significantly affected the number of colonies. Values are the 

mean of two independent experiments, and the error bars represent the standard error of mean. 

***= P<0.001 ** = P<0.01, * = P<0.05. 
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Figure 41. Soft agar colony formation assay of HT-29-expressing HNF1-AS and RKO as non-

expressing cells. HT-29 cells formed significantly less colonies when compared to RKO cells in 

10µM EZH2i (GSK343). Values are the mean of two independent experiments, and the error bars 

represent the standard error of mean. ***= P<0.001 ** = P<0.01, * = P<0.05. 
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5. Discussion 

5.1. Hnf1a protein, Hnf1a sense, and antisense RNA measurements in mouse 
 

Our results suggest that the quantity of HNF1A (G319S) variant (HNF1AG319S) protein was the 

same as the quantity of HNF1A wild type protein in mouse pancreatic beta cells (Min6). It might 

mean protein stability was not affected in variant protein; however, this would have to be tested 

experimentally using methods such as Differential Scanning Calorimetry (DSC) or Circular 

Dichroism (CD) Spectroscopy. In both this study and previously published Triggs-Raine et al.’s 

study, the steady-state level of the protein has been evaluated in transfected HeLa cells and 

showed similar results (Triggs-Raine et al., 2002).  

As the protein concentration in steady-state cell population may fluctuate under different growth 

conditions (Vogel & Marcotte, 2012), we examined the effect of growth conditions such as the 

number of the cells cultured on the steady-state level of the protein. Results illustrated that the 

confluency of the cells did not affect the level of protein in both HNF1AG319S and HNF1A wild-type 

mouse pancreatic beta cells (Min6). 

Since DNA binding of HNF1AG319S was not compromised when compared to HNF1A wild-type 

(Triggs-Raine et al., 2002)(Triggs-Raine et al., 2002)(Triggs-Raine et al., 2002), but the co-activator 

activity of the transcription factor is decreased in the HNF1A (G319S) variant (HNF1AG319S) 

protein, it was thought that Hnf1a and Hnf1aos1 expression levels in mouse pancreatic beta cells 

(Min6) would be compromised and possibly decreased. In contrast, RT-qPCR results illustrated 

that Hnf1a and Hnf1aos1 expression levels were increased in the HNF1A (G319S) variant 

(HNF1AG319S) expressing cells compared to the wild type. The results might suggest that the 
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presence of the variant HNF1AG319S does not alter the transcriptional output of the Hnf1a gene. 

However, this needs to be further studied.  

The same amount of HNF1A protein in both HNF1AG319S and HNF1A wild type mouse pancreatic 

beta cells (Min6) while HNF1AG319S expresses higher levels for Hnf1a might be due to a disconnect 

between transcript/protein levels or a change in the abundance or modification of other 

transcription factors.  

Translational, post-transcriptional, and degradation regulations could impact the correlation 

between expression levels of protein and RNA. Transcriptome and proteome studies observed 

overall a low correlation between these two (Perl et al., 2017) regulation such as RNA 

degradation or decreased transportation to the cytoplasm (Vogel & Marcotte, 2012).  

Additionally, we did not measure the absolute concentration of the protein. Therefore, the 

amount of protein per unit (cell) or in a subpopulation of the cells is unclear. Since HNF1AG319S 

cells are heterozygous variants which means both wild type and variant are expressed in the cell, 

it is not clear that the measured relative concentration of proteins in our study is representative 

of which type of the cells. The same situation could be applied for a steady-state of RNA 

expression that shows the cell population average. There might be a subtype of the cells with 

different gene expression profiles (Abel et al., 2018; Takashima et al., 2018).  

On the other hand, evolution-wise protein abundances are more conserved than the levels of the 

corresponding RNAs (Vogel & Marcotte, 2012). Therefore, the divergence of RNA levels of 

conserved genes such as Hnf1a might be compensated through alteration of post-transcriptional, 
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translational, and protein-degradational regulation and maintaining protein abundances at 

constant levels. 

The disconnect between Hnf1a transcript and HNF1A protein levels in the wild type and variant 

expressing cells might be due to a faster turnover rate in variant HNF1A has than the wild type.  

This could explain why the variant protein is lower than expected based on the transcript level. 

Some alternate mRNA processing events might degrade the high amount of Hnf1a transcript in 

HNF1A (G319S) variant (HNF1AG319S).   

Another possibility is that cellular backgrounds on Min6 cells lines have changed such that Hnf1a 

and Hnf1aos1 transcripts are more stable in variant cell line. The cellular background levels may 

alter the stability of the HNF1A protein in the cell lines as well. Studies to determine the turnover 

of the HNF1A protein would be required to find this out. As information around these genetically 

edited cell lines is unpublished, it might be reasonable to re-sequence the cell lines to know the 

exact sequence in our target site. G319S is very close to the splicing site and it needs to be 

confirmed that sequence of the cells is not compromised by the CRISPR-Cas9.  

The Hnf1a transcript in the two cell backgrounds may have different translational efficiencies. 

There may be an RNA binding protein or a microRNA that reduces the association of the Hnf1a 

transcript with the ribosome in the Min6 variant expressing cells. Therefore, the level of protein 

would be the same in HNF1A (G319S) variant (HNF1AG319S) despite the higher levels of RNA 

transcripts compared to wild type.  
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In our studies, we determined Hnf1a and hnf1aos1 transcript levels by RT-qPCR analyses of total 

cellular RNA. To determine the transcriptional activity of these genes, we would need to do a 

nuclear run-on assay such as GRO-seq. 

In HepG2 cells, there are H3K4me3, H3K27ac, and DNase sites at the promoter of the HNF1A and  

HNF1A-AS genes which reside in the first intron of the HNF1A gene. There is also a putative 

enhancer which has H3K4me1, H3K27ac and a DNase site in the first intron of the HNF1A gene. 

Transcription factors, HNF1A, FOXA1 and ELF3 are among the transcription factors binding to the 

DNase I sites (Figure 42). There may be change in the abundance or modification of these and 

other transcription factors that increase the expression of the Hnf1a and Hnf1aos1 gene in the 

variant expressing MIN6 cells. This could be determined by doing immunoblot analyses to 

determine the amount of the transcription factor present in the wild type and variant expressing 

cell and by doing ChIP assays to determine the occupancy of the transcription factor at the 

promoters and putative enhancers in the Hnf1a gene. Possibly the expression of variant Hnf1a 

alters the expression of transcription factors that regulate the transcription of Hnf1a. 
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Figure 42. Features of the HNF1A gene in HepG2 cells. The blue three vertical show the position 

of the transcription start sites for HNF1A and HNF1A-AS. The red vertical arrow shows the 

position of a putative enhancer (Consortium, 2012) (Davis et al., 2018). Red box shows the 

overlap of the sequences in the shortest and longest transcript.  

 

However, the HNF1A gene produces isoforms of RNA that are species-specific and tissue-specific. 

Therefore, findings on human cell lines might not be easily generalized to the mouse. The variable 

level of tissue expression between species possibly will describe the reason for different 

phenotypes apparent in HNF1A gene knockout animal models as well as those detected in 
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HNF1A-MODY, the renal cysts and diabetes (RCAD) syndrome, and HNF4A-MODY patients. 

Homozygous mutations in the germlines of the HNF1A, HNF1B, or HNF4A genes have not been 

shown in humans; therefore, their associated phenotypes appear in heterozygous state in 

human. Glycolytic signaling or renal glucose reabsorption in mice carrying just one defective copy 

of the Hnf1a or Hnf4a gene are not compromised while in human counterparts it might show 

defects. Likewise, the response to glucose tolerance test and insulin sensitivity in mice and 

humans are different. One of the possible causes might be the differences in the amount needed 

from products of each gene for full function in different species (Harries et al., 2009). 

HNF1A, HNF1B, and HNF4A transcription factors are in a determinedly controlled feedback circuit 

in most tissues in humans, mice, and rats. The exact nature of co-operative regulation might vary 

among different tissues. Thus, even understated changes in the relative activity of any of these 

three genes might impact the whole network activity profoundly (Harries et al., 2009). It has been 

shown that in an HNF1A homozygous deficient mouse, there will be no developmental 

impairment, and all of the HNF1A target genes will have detectable mRNA levels. However, 

transcript level of some of the target genes will be decreased. That implies the concerted action 

of different transcription factors in the expression of hepatic-specific genes (Pontoglio et al., 

1996). The observation about higher detectable amount of HNF1B protein in HNF1A (G319S) 

variant (HNF1AG319S) compared to manipulated and non-manipulated wild type might be due to 

the feedback circuit between HNF1A and HNF1B. 

The fact that the Min6 cell line is derived from a mouse insulinoma could not be an explanation 

for the higher expression level of Hnf1aos1 in variant cell line as the wild-type cell line is derived 

from the same tumoral situation and expression level of the RNA in these cells is not increased.  



108 
 

Similarly, high passage number of Min6 cells might not be an explanation for the difference in 

the expression level of Hnf1a and Hnf1aos1 as both wild-type and variant Min6 cell lines in our 

study were high passage cell line. Although this high passage number might not have affected 

our comparison, it absolutely changes the gene expression profile in Min6 cells overall (K. Cheng 

et al., 2012). High passage Min6 cells have higher expression of Pdx1 and lower expression 

of proinsulin, glucose transporter Glut1, Hnf4a, and the key glycolytic gene Pfk (K. Cheng et al., 

2012). We cannot exclude the additional effect of these differences in gene expression profile on 

our overall measurements, nor define its importance concerning the network among Hnf1a and 

Hnf4a and other proteins.  

5.2. HNF1A protein, HNF1A sense, and antisense RNA measurements in human cells 

 
Among the colorectal cancer and normal colon epithelial cells studied, the expression level of 

transcripts HNF1A and HNF1A-AS and HNF1A was greatest in HT-29 cells and lowest in HCT116 

cells. The lack of DNase I hypersensitive sites at/near the promoters of the HNF1A and HNF1A-

AS genes and putative enhancer in HCT116 cells is consistent with this gene not being 

transcriptionally active in this cell line. This may be due to DNA methylation (5-methyl cytosine) 

of the CpG island at the promoter regions of the HNF1A gene. Silencing of genes through 

methylation of a CpG island is a common occurrence in cancer cells. 

The normal colon epithelial cell CCD841 had low levels of the HNF1A and HNF1A-AS and no 

detectable HNF1A protein. In normal cells, gene silencing is typically done through the PRC2 

complex and H3K27me3. ChIP-seq experiments would be needed to determine if this silencing is 

happening. 
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The colorectal cancer cells, RKO and SW480, and the normal colon epithelial cell CCD841 had low 

levels of the HNF1A and HNF1A-AS and no detectable HNF1A protein. The very low level of HNF1A 

and other transcription factors in these cells may result in low expression of HNF1A and HNF1A-

AS. The poor transcription of HNF1A may be due to the lack of a supportive chromatin structure 

for transcription and/or lack of enhancer(s) activity driving the promoter. Alternatively, these 

transcripts may be rapidly degraded. A combination of ChIP-seq and transcript turnover assays 

would be needed to sort this out. 

In humans the similarities in tissue distribution for HNF1A and HNF1A-AS might be indicative of 

functional connections between these two. In human HCC cells HNF1A-AS is directly 

transcriptionally activated by HNF1A. It means HNF1A directly binds to the promoter region of 

HNF1A-AS (C. H. Ding et al., 2018). In these cells HNF1A-AS orchestrated the regulatory effect of 

HNF1A. In this paper, it was mentioned that no transcripts of HNF1A-AS1 had been detected in 

rodents by the time of this publication. Ding et al. documented that HNF1A regulated SHP-1 

expression in rodents by itself, whereas in human HCC cells HNF1A increased activity of SHP-1 

occurs via upregulating HNF1A-AS1. Therefore, the regulatory effect of HNF1A on SHP-1 in 

human is more elusive and intricate than rodents (C. H. Ding et al., 2018). However, a number of 

cell lines, such as RKO and SW480 used in our study, express HNF1A and HNF1A-AS RNAs but 

there is no detectable HNF1A protein. This might be indicative of the fact that there is no need 

for HNF1A protein as a transcription factor for expression of the sense and antisense RNA from 

the gene in all cell lines. No detectable HNF1A protein might also be due to antibody efficiency 

and sensitivity. To address this issue, we increased the loading amount of protein to five times 

more than mouse cell lines. In higher amount of loaded protein there was no detectable protein. 
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There might be a very small amount of the HNF1A protein in these cell lines in a subcellular 

compartment that is not detectable in immunoblotting. 

To the best of our knowledge there is no other publication evaluating HNF1A protein and HNF1A 

and HNF1A-AS RNAs at the same time. However, HNF1A RNA expression level in eight human 

pancreatic cancer cell lines (AsPC-1, Panc-1, MiaPaCa-2, Hs766T, BxPC-3, Panc-28, Colo357, 

Colo357 fast growing subline, and immortalized normal human pancreatic ductal epithelial cells) 

were evaluated by RT-qPCR along with HNF1A protein expression in corresponding cell lines by 

Western Blot (Luo et al., 2015). Even though RT-qPCR has shown expression of HNF1A RNA in all 

evaluated cell lines, the presence of HNF1A protein was confirmed in BxPC-3, AsPC-1, Colo357 

cells, and MiaPaCa-2 cell lines. It is noteworthy to mention there has been a correlation between 

HNF1A transcript and HNF1A protein levels (Luo et al., 2015).  

5.3. Cellular location of HNF1A and HNF1A-AS 

 
Subcellular localization for lncRNAs constitutes an imperative part of learning the biological 

function of lncRNAs. However, subcellular localization had methodological challenges. The first 

challenge was the purity of subcellular fractions from the fresh lysates. The cytoplasmic fractions 

were always positive for HDAC2, and sometimes for histone H3 (Figure 19 and Figure 20). There 

were two explanations for this observation. More likely, the fractionation process disrupted the 

nuclear membrane and the nuclear proteins leaked into the cytoplasm and less likely, these cells 

secrete mini nuclei. To minimize the possible contamination, cells were centrifuged at lower 

speeds and thorough washing using cold PBS was done. The later possibility was excluded after 

we observed pure nuclear and cytoplasmic fractions using our developed protocol.  
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The problems with losing material were another major concern. In both ambion PARISTM kit (Cat 

#AM1921) and NE-PERTM fractionation kit (Cat#78833) after optimization for number of the cells 

a considerable amount of input was lost. The frequent change of tubes based on the protocol 

(Figure 11) and the trapping of material in the needles were two major reasons for losing 

materials.  

Following basic biochemistry in our protocol , led us to perform subcellular localization without 

using sophisticated kits. Since subcellular localization might be challenging based on cell types or 

might be tissue specific, using our protocol diminished the expenses and optimized the 

ingredients of the solutions for each step and for each cell type/tissue.  However, there was a 

problem in using U1 and U6 as a control for nuclear markers in RT-qPCR experiments. They were 

detected in RNA isolated from the whole cell lysate but not the subcellular fractions. One possible 

reason might be the fact that these RNAs are unstable, and they degrade in the process of 

fractionation (PMID: 28967997). The published detailed protocol for subcellular fractionation has 

emphasized examining the success of fractionation by western blot analysis not the RNA (Chen 

et al., 2020). Also, GAPDH was detected in nuclear fraction in A549 and G319S cell lines. About 

detection of GAPDH in the nuclear subcellular compartment, one possible mechanism might be 

diverse functions of GAPDH (Butera et al., 2019). In those settings that GAPDH controls cell fate 

through non-glycolytic functions such as cell death regulation and autophagy regulation, it 

localizes primarily in the nucleolus (Butera et al., 2019). Exposure of the cells to different stressors 

changes the subcellular location of GAPDG (Tristan, Shahani, Sedlak, & Sawa, 2011). We might 

speculate that there are stressors in variant Min6G319S cells that have changed the localization 

of GAPDH. 
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In our study, HNF1A-AS was enriched mostly in the nuclear compartment in the HT-29 cell line 

and HNF1AG319S mouse pancreatic beta cells (Min6). The same observation has been published 

about HT-29 cell line (Zhu et al., 2017); however, there is no published data about HNF1AG319S 

mouse pancreatic beta cells (Min6) regarding subcellular localization of Hnf1aos1. In the A549 

cell line, HNF1A-AS was enriched mostly in the cytoplasmic compartment. There is another 

publication on lung adenocarcinoma cell lines including A549 and SPC-A1. They reported HNF1A-

AS in both cytoplasmic and nuclear compartments with dominancy in the nuclear compartment 

(Y. Wu et al., 2015). A study on colon cancer cell lines SW480 and SW620 has shown HNF1A-AS 

was primarily located in the cytoplasmic subcellular compartment and confirmed the presence 

of the lncRNA in both nuclear and cytoplasmic locations using fluorescent in situ hybridization 

(FISH). However, the presence of the HNF1A-AS in the cytoplasm was more than in the nuclear 

compartment. In other cell lines such as SMCC-7721 and Huh7 the HNF1A-AS was enriched both 

in the cytoplasm and nucleus (C. Wang et al., 2017).  The different techniques for fractionation, 

different methods for calculation of the nuclear and cytoplasmic proportions and complex 

biologic nature of the lncRNAs might be the possible causes for the conflicting results about 

subcellular compartmentalization of the HNF1A-AS. Almost all corresponding authors of the 

published papers on HNF1A-AS were contacted for more details on methodology and there was 

no response.   

The cellular location of HNF1A-AS may depend on the proteins (or RNA/DNA) interacting with the 

lncRNA. The location of the HNF1A-AS may also depend on the relative expression of these 

factors. 
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Since our study found that HNF1A-AS was largely in the nucleus, nuclear functions of this lncRNA 

were explored in the cell line HT-29 which expresses the highest amount of HNF1A-AS.  

5.4. Function of HNF1A-AS 

 
One of the possible underlying molecular mechanisms by which HNF1A-AS might regulate the 

target genes is by forming a triple helix with DNA. Based on our knowledge we are the very first 

group that explored the possibility that HNF1A-AS had the potential to form a triplex with DNA 

along with the regulation of underlying target genes for HNF1A-AS, in collaboration with Dr. 

Franco Vizeacoumar and Dr. Archana Banerjee at the Saskatchewan Cancer Agency. Several 

potential genomic sites were identified where HNF1A-AS could form a triplex. Using multistep 

analysis, the thousands of target genes were narrowed down to seven genes: ADGRE5, chr19: 

5404170-5404299 close to ZNRF4, CASZ1, PDE2A, VSIG10, LAMA5, and BID.  

The consequence of forming a triplex depends on its location. A triplex in the promoter may 

modulate promoter activity and transcriptional output of the gene. Similarly, a triplex in an 

enhancer may alter enhancer activity and association with a target promoter. When located in 

an intron, the triplex may influence elongation. Further when located in an intronic enhancer, 

the triplex may alter enhancer activity.  

We made the assumption that a triplex the targeted region would be free of nucleosomes which 

would be identified as DNase I hypersensitive sites. Further, we thought that the DNase I 

hypersensitive sites would be found near transcribed genes as DNase I hypersensitive sites are 

often involved in gene regulation.  
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A strong candidate for triplex formation was found at chr19: 5404170-5404299 with no 

associated gene. It is a cis-regulatory element with high H3K27ac mark and high CTCF (distal to a 

transcription start site) in HT-29 cell line. The nearest protein coding genes to this region are 

PTPRS, ZNRF4, SAFB2 (Figure 33). The transcription factor which binds to this region is RB1. This 

target site had a DNase I hypersensitive site in HT-29, HCT116, and HepG2 cells. It is possible that 

this is a regulatory element (enhancer) that may be influenced by the formation of a triplex. This 

region needs to be investigated in vivo and in vitro as it might be a potential target for forming 

triple helix and possible gene regulatory effects. 

Adhesion G Protein-Coupled Receptor E5 (ADGRE5) also known as CD97 is a protein coding gene. 

The encoded protein is present in adherent junctions of human normal intestinal cells (Steinert 

et al., 2002). Its ligand/extracellular partners are CD55, α5β1 integrin, Chondroitin Sulfate B, 

CD90 (Dunn, Orlandi, & Martemyanov, 2019). Expression of ADGRE5 might play a critical role in 

the progression of several types of cancer including colorectal cancer adenocarcinoma, 

pancreatic, IHC, gastric, breast, HCC, esophageal, glioblastoma, ovarian, gallbladder, AML, OSCC, 

thyroid, and prostate (Steinert et al., 2002) (D. Liu et al., 2012) (Chidambaram, Fillmore, Van Meter, 

Dumur, & Broaddus, 2012) (J. Wu, Lei, Wang, Gu, & Zhang, 2012) (Kang, Youn, Hong, & Kim, 2011). 

Overexpression in these cancers is associated with poor clinical outcomes and increased invasion 

and tumor metastasis (Chidambaram et al., 2012; D. Liu et al., 2012; J. Wu et al., 2012). 

Subcellular localization of CD97 is important as the cytoplasmic ADGRE5 correlates with more 

malignant phenotype of the cancer (Gad & Balenga, 2020) (Singh et al., 2015). Since the 

hypomethylated promoter of ADGRE5 gene has resulted in upregulation of ADGRE5 (Singh et al., 
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2015), we might speculate that HNF1A-AS could inactivate the EZH2 in the promoter of the CD97 

gene.  

Zinc and ring finger 4 (ZNRF4) is a protein coding gene on chromosome 19. It negatively regulates 

nucleotide-binding oligomerization domain-containing protein 2 (NOD2) signaling (Bist et al., 

2017). NOD2 signaling has an important role in reducing excessive inflammation during infection 

and other immune-mediated diseases (Bist et al., 2017). Nixin/ZNRF4 is a regulator of Calnexin 

stability and endoplasmic reticulum homeostasis (Neutzner et al., 2011). There is no published 

data on ZNRF4 and functional relation to RNAs.  

The zinc finger transcription factor castor zinc finger 1 (CASZ1) is another possible target for 

HNF1A-AS based on our TDF results. In mouse embryonic fibroblasts (MEF), EZH2 mediates 

epigenetic silencing of CASZ1 (C. Wang et al., 2012). If we assume the same functional relevance 

might be applied in HT-29 cell line, we can speculate that HNF1A-AS recruits the PRC2 complex 

to the promoter of the gene and the CASZ1 gene would be epigenetically silenced.  

Phosphodiesterase 2A (PDE2A) is a protein coding gene with an encoded cAMP-cGMP 

hydrolyzing enzyme. It has a critical role in proliferation (regulated by PDE2-cAMP signaling) and 

migration (regulated by PDE2-cGMP signaling) of human osteosarcoma cells (HOSM-1 cells) 

(Murata et al., 2019).  

VSIG10 (V-Set and immunoglobulin domain containing 10) is a protein coding gene that is an 

unfavorable prognostic marker in liver cancer and melanoma. Normally it is expressed in 

cytoplasm of several tissues, including gastrointestinal tract. There is no published data on 

VSIG10 and functional relation to RNAs.  
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Laminin subunit alpha-5 is a protein that in humans is encoded by the LAMA5 gene. This gene is 

another possible target for HNF1A-AS based on our TDF results. It has a master role in biological 

processes such as cell adhesion, differentiation, migration, signaling, neurite outgrowth, and 

metastasis. It is highly expressed in colon cancer tissues compared with normal colon and is a key 

promoter of liver metastasis growth (Gordon-Weeks et al., 2019). There is a relationship between 

oxygenation and H3K27me3 epigenetic mark regulation. As laminin is involved in angiogenesis, 

there might be a close functional relevance between EZH2 and LAMA5 (Huang et al., 2015). The 

long non-coding RNA of LAMA5 gene (LAMA5-AS1) is one of deregulated lncRNAs in multiple 

myeloma (Shen et al., 2018). Therefore, it might be needed to investigate the sense and antisense 

of the target genes and their possible deregulation in the context of triple helix formation.  

The BH3-interacting domain death agonist (BID) is another possible target gene. The protein is 

an abundant pro-apoptotic protein of the Bcl-2 family that is essential for death receptor-

mediated apoptosis in wide variety of cell systems. In imatinib-resistant K562/IMA-3 cells, there 

was higher expression of the BID and lower expression of EZH2 (Bozkurt et al., 2013).  

Among the expressed genes, the target triplex forming site was located in the intron of the 

expressed gene that had a DNase hypersensitive site. The one exception was the PDE2A, which 

had the target at or near the promoter. 

There are a few limitations in our TDF analysis. TDF technically considers the promoter of the 

genes as possible target for forming triple helix (http://www.regulatory-genomics.org/tdf/basic-

introduction/). Although we showed some examples where the target region locates to the intron 

http://www.regulatory-genomics.org/tdf/basic-introduction/
http://www.regulatory-genomics.org/tdf/basic-introduction/
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of the gene, the default of the program is to consider only the promoters. Consequently, we 

might miss a lot of enhancers and other regulatory elements as possible potential targets.  

Another limitation is that the coordinates of the sequences, in some cases, fall in locations other 

than promoters or we might have few other annotated genes in that specific sequence. This will 

require confirmation of the results using in vitro and in vivo experiments.  The significant DBD of 

28-50 in longest transcript means nucleotides 28-50 from the 5’ end of the transcript. This would 

also be present in the short transcripts. And the DBDs in the short transcripts would be in the 

long transcript. All the significant DBDs in the shortest transcript technically can be on the longest 

transcript (red box in Figure 42). Yet, there are specific target genes in each transcript TDF results 

that do not appear in the other one. This might be due to tertiary structure of the RNA being 

important in forming triple helix. In any case it should be investigated whether both transcripts 

are present in the cells. Another possible reason for these differences might be the fact that the 

software normalizes the statistics based on the number of the bases in each transcript 

(N=1000/length). This normalization is done by the software to avoid the bias of the longer 

transcripts (C. C. Kuo et al., 2019). 

To determine whether a triplex is forming at these sites, assays such as ChIRP and DBD-Capture-

Seq (Chu & Chang, 2016; Chu, Qu, Zhong, Artandi, & Chang, 2011; Senturk Cetin et al., 2019) 

would need to be done, and to determine the impact of the triplex on transcription, knock down 

of the HNF1A-AS would be required. 

Another consideration is that the HNF1A-AS may be bound to a chromatin modifying enzyme, 

which would have consequences depending on the location of this lncRNA. Cooperation with 
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chromatin modifiers is one of multiple and diverse mechanisms lncRNA function. X inactivation 

is one example of this cooperation whereby lncRNA Xist interacts with the polycomb repressive 

complex 2 (PRC2).  PRC2 is involved in the functionality of other lncRNAs as well, HOTAIR, ANRIL, 

Kcnq1ot1, PINC, Fendrr, Braveheart, UBC1, Pint, to name a few. Other lncRNAs are associated 

with other chromatin modifiers. pRNA cooperates with DNMT3b, PTENpg1asRNAa is associated 

with DNMT3a, and Air function through G9a chromatin modifier.  

We demonstrated that HNF1A-AS is associated with EZH2, which is part of the PRC2 repressive 

complex. How this association leads to alteration of gene expression is a matter of debate. In 

some studies, the interaction of lncRNAs with EZH2, resulted in repression of the target genes 

which means EZH2 has added epigenetic mark (H3K27me3) to repress the target genes (C. Wang 

et al., 2017; Xie et al., 2015). Wang et al illustrated that HNF1A-AS recruits EZH2 to the promoters 

of NKD1 and p21 genes and consequently silences the two genes in HCC cells (C. Wang et al., 

2017). HOXA-AS2, another lncRNA, repressed expression of p21, PLK3, and DDIT3 through 

binding to EZH2 in gastric cancer (Xie et al., 2015).  

On the other hand, rather than promoting EZH2 or PRC2 functions in repressing target gene 

expression via chromatin regulation, some lncRNAs could repress EZH2 functions. There are 

studies that have shown lncRNAs suppress the repressive function of EZH2. The Neuroblastoma 

associated transcript 1 (NBAT1) interaction with EZH2 resulted in repression of the DKK1 gene (P. 

Hu et al., 2015).  

One explanation for these discrepancies in the interaction of lncRNAs with EZH2 might be 

different roles of EZH2 bound with different lncRNAs. NBAT1, XIST, HOTAIR, HOXA-AS2, KCNQ1 
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overlapping transcript 1 (Kcnq1ot1), growth arrest specific 5 (Gas5), maternally expressed 3 

(Meg3), Malat1, RepA, and Braveheart also interact with EZH2 (Y. Wang et al., 2018). In 

agreement with these results, the functions of EZH2 in HT-29 cell line might be regulated by 

HNF1A-AS.  

However, RIP-seq data showed that in some cases both sense and antisense transcripts might 

interact with the PRC2 complex (J. Zhao et al., 2010). Therefore, we might need to consider both 

sense and antisense transcripts of HNF1A gene in our investigations to make sure we considered 

all the possibilities of these complex interactions.  

Another possibility for conflicting observations regarding EZH2 repressive function might be that 

the PRC2 complex subunits are not soluble when they are individually expressed. Future studies 

might be done on soluble aggregates of the subunits. These soluble aggregates of the subunits 

might not act as well-behaved proteins (J. Zhao et al., 2010). At this time, we do not have an 

inclusive knowledge about interactions between PRC2 and its RNA-binding partners.  

It is noteworthy to mention that the epigenetic factor EZH2 also regulates lncRNA transcription 

as well. For example, the expression of SPRY4 intronic transcript 1, a lncRNA, is significantly 

downregulated in non-small-cell lung cancer tissues via EZH2 (M. Sun et al., 2014). Additionally, 

in a RIP-seq screening study on a male 2-month-old C57/BL6 mouse for EZH2 binding lncRNAs, it 

was identified that Hnf1aos1 is only detectable in the liver and kidney. More interestingly, just 

one isoform of Hnf1aos1 was identified as EZH2-recognizing motif (Y. Wang et al., 2018). In 

humans the protein recognition probably happens in a specific domain of lncRNAs. Also, there is 

a specific RNA-binding motif on EZH2 that is a recruiter for lncRNA and might be responsible for 
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the interactions. This indicates that the interaction between EZH2 and lncRNA is not a simple 

model. Patient-specific differences in EZH2 dependency and biology have also been observed 

(Huang et al., 2015).  

Finally, there is an important challenging point to be mentioned. In every lncRNA-Protein 

interaction there is a need to evaluate functional relevance of lncRNA-Protein. Since PRC2 

components virtually interact with all RNAs (Davidovich, Zheng, Goodrich, & Cech, 2013; Kaneko, 

Son, Shen, Reinberg, & Bonasio, 2013). It is unclear how lncRNAs can provide specificity for PRC2 

localization. Despite the primary excitement about physical interaction between HOTAIR as a 

lncRNA and PRC2 complex, genetic deletion of PRC2 components did not change the profile of 

the genes were silenced by HOTAIR. Authors of this paper concluded that HOTAIR‐mediated 

transcriptional silencing is not a consequence of PRC2 recruitment (Blanco & Guttman, 2017). 

It is not known whether the EZH2 activity is reduced when bound to the HNF1A-AS transcript as 

is the case for other RNAs. EZH2 activity assays with and without the HNF1A-AS transcript would 

address this question.  

With regards to function, HNF1A-AS may sequester the PRC2 complex removing the enzyme 

complex from sites it was normally directed to. This may result in expression of the repressed 

genes and reduced H3K27me3 at the gene. Alternatively, if the PRC2 complex is active, then 

HNF1A-AS could direct the enzyme to sites (e.g., where a triplex is formed) to reduce activity and 

introduce H3K27me3. In either case, H3K27me3 ChIP-seq studies in control and HNF1A-AS 

knocked out cells would provide data to test these possible activities. 
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To explore the function of HNF1A-AS-PRC2 activity on cancer cell properties, we analyzed 

differential levels of HNF1A-AS in colorectal cancer cells using an anchorage independent growth 

assay which is an in vitro assay for metastatic potential. Applying an EZH2 inhibitor, we found 

that the HNF1A-AS-expressing HT-29 cells was slightly more sensitive than to the EZH2 inhibitors 

than the RKO cell line which expresses low levels of HNF1A-AS. However, a better experimental 

design would be to determine the sensitivity of the HT-29 cell line to EZH2 inhibitors with and 

without HNF1A-AS expression. 

5.5. More limitations and future directions:  

 

Relative and absolute measurements and subtypes are limitations for interpretation of the 

results. The same test (for example, changes in protein concentration over time) might generate 

completely dissimilar results in a single cell study or in the the population. High passage Min6 

cells is another limitation to our study as we might not be able to exclude effect of this higher 

passage on our results.  

Future studies should explore a better understanding of the rates that protein is produced and 

its turnover in mouse pancreatic beta cells (Min6), on how these rates of protein and RNA change 

under different cellular conditions. Mass spectrometry might provide ways to address these 

issues.  

With respect to the different mRNA isoforms, we need to determine the isoforms of the sense 

and antisense RNA in our study model. To achieve this, complimentary experiments are needed 

to be done such as Northern blotting.  
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Function and mechanism of action of the lncRNAs might be impacted by structures of lncRNAs. 

Higher-order tertiary interactions need to be investigated to find the most possible three-

dimensional form of the RNA and its interaction with DNA.  

Considering the complex model of interaction between RNA-DNA and proteins, Chromatin RNA 

immunoprecipitation (ChRIP) needs to be done to confirm that HNF1A-AS or Hnf1aos1 are 

tethered to chromatin. Furthermore, chromatin oligo-affinity precipitation (ChOP) assays should 

confirm that HNF1A-AS or Hnf1aos1 specifically interact with both distant and adjacent genes 

across the DNA. Collectively, there is much to be observed and to be explored and finally will lead 

to a model for how genes, located distal or proximal to the HNF1A-AS or Hnf1aos1 promoter, are 

affected through the recruitment of chromatin modification factors such as EZH2 and/or through 

the triple helix formation between RNA and DNA.  
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