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ABSTRACT 
Nonalcoholic fatty liver disease (NAFLD) is becoming a serious global public health problem 

as it is a highly prevalent condition, that begins as simple liver steatosis and develops into an 

inflammatory steatosis form known as non-alcoholic steatohepatitis (NASH). NAFLD has 

been linked with multiple comorbidities, which in certain cases predisposes to mortality 

secondary to extrahepatic neoplasms and coronary diseases. On the other hand, NASH leaves 

patients at risk of developing hepatocellular carcinoma (HCC). The incidence of NAFLD-

based HCC is steadily increasing and is projected to surpass the incidence of HCC from viral 

origins. Long non-coding RNAs (lncRNAs) have been recently used as biomarkers for 

predicting various diseases. This research study intended to use bioinformatics computational 

analysis of microarray and sequencing databases to identify a differentially expressed panel 

of lncRNAs in the serum of NAFLD patients relative to samples from healthy individuals. 

Five differentially expressed lncRNAs (SNHG17, H19, MEG3, DUBR, and PVT1) were 

obtained from the bioinformatic analysis. Real-time polymerase chain reaction (PCR) was 

used to measure the levels of expression of these lncRNAs in the serum of 20 healthy 

individuals, 62 NAFL patients, and 30 NASH patients. The results of this study showed a 

highly significant increase in serum concentration of H19, MEG3, DUBR, and PVT1 in 

NAFL patients compared to healthy individuals (P <0.001, P=0.034, P= 0.003, P <0.001 

respectively). Similarly, the expression of H19, DUBR, and PVT1 was significantly altered 

in NASH patients compared to healthy individuals (P <0.001, P=0.055, P=0.004, and P < 

0.001 respectively). PVT1 had diagnostic power in differentiating NAFL from NASH with 

sensitivity and specificity ( 80% and 73.81 respectively).  

Using a combined panel of four lncRNAs improved the overall sensitivity and specificity of 

NAFL detection to 73.81% and 100% respectively, and NASH diagnosis to 73.33% and 95% 

respectively. Moreover, a combined panel of H19 and PVT1 possess potential diagnostic power 

for early detection of  NAFL and NASH with an accuracy of 98.39%, and 88%  respectively. 

Further investigation is required to assess the therapeutic effects of these lncRNAs in NAFLD. 

In conclusion: Using a combined lncRNAs panel (H19, MEG3, DUBR, and PVT1) could serve 

as a non-invasive biomarker for early detection of NAFLD. A novel lncRNA panel (H19, 
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MEG3, DUBR, and PVT1) was introduced to establish a potentially definitive and minimally 

invasive diagnostic test that can detect the disease at an early stage of its progression. 
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1. CHAPTER 1: LITERATURE REVIEW 

1.1. Introduction 

       Nonalcoholic fatty liver disease (NAFLD) has become a serious global public health 

problem as it is one of the causes of fibrosis and cirrhosis that leads to hepatocellular carcinoma 

(Nishida & Goel, 2011). By 2030, the United States is expected to have over 100 million 

NAFLD patients, causing a greater prevalence of decompensated cirrhosis, hepatocellular 

carcinoma ( HCC), and liver-related deaths (Estes, Razavi, Loomba, Younossi, & Sanyal, 2018). 

Hepatocellular carcinoma (HCC) is one of the big issues we have in Egypt and the sixth most 

common cancer worldwide (McGlynn, Petrick, & London, 2015). Moreover, NAFLD is 

recognized as the most common form of chronic liver disease in many parts of the world (Elzafir 

Elsheikh; Linda L Henry; Zobair M Younossi, 2013). The prevalence of NAFLD worldwide is 

about 25% (Araújo, Rosso, Bedogni, Tiribelli, & Bellentani, 2018). The highest prevalence of 

NAFLD reported in the Middle East was (31.79%), while Africa reported the lowest prevalence 

rate (13.48%) (Younossi et al., 2016b). The Prevalence among adults for non-alcoholic fatty 

liver disease (NAFLD) was reported that 31.6 % people suffered from steatosis (Tomah et al., 

2021), yet according to a study conducted by (Alkassabany, Farghaly, & El-Ghitany, 2014), the 

prevalence rate among school children was 15.8 %. Massive efforts and extensive research from 

the government are currently taking place to detect NAFLD at an early stage and prevent its 

consequences.  

         Diagnosis of NAFLD has changed over the years to switch from invasive or imaging 

based-techniques to non-invasive methods. Although liver biopsy is the gold standard for 

determining the degree of fibrosis. However, because of the price, error variability, and risk for 

problems such as pain and bleeding, makes its use is limited. Furthermore, despite that 

ultrasonography is the first-line imaging technology in clinical practice, it has low sensitivity 

(Anstee, Targher, & Day, 2013) and is unable to distinguish between simple fatty liver and 

NASH. Therefore combining biomarkers could improve the sensitivity and precision of NAFLD 

detection.  

          Previous research focused on the interpretation of coding genes, even though the non-

coding regions make up around 99% of the human genome. Long noncoding RNAs (lncRNAs), 
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a group of RNA molecules longer than 200 nucleotides that are unable to be translated into 

proteins, have attracted great attention in recent years, especially for their roles in liver diseases. 

(Gangqing Hu, 2013). Researchers confirmed the involvement of lncRNAs in lipid-related 

diseases. Furthermore, lncRNAs may influence fatty acid accumulation in the liver by up- or 

down-regulating downstream molecules in fatty acid metabolism (Sookoian et al., 2017a).  Many 

studies addressed lncRNAs expression in NAFLD. Thus, Studying the long non-coding RNA in 

non-alcoholic fatty liver disease will help in finding better biomarkers. Such biomarkers will 

help in early diagnosis and NAFLD prevention, thus improving the NAFLD patient quality of 

life.  

             The current research hypothesized that computationally assigned lncRNAs possess 

differential expression between NAFLD patients and healthy subjects. The lncRNAs panel can 

predict NAFL and NASH in patients using minimally invasive serum samples. Thus, the current 

study suggested a novel lncRNAs panel that potentially acts as a prognostic biomarker for 

NAFLD early detection.   
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1.2. Literature review  
1.2.1. Non-alcoholic fatty liver disease (NAFLD) 

1.2.1.1. Definition 

 

Non-alcoholic fatty liver disease (NAFLD) is characterized by an accumulation of fat that 

liver weight and is associated with insulin resistance and metabolic syndrome  the fo %reaches 5

(Dongiovanni & Valenti, 2017). NAFLD is the accumulation of excess fat in liver cells that is 

unrelated to alcohol use. The presence of fat in the liver is normal. A fatty liver, on the other 

hand, is defined as one in which fat accounts for more than 5–10% of the weight of the liver 

(steatosis). Non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH) are two 

types of NAFLD (Cobbina & Akhlaghi, 2017). 

Nonalcoholic steatohepatitis (NASH) is a more severe type of NAFLD. The liver swells and 

becomes damaged as a result of NASH (Andre Paquin, 2021). The NAFLD spectrum ranges 

from non-alcoholic fatty liver (NAFL), nonalcoholic steatohepatitis (NASH), cirrhosis, and 

hepatocellular carcinoma.  NAFL is the presence of steatosis with no evidence of hepatocellular 

injury, while NASH is presence of hepatic steatosis, inflammation and scarring. The NAFL and 

NASH are both reversible , once they develop to cirrhosis and hepatocellular carcinoma, they are 

irreversible (Sivell, 2019).  
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Figure 1. Schematic diagram showing the non-alcoholic fatty liver disease spectrum. Fat 
deposition in the hepatocytes causes a healthy liver to become fatty, followed by fibrotic liver, in 
which the nature of the liver cells begins to change into connective tissues, and finally cirrhotic 
liver, in which the liver begins to restructure and vascular systems are formed with the formation 
of necrotic areas. Finally, hepatocytes are converted into malignant hepatocytes, resulting in liver 
carcinogenesis. Adapted from (Turchinovich, Baranova, Drapkina, & Tonevitsky, 2018)  Created 
with BioRender.com. 

 

1.2.1.2. Pathogenesis 

 

The exact pathogenesis of NAFLD is not clearly defined. The imbalance between the uptake and 

synthesis of fatty acids leads to hepatic fat accumulation. Esterification in the form of 

triglycerides (TG) is the best way to store fatty acids in the liver. Excess hepatocellular 

triglycerides are caused by dietary fatty acids, increased peripheral lipolysis, and elevated hepatic 

de novo lipogenesis (DNL). Mitochondrial oxidation and reduction of VLDL play a role in 

hepatic fat accumulation. Thus, TG accumulation causes second insults, cellular damage, 

activation of fibrogenesis, and hepatic inflammation. However other organs such as muscle, 



5 

 

intestine, and adipose tissue are also involved in the pathogenesis of NAFLD (Dongiovanni & 

Valenti, 2017). 

Non fatty liver disease is associated with metabolic syndrome symptoms such as diabetes and is 

one of the hepatic manifestations of obesity (Baffy, Brunt, & Caldwell, 2012). Many 

extrahepatic morbidities are correlated with NAFLD such as diabetes mellitus, coronary, and 

chronic kidney diseases (Seko, Yamaguchi, & Itoh, 2018). 

 

 

Figure 2. Pathogenesis of NAFLD. The imbalance between the uptake and synthesis of fatty 
acids leads to hepatic fat accumulation. Thus, causing increased peripheral lipolysis and elevated 
hepatic de novo lipogenesis (DNL). Mitochondrial oxidation and reduction of VLDL play a role 
in hepatic fat accumulation. Thus, TG accumulation causes fibrogenesis and hepatic 
inflammation. Adapted from (Akshintala, Chugh, Amer, & Cusi, 2019). Created with 
BioRender.com. 

  

1.2.1.3. Epidemiology 

A previous study conducted in the United States on 105 patients diagnosed with HCC revealed 

that 13% of patients with cryptogenic cirrhosis –related HCC are due to NAFLD (Marrero et al., 
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2002). Furthermore, a study conducted by (Ratziu et al., 2002) found that obesity–related 

cirrhosis leads to severe liver disease which led to hepatocellular carcinoma and death.  

NAFLD has become the most prevalent chronic liver disease worldwide in the last two decades, 

affecting an estimated 25.24%  of the world's population, with the greatest incidence rates in the 

Middle East and South America (Younossi et al., 2016b). The prevalence in continents varied 

from one to another; for example, Africa had a prevalence of 13.5%, Europe 23.7%, North 

America 24.1%, Asia 27.4%, South America 30.5%, and the Middle East 31.8% (Rinella & 

Charlton, 2016).   

NASH is associated with obesity, type 2 diabetes (T2D), and the male gender. However, because 

the histological examination is required to establish NASH, the real incidence of NASH in 

various populations remains uncertain (G Seyda Seydel et al.,2016). It's also worth noting that 

NAFLD progresses slowly, taking decades to develop. The actual prevalence trends are unknown 

due to the disease's silent nature. However, given the obesity and T2D pandemics, as well as the 

rising relative number of liver transplants for NAFL/NASH patients, the prevalence of NAFL 

and NASH is anticipated to have grown in recent decades and is predicted to continue to rise 

(Marchesini et al., 2016). The incidence of NAFLD in China is linked to the country's growing 

obesity rate (the prevalence from approximately 2%  in 2000 to 7% in 2014) (Mitra, De, & 

Chowdhury, 2020; Zhou et al., 2020) comparing to Egypt which is 31.6% where 1 in 3 people 

had steatosis, and 1 in 20 had moderate-to-advanced fibrosis according to a study conducted by 

(Tomah et al., 2021). 

 

1.2.2. NAFLD risk factors 

1.2.2.1. Environmental risk factors  

Exposures to endocrine-disrupting compounds (especially during early life), such as 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD), polychlorinated biphenyls (PCBs), benzo[a]pyrene, 

bisphenol A (BPA), and phthalates, have been linked to the development of fatty liver disease 

through mechanisms such as binding to nuclear hormone receptors and epigenetic alterations 

(Lindsey S Treviño, 2018). Obesity, which is a risk factor for NAFLD, has been linked to many 

of these chemicals, including BPA and phthalates (Foulds, Treviño, York, & Walker, 2017). 
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Heavy metals, trihalomethanes, methyl tertiary- butyl ether, and selenium were associated with 

NAFLD (VoPham, 2019). Other environmental factors that impact NAFLD development include 

gut microbiota, alcohol consumption, toxic compounds, and drugs (Arciello, Gori, & Balsano, 

2013; Haque & Barritt, 2016; Ihunnah, Jiang, & Xie, 2011; Marchesini et al., 2016).  

1.2.2.2. Genetic risk factors  

The prevalence of NAFLD varies widely over the world  (Rinella & Charlton, 2016). 

Furthermore, regardless of BMI, insulin resistance, alcohol intake, or medication usage, the 

prevalence of hepatosteatosis differs dramatically by ethnicity (Hispanics, whites, and blacks, 

respectively) in the United States (Kahali, Halligan, & Speliotes, 2015). Genetic differences 

account for the majority of the variance between ancestries. The heritable component of NAFLD 

is predicted to be 22–38% based on ancestry (Locke et al., 2015). In recent years, there has been 

a lot of research on the genetic variables that predispose to NAFLD. GWAS has identified the 

three best-verified genetic variants that affect NAFLD: patatin-like phospholipase domain-

containing 3 (PNPLA3), transmembrane 6 superfamily member 2 E167K variant (TM6SF2) 

(Macaluso et al., 2015), and membrane-bound O-acyltransferase domain containing 7 

(MBOAT7) (Macaluso et al., 2015). (MBOAT7) (Mancina et al., 2016). 

The variation has been linked to higher ALT levels, imaging-based hepatosteatosis, and 

histologic NAFLD, such as NASH, fibrosis, and cirrhosis (Locke et al., 2015). GWAS has also 

discovered several more genes that may be linked to NAFLD which are PNPLA3, TM6SF2, and 

MBOAT7 are three of these genes  (Dongiovanni, Romeo, & Valenti, 2015; Mancina et al., 

2016; Sookoian & Pirola, 2011). 

1.3. NAFLD diagnosis 

NAFLD is asymptomatic until the advanced stage of the disease. Thus, the use of biomarkers as 

early predictors needs to be studied (Baranova & Younossi, 2008).  A liver biopsy is a gold 

standard for determining the degree of fibrosis. However, because of the price, error variability, 

and risk for problems such as pain and bleeding makes its use is limited. As a result, doing a 

liver biopsy on every person with NAFLD, which affects nearly a quarter of the world's 

population, is impracticable (Younossi et al., 2016).Therefore, the need to have reliable 

biomarkers is crucial. A biomarker is defined as an indicator of a normal or indication of 

abnormality or disease. The currently available biomarkers are inadequate.  
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Several techniques are used to evaluate the diagnosis of NAFLD. The most commonly reliable 

used ones in Egypt and worldwide are described as follows.  

1.3.1. Abnormal liver function tests 

A recent study conducted in Egypt identified abnormal liver function tests such as  (AST, ALT, 

ɣ-glutamyltransferase GGT, total bilirubin), kidney functions, and CBC among the most reliable 

tools for diagnosis. Other blood tests, serological tests, and viral markers can be used to exclude 

other diseases (Hemida, Haroun, Mahmoud, & Mohamed, 2021). AST and ALT are the most 

commonly used serum markers to exclude NAFLD. Patients with NASH have elevated ALT 

than patients with NAFL Meanwhile, relying only on these two serum markers can be common 

with other conditions (Pouwels et al., 2022).     

1.3.2. Imaging techniques   

Ultrasonography is thus the first-line imaging technology in clinical practice, despite its low 

sensitivity (Anstee et al., 2013). Ultrasonography of the liver is a generally safe and affordable 

procedure. The sensitivity and specificity in patients with at least mild steatosis are 89% - 91% 

and 82% - 93% respectively (Palmentieri et al., 2006).  

In a more recent investigation employing cutting-edge technology, remarkable sensitivity 

(100%) for identifying mild to severe steatosis was observed. Furthermore, ultrasonography 

frequently fails to detect steatosis of lesser severity. When patients with mild steatosis grades 

were included, sensitivity declined from 91% to 64% (Saadeh et al., 2002). 

As a result, ultrasonography underestimates the prevalence of fatty liver in prevalence studies. 

Furthermore, ultrasonography is unable to distinguish between simple fatty liver and NASH. It 

also lacks the ability to identify fibrosis  (Saadeh et al., 2002).  

  

Another imaging technique that can be used is transient elastography ( TE), known as fibroscan 

is a vibration-controlled TE device. The fibroscan is widely used to assess the staging of steatosis 

based on a scale starting from grade 0. Other imaging techniques include CT, MRI, and magnetic 

resonance spectroscopy (MRS). Their sensitivity and specificity to detect steatosis aren’t very 

precise (Dorairaj, Sulaiman, Abu, & Murad, 2021).  
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1.3.4. Current biomarkers in NAFLD 

The use of current biomarkers in the diagnosis of NAFLD is crucial to avoid cirrhosis, fibrosis, 

and hepatocellular carcinoma. The following (Table 1) retrieved from (Hydes, Brown, Hamid, 

Bateman, & Cuthbertson, 2021) summarizes some of the current biomarkers used and their 

accuracy in the diagnosis of NAFL and NASH.  

Table 1. Current biomarkers used for NAFLD diagnosis. 

NAFL biomarkers  

Biomarker  Accuracy 

Fatty Liver Index Sensitivity, 87%; specificity, 86% 

Hepatic Steatosis Index Sensitivity, 93.1%; specificity, 92.4% 

NAFLD fatty liver fat score Sensitivity, 86%; specificity, 71% 

NAFL screening score AUC = 0.83 

Lipid accumulation product For each log unit increase, odds ratio for 

steatosis = 4.28 

Steatotest Sensitivity, 0.91; specificity 

Metabolomic test AUC = 0.64 

  

NASH biomarkers  

Biomarker  Accuracy 

ALT Sensitivity, 64%; specificity, 75% 

AST Sensitivity, 77%; specificity, 62% 

CK-18 fragments Sensitivity, 75%; specificity, 81% 

Activated PAI-1 95% CI 

oxNASH panel: age, BMI, AST, 13‐

hydroxyl‐octadecadenoic acids, linoleic acid 

Sensitivity, 81%: specificity, 97%  

FGF-21 Sensitivity, 0.62; Specificity, 0.78; FGF-21  

 

1.3. Drawbacks of current screening techniques 
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Most of the available screening techniques are specific in their use. Those based on scores or body 

functions are variable. In addition, the cost, availability, accuracy, and patient acceptability remain 

important concerns. Because of their indefinite accuracy, make them less reliable to be used in 

clinical practice. For example, the image tools are useful to detect NAFLD, yet they are not 

optimized for diagnosing patients who might have type 2 diabetes (T2D). Since T2D   is a risk 

factor for NAFLD, it is important to assess the accuracy of these techniques in diabetic patients 

(Mantovani, Byrne, Bonora, & Targher, 2018). Consequently, none of these imaging-based 

techniques are precise, thus, the need to develop alternative noninvasive diagnostic tools is crucial. 

Long non-coding RNAs being used successfully previously can be a reliable approach to detecting 

early NAFLD. 

    

1.5. Long non-coding RNAs (lncRNAs) 

Long-noncoding RNAs are transcripts longer than 200 nucleotides without a lengthy protein-

coding open reading frame (ORF) that regulate gene expression at epigenetic, transcriptional, 

post-transcriptional, translational, and post-translational levels, and are involved in a variety of 

biological activities (Di Mauro et al., 2021). Furthermore, long non-coding RNAs (lncRNAs) 

have the potential to control a number of NAFLD-related processes while not producing any 

protein products. LncRNAs may control the cis- or trans-regulation of gene expression through 

chromatin remodeling, epigenetic regulation, and transcriptional and post-transcriptional 

controls. The lncRNAs can serve as sponges to compete for the binding of RNA molecules 

(miRNAs) to prevent their downstream actions, scaffolds or platforms to offer a space for 

molecular interactions, and decoys to prevent protein interactions (Di Mauro et al., 2021).  

1.5.1. lncRNAs biogenesis 

 lncRNAs are RNA-type molecules with a 5′ methyl-cytosine cap and a 3′ poly(A) tail that are 

transcribed by RNA polymerase II (Pol II) (Y. Liu et al., 2021; X. Zhang, Hong, Chen, Xu, & 

Wang, 2019). LncRNAs are categorized into several distinct categories based on their various 

features. lncRNAs, for example, can be classified into five categories based on their genetic 

origins: sense, antisense, bidirectional, intronic, and intergenic as shown in Figure 3. LncRNAs 

are categorized into three categories based on their function: rRNA, tRNA, and cRNA. 



11 

 

Furthermore, lncRNAs may be classified as nuclear, cytoplasmic, and mitochondrial lncRNAs 

based on their subcellular location.  

(Alessio, Bonadio, Buson, Chemello, & Cagnin, 2020; Y. Liu et al., 2021) 

The canonical mode caps, polyadenylates, and splices are the vast majority of lncRNAs (Gourvest, 

Brousset, & Bousquet, 2019).	They can also be processed by noncanonical processes such as 

ribonuclease P (RNase P) cleavage to create mature 3′ ends, capping by snoRNA-protein 

(snoRNP) complexes at their ends, and the formation of circular structures.  For example, RNase 

P recognizes and cleaves tRNA-like structures at their 3′ ends, resulting in the development of 

mature 3′ ends for certain lncRNAs (e.g., MALAT1 and Menβ) (Wu, Yang, & Chen, 2017). 	

The conserved nuclear RNA family includes snoRNA as one of its members. snoRNAs play 

crucial roles during ribosome subunit maturation as guide RNAs can be capped by snoRNPs at 

both ends, leading to their enhanced stability (L. L. Chen, 2016).  	
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Figure 3. Biogenesis and Classification of lncRNAs. Types of lncRNAs include sense, antisense, 
intergenic, intronic, and bidirectional. Adapted from (Dhanoa, Sethi, Verma, Arora, & Mukhopadhyay, 
2018; T. N. Zhang, Wang, Huang, & Gao, 2021). Created with BioRender.com. 

 

1.5.2. lncRNAs as biomarkers in NAFLD 

Researchers confirmed the involvement of lncRNAs in triglyceride, cholesterol, and lipoprotein 

metabolism. Furthermore, lncRNAs may influence fatty acid accumulation in the liver by up- or 

down-regulating downstream molecules in fatty acid metabolism (Sookoian et al., 2017a).  Many 

studies addressed lncRNAs expression in NAFLD. Some lnRNAs are predominant in the hepatic 

stellate cells such as Alu-mediated p21 transcriptional regulator (APTR). Serum APTR levels were 

detected to be higher in cirrhotic patients in comparison to healthy individuals. Such results support 

that APTR can have a diagnostic value (Distefano & Gerhard, 2022; Sukowati, Cabral, Tiribelli, 
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& Pascut, 2021). Homeobox (HOX) transcript antisense RNA (HOTAIR) and Liver fibrosis-

associated lncRNA 1 (LFAR1) , Metastasis-associated lung adenocarcinoma transcript 1 ( 

MALAT1), and Nuclear-enriched abundant transcript 1 (NEAT1),showed promising results in 

microarray analysis to profile lncRNAs in CCl4-treated mice.  (Yu, Chen, Dong, & Zheng, 2017; 

Yu, Lu, et al., 2015) 

The majority of the lncRNAs linked to NAFLD have been discovered in animal models of hepatic 

fibrosis, primarily CCl4-induced fibrosis. CCl4 is a typical approach for producing liver fibrosis, 

and it promotes HSC activation, dysregulated extracellular matrix formation and breakdown, and 

progressive hepatic fibrosis, just as fibrogenesis is linked to NAFLD in patients. However, CCl4 

promotes hepatic inflammation, and the compound's intrinsic toxicity affects liver function in ways 

that do not mimic NAFLD fibrogenesis in people. Despite these limitations, the repeatability of 

findings in CCl4-treated animals and people with hepatic fibrosis in a variety of studies suggests 

a promising function for these lncRNAs in the diagnosis of NAFLD patients. (Distefano & 

Gerhard, 2022). 

1.6. Rationale 
The current techniques lack sensitivity and specificity in NAFLD detection. Therefore, the 

rationale of the current study is to identify a prognostic lncRNAs panel capable of distinguishing 

NAFLD patients in a more accurate, sensitive, and specific approach at an early stage of the 

disease.  

1.7. Hypothesis 
The computationally assigned lncRNAs possess a prognostic potential in detecting NAFLD in 

patients using minimally invasive serum samples.  

1.8. Objectives and aims 

The objective of this research is to identify a panel of lncRNAs with a differential expression 

between NAFLD patients and healthy individuals that could serve as a signature for early 

detection of NAFLD. While the aims of the current study are : 

The specific aims of the current study are to : 
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1) Identify a panel of lncRNAs differentially expressed between NAFLD patients and 

healthy individuals through: 

     a) Reviewing the literature of the NCBI (national center for biotechnology  

          information) database to determine the candidate lncRNAs. 

     b) Computational analysis of microarray and sequencing databases published in  

          NCBI’s Gene Expression Omnibus (GEO). 

2) Collect serum samples of NAFLD patients as well as healthy subjects with subsequent 

isolation of lncRNAs from these samples. 

3) Measure the expression levels of the identified lncRNAs from aim 1 using qPCR.   

1.9. Novelty of this research 

The novelty of this project is deciphered in its ability to answer an important question with 

regards to the capabilities of the identified panel of lncRNAs to use in the early detection 

of non-alcoholic fatty liver disease. It is anticipated that the identified panel of lncRNAs 

will have a differential expression pattern between NAFLD patients and healthy 

individuals that could serve as a signature for early detection at the steatosis stage which 

will aid in future diagnosis. Furthermore, the results of this thesis showed for the first time 

a combined panel of lncRNAs (H19, MEG3, DUBR, and PVT1), discovering the lncRNA 

PVT1 is an important biomarker that differentiates between NAFL and NASH patients.  
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2. CHAPTER 2: MATERIALS AND METHODS 

2.1.  Bioinformatic analysis 

2.1.1. Data Acquisition  

lncRNA microarray data from the Gene Expression Omnibus (GEO) database from two studies 

on NAFLD patients (GSE107231 and GSE72756) and two studies on NAFLD and High-fat diet 

(HFD) fed mice models (GSE108228 and GSE94790) were analyzed. The upregulated and 

downregulated lncRNAs of each set were determined with a cutoff log Fold Change (logFC) >1 

and logFC <-1 respectively, and a p-value < 0.05. The probe sequences were mapped using the 

ensemble.org Blast tool which facilitated the annotation process as the arrays used 

nonconventional IDs. The intersection of the datasets was done using this Venn diagram tool 

(Bioinformatics & Evolutionary Genomics, n.d.). We then retrieved the sequences of selected 

lncRNAs from RNA Central (Sweeney et al., 2020) (Supplementary 1).  

We also surveyed the literature for reported lncRNAs associated with NAFLD (Table 8). We 

selected a panel of 5 lncRNAs based on the intersection of the datasets and the availability of 

supporting literature. For those lncRNAs, the experimentally validated miRNA interactions were 

identified from Literature. The interaction domains of the lncRNA and the miRNA were 

identified using lncBase V2 (Maria D. Paraskevopoulou et al., 2016). The site of interaction was 

flanked with 100 nucleotides up and downstream for primer design.  

2.1.2. SYBR® Green-based RT-qPCR primer design  

SYBR® Green has been used in RT-qPCR to amplify lncRNA uc.372 (Guo et al., 2018). The 

primers were designed to flank the probes from the Human Microarray Datasets (GSE107231 

and GSE72756). Using Primer3 (Lander, 2019). The primer design specs were optimized to yield 

the best performance in terms of efficiency and specificity when used with SYBR® Green RT-

qPCR (Thornton & Basu, 2011). Primer dimerization was checked using an oligoanalyzer for 

self-dimers, heterodimers and hairpins (Integrated DNA Technologies, 2022). 

In brief, primers were rejected if they 1) form hairpins at the Melting Temperature (Tm), or 2) 

have 3 base matches at the 3’ end with ΔG < -3.5 kcal/mol since these would be extended by the 

DNA polymerase and form primer dimers. The PCR amplicons were checked using UCSC in-

silico PCR (Kent, n.d.) and primers were rejected if they have off-targets on the Dec. 2013 

(GRCh38/hg38) version. GC content of the PCR amplicons was analyzed using GC Calculator 
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(Buddies, n.d.). In general, we selected primers that yield amplicons with GC content [40-60%]. 

Finally, the PCR amplicons were analyzed with UNAfold -- M.Zuker, 2003 

for a Tm below 60 C ([Na] = 50 nM, [Mg] = 3 nM). Primers are listed in the Supplementary file. 

2.2. Patients and samples 

Blood samples have been collected from each patient after signing a written consent form 

(appendix 1,2) approved by the Institutional Review Board (IRB) of the American University 

in Cairo (case number 2020-2021-018) in accordance with the Helsinki Declaration. The 

sampling procedure was held in collaboration with the liver transplantation clinic at the 

National Hepatology and Tropical Medicine Research Institute (NHTMRI) of Cairo 

University. We screened over 100 patients: this study included 62 Egyptian patients with 

NAFL, 30 Egyptian patients with NASH, and 20 healthy. 

2.2.1.  Inclusion and exclusion criteria 

Complete Laboratory work data was collected from patients. The following were the intended 

battery of tests (Sookoian et al., 2017): Fasting plasma glucose, Total Lipid Profile: Serum 

total cholesterol, HDL, LDL, and triglycerides after overnight fasting, Liver function Tests: 

Serum Bilirubin, AST, and ALT, and albumin. Data regarding Abdominal Ultrasonography, 

Anthropometric measurement (Height (m), Weight (Kg), Waist circumference (cm)) were 

also collected along with laboratory work up to identify cases with metabolic syndrome. A 

diagnosis of metabolic syndrome is to be established per the NCEP Adult Treatment Panel 

III, according to which a diagnosis of metabolic syndrome is made if one had at least three of 

the following five components: Waist circumference > 102 cm in men or > 88 cm in women, 

Serum Fasting Triglycerides > 150 mg/dl, Serum Fasting HDL < 40 mg/dl in men and < 50 

mg/dl in women, Blood pressure > 130/85 mmHg or receiving treatment, Fasting plasma 

glucose ≥ 100 mg/dl (Sharda, Yagnik, Soni, & Nigam, 2015). 

All diseased patients were having NAFLD or NASH. Patients were excluded from the study if 

they are <18 years, those with missing fibro scan data. To determine metabolic syndrome 

components, non-fasting participants at the time of blood collection, immigrants, those with 

secondary causes of steatosis, participants with self-reported alcohol abuse (≥ 30 g alcohol daily 

for men and ≥ 20 g for women), total parenteral nutrition, hepatitis B and hepatitis C virus 
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infection, and the use of drugs ( heparin therapy) known to precipitate steatosis. By using 

standard clinical and laboratory evaluation, as well as liver biopsy was used as a gold standard 

method to differentiate between NAFL and NASH patients, autoimmune liver disease, metabolic 

liver disease, Wilson’s disease, and a-1-antitrypsin deficiency were likewise ruled out in all 

patients (Sookoian et al., 2017).  

2.2.2. Sampling and serum preparation 

Five mL of blood was withdrawn from each patient into a labeled disposable serum collection 

tube (global roll gel and clot activator tube). For complete clotting, blood samples were kept for 

one hour at room temperature (15–25°C), then samples were processed for serum separation 

following miRNeasy serum/plasma ( miRNeasy M. Handbook, 2013). 

 

2.3.RNA isolation 

The miRNeasy serum /plasma extraction kit (Qiagen, Valencia, CA, USA) was used to extract 

total RNA, which the manufacturer's protocol ( miRNeasy M. Handbook, 2013) requires the use 

of a QIAzol lysis reagent. After serum preparation, 5 volumes of QIAzol Lysis Reagent were 

added to the serum samples (see table 1 for guidelines). Mixed by vortexing or pipetting up and 

down. After leaving the homogenate on the benchtop at room temperature (15–25 ᵒC) for 5 min,  

1 volume of chloroform was added to the tube containing the homogenate (see table 1 for 

guidelines). The tube was vortexed vigorously for 15 s and the homogenate was placed on the 

benchtop at room temperature for 2–3 min. 

The serum was then centrifuged using Microcentrifuge(s) (with rotor for 2 ml tubes) for 

centrifugation at 4°C and at room temperature (15–25°C) was used during the purification of the 

total RNA Including lncRNA from Serum for 15 minutes at 12,000 xg at 4˚C. The upper aqueous 

phase which contains the RNA was transferred to a new collection tube and 1.5 volumes of 

100% ethanol were added and mixed in by pipetting up and down several times. Up to 700 μL of 

the sample was then pipetted into a RNeasy Mini spin column in a 2 ml collection tube and 

centrifuged at ≥8000 x g (≥10,000 rpm) for 15 s at room temperature (15–25°C). The flow-

through was discarded and this step was repeated using the remainder of the samples. 700μL of 
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RWT buffer and 500μL of RPE buffer were added and centrifuged for 15 seconds at ≥8000 x g 

(≥10,000 rpm) to wash the column respectively. 500μL of 80% ethanol was added and 

centrifuged for 2 minutes at ≥8000 x g (≥10,000 rpm). The spin column was placed in a new 2 

mL collection tube and centrifuged, the lid was open and left to air dry for 5 min. The spin 

column was then placed in a new 1.5 mL tube and 14μL of RNase-free water was added and 

centrifuged at full speed for 1 minute to elute the RNA. RNA concentration was determined 

using the NanoDrop2000 (Thermo scientific, USA). The extracted serum samples were then 

stored -at -80°C for further applications. 

Table 2. Reagent volumes for various starting volumes of serum/plasma 

 

Serum/plasma 

(μL) 

QIAzol Lysis 

Reagent (μL) 

Chloroform 

(μL) 

Approx. volume 

of 

upper aqueous 

phase (μL) 

100% Ethanol 

(μL) 

≤50 250 50 150 225 

100 500 100 300 450 

200 1000 200 600 900 

 

 

2.4.Reverse transcription and cDNA synthesis 

For the lncRNA, polyadenylation and reverse transcription are performed in parallel in the same 

reaction. Polyadenylation and reverse transcription of lncRNA occur together in the same 

process. The oligo-dT primers have a 3' degenerate anchor and a universal tag sequence on the 5' 

end, which allows amplification of mature lncRNA in the real-time PCR. cDNA synthesis was 

performed using a miScript II RT kit (Qiagen, Hilden, Germany) according to the manufacturer’s 
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instructions (R. lncRNA P. A. Handbook, 2014). 50 ng of RNA from each sample was diluted 

with a nuclease-free water variable according to the RNA volume taken (Table 2). Then, 2 μL of 

Buffer GE for a total volume of 10 μL. Then, add 10 μL of Reverse Transcription mix (Table 3) 

was added to each sample for a final reaction volume of 20 μL. The reaction contains 4 μL of 5x 

Buffer BC3, 1 μL of Control P2, 2 μL of Reverse Transcriptase mix, and 3 μL of Nuclease – 

Free Water. This method synthesized cDNA from mature long non-coding RNAs. The RT 

reaction was incubated at 37°C for 60 min followed by inactivation of the RT enzyme at 95°C 

for 5 min. The completed reaction was stored at -20°C to prevent cDNA degradation. For real-

time PCR reaction, 2 μL were taken from the diluted cDNA. 

 

Table 3. Genomic DNA elimination mix 

Component Amount 

RNA 25 ng – 5 μg 

Buffer GE 2 μL 

Nuclease – Free Water Variable 

Total Volume 10 μL 

 

Table 4. Reverse-transcription mix 

 

Component 

Volume for 1 

reaction 

Volume for 6 

reactions 

Volume for 24 

reactions 

5x Buffer BC3 4 μL 24 μL 96 μL 

Control P2 1 μL 6 μL 24 μL 

RE3 Reverse 

Transcriptase Mix 

2 μL 12 μL 48 μL 
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Nuclease- Free Water 3 μL 18 μL 72 μL 

Total Volume 10 μL 60 μL 240 

 

2.5.Real-time PCR amplification of lncRNAs 

For lncRNA, RT² lncRNA qPCR Assays and RT2 SYBR Green master mixes (Qiagen, Hilden, 

Germany) were used. A total reaction volume of 25μL containing 9.5μL of Nuclease-Free Water, 

12.5μL of RT² SYBR Green master mix, 1μL of RT² lncRNA qPCR Assay, and 2μL of cDNA. 

All lncRNA primers were selected based on previously published reports and purchased from 

Qiagen.  

A standard protocol designed by Qiagen was followed as in (Table 5). Fluorescence data 

collection was performed at the end of each elongation step. Rotor-Gene Q machine was used 

during Real-time PCR reactions.  

Table 5. Cycling conditions 

Cycles Duration Temperature Comments 

1 10 min 95°C HotStart DNA Taq 

Polymerase is 

activated by this 

heating step. 

40 15 s 

30-40 s 

 

 

 

95°C 

55°C 

 

 

 

Perform the 

fluorescence data 

collection. Different 

cycles need different 

lengths of time to 
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30 s 

 

 

 

 

 

72°C 

detect fluorescent 

signals. Choose the 

appropriate time for 

the annealing step 

(55°C) for your 

cycler. 

 

Specific forward lncRNAs primers are described in the (Table 6) below were custom-made 

available at Qiagen and purchased as forward primers.  

 

Table 6. List of mature lncRNA primers used for qRT-PCR 

lncRN
As 

Expression 
Level 

Forward Primer (5’à3’) Reverse Primer (5’à3’) Support 

PVT1 
 

Up 
 

ATCCGTGTCT 
GGGAGAAACC 
 

CCCCACAGTC 
ATACCCGTAA 
 

Literature 
and Shared 
among all 
datasets 
analyzed 
(GSE1072
31, 
GSE72756, 
GSE10822
8 and 
GSE94790
) 

H19  Up ACTCACGCAC 
ACTCGTACTG 
 

CAAAGCCTCC 
ACGACTCTGT 
 

Literature 
and Mice 
Data 
(GSE1082
28 and 
GSE94790
) 
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MEG3 Down in 
Mice data 
and 
literature 
Up in some 
literature  

ACCAAATCATTT 
CTGTGCCACTTC 
 

CCTCATGTTTG 
CCTGGCATGG 
 

Literature 
and Mice 
Data 
(GSE1082
28 and 
GSE94790
) 

DUBR 
 

Down 
 

AGTGTCTTCAGA 
ACCAAATGAGT 
 

ACTGGAACAC 
TATCAGGGCT 
 

Shared 
among all 
datasets 
analyzed 
(GSE1072
31, 
GSE72756, 
GSE10822
8 and 
GSE94790
) 

SNHG
17 

Down ATCCTCACCTC 
TCCCTACGTC 
 

TGAGAGGTGTT 
GCAGGAGAGT 
 

Shared 
among all 
datasets 
analyzed 
(GSE1072
31, 
GSE72756, 
GSE10822
8 and 
GSE94790
) 

GAPD
H  

Housekeepi
ng gene 

GAACGGGAAGCTCAC
TGG 

GCCTGCTTCACCACCT
TCT     

Literature 
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2.6.Data analysis 

The ΔΔCq method was recommended for data analysis (R. lncRNA P. A. Handbook, 2014). For 

each sample, a threshold cycle (CT) was calculated based on the time (measured by the number 

of PCR cycles) at which the reporter fluorescence emission increased beyond a threshold level 

(based on the background fluorescence of the system). The measurements for each sample were 

averaged to give an average CT value for each group, after removing the outliers. The CT of 

samples was observed up to 35 cycles. Results were expressed using the comparative CT method 

as described in Appendix A (R. lncRNA P. A. Handbook, 2014). Briefly, the ΔCT values were 

calculated in every sample for each gene of interest as follows: CT gene of interest − CT 

reference gene, with GAPDH as the reference gene for lncRNA. Calculation of relative changes 

in the expression level of one specific gene (ΔΔCT) was performed by subtraction of the ΔCT of 

the control (untreated cells) from the ΔCT of the corresponding treatment groups. The values and 

ranges given in different figures were determined as follows: 2−ΔΔCT represents the fold change 

in gene expression.  

2.7.Statistical analysis 

Statistical Package for the Social Science (SPSS) version 25 (IBM SPSS, Chicago, Il, USA) was 

utilized to analyze the data. The variables were expressed as the mean ± standard deviation (SD). 

Normality testing was performed using the Anderson-Darling test, D’Agostino and Person test, 

Shapiro-Wilk test, and Kolmogorov-Smirnov tests using GraphPad Prism (version 8.4.3). The 

Mann-Whitney U-test was used to analyze and compare the demographic and biochemical data. 

The Mann-Whitney test was chosen because the data did not have a normal distribution meaning 

the data was considered to be nonparametric. The analysis of variance (ANOVA) test was used to 

determine whether there was any significance in the expression of lncRNAs between each group 

of patients (controls, NAFL and NASH). The expression was considered to be significant if the 

probability was less than 0.05 (p < 0.05). Quantitative data were demonstrated as mean ± SEM, 

range (minimum–maximum), or number (percentages) as appropriate. For non-normally 

distributed data, values were analyzed using Mann-Whitney U (for comparison between two 
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groups), and Kruskal-Wallis H (for comparison among three or more groups), however normally 

distributed quantitative data was analyzed using one-way ANOVA (analysis of variance) to 

compare three or more groups. Analysis of qualitative data was performed using the Chi-square 

test. Spearman’s rank correlation was used to study the inter-relation between target lncRNAs. 

Receiver operating characteristic (ROC) curve analysis was done to evaluate the diagnostic 

accuracy (sensitivity and specificity) of the 5 lncRNAs. Moreover, the ROC curve was used to 

calculate the area under the curve (AUC). Figures were designed using SPSS and GraphPad prism. 

All statistical tests were two-tailed, and P-value ≤ 0.05 was considered statistically significant. 

The Pearson correlation method was used to correlate lncRNA expression patterns within each 

group of patients. A minimum p-value < 0.05 was used to define a significant correlation between 

lncRNAs. 
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CHAPTER 3: RESULTS 

2.8.  Microarray bioinformatic analysis 

Our analysis (Table7) revealed that human data in the two studies (GSE107231 and GSE72756) 

intersected at 5 upregulated and 21 downregulated lncRNAs. The mice data (GSE108228 and 

GSE94790) intersected at 8 upregulated and 28 downregulated lncRNAs. Altogether, the human 

and mice data intersected at 1 upregulated and 3 downregulated lncRNAs. 

 

Table 7.The intersection of dysregulated lncRNAs from the human and Mice microarray 
data 

 

Intersection Number of 
lncRNAs 

lncRNA(s) Literature Data 

Upregulated 
Human and Human  
(GSE107231 and 
GSE72756) 

5 LINC01198, 
LINC00607, 
MAFTRR, 
PWRN1, 
LINC00907  
 

 

Downregulated 
Human and Human 
(GSE107231 and 
GSE72756) 

21 DUXAP8, 
LINC00924, 
KCNMA1-AS1, 
LINC01255, 
PPFIA2-AS1, 
LINC00635, 
DCTN1-AS1, 
FZD10-AS1, 
AL591501.1, CA3-
AS1, SPRY4-AS1, 
LINC00299, 
TEX41, SOX2-OT, 
DPP10-AS2, 
LINC02332, 
AC116565.1, 
AC024267.6, 
AC055854.1, 
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SLIT3-AS1, 
AC239809.3  
 

Upregulated Mice 
and Mice 
(GSE108228 and 
GSE94790) 

8 GM32017, 
GM17494, 
SNHG18, 
5430405H02RIK, 
BACH2OS, H19, 
GM4651, 
9330158H04RIK   
 

H19 is the first 
reported lncRNA to 
be associated with 
liver disease (He et 
al., 2014) and was 
also shown to 
induce steatosis in 
hepatocytes (H. 
Wang et al., 2020) 

Downregulated 
Mice and Mice 
(GSE108228 and 
GSE94790) 

28 9330159M07RIK, 
SNHG3, 
D630024D03RIK, 
A530083I20RIK, 
GM16028, 
4930405D11RIK, 
2810410L24RIK, 
RIAN, GM17206, 
E330020D12RIK, 
E330012B07RIK, 
AC160336.1, 
SNHG17, 
2610016A17RIK, 
BC048559, 
GM50166, MEG3, 
GM17028, 
GM15651, 
4930448E22RIK, 
4930467D21RIK, 
4933413J09RIK, 
A530058N18RIK, 
GM2200, 
GM17167, 
GM10874  
 

MEG3 is 
downregulated in 
human fibrotic liver 
as well as CCl4-
induced mice 
models (He et al., 
2014), but was 
shown to be 
upregulated in the 
liver of NASH 
cirrhosis and liver 
fibrosis patients 
(Kim, Park, & Lee, 
2020; L. Zhang, 
Yang, Trottier, 
Barbier, & Wang, 
2017b)  

Upregulated 
Human and Mice 
(GSE107231, 
GSE72756, 
GSE108228 and 
GSE94790) 

1 PVT1 
 

PVT1 is 
upregulated in 
patients with 
activated HSCs and 
fibrotic liver (R. 
Huang, Duan, Fan, 
Li, & Wang, 2019; 
Khalifa, Errafii, Al-
Akl, & Arredouani, 
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2020a; Lu, Luo, 
Wang, Ye, & 
Wang, 2017) 

Downregulated 
Human and Mice 
( GSE107231, 
GSE72756, 
GSE108228 and 
GSE94790) 

3 DUBR, SNHG17, 
SNHG14 
 

SNHG14 was 
shown to be 
upregulated in HCC 
cell lines and to 
have a sponge 
effect on miR-4673  
(Pu et al., 2019) 

*Highlighted in Yellow are the lncRNAs supported by our analysis and literature 

 

 

2.9. RNA sequencing bioinformatic analysis 
 

Based on the bioinformatic analysis compiled in Table 8, in this current study, we have selected 

these five lncRNAs (SNHG17, H19, MEG3, DUBR, and PVT1) because of their potential 

promising effect in the early detection of non-alcoholic fatty liver disease in a more accurate, 

sensitive and specific approach (shown in Table 9). 

 

 

 

Table 8. lncRNA Associated with NAFLD in Literature 

lncRNA Up Down Stage Targets Reference  
LncARSR   NAFLD YAP1 

IRS2/AKT pathway 
(R. Huang et al., 2019; Khalifa, 
Errafii, Al-Akl, & Arredouani, 
2020b) 

MEG3  * NAFLD/NASH 
Activated 
HSCs  

DNMT and TGFB1 
miR-21 
  

(He et al., 2014; P. Huang et 
al., 2019a; Khalifa et al., 
2020b; Kim et al., 2020; L. 
Zhang, Yang, Trottier, Barbier, 
& Wang, 2017a) 

NEAT1   NAFLD/NASH ACTA2 and Col1a1
  

(R. Huang et al., 2019; Khalifa 
et al., 2020b) 
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MALAT-1 
(Also known 
as NEAT2)  

  Fibrosis HCC CXCL5 (R. Huang et al., 2019; Khalifa 
et al., 2020b; C. Li et al., 2015; 
Yu, Jiang, Chen, Dong, & 
Zheng, 2017) 

lnRNA-CoX2    Fibrosis 
Cirrhosis  
HCC 

PTGS2  (Khalifa et al., 2020b; Tang et 
al., 2017) 

HOTAIR   HCC 
Fibrosis 

PTEN (Bian et al., 2017; R. Huang et 
al., 2019; Khalifa et al., 2020a; 
W. Li, Chen, Lin, & Huang, 
2017) 

APTR   HCC 
fibrosis 

TGF-β1  
(R. Huang et al., 2019; Khalifa 
et al., 2020b; Yu, Zheng, et al., 
2015) 

PVT1   HCC miR-152  (R. Huang et al., 2019; Khalifa 
et al., 2020b; Lu et al., 2017) 

B4GALT1-
AS1 

  NAFLD hnRNPA1 
PI3K/Akt pathway 
mTOR / SREBP-1C 
pathway 

 
(R. Huang et al., 2019; J. Wang 
et al., 2018) 

FLRL2   NAFLD Arntl-Sirt1 axis (Y. Chen et al., 2019) 
H19  
 

  NAFLD (in 
vitro) 

MLXIPL  
miR-130a/PPARγ 
axis 

(J. Liu, Tang, Wang, & Liu, 
2019; H. Wang et al., 2020) 

MRAK052686 
(Mice) 

  Steatosis  Nrf2 (Implied but 
not confirmed) 

(Yuan et al., 2015) 

SRA 
 

*  promoting 
hepatic 
steatosis 

FoxO1 
ATGL 
 

(G. Chen et al., 2016) 

SNHG14   HCC miR-4673/SOCS1 (Pu et al., 2019) 
Uc.372   NAFLD miR-195 

miR4668 
 

(Jun Guo, et al., 2018) 

*Highlighted in Yellow are the lncRNAs supported by our analysis and literature 

 

* MEG3 is downregulated in CCl4-induced mice models, as well as human fibrotic liver (He et 

al., 2014)  but is upregulated in the liver of NASH cirrhosis and liver fibrosis patients (Kim et al., 

2020; L. Zhang et al., 2017b)  

*SRA knockout revealed its functional rule in promoting hepatic steatosis by repressing ATGL. 

No info was provided on its expression level. 
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Table 9. Recommended Panel of lncRNAs 

 

 Sequence LncRNA name Catalog no. 

1 AATCATAGACATGTTGGAAGGAGCGTTCTA

TGGCCTGGATCTCCTGAAGCTACATTCAGT 

SNHG17 330701 

2 CTTCTGAATTTAATTTGCACTAAGTCATTTG

CACTGGTTGGAGTTGTGGAGACGGCCTTG 

H19 330001 

3 AACATTCATCCTCCACAGCCACGGGGACAC

CCTGCACCTATTCCCACGGGACAGGCTGGA 

MEG3 330701 

4 TCACTTCGTGCTAGCATATGGGCAATCTCA

ATTTATTTCTAATAACTCCCTGTATCTTTC 

DUBR 330701 

5 GGCCTGGTCTCCATTATTTGAGATGAGTTA

CATCTTGGAGGTGAGGACGTGCCTCGTGGT 

PVT1 330701 

6 TTGAGGTCAATGAAGGGGTCGAAGGTGAA

GGTCGGAGTCA 

Housekeeping gene 

(GAPDH) 

NM_002046 

 

2.10. Study subjects and laboratory testing  
2.10.1. Subjects were classified into the following groups 

I) Group 1 (Healthy controls) 

   Serum of 20 normal healthy samples were donated by global research lab, age range from 38-62 

years old, the median age was 49 years old, and mean age ± SD was 49.61 ± 5.392. 

II) Group 2 (NAFL group) 

   Blood samples from 62 patients with NAFL were collected.  Patients’ ages ranged from 22-66 

years old, the median age was 46 years old, and mean age ± SD was 46.63 ± 9.884. 
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III) Group 3 (NASH group) 

   Blood samples from 30 patients with NASH were collected. Patients’ ages range from 23-65 

years old, the median age was 42 years old, and mean age ± SD was 42.50 ± 9.339  

 

2.10.2. Clinicopathological and demographic features of the study groups 

 Demographic and clinical data are compiled in (Table 10). There is a significant difference was 

observed in the gender distribution between the healthy control, NAFL, and NASH groups. 

Moreover, there is a statistical difference was observed in age distribution among the healthy 

individuals, and other groups (P = 0.0.005). Elevated levels of ALT showed highly a significant 

difference among the NASH groups (P < 0.001). Similarly, AST elevated levels were highly 

significant in NAFL and NASH groups relative to healthy individuals (P < 0.001).  No statistical 

significance was detected in FBG among the two diseased groups upon comparison with healthy 

individuals (P =0.376). 
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    Table 10. Clinicopathological and demographic features of the study population 

 

 

Statistical significance is considered as P-value ≤ 0.05. 
Statistical analysis was performed using (a) Chi-square test 
 

 

 

 
 

 

Statistics 
 

 
       X2(a)       P-value 

 
 

NASH 
n=30 

(% within 
group)] 

 

Groups 
 
 

NAFL 
[n=42 

(% within 
group)] 

 
 

Control [n=20 
(% within 

group)] 
 

 
 

No. of 
participa

nts 
[n= 92] 

 
 

 
 
 

Clinicopathological  
Features 

 
     10.632       0.005 

 

 
20 (71.4%)            
8 (28.6%) 

2 

 
21(51.2%) 
20 (48.8%) 

1 

 
4 (22.2%) 
14 (77.8%)  

2 

  
45 
42 
5 

Age 
Mean age (≤46) (n=18)                          
Mean age (>46)  
Missing  

 
      23.363      <0.001 

 

 
8 (27.6%) 
21 (72.4%) 

1 

 
3 (7.1%) 

39 (92.9%) 
0 

 
12 (66.7%) 
6 (33.3%) 

2 

 
23 
66 
3 

Gender 
Male 
Female 
Missing 

     BMI 
 

      57.318      <0.001 
 

7 (24.1%)           
22 (75.9%) 

1 

 
38 (100%) 

0 
4  

 
18 (100%) 

0 
2 

 
63 
22 
7 

ALT 
≤ 50 IU/L                          
> 50 IU/L 
Missing 

 
      31.306     <0.001 

 
 

 
11 (37.9%)           
18 (62.1%) 

1 

 
33 (94.3%) 
2 (5.7%) 

7 

 
17 (94.4%) 
1 (5.6%) 

2 

 
61 
21 
10 

AST 
≤ 50 IU/L                          
> 50 IU/L 
Missing 

   
        1.957      0.376 

 

 
6 (42.9%)   
8 (57.1%) 

16 

 
7 (70%) 
3 (30%) 

32 

 
11 (61.1%) 
7 (38.9%) 

2 

 
24 
18 
50 
 

FBG 
≤ 99 mg/dl                          
> 99 mg/dl 
Missing 
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2.11.  LncRNAs serum signature in the study groups 

   The study design relied on the determination of the differential expression signature of the 

lncRNAs obtained from the bioinformatic analysis. The expression levels of the target lncRNAs 

were assessed using SYBR Green-based qPCR in the diseased groups compared to healthy 

individuals as a control group. GAPDH was used as a reference gene for the same sample to 

calculate ∆Ct values. The relative expressions of the candidate lncRNAs were assessed using 2-

∆∆Ct method.  

   Fold changes of the DE-lncRNAs among the study groups were represented in (figure 3)The 

results of this study revealed that serum levels of the four candidate lncRNAs were differentially 

expressed in NAFL and NASH patients in comparison to healthy individuals with high statistical 

significance (P-value < 0.05) using Mann-Whitney U statistical test. However, only PVT1 serum 

level showed statistical significance upon comparing NAFL patients with those having NASH. 

The expression levels of H19, MEG3, DUBR, and PVT1 were significantly altered in NAFL 

patients relative to the healthy controls (P < 0.001, P = 0.034, P = 0.003, and P <0.001 

respectively). Whereas, H19, DUBR, and PVT1 showed differences in differential expression 

between NAFL and the control group (P <0.001, P = 0.004  and P <0.001 respectively).  

  Comparison of the mean rank (which represents the arithmetic average of the positions in the list, 

preferred to be used in non-parametric tests) of the fold change among the study groups (Tables 

11-14) showed that the increase in the fold change of H19, MEG3, DUBR was compatible with 

the disease progression. Whereas, PVT1, showed a reduction in the mean expression in the NAFL 

and NASH patients. Only SNHG17 showed no statistical difference between  NAFL and NASH 

patients in comparison with healthy groups.
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Figure 3. Fold change of the DE-lncRNAs in the study groups. Scatter dot plots demonstrate 
the fold change of serum expression of the target lncRNAs (SNHG17, H19, MEG3, DUBR, and 
PVT1) among the study groups. Y-axis represents the log of the fold change of each lncRNA; the 
X-axis shows the study groups.  
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Table 11. Fold change mean rank of target lncRNAs among the studied groups. 

 

 
Statistical significance is considered as P-value ≤ 0.05 
 

Table 12. Fold change mean rank of NAFL and healthy individuals  

 
 

 
 

 
P-value 

 Statistics 
 

 
2X 

                                
 

NASH 
fold change 
mean rank 

(n= 30) 

Groups  
 

NAFL 
fold change 
mean rank 

(n= 42)  

 
 

Control 
fold change 
mean rank 

(n= 20) 

 
 
 

Target 

0.715 0.672 48.27 47.26 42.25 SNHG17 
<0.001 19.148 54.50 51.74 23.50 H19 

0.068 5.376 47.77 51.26 34.60 MEG3 
0.006 10.260 50.63 51.60 29.60 DUBR 

<0.001 54.495 49.68 27.79 81.03 PVT1 

 

 

 

P-value 

 Statistics 

 

 

X2 

 

 

NAFL 

fold change 

mean rank 

(n= 42)  

                        Groups 

 

Control 

fold change 

mean rank 

(n= 20) 

 

 

 

Target 

0.673 392.000 32.17 30.10 SNHG17 

<0.001 188.000 37.02 19.90 H19 

0.034 279.000 34.86 24.45 MEG3 

0.003 225.500 36.13 21.78 DUBR 

<0.001 8.000 21.69 52.10 PVT1 



 

35 

 

Table 13. Fold change mean rank of NASH and healthy individuals  

 
 
 
 

 
Table 14. Fold change mean rank of NAFL and NASH patients  

 

 

 

 

P-value 

 Statistics 

 

 

X2 

 

 

NASH 

fold change 

mean rank 

(n= 30)  

                        Groups 

 

Control 

fold change 

mean rank 

(n= 20) 

 

 

 

Target 

0.259 243.000 27.40 22.65 SNHG17 

<0.001 72.000 33.10 14.10 H19 

0.055 203.000 28.73 20.65 MEG3 

0.004 156.500 30.28 18.33 DUBR 

<0.001 21.500 16.22 39.43 PVT1 

 

 

 

P-value 

 Statistics 

 

 

X2 

 

 

NASH 

fold change 

mean rank 

(n= 30)  

                        Groups 

 

NAFL 

fold change 

mean rank 

(n= 42) 

 

 

 

Target 

0.964 626.000 36.37 36.60 SNHG17 

0.891 618.000 36.90 36.21 H19 

0.500 571.000 34.53 37.90 MEG3 

0.824 610.500 35.85 36.96 DUBR 

<0.001 256.000 48.97 27.60 PVT1 
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2.12.Receiver operating characteristic (ROC) analysis  

Receiver operating characteristic (ROC) analyses were used to evaluate the diagnostic 

performance of the four potential lncRNAs. The ability of each prospective biomarker to detect 

the diseased groups was displayed as the area under the ROC curve (AUC), which was constructed 

using SPSS software version 25. The threshold value for the optimum sensitivity and specificity 

was determined using ROC analysis based on the relative quantification (RQ) values of the RNAs. 

True positive samples (sensitivity percent) and false positive samples (1 - specificity) of each 

RNA's RQ values were calculated at several cutoff points to determine appropriate cutoffs.  

Furthermore, cutoff values for each of the RNAs were chosen. If the RQ was greater than or equal 

to this cutoff value, the sample was considered positive. The Chi-Square test was used to look at 

the distribution of positive cases of each lncRNA among the three groups. Calculation of 

sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and 

accuracy across different comparative research groups to assess the diagnostic capability of DE-

lnRNAs. For better diagnostic accuracy, ROC analysis was implemented for combined panels of 

statistically significant lncRNAs. 

2.13.Diagnostic potential of the DE-lncRNAs 

2.13.1.Diagnostic potential of the DE-lncRNAs in NAFL patients compared to healthy 

individuals 

ROC analysis calculations were assessed for the candidate lncRNAs to discriminate NAFL 

patients from healthy controls (Figures 4-5 and Table 15). The AUC values were 0.776, 0.668, 

0.732, and 0.990 corresponding to H19, MEG3, DUBR, and PVT1 respectively with high 

statistical significance (P-value < 0.001, P-value < 0.007, P-value < 0.006 , and P-value < 0.001). 

All of the targets showed high sensitivity (ranging from 97.62% to 61.90 %) and accuracy (ranging 

from 96.77% to 66.13 %) for the diagnosis of NAFL patients. Combining lncRNAs (H19, MEG3, 

DUBR, and PVT1 ) in which four tested positive, the whole panel is considered positive have 

sensitivity, specificity, and accuracy of 73.81%, 100%, and 82.26% respectively with (P-value < 

0.001). Moreover, combining lncRNAs (H19, DUBR, and PVT1 ) in which three tested positive,  

the whole panel is considered positive and have sensitivity, specificity, and accuracy of 80.95%, 

100%, and 100% respectively with (P-value < 0.001). Having a combined panel of the most 
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significant lncRNAs (H19 and PVT1); in which if 2 lnRNAs tested positive, the whole panel is 

considered positive; increased the sensitivity, specificity, and accuracy of detection to 100%, 95 

%, and 98.39% respectively with high statistical significance (P-value < 0.001). Yet, using a 

combined panel of 2 lncRNAs ( H19 and DUBR) had lower sensitivity, specificity, and accuracy 

of 80.95%, 65%, and 75.81% respectively with (P-value < 0.001). 

 

2.13.2. Diagnostic potential of the DE-lncRNAs in NASH patients compared to healthy 

individuals 

To identify NASH patients from healthy individuals, ROC curves were drawn for the candidate 

lncRNAs (Figures 5-6 and Table 16). The AUC values were 0.880, 0.662, 0.739, and 0.964 

corresponding to H19, MEG3, DUBR, and PVT1, respectively with high statistical significance 

(P-value < 0.001, P-value = 0.004, P-value < 0.001, and P-value < 0.001). All of the targets 

showed high sensitivity (ranging from 100% to 66.67%) and accuracy (ranging from 92 % to 70%) 

for discrimination of NASH patients. A combined panel of 4 lncRNAs ( H19, MEG3, DUBR, and 

PVT1 ) had sensitivity, specificity, and accuracy of 73.33%, 95%, and 82% respectively with (P-

value < 0.001). Furthermore combined panel of 3 lnRNAs (H19, DUBR, and PVT1)  improved 

overall sensitivity, specificity, and accuracy of detection to 88.67%, 95%, and 90% respectively 

with high statistical significance (P-value < 0.001). In addition, a combined panel of 2 lncRNAs ( 

H19 and DUBR ) had sensitivity,  specificity, and accuracy of 88.67% , 90%, and 88% 

respectively. Upon combining only 2 lncRNAs (H19 and PVT1 ), the sensitivity increased to 100% 

, yet specificity was 70%, and accuracy is the same at 88%.  

2.13.3. Diagnostic potential of the DE-lncRNAs in NAFL patients compared to NASH 

individuals  

In a comparison between NAFL patients with NASH patients, AUC was calculated and only one 

lncRNA PVT1 had a statistically significant value (Figure 8 and Table 17). For PVT1 had AUC 

equal to 0.797 with high statistical significance (P-value < 0.001), and sensitivity, specificity, 

accuracy ( 80%, 73.81%, and 67.06 ) respectively.   

2.14.Correlation between the studied lncRNAs 
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   Spearman’s correlation test was performed to investigate the correlation between the fold change 

of expression of each  lncRNA and the other lncRNAs. A positive correlation was recorded 

between the expression of all lncRNAs among the study groups, with high statistical significance 

(P < 0.001) (Table 18). All lncRNAs ( SNHG17, H19, MEG3, DUBR, and PVT1) showed a 

positive correlation. SNHG17 showed positive correlations with all other lncRNAs ( H19, MEG3, 

DUBR, and PVT1). H19 showed a positive correlation with all lncRNAs except PVT1. Similarly 

, MEG3 and DUBR both  showed positive correlations with all other lncRNAs except for PVT1. 

Consequentially, PVT1 only had a correlation with SNHG17. This table suggests that SNHG17 

and PVT1 showed different behavior being the only two  down regulators tested.  
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  Figure 4. ROC curves and AUC for the diagnostic potential of the differentially expressed serum 
lncRNAs ( H19, MEG3, DUBR, and PVT1) in the differentiation between NAFL patients and healthy 
individuals. 

H19 
AUC  = 0.776 

 

MEG3  
AUC = 0.668 

 

DUBR 
AUC = 0.732 

 
PVT1 
AUC = 0.990 
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Figures 5. ROC curves and AUC for the diagnostic potential of the differentially expressed 
serum lncRNAs ( H19, MEG3, DUBR and PVT1) in combined panel of NAFLD 
biomarkers 

H19,MEG3, 
DUBR, PVT1 
AUC = 0.869 

 

H19, DUBR, 
PVT1 
AUC = 0.905 

 

H19 & DUBR  
AUC = 0.730 

 
H19 & PVT1 
AUC = 0.975 
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Figure 6. ROC curves and AUC for the diagnostic potential of the differentially expressed 
serum lncRNAs ( H19, MEG3, DUBR and PVT1) in the differentiation between NASH 
patients and healthy individuals.  

H19 
AUC = 0.880 

 
MEG3 
AUC = 0.662 

 

DUBR 
AUC = 0.739 

 

PVT1 
AUC = 0.964 
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Figures 7. ROC curves and AUC for the diagnostic potential of the differentially expressed 
serum lncRNA (PVT1) in combined panel of NASH biomarkers. 

H19,MEG3, 
DUBR, PVT1 
AUC = 0.842 

 

H19 , DUBR, 
PVT1 
AUC = 0.908 

 

H19 & DUBR  
AUC = 0.883 

 

H19 & PVT1  
AUC = 0.850 
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Figure 8. ROC curves and AUC for the diagnostic potential of the differentially expressed serum lncRNA 
(PVT1) in the differentiation between NAFL patients and NASH. 
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Table 15. ROC curve analysis of the investigated biomarkers in discriminating NAFL patients from healthy individuals  

Statistical significance is considered as P-value ≤ 0.05. ROC analysis was done on four statistically significantly candidate lncRNAs. 

 
Target 

 
AUC 

 
SE 

 
P-value 

 
Cut-off 

 
Sensitivity % 

 
Specificity % 

 
PPV 

 
NPV 

 
Accuracy 

 
Chi- sq 

P-value 
(2 sided) 

 
NAFLD vs Control 
 
SNHG17 0.533 0.072  0.673 (N.S)         

H19 0.776 0.061  <0.001 3.05 73.81 
 

100 
 

100 
 

64.52 
 

82.26 
 

29.524 <0.001 

MEG3 0.668 0.067 0.034 1.60         61.90            75 83.87 48.39 66.13 7.381 0.007 

DUBR 0.732      0.063 0.003                    1.77    71.43 
 

65 
 

81.08 
 

52 
 

69.35 
 

7.472 
 

0.006 
 

PVT1 0.990 0.009     <0.001 0.056         97.62 
 

           95 
 

97.62 
 

95 
 

96.77 
 

53.185 <0.001 

Combined Panel (3 lncRNAs) (3/4) 
(H19 +MEG3+DUBR+PVT1)                     
 

        73.81           100 100 64.52 82.26 29.524 <0.001 

Combined panel (3 lncRNAs) (2/3) 
(H19 +DUBR+PVT1)                     
 
 

        80.95           100 100 71.43 87.10 35.850 <0.001 

Combined panel (2 lncRNAs) (1/2)     
(H19 + DUBR)  
 
 

        80.95            65 82.93 61.90 75.81 12.773 <0.001 

Combined panel (2 lncRNAs) (1/2) 
(H19 + PVT1)  
 
 

        100            95 97.67 100 98.39 57.530 <0.001 
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Table 16. ROC curve analysis of the investigated biomarkers in discriminating NASH patients from healthy individuals  

Statistical significance is considered as P-value ≤ 0.05. ROC analysis was done on four statistically significantly candidate lncRNAs.   

 
Target 

 
AUC 

 
SE 

 
P-value 

 
Cut-off 

 
Sensitivity % 

 
Specificity % 

 
PPV 

 
NPV 

 
Accuracy 

 
Chi- sq 

P-value 
(2 sided) 

 
NASH vs Control 
 
SNHG17 0.595 0.081                0.259 (N.S)                       

H19 0.880 0.057 <0.001 3.04 86.67 
 

100 
 

100 
 

83.33 
 

92 
 

36.111 <0.001 

MEG3 0.662 0.079     0.055 1.60 66.67 75 80 60 70 8.333 0.004 

DUBR 0.739 0.074 0.004 2.27 70 90 91.30 
 

66.67 78 17.391 <0.001 

PVT1 0.964 0.022  <0.001 0.20 100 70 83.33 100 88 29.167 <0.001 

Combined Panel ( 3 lncRNAs) (3/4) 
(H19 +MEG3+DUBR+PVT1)                     
 

  73.33 95 95.65 70.37 82 22.558 <0.001 

Combined panel ( 3 lncRNAs) (2/3) 
(H19 +DUBR+PVT1)                     
 
 

 88.67 95 96.30 82.61 90 32.220 <0.001 

Combined panel ( 2 lncRNAs) (1/2)     
(H19 + DUBR)  
 
 

 86.67 90 92.86 81.82 88 28.626 <0.001 

Combined panel ( 2 lncRNAs) (1/2) 
(H19 + PVT1)  
 
 

                        100 70 83.33 100 88 29.167 <0.001 
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Table 17. ROC curve analysis of the investigated biomarkers in discriminating NAFLD patients from NASH 

 
 

 
Statistical significance is considered as P-value ≤ 0.05. ROC analysis was done on four statistically significantly candidate lncRNAs.   

 
 

 

 

 

 

 

 

 

 

 

 
Target 

 
AUC 

 
SE 

 
P-value 

 
Cut-off 

 
Sensitivity % 

 
Specificity % 

 
PPV 

 
NPV 

 
Accuracy 

 
Chi- sq 

P-value 
(2 sided) 

 
NAFLD vs NASH 
 
PVT1 0.797 0.056   0.000 0.002    80       73.81    68.57    83.78       67.06    20.284      <0.001 
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Table 81 . Correlation between the target lncRNAs in the study groups 
 
 

 
RQ SNHG17 RQ H19 RQ MEG3 RQ DUBR RQ PVT1 

Spearman's rho RQ SNHG17 Correlation Coefficient 1.000 .641** .724** .665** .309** 

Sig. (2-tailed) . <0.001  <0.001  <0.001 .003 
RQ H19 Correlation Coefficient .641** 1.000 .766** .779** .058 

Sig. (2-tailed) <0.001 . <0.001 <0.001 .580 
RQ MEG3 Correlation Coefficient .724** .766** 1.000 .786** .140 

Sig. (2-tailed) <0.001 <0.001 .  <0.001 .184 
RQ DUBR Correlation Coefficient .665** .779** .786** 1.000 .139 

Sig. (2-tailed) <0.001 <0.001 <0.001 . .187 
RQ PVT1 Correlation Coefficient .309** .058 .140 .139 1.000 

Sig. (2-tailed) .003 .580 .184 .187 . 

**. Correlation is significant at the 0.01 level (2-tailed). 
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CHAPTER 4: DISCUSSION 

Non-alcoholic fatty liver disease (NAFLD) is becoming more common over the world. According 

to current estimates, 25% of the adult population, or one billion people globally, is impacted. 

Fatty liver appears to peak in males between 40 and 50 years of age and in females between 60 

and 69 years of age, with prevalence declining somewhat in later (>70 years) cohorts. In addition, 

certain risk factors for the development of NAFLD, including hypertension, diabetes, 

hyperlipidemia, and obesity, are more common in older people. Diagnosis and management 

techniques for older persons can be difficult, and healthcare providers must take into account 

certain age-specific characteristics (Alqahtani & Schattenberg, 2021). The poor prognosis of 

NAFLD was the main motive for the researchers to determine new biomarkers than can aid in 

NAFLD early detection. Thus, this research study aimed to specify lncRNA panel to serve as a 

non-invasive biomarker for the prediction of NAFLD.  

In this study, the patient's inclusion criteria relied on subjects shall undergo trans-abdominal 

ultrasonography performed by a single radiologist for evidence of fatty liver disease. The 

severity of steatosis will be recorded as mild, moderate, or severe fatty liver according to the 

findings of the bright liver, hepato-renal echo contrast, the blurring of vessels, and deep 

attenuation of ultrasound signal  (Sharda et al., 2015). The choice of the healthy control 

group was sex-matched with NAFLD, as NAFLD is a female predominant disease 

(Giannitrapani et al., 2006).  The results obtained from our bioinformatics analysis 

highlighted five lncRNAs found in microarray data from the Gene Expression Omnibus 

(GEO) database and literature. H19, MEG3, and PVT1 were upregulated, while SNHG17 

and DUBR were downregulated in humans and mice. Previous  research studies reported 

upregulation of H19 in mice which were comparable to our bioinformatics analysis results 

(H. Wang et al., 2020).  Upregulation of MEG3 in human fibrotic liver as well as CCl4-

induced mice models (He et al., 2014) and also was shown to be upregulated in the liver of 

NASH cirrhosis and liver fibrosis patients (Kim et al., 2020; L. Zhang et al., 2017b). 

 

Based on our bioinformatics analysis, four of the selected lncRNAs were previously reported to 

have a strong association with NAFLD or HCC (Table 8). PVT1 which is the only upregulated 
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lncRNA in both human and mice microarray data (GSE107231, GSE72756, GSE108228 and 

GSE94790) has been reported to be upregulated in patients with activated HSCs and fibrotic 

liver (R. Huang et al., 2019; Lu et al., 2017). H19 which is upregulated in both of the mice 

datasets (GSE108228 and GSE94790) is the first reported lncRNA to be associated with liver 

disease (Ariel et al., 1998) and was also shown to induce steatosis in hepatocytes (H. Wang et 

al., 2020). MEG3 is downregulated in the mice datasets (GSE108228 and GSE94790) and was 

shown to be also downregulated in CCl4-induced mice models, as well as human fibrotic liver 

(He et al., 2014). In contrast to this finding, MEG3 was shown to be upregulated in the liver of 

NASH cirrhosis and liver fibrosis patients (Kim et al., 2020; L. Zhang et al., 2017a). 

Furthermore, PVT1 was upregulated in Humans and Mice, and shown to be upregulated in 

patients with activated HSCs and fibrotic liver (R. Huang et al., 2019; Khalifa et al., 2020a; Lu 

et al., 2017). Moreover, analysis of the downregulation mechanisms revealed that SNG17 and 

DUBR were downregulated in humans and mice.  

We believe, based on our analysis and literature survey, that the following lncRNAs can form a 

candidate panel of biomarkers for NAFLD (Table 9). The lncRNAs presented are shared among 

all or some of the analyzed datasets (GSE107231, GSE72756, GSE108228 and GSE94790), and 

some are supported by the literature. 

Previous studies were in agreement with our results. (Y. Wang, Hylemon, & Zhou, 2021) 

They identified that H19 plays a role in diet-induced hepatic steatosis, yet no study has 

discussed the impact of H19 on both NAFL and NASH diseases. Our results also identified 

MEG3 as a potential biomarker for NAFLD which were similar to previous studies, yet we 

are the first to report on human samples (P. Huang et al., 2019b). There was not enough 

evidence in the literature about PVT1 and DUBR  impact on NAFLD.  

The results of this study showed highly a significant increase in serum concentration of H19, 

MEG3, DUBR, and PVT1 in NAFL patients compared to healthy individuals (P <0.001, 

P=0.034, P= 0.003, P <0.001 respectively). However, the expression of H19, MEG3,  

DUBR, and PVT1 were significantly altered in NASH patients compared to healthy 

individuals (P <0.001, P=0.055, P=0.004, and P < 0.001 respectively). PVT1 had 

diagnostic power in differentiating  NAFL from healthy individuals and NASH from  
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healthy individuals with sensitivity and specificity ( 80% and 73.81 respectively). Moreover, 

the combined panel was successfully used to assess the accuracy of distinguishing between 

NAFLD and healthy individuals. Having a combined panel of the most significant lncRNAs 

(H19 and PVT1); in which if 2 lnRNAs tested positive, the whole panel is considered 

positive; increased the sensitivity, specificity and accuracy of detection to 100%, 95 %, and 

98.39% respectively with high statistical significance (P-value < 0.001) between NAFL and 

healthy individuals. Furthermore combined panel of 3 lnRNAs (H19, DUBR, and PVT1)  

improved overall sensitivity, specificity, and accuracy of detection to 88.67%, 95%, and 

90% respectively with high statistical significance (P-value < 0.001) in NASH patients 

compared to healthy subjects.  

Furthermore, lncRNA plays a role in insulin resistance in diabetic patients (Rashidmayvan, 

Sahebi, & Majid Ghayour-Mobarhan, 2022). Since diabetes is a risk factor for NAFLD, it 

was crucial to assess the NAFLD patients in our study. Our results revealed no statistical 

significance due to the lack of enough clinical data. Yet, previous studies proved there is a 

correlation between diabetes and NAFLD (Targher, Marchesini, & Byrne, 2016) 

Previous studies were conducted in Egypt, one pilot study pilot study concluded that 

HSPD1/MMP14/ITGB1/miR-6881-5P/Lnc-SPARCL1-1:2 panel expression has potential in 

the differentiation and diagnosis of NAFLD (Albadawy et al., 2021). Another study 

concluded that PVT1 can be used as a diagnostic biomarker to differentiate patients with late 

NAFLD stages (Rashad et al., 2022). This study is in agreement with our study that PVT1 

can be used to differentiate between NAFL and NASH.  

To the best of our knowledge,  we believe that the choice of the candidate lncRNAs within 

the panel makes it the first research to report a multifunctional tool for NAFLD early 

detection. The panel is composed of H19, MEG3, DUBR, and PVT1could act as a marker 

for early NAFLD detection. The use of the lncRNAs combined panel will facilitate and 

improve NAFLD diagnosis more than the conventional single biomarker approach.  
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3. CHAPTER 5: CONCLUSION AND FUTURE PERSPECTIVES 

3.1. Conclusion 
Around 25% of NAFLD patients are diagnosed globally. Early diagnosis remains a challenge 

despite the current use of invasive and non-invasive biomarkers. Yet, due to the poor accuracy, 

reliability, and cost of the current biomarkers, they are limited in use in clinical practice.  

Consequently, the identification of a specific non-invasive biomarker would enable early 

diagnosis of NAFLD, decrease the risks of fibrosis and cirrhosis, and permit the non-invasive 

monitoring and better therapeutic options.  

The choice of lncRNAs as a reliable biomarker relied on the evidence that lncRNAs are sensitive 

predictors to physiological and pathological features of NAFLD. In this study, the serum 

differential expression of four lncRNAs (H19, MEG3, DUBR, and PVT1) were significantly 

overexpressed in NAFL and NASH patients relative to healthy individuals. Using a combined 

panel of four lncRNAs improved the overall sensitivity and specificity of NAFL detection to 

73.81% and 100% respectively, and NASH diagnosis to 73.33% and 95% respectively. Moreover, 

a combined panel of H19 and PVT1 possess potential diagnostic power for early detection of  

NAFL and  NASH with accuracy 98.39%, and 88%  respectively. Further investigation is required 

to assess the therapeutic effects of these lncRNAs in NAFLD. In conclusion: Using a combined 

lncRNAs panel (H19, MEG3, DUBR, and PVT1) could serve as a non-invasive biomarker for an 

early detection for NAFLD. PVT1 is the first biomarker to be introduced that can differentiate 

between NAFL and NASH. This non-invasive technique surpasses the gold standard method,   

liver biopsy that has always been used by clinicians to differnetited NAFL from NASH patients.  

  

3.2. Future perspectives 

LncRNAs are  cell- type and tissue specific, and can be released into circulating blood where they 

are stable, their use as new biomarkers for a variety of human illnesses, such as NAFLD, might 

have a therapeutic impact in the future. Despite the reliable use of lncRNA in cancer clinical 

diagnosis, only been studied as biomarkers of liver disease in a limited way. 
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Data from animal models and human patients, while still limited, provide convincing evidence 

for the involvement of functionally important lncRNAs in liver disorders. Given the large number 

of lncRNAs that have yet to be identified, much more research is needed to understand the 

molecular mechanisms by which lncRNAs contribute to liver diseases, the hepatic cell types and 

time points in disease pathogenesis when lncRNAs are activated or repressed, and the importance 

of lncRNA expression and molecular function in hepatic physiology and pathology. 

3.3. Study limitations 

 Study limitations include the sample size wasn't high due to the difficulty to find patients 

diagnosed with NAFLD. Most patients discover liver disease in the late stages after fibrosis or 

cirrhosis development. Another reason, the availability of patients' data wasn’t easily accessible 

due to the COVID shutdown, meeting with patients or obtaining the missing data wasn’t 

applicable. The majority of samples were females which can be avoided in further research to 

compare between males and females prevalence.  
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APPENDIX 1 

Informed consent form: English version  

 
 

 

Documentation of Informed Consent for Participation in Research Study 

 

Project Title:  Finding biomarkers from long non-coding RNAs in serum of patients with non-alcoholic 
fatty liver disease.  

Principal Investigator: Nouran Yonis; Tel : +201094813939; email : nouranyonis@aucegypt.edu  

*You are being asked to participate in a research study. The purpose of the research is to identify and 
quantify differentially expressed long non-coding RNAs in samples of blood, which would help to detect 
non-alcoholic fatty liver disease (NAFLD) at an early stage, consequently circumventing serious 
complications such as liver cirrhosis and cancer. The findings may be published, or presented. The 
expected duration of your participation is 15 minutes. 

* The procedures of the research will be as follows : A group of NAFLD patients will be recruited for 
participation in the study (group A). patients with NAFLD. An additional group of healthy volunteers will 
also be included (group B). For all participants, a trained nurse with all the listed high precautions will 
take a blood sample from you. The nurse would be following all the safety and hygienic practices and 
would place the blood sample in special glass closed container and the sample will be subjected to further 
analysis. 

* There will be certain discomforts associated with this research: A mild stinging sensation might result 
from the injection needle with minor possibility of bruises at the injection site after collecting blood 
samples. Also, you might experience a drop in blood pressure. In such case or in case of any harm affects 
you due to participation in the research; you will be subjected to urgent medical care. 

*There will be benefits to you from this research. This study aims to define a novel modality for an early 
diagnosis of NAFLD, which is rapidly rising above other etiologies as the instigating factor in the 
development of hepatocellular carcinoma. Moreover, by 2030, NAFLD is projected to be the leading 
cause of liver transplantation. Given the overwhelming proportion of the Egyptian population with 
NAFLD (silent majority). 
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Although a new diagnostic test is not guaranteed, your participation will certainly help with advancing 
research in this area, especially in Egypt, where the condition is highly epidemiological and 
undersurveilled. Moreover, you will have access to an advanced mode of screening that could potentially 
serve as a primary factor in predicting disease prognosis and play a key role in determining the course of 
treatment to be followed. Healthy participants would benefit in learning of how their profiles compare 
to the diseased state and would be getting free medical assessment, in the course of the recruitment 
process. 

 

*The information you provide for purposes of this research is confidential.  

 

*Questions about the research, my rights, or research-related injuries should be directed to Nouran Yonis 
at +20 109 48 13939 and Dr. Anwar Abdelnaser at +20 100 981 3624. 

 

*Participation in this study is voluntary. Refusal to participate will involve no penalty or loss of benefits 
to which you are otherwise entitled. You may discontinue participation at any time without penalty or 
the loss of benefits to which you are otherwise entitled. 

 

Signature   ________________________________________ 

 

Printed Name  ________________________________________ 

 

Date   ________________________________________ 
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APPENDIX 2 

Informed consent form: Arabic version 

 

 
  
  ةیثحب ةسارد يف ةكراشملل ةقبسم ةقفاوم ةرامتسا

 
 

 ةرفشملا ریغ ةلیوطلا ةیبیرلا ةیوونلا ضامحلأا نم ةیویحلا تارشؤملا ىلع روثعلا : ثحبلا ناونع
)lncRNAs( نیباصملاب صاخلا مدلا يف يلوحكلا ریغ ينھدلا دبكلا ضرمل ةبحاصملا. 
 
 ةرھاقلاب ةیكیرملأا ةعماجلاب دعاسم ثحاب ،سنوی نارون :يسیئرلا ثحابلا
 nouranyonis@aucegypt.edu  :ينورتكللاا دیربلا
 3939 481 109 20+ :فتاھلا

 
 قیرط نع يلوحكلا ریغ ينھدلا دبكلا ضرمل ركبملا صیخشتلل فدھت ةیثحب ةسارد ىف ةكراشملل وعدم تنا
 تافعاضم ثودح لبق ،ركبملا يبطلا لخدتلا حیتی دق امم ةملؤم ریغو ةفلكم ریغ ،ةقیقد ،ةدیدج قرط داجیا
 .دبكلا ناطرسو دبكلا فیلت ىلإ لصت
  
ّفشملا ریغ ةلیوطلا ةیبیرلا ةیوونلا ضامحلاا ىوتسم سایقو نع فشكلا وھ ةساردلا فدھ  )lncRNAs( ةرِ
 ركبملا صیخشتلل ةقیرطل لصوتلا يف مھاسی دق امم مدلا يف ىلوحكلاریغ ينھدلا دبكلا ضرمل ةبحاصملا
 .ھتافعاضم ىدافتو ضرملل
 
 .امھیلك امبر وأ يملع رمتؤم وأ ةصصختم ھیرود ىف رشنتس ثحبلا جئاتن 

 
 .ةقیقد رشع ةسمخ يھ ثحبلا اذھ ىف ةكراشملل ةعقوتملا ةدملا
 
 ةئف ،)أ ةعومجم( ثحبلا يف ةكراشملل نیعوطتم ىضرم نم مد تانیع عمج ىلع لمتشت ةساردلا تاءارجا
 .)ب ةعومجم( ءاحصأ نیعوطتم نم مد تانیع عمجل ةفاضلإاب يلوحكلا ریغ ينھدلا دبكلا ضرمب ةباصم
 يبیرلا يوونلا ضمحلا صلاختسلا تانیعلا كلت مادختسا مث ،ةسرمتم ةضرمم ةطساوب تانیعلا بحس متیس
ّفشملا ریغ لیوطلا  .ةنیع لك يف هدوجو ىوتسم سایقو رِ
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 ذخا ناكم نم تقؤمو طیسب يومد عمجت روھظ لامتحا يھ ةساردلا هذھ يف ةكراشملا نم ةعقوتملا رطاخملا
 متیسف ثحبلاب ةكراشملا ببسب رارضأ يأ ثودح دنع .مدلا بحس ءارج ایبسن طوبھب رعشت امبرو ،مدلا ةنیع
 .ةمزلالا ةلجاعلا ةیبطلا ةیاعرلا كؤاطعإ
 
 ریغلا ينھدلا دبكلا ضرمـل ركبملا صیخشتلل ةدیدج ةقیرط دیدحت ىلإ ةساردلا هذھ فدھت ةعقوتملا ةدافتسلاا
 ماعلا لولحب ،كلذ ىلع ةولاع .دبكلا ناطرسل ةببسملا ىرخلأا لماوعلا قوف ةعرسب ولعی يذلاو ، يلوحك

 لعجی امم دبكلا ةعارز يف يسیئرلا ببسلا وھ يلوحك ریغلا ينھدلا دبكلا نوكی نأ عقوتملا نم ،2030
 .ةتماصلا ةیبلغلأا لثمت يتلاو نییرصملا نیب ةعفترملا ھتبسنل ارظن ةیمھلأا ةیاغ يف ركبملا ھصیخشت
 
 اذھ يف ثاحبلأا ریوطت يف دیكأتلاب دعاستس كتكراشم ،ةنومضم ریغ ةساردلا جئاتن نأ نم مغرلا ىلع
 طمن ىلع لوصحلا نم نكمتتس ،كلذ ىلإ ةفاضلإاب .ةدیدشلا ضرملا ةیئابول ارظن ،رصم يفً ةصاخ ،لاجملا
 دیدحت يف اًیسیئر ارًودب مھاسیو ضرملا صیخشتب ؤبنتلا يف اًیساسأ لاًماع نوكی نأ نكمی صحفلا نم مدقتم
 ةیضرملا ةلاحلاب مھجئاتن ةنراقم يف ءاحصلأا نوكراشملا دیفتسی فوس .ھعابتا بجی يذلا جلاعلا راسم
 .يناجم يبط مییقت ىلع لوصحلاو
 
 .ةیرس نوكت فوس ثحبلا اذھ يف اھب ىلدتس يتلا تامولعملا :ةیصوصخلا مارتحاو ةیرسلا

 
 ةكراشملا هذھ نع ةجتان تاباصا ىأ ثودح دنعوأ اھیف نیكراشملا قوقح وأ ةساردلا هذھب ةقلعتم ةلئسأ يأ
  - سنوی نارون وا )01009813624 :نوفیلت – رصانلا دبع رونأ .د( ب لاصتلااب ھجوتلا ىجری

 
 ىأ نمضتیلا ةكراشملا نع عانتملاا نأ ثیح ,ىعوطت لمع لاا ىھام ةساردلا هذھ ىف ةكراشملا نا

 وأ ةبوقع نود نم تقو ىأ ىف ةكراشملا نع فقوتلا اضیأ كنكمیو .كل قحت ایازم ىأ نادقف وأ تابوقع
  .ایازملا هذھل نادقف

 
 .......................................................... :ءاضملاا

 
 ................................................... : كراشملا مسا

 
 ............../................/......... : خیراتلا
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