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ABSTRACT

Introduction: early detection of hepatocellular carcinoma (HCC) will reduce morbidity and
mortality rates of this poorly diagnosed widely-spread disease. Dysregulation in microRNA
(miRNASs) expression is associated with HCC progression. Objective: Is to identify a panel of
differentially expressed miRNAs (DE-miRNAS) to enhance HCC early prediction in hepatitis C
virus (HCV) infected patients. Methodology: Candidate miRNAs were selected using
bioinformatic analysis of microarray and RNA-sequencing datasets, resulting in nine DE- miRNAS
(miR-142, miR-150, miR-183, miR-199a, miR-215, miR-217, miR-224, miR-424 and miR-3607).
Their expressions were validated in the serum of 44 healthy individuals, 62 non-cirrhotic HCV
patients, 67 cirrhotic-HCV and 72 HCV-associated HCC patients using real time PCR (qPCR).
Results: There was a significant increase in serum concentrations of the nine-candidate miRNAs
in HCC and HCV patients relative to healthy individuals. MiR-424, miR-199a, miR-142, and miR-
224 expressions were significantly altered in HCC compared to non-cirrhotic patients. While miR-
199a and miR-183 showed differential expression in cirrhotic relative to non-cirrhotic patients. A
panel of 5 miRNAs improved sensitivity and specificity of HCC detection to 100% and 95.12%
relative to healthy controls. Distinguishing HCC from HCV-treated patients was achieved by
70.8% sensitivity and 61.9% specificity using the combined panel, compared to alpha-fetoprotein
(51.4% sensitivity and 60.67% specificity). Conclusion: MiR-142, miR-183, miR-199a, miR-224
and miR-424 novel panel could serve as non-invasive biomarker for HCC early prediction in

chronic HCV patients.
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1. CHAPTER 1: LITERATURE REVIEW

1.1. Hepatocellular carcinoma (HCC) epidemiology

Chronic hepatic diseases account for 1.4 million death cases ever year, and they are commonly
associated with inflammatory disorders [1]. In healthy livers, inflammation triggers growth and
repair mechanisms which guarantee restoration of normal hepatocytes structure and function.
While persistent inflammation destroys the regeneration machinery resulting in the origination of
extravagant scar tissues named fibrosis. Prolonged fibrosis is progressed to cirrhosis that
negatively influences the liver normal function and architecture, predisposing irreversible liver
damage. Liver cirrhosis (LC) is usually exacerbated to liver failure and/or liver cancer (Fig. 1.1)
[2]. Primary liver cancer is classified into hepatocellular carcinoma (HCC), intrahepatic
cholangiocarcinoma (cancer that originates in the bile duct), in addition to other rare types. HCC
is the most predominant type of liver malignancies, encompasses 75% - 85% of hepatic
carcinogenic cases [3]. HCC pathogenesis is a complex multistep process associated with sustained
inflammatory destruction, resulting in fibrotic deposition, necrotic liver damage and hepatic
regeneration. The risk of HCC progression increases when cirrhosis is manifested, which is usually
accompanied by deterioration in liver functions and perturbation in cellular functions [4, 5]. A
cascade of cellular impairments occurs during liver carcinogenesis development, including cell
cycle control disturbances, abnormal cell growth, senescence, apoptosis, migration and

deregulation in energy production [6, 7].

HCC is classified the sixth most prevalent cause of cancer [8, 9] and the third major cause of
global cancer mortality cases [10, 11]. An estimate of 905,577 (4.7%) newly diagnosed HCC
patients, and around 830,130 death cases (8.3%) were recorded in 2020 by the world health
organization (WHO) - International Agency for Research on Cancer office (Fig. 1.2) [12-15].
Whereas, Egypt was ranked the third in Africa and the fifteenth globally in HCC prevalence and
newly recorded cases were doubled over a decade, resulting in more challenging health problem
[16]. HCC is the fourth in incidence and the first in mortality related cancers among Egyptian
patients [17].



Hepatocellular carcinoma disease spectrum
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Figure 1.1. Progression of liver disease. Healthy liver is turned into fatty liver with fat deposition
in the hepatocytes, followed by fibrotic liver in which the nature of the liver cells begins to change
into connective tissues, then cirrhotic liver during that the liver starts restructurings and vascular
systems are formed with the development of necrotic area. Finally, the liver carcinogenesis is
formed and the hepatocytes are transformed into the malignant state. Reprinted from "Non-
Alcoholic Fatty Liver Disease (NAFLD) Spectrum”, by BioRender, July 2020, retrieved from [18]
Copyright 2021 by BioRender.
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Figure 1.2. Estimated cancer new cases and death cases statistics. Statistical estimated obtained
from the World health organization (WHO) - International Agency for Research on Cancer in
2020. (A) Number of newly discovered cases in different cancers in 2020, in both sexes and among
all age groups. Liver cancer is ranked the sixth in new cancer cases. (B) Number of death cases
from different cancers in 2020, in both sexes and among all age groups. Liver cancer is the third
among mortality rates worldwide.



1.2. HCC risk factors

Several risk factors account for HCC development and progression; which are categorized in to

three major classes: environmental, genetic, and non-genetic host-related factors.

1.2.1. Environmental risk factors

1.2.1.1.Infectious agents (Viral hepatitis)

Chronic infection with a viral contagious agent (such as hepatitis B virus (HBV), hepatitis C
virus (HCV), and hepatitis D virus (HDV)); termed viral hepatitis, develops cirrhotic liver that
usually progresses to HCC. The disease severity in viral infected patients is 20 folds higher relative
to those who haven’t been exposed to the virus [19]. Around 75% of cirrhosis-associated HCC
cases are consequences of either chronic hepatitis B (CHB) or chronic hepatitis C (CHC) infections
[2]. HBV can be transmitted either through sexual routes or during delivery from the mother to her
newborn child [20]. If kept without treatment, HBV is capable of integrating its genome into the
host’s genetic material leading to activation of oncogenes and suppression of tumor suppressors
[21]. However, the spread of HBV infection has dynamically decreased in the previous two
decades because of the widespread vaccination strategies in some countries including Egypt [22,
23]. Similarly, LC is manifested in 93% of HCV infected patients, which is a leading cause to
HCC in these cases [24]. HCV stimulates protein expression leading to mutations and
carcinogenesis of the HCV infected hepatocytes [25-27]. Owing to the increased prevalence of
HCV not only worldwide, but also in Egypt, this research is focused on studying the HCV induced
HCC in Egyptian population.

1.2.1.2.Non-infectious agents
Chemical compounds

Exposure to some chemical components was found to be a predisposing factor for HCC.
Examples of these products are organic compounds as vinyl chloride compounds, in addition to
organic solvents like perchloroethylene, dioxin-like compounds, N-nitrosamine, polybrominated
biphenyls, polychlorinated biphenyls [28, 29], and heavy metals such as arsenic and cadmium [30].
Moreover, heavy exposure to some pesticides and insecticides in some countries relying on

agricultural resources such as in Egypt, resulted in adverse effects on the liver condition. Studies



on the occupational risk factors reported that the chemical ingredients as chloral hydrate in

pesticides and ortho-toluidine in some herbicides are leading factors in HCC progression [31].
Alcohol

Excessive alcohol consumption is a potential risk factor associated with different malignancies
owing to the carcinogenic effect induced by alcohol ingestion [32, 33]. Nearly 90% of the persons
regularly consuming 40-60 grams of alcohol daily are diagnosed with steatosis (fatty liver disease).
Steatosis is accompanied by hepatic inflammation and fibrosis in 20-40% of the alcohol
consumers, and it progresses to LC in 10-20% of the dependent drinkers [34]. HCC is developed
in 2-3% of the alcoholic cirrhotic patients [35, 36]. Moreover, regular consumption of 80 g/day of
alcohol stimulates HCC onset, especially in conjunction with other comorbid conditions like
diabetes (increased from 2.4% to 9.9%), and HCV-infected patients (increased from 19.1% to
53.9%) [37]. The possible therapeutic treatments for alcohol-induced HCC are liver
transplantation, resection or percutaneous ablation [38].

Smoking

Chemical components of tobacco smoke as 4-aminobiphenyl, N-nitroso-dimethylamine, arsenic,
and vinyl chloride proved to have hepatic carcinogenic effect [21]. Recent research studies
reported that tobacco smoking accounts for 13% of gross cases of HCC worldwide [39].
Additionally, the risk of HCC development increases 1.5 folds in smokers when compared to
control individuals who have never smoked before. Even when smoking is stopped, the severity
of HCC development is retained in former smokers. A recent study reported that while current
smokers showed higher risk by 1.51 folds, former smokers have increased risk by 1.12 folds to

develop HCC when compared to healthy non-smokers [40].

1.2.2. Non-genetic host related risk factors

1.2.2.1. Gender

HCC incidence, pathogenesis and progression expressed gender-related differences. Males are
more susceptible to liver cancer development 2-4 times higher than females [41, 42]. Incidence of
HCC is ranked as the fifth and the ninth most common cancer in males and females respectively

[43]. In Egypt, HCC is classified as the second in incidence among men and the sixth in incidence
4



among women [44]. Divergence in sex hormones levels is the main reasons for the HCC incidence
variation between both sexes. Interleukin 6 (IL-6) is one of the cytokines that plays major role in
the liver response to systemic inflammation and infection. Estrogen hormone is partially
responsible for suppressing IL-6 and inhibiting IL-6-mediated inflammation [45]. Thus,
physiological levels of estrogen can decrease liver injury and compensatory proliferation [46], in
addition to inhibiting HCC metastasis to act as a protective agent for females before menopause
[47]. On the other hand, testosterone can potentiate signaling of androgen receptors [48, 49].
Stimulated androgen receptor suppresses IL-12A expression, which inhibits the activity of natural
Killer cells, thus depresses the cytotoxic mechanism against malignant liver cancer cell [50]. This
mechanism could provide an explanation to the enhanced liver cell proliferation in men.
Furthermore, environmental factors could also affect the onset of HCC in men. This could be
illustrated by the higher exposure rates to liver carcinogens, including alcohol, smoking and

occupational hazardous chemicals [51, 52].
1.2.2.2. Obesity

Obesity is a metabolic disorder characterized by a body mass index (BMI) > 30 kg/m?, whereas,
BMI >25 and <30 kg/m? is categorized as an overweight. Both of these metabolic defects are
correlated with the development of many cancers, including liver cancer [53]. Higher obesity rates
are recorded lately to reach epidemic levels. According to WHO statistical estimates in 2008,
22.5% of adult Egyptian males are suffering from obesity, where the percentage is doubled in the
Egyptian females to reach 46.3% [44]. When compared to normal individuals, the relative risks
for HCC development are 1.17 folds and 1.89 folds for overweight and obese patients respectively
[53]. Moreover, there is significant association between BMI and HCC mortality rates in both
sexes. In obese patients, the probability of death from liver cancer is ranked the highest among
mortality rates of other cancer types [54]. Thus, continuous monitoring of liver condition among

these patients is highly recommended for early diagnosis of silent asymptomatic HCC.

1.2.2.3. Diabetes Mellitus (DM)

Several hypotheses were proposed to explain the prevalence of HCC in type 2 diabetes mellitus
(T2DM) patients, since diabetes is considered a metabolic disorder disease that may result in non-
alcoholic steatohepatitis (NASH) and thus HCC [55, 56]. Also, hyperinsulinemia which is usually
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associated with T2DM results in insulin resistance in addition to marked elevation in insulin-like
growth factor-1 levels, releasing proinflammatory cytokines, promoting inflammation and
affecting cell proliferation. Insulin or insulin precursors may affect the liver inducing mitogenesis
and carcinogenesis [57, 58]. While persistent hyperglycemia may induce oxidative stress and
hepatocytes damage [59]. Another hypothesis explaining this association is a molecular
mechanism, in which a mutation in the apoptotic p53 gene was observed in diabetic HCC patients
compared to others with no history of DM [60]. The severity for HCC onset; in the co-existence
of other cofounding factors as alcohol consumption, smoking and elevated BMI, was elevated in
diabetic patients. Additionally, the relative risk of HCC incidence was 1.86 for chronic liver
disease with DM, 1.93 for diabetic patients with cirrhotic liver, 1.9 for diabetic CHC patients, and
1.69 for diabetic CHB patients [61]. In Egypt, WHO estimated statistics in 2008 declared that 7.4%
of adult females and 7% of adult males were manifested with elevated blood glucose levels. The
association between T2DM and HCC was also observed among Egyptian patients, and several
studies reported 2-3 folds increase in HCC incidence upon type 2 diabetic patients in comparison
to non-diabetic individuals [62, 63]. The association between T1DM and HCC is still debatable
however [64—66].

1.2.2.4. Non-alcoholic fatty liver disease (NAFLD)

Nonalcoholic fatty liver disease (NAFLD) is indicated by abnormal elevated levels of hepatic
triglycerides and accumulation of fats within the liver, in the absence of any hazardous effects
from alcohol ingestion [67, 68]. Recently, the proportion of cases diagnosed with NAFLD is
increasing, as the result of several predisposing factors such as obesity, DM and metabolic
syndromes [69]. The severity of NAFLD is manifested when the liver progresses to NASH [70],
which is characterized by liver inflammation, metabolic stress, insulin resistance and hepatocytic
damage [71]. Genetic polymorphisms were also discovered to be closely correlated with the
incidence of NASH. It is estimated that 30-40% of NAFLD patients develop NASH, and around
40-50% of patients diagnosed with NASH are manifested with hepatic fibrosis [72]. Subsequently,
the liver condition became at higher risk to develop cirrhosis and finally HCC [73]. In an Egyptian
epidemiological study that was conducted in the period between January 1996 and December 2010
including 1759 HCC patients, reported NASH etiology was the leading factor in 5.3% of total
HCC cases [74]. Other studies explained the correlation between NAFLD and HCC, where obese
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and T2DM patients who suffer from metabolic disorders, possess higher risk to develop HCC two
folds more than non-obese non-diabetic persons [54, 75]. The pathophysiology of NAFLD-NASH
could be illustrated by the excessive fats accumulation and hepatic steatosis that stimulate fatty
acid oxidation and promote reactive oxidative stress [76, 77]. Consequently, the production of
proinflammatory cytokines is stimulated, the release of pro-oncogenic signals and epigenetic
modification are enhanced. The seriousness of these manifestations is that they may occur without
any signs of cirrhosis. Some case studies reported that HCC was diagnosed in NASH patients
without any signs of cirrhosis [78], which makes it more challenging for the health practitioners

to track the disease progression.

1.2.2.5. Autoimmune hepatitis (AIH)

Autoimmune hepatitis (AIH) is an unspecified inflammation of liver occurring more frequently
in females [79]. It is manifested when immune cells mark normal hepatocytes as harmful foreign
bodies and attack them. Progression of AIH leads to cirrhotic liver, and become a risk factor for
HCC development with a rate of 1.9% per year [80]. Such high risk is comparable to the risk from
other confounding factors including HBV and HCV induced LC, and alcohol-associated hepatic
disorders. The incidence of HCC within patients with AIH induced LC is reported to be 1% [79].
An Egyptian epidemiological study conducted on HCC patients over a period of 15 years reported
that 0.5% population study were HCC patients suffered from AIH etiology [74]. Liver

transplantation is the recommended therapeutic option for AIH-HCC cases [81].

1.2.3. Genetic risk factors

1.2.3.1. Monogenic risk factors

aI-Antitrypsin deficiency (A1ATD)

al-Antitrypsin deficiency (ALATD) is a autosomal recessive disorder [82], occuring as the result
of mutation in serpine family A member 1 (SERPINAL) gene causing abnormal deposition of al-
Antitrypsin (A1AT) protein/SERPINAL1 in the liver’s endoplasmic reticulum, thus enhancing the
hepatic cellular damage, cirrhosis and subsequently HCC [83, 84]. The prevalence of HCC
secondary to A1ATD is more in men and in obese individuals [85]. Several epidemiological
studies reported the remarkable correlation between the incidence of LC and HCC in severe cases
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of A1ATD, while there is no strong evidence of the suitability of HCC progression in moderate
cases of A1ATD, the HCC risk increases only in the presence of another predisposing factor such
as HCV or HBV infections [85, 86]. An Egyptian molecular analysis study revealed that the
coexistence of ALATD allele with HFE mutant allele in patients with HCV-induced cirrhosis,
highlighting the importance of explaining their relevance as risk factors for HCC progression

among individuals of the affected families [87].
Hereditary hemochromatosis and iron overload

Deposition of iron inside the liver is attributed to either hemochromatosis or to excess dietary
iron [88]. Hereditary hemochromatosis is a genetic disorder that takes palce following a
homozygous mutation in the Human homeostatic iron regulator (HFE) gene at position 282, where
tyrosine is substituted by cysteine (C282Y) or due to an alteration in iron metabolism machinery
[89]. Subsequently, iron overload is observed in the liver and can cause necro-inflammatory
hepatitis, resulting in fibrosis, then cirrhosis and eventually hepatic cellular damage and HCC [90].
The relative risk for HCC development in hereditary hemochromatosis patients is 20 folds higher,
whereas during a long period of 10 years, the cumulative risk for liver cancer incidence is estimated
to be 6% and 1.5% among males and females with hereditary hemochromatosis respectively [91].
Previous researches have correlated the higher incidence of HCC development in those diagnosed
with hemochromatosis with or without marked cirrhosis [92, 93]. A possible explanation is that
ionic iron exerts direct hepatocarcinogenic effect. The incidence of hemochromatosis in Egypt is
approximately 0.5% [94]. Moreover, elevated total body iron as the result of iron overload in some
populations such as people with African origin or any other etiology as [ thalassemia have also
showed increased risk for HCC development, even with no evidence to genetic hemochromatosis
[95, 96]. Thus, in the presence of iron overload, continuous monitoring to HCC occurrence is

recommended [97].
1.2.3.2. Polygenic risk factors
Family history of HCC

Several studies revealed the correlation between familial history of liver cancers and the
incidence of HCC [98]. This could be attributed to the heritable factors and the shared

environmental risk factors among the members of the same family such as metabolic disorders
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(NAFLD, T2DM, obesity), and life style (smoking, excess alcohol consumption) [99, 100].
Furthermore, HBV infection could be easily transmitted from the patient to the family members
and vertically from the mother to her newborn infant at birth. Cirrhosis induced by some hereditary
disorders such as ALATD, hemochromatosis and Wilson’s disease could be categorized as familial
HCC predisposing factors [101, 102]. It was reported that individuals with first degree relatives
suffering from HCC or have history of liver cancer are more susceptible to develop HCC two folds
higher than those with no family history of hepatic disorders [91], whereas, the hazard ratio
increased to 5.35 if the mother suffered from liver disorder. In Egypt, it is estimated that 21.4% of
HCC patients are descendants of families with history of HCC (first- or second-degree relatives)
[103].

Aflatoxin

Aflatoxin B 1 (AFB1) is a mycotoxin originated from Aspergillus family. It is more abundant in
warm and humid regions like Africa and Asia [104]. AFB1 is a widespread food contaminant of
some agricultural crops such as cottonseed, maize, peanuts, and some vegetables in these areas
[105, 106]. WHO categorized AFB1 as group 1 carcinogen [107], and the International Agency of
Research on Cancer sorted it as a potent hepatocarcinogenic agent. The increased HCC risk upon
AFB1 exposure occurs as the result of a genetic mutation in the TP53 (tumor suppressor) gene
[108-111]. AFBI is metabolically activated via cytochrome P450 enzymes in the liver to form
AFB1-8,9-exo0-epoxide reactive form, which can easily bind to the DNA producing AFB1-N7-
guanine; a pro-mutagenic adduct [112]. Additionally, some studies reported the impact of AFB1
on the genome causing chromosomal instability [113]. The carcinogenic impact of aflatoxin is
synergized with a concomitant infection with HBV. This explains the high HCC incidence rates in
geographical region with endemic to hepatitis B infection and highly contaminated by AFB1 [114—
116]. In a Chinese prospective study, it was determined that the relative risk for HCC incidence in
patients with increased urinary levels of AFB1 is 6.2 compared to healthy individuals. While the
risk dramatically increased to 59.4 in patients with chronic HBV infection, whose urine samples
showed elevated levels of AFB1[117, 118]. The global burden of HCC induced by AFB1 ingestion
extends from 4.6% to 28.2% [119]. Several Egyptian studies assured the existence of AFB1-

albumin adducts in patients’ blood in areas having AFB1 contaminants in food [120-122].



1.3. HCC diagnosis

The gold standard techniques for HCC diagnosis are the histopathology and the radiology.
However, diagnosis of HCC has switched recently from invasive techniques as angiography and
tissue biopsy to non-invasive imaging procedures as ultrasound (US), computed tomography (CT)
and magnetic resonance imaging (MRI), in addition to serological testing using AFP [123-125].
The imaging procedures are usually used for diagnosis, choosing the appropriate treatment plan

and surveillance [126].

In small hepatic focal lesions (FL) 1 - 2 cm in size, neo-angiogenesis usually evolves, resulting
in lesion arterial vascularization stronger than the vascularization in the adjacent liver parenchymal
cells, such process is termed wash-in. Concomitantly, the portal blood flow within the lesion
decreases when compared to the adjacent parenchymal cells in the venous phase, this condition is
called wash-out [127]. Diagnosis of HCC is explained by strong contrast uptake during the arterial
phase, pursued by contrast wash-out in the extracellular matrix during the delayed or venous
phases [127]. So, hallmark for HCC diagnosis is the appearance of arterial enhancement pursed by
washout [128].

1.3.1. Alpha-fetoprotein (AFP)

The history of AFP introduction as a serological marker in HCC diagnosis returns back to the
1960s [129]. Although it is considered the most extensively chosen circulatory biomarker for HCC,
it is characterized by inconvenient sensitivity and specificity in the determination of HCC lesions
even at low-level cutoffs (10-20 ng/mL) [130]. It has 25% sensitivity for the identification of small-
sized lesions (< 3 cm), and the sensitivity could reach 50% for FL larger than 3 cm [131]. AFP
level increases in some benign hepatic disorder such as LC and hepatitis [132], and normal AFP
serum level is detected in 15-30% of advanced HCC cases [133]. Therefore, the Practice Guideline
Committee of the American Association for the Study of Liver Disease (AASLD) are no longer
depending on the measurement of AFP in the early detection of HCC [134]. Currently, there is no
sole serum biomarker; including IgM immunocomplexes, that could provide accurate diagnosis
for HCC. Therefore, a combination of multiple biomarkers has been forecasted to improve the

efficiency and the sensitivity of detection [135].
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1.3.2. Imaging techniques

1.3.2.1. Ultrasound (US) and Contrast-enhanced Ultrasound (CEUS)

Ultrasound (US) is considered the primary screening tool for liver patients at risk. Any nodule
or abnormal mass identified in the cirrhotic liver is treated as suspicious. Small HCC FL less than
3 cm usually appears as hypoechoic mass in the US screening [136]. US can determine HCC
lesions with 60% sensitivity and 97% specificity [137]. Contrast-enhanced ultrasound (CEUS)
could provide a complementary method for determination of HCC nodules. CEUS uses
microbubble contrast agent to have a microflow imaging of the lesion [138]. CEUS can provide
an overview to the tissue blood flow, thus explains the vascular pattern of HCC. Strong intra-
tumoral improvement is displayed in the HCC during the arterial phase, which is pursued by
delayed phase or portal venous phases characterized by rapid washout and isoechoic or hypoechoic
manifestations [139]. CEUS has provided positive predicative values for over 90% of HCC cases

with high sensitivity and specificity [140].

1.3.2.2. Computed Tomography (CT)

CT is the most frequent imaging tool for HCC diagnosis because of the short examination time
and the widespread accessibility. Multidetector computed tomography (MDCT) can improve
imaging performance via enhancing the temporal and the spatial resolution during HCC imaging
[141]. HCC lesions are manifested as hyper-attenuated nodule in the arterial phase, pursued by a
washout and iso-attenuated or hypo-attenuated lesion in the portal venous or delayed phase [142].
When compare to pathological examination, MDCT showed 68% sensitivity and 93% specificity
in determination of HCC FLs [137]. A Recent improvement of this imaging technique is a
perfusion CT, which presents quantitative estimate to the perfusion behavior. This could facilitate
the differentiation between several tumor tissues depending on the perfusion parameters, resulting
in advanced tumor grading and better therapeutic monitoring. HCC is manifested with high
perfusion rates including increased blood volume, blood flow, permeability and decreased mean

transient time, when compared to normal liver tissues [143].

1.3.2.3. Magnetic Resonance Imaging (MRI)

Recently, Magnetic Resonance Imaging (MRI) is considered one of the most preferable imaging
techniques in HCC diagnosis. It provides images with a better lesion-to-liver contrast compared to
11



CT [144]. MRI succeeded in revealing the malignant characteristics of HCC including tumor
architecture and intracellular structure, as well as the tumor grade [145]. Dynamic MRI presents
arterial hyperenhancement in addition to the washout during portal venous or delayed phase, which
confirms the classical features of HCC with 90% sensitivity and 95% specificity [146]. MRI
possesses an advantage over CT in the enhanced ability of detecting small lesions (1- 2 cm) [147].
However, relatively low sensitivity is still attributed to the diagnosis of small FLs. Diagnosis
efficiency of hepatic nodules greater than 2 cm could reach 90%, compared to 33% for detection
of lesions smaller than 2 cm [148].

1.4. Drawbacks of current screening techniques

Although the improvements in the diagnostic criteria have presented the imaging techniques in
the forefront rank for HCC diagnosis, these techniques are still having some limitations in the early
diagnosis of HCC lesions [149]. The possibility of differentiating malignant nodules from benign
ones remains one of the drawbacks of US screening [150]. Also, the sensitivity of US in identifying
small FLs ranges from 65% - 80%, depending on operator’s proficiency, degree of cirrhosis and
patient’s liver condition [151]. Although CEUS diagnosis relies on arterial phase hypervascularity,
only 50% of the patients could show portal venous phase washout [152]. CEUS also has short
imaging interval, therefore the overall scanning of the liver is difficult, resulting in less than 50%
sensitivity in the identification of small lesions [153]. Owing to the similar vascular profiles, CEUS
can’t distinguish between different types of malignant lesions as HCC and intrahepatic

cholangiocarcinoma [154-156].

Furthermore, CT can only provide relatively low sensitivity; ranging from 33% - 45% in
diagnosing small lesions less than 1 cm [157], with a positive predictive value of 59% - 88% [145,
158]. Benign hepatic FLs such as hemangioma, peliosis, benign regenerative nodule and focal
confluent fibrosis could be misdiagnosed to HCC during the CT scan [144]. Moreover, HCC
surveillance using advanced CT or MRI techniques has some constraints such as the risk of
radiation, the increased probability of false positive results, and the high cost if applied on regular
bases [159, 160]. Surveillance using the serological marker AFP is characterized by lower

efficiency in the early detection of hepatic FL and for HCC diagnosis, in addition to lower
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sensitivity in identification of small lesions. Elevated level of AFP usually indicates advanced

stage HCC with poor prognosis [161].

1.5. HCC staging

Accurate staging of HCC is an essential step to provide precise prognostic assessment to the liver
condition and to select the best therapeutic choice (Fig. 1.3). HCC staging and the overall outcome
of HCC rely on some clinical characteristics as size and number of FLs, local extent and metastasis,
disease aggressiveness, and patient’s performance status (PS) [136, 162]. Several staging criteria
have been suggested for HCC staging including, Barcelona Clinic Liver Cancer (BCLC), the
modified tumor, nodes metastasis (TNM), the model for end-stage liver disease (MELD) score,
Okuda, Cancer of the Liver Italian Program (CLIP), Child-Turcotte-Pugh (CTP) score. The most
widely used is the BCLC model, a precise predictive tool that combines information about tumor
characteristics and liver disease severity with the patient’s performance status, thus provides
perfect correlation with the patient’s overall survival (OS) rates [163, 164]. HCC patients are
classified in to patients with single nodule < 2 cm, in which liver functions are preserved, and
performance status PS = zero (BCLC stage 0 (very early stage)), patients with single or multiple
nodules < 3 cm, retain the preserved liver functions, and PS = zero (BCLC stage A (early stage)),
patients with multiple nodules, unresectable, preserved liver functions and with PS = zero (BCLC
stage B (intermediate stage)), patients with extrahepatic metastatic spread, portal invasion, liver
functions are preserved and PS=1 or 2 (BCLC stage C (advanced stage)) and non-transplantable
HCC patients, with end-stage liver functions and PS > 2 (BCLC stage D (terminal stage)) [165,
166]. Patients classified as BCLC 0 and A are perfect candidates for curative approaches, such as
surgical resection, ablative electrochemical therapies (radiofrequency ablation (RFA), microwave
ablation (MWA) or percutaneous injection (PCI)), in addition to liver transplantation [167]. The
estimates of the patient’s overall survival (OS) after applying these curative strategies could reach
to 5 years in 50% to 75% of patients. However, trans-arterial chemoembolization could provide
an alternative therapy for BCLC stage B patients, with OS up to 4 years [168]. BCLC stage C
patients might suffer from HCC related symptoms, and the systemic treatment would be the
recommended non-curative therapeutic approach in such advanced stage to reach OS more than
10 months [169-171]. The second commonly applied therapeutic approach is the tumor, nodes,

metastasis, which was evolved by the American Joint Committee on Cancer and the International
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Union for Cancer Control. The classification criterion is based on studying the tumor
characteristics, the lymph node involvement and the possibilities of metastasis [172]. TNM staging
system examines the tumor’s histopathology while considering the local growth of the tumor on
the local nodules and the surrounding organs. Applying TNM is beneficial in anticipating the OS
of patients after surgical removal of HCC lesions [173, 174]. CTP score provides an estimate to
the mortality rates in the cirrhotic patients and for the assessment of the liver functions.
Accordingly, patients are classified into three groups: “A” with good hepatic functions, “B” for
impairment in the liver functions, and “C” in cases with advanced hepatic dysfunction. The system
scores the patients using five criteria: serum total bilirubin, serum albumin, prothrombin time,

ascites and hepatic encephalopathy [175, 176].
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Figure 1.3. BCLC staging systems and therapeutic approaches. Classification of patients based on BCLC
and CTP scoring systems for the optimum choice of the therapeutic option and the overall survival rates in
each strategy. (BCLC: Barcelona clinic liver cancer, CLT: Cadaveric liver transplantation, LDLT: living
donor liver transplantation, OS: Overall survival, PEI: Percutaneous ethanol injection, PS: Performance
status, PST: Performance status test, RF: Radiofrequency ablation, TACE: trans-arterial
chemoembolization). Reprinted from "Barcelona Clinic Liver Cancer (BCLC) Staging System”, by
BioRender, July 2020, retrieved from [177] Copyright 2021 by BioRender.

1.6. HCC surveillance

LC is mostly predominant in HCC patients [178], the severity of the case may hinder the
effectiveness of HCC treatment even with the availability of highly efficient anticancer
medications and treatment strategies [171, 179, 180]. Conflict information was raised about the
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impact of early detection of HCC on the recovery rates and the overall survival rates [181]. Many
guidelines were reported for the screening and surveillance of high-risk individuals, most
importantly cirrhotic patients and people with acute or chronic infection with HBV or HCV (either
cirrhotic or non-cirrhotic). The main differences across these guidelines are in the choice of the
appropriate screening technique and the surveillance intervals. The poor commitment to these
screening protocols is the main reason for the sustained elevated mortality levels from HCC all
over the globe [19]. Moreover, LC and early stages of HCC are characterized by asymptomatic
nature and silent hepatic complications, thus in most cases of HCC patients aren’t diagnosed until

the disease reaches an advanced stage [182, 183].

High-risk category is defined by hepatologists if a nodule more than 1 cm is discovered in the
liver, thus regular monitoring to the nodule and to the liver condition is usually recommended.
Clinical guidelines formulated by National Comprehensive Cancer Network (NCCN) advise
patients with cirrhotic liver; whose risk to develop HCC is high, to measure serum AFP and
perform ultrasound screening twice a year for monitoring [184-186]. Additionally, the latest
guideline announced by the AASLD favors the reliance on non-invasive techniques for the
detection beside regular follow up for small HCC lesions. They recommended the use of single
dynamic imaging procedure for FL more than 2 cm that appears with typical vascular enhancement
pattern, while two dynamic imaging procedures are recommended every year for FL measuring 1-
2 cm with the same features [187]. While European Association for the Study of the Liver (EASL)
recommends verification of the typical vascular pattern using two imaging procedures (CT and
MRI) for the follow up of lesions between 1 - 2 cm in size [188]. EASL also suggests diagnosis of
FL larger than 2 cm; and AFP higher than 400 ng/mL or AFP increasing sequentially via MRI or
CT scan, without any need to perform histological biopsies. Moreover, histopathology is not
considered for patients with suspicious lesion and no history of chronic liver disease [189]. If the
results of the biopsy ruled out HCC in the histological pattern of the FL, the nodule should be
monitored every 3 — 6 months until the nodule sizes increases or the imaging features changes.
Asia-Pacific Association for the Study of the Liver guideline in 2010 recommended applying
another imaging examination as endoscopic ultrasonography for FL with irregular vascular pattern
[190].
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1.7. Hepatitis C virus
1.7.1. Hepatitis C virus (HCV) infection epidemiology

Hepatitis C virus infection is a contagious hepatic disease, causing persistent liver inflammation.
HCV has relatively long incubation period that extends from 15 to 150 days [191]. At acute phase
of infection, clinical symptoms aren’t manifested in 70-90% of the patients [192]. However, 10-
30% of people at acute phase suffer from non-specific symptoms as flu-like signs, muscular pain,
and loss of appetite. Spontaneous HCV clearance is detected in 20% of the infected individuals,
while in 80% of the cases, CHC infection is evolved without marked signs of the disease [193].
HCV slowly progresses over years forming fibrotic wound scars, cirrhosis and eventually HCC
[194]. Nearly 2.5% of the world’s populations (approximately 180 million people) are suffering
from HCV infection, and approximately 350,000 — 500,000 annual death cases are recorded from
HCYV associated liver complications [195-197]. Extensive research and huge efforts are exerted to
overcome the viral spread, through national eradication programs and to explore novel anti-HCV
therapies. Despite these facts, the annual incidence rates of CHC infection or co-CHC/CHB
infections are increasing, as the result of blood transfusion, hemodialysis, the use of unsterilized
tools and reused injections [198, 199].

The geographic distribution of HCV genotypes hugely differs across the globe [200]. Genotype
1 is the most frequent among the globe (49.1%), the second most frequent is genotype 3, followed
by genotype 4 and 2 with prevalence rates 17.9%, 16.8% and 11% respectively. The rare genotypes
5 and 6 account for the remaining 5% of the world’s distribution. However, genotype 4 and 5 are
the most prevalent in low socioeconomic countries [195]. Egypt has an exceptional high
prevalence of HCV worldwide [201]. According to the Egyptian demographic health survey in
2015, 4% of the Egyptian population had active HCV infection (age between 1-59) and almost 6
million Egyptians in the age group of 15-59 were chronically infected with HCV [202], with nearly
2.09% vyearly incidence of new diagnosed cases [203]. The chronic infection rate is directly
correlated with age, and its estimated incidence in patients with age group 50-60 years is 25%
[202, 204]. The most predominant HCV genotype across the Egyptian population is genotype 4.
Historically, the HCV epidemic through to have originated in Egypt from the insufficiently
sterilized anti-schistosomiasis parental injections, administered during the nationwide treatment

campaign that was conducted in 1960s-1980s, highlighting one of the world’s huge iatrogenic
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transmission of a blood-borne microorganism [205, 206]. Recently, a governmental screening
campaign was implemented in 2018 by the Egyptian Ministry of Health (MOH), to restrain the
incredibly high incidence of HCV among the Egyptian population by 2020. All the examined
candidates with active HCV infection had joined a government-subsidized treatment agenda using
sofosbuvir-based regimen; a direct acting antiviral (DAA) [207]. However, a mass surveillance
campaign targeting HCC patients and high-risk patients with hepatic disorders is highly

recommended [208].

1.7.2. Hepatitis C virus structure

HCV is an enveloped virus, small sized with single stranded (ss) linear positively polarized RNA
((+) ssRNA), family Flaviridiae. Its major components are nucleocapsid which encloses the RNA
genome, wrapped by icosahedral protective protein shell and a lipid bilayer envelope. The genome
is formed of one open reading frame (ORF) contains 9027-9111 nucleotides. The number of
nucleotides varies based on the HCV genotype [209]. The single ORF is translated into a sole
protein product, that undergo further processing into smaller active proteins. Three structural
proteins are encoded by HCV ORF (core C protein and envelope E1 and E2 proteins), in addition
to ion channel protein (P7), and six non-structural (NS) proteins (NS2, NS3, NS4A, NS4B, NS5A
and NS5B). C, E1 and E2 are mature structural proteins, obtained from proteolytic activities on
the viral single polyprotein via host signal peptidases. On the contrary, mature non-structural
protein production requires the activity of the viral proteases [210]. 5’ and 3’ untranslated regions
(UTR) are fundamental domains in the viral RNA translation and replication. The 5’ UTR contains

the ribosome binding site at which initiation of translation occurs [211, 212].

1.7.3. Hepatitis C virus proteins

HCV core protein is a multifunctional protein which participates in the synthesis of the viral
nucleocapsid to protect the viral genome, participates in RNA binding. Core protein is also
essential in the regulation of various cellular proteins and controls host cell functions including
lipid metabolism, gene transcription, cell signaling and apoptosis [213, 214]. However, envelope
glycoproteins (E1 and EZ2) facilitate viral entry through involvement in the receptor binding and
the viral fusion with the cell surface [215, 216]. The P7 hexamer is an vital membrane protein,
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composed of two transmembrane domains structured in a-helices, it serves as a cation channel

which participates in the viral maturation and release [217].

The NS2/3 protein is a hydrophobic protease, two amino acid regions are responsible for its
encoding; NS2 and the NS3 terminal, and it is known to participate in HCV life cycle. NS2/3
catalyzes the splitting of the polypeptide linkage formed between NS2 and NS3 [218]. Recent
studies highlighted the importance of the cleaved non-structural transmembrane protein NS2 in
the modulation of host cell gene expression, apoptosis, and contributes to the viral replication
process [219, 220]. Moreover, the protease domain on the N-terminal of NS3, the C-terminal also
possesses RNA helicase domain. NS3 protein can also form heterodimeric complex with NS4A to
create membrane protein, known to be important protease cofactor. NS3/4A is capable of
antagonizing interferon regulatory factor 3, that is known to be an essential mediator of interferon
inducement during the HCV infection [221]. NS4B participates in the replication and assembly of
HCV viral particles, in addition to its potential action in HCV carcinogenesis [222]. However,
RNA-dependent RNA polymerase activity has been manifested for NS5B protein, whereas NS5A
is a cytoplasmic phosphoprotein, proved to regulate HCV resistance to interferon [222, 223].

1.7.4. Hepatitis C virus treatment

Estimation of the patient’s case is required prior to the start of the treatment protocol for the
optimum choice of therapeutic approach. Examination is done through testing anti-HCV
antibodies, antimitochondrial antibody (AMA), anti-smooth muscle antibody (ASMA),
antinuclear antibody (ANA), and anti-liver kidney microsome (LKM). In addition to HCV genetic
material in the patient’s blood, genotype of the virus, HCV viral load baseline, degree of liver
fibrosis, assessing the thyroid stimulating hormone (TSH), thyroxine (T4) and triiodothyronine
(T3) levels to determine thyroid activity, and finally the co-existence of other diseases including
autoimmune diseases, epilepsy and recurring depression. Success of the treatment protocol is
guaranteed when the patient achieved sustained virological response (SVR), which is measured by
the disappearance of viral particles in the blood 12 or 24 weeks after the discontinuation of the
therapy [224].
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1.7.4.1. Pegylated-interferon and ribavirin combination therapy

Before 2011, the basic HCV treatment protocol included combination therapy of pegylated
interferon (Peg-1FN) subcutaneous injection with ribavirin orally administered for a period of 6 —
12 months depending on the viral genotype [225]. The Peg-1FN is more stable and less frequently
administered compared to IFN-a (once per week for the former and three times per week for the
later) [226]. Binding of polyethylene glycol chain to IFN-a-2b molecule resulted in a protection
from degradation, thus increased action half-life, better bioavailability and reduced
Immunogenicity were achieved [227]. The antiviral potency of IFN relied on its ability to inhibit
HCYV replication, induce apoptosis of HCV-infected cells and modulation of the immune response
[228]. However, ribavirin exerts its antiviral action via multiple molecular processes. The first
mechanism is though blocking HCV replication, secondly via mutagenic effect that increases the
possibilities and frequencies of vial mutations resulting in replication errors, thus hastens HCV
extinction. The third mechanism is achieved by ribavirin monophosphate, that stimulates the
competitive inhibition of inosine-5- monophosphate dehydrogenase enzyme. This enzyme
participates in the formation of guanine nucleotides, resulting in a significant decrease in
guanosine triphosphate intracellular content. The fourth mechanism is due to the
immunomodulatory action of ribavirin, by stimulating T-helper cell (Th1) cytokine response and
inhibition of Th2 cytokine phenotype [229-232].

Administration of Peg-INF-ribavirin combined therapy basically improved the treatment
efficacy, expressed as increased SVR from 13% (using IFN-a alone) to 40% (after using the
combination therapy). Similarly, SVR rate in relapsed cases increased from 5% to 49% after
receiving Peg-INF-ribavirin [233, 234]. Furthermore, such combination therapy proved more
success compared to Peg-INF monotherapy alone, in which SVR was 56% in the former and 29%
in the latter [234]. Although ribavirin alone didn’t show positive results in reducing HCV viremia
[235]. The therapeutic effectiveness of this combination therapy substantially varied across
different HCV genotypes, 70% for genotype 2, 80% for genotype 3, and 45-70% for genotypes 1
and 4. Whereas, inadequate antiviral efficacy and lower SVR rates were recorded 6 months after
completing the treatment protocol, especially in HCV patients of genotype 1, or those with
elevated HCV baseline viral load, or patients with deteriorated hepatic condition, or who were co-

infected with other viral disease as HIV, and in some ethnics as African Americans [236].
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Furthermore, this combination therapy was associated with frequent adverse effects as hemolytic

anemia, cough, insomnia, pruritis and rash [237].

1.7.4.2. Direct acting antivirals (DDAS)

The first direct antiviral (DAA) drugs approved by the Food and Drug administration (FDA) in
2011 were boceprevir and telaprevir, to be used in combination with Peg-IFN plus ribavirin
combination therapy. Marked increase in patients’ SVR rates were recorded for HCV treated
patients after DAAs administration, although the safety and efficacy were below the optimum

targets. DAAs are classified into three categories targeting several steps in HCV life cycle [238].

NS3/4A protease inhibitors

NS3/4A protease inhibitors interfere with the intracellular life cycle via inhibition of viral
polyprotein maturation. Protease inhibitors were the first approved class by the FDA as a
medication for HCV patients. NS3/4A inhibitors are divided into several categories: first-
generation ketoamide peptidomimetics (e.g., boceprevir and telaprevir), which form reversible
covalent bond with the serine 139 residue at the N-terminus of NS3 causing inhibition of the
protease enzyme, although they are no longer available in the market. Modification of the first-
generation drugs gave rise to the second-generation macrocyclic inhibitors, that encounter higher
affinity and selectivity towards protein targets. They are considered reversible, non-covalent,
competitive inhibitors (e.g., simeprevir) [209, 239]. Simeprevir mechanism of action is through
non-covalent binding to HCV proteases, followed by fast association and slow dissociation [240].
The macrocyclic reversible non-covalent inhibitors are classified into three subclasses: P1-P3
macrocyclic inhibitor (e.g., ciluprevir, faldprevir and danoprevir), acyclic inhibitors (e.g., BMS-
605339 and asunaprevir), and P2-P4 macocyclic compounds (e.g., grazoprevir and vaniprevir).
Third generation drugs include P2-P4 macrocyclic acylsulfonamides (e.g., glecaprevir,
voxilaprevir and grazoprevir) and P1-P3 macrocyclic acylsulfomanides (e.g., paritaprevir) [241].

NS5A serine protease inhibitors

NS5A inhibitors block HCV RNA replication through disruption of membranous web, which is

heterogenous meshwork found in the cytoplasmic membrane and is essential for HCV replication.
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Despite the exact mechanism of action is still unclear, NS5A inhibitors possess inhibitory effect
on dimerization, structural stability and subcellular distribution of NS5A protein. Studies also
reported their inhibitory action on viral assembly and release, consequently suppression of the
HCV replication process. Examples of drugs that belongs to this class are daclatasvir, ombitasvir,
elbasvir and ledipasvir [242, 243].

NS5B inhibitors

This category of drugs targets HCV replication by two mechanisms: first, through nucleoside
polymerase inhibitors (e.g., sofosbuvir), RNA dependent RNA polymerase inhibitors that are
capable of termination of the RNA chain owing to their nucleotide analogues structure, thus
inhibition of replication. Second, through non-nucleoside polymerase inhibitors (e.g., dasabuvir),

which bind to enzyme’s allosteric sites, turning it non-functional [244].

DAAs combination therapies

Resistance-associated substitutions (RASs) are modifications in the viral amino acid sequence
generated during replication, that took place either naturally occurring or selected [245]. It
negatively affects the efficacy of DAAS, resulting in viral resistance to the drugs, which is known
as resistance associated variants (RAVSs) [244]. A monotherapy of DAAS is not recommended to
avoid the risk of developing RASs. Consequently, interferon-free therapies are usually composed
of more than two DAAs belonging to different classes (NS3/4A, NS5B and NS5A inhibitors), with
the addition of ribavirin if necessary. DAAs combination therapies improves the effectiveness of
the therapeutic protocol compared to DAAs monotherapy. Examples of these combination
therapies are: sovaldi (sofosbuvir + Peg-IFNo/RBV), olysio (simeprevir + sofosbuvir) both

prescribed for genotype 1 and 4 and harvoni (ledipasvir + sofosbuvir) [246].

1.7.4.3. Hepatitis C virus entry inhibitors

A recent mechanism for HCV antiviral drugs is via blocking the viral entry to the cell. This
approach provides higher probabilities to excise HCV infection from the beginning even before
the viral genome is released and might also stop cell-to-cell communication that is essential for
the viral spread. Moreover, such novel approach may overcome drug resistance acquired for

DAAs, as it targets host structural components as key enzymes and receptors utilized for HCV
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entry, thus lower the chances of resistance towards cell’s conserved nature [247]. Different
techniques might be followed for repurposing of some medications to be sued as entry inhibitors,
including decrease the affinity of viral attachment and binding to the cell surface. Example of
candidate drugs is lectin cyanovirin, which is a carbohydrate-binding agent, it weakens the viral
binding by the reaction with the viral envelope glycoproteins that is rich in mannose
oligosaccharide [248]. Also, heparin is considered a structural analog for heparan sulfate; one of
the host’s cell attachment factors, can be used as competitive inhibitor for viral attachment to the
host’s cell [249]. The second technique could be achieved through inhibition of post-binding
interaction with cellular entry factors [250]. HCV requires the availability of several host factors
as CD81 for complete entry. CD81 is identified as an important HCV entry agent, and it is a
transmembrane protein with small and large extracellular loops [251]. CD81 large extracellular
loop interaction with E2 protein on HCV surface is essential for HCV infection. Therefore, the use
of imidazole-based compound would induce D-helix of CD81 and void CD81 function during
HCV entry [252]. Similarly, using CD81 monoclonal antibodies might interfere with HCV entry
and abrogate HCV infection in vivo [253, 254]. Another mechanism for blocking the viral entry is
through inhibition of HCV fusion with cell membrane [255]. One approach to achieve this
technique is the acidification triggering mechanisms of the viral-cell membrane fusion. Example
of these repurposed drugs are chloroquine and ammonium chloride, which disrupt the endosome

acidification and inhibit membrane fusion [256].
1.8. MicroRNAs (miRNAS)

Various small RNAs have developed inside eukaryotic cells to regulate undesired transcripts and
genetic materials. Small RNAs (less than 200 nucleotides) are classified into small interfering
RNA (siRNA), microRNA (miRNA) and Piwi-interacting RNA (piRNA) [257, 258]. MiRNAs are
single stranded, short (around 22 nucleotides in length), non-coding RNAs, which are associated
with argonaute family protein. The first miRNA was identified in Caenorhabditis elegans back in
1993, after that a huge number of miRNAs has been reported in various species [259]. Post-

transcriptionally, miRNAs control gene expression resulting in gene silencing [260].
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1.8.1. MicroRNA biogenesis

The onset of miIRNA biogenesis (Fig. 1.4) occurs when the RNA polymerase Il (Pol 1) is
transcribed into capped, spliced and polyadenylated primary miRNAs (pri-miRNAs) [261]. One
pri-miRNA can be proceeded into single miRNA or into cluster of two or more miRNAs. A
microprocessor RNase enzymes, called DROSHA with its cofactors; binding protein DiGeorge
syndrome critical region 8 (DGCRS8), are essential for cleaving the long pri-miRNAs [262, 263].
The cleavage occurs across the base of the stem-loop structure of the pri-miRNA with the aid of
two RNase Il domains of DROSHA, producing hairpin structured precursor miRNAs (pre-
miRNAS) nearly 60-70 nucleotides in length [264, 265]. Furthermore, the microprocessor splits
11 nucleotides dsRNA from the stem junction with ssSRNA overhang, resulting in hairpin-shaped
pre-miRNA with 1 or 2 flanking nucleotides at 3’ end [266, 267]. The following step is the
exportation of the pre-miRNA out of the nucleus to the cytoplasm, facilitated by exportin 5
(XPO5), where it undergoes further processing by DICER1 enzyme. An RNase Il enzyme
composed of two catalytic RNase 111 domains, that binds to the dsSRNA causing its cleavage and
the production of 22 nucleotides mature miRNA duplex having 2 nucleotides 3’ overhangs [268—
271]. Moreover, DICER1 is accompanied by transactivation-responsive RNA-binding protein
(TARBP2 or TRBP) which links DICER1 with Argonaute proteins to contribute in RNA induced
silencing complex (RISC) assembly [272]. The RISC complex consists of the guide strand which
base pairs with the mRNA at the 3 UTR end [273] and Argonaute proteins that recruits several
factors to stimulate gene silencing via suppression of translation, MRNA de-adenylation or mMRNA
decay [274, 275]. The structure of the miRNA is composed of an important domain at the 5’ end
extending from nucleotide 2 to 7; called ‘miRNA seed’, is essential for target recognition.
Nonetheless, the downstream nucleotides may also participate in the target base pairing. Moreover,
single conserved miRNA-binding site is found in at least 2/3 of the coding genes in addition to
several non-conserved sites [276]. Generally, the majority of the protein-coding genes are
controlled by miRNAs, also miRNAs biogenesis and functions are highly controlled [276, 277].
Thus, deregulation in miRNAs expression is directly corelated with many physiological disorders
such as cancer [278, 279]
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Figure 1.4. A schematic diagram of miRNA biogenesis pathway. MiRNA biogenesis starts within the
nucleus, transcription of the miRNA gene occurs by RNA-polymerase Il to produce capped,
polyadenylated pri-miRNA. Processing of pri-miRNA is done by Drosha and DGCRS to result in shorter
stem-looped pre-miRNA, which is then exported out of the nucleus with the aid of exportin 5. Once inside
the cytoplasm, further processing occurs to the pre-miRNA by DICER enzyme to generate ds-mature
miRNA. The mature miRNA is linked to RISC complex, which guide the miRNA to the complementary
MRNA resulting in post-transcription inhibition and gene silencing. (DGCR8: DiGeorge syndrome
biorender.com critical region 8, ds: double stranded, mi-RNA: microRNA, pre-miRNA: precursor
microRNA, pri-miRNA: primary microRNA, RISC: RNA-induced silencing complex). Reprinted from
"microRNA in Cancer", by BioRender, February 2021, retrieved from [280] Copyright 2021 by BioRender.

1.8.2. MicroRNAs in hepatocellular carcinoma

Numerous profiling studies have addressed miRNAs expression in HCC, marked changes in
mMiRNAs expression were recorded in HCC tissues relative to neighboring non-tumorous heptaic
tissues [281, 282]. Some miRNAs are predominant in the liver cells such as miR-21, miR-221,
miR-222. The overexpression of these miRNAs in the liver is explained by oncogenic role through

inhibition of tumor suppressor genes related to HCC [283-285]. The term ‘oncomiRs’ was given
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to the miRNAs with oncogenic function. On the contrary, miR-101, miR-122, miR-125b, miR-
139 and let-7 are down regulated in HCC cells, which can be demonstrated by the stimulation of
tumor suppressor gene or inhibition of an oncogene [286-289]. Deregulation in miRNAs
expression was detected not only in liver carcinogenesis, but also in pre-malignant dysplastic
nodules [290]. Marked reduction in miRNA expression was also determined in HCV venous
thrombi relative to their primary HCC nodules [291]. Therefore, it is suggested that disordered
miRNAs biogenesis triggers miRNAs deregulation to further increase HCC and metastasis [292—
295].

Evidences also showed the abundance of stable miRNAs in the circulation, in addition to other
body fluids of both healthy persons and HCC patients with different expression patterns, suggests
a promising function for these miRNAs in the diagnosis and prognosis of hepatic carcinogenesis
[296-298]. Moreover, circulatory miRNAs differential expression provides a tool for
differentiating HCC patients of different etiologies (HCV, HBV, alcohol- associated HCC) with
marked sensitivity and specificity. Additionally, circulating miRNAs high prognostic power to
track the progression of the disease and in segregating patients with HCC from cirrhotic or fibrotic
patients. The non-coding RNA expression levels are also representative to the size and stage of

tumor, cirrhotic state, and patients’ overall survival [299-304].

1.8.3. MicroRNAs in HCV and HCV-induced HCC

The molecular mechanisms regulating HCV-associated HCC might diverge from that controlling
HBV-induced HCC. Transcriptome profiling of liver tissues isolated from HCV-HCC patients
resulted in dissimilar subset of miRNAs obtained from HCC patients under HBV etiology.
Furthermore, pathway analysis proposed that in HCV-induced HCC, miRNAs were enriched in
pathways related to cell cycle, metabolic and immune responses [305]. Whereas, HCV infection
basically changes the host’s miRNAs expression patters to serve the viral own purposes as
facilitating HCV replication., e.g. miRNA-122 expression is necessary for HCV replication [306—
308]. Is s suggested that miR-122 binds to the viral RNA 5’ end and stabilizes the viral genome.
Additionally, HCV RNA facilitates segregation of miRNA-122 from its complementary mRNA
target, and inhibits its normal targets resulting in downregulation of miR-122 during HCV

infection. Such suppression promotes liver carcinogenesis progression [309-311]. In contrast,
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miR-199 main objective is the ribosomal entry site of HCV RNA. MiRNA-199a-3p
overexpression inhibits HCV viral replication targeting RISC-dependent mechanism [312].
Moreover, IFN-B antiviral therapy exerts regulatory effect on host’s miRNA expression.
Previous studies showed that INF- B suppresses miR-122 expression and stimulates several
mMiRNAs (miR-196, miR-351, miR-431, miR-296 and miR-448), those miRNAs directly suppress
HCV replication [313]. Furthermore, miRNAs were considered reliable prognostic biomarker for
determination of disease stage. The dysregulation of miR-484, miR-524-5p, miR-615-5p and miR-
628-39 in the plasma of Egyptian HCV patients, promotes the segregation between fibrosis,
cirrhosis, and early stages of HCC [314]. Additionally, one mechanism by which HCV induces
HCC is through upregulation of host’s miRNA and dysregulation of cellular signaling pathways.
Increased miR-155 expression was reported in CHC patients compared to patients with non-
alcoholic steatohepatitis and healthy individuals [315]. MiR-155 expression is substantially
influenced by HCV infection [316], its upregulation occurs as the result of stimulation of upstream
transcription factors and nuclear factor-«B, leading to stimulation of cell cycle progression and

suppression of cell apoptosis [317].

1.8.4. MicroRNAs as biomarkers for AFP-negative HCC

Owing to the fact that AFP is HCC biomarker with lower sensitivity and specificity and high
percentage of false negative results, several studies investigated the diagnostic potential of
miRNAs in detecting AFP-negative HCC patients. MiR-125b possibility to distinguish AFP-
negative HBV-HCC patients (AFP levels < 200 ng/mL) from chronically infected HCC-free HBV
patients (with AFP levels < 200 ng/mL as well) was addressed. The results showed that the
calculated area under the curve (AUC) for plasma miR-125b levels was 0.943, and the
effectiveness of miR-125b in discriminating the patients under the study was of 100% sensitivity
and 75.5% specificity [132]. Furthermore, another study included 279 HCC patients with 38.7%
of the HCC individuals showing negative AFP levels, miR-4651 proved high accuracy in
distinguishing HCC patients with normal AFP levels from healthy individuals with sensitivity and
specificity of 70% and 90% respectively [318]. Similarly, serum miR-21 levels were positively
correlated in 83% of HCC patients with AFP-positive results and in 77.5% of HCC patients with
AFP-negative results, with sensitivity and specificity of 81.2% and 83.2% respectively [319].
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The integration of several biomarkers might enhance the diagnostic significance. A panel of four
miRNAs was examined to distinguish HCC patients from CHB patients or healthy individuals. All
candidates with AFP levels less than 20 ng/mL were included as AFP-negative cases. The
combined panel of miR-26a, miR-27a, miR-125b and miR-223 was highly effective in
differentiating HCC patients from non-HCC individuals [320]. Similar results were obtained after
examining the miRNAs expression profiles in HCC biopsies and the adjacent non-tumor tissues.
MiR-15b and miR-130b were highly expressed in tumor tissues, and produced 96.7% sensitivity
in detecting HCC patients with lower AFP levels (< 20 ng/mL), in addition to accurate detection

of early-stages HCC patients with normal AFP levels [321].

1.8.5. MicroRNA is HCC metastasis

Cancer metastasis is a serious complication of cancer, and it accounts for high mortality rates in
cancer patients. Numerous studies proved direct correlation between regulation of miRNAs
expression and HCC progression. A decrease in MiR-124, miR-139, miR-151 and miR-200 family
expression in HCC tissues is observed, and these miRNAs are involved in the modulation of
RHO/RHO-associated protein kinase (ROCK) pathway. A cytoskeletal reorganization pathway
participated in the inhibition of motility and invasion in cancer cell lines [322-325]. Furthermore,
miR-17 and miR-29b were known by their tumor suppressive potential in HCC, and they
negatively regulate matrix metalloproteinase protein. The presence of this enzyme is essential in
cancer metastasis as it digests extracellular proteins [326, 327]. Another mechanism is through
tumor growth factor B (TGFp)-enhanced epithelial to mesenchymal transition (EMT) in HCC is
influenced by miR-181a, miR-216 and miR-200 family [328-331]. The effect of miR-200 family
on the EMT was extensively studied and researchers concluded that miR-200 indirectly suppresses

E-cadherin gene expression and the whole EMT processes is inhibited [332, 333].

Moreover, miRNAs participate in regulation of immune cells located in the tumor’s
microenvironment which support colonization of scattered HCC cells. TGFp is also involved in
downregulation of miR-34a in HCC cell lines, which promotes CC-chemokine ligand 22
production and recruits regulatory T-cells in the tumor’s microenvironment [334]. Similarly, in
vivo studies showed that downregulation of miR-28-59 in HCC mouse cells enhanced interleukin-
34 production that promotes the infiltration of tumor-associated macrophages and in a forward
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feedback mechanism, tumor associated macrophage infiltration inhibits miR-28-5p expression via
release of TGFp, thus regulated HCC metastasis [335].

1.8.6. MicroRNAs as therapeutic agents

Since miRNAs are modulating gene expression, targeting certain miRNAs could provide
potential therapy against cancer development. The therapeutic approach is achieved by using
oligonucleotides or RNAs duplex sharing complementary sequence to the target miRNA to mimic
or suppress its action. Oligonucleotide’s therapy provides direct and cost-effective therapeutic
process, with high stability and efficacy [336]. Upregulated oncogenic miRNAs are selected in the
HCC treatment. For instance, antisense 2’-O-methyl oligoribonucleotide can be used to targets
miR-221, thus inhibiting tumor growth in mouse models [337, 338]. The first miRNA-targeting
drug is miravirsen; 15-nucleotides locked nucleic acid, designed for treatment of chronic HCV to
regulate HCV replication. Miravirsen studies on animals and second phase of clinical trials on
chronic HCV patients revealed the efficiency of suppressing HCV levels over prolonged periods
in a dose-dependent manner excluding any risks of toxicity, although further investigations on the
long-term safety and efficacy of miravirsen are still required [339, 340]. Moreover, circulating
miRNA can be used as therapeutic target or adjunct therapy in personalized medicine, such as
miR-221 that showed potential therapeutic effect when used in conjunction with sorafenib (a
kinase inhibitor used to block tumor growth) in the treatment of HCC patients [341]. Another
therapeutic approach is the use of HCC downregulated miRNAs with tumor suppressor activity.
Studies on MiR-26a therapeutic potential in HCC mouse model showed that marked reduction in
tumor size and in focal lesions number with limited toxicity was obtained upon miR-26a
administration [342]. However, lentivirus vector technique was used to systemically deliver miR-
101in a liver tumor mouse model resulting in massive reduction in tumor size and metastasis [343].
Also, downregulation of miR-122 was observed in diethyl nitrosamine-induced HCC mouse
model, introduction of agomiR-122 leads to restoration of miR-122 level, thus inhibits chemically-
induced HCC [344]. Therefore, differentially expressed miRNAs (DE-miRNAs) in HCC could be
introduced as potential therapeutic agents.

1.9. Rationale
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The current serum biomarker (AFP) lacks sensitivity and specificity in HCC detection; therefore,
the rationale of the current study is to identify a prognostic miRNAs panel capable of

distinguishing HCC patients in a more accurate, sensitive and specific approach.

1.10. Hypothesis

The computationally assigned miRNAs possess a prognostic potential in predicting HCC in

HCV-infected subjects using minimally invasive serum samples.

1.11. Objectives and aims

The objective of this research is to identify a panel of miRNAs with a differential expression
pattern between HCV and HCV-associated HCC patients that could serve as a signature for early
detection of HCC. While the aims of the current study are:

i) Identifying a DE-miRNAs miRNAs panel in the liver tissues of HCV and HCV-HCC
patients through computational bioinformatic analysis of microarray dataset and RNA
sequencing dataset deposited on NCBI’s gene expression omnibus (GEO) and The Cancer

Genome Atlas (TCGA); respectively.

i) Collection of serum samples from HCV and HCC patients, in addition to healthy

individuals with subsequent isolation of total RNAs from these samples.

iii) Quantitative measurement of the liver function’s biomarkers to monitor the disease

severity.

iv) Measuring the expression patterns of the identified miRNAs panel using quantitative real
time PCR (gPCR).

1.12. Novelty of this research

The novelty of this research is deciphered in highlighting the potential ability of serum miR-142
in distinguishing HCC patients from non-HCC individuals, in addition to miR-424 in
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discriminating HCV from HCC patients. A novel miRNAs panel composed of miR-142, miR-183,

miR-199a, miR224 and miR-424 was examined as prognostic biomarker for HCC.
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2. CHAPTER 2: MATERIALS AND METHODS

2.1. Materials
2.1.1. Chemicals and reagents

Ethanol (80% and 100%) (Absolute ethanol HPLC grade — Fisher Scientific, Leicestershire, UK
- Cat. no E/0665DF/17), chloroform (molecular grade - Fisher Scientific, Leicestershire, United
Kingdom — Cat no. C/492017), nuclease-free water (Lonza, Basel, Switzerland — Cat no. 51200),
0.9% Sodium Chloride (for direct bilirubin determination) and bleach (5% sodium hypochlorite,
diluted 1:5).

2.1.2. Equipment and tools

Centrifuge(s) (with rotors for 2 mL tubes and for 10 mL tubes) for centrifugation at 4°C and at
room temperature (15-25°C) (Centurion Scientific benchtop centrifuge - K2015R, West Sussex,
UK and Hettich EBA 20 centrifuge - Merck, Darmstadt, Germany), vortex mixer, microplate
reader spectrophotometer (SPECTRO star Nano BMG LABTECH, Germany), thermocycler
(Applied Biosystems Veriti 96 well thermal cycler — ThermoFisher Scientific, Carlsbad, CA),
photometer (5010 V5+ semi-automated clinical chemistry analyzer — RIELE, Germany), applied
biosystems Realtime polymerase chain reaction (PCR) machine (ABI 7500 - ThermoFisher
Scientific, Carlsbad, CA).

Micropipettes (p1000, p200, p100 and pl0), sterile, RNase-DNase-free pipette tips (QSP 10
microL and Axygen scientific 100 microL), DNase-RNase free filter pipette tips. 1.5 mL or 2 mL
microcentrifuge tubes, sterile RNase-DNase-free PCR tubes (0.2 mL), RNase-DNase-free sterile
PCR tube strips (8 tubes per strip, 0.1 mL) (Geneaid gPCR Tube Strips and caps - Cat. No.

QP8120), gel and clot activator 5mL collection tubes, butterfly scalp vein set, disposable gloves

2.2. Methods

Bioinformatic study was performed on microarray and RNA sequencing datasets in order to
identify the target miRNAs panel.
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2.2.1. Bioinformatic analysis

2.2.1.1. Analysis of microarray dataset

Analysis was performed on non-coding RNA microarray dataset GSE40744, deposited on the
National Center for Biotechnology Information - Gene Expression Omnibus (NCBI-GEO)
repository [345]. In such study, Diaz et.al, analyzed miRNA expression among three groups; HCC
patients, cirrhotic patients and healthy individuals. A total of 76 liver specimens were isolated from
43 patients classified as the following: first, 26 liver specimens were obtained from HCV-related
HCC patients; 9 specimens from the tumor focal lesions and 17 specimens from the neighboring
non-tumor cirrhotic tissues. Second, 18 cirrhotic liver specimens were isolated from 10 HCV-
associated cirrhotic patients, and 13 specimens from 4 HBV-related acute liver failure patients.
Third, 12 specimens were obtained from 7 healthy normal liver donors and 7 subjects performed
hepatic resection for liver angioma [346]. In our study, miRNA bioinformatic expression analysis
was performed between 18 HCV cirrhotic samples and 9 HCV-HCC samples on R software (R
x64 v.3.6.2) (R code is included in appendix 1).

2.2.1.2. Analysis of TCGA RNA sequencing dataset

Analysis of the RNA sequencing data deposited on The Cancer Genome Atlas (TCGA) was
performed [347] to identify the target dataset. Data downloaded from TGCA portal comprised
RNA expression in HCC patients from different etiologies. HCC expression data with HCV
etiology only was filtered using R software (R x64 v.3.6.2) to obtain smaller dataset composed of
31 samples and was further processed for downstream analysis. Filtering criteria was applied to
retain only the miRNAs with expression more than 10 reads or FPKM (Fragments Per Kilobase
Million) in > 85% of the dataset. After that differential expression analysis between HCV cirrhotic

and HCC samples was performed using TCGABIolinks R package.

2.2.1.3. Gene ontology enrichment analysis

The molecular functions associated with the common miRNAs between the microarray and the
RNA sequencing datasets were identified by gene ontology enrichment analysis using R software
(R x64 v.3.6.2). First, target identification for the four common miRNAs was done using

SpidermiR package. Second, targets were mapped to molecular functions gene ontologies and
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check for enriched terms. Enrichment analysis for molecular function terms was done using

hypergeometric test.

2.2.2. Patients and samples

This study included 245 individuals; 44 healthy volunteers and 201 HCV infected and HCV-
associated HCC patients who attended the radiofrequency clinic at the National Hepatology and
Tropical Medicine Research Institute (NHTMRI) during the period from July to December 2019.
Patients” health history records were collected, with full clinical and ultrasonographic

examinations.
2.2.2.1. Ethical approval

All patients have participated in the current study after giving a written consent (appendix 2,3)
approved by the Institutional Review Board (IRB) of the American University in Cairo (case
number 2018-2019-060) (appendix 4) and the IRB of NHTMRI (serial number 25-2019) (appendix
5). The study was performed in agreement with the Helsinki Declaration, by applying good clinical
practice principles. NIH (national institute of health) web-based training course "Protecting
Human Research Participants” was also completed (certification number 2875591) before

sampling.
2.2.2.2. Inclusion criteria

Healthy individuals with normal liver functions, no history of viral hepatitis or any liver disease,
general good health condition with no major disorders in kidney, heart, lungs or other vital organs
were included in the study. HCV patients (assumed to be genotype 4; the most predominant
genotype among the Egyptian population) with positive circulating anti-HCV antibodies were
classified into two sub-groups based on the presence or the absence of cirrhosis. Diagnosis of
HCV based upon ultrasonography and blood examination (complete blood count, liver function
tests as AST (aspartate aminotransferase), ALT (alanine aminotransferase), albumin, total and
direct bilirubin). Degree of fibrosis in CHC patients was diagnosed according to non-invasive AST
to platelet ratio (APRI), Fibrosis-4 (FIB-4) and AST to ALT ratio (AAR) indices. APRI score is
calculated based on levels of AST and platelets count, by applying the formula [AST (1U/L) / (AST

upper limit for normal) / platelet count (10°%/L)] x 100, where upper normal limit used was 40 [348].
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While calculation of FIB-4 score utilizes AST, ALT, platelets count in addition to patient’s age,
using the formula [age (in years) x AST (IU/L)) / platelet count (10°/L) x ALT? (1U/L)] [349].
Combining both indices resulted in higher diagnostic accuracy [350, 351]. Whereas, degree of

cirrhosis and severity of the liver condition were determined using CTP score. APRI, FIB-4, and

CTP scores were assessed using MDCalc medical calculator [352]. METAVIR scoring system

classifies chronic viral hepatitis patients into FO = no fibrosis, F1 = portal fibrosis without septa,

F2 = fibrosis with rare septa, F3 = numerous septa without cirrhosis, F4 = cirrhosis [353].

Comparison of the fibrosis indices is presented in table 1. However, for HCV-HCC patients,

diagnosis primarily relied on abdominal ultrasonography and triphasic CT scan or MRI for

examination of the FL, in addition to AFP blood levels. BCLC staging system was used for

classification of HCC patients based on tumor stage, cancer-related symptoms, and serological

liver function tests [354]. HCC patients enrolled in the study were classified in to BCLC stages O,

A and B.

Table 2.1. Classification of non-invasive fibrosis indices

F;Eggils rr?g:llien;s Grading Cut-off Significance References
Excluding significant fibrosis with a
FO-F1 =05 predictive estimate of 39%, [355]
APRI AST and E2-F4 o 15  Predicting significant fibrosis in 56% of
platelets count patients
Excluding cirrhosis with a predictive value
FO-F3 <1 of 32%
Fa > 2 Predicting cirrhosis
AST, ALT, FO-F1 <145 Excluding significant fibrosis with a
FIB-4 platelets count - predictive value of 47% [353, 356]
and patient’s Fo.F4  >3o7 Predicting significant fibrosis in 83% of
age ' patients
AAR AST and ALT <1 Exclude cirrhosis [357]
>1 Predicting cirrhosis
Bilirubin, albumin, A 5_-6 Prediction of post-operative mortality rate
CTP international points  as10%
nor_rtnallze((jj D, 7_'9 Prediction of post-operative mortality rate
hcerhalonath points a5 309 [358, 359]
encephalopatny c 10-15  Prediction of post-operative mortality rate
points  as 70-80%
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2.2.2.3. Exclusion criteria

HCV patients who had other viral (e.g., HBV) or non-viral liver disease (e.g., alcoholic liver
disease or non-alcoholic fatty liver) in conjunction with HCV were excluded. HCC patients with
other liver disorders as hemangioma or cholangiocarcinoma were disqualified. In addition to
excluding HCC patients with extrahepatic metastatic cancer, another type of cancer, or other
comorbid condition such as kidney or heart disorders.

2.2.2.4. Sampling and serum preparation

Five mL of blood was withdrawn from each patient into labeled disposable serum collection tube
(global roll gel and clot activator yellow tube). For complete clotting, blood samples were kept for
one hour at 15-25°C, then samples were processed for serum separation following miRNeasy
serum/plasma handbook — Qiagen — 2012. Briefly, blood samples were centrifuged at 1538 x g
“equivalent to 4000 rotation per minute (rpm)” using benchtop centrifuge (Hettich EBA 20
centrifuge - Merck, Germany) for 10 min at 20°C, then tubes were placed at 15-25°C for 5 min,
after that the centrifugation was repeated under the same conditions. The serum was separated as
supernatant, and it was carefully transferred into a sterile DNase-RNase-free 1.5 mL

microcentrifuge tube, then it was stored at -80°C for further analysis.

2.2.3. Liver function’s biomarkers testing and HCV antibodies testing

Liver function biomarkers (ALT, AST, albumin, bilirubin total and direct) were assessed for all
samples. AFP serum levels were assessed for diseased samples only. Absence of antibodies to

HCV were determined in healthy individuals’ samples.
2.2.3.1. Quantitative determination of ALT

Determination of ALT was done using SPINREACT kit, Barcelona, Spain (NADH. Kinetic UV.
IFCC rec. Liquid, Cat. No. 41283) following the manufacturer’s protocol [360]. Briefly, frozen
serum samples were thawed at 15-25°C, working reagent was prepared by mixing 4 volumes of
the buffer (100 mmol/L TRIS, Tris hydroxymethyl aminomethane; pH 7.8), 1200 U/L lactate
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dehydrogenase, and 500 mmol/L L-Alanine) to 1 volume of the substrate (0.18 mmol/L NADH,
nicotinamide adenine dinucleotide hydride, and 15 mmol/L a-ketoglutarate). The instrument was
calibrated to zero using distilled water. 20 pL of the serum was added to 200 pL of the working
reagent, mixed and kept for 1 min at 15-25°C. Absorbance (Abs.) of the sample was measured at
340 nm at 15-25°C using spectrophotometer (Photometer 5010 V5+ semi-automated clinical
chemistry analyzer - RIELE, Germany) at time zero (initial Absorbance at 340 nm) and at 1 min
interval for 3 min. The average between absorbances and the average absorbance difference per
minute (AA/min) were calculated. Serum level of ALT was calculated using the formula [AA/min

x 1750 = U/L of ALT].
2.2.3.2. Quantitative determination of AST

Determination of AST was done using SPINREACT kit, Barcelona, Spain (NADH. Kinetic UV.
IFCC rec. Liquid, Cat. No. 41273) following the manufacturer’s protocol [361]. Briefly, frozen
serum samples were thawed are 15-25°C, working reagent was prepared by mixing 4 volumes of
the buffer (provided by the kit, composed of 80 mmol/L TRIS pH 7.8, 800 U/L lactate
dehydrogenase, 600 U/L malate dehydrogenase, and 200 mmol/L L-Aspartate) to 1 volume of the
substate (provided by the kit, composed of 0.18 mmol/L NADH (nicotinamide adenine
dinucleotide hydride), and 12 mmol/L a-ketoglutarate). The instrument was calibrated to zero
using distilled water. 20 pL of the serum was added to 200 pL of the working reagent, mixed and
kept for 1 min at 15-25°C. Absorbance (Abs.) of the sample was measured at 340 nm at room
temperature using Photometer 5010 VV5+ semi-automated clinical chemistry analyzer at time zero
(initial Absorbance at 340 nm) and at 1 min interval for 3 min. The average between absorbances
and the average absorbance difference per minute (AA/min) were calculated. Serum level of AST

was calculated using the formula [AA/min x 1750 = U/L of AST or ALT].
2.2.3.3. Quantitative determination of albumin

Determination of albumin was done using SPINREACT kit, Barcelona, Spain (bromocresol
green, colorimetric, Cat. No. 1001022) following the manufacturer’s protocol [362]. Briefly, three
tubes labeled blank, standard and sample were prepared by mixing 1 mL blank reagent (provided
by the kit, composed of 0.12 mmol/L bromocresol green pH 4.2) with 5 pL standard reagent
(provided by the kit, composed of 5 g/dL albumin aqueous primary standard calibrator) or 5 pL of
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the sample. The instrument was calibrated to zero using distilled water. After mixing, tubes were
incubated for 10 min at 15-25°C, then absorbance of the samples and standard were measured
against the blank at 630 nm at room temperature using Photometer 5010 V5+ semi-automated
clinical chemistry analyzer. Serum albumin concentration was calculated using the formula [((“A”

sample — “A” blank) / (“A” standard — “A” blank)) x 5 “standard concentration” = g/dL albumin].
2.2.3.4. Quantitative determination of bilirubin

Determination of serum total bilirubin (T. Bil) and direct bilirubin (D. Bil) were done using
RANDOX kit, UK (Cat. No. BR 412) following the manufacturer’s protocol [363]. Briefly, the
instrument was calibrated to zero using distilled water. Four tubes labeled blank (total), T. Bil
sample, blank (direct), and D. Bil sample were prepared by mixing kit’s reagents. For total and
direct bilirubin determination, 40 pL of sample was mixed with 40 pL reagent 1 (R1; 29 mmol/L
sulfanilicacid and 0.17 N HCI), and reagent 2 (R2; 38.5 mmol/L sodium nitrite). For T. Bil. reagent
200 pL reagent 3 (R3; 0.26 mol/L caffeine and 0.52 mol/L sodium benzoate) was used, while 400
pL sodium chloride (NaCl) 0.9% (not provided by the kit) was used for D. Bil. determination.
After mixing, tubes were placed at 15-25°C for 10 min, then 200 pL reagent 4 (R4; 0.93 mol/L
tartrate and 1.9 N NaOH) was added for T. Bil. assay only. The absorbance of the T. Bil and D.
Bil tubes were measured against the blank at 578 nm and 546 nm respectively at room temperature,
using Photometer 5010 V5+ semi-automated clinical chemistry analyzer. Total bilirubin serum
concentration was calculated using the formula [Abs. x 10.8 = T. Bil concentration mg/dL], while
direct bilirubin concentration was calculated using the formula [Abs. x 14.4 = D. Bil concentration
mg/dL].

2.2.3.5. Quantitative determination of AFP

The quantitative determination of AFP was done on fully automated Cobas analyzer using
Elecsys AFP (Roche, Mississauga, Canada - Cat. No. 04481798-190) by applying Sandwich
principle [364]. Briefly, 10 uL of sample was incubated with a biotinylated monoclonal AFP-
specific antibody. Then streptavidin-coated microparticles were added to the reaction forming
biotin-streptavidin complex. The reaction mixture was after that aspirated and the microparticles
were magnetically captured on an electrode surface, and chemiluminescent signal is captured and

the AFP concentration was determined using 2-point calibration and a master curve.
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2.2.3.6. Testing of antibodies against HCV

All samples were subjected to qualitative detection of antibodies to HCV in the serum using
HCV rapid test cassette (ACON, San Diego, CA - Cat. No. L031-10341). Briefly, - 80°C frozen
serum samples were thawed at room temperature. Test cassette was removed from the sealed foil
pouch and the test was performed immediately. 10 pL of the serum was added followed by 2 drops
(equivalent to 80 pL) of the buffer (included in the kit). The test cassette was kept at flat surface

without movement and results were recorded within 2 min.

2.2.4. RNA isolation

Total RNA was extracted using miRNeasy minikit (Qiagen, Germantown, MD - Cat. No.
217004) guided by the manufacturer’s protocol miRNeasy serum/plasma handbook (February
2012) with minor modification. Previously -80°C frozen serum samples were thawed at 15-25°C,
and once thawed; samples were centrifuged at 16000 x g using benchtop centrifuge (Centurion
Scientific - K2015R, UK) for 10 min at 4°C for removal of additional cellular nucleic acids
attached to cellular debris. Supernatants were moved in to new 1.5 mL microcentrifuge tubes
without disrupting the pellet which appeared as a smear on the outer sides of the microcentrifuge
tubes. 200 pL of the serum samples were transferred in to 2 mL microcentrifuge tubes, followed
by the addition of 1 mL QIAzol lysis reagent (provided within the kit) (contains phenol and
guanidine thiocyanate) for cell lysis and the release of cellular components without affecting RNA
integrity. Complete mixing was insured by pipetting up and down several times, then the
homogenates were kept for 5 min at 15-25°C. For phase separation, 200 puL of chloroform
(molecular grade - fisher UK — Cat no. C/492017) was added to the homogenate, tubes were
securely capped and were vigorously shaked for 15 sec, followed by 2 — 3 min incubation at 15—
25°C, then samples were centrifuged for 15 min at 12000 x g at 4°C. After centrifugation, phase
separation occurred and samples were separated in to three phases; upper colorless RNA-
containing aqueous phase, white protein-containing interphase, and red-colored organic lower
phase. The upper aqueous phases of the samples were transferred in to new collection tubes without
touching the middle interphase to prevent contamination of the aqueous phase with proteins. The
aqueous phase total volume (600 — 700 pL) varied based on the RNA content of each sample. To

ensure appropriate binding of RNA molecules, 900 — 1050 pL of absolute ethanol (HPLC grade —
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fisher - UK - Cat. no E/0665DF/17) was added to the aqueous phase, and mixed rigorously by
pipetting up and down several times. Immediately after ethanol addition, 700 pL of each sample
was transferred into RNeasy MinElute spin column hold on 2 mL collection tube (provided within
the kit), where total RNA got attached to the membrane, while other contaminants were discarded.
The column lids were closed and centrifuged at 8000 x g for 30 sec at 20°C, flow-throughs were
disposed and collection tubes were re-used. The last step was repeated by addition of the remaining
of the sample into the spin column followed by centrifugation. 700 uL RWT stringent washing
buffer (contains guanidine thiocyanate, provided within the kit and previously reconstituted with
100% ethanol) was added to the RNeasy MinElute spin column to wash protein contaminants,
followed centrifugal force equivalent to 8000 x g for 30 sec at 20°C, the flow-throughs were
disposed, and the collection tubes were re-used. Then 500 uL RPE mild washing buffer (provided
within the kit and previously reconstituted with 100% ethanol) was placed on the RNeasy
MinElute spin column to remove traces of salts, followed by applying centrifugal force of 8000 x
g for 30 sec at 20°C, the flow-throughs were disposed, and the collection tubes were re-used.
Afterwards, 500 puL of 80% ethanol (prepared using 100% ethanol and RNase-free water) were
placed on the RNeasy spin column. The lids were closed and centrifuged for 2 min at 8000 x g at
20°C to ensure complete washing of the membrane, then the collection tubes having the flow-
throughs were discarded. After centrifugation, RNeasy MinElute columns were moved to clean
collection tubes, and were left with the lids opened for 5 min on the bench top to air dry. Finally,
RNeasy MinElute spin columns were transferred to clean 1.5 mL collection tubes, and 14 pL
RNase-free water (provided within the kit) was added precisely to the middle of the column
membranes. The lids were gently closed, and columns centrifuged for 1 min at 14000 x g at 20°C

to elute the RNA. Isolated RNA was frozen at -80°C for subsequent use in reverse transcription.

2.2.5. Reverse transcription and cDNA synthesis

Frozen RNA samples were thawed on ice, upon complete thawing; both the quality and quantity
of the extracted RNA were obtained using microplate reader spectrophotometer (SPECTRO star
Nano BMG LABTECH, Germany) through measuring RNA concentration in ng/pL and
measuring the absorbance at different wavelengths (230, 260, and 280 nm) for the calculation of
A260/A280 and A260/A230 ratios. Reverse transcription (RT) was conducted using miScript 11
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RT kit (Qiagen, Germantown, MD - Cat. No. 218161), guided by the manufacturer’s protocol of
miScript PCR system handbook. Components of the miScript Il RT kit (10x miScript nucleic mix,
RNase-free water, and 5x miScript hiflex buffer) were thawed at 15-25°C. Solutions were shaked,
briefly centrifuged and then tubes were stored on ice. The RT master mix was prepared on ice by
mixing 4 uL HiFlex buffer, 2 uLL 10x miScript nucleic mix and 2 pL reverse transcriptase mix and
was gently mixed and then stored on ice. 8 uLL of RT master mix were dispensed in RNase-DNase-
free sterile PCR tubes (0.2 mL). Variable volume of template RNA (equivalent to 50 ng of RNA)
and RNase-free water (up to final volume of 12 uL) were added to the RT master mix, then tubes
were shaked, quickly centrifuged, and then placed on ice. Using conventional thermocycler
(Applied Biosystems Veriti 96 well thermal cycler — ThermoFisher Scientific, Carlsbad, CA), the
samples were incubated for 60 min at 37°C, followed by 5 min incubation at 95°C to deactivate
reverse transcriptase mix. Then cDNA (commentary deoxyribonucleic acid) samples were stored

at -20°C freezer for subsequent use in real time PCR.

2.2.6. Real time PCR amplification of miRNAs

Quantitative real time PCR (gPCR) of the target miRNAs was conducted utilizing miScript
SYBR Green PCR kit (Qiagen, Germantown, MD - Cat. no. 218073) and miScript primer assays
(SNORD 68 as a housekeeping gene and specific primers for the target miRNAs (Qiagen,
Germantown, MD - Cat. no. 218300), guided by manufacturer’s protocol of miScript PCR system
handbook. Components of miScript SYBR Green PCR kit (2x QuantiTect SYBR green PCR
master mix, 10x miScript universal primer, and RNase-free water), in addition to 10x miScript
primer assays, and template cDNA were thawed at 15-25°C. Solutions were mixed using vortex
except for the SYBR green master mix tube was mixed by flicking the tube, then solutions were
briefly centrifuged to collect residual liquid from the sides of the tubes. qPCR master mix was
prepared by adding 5 pL 2x QuantiTect SYBR Green PCR master mix, 1 pL 10x miScript
universal primer and 2 puLL RNase-free water. 8 pL of the master mix was dispensed in RNase-
DNase-free sterile 0.1 mL PCR tube strips, followed by the addition of 1 uL 10x miScript primer
assay specific for the target miRNAs (primers’ nucleotide sequences are presented in table 2.2),
and 1 uL ¢cDNA (concentration: 2.5 ng/uL) (following the manufacturer’s recommendation for
mature miRNA quantification to ensure 50 pg - 3 ng cDNA per PCR). PCR strips were tightly

sealed with their caps, the reaction mixtures were mixed using vortex and briefly centrifuged for
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1 min at 1000 x g at 15-25°C to remove bubbles. gPCR amplification was performed on applied
biosystems 7500 real time PCR machine (ABI 7500; Themo Fisher Scientific, Foster city, CA)
according to gPCR cycling program presented in table 2.3.

Table 2.2. Primer sequences of the target mature miRNAs

C/D box 68)

CTTTTCCATCTGATT 3

miRBase ID ,Ar?c:icisBs?gi Primer sequence Catalog No.
hsa-miR-142-3p MIMAT0000434 | 5 UGUAGUGUUUCCUACUUUAUGGA 3' MS00031451
hsa-miR-150-5p MIMAT0000451 | 5' UCUCCCAACCCUUGUACCAGUG 3 MS00003577
hsa-miR-183-5p MIMAT0000261 | 5' UAUGGCACUGGUAGAAUUCACU 3' MS00031507
hsa-miR-199a-3p (and) | MIMAT0000232 | 3' ACAGUAGUCUGCACAUUGGUUA 5' MS00007602
hsa-miR-199b-3p MIMATO0004563
hsa-miR-215-5p MIMAT0000272 | 5' AUGACCUAUGAAUUGACAGAC 3' MS00003829
hsa-miR-217-5p MIMAT0000274 | 5 UACUGCAUCAGGAACUGAUUGGA 3' MS00003843
hsa-miR-224-5p MIMAT0000281 | 5' UCAAGUCACUAGUGGUUCCGUUUAG 3' | MS00003878
hsa-miR-424-5p MIMAT0001341 | 5 CAGCAGCAAUUCAUGUUUUGAA 3 MS00004186
hsa-miR-3607-5p MIMAT0017984 | 5' GCAUGUGAUGAAGCAAAUCAGU 3' MS00011960
Housekeeping gene Entrez Gene ID Sequence Catalog No.
68 5'CGCGTGATGACATTCTCCGGAATCGCTG
(small nucleolar RNA, | 606500 TACGGCCTTGATGAAAGCACATTTGAACC | MS00033712

N.B. The sequences of miR-199a-3p and 199b-3p on miRbase were similar, thus miR-199a-3p primer was chosen

for gPCR amplification.

Table 2.3. Cycling conditions for real time PCR

Annealing
Extension

Step
PCR initial activation step

3-step cycling (45 cycles):
Denaturation

Time Temperature Comments

15 min 950C Heating initiation step for Taqg DNA
Polymerase

15 sec 94°C

30 sec 55°C

34 sec 70°C
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2.2.7. Data analysis

Real-time PCR results are conveyed as cycle threshold (Ct), which is the number of cycles
required for the fluorescent signal to intercross the determined threshold. Data calculation was
conducted first as ACt, which was computed by deducting the Ct value of SNORDG68 from the Ct
of each targeted miRNA for the exact sample. Then AACt was computed by deducting the
arithmetic average ACt of the reference group (healthy controls) from ACt of each sample for each
miRNA. AACt of certain mi-RNA = [(Ct target miRNA- Ct SNORDG68) for each sample — mean
(Ct target miRNA- Ct SNORDG68) of the control group]. Finally fold change of expression was
calculated by transforming AACt to log2 fold change using the formula 22t [365]. Handling of
non-detects (undetermined values) in qPCR results was done through excluding all samples that
failed to have true amplification curve. However, if true amplification curve was recorded, non-
detects were replaced by the maximum possible Ct value (Ct = 40). Similarly, Ct values > 40 were

replaced by Ct = 40 [366-368].

2.2.8. Statistical analysis

Statistical analysis was performed by applying statistical package for the social sciences (IBM-
SPSS) - version 25 (SPSS Inc., Chicago, IL, USA). Normality testing was performed using
Anderson-Darling test, D’Agostino and Person test, Shapiro-Wilk test and Kolmogorov-Smirnov
tests using GraphPad Prism (version 8.4.3). Additionally, MDCalc Software (version 15.0 for
Microsoft Windows, Ostend, Belgium) was used for the calculation of degree of fibrosis and
cirrhosis scoring indices. 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 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 Chi-square test. Spearman’s rank correlation was
used to study the inter-relation between target miRNASs. Receiver operator characteristic (ROC)
curve was constructed to determine the diagnostic effectiveness and to highlight the best cutoff
value which maximizes the summation of sensitivity and specificity of each biomarker. Moreover,

ROC curve was used to calculate area under the curve (AUC). Figures were designed using SPSS
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and GraphPad prism. For microarray dataset analysis, P-value was corrected by performing
Bonferroni method. All statistical tests were two-tailed, and P-value < 0.05 was considered

statistically significant.
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3. CHAPTER 3: RESULTS

3.1. Microarray bioinformatic analysis

Filtering criterion was set to log fold change cutoff of 1.5 and adjusted P-value of 0.01 (Fig. 3.1).

Twenty-two DE-miRNAs between cirrhotic HCV and HCC groups were generated, 4 miRNAS

were upregulated and 18 were downregulated in HCC group (Table 3.1).

Table 3.1. Differentially expression miRNAs from microarray dataset

miRNA 1D

Upregulated
hsa-mir-1269
hsa-mir-224
hsa-mir-452
hsa-mir-130b
Downregulated
hsa-mir-503
hsa-mir-424
hsa-mir-23a
hsa-miR-29b
hsa-mir-150
hsa-mir-139
hsa-mir-10a
hsa-mir-4269
hsa-mir-130a
hsa-mir-27a
hsa-mir-203
hsa-mir-886
hsa-mir-200c
hsa-mir-214
hsa-mir-214
hsa-mir-199b
hsa-miR-199a-3p
hsa-miR-199a-5p

log fold
change

3.980556
2.268889
2.004444
1.673889

-1.56833
-1.70222
-1.77944
-1.82667
-1.82722
-1.84667
-1.88222
-1.89722
-1.91
-1.98
-2.28278
-2.35333
-2.355
-2.67
-2.67667
-3.05111
-3.22889
-3.31389

Average
expression

3.006296
5.132963
5.007037
8.126296

6.736667
6.841481
4.24963

5.335556
9.885926
5.137778
7.034815
4.128148
8.736667
3.592222
4.461852
7.171111
5.542222
11.09444
5.091111
10.51185
10.41593
10.00259

7.573041
4.317145
4.287352
7.236449

-4.54318
-5.2379

-4.71964
-4.69036
-4.28367
-4.99007
-4.77929
-7.62543
-9.22381
-4.42072
-4.64132
-5.02797
-5.80061
-4.55014
-7.08254
-5.73493
-5.2558

-5.88751

P-value

3.48E-08
0.000186
0.000201
8.09E-08

0.000101
1.55E-05
6.27E-05
6.79E-05
0.000203
3.02E-05
5.34E-05
3.05E-08
6.86E-10
0.000141
7.75E-05
2.72E-05
3.41E-06
9.92E-05
1.19E-07
4.06E-06
1.47E-05
2.70E-06

adjusted
P-value

2.58E-05
0.00811

0.008498
3.60E-05

0.005233
0.00172

0.004113
0.004268
0.008498
0.002688
0.003715
2.58E-05
1.53E-06
0.00666

0.004542
0.002585
0.000632
0.005233
4.43E-05
0.000695
0.00172

0.000547

B statistics

8.862391
0.691497
0.615536
8.064353

1.270147
3.060813
1.724066
1.648638
0.60616

2.421497
1.877774
8.985176
12.5379

0.956184
1.522428
2.519308
4.504642
1.288025
7.694318
4.337026
3.106947
4.725912
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Figure 3.1. Volcano plot of microarray DE-miRNAs. Filtering criterion was adjusted using fold
change cutoff of 1.5, and adjusted P-value cutoff of 0.01.

3.2. RNA sequencing bioinformatic analysis

MiRNAs differential expression analysis was conducted using false discovery rate (FDR) cutoff
of 0.05, and fold change cutoff of 1 (Fig. 3.2). Nine significant DE-miRNAs were obtained, 3 were

upregulated and 6 were downregulated (Table 3.2).

Table 3.2. Differentially expression miRNAs from TCGA dataset

miRNA 1D Log fold change False discovery rate  Tumor Normal Delta
Upregulated

hsa-mir-217 4.237359 0.00095 2742.886 145.6502 11622.59
hsa-mir-224 3.02565 0.027267 349.2049 42.85636 1056.572
hsa-mir-183 2.730561 0.048386 4087.799 617.5533 11161.99
Downregulated

hsa-mir-142 -1.95755 0.011533 1599.147 6242.973 3130.404
hsa-mir-199b -1.72226 0.046202 946.2798 3129.33 1629.743
hsa-mir-150 -2.17145 0.002423 471.3316 2131.151 1023.473
hsa-mir-424 -2.72822 1.42E-05 140.6106 936.6654 383.6167
hsa-mir-215 -3.54143 4.24E-10 93.39001 1090.393 330.7346
hsa-mir-3607 -2.83414 7.02E-06 50.00577 358.5205 141.7232
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Figure 3.2. Volcano plot of TCGA DE-miRNAs. Filtering criterion was adjusted using fold
change cutoff of 1, and false discovery rate cutoff of 0.05.

3.3. Gene Ontology (GO) enrichment analysis

The top ten enriched terms with lowest P-value were plotted. Terms related to protein binding,

transcription regulation and kinase activity were frequently and significantly enriched (Fig.3.3).

GO: Molecular function enrichment of the common miRNAs
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Figure 3.3. Molecular function enrichment of the common miRNAs
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3.4. Antibodies to HCV rapid testing

All healthy controls serum samples included in the study were tested negative against HCV
antibodies, while HCV and HCC samples showed positive anti-HCV antibodies (Fig. 3.4).

HCV HCV HCV HCV HCV
Cy cy C32 C35 C3¢

- C

c - C - C

Figure 3.4. Qualitative detection of antibodies to HCV in the healthy individuals’ serum
samples. (A) HCV rapid test negative results. (B) Negative result in one control sample compared
to positive result of a diseased sample.

3.5. Study subjects and laboratory testing

3.5.1. Subjects were classified into the following groups

I) Group 1 (Healthy controls)

Serum of 44 normal healthy samples were donated by global research lab, age range from 25-75

years old, median age was 58 years old, mean age + SD was 54.6 + 12.8.
I1) Group 2 (HCV non-cirrhotic group)

Blood samples from 62 patients with non-cirrhotic liver condition were collected, either from
HCV treatment naive (chronically infected with HCV, without receiving any treatment for HCV)
or HCV treated patients, who have achieved sustained virological response (HCV-SVR), which is
guaranteed by the absence of HCV particles in the patient’s blood 12 weeks after the last dose of
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HCV therapy. Patients’ age range from 28-68 years old, median age was 54 years old, mean age +
SD was 52.6 + 8.8.

I11) Group 3 (HCV cirrhotic group)

Blood samples from 67 patients with cirrhotic liver condition, HCV treatment naive or HCV-
SVR were collected. Patients’ age range from 27-76 years old, median age was 62 years old, mean
age + SD was 59.2 + 10.8. Treatment naive patients are those awaiting a line to receive their HCV
treatment, or have some contraindications to HCV treatment including decompensated liver

cirrhosis.
IV) Group 4 (HCV-associated HCC)

Blood samples from 72 patients with HCC hepatic focal lesions post HCV infection (either HCV
treatment naive-HCC or HCV-SVR-HCC) were collected. Patients’ age range from 36-81 years

old, median age was 61 years old, mean age + SD was 61.4 + 8.1.

3.5.2. Clinicopathological and demographic features of the study groups

Demographic and clinical information are compiled in (Tables 3.3 and 3.4) and (Fig. 3.5). No
significant difference was noted in gender distribution between healthy control and HCC group (P
= 0.5294), and between non-cirrhotic and cirrhotic groups (P = 0.1508). Moreover, no statistical
difference was observed in age distribution among the healthy individuals, cirrhotic and HCC
groups (P =0.0662). Elevated levels of ALT showed highly significant difference among the three
diseased groups (non-cirrhotic, cirrhotic, and HCC) upon comparison with the healthy individuals
(P < 0.0001). Similarly, AST elevated levels were highly significant in cirrhotic and HCC groups
relative to healthy individuals (P < 0.0001), and non-cirrhotic group (P = 0.0005). Total bilirubin
elevated levels in cirrhotic and HCC groups didn’t provide statistical significance (P > 0.99)
although lower T. Bil concentrations in non-cirrhotic groups was reported with high statistical
significance (P < 0.0001). Statistical significance was detected in the elevated direct bilirubin
concentrations among the three diseased groups upon comparison with healthy individuals [D. Bil
(P <0.0001, 0.003 respectively), ALB (P < 0.0001)], however statistical significance was recorded
in decreased albumin levels in cirrhotic and HCC groups only (P < 0.0001), and P-value = 0.453

was calculated for the non-cirrhotic patients. Analysis of the 5 liver markers’ concentrations
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between cirrhotic HCV and HCC groups didn’t show any statistically significant difference [ALT
(P >0.9999), AST (P =0.2786), T. Bil (P >0.9999), D. Bil (P > 0.9999), and ALB (P = 0.9807)].
AFP serum concentrations were assessed in the three diseased groups, showing high statistical
significance in non-cirrhotic (P = 0.0002) and cirrhotic groups (P = 0.0016) upon comparison with
the HCC group (P < 0.0001), while no statistical significance was seen between both HCV groups
(P > 0.9999).

Serum levels of blood cells were examined among the study groups. Difference in hemoglobin
concentrations were noticed in the cirrhotic group in relation to the healthy control subjects (P <
0.0001), while there was no significant statistical difference in the non-cirrhotic and the HCC
groups compared to controls (P = 0.453, 0.237; respectively). However elevated red blood cells
(RBCs) and decreased total leukocytes counts (TLCs) and platelets counts were significant among
the disease groups in comparison with the healthy individuals (P < 0.0001). Nevertheless, no
absence of statistically significant divergence was recorded in RBC count between non-cirrhotic
and HCC groups (P = 0.99), and TLCs counts among cirrhotic and HCC groups relative to non-
cirrhotic groups (P = 0.275, 0.97; respectively). While platelet count was not significant in
cirrhotic and HCC groups (P = 0.847).

Table 3.3. Laboratory and clinical data of the study population

Parameter Control A et e HCV HCC Statistics / P-value
cirrhotic cirrhotic

Age 54.6 +1.927 52.6 £ 1.253 59.2 +1.45 61.4 + 0.963 26.532 < 0.0001
ALT (IU/L) 11.84 + 0.67 2748 £2.207 33.94+242 45.14 + 4914 90.32 < 0.0001
AST (IU/L) 16.99 +1.32 30.26 £2.947 39.95 + 3.61 50.94 + 4.04 70.12 < 0.0001
Alb (g/dL) 4.42+0.1 426+0.046  3.658+0.09  3.698 +0.07 23.82"  <0.0001
T.Bil (mg/dL) 0.98 £0.03 0.8 £0.057 1.157 £ 0.17 0.984 +£0.0825 33.122 < 0.0001
D.Bil (mg/dL) 0.15 + 0.009 0.41+£0.0473 0.84+0.13 0.603 + 0.066 71.232 < 0.0001
AFP (ng/mL) NA 18561 +7.42 41.75+11.78 834.47 +£156.41 19.01?2 < 0.0001
Hb (g/dL) 1344 +0.268 12.89+0.226 11.49+0.22 12.7877 £ 0.234 12.37° < 0.0001
RBCs (x 103/mm3) 477 +0.274 12.9+0.226 11.491 +£0.22 12.788+0.234 106.9% < 0.0001
TLC (x 10%L) 7.626 +0.417 4.748+0.191 4.194+0.09 4,614 +£0.09 61.12 < 0.0001
Platelets (x 10%/L) 300.5+12.37 219.85+13.7 130.1+7.75 141.202 +9.122 84.62 < 0.0001

Data are expressed as mean * standard error of mean, statistical significance is considered as P-value < 0.05
Statistical analysis was performed using (?) Kruskal-Wallis and (°) ANOVA test.
Table 3.4. Clinicopathological and demographic features of the study population
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Clinicopathological
features

Age
Mean age (< 57)
Mean age (> 57)

Gender
Male
Female

HCV infection
Negative

Positive (SVR)
Positive
(Treatment naive)

Cirrhosis
Negative
Positive

ALT

<40 IU/L

> 40 IU/L
Missing

AST

<40 IU/L

> 40 IU/L
Missing
ALB

>4 g/dL

<4 g/dL
Missing

T. Bil

<1.25 mg/dL
> 1.25 mg/dL
Missing

D. Bil

<0.35 mg/dL

No. of
participants
[n =245]

136
109

122
123

44
126

75

106
139

187
51

167
71

122
115

191
46

134

Groups
Control HCV non- HCV HCV
[n =44 cirrhotic cirrhotic HCC [n =
.. [n=62(% [n=67 (% 72 (%
(% within ithi ithi thi
group)] within within within
group)] group)] group)]
25 (56.8%) 48 (77.4%) 36 (53.7%) 27 (37.5)
19 (43.2%) 14 (22.6%) 31(46.3%) 45 (62.5%)
30 (68.2%) 15 (24.2%) 24 (35.8%) 53 (73.6%)
14 (31.8%) 47 (75.8%) 43 (64.2%) 19 (26.4%)
44 (100%) 0 0 0
0 48 (77.4%) 42 (62.7%) 36 (50%)
0 14 (22.6%) 25 (37.3%) 36 (50%)
44 (100%) 62 (100%) 0 0
0 0 67 (100%) 72 (100%)
42 (100%) 51 (83.6%) 50 (77%) 44 (63%)
0 10 (16.4%) 15 (23%) 26 (37%)
2 1 2 2
41 (97.6%) 51 (83.6%) 39 (60%) 36 (51.4%)
1 (2.4%) 10 (16.4%) 26 (40%) 34 (48.6%)
2 1 2 2
28 (66.7%) 51 (83.6%) 22 (33.8%) 21 (30.4%)
14 (33.3%) 10 (16.4%) 43(66.2%) 48 (69.6%)
2 1 2 3
41 (97.6%) 57 (93.4%) 44 (67.7%) 49 (71%)
1 (2.4%) 4 (6.6%) 21 (32.3%) 20 (29%)
2 1 2 3
42 (100%) 33 (54.1%) 27 (41.5%) 32 (46.4)

51

21.624

43.775

245

245

22.745

35.336

49.41

25.186

41.285

2(a)

Statistics

P-value

< 0.0001

<0.0001

NA

NA

NA

<0.0001

< 0.0001

<0.0001

NA




> 0.35 mg/dL
Missing

AFP

<20 ng/ml
20-400 ng/ml
> 400 ng/ml
Missing

103

153
16
27

5

NA
NA
NA
NA

28 (45.9%)
1

56 (91.8%)
5 (8.2%)

0

1

38 (58.5%)
2

55 (83.33%)
10 (15.15%)
1 (1.52%)

1

37 (53.6%)
3

42 (60.9%) 19.706

1(1.4%)  8.448

26 (37.7%) 51.296
3

< 0.0001
0.015
NA

Statistical significance is considered as P-value < 0.05.
Statistical analysis was performed using (*) Chi-square test
NA: not applicable, as the number of participants in one or more groups (n=0)
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Figure 3.5. Mean of serum concentration of liver biomarkers in the study groups. (A)
Comparison of mean values of (A) ALT, (B) AST, (C) albumin, (D) total bilirubin, (E) direct
bilirubin and (F) AFP. values are expressed as mean + SEM. Statistical significance (****
indicates P <0.0001, *** indicates P <0.001, ** indicates P <0.01, ns indicates non-significance).
[AFP: alpha-fetoprotein, ALB: albumin, ALT: alanine aminotransferase, AST: aspartate
aminotransferase, D. Bil: direct bilirubin, T. Bil: total bilirubin].
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Different indices as APRI, FIB-4 and AAR were used to assess the degree of fibrosis and cirrhosis
in the study groups (Table 3.5, and Fig. 3.6). Two cutoffs were chosen for APRI, using cutoff score
less than 0.5, excluded the possibility of fibrosis in 76.6% of non-cirrhotic group, 33.9% of the
cirrhotic patients and 24.6% of HCC group. While APRI score > 1.5 indicated significant fibrosis
in 2.1%, 16.9% and 23.1% of non-cirrhotic, cirrhotic and HCC patients respectively. However, the
selected FIB-4 cutoffs were 1.45 and 3.27. Having FIB-4 score < 1.45 exclude advanced fibrosis
in 62.2% of the non-cirrhotic group, 6% of the cirrhotic, and 11.1% of the HCC patients. Whereas,
FIB-4 score > 3.25 indicated higher percentages of advanced fibrosis in 10.8%, 36%, and 49.2%
in non-cirrhotic, cirrhotic and HCC patients respectively. Moreover, AAR < 1 suggested normal
liver condition, and it was reported in 24.6%, 26.2% and 15.7% of non-cirrhotic, cirrhotic and
HCC groups respectively. On the other hand, AAR > 1 suggested the presence of cirrhosis in
75.4%, 73.8% and 84.3% of the three diseased groups respectively. Results obtained from the non-
invasive indices indicated the importance of combining different indices in addition to imaging

techniques as US for accurate determination of the degree of fibrosis and cirrhosis.

Table 3.5. Non-invasive indices for determination of fibrosis and cirrhosis degrees

SleuzE Statistics

Parameter e, ALY e HCYV cirrhotic HCV HCC v?@  P-value

Participants cirrhotic
APRI score 213 0.424 +0.051 0.992 £ 0.13 01.365+0.202 102.65 <0.0001
<05 113 36 (76.6%) 20 (33.9%) 16 (24.6%) 73.747  <0.0001
05-15 74 10 (21.3%) 29 (49.2%) 34 (52.3%) 37.409 <0.0001
>15 26 1(2.1%) 10 (16.9%) 15 (23.1%) 20.165 < 0.0001
Missing 32 15 8 7
FIB-4 score 192 1.684 + 0.204 3.767 £ 0.399 4.534 +0.476 86.193 < 0.0001
<145 67 23 (62.2%) 3 (6%) 7 (11.1%) 85.387 < 0.0001
1.45-3.27 71 10 (27%) 29 (58%) 25 (39.7%) 18.686 < 0.0001
> 3.27 54 4 (10.8%) 18 (36%) 31 (49.2%) 34.641 <0.0001
Missing 53 25 17 9
AST/ALT 238 1.14 +0.041 1.17 £ 0.043 1.25+0.047 9.73 0.001
<1 54 15 (24.6%) 17 (26.2%) 11 (15.7%) 2.805 0.423
>1 184 46 (75.4%) 48 (73.8%) 59 (84.3%)
Missing 7 1 2 2

2. Statistical analysis was performed using Chi-square test.
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Figure 3.6. Mean values of the non-invasive indices APRI, FIB-4, and AAR in the study
groups. Comparison of the statistical significance of the three non-invasive indices in
differentiation between different disease stages. Values are expressed as mean + SEM. Statistical
significance (**** indicates P <0.0001, *** indicates P <0.001, * indicates P < 0.05, ns indicates
non-significance). [AAR: AST to ALT ratio, APRI: Aspartate aminotransferase
to platelet ratio index, FIB-4: fibrosis-4 index].

Tumor features and classification of patients in to different disease stages were assessed (Table
3.6). CTP score for measuring the possibilities of liver transplantation in chronic liver diseases as
cirrhosis, was determined in the cirrhotic and HCC groups. Patients were categorized into Child
A, B, and C in 69.7%, 24.2% and 6.1% of the cirrhotic patients, in addition to 78.3%, 20.3% and
1.4% of the HCC patients respectively. Furthermore, ascetic condition was assessed in the two
groups, 22.4% of the cirrhotic patients and 22.2% of the HCC patients showed slight to moderate
ascites. Single FL was reported in 63.9% of the HCC patients, while 36.1% had multiple FLs.
Additionally, 40.7% of the HCC patients had FL < 3cm in diameter. Overall patients’ well-being
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and health conditions were examined aiming to classify the patients for the accessibility to
chemotherapy in to performance status (PS) = 0 in 48.7%, PS = 1-2 in 43%, and PS > 2 in 8.3%
of the HCC patients. BCLC staging system determine the liver condition and the possibility of
liver transplantation based on the number and the size of the FL. Patients were classified into three
groups: very early (stage 0; 17.9%), early (stage A; 64.2%), and intermediate stage (stage B;
17.9%).

Table 3.6. Characteristics and staging of HCC patients

Parameter No. of participants  Hcv cirrhotic HCV HCC
CTP score A 100 46 (69.7%) 54 (78.3%)
B 30 16 (24.2%) 14 (20.3%)
C 5 4 (6.1%) 1 (1.4%)
Missing 4 1 3
Ascites Absent 117 20 (29.8%) 35 (48.6%)
Present 31 15 (22.4%) 16 (22.2%)
Unknown 53 32 (47.8%) 21 (29.2%)
Focal lesions number  Single 46 (63.9%)
Multiple 26 (36.1%)
Focal lesions size Tumor < 3cm 22 (40.7%)
(By CT)
Tumor > 3cm 32 (59.2%)
Missing 18
Performance status PS=0 35 (48.7%)
PS=1-2 31 (43%)
PS>2 6 (8.3%)
BCLC staging system 0 10 (17.9%)
A 36 (64.2%)
B 10 (17.9%)
Missing 16
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3.6. Real time gPCR
3.6.1. gPCR amplification and data analysis of the candidate miRNAs

The study design relied on determination of the differential expression signature of the circulating
miRNAs that have been obtained from the bioinformatic analysis and were previously reported to
participate in either the oncogenicity or the progression of HCC disease. The expression levels of
the target miRNAs were assessed using SYBR Green based gPCR in the aforementioned diseased
groups compared to healthy individuals as a control group. The expression of the target miRNA
in each sample was normalized to SNORD 68 as an endogenous reference gene for the same
sample to calculate ACt values (Table 3.7). The relative expressions of the candidate miRNAs
were assessed using 222t method. Failure to have true amplification plot for the SNORD 68 gene
or if no true amplification was recorded in three or more miRNAs, the results of this sample
became disqualified and were disqualified from the analysis. Each experiment was implemented

using two technical replicates.

Fold changes of the DE-miRNAs among the study groups were represented in Fig. 3.7. The
results of this study revealed that serum levels of the nine candidate miRNAs were differentially
expressed in HCV and HCC patients in comparison to healthy individuals with high statistical
significance (P-value < 0.0001) using Mann-Whitney U statistical test (Table 3.9). However, only
miR-424 serum level showed statistical significance upon comparing HCV patients with those
having HCC. The expression levels of miR-424, miR-199a, miR-142, and miR-224 were
significantly altered in HCC patients relative to the non-cirrhotic subjects (P < 0.0001, P =0.0001,
P =0.023, and P = 0.027 respectively). Whereas, miR-199a and miR-183 showed difference in
differential expression between HCV cirrhotic and non-cirrhotic patients (P = 0.012 and P = 0.036

respectively).

Comparison of the mean rank (which represents the arithmetic average of the positions in the
list, preferred to be used in non-parametric test) of the fold change among the study groups (Table
3.8) showed that the increase in the fold change of miR-142, miR-199a, miR-215, miR-224 and
miR-424 was compatible with the disease progression. Whereas, for miR-183 and miR-217, the
mean rank increased in non-cirrhotic and cirrhotic patients followed by reduction in the mean

expression in the HCC patients. However, the mean rank of miR-150 expression was elevated in
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the non-cirrhotic and the cirrhotic patients compared to health controls, without any marked
difference in the fold change values between the two HCV groups, followed by an increase in
expression of the HCC group. As for miR-3607, the increase in mean rank expression in the non-
cirrhotic patients, was followed by reduction in expression in patients with cirrhosis, then non-

significant increase in expression HCC group.
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Figure 3.7. Fold change of the DE-miRNAs in the study groups.

Scatter dot plots

demonstrating the fold change of serum expression of the target miRNAs (miR-142, miR-150,
miR-183, miR-199a, miR-215, miR-217, miR-224, miR-424, and miR-3607) among the study
groups. Y-axis represents log of the fold change of each miRNA; X-axis shows the study groups.
Each experiment was performed in duplicates.

Table 3.7. Mean of ACt of target miRNAs among the studied groups.

Target

miR-142
miR-150
miR-183
miR-199a
miR-215
mir-217
miR-224

miR-424

miR-3607

Groups
Control ~ HEVnon- - HCV e
cirrhotic cirrhotic
mean ACt mean ACt
(n = 41) mean ACt mean ACt (n=52)
(n=144) (n=51)
3.847£042 -0.816+047 -1.58+05 -2.25% 0.32
2402+055 -7.42+0.35 -7.37+0.35 -8.49+0.33
421+0401 -0254+029 L24% 1.22+0.32
2140, 254£029 oot 2240,
213+049 -262+035 -3.63+032 -4.213+0.26
481+045 0217029 0.148+027 -0.374+0.21
4684+ 048 -0.54 +0.395 60'37359 £ -0.358 + 0.29
3.460 +0.46 -0.012+041 -0.737+0.3 -1.294 +0.25
3,663 + 4796 +
2401£045 -279£037 o) 0 0%
3358 +04 0774025 093+017 0317+021

Statistics

P-value

Statistical (CONt. s
test® HCV
and

HCC)®
74.022 < 0.0001
64.834 < 0.0001
80.109 <0.0001
81.468 <0.0001
76.745 < 0.0001
72.422 < 0.0001
60.309 <0.0001
90.225 < 0.0001
46.934 < 0.0001

P-value
(HCV vs
HCC)®

0.853(N3)
0.051N-5)

0.689™NS)

0.413(N-S)
0.248(N-S)

0.112(N-S)
0.314(N-S)
0.05
0.07(Ns)

Data are expressed as mean + standard error of mean, statistical significance is considered as P-value <
0.05. (N.S.) Not significant, indicates absence of statistical significance.
Statistical analysis was performed using (%) Kruskal-Wallis or (°) Mann-Whitney test
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Table 3.8. Fold change mean rank of target miRNAs among the studied groups.

Groups Statistics
Control H.CV . . HC.V HCV HCC
non-cirrhotic cirrhotic fold ..
fold change fold change Statistical
Target fold change change mean @ P-value
mean rank K K mean rank test
(n = 41) mean ran ran (n = 52)
(n=44) (n=51)
miR-142 31.634 98.659 115.098 120.346 74.0224  <0.0001
miR-150 35.976 104.636 104.235 122.519 64.3728 < 0.0001
miR-183 28.879 99.705 119.971 116.856 80.1087 < 0.0001
miR-199a 30.39 92.886 116.431 124.904 81.4677  <0.0001
miR-215 31.488 104.989 109.069 121.019 72.812 <0.0001
mir-217 31.39 111.875 119.039 105.49 724221  <0.0001
miR-224 38.146 98.091 110.235 120.462 60.2673 < 0.0001
miR-424 27.049 95.568 111.549 130.058 90.2253  <0.0001
miR-3607 44.634 108.92 99.4314 116.779 46.9342  <0.0001

Statistical significance is considered as P-value < 0.05
Statistical analysis was performed using (%) Kruskal-Wallis.

3.6.2. Receiver operating characteristic (ROC) analysis

Assessment of the diagnostic performance for the nine candidate miRNAs was performed using
receiver operating characteristic (ROC) analyses. ROC curves were created using SPSS software
version 25, and the capability of each potential biomarker to identify the diseased persons was
demonstrated as the area under the ROC curve (AUC). ROC analysis was assessed based on
RNAs’ relative quantification (RQ) values to highlight the threshold value for the best sensitivity
and specificity. The cutoffs were set by calculating the true positive samples (sensitivity percent)
and false positive samples (1 - specificity) of each RNA’s RQ values at several cutoff points.
Accordingly, the best cutoff values were selected for each of the RNAs. Samples were considered
positive if the RQ was greater than or equal to this cutoff value. The distribution of the positive

cases of each miRNA among the four groups was examined using Chi-Square test. Evaluation of
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the diagnostic potential of the DE-miRNAs through calculation of sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and accuracy among different
comparative study groups. For better diagnostic accuracy, ROC analysis was implemented for
combined panels of the statistically significant miRNAs. Additionally, the diagnostic performance
of the combined panel was compared to AFP in HCV and HCC patients.

3.6.2.1. Diagnostic potential of the DE-miRNAs in HCC patient compared to healthy
individuals

ROC analysis calculations were assessed for the candidate miRNAs to discriminate HCC patients
from healthy controls (Fig. 3.8 and Table 3.9). The AUC values were 0.993, 0.972, 0.968, 0.958,
0.957,0.933, 0.928, 0.921, 0.868 corresponding to miR-424, miR-142, miR-199a, miR-215, miR-
183, miR-217, miR-150, miR-224, and miR-3607 respectively with high statistical significance
(P-value < 0.0001). All of the targets showed high sensitivity (ranging from 100% to 80.77%) and
accuracy (ranging from 95.7% to 81.72%) for diagnosis of HCC patients. Having combined panel
of 5 miRNAs; in which if 5 miRNAs tested positive, the whole panel is considered positive;
increased the sensitivity, specificity and accuracy of detection to 100%, 95.12%, and 97.85%

respectively with high statistical significance (P-value < 0.0001).

3.6.2.2. Diagnostic potential of the DE-miRNAs in HCV patient compared to healthy
individuals

To identify HCV patients from healthy individuals, ROC curves were drawn for the candidate
miRNAs (Fig. 3.9 and Table 3.10). The AUC values were 0.941, 0.94, 0.927, 0.919, 0.913, 0.903,
0.882, 0.863, and 0.824 corresponding to miR-183, miR-424, miR-217, miR-199a, miR-215, miR-
142, miR-150, miR-224, and miR-3607 respectively with high statistical significance (P-value <
0.0001). All of the targets showed high sensitivity (ranging from 91.58% to 80%) and accuracy
(ranging from 90.44% to 79.41%) for discrimination of HCV patients. Combined panel of 5
miRNAs improved overall sensitivity, specificity and accuracy of detection to 90.53%, 85.37%,
and 88.97% respectively with high statistical significance (P-value < 0.0001).

3.6.2.3. Diagnostic potential of the DE-miRNAs in HCC patient compared to non-HCC
individuals
In a comparison between HCC patients with others without malignancy (healthy individuals,

HCV non-cirrhotic and HCV cirrhotic patients), AUC were calculated and eight potential miRNAs
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had statistically significant values (Fig. 3.10 and Table 3.11). For miR-424, miR-199a, miR-150,
miR-215, miR-224, miR-142, miR-183, and miR-3607 had AUC equal to 0.761, 0.724, 0.706,
0.695, 0.691, 0.69, 0.664, and 0.664 respectively with high statistical significance (P-value <
0.0001). Acceptable sensitivities (80.77% to 61.54%) and accuracies (65.96% to 57.98%) were
recorded for the different targets. Using a combined panel of 5 miRNAs resulted in 80.77%
sensitivity and 61.03% specificity for HCC detection with a statistically significant P -value <
0.0001.

3.6.2.4. Diagnostic potential of the DE-miRNAs in HCC (SVR / treatment naive) patient
compared to non-HCC (SVR / treatment naive) patients

Classifying the study groups in to those who have received HCV treatment and reached sustained
virological response (SVR) (Fig. 3.11 and Table 3.12) and those who haven’t received any
treatment (treatment naive; Fig. 3.12 and Table 3.13) remarkably increased AUC and the overall
ROC analysis measurements. The highest AUC for both HCC (SVR) group HCC (treatment naive)
group was recorded for miR-424 (0.8, and 0.835 respectively) (P-value < 0.0001). Similar to the
previously reported results, combined panel of 5 miRNAs increased the overall sensitivity,
specificity and accuracy for HCC (SVR) patients’ diagnosis to (83.33%, 63.73% and 67.46%
respectively). While combining 6 miRNAs in one panel, improved the calculated measurements

in HCC (treatment naive patients) (sensitivity 89.29%, specificity 72.6% and accuracy 77.23%).

3.6.2.5. Diagnostic potential of the DE-miRNAs in HCC patients compared to patients with
HCV

In order to develop potential biomarker to differentiate between HCC patients from HCV
subjects, ROC analysis was performed and resulted in three statistically significant targets; miR-
424, miR-199a, and miR-150, with P-values 0.001, 0.018, and 0.028 respectively (Fig. 3.13 and
Table 3.14). The highest calculations were obtained for miR-424. Comparison between miRNA-
424 and AFP (the current HCC serum biomarker) resulted in comparable sensitivities, 63.46% for
the former and 62.32% for the later. Although AFP specificity and accuracy (64.57% and 63.78%)
were better than those for miR-424 (57.9% and 59.86%). However, the choice of a combined panel
of 2 miRNAs with or without AFP didn’t provide significant improvements in the ROC analysis

measurements.
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3.6.2.6. Diagnostic potential of the DE-miRNAs in HCC (SVR) patients compared to
patients with HCV (SVR)

Similarly, ROC curves were constructed to determine the best AUC for patients with HCC
(SVR) compared to HCV (SVR) (Fig. 3.14, and Table 3.15). Three miRNAs had statistically
significant results (miR-424, miR142, and miR-3607) with P-values 0.01, 0.018, and 0.014;
respectively. The ROC measurements obtained (sensitivity: 66.67%, 66.67%, and 70.83%,
accuracy: 62.1%, 68.97%, 58.62%) were remarkably higher than sensitivity and accuracy recorded
for AFP (51.43% and 58.1% respectively). Using combined panel of 2 miRNAs enhanced the
sensitivity, specificity and accuracy of detection (70.83%, 61.9%, and 64.37% respectively).
Addition of AFP biomarker to the combined panel improved only the sensitivity with a reduction
in the specificity and accuracy. However, ROC analysis to discriminate patients with HCC
(treatment naive) for HCV (treatment naive) patients didn’t show any statically significant AUC

for any of the targets.

3.6.3. Correlation between the studied miRNASs

Spearman’s correlation test was performed to investigate the correlation between the fold change
of expression of each individual miRNA and the other miRNAs. Positive correlation was recorded
between the expression of all miRNAs among the study groups, with high statistical significance
(P <0.0001) (Table 3.16). Moreover, the correlation between the miRNAs under study and some
clinicopathological characteristics was performed (Table 3.17). MiR-183, miR-199a and miR-215
were positively correlated with the age of the patients (P = 0.007, 0.037 and 0.026 respectively),
while only miR-142 and miR-217 were positively correlated with gender (P = 0.036 and 0.001
respectively). Whereas, the whole panel of the nine miRNAs was positively correlated with the
cirrhotic liver conditions (P < 0.0001), ALT and AST levels (P < 0.001). High statistically
significant positive correlation was also found between the nine targets and D. Bil (P < 0.0001).
On the other hand, negative correlation was recorded between T. Bil levels, with statistical
significance shown only in miR-150 (P = 0.003). Similarly, miRNAs concentrations were
negatively correlated with albumin levels (P < 0.001 in most of the targets). Moreover, the
association between the tumor characteristics and the miRNAs expression was investigated. Only
miR-199a showed significant positive correlation with the AFP levels (P = 0.04). While for child-

Pugh score, miR-150 was negatively correlated (P = 0.009), while miR-217 and miR-3607 were
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positively correlated (P = 0.02, P = 0.032 respectively). Interestingly, no significant correlation

was reported with BCLC staging.
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Figure 3.8. ROC curves and AUC for the DE-miRNAs in the differentiation between HCC patients and
healthy individuals. The diagnostic potential and AUC of nine DE-miRNAs (miR-424, miR-142, miR-199a,
miR-215, miR-183, miR217, miR150, miR-224 and miR-3607 were calculated.
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Figure 3.9. ROC curves and AUC for the DE-miRNAs in the differentiation between HCV patients

and healthy individuals. The diagnostic potential and AUC of nine DE-miRNAs (miR-183, miR-424, miR-
217, miR-199a, miR-215, miR-142, miR-150, miR-224, and miR-3607) were calculated.
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Figure 3.10. ROC curves and AUC for DE-miRNAs in the differentiation between HCC patients and
non-HCC (healthy controls, non-cirrhotic and cirrhotic HCV patients). The diagnostic potential and AUC
of the eight DE-miRNAs (miR-424, miR-199a, miR-150, miR-215, miR-224, miR-142, miR-183, and miR-
3607) were calculated.
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Figure 3.11. ROC curves and AUC for the DE-miRNAs in the differentiation between HCC (SVR)
patients and non-HCC (healthy controls, non-cirrhotic (SVR) and cirrhotic (SVR) HCV patients).
The diagnostic potential and AUC of nine DE-miRNAs (miR-424, miR-142, miR-3607, miR-215, miR-
199a, miR-150, miR-183, miR-224, and miR-217) were calculated.
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Figure 3.12. ROC curves and AUC for the DE-miRNAs in the differentiation between HCC
(treatment naive) patients and non-HCC (healthy controls, non-cirrhotic (treatment naive) and
cirrhotic (treatment naive) HCV patients). The diagnostic potential and AUC of nine DE-miRNAs (miR-
424, miR-199a, miR-150, miR-224, miR-215, miR-183, miR-142, miR-3607, and miR-217) were
calculated.
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Figure 3.13. ROC curves and AUC for DE-miRNAs in comparison to AFP in the
differentiation between HCC and HCV patients. The diagnostic potential and AUC of three
DE-miRNAs (miR-424, miR-199a, and miR-150) in addition to AFP were calculated.
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Figure 3.14. ROC curves and AUC for DE-miRNAs in comparison to AFP in the
differentiation between HCC (SVR) and HCV (SVR) patients. The diagnostic potential and
AUC of three DE-miRNAs (miR-142, miR-424, and miR-3607) in addition to AFP were
calculated.
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Table 3.9. ROC curve analysis of the investigated biomarkers in discriminating HCC patients from healthy individuals

Target AUC SE  P-value 95% ClI Cut-off  Sensitivity Specificity PPV NPP  Accuracy Chi-sq (F;-\s/ﬁ:::g)
HCC vs Control
miR-424  0.993 0.005 <0.0001 0.98-1 9.05 100 90.24 92.86 100 95.70 77.93 < 0.0001
miR-199a 0.968 0.02 <0.0001 0.93-1 18.22 92.31 95.12 96.00 90.70 93.55 70.49 < 0.0001
miR-142  0.972 0.014 <0.0001  0.95-0.99 10.80 92.31 90.24 9231 9024  91.40 63.38 < 0.0001
miR-215  0.958 0.019 <0.0001 0.92-0.994 13.89 92.31 90.24 92.31 90.24 91.40 63.38 < 0.0001
miR-224  0.921 0.027 <0.0001 0.87-0.97 9.60 80.77 87.80 89.36 78.26 83.87 43.13 <0.0001
miR-150  0.928 0.024 < 0.0001 0.88-0.98 10.36 88.46 82.93 86.79 85.00 86.02 47.66 < 0.0001
miR-3607 0.868 0.041 <0.0001  0.79-0.95 3.96 82.69 80.49 8431 7857 8172 36.95 < 0.0001
miR-183  0.957 0.021 <0.0001  0.92-0.998 9.14 94.23 90.24 92.45 92.50 92.47 66.74 < 0.0001
miR-217  0.933 0.026 <0.0001  0.88-0.98 9.54 86.54 85.37 88.24 8333  86.02 47.86 < 0.0001
Combined panel (3 out of 9 mMiRNAS) 100 80.49 86.67 100 91.40 64.87 < 0.0001
Combined panel (4 out of 9 MiRNAS) 100 85.37 89.66 100 93.55 71.18 <0.0001
Combined panel (5 out of 9 MiIRNAS) 100 95.12 96.30 100 97.85 85.19 <0.0001
Combined panel (6 out of 9 miRNAS) 96.15 97.56 98.04 95.24 96.77 81.3 <0.0001

Statistical significance is considered as P-value < 0.05. ROC analysis was done on nine statistically significantly candidate miRNAs.
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Table 3.10. ROC curve analysis of the investigated biomarkers in discriminating HCV patients from healthy individuals

Target AUC
HCV vs Control
miR-424 0.94
miR-199a 0.919
miR-142  0.903
miR-215 0.913
miR-224  0.863
miR-150 0.882
miR-3607 0.824
miR-183 0.941
miR-217 0.927

SE

0.019
0.028
0.026
0.06
0.034
0.029
0.044
0.022

0.023

P-value

< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
<0.0001

< 0.0001

Combined panel (3 out of 9 mMiRNAS)

Combined panel (4 out of 9 miIRNAS)

Combined panel (5 out of 9 MiIRNAS)

Combined panel (6 out of 9 miRNAS)

95% CI

0.9-0.98
0.86-0.97
0.85-0.96
0.86-0.96
0.8-0.93
0.83-0.94
0.74-0.91
0.9-0.98

0.88-0.97

Cut-off Sensitivity Specificity PPV

7.17
8.40
7.17
6.2
5.73
6.97
3.27
6.27

8.5

85.26
84.21
86.32
86.32
80
82.11
81.05
91.58
88.42
98.95
96.84
90.53

86.32

85.37
85.37
85.37
80.49
78.05
73.17
75.61
87.8
85.37
78.05
80.49
85.37

87.8

93.1
93.02
93.18
91.11
89.41
87.64
88.51
94.57
93.33
91.26

92
93.48

94.25

NPV  Accuracy Chi-sq

71.43
70
72.92
71.74
62.75
63.83
63.27
81.82
76.09
96.97
91.67
79.55

73.47

85.29
84.56
86.03
84.55
79.41
79.41
79.41
90.44
87.5
92.64
91.91
88.97

86.76

61.99
59.64
64.44
57.1
41.18
38.69
39.9
82.47
69.66
92.39
87.99
75.37

68.27

P-value
(2 sided)

< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
<0.0001

< 0.0001

Statistical significance is considered as P-value < 0.05. ROC analysis was done on nine statistically significantly candidate miRNAs.
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Table 3.11. ROC curve analysis of the investigated biomarkers in discriminating HCC patients from non-HCC individuals [healthy controls,
non-cirrhotic and cirrhotic HCV patients]

Target AUC
HCC vs non-HCC
miR-424 0.761
miR-199a 0.724
miR-142 0.69
miR-215 0.695
miR-224 0.691
miR-150  0.706
miR-3607 0.664
miR-183  0.664

miR-217 0.581

SE

0.035
0.037
0.039
0.039
0.04
0.041
0.042
0.041

0.042

P-value

< 0.0001
<0.0001
< 0.0001
<0.0001
< 0.0001
< 0.0001
0.001
< 0.0001

0.087 NS)

Combined panel (3 out of 8 mMIRNAS)

Combined panel (4 out of 8 MIRNAS)

Combined panel (5 out of 8 MiIRNAS)

Combined panel (6 out of 8 MIRNAS)

95% CI

0.7-0.83

0.65-0.8

0.61-0.77
0.62-0.77
0.61-0.77
0.06-0.08
0.58-0.75
0.59-0.74

0.5-0.66

Cut-off Sensitivity Specificity

27.94
28.77
21.81
22.14
10.32
23.53
5.8

18.87

80.77
78.85
76.92
73.1
73.1
71.15
71.15

61.54

94.23
90.39
80.77

65.39

60.29
58.09
58.09
55.15
54.41
54.41
52.94

59.56

41.91
53.68
61.03

70.59

PPV

43.75
41.84
41.24
38.38
38
37.37
36.63

36.78

38.28
42.73
4421

45.95

NPV

89.13
87.78
86.81
84.27
84.09
83.15
82.76

80.2

95
93.59
89.25

84.21

Accuracy Chi-sq

65.96
63.83
63.3
60.1
59.57
59.04
57.98

60.11

56.38
63.83
66.49

69.15

25.38
20.56
18.46
12.02
11.42
9.863
8.784

6.735

22.61
30.08
26.29

20.4

P-value
(2 sided)

< 0.0001
<0.0001
0.001
0.001
0.001
0.002
0.003

0.009

< 0.0001
<0.0001
< 0.0001

<0.0001

Statistical significance is considered as P-value < 0.05. ROC analysis was done on eight statistically significantly candidate miRNAs

(N.S.) Not significant, indicates absence of statistical significance
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Table 3.12. ROC curve analysis of the investigated biomarkers in discriminating HCC (SVR) patients from non-HCC individuals [healthy
controls, non-cirrhotic (SVR) and cirrhotic (SVR) HCV patients]

Target AUC

SE

P-value

HCC vs non-HCC (SVR groups)

miR-424 0.8

miR-199a 0.74
miR-142 0.794
miR-215 0.742
miR-224 0.703
miR-150 0.735
miR-3607  0.763
miR-183 0.728

miR-217 0.673

0.044
0.045
0.042
0.045
0.051
0.053
0.05
0.048

0.052

< 0.0001
<0.0001
< 0.0001
< 0.0001

0.002
< 0.0001
< 0.0001

0.001

0.008

Combined panel (4 out of 9 mMiRNAS)

Combined panel (5 out of 9 miRNAS)

Combined panel (6 out of 9 miRNAS)

95% ClI

0.72-0.89
0.65-0.83
0.71-0.88
0.65-0.83
0.6-0.8
0.63-0.84
0.67-0.86
0.63-0.82

0.57-0.78

24.17
28.8
38.56
24.66
11.04
23.53
8.7
18.87

24.75

79.17
83.33
75
75
70.83
75
75
62.5
75
91.67
83.33

66.67

Cut-off Sensitivity Specificity

62.5
64.42
70.19
64.42
61.54
59.62
66.35
65.38
57.69
55.88
63.73

69.9

PPV

32.76
35.09
36.73
32.73
29.82
30
33.96
29.41
29.03
32.84
35.09

34.04

NPV

92.86
94.37
92.41
91.78
90.14
91.18
92
88.31
90.91
96.61
94.2
90

Accuracy Chi-sq

65.63
67.97
71.1
66.41
63.28
62.5
67.97
64.84
60.93
62.69
67.46

69.29

13.66
18.01
16.86
12.37
8.273
9.383
13.74
6.326
8.345
17.64
17.37

11.17

P-value
(2 sided)

<0.0001
< 0.0001
<0.0001
< 0.0001
0.004
0.002
<0.0001
0.012
0.004
< 0.0001
< 0.0001

0.001

Statistical significance is considered as P-value < 0.05. ROC analysis was done on nine statistically significantly candidate miRNAs.
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Table 3.13. ROC curve analysis of the investigated biomarkers in discriminating HCC (treatment naive) patients from non-HCC individuals
[healthy controls, non-cirrhotic (treatment naive) and cirrhotic (treatment naive) HCV patients]

Target AUC

SE

P-value

HCC vs non-HCC (Naive group)

miR-424 0.835
miR-199a  0.821
miR-142 0.737
miR-215 0.772
miR-224 0.78
miR-150 0.791
miR-3607  0.695
miR-183 0.748
miR-217 0.677

0.039
0.041
0.049
0.046
0.046
0.046
0.052
0.049
0.052

<0.0001
< 0.0001
< 0.0001
<0.0001
<0.0001
< 0.0001
0.002
<0.0001
0.006

Combined panel (4 out of 9 miRNAS)
Combined panel (5 out of 9 miIRNAS)
Combined panel (6 out of 9 MIRNAS)

95% ClI

0.76-0.91
0.74-0.9
0.64-0.83
0.68-0.86
0.7-0.87
0.7-0.88
0.59-0.8
0.65-0.84
0.58-0.78

Cut-off Sensitivity Specificity

29.1
22.67
12.93
17.09

9.76
11.15

5.09

14.5
13.52

85.71
89.29
85.71
85.71
82.14
82.14
71.43
85.71
75
100
92.86
89.29

75.34
68.49
64.38
63.01
61.64
60.27
61.64
64.38
60.27
61.64
66.67
72.6

PPV

57.14
52.08
48
47.06
45.1
44.23
41.67
48
42
50
52
55.56

NPV

93.22
94.34
92.16
92
90
89.8
84.91
92.16
86.27
100
96
94.64

Accuracy Chi-sq

78.22
74.26
70.29
69.31
67.33
66.34
64.46
70.3
64.36
72.28
74
77.23

31.06
27.09
20.32
19.22
15.52
14.76
8.876
20.32
10.07
31.13
28.57
31.38

P-value (2
sided)

<0.0001
< 0.0001
< 0.0001
< 0.0001
<0.0001
< 0.0001
0.003
< 0.0001
0.002
< 0.0001
< 0.0001
<0.0001

Statistical significance is considered as P-value < 0.05. ROC analysis was done on nine statistically significantly candidate miRNAs
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Table 3.14. ROC curve analysis of the investigated biomarkers in discriminating HCC patients from HCV patients

Target

miR-424
miR-199a
miR-150
miR-142
miR-215
miR-224
miR-3607
miR-183
miR-217
AFP

AUC

0.662
0.618
0.61
0.568
0.582
0.592
0.576
0.538
0.429
0.688

SE

0.046
0.047
0.05
0.048
0.048
0.048
0.05
0.05
0.049
0.043

P-value

HCC vs HCV (cirrhotic & non-cirrhotic)

0.001
0.018
0.028

0.172 N9

0.103 N9

0.066 \S)

0.129 (\-S)

0.445 N9

0.154 N9

< 0.0001

Combined panel (1 out of 3 MiIRNAS)
Combined panel (2 out of 3 MiIRNAS)
Combined panel (3 out of 3 MIRNAS)
Combined panel + AFP (2 out of 4 +ve)
Combined panel + AFP (3 out of 4 +ve)

95% ClI

0.57-0.75
0.53-0.71
0.51-0.71
0.47-0.66
0.49-0.68
0.5-0.69
0.47-0.67
0.44-0.64
0.332-0.525
0.60-0.77

Cut-off

79.387
38.725
45.166

6.25

Sensitivity  Specificity PPV

63.46
63.46
55.77

62.32
84.62
61.54
36.54
76.47
54.9

57.89
50.53
50.53

64.57
32.63
56.84
69.47
45.74
67.02

45.21
41.25
38.16

48.86
40.74
43.84
39.58
43.33
47.46

NPV

74.32
71.64
67.61

75.93
79.49
72.97
66.67
78.18
73.26

Accuracy Chi-

59.86
55.1
52.38

63.78
o1
58.5
57.82
56.55
62.75

sq P-v_alue
(2 sided)
6.131  0.013
2.651 0.103 N9
0.533 0.465 NS
13.06 < 0.0001
5128  0.024
4542  0.033
0.552 0.457 N9
6.93 0.008
6.585 0.01

Statistical significance is considered as P-value < 0.05. ROC analysis was done on only three statistically significant candidate miRNAs.

(N.S) Not significant, indicates absence of statistical significance
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Table 3.15. ROC curve analysis of the investigated biomarkers in discriminating HCC (SVR) patients from HCV (SVR) patients

Target

miR-424
miR-142
miR-3607
miR-199a
miR-215
miR-224
miR-150
miR-183
miR-217
AFP

AUC

0.679
0.665
0.672
0.594
0.599
0.566
0.608
0.57
0.494
0.615

SE

0.065
0.063
0.067
0.064
0.066
0.07
0.069
0.069
0.069
0.059

P-value

0.01
0.018
0.014

0.177 NS
0.157 (NS
0.34 N9
0.119 (NS
0.314 N9
0.932 N9
0.047

Combined panel (1 out of 3 MiIRNAS)
Combined panel (2 out of 3 MIRNAS)
Combined panel (3 out of 3 MIRNAS)
Combined panel + AFP (2 out of 4 +ve)
Combined panel + AFP (3 out of 4 +ve)

95% ClI

HCC vs HCV (cirrhotic & non-cirrhotic) (SVR)

0.55-0.81
0.54-0.79
0.54-0.8

0.47-0.72
0.47-0.72
0.44-0.7

0.47-0.75
0.44-0.71
0.36-0.63
0.5-0.73

79.387
112.42
9.3248

6.05

66.67
66.67
70.83

51.43

91.67

70.83
41.667
79.167
54.167

60.32
69.84
53.97

60.67
33.33
61.9
88.89
47.62
80.95

Cut-off Sensitivity Specificity PPV

39.02
45.71
36.96

33.96
34.38
41.46
58.82
36.54
52

NPV

82.61
84.62
82.93

76.06
91.3
84.78
80
85.71
82.26

Accuracy Chi-sq

62.07
68.97
58.62

58.06
49.43
64.37
75.86
56.32
73.56

5.08
9.63
4.29

1.50
5.59
7.48
10.32
5.19
10.47

P-value
(2 sided)

0.024
0.002
0.038

0.22 NS
0.018
0.006
0.001
0.023
0.001

Statistical significance is considered as P-value < 0.05. ROC analysis was done on only three statistically significant candidate miRNAs
(N.S) Not significant, indicates absence of statistical significance miRNAs.
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Table 3.16. Correlation between the target miRNAs in the study groups

MiRNAs

miR-142-
fold change
miR-150-
fold change
miR-183-
fold change

miR-199a-
fold change

miR-215-
fold change

miR-217-
fold change

miR-224-
fold change
miR-424-
fold change

miR-3607-
fold change

rho
P-value

rho
P-value

rho
P-value

rho
P-value

rho
P-value

rho
P-value

rho
P-value

rho
P-value
rho
P-value

miR-142- miR-150- miR-183- miR-199a- miR-215- miR-217- miR-224- miR-424-  miR-3607-
fold change fold change fold change fold change fold change fold change fold change fold change fold change

1.000 0.619 0.403 0.624 0.371 0.350 0.579 0.651 0.359
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
0.619 1.000 0.378 0.656 0.409 0.315 0.767 0.774 0.420
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
0.403 0.378 1.000 0.617 0.707 0.725 0.439 0.495 0.497
<0.0001 <0.0001 < 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
0.624 0.656 0.617 1.000 0.659 0.541 0.727 0.828 0.581
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
0.371 0.409 0.707 0.659 1.000 0.681 0.527 0.582 0.621
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
0.350 0.315 0.725 0.541 0.681 1.000 0.339 0.441 0.503
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
0.579 0.767 0.439 0.727 0.527 0.339 1.000 0.769 0.569
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
0.651 0.774 0.495 0.828 0.582 0.441 0.769 1.000 0.545
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
0.359 0.420 0.497 0.581 0.621 0.503 0.569 0.545 1.000

< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

Association between miRNAs expression was determined using Spearman’s correlation. Rho: Spearman’s rho coefficient. Correlation is significant
as P-value <0.01 (two-tailed).
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Table 3.17. Correlation between clinicopathological factors and the target miRNAs

Factor miR-142-  miR-150-  miR-183- miR-199a- miR-215-  miR-217- miR-224-  miR-424- miR-3607-
fold change fold change fold change fold change fold change fold change fold change fold change fold change
Age rho 0.021 0.049 206" 160" 170" 0.081 0.082 0.127 -0.047
P-value 0.781 0.527 0.007 0.037 0.026 0.2901 0.285 0.098 0.538
. rho 153" 0.103 .168" 0.074 0.084 251" 0.046 0.056 0.055
P-value 0.036 0.159 0.021 0.315 0.252 0.001 0.530 0.442 0.450
irrhosi rho 4727 385" 485" 532" 418™ .360™ 4247 535" 278"
Cirrhosis o e <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.000 <0.0001
rho 452" 402" 404 481" 422" 322" 483" 511" 268"
ALT  byale  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
AST rho 379™ .299™ 323" 402" 356" 244" 387" 416™ 202"
P-value  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
e rho 0.131 -0.067 0.081 170" 0.082 -0.046 0.082 0.127 0.090
P-value 0.117 0.420 0.332 0.040 0.324 0.583 0.328 0.128 0.281
T Bil rho -0.064 219" -0.008 -0.006 -0.005 -0.139 -0.057 -0.059 -0.139
P-value 0.392 0.003 0.915 0.930 0.945 0.060 0.443 0.427 0.059
D. Bil rho 293" 179" 423" 364 423" 389" 312" 353" 284"
P-value <0.0001 0.015 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Albumi rho -2117 -0.071 -.229™ -.258"™ -.266™ -.159" -195™ -.265™ -0.132
UMM b value 0,004 0.339 0.002 <0.0001 <0.0001 0.031 0.008 <0.0001 0.074
CTP rho -0.037 -.259™ 0.154 0.055 0.123 231" -0.057 0.045 214"
SCOreé  p.value 0.715 0.009 0.124 0.587 0.219 0.020 0.570 0.658 0.032
BCLC rho -0.295 -0.110 -0.035 0.136 0.168 -0.042 -0.210 -0.115 -0.056
P-value 0.065 0.500 0.829 0.404 0.301 0.798 0.194 0.481 0.730

Association between miRNAs expression and the clinicopathological factors was determined using Spearman’s correlation. Rho: Spearman’s rho

coefficient. * Correlation is significant as P-value < 0.05 (two-tailed), ** correlation is significant as P-value < 0.01 (two-tailed).
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4. CHAPTER 4: DISCUSSION

HCC is rated as one of the widely spread and highly aggressive malignancies worldwide, that
represents more than 80% of primary liver cancers [369]. HCV virus plays major role in the in
hepatic carcinogenicity [370] that computes around 25% of the global HCC cases [371].
Generally, the poor prognosis nature of HCC greatly affects the overall patients’ survival rates
and drives the global attention for the determination of new biomarkers that aid in the disease’s
early detection [372]. Thus, the aim of this research study was to specify miRNA panel to serve

as a non-invasive biomarker for prediction of HCC in chronic HCV patients.

In the current study, patients’ inclusion criteria relied on current or previous HCV infection,
because the hazardous probability of HCC development remains elevated even after achievement
of SVR, especially in the presence of other co-morbid conditions as diabetes mellitus [373, 374].
HCC incidence could be manifested up to 5 to 10 years after viral clearance [375, 376]. The
choice of the healthy control group was sex matched with the HCC group (P = 0.5294), as HCC
is a male predominant disease [377], and both HCV groups were sex matched (P = 0.1508). Also,
inclusion of study subjects in the control groups was aged matched to the cirrhotic and HCC
groups (P = 0.0662); excluding the non-cirrhotic group, since the risk of cirrhosis and HCC shows

exponential increments with age [378].

The results obtained from our bioinformatics analysis highlighted four overlapping miRNAs
sharing the same expression patterns between the GEO microarray and TCGA datasets. MiR-224
was upregulated, while miR-150, miR-199b and miR-424 were downregulated in liver tissues. In
addition to these 4 non-coding RNAs, analysis of TGCA datasets resulted in 5 DE-miRNAs; 2
upregulated miRNAs (miR-183 and miR-217) and 3 downregulated miRNAs (miR-142, miR-
215, and miR-3607) in HCC liver tissues. The 9 candidate miRNAs obtained from TCGA dataset
analysis were chosen for further validation of their serum expression using qPCR. Similar results
were obtained by a previously published study, through analyzing a GEO microarray dataset.
They identified 13 DE-miRNAs in liver tissues, in which 2 folds increased in miR-224 expression,
and 2 folds decrease in miR-150 and miR-199a-3p expression in HCC tissues were reported [379].
However, analysis of TGCA datasets was also a beneficial approach in several studies to compare

significant miRNAs expression in HCC from different etiologies. Analysis of tissue biopsies
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isolated from 48 HCC patients including tumor tissues and surrounding non-tumor tissues, in
addition to 302 HCC patients’ tumorous tissues was performed in a previous study. The analysis
resulted in 33 DE-miRNAs in HCC, 5 were upregulated including miR-183, and 28 miRNAs
were downregulated, including miR-199b, miR-424, miR-150 and miR-142, which was also
consistent with our TCGA results. Down regulation of miR-424 and miR-3607 were validated
via gPCR, and the importance of miR-424 was highlighted due to the significant downregulation
of this miRNA in all HCC types among the different etiologies [380].

Previous tissue expression research studies reported downregulation of miR-142 [380-382],
miR-150 [383, 384], miR-199a [385], miR-215 [386], miR-424 [387] and miR-3607 [388] in the
liver tumor cells relative to non-tumor adjacent tissues, which were comparable to our
bioinformatic analysis results. Such downregulation is associated with poor disease’s
clinicopathological features and bad prognosis. The major mechanism through which these
miRNAs control liver carcinogenesis is the regulation of invasion and migration of HCC cells,
resulting in stimulation of EMT and consequently metastasis occurs. A previously published
study suggested tumor suppressor ability of miR-142-3p, via direct gene expression regulation,
to high mobility group box protein 1 (HMGBL1); an oncogene that stimulates metastasis in HCC
cells [389]. Upregulation of miR-142 prohibits cell proliferation, migration, invasion, and EMT
[390, 391]. MiR-150 is also downregulated in metastatic cancer relative to primary liver cancer,
which was confirmed by stimulation of cellular proliferation, migration and invasion upon miR-
150 inhibition, suggesting an important role of miR-150 in HCC metastasis [392, 393]. Moreover,
analysis to the downregulation mechanisms revealed targeting of miR-199a to the tumor promotor
protein activated kinase 4 (PAK4), which regulates cell adhesion, migration, survival and
proliferation. Thus, inhibition of HCC progression is achieved via inhibition of
PAK4/Raf/MEK/ERK pathway [394]. Moreover, EMT features of HCC are regulated by Notchl
activation which influences E-cadherin expression [395]. A negative correlation was explained
between miRNA-199a expression and Notchl or E-cadherin levels in HCC patients. MiR-199a-
5p and 3p were proved to regulate E-cadherin expression by targeting Notchl. However, on post-
transcriptional level, miR-199-a/b-5p inhibits Rho-associated coiled-coil kinase 1 (ROCK1),
resulting in repression of ROCK1/MLC and PI3K/Akt signaling pathways, which are essential
for HCC proliferation and metastasis. Consequently, miR-199a/b can strongly influence HCC
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aggressiveness by playing an important role as a tumor suppressor in HCC, which might provide
potential therapeutic option in HCC treatment [396]. Upregulation of miR-424 in HCC cells
results in suppression of invasion and proliferation in-vitro and restraining tumor growth in-vivo,
suggesting a tumor suppressor role for miR-424 [380, 397, 398]. This role was explained via
suppression of c-Myb proto-oncogene [387] or through modulation of Tripartite motif-containing
29; which is linked to HCC cell invasion and proliferation [399]. As for miR-3607, this novel
non-coding RNA that hasn’t been hugely investigate in HCC. Few studies concluded
downregulation of miR-3607 in HCC tissues relative to normal cells. MiR-3607 decreased
expression was linked to poor outcomes in HCC patients and was linked to patient’s tumor size
and HCC TNM stage [400]. A recently published study addressed the inhibitory effect of miR-
3607 on the growth, colony formation, invasion and migration of HCC cells. Multiple miR-3607
target genes were proposed to demonstrate the inhibition to the EMT process, either by targeting
mini-chromosome maintenance (MCMD5) gene [388], or through suppressing X-linked inhibitor
of apoptosis [401]. The tumor suppressor effects in the previously mentioned pathways suggested
potential prognostic role of miR-142, miR-150, miR-199a, miR-424 and miR-3607 in HCC.

Furthermore, another mechanism by which these downregulated miRNAs antagonize HCC
progression is through blockage of certain pathways involved in the cell cycle process. It was
reported that overexpression of miR-150 promotes cell cycle arrest and apoptosis, and that this
non-coding RNA might be required in the self-renewal mechanism of the liver cancer stem cells
via regulation of c-Myb transcription factor [402]. Whereas, miR-199a was found to inhibit cell
cycle arrest in G2/M stage [394, 396]. However, in a recently published study, the importance of
cell division cycle 6 as one of the potential genes involved in cancer process was highlighted
[403]. They revealed the mechanism by which cell division cycle 6 enhances the cell proliferation
via controlling G1 phase checkpoint. This mechanism is negatively regulated by miR-215, thus
inhibits HCC proliferation. Additionally, the inhibitory effect of miR-424-5p on HCC cell
proliferation was explained in another study via targeting E2F7 transcription factor; which is
involved in angiogenesis, thus inhibition of GO/G1 phase of the cell cycle occurs [404].
Another approach for miR-424 downregulation is through inhibition of retinoblastoma tumor
suppressor protein (pRb) and E2F transcription factor via pRb-E2F pathway, and that miR-424
inhibits proliferation of HCC cells via modulating Akt3 and E2F3 [405]. Besides, the expression
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of miR-424 in HCC patients after liver transplantation, was measured and it was found that
patients with lower miR-424 levels displayed earlier HCC recurrence, suggesting that miR-424

might provide a prediction tool for tumor recurrence [406]

Moreover, several research studies identified alternative mechanisms for the regulation of HCC
development. MiR-215 downregulation in HCC tissues was found to target Wnt/ f-catenin
cascade proteins (B-catenin, APC and c-myc), and that the expression of this miRNA was
correlated with the liver disease stage [386]. Similarly, another study highlighted the miR-215
downregulation in HCC via targeting cyclin-dependent kinases 13 in an inversely proportional
correlation [407]. While miR-142-3p overexpression was demonstrated to inhibit aerobic
glycolysis by targeting lactate dehydrogenase, which subsequently affects HCC cells proliferation
[408]

On the contrary, upregulation of miR-183 [409], miR-217 [410, 411] and miR-224 [281, 379]
was predominant in HCC tumor tissues compared to healthy controls, chronic hepatitis (HBV or
HCV), liver cirrhosis and adjacent non-tumor tissues, proposing that such increased expressions
might be attributed to the onset of cancer. Previous studies suggested an oncogenic role for miR-
183 in HCC either through suppression of apoptosis by inhibition of programmed cell death
protein 4 (PCDC4) or via reduction in the expression of AKAP12 in the hepatic carcinogenic
cells, which is known by its tumor suppressor activity [409, 412-414]. Generally, upregulation
of miR-183 might be related to HCC onset and progression, although it won’t affect overall
patients’ survival. While knockdown of miR-183-5p results in significant inhibition in survival,
proliferation, migration and invasion in HCC cell lines via deactivation of Wnt/B-catenin
signaling pathway [415, 416]. Similarly, activation of Wnt signaling pathway was a suggested
mechanism for miR-217 upregulation in the tissues [417]. Moreover, a previously published study
identified miRNAs panel associated with HCC recurrence, they claimed increased expression of
miR-216a/217 cluster in HCC tissue specimens. This was correlated with early tumor recurrence,
decreased overall survival, in addition to activation of EMT. MiR-216a/217 cluster increased

expression in HCC cell lines resulted in increased cell migration and metastasis [418].

Besides, miR-224 tissue upregulation was heavily studied in HCC. MiR-224 expression is
strongly linked to the activation of the protein coding gene phosphorylated serine/threonine

protein kinase (pAKT). Increased levels of both miR-224 and pAKT in the HCC cells are
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significantly correlated with serum AFP levels, tumor stage and tumor grade [419]. It was also
observed that upregulated miR-224 and pAKT protein can induce HCC progression and worsen
patient’s overall survival rates. Thus miR-224 might act as predicator of HCC poor prognosis
[420, 421]. Furthermore, a recently published study highlighted the role of cytoplasmic
polyadenylation element-binding protein 3 (CPEB3) as a new target for miR-224 in HCC
progression. They reported that CPEB3 is negatively regulated by miR-224, and they highlighted
the negative correlation between their expressions in HCC cells. Their data also showed inhibition
of proliferation and motility of SMMC-7721 cancer cell; with increased expression miR-224,
upon the increase of CPEB3 expression. In addition to enhancement of motility and proliferation
of HuH-7 cells; with downregulated miR-224, upon knocking-down CPEB3. These results
suggested that the mechanism through which miR-224 enhances HCC proliferation and motility
is by targeting CPEB3 protein [422].

Real time PCR results in our study showed highly significant increase in serum concentration
of the nine-candidate miRNA in HCC patients relative to healthy individuals (P < 0.0001).
Similarly, the expressions of all targets were significantly increased in HCV patients’ serum (P <
0.0001) compared to healthy subjects. However, the expression levels of miR-424, miR-199a,
miR-142, and miR-224 were significantly altered in HCC patients upon comparison with the non-
cirrhotic subjects (P < 0.0001, P = 0.0001, P = 0.023, and P = 0.027 respectively). While miR-
199a and miR-183 showed differential expression in HCV cirrhotic patients relative to non-
cirrhotic ones (P = 0.012 and P = 0.036 respectively). The only target that showed significant
alteration between HCV patients with LC and HCC patients was miR-424 (P = 0.05). To the best
of our knowledge, this research is the first to report circulatory differential expression of miR-
142, miR-217 and miR-3607 in serum of HCV and HCC patients. In a previous study, miR-142-
5p Serum levels were reported to be inversely correlated with the albumin concentrations in serum
of HCV HCC patients, although the differential expression wasn’t reported [423]. It is worth
mentioning that 20% of our gPCR signals in serum miR-217 amplification were undetectable.
Thus, these samples were normalized by replacing their Ct values by the maximum allowed
number of cycles = 40 [366], in order to avoid losing a significant number of samples that showed
true amplification with other targets in the data analysis and to have a consistent samples number

for all miRNAs. Therefore, based on the scarce data on circulatory miR-217 expression in
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literature, and on our findings, we suggest that miR-217 serum differential expression might not

affect the regulation of HCC progression.

Serum expression of miR-183, miR-215 and miR-224 were previously studied in HCC and the
results were consistent with our findings. Several research studies reported a significant increase
in MiR-183 concentration in the serum of cirrhotic and HCC patients relative to healthy
individuals. They also concluded that the sensitivity and specificity of using miR-183 as a
biomarker for HCC detection were 57.9% and 76.2% in serum respectively, proposing a
diagnostic potential of miR-183 in differentiating HCC patients from those with liver cirrhosis
without malignancy with high sensitivity and specificity [424, 425]. Additionally, serum miR-
183 level in HCC patients after surgery was significantly lower compared to the expression before
surgery [321], confirming that the increase in miR-183 serum levels is positively correlated with
the presence of HCC FLs. Furthermore, elevated serum expression levels of miR-224 were
explained in several studies [426-428]. Serum miR-224 level was reported to be corelated with
AFP levels and with other serum parameters indicating liver damage, also it has been correlated
with poor survival. MiR-224 increased serum expression was also correlated with the BCLC stage
progression. Higher miR-224 expression was recorded in patients with BCLC stage C compared
to stage B. Therefore, miR-224 concentration could be BCLC stage dependent, beside possessing
prognostic biomarker ability in HCC patients’ survival [429, 430]. In a previously published study
conducted on the Egyptian population, overexpression of miR-224 and miR-215 in serum of HCV
HCC Egyptian patients relative to healthy individuals was detected using gPCR [431, 432].
Although the increase in miR-215 serum levels failed to distinguish between HCV, HBV and
HCC patients, as its expression was significantly increased in all groups relative to healthy
controls [433]. However, multiple recent studies relied on the serum miR-215 expression levels
to differentiation between patients with CHC infection or fibrosis and those with LC, and between
HCC patients and other hepatic disease patients. It was also noticed that miR-215 level was
positively correlated with HCV viral load [434, 435] suggesting that miR-215 might act as
prognostic biomarker for liver disease. On the other hand, only one study reported downregulation

of miR-215 in serum exosomes by 8.4 folds relative to liver cirrhosis [436].

Furthermore, contradicting results in literature were obtained after addressing the serum
expression of miR-150, miR-199a and miR-424 in HCC. In a previously published study, the
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increase in miR-150 serum levels in HCV HCC patients in African Americans and Caucasians
relative to healthy controls were comparable to our findings. Also, a significant increase in the
serum levels was recorded in HCV cirrhotic groups relative to healthy subjects in both ethnic
groups [437]. However, analysis of miR-150 serum expression in HCV HCC Egyptian patients
in a different study recorded a significant decrease in miR-150 expression levels in serum of HCC
patients relative to healthy individuals and to non-cirrhotic HCV patients, and no significant
difference was found between HCC and cirrhotic HCV patients. Moreover, the expression levels
decreased in HCV cirrhotic patients relative to non-cirrhotic individuals. These results opposed
our findings, as miR-150 serum expression was significantly higher in HCC group relative to
controls, non-cirrhotic and cirrhotic subjects. Whereas, no significant difference was observed
neither between non-cirrhotic and cirrhotic patients or between cirrhotic and HCC individuals
[438]. Although few published studies addressed the regulation of miR-424 serum expression in
HCC, their results were contradicting. Significant increase in serum miR-424-3p levels in HCC
patients relative to healthy control was reported in a previous study [439]. Although, analysis of
the miR-424 serum expression using gPCR showed that its expression was reduced in HCC
patients relative to healthy individuals. The decreased expression was also correlated with serum
AFP levels, with vein invasion and with the progression of the TNM [440]. Interestingly, qPCR
results in a previously published research failed to have a significant difference in serum miR-

424 levels in HCC patients relative to healthy controls [441].

As for miR-199a, multiple research studies performed on Egyptian patients concluded serum
miR-199a overexpression in severe chronic hepatic inflammation and in HCV genotype 4
patients, especially in late-stage fibrosis compared to early fibrotic stages. This could be explained
by the induced inflammation triggered by HCV to the hepatocytes, concluding that members of
miR-199 family are linked to liver fibrosis progression in HCV patients [396, 432, 442]. On the
other hand, other studies reported a reduction in miR-199a expression in the serum of HCC
patients [416, 422, 424]. 1t was observed that the decrease in miR-199a serum expression was
inversely proportional to apoptotic markers such as programmed cell death protein 4 and
cytochrome C [443]. Additionally, the antiviral activity of miR-199a against HCV was proved,
and the mechanism of inhibition is attributed to the interaction between miR-199a and the step

loop II region at the 5°-UTR of HCV, resulting in inhibition of HCV replication. Thus, based on
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their findings, increased expression of miR-199a was associated with cell cycle arrest,
suppression of cellular invasion, improves sensitivity to chemotherapy, and hindering HCV
genome replication [444-446]. Therefore, we suggest further analysis to the differential
expression miR-150, miR-424 and miR-199a serum levels in HCV and HCC patients. A summary
of the previously published research studies that have addressed the differential expression of the

candidate miRNAs in the liver tissues and circulation is presented in table 4.1.

Besides the proposed role of the miRNAs panel in HCC, evidences on the engagement of these
candidate targets in other liver disorders and different cancer types were also highlighted (table
4.2). Dysregulation in circulating miR-142 and miR-150 level were recorded in intrahepatic
cholangiocarcinoma [447, 448]. Also, miR-142 serum expression and miR-150 serum exosome
levels were significantly lower in colorectal cancer patients [423, 449-451]. Other studies
highlighted the role of serum miR-217 in the pathogenesis of colorectal cancer [452, 453]
Whereas, miR-3607 played important function in the regulation of DNA repair mechanisms and
possessed inhibitory effect on colorectal cancer tumorigenesis [454] and pancreatic cancer
development [455]. Deregulation in serum miR-217 levels were also involved in pancreatic
cancer pathogenesis [456]. Multiple miRNAs were suggested to affect the incidence and
development of gastric cancer, including miR-142 [457], miR-215 [458] and miR-217 [459].
Furthermore, breast cancer was considered to be highly influenced by alteration in circulatory
miRNAs expression, such as miR-142 [460], miR-215 [461, 462] and mir-3607 [463, 464].
Generally, these targets might act as potential HCC specific biomarker, in addition to being
common tumor markers for the other cancers. Therefore, further research is required to explore

the exact role and suggested pathways through which these miRNAs regulate HCC progression.

The polygenic nature of HCC and the complexity of serum as a detection platform favored the
use of multiple biomarkers approach over a single one [465]. In the current study, we proposed a
novel miRNAs study panel that could play a pivotal role in HCC detection. A combined panel of
5 miRNAs dramatically increased the sensitivity and specificity of recognizing HCC patients
from healthy individuals to 100% and 95.12% respectively, with 97.85% detection accuracy. A
similar trend was obtained in identifying HCV patients to reach 90.5% sensitivity, 85.37%
specificity and 89% accuracy upon relying on a 5-miRNAs-combined panel. The success chance
of using multiple miRNAs in a single panel was manifested in distinguishing HCC patients from
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non-HCC individuals in both the SVR and the treatment naive groups. A combined 5 miRNASs
panel enhanced the sensitivity and specificity of detection to 83.3% and 63.73% respectively in
the SVR groups. Whereas 6 miRNAs-combined panel provided better results in the treatment
naive patients (89.3% sensitivity and 72.6% specificity). Moreover, the combined panel was used
successfully used to assess the accuracy of distinguishing HCC from HCV patients. Only three
(miRNAs 424, miR-199a and miR-150) showed statistically significant AUC after constructing
the ROC curve. A combined panel of 2 miRNAs didn’t provide an improvement in the detection
sensitivity and specificity (61.54% and 56.84%) compared to AFP (62.3% and 64.57%).
However, in the comparison of HCV and HCC patients belonging to the SVR groups, the AUC
of miR-424, miR-142 and miR-3607 were statistically significant. Interestingly, 2-miRNAs
combined panel ameliorated the sensitivity and specificity in the SVR group to 70.8% and 61.9%
respectively, in comparison to AFP results (51.43% and 60.67% respectively). Nevertheless, the
inclusion of AFP to the miRNAs combined panel improved the sensitivity of detection to 76.47%
and 79.17% in HCC (SVR and treatment naive) and HCC-SVR patients respectively, but it
decreased the detection specificity in both groups to 45.74% and 47.62% respectively.

Finally, we believe that the choice of the candidate miRNAs within the panel provided a
multifunctional tool for HCC early detection. The panel is composed of miR-199a, which could
act as a marker for liver fibrosis progression, while miR-183 might be linked to HCC onset and
progression. However, predication for HCC poor prognosis could be achieved via miR-224,
whereas, miR-424 might provide a prediction tool for tumor recurrence, suggesting potential
prognostic biomarker ability for both miRNAs. Moreover, the inclusion of miR-142 and miR-150
might provide information about the fibrosis and cirrhosis progression in HCV patients. Thus, the
use of the miRNAs combined panel will facilitate and improve HCC diagnosis than conventional

single biomarker approach.
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Table 4.1. Dysregulated tissue and circulating miRNAs’ expression in HCC

Target Clinical sample Expression  Population Role as biomarker Diagnosis Reference

miR-142  Tissue Decrease NA Diagnostic in HCC HCC [389]
Tissue Decrease Chinese Prognostic in HCC HCC [408]
Tissue Decrease Chinese Prognostic in HCC HCC [391]
Tissue Decrease Chinese NA HCC [381]
Tissue Decrease NA Diagnostic in HCC HCC [382]
Plasma Increase Indian Diagnostic in HCC HBV-HCC [466]
Tissue Decrease American Diagnostic in HCC HCC [380]
Tissue NA Hong Kong Prognostic in HCC HCC [390]
Tissue Increase Egyptian Diagnostic in HCC HCV-HCC [423]
Cancer stem cells Decrease NA NA HCC [467]

miR-150  Serum Decrease Egyptian Diagnostic for HCC, prognostic for cirrhosis HCV-HCC [438]
Tissue Decrease NA Diagnostic for HCC, prognostic for cirrhosis HBV-HCC [468]
Tissue Decrease Chinese NA HCC [393]
Tissue Decrease Chinese NA HCC [392]
Tissue Decrease Chinese NA HBV-HCC [437]
Tissue Decrease Chinese Diagnostic and prognostic in HCC HCC [469]
Serum Decrease Chinese Diagnostic and prognostic in HCC HBV-HCC [470]
Tissue Decrease NA Prognostic in HCC HCC [384]
Tissue / Cancer Decrease Chinese NA HBV-HCC [402]
stem cells
Serum Increase African Americans Diagnostic and prognostic in HCC HCV-HCC [437]

and Caucasians

Tissue Decrease Chinese Prognostic in HCC HCC [471]
Tissue Decrease NA NA HCC [472]
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miR-183  Tissue Increase Egyptian Diagnostic in HCC HCV-HCC [423]
Tissue / serum Increase Chinese Diagnostic and prognostic in HCC HCV and HBV-HCC  [409]
Serum Increase New Delhi Diagnostic and prognostic in HCC HCC [425]
Tissue Decrease Chinese Prognostic in HCC HCV and HBV-HCC  [473]
Tissue / serum Increase Chinese NA HBV-HCC [321]
Tissue Increase German NA HCV and HBV-HCC  [474]
Tissue Increase NA Diagnostic in HCC HCC [475]
Tissue Increase Chinese NA HBV-HCC [412]
Tissue Increase NA NA HCC [412]
Tissue Increase Hong Kong Prognostic in HCC HBV-HCC [415]
Tissue Increase German Diagnostic and prognostic in HCC HCV and HBV-HCC  [415]
Tissue Increase Chinese Diagnostic and prognostic in HCC HCC [416]
Tissue Increase Chinese Prognostic in HCC HBV-HCC / others [413]
Serum / plasma Increase Chinese Diagnostic in HCC HCC [424]

miR-199a Tissue Increase Egyptian Diagnostic for HCC, prognostic for fibrosis HCV-HCC [423]
Tissue Decrease Japanese Prognostic for fibrosis HCV [476]
Tissue Decrease NA NA HBV-HCC [379]
Tissue Decrease Chinese Prognostic in HCC HBV-HCC [477]
Serum Decrease American NA HCV-HCC [478]
Tissue Decrease Chinese NA HCC [479]
Serum Decrease Egyptian Diagnostic in HCC HCV and HBV-HCC  [443]
Tissue Decrease Chinese Diagnostic in HCC HCC [396]
Tissue Increase Egyptian Prognostic for fibrosis HCC [480]
Tissue Increase Japanese Prognostic for fibrosis HCV [481]
Serum Increase Egyptian Prognostic for fibrosis HCV [442]
Serum Decrease NA Diagnostic and prognostic in HCC HCC [482]
Serum Decrease Chinese Diagnostic in HCC HCV / other etiologies [483]
Serum Decrease Egyptian Diagnostic in HCC HCV-HCC [484]
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Tissue Decrease Japanese Diagnostic in HCC HCV and HBV-HCC  [281]

miR-215  Plasma Decrease Egyptian Diagnostic and prognostic in HCC HCC [407]
Serum Increase Egyptian Diagnostic and prognostic in HCC HCV-HCC [431]
Serum Increase Egyptian Diagnostic and prognostic in HCC HCV-HCC [432]
Plasma Decrease Egyptian Diagnostic and prognostic in HCC HCV-HCC [485]
Serum Increase Chinese Diagnostic in HCC HCV and HBV-HCC  [433]
Tissue Decrease Egyptian Prognostic in HCC HCV / other etiologies [386]
Serum Increase Brazilian Prognostic for fibrosis HCV [435]
Serum Increase Chinese NA HCV-HCC [426]
Serum Increase Egyptian Diagnostic and prognostic in CHC HCV-HCC [434]
miR-217  Tissue Decrease Chinese Diagnostic in HCC HCC [486]
Tissue Decrease Chinese NA HCC [487]
Tissue Increase Chinese NA HCC [417]
Tissue Decrease NA Prognostic in HCC HCC [488]
Tissue Increase Chinese NA HBV-HCC [489]
Tissue Decrease Chinese NA HCC [490]
Tissue Increase Chinese NA HBV-HCC [410]
Tissue Increase NA Prognostic in HCC HCC [331]
miR-224  Tissue Increase NA Diagnostic in HCC HCV, HBV-HCC [379]
Tissue Increase French NA HBV-HCC / others [411]
Tissue Increase Japanese Diagnostic in HCC HCV, HBV-HCC [281]
Serum Increase Egyptian Diagnostic and prognostic in HCC HCV-HCC [432]
Serum Increase Chinese Prognostic in HCC HBV-HCC [429]
Plasma Increase Egyptian Diagnostic in HCC HCV-HCC [491]
Serum Increase Korean NA HCC [428]
Serum Increase Chinese NA HBV-HCC [426]
Serum Increase NA Diagnostic in HCC HCV-HCC [427]
Tissue Increase Chinese Diagnostic and prognostic in HCC HCC [419]
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Serum Decrease Chinese Diagnostic in HCC HBV-HCC / others [492]
mir-424 Tissue Decrease American Diagnostic in HCC HCC [493]
Serum Decrease Chinese Diagnostic in HCC HCC [440]
Serum Decrease Chinese Prognostic in HCC HCC [494]
Tissue Decrease Chinese Prognostic in HCC HCC [398]
Tissue Decrease Chinese NA HCC [397]
Tissue Decrease Chinese Prognostic in HCC HCC [399]
Tissue Decrease Chinese Prognostic in HCC HBV-HCC [406]
Tissue Decrease Chinese Prognostic in HCC HBV-HCC / others [405]
Tissue Decrease Chinese Prognostic in HCC HCC [387]
Serum Increase Chinese Diagnostic in HCV HCV [439]
miR-3607 Tissue Decrease NA Prognostic in HCC HCC [388]
Tissue Decrease Chinese Prognostic in HCC HCC [400]
Tissue Decrease NA NA HCC [401]

NA: Data not available
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Table 4.2. Dysregulation of the target miRNAs in different cancers

Target Disease / Cancer type Clinical sample Expression Reference
miR-142  Colorectal cancer Serum Decrease [449]
miR-142  Breast cancer Serum Decrease [460]
miR-142  Colorectal cancer Cell line Decrease [495]
miR-142  Breast cancer Cell line Decrease [496]
miR-150  Colorectal cancer Cell line Decrease [497, 498]
miR-150  Breast cancer Serum Decrease [460]
miR-150  Intrahepatic cholangiocarcinoma Serum Decrease [447]
miR-150  Intrahepatic cholangiocarcinoma Serum Increase [448]
miR-150  Post-acute myocardial infarction heart failure Serum Decrease [450]
miR-150  Colorectal cancer Exosomes Decrease [451]
miR-183  Colorectal cancer Exosomes Increase [499]
miR-183  Colorectal cancer Cell line Increase [500]
miR-183  cerebral ischemia Animal model Decrease [501]
miR-183  Skin cancer Cell line Decrease [502]
miR-183  Ovarian cancer Cell line Increase [503]
miR-199a  Lung cancer Tissues Decrease [504, 505]
miR-199a  Glioblastoma Cell line Increase [506]
miR-199a  Liver fibrosis Cell line Increase [507]
miR-199a laryngeal cancer Tissues Decrease [508]
miR-215  Gastric cancer Tissues Increase [458]
miR-215  Breast cancer Tissues Decrease [461]
miR-215  Breast cancer Serum Decrease [462]
miR-217  Gastric cancer Tissues Decrease [459]
miR-217  Colorectal cancer Serum Increase [452]
miR-217  Colorectal cancer Exosomes Decrease [453]
miR-224  Gastric cancer Tissues Increase [509]
miR-224  Bladder cancer Tissues Increase [510]
miR-224  renal cell carcinoma Tissues Increase [511]
miR-224  Prostate cancer Cell line Decrease [512]
miR-224  uveal melanoma Tissues Decrease [513]
miR-424  laryngeal cancer Cell line Increase [514]
miR-424  Gastric cancer Cell line Increase [515]
miR-424  Ovarian cancer Cell line Decrease [516]
miR-424  Intrahepatic cholangiocarcinoma Cell line Decrease [517]
miR-424  osteosarcoma Cell line Decrease [518]
miR-424  Melanoma tissues / serum Increase [519]
miR-3607 Colorectal cancer Cell line Decrease [454]
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miR-3607 Pancreatic cancer Exosomes Decrease [455]
miR-3607 Breast cancer Tissues Decrease [463]
miR-3607 Breast cancer Cell line Decrease [464]

95



5. CHAPTER 5: CONCLUSION AND FUTURE PRESPECTIVES

5.1. Conclusion

Nearly 80% of HCC cases are untreatable owing to the presentation of the patients at their
advanced stages. However, hepatic interventions and surgeries could improve the overall survival
rates if the tumor is detected at early stages, especially if the tumor is only a single lesion with a
size 2 of cm or smaller. Consequently, the identification of a specific non-invasive biomarker
would enable early diagnosis of HCC, decrease the risks of surgical intervention, and permit the
non-invasive monitoring and better therapeutic options. The choice of miRNAs as a reliable
biomarker relied on the evidences that circulating miRNAs are sensitive predictors to
physiological and pathological features of HCC. In this study, the serum differential expression
of nine MiRNAs (miR-142, miR-150, miR-183, miR-199a, miR-215, miR-217, miR-224, miR-
424 and miR-3607) were significantly overexpressed in HCC and HCV patients relative to
healthy individuals. However, the expression levels of miR-424, miR-199a, miR-142, and miR-
224 were significantly altered in HCC patients relative to non-cirrhotic subjects. While miR-199a
and miR-183 showed significant divergance in expression between the two HCV groups. MiR-
424 showed potential power in differentiating HCC patients from HCV infected patients with
sensitivity and specificity (63.46% and 57.9% respectively) compared to the current biomarker
AFP (62.3% and 64.57%); respectively). Using combined panel of five miRNAs (miR-142, miR-
183, miR-199a, miR-224 and miR-424) increased the overall sensitivity and specificity of HCC
detection to 100% and 95.12%; respectively, and HCV diagnosis to 90.5% and 85.37%;
respectively. Upon classifying the patients into SVR and treatment naive groups, the overall
sensitivity and specificity of detection of the combined miRNAs panel in the SVR patients
(70.83% and 61.9%) were significantly higher than AFP (51.4% and 60.67%). In conclusion: A
combined panel of 5 serum miRNAs could serve as an early prognostic marker for non-invasive
early detection of HCC in chronic HCV patients (table 5.1).

96



Table 5.1. Summary of the potential role of the target miRNAs under this study

MIiRNA(S) Potential role

224 non-cirrhotic HCV subjects

MiR-199a and MiR-183 Significantly dysre_gulate_d in C|rrhot!c HCV patients
compared to non-cirrhotic HCV subjects

MIR-424 cirrhotic HCV subjects
miR-142, miR-150, miR-183, miR-199a,
miR-215, miR-217, miR-224, miR-424
and miR-3607

miR-142, miR-150, miR-183, miR-199a,
miR-215, miR-217, miR-224, miR-424
and miR-3607

healthy individuals

healthy individuals

and miR-424 of HCC in chronic HCV patients

miR-424, miR-199a, miR-142, and miR-  Significantly dysregulated in HCC patients compared to

Significantly dysregulated in HCC patients compared to

Significantly dysregulated in HCC patients compared to

Significantly dysregulated in HCV patients compared to

miR-142, miR-183, miR-199a, miR-224  Possess potential prognostic marker ability for detection

5.2. Future perspectives

MicroRNAs are essential regulatory elements in gene expression and sophisticated signaling
pathways. Further investigation will ameliorate the information on gene regulation and reveal the
complex crosstalk in different cancer-associated characteristics including cancer stem cells
formation and EMT. The possible diagnostic and therapeutic approaches of miRNAs in human
HCC have been elucidated in previous research studies. However, further analysis to the
differential expression of some miRNAs, such as miR-150, miR-424 and miR-199a in the serum
of HCV and HCC patients is suggested, in order to highlight the exact mechanism of action and
to investigate the potential therapeutic options in HCC treatment. It is also recommended to
perform multicentric studies to validate the reliability of these miRNAs as biomarkers for HCC,

beside applying longitudinal study to monitor the progression of HCC by those biomarkers.

Extensive investigation on novel non-invasive biomarker for HCC should be performed. Due
to the limitations of AFP (including fair sensitivity and accuracy in HCC diagnosis and false
negative results in early and advanced stages of HCC), discovering novel biomarkers capable of

detecting HCC in AFP-negative patients is warranted. Moreover, conceptualizing a model for
97



health economics for the early assessment of HCC progression in viral hepatitis treated patients,
would assist in reducing HCC death cases as a consequence of poor prognosis and late detection,

in addition to overcoming misdiagnosis and improving patients’ quality of life.

5.3. Study limitations

Study limitations include heterogenous cohort expressed in different HCV treatment options in
HCV-SVR and HCC-SVR groups. The choice of the endogenous reference gene (SNORD 68) in
gPCR amplification and data analysis was done following the previous research recommendations
in literature, although data normalization using endogenous reference panel could have been done.
Furthermore, the variation in Ct values among the technical replicates could be attributed to the
low cDNA template concentration used in the gqPCR amplification reaction, although the used
concentration was approximately close to the upper recommended range by the Kkit’s
manufacturer. Lack of AFP measurements in the healthy control samples hindered the comparison
of the efficacy of the miRNAs panel versus AFP in HCC and HCV detection.
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APPENDIX 1

Bioinformatics R codes
1. Microarray bioinformatics analysis R code

if ('requireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")
BiocManager::install("GOstats")
BiocManager::install(c("Biobase", "GEOquery", " limma ", "mclust”, "devtools",
"GOstats","gplots","networkD3","miRNAtap"”,"miRNAtap.db",
"visNetwork","SpidermiR"))
R R R R R R R R
D e e S T
#get_data
library("GEOquery")
gset_hcc_hcv <-
getGEO("GSE40744",GSEMatrix=TRUE,AnnotGPL=FALSE,GSElimits=c(1,7))
if(length(gset_hcc_hcv)>1) idx <- grep("GPL14613" attr(gset_hcc_hcv,"names")) else idx <- 1
gset_hcc_hcv <- gset_hcc_hev|[[idx]]
##filter For HCCHCV _and_normal
filter <-
colnames(gset_hcc_hcv)[gset_hcc_hcv@phenoData@data$"source_name_ch1"=="specimen
obtained from explanted liver, NL" |
gset_hcc_hcv@phenoData@data$""source_name_ch1"=="specimen obtained from explanted
liver, HCC"]
length(filter)
gset_hcc_hcv$source_name_chl
gset.filt <- gset_hcc_hcv[,filter]
gset.filt
#data_preprocessing
head(exprs(gset.filt))
dim(exprs(gset.filt))
colnames(gset.filt) <-
c("CTRL1","CTRL2","CTRL3","CTRL4","CTRL5","CTRL6","CTRL7","HCC1","HCC2","H
CC3""HCC4","HCC5","HCC6","HCC7","HCC8","HCC9")
gsms <-"0000000111111111" #Grouping names
sml <-¢()
for(i in 1:nchar(gsms)) {sml[i] <- substr(gsms,i,i)}
head(exprs(gset.filt))
ex <- exprs(gset.filt)
boxplot(ex, ylab="Intensities", xlab="Array names")
R R R R R R R R R
it
#data_normalizing
library(*limma'™)
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ex_norm <- normalizeBetweenArrays(ex)

qu <- as.numeric(quantile(ex,c(0.,0.25,0.5,0.75,0.99,1.0),na.rm=T))

filt <- (qu[5]>100 || (qu[6]-qu[1]>50 && qu[2]>0) || (qu[2]>0 && qu[2]<1l && qu[4]>1 &&
qu[4]<2))

if(filt){ex_norm[which(ex<=0)] <- NaN; exprs(gset.filt) <- log2(ex_norm)}
boxplot(ex_norm, ylab="Intensities", xlab="Array names")

U R
##differential_expression

sml <- paste("G",sml,sep="")

fl <- as.factor(sml)

head(fl)

View(fl)

gset.filtSdescription <- fl

design <-model.matrix(~ description + 0, gset.filt)

colnames(design) <- levels(fl)

fit <- ImFit(gset.filt,design)

cont.matrix <- makeContrasts(G1-G0,levels=design)

fit2 <- contrasts.fit(fit,cont.matrix)

fit2 <- eBayes(fit2,0.01)

tT <- topTable(fit2,adjust="fdr",sort.by="B",number=1000)
volcanoplot(fit2,coef=1,highlight=10)

lod <- -log10(tT$adj.P.Val)

head(lod)

plot(tT$logFC,lod,xlab="log-ratio",ylab=expression(-log[10]~p))
abline(h=1.5,col="red")

selected <- which(tT$adj.P.Val<0.01)

length(selected)

esetSel <- ex[selected,]

talsel<-tT[selected,]

heatmap(esetSel)

head(talsel)

write.table(talsel,"DEmiRNAs_2A.txt")

HHHBHHH R R R R
#Hit

#filter for normal and cirhosis

#get_data

library("GEOquery")

gset_hcc_hcv <-

getGEO("GSE40744" ,GSEMatrix=TRUE,AnnotGPL=FALSE,GSElimits=c(1,7))
if(length(gset_hcc_hcv)>1) idx <- grep("GPL14613" attr(gset_hcc_hcv,"names™)) else idx <- 1
gset_hcc_hcv <- gset_hcc_hcv[[idx]]

##filter For HCCHCV _and_normal

filterN <-
colnames(gset_hcc_hcv)[gset_hcc_hcv@phenoData@data$"source_name_ch1"=="specimen
obtained from explanted liver, NL" |
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gset_hcc_hcv@phenoData@data$""source_name_ch1"=="specimen obtained from explanted
liver, CIR"]

length(filterN)

gset_hcc_hcv$source_name_chl

gset.filtN <- gset_hcc_hcv[,filterN]

gset.filtN

#data_preprocessing

head(exprs(gset.filtN))

dim(exprs(gset.filtN))

colnames(gset.filtN) <-
c("CTRL1","CTRL2","CTRL3","CTRL4","CTRL5","CTRL6","CTRL7","CIR1","CIR2","CIR
3","CIR4""CIR5","CIR6","CIR7","CIR8","CIR9","CIR10","CIR11","CIR12","CIR13","CIR14
" "CIR15","CIR16","CIR17","CIR18")

gsmsN <-"0000000111111111111111111" #Grouping names

smiN <- ¢()

for(i in L:nchar(gsmsN)) {smIN[i] <- substr(gsmsN,i,i)}

head(exprs(gset.filtN))

exN <- exprs(gset.filtN)

boxplot(exN, ylab="Intensities", xlab="Array names")

HHH R R R
HETEE

#data_normalizing

library("limma'™)

ex_normN <- normalizeBetweenArrays(exN)

quN <- as.numeric(quantile(exN,c(0.,0.25,0.5,0.75,0.99,1.0),na.rm=T))

filtN <- ( quN[5]>100 || (quN[6]-quN[1]>50 && quN[2]>0) || (QUN[2]>0 && quN[2]<1 &&
quN[4]>1 && quN[4]<2))

if(filtN){ex_normN[which(exN<=0)] <- NaN; exprs(gset.filtN) <- log2(ex_normN)}
boxplot(ex_normN, ylab="Intensities", xlab="Array names")

HHH A
##differential _expression

smIN<-paste("G",smIN,sep=""")

fIN <- as.factor(smIN)

head(fIN)

View(fIN)

gset.filtN$description <- fIN

designN <-model.matrix(~ description + 0, gset.filtN)

colnames(designN) <- levels(fIN)

fitN <- ImFit(gset.filtN,designN)

cont.matrixN <- makeContrasts(G1-G0,levels=designN)

fit2N <- contrasts.fit(fitN,cont.matrixN)

fit2N <- eBayes(fit2N,0.01)

tTN <- topTable(fit2N,adjust="fdr",sort.by="B",number=1000)
volcanoplot(fit2N,coef=1,highlight=10)

lodN <- -log10(tTN$adj.P.Val)

head(lodN)
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plot(tTN$logFC,lodN,xlab="log-ratio",ylab=expression(-log[10]~p))
abline(h=1.5,col="red")

selectedN <- which(tTN$adj.P.Val<0.01)

length(selectedN)

esetSelN <- exN[selectedN,]

talseIN<-tTN[selectedN,]

heatmap(esetSelN)

head(talselN)

write.table(talselN,"DEmMiRNAs_2C.txt")

R R R R R R R R
Hi#

##filter_ For HCC _and_CirNoHCC

filter2 <-
colnames(gset_hcc_hcv)[gset_hcc_hcv@phenoData@data$"source_name_ch1"=="specimen
obtained from explanted liver, CIR" |
gset_hcc_hcv@phenoData@data$""source_name_ch1"=="specimen obtained from explanted
liver, HCC"]

length(filter2)

gset_hcc_hcv$source_name_chl

gset.filt2 <- gset_hcc_hcv[,filter2]

gset.filt2

#data_preprocessing

head(exprs(gset.filt2))

dim(exprs(gset.filt2))

colnames(gset.filt2) <-
c("CIR1","CIR2","CIR3","CIR4""CIR5","CIR6","CIR7","CIR8","CIR9","CIR10","CIR11","C
IR12","CIR13","CIR14","CIR15","CIR16","CIR17","CIR18","HCC1","HCC2","HCC3","HCC
4" "HCC5","HCC6","HCC7","HCC8","HCC9")

gsms2 <-"000000000000000000111111111" #Grouping names

sml2 <-¢()

for(i in 1:nchar(gsms2)) {smi2[i] <- substr(gsms2,i,i)}

head(exprs(gset.filt2))

ex2 <- exprs(gset.filt2)

boxplot(ex2, ylab="Intensities", xlab="Array names")

R R R e R R R e R R R S R R e R e R R
it

#data_normalizing

library("limma")

ex_norm2 <- normalizeBetweenArrays(ex2)

qu2 <- as.numeric(quantile(ex2,c(0.,0.25,0.5,0.75,0.99,1.0),na.rm=T))

filt2 <- (qu2[5]>100 || (qu2[6]-qu2[1]>50 && qu2[2]>0) || (qu2[2]>0 && qu2[2]<1 &&
qu2[4]>1 && qu2[4]<2))

if(filt2){ex_norm2[which(ex2<=0)] <- NaN; exprs(gset.filt2) <- log2(ex_norm2)}
boxplot(ex_norm2, ylab="Intensities", xlab="Array names")

R R R R R
##differential_expression
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sml2 <- paste("G",sml2,sep="")

fl2 <- as.factor(sml2)

head(fl2)

View(fl2)

gset.filt2$description <- fI2

design2 <-model.matrix(~ description + 0, gset.filt2)

colnames(design?2) <- levels(fl2)

fit100 <- ImFit(gset.filt2,design2)

cont.matrix2 <- makeContrasts(G1-GO0,levels=design2)

fit300 <- contrasts.fit(fit100,cont.matrix2)

fit300 <- eBayes(fit300,0.01)

tT2 <- topTable(fit300,adjust="fdr",sort.by="B",number=1000)
volcanoplot(fit300,coef=1,highlight=10)

lod2 <- -log10(tT2%adj.P.Val)

head(lod2)

plot(tT2$logFC,lod,xlab="log-ratio",ylab=expression(-log[10]~p))

abline(h=1.5,col="red")

selected? <- tT[tT2%adj.P.Val<0.01,]

length(selected?)

esetSel2 <- ex2[row.names(ex2) %in% selected2$ID,]

talsel2<-tT2[selected2,]

heatmap(esetSel2)

head(talsel2)

write.table(talsel2,"DEmiRNAs_2B.txt")

B R e e
HEHHE

R R e R R R R R e R R R S R R e R R R e e
HHHHE

#COMMON_miRNAs

common=intersect(talsel[,1],talsel2[,1])

length(common)

head(common)

commonl=subset(talsel, ID %in% common )

common2=subset(talsel2, ID%in% common)

common_table=cbind(commonl,common2)

common_table=common_table[,c(1,12,29)]

write.table(talsel2,"DEmiRNAs_common.txt™)
T

##HH#ANOVA _analysis

filter3 <-
colnames(gset_hcc_hcv)[gset_hcc_hcv@phenoData@data$"source_name_ch1"=="specimen
obtained from explanted liver, NL" |
gset_hcc_hcv@phenoData@data$""source_name_ch1"=="specimen obtained from explanted
liver, CIR" | gset_hcc_hcv@phenoData@data$"source_name_ch1"=="specimen obtained from
explanted liver, HCC"]

length(filter3)
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gset_hcc_hcv$source_name_chl

gset.filt3 <- gset_hcc_hcv[,filter3]

gset.filt3

#data_preprocessing

head(exprs(gset.filt3))

dim(exprs(gset.filt3))

colnames(gset.filt3) <-
c¢("CTRL1","CTRL2","CTRL3","CTRL4","CTRL5","CTRL6","CTRL7","CIR1","CIR2","CIR
3","CIR4","CIR5","CIR6","CIR7","CIR8","CIR9","CIR10","CIR11","CIR12","CIR13","CIR14
""CIR15","CIR16","CIR17","CIR18","HCC1","HCC2","HCC3","HCC4","HCC5","HCC6","H
CC7""HCC8","HCC9")

gsms3 <-"0000000111111111111111111222222222" #Grouping names

smi3 <-¢()

for(i in 1:nchar(gsms3)) {sml3[i] <- substr(gsms3,i,i)}

head(exprs(gset.filt3))

ex3 <- exprs(gset.filt3)

boxplot(ex3, ylab="Intensities", xlab="Array names")

HHH R
HETEE

#data_normalizing

library("limma'™)

ex_norm3 <- normalizeBetweenArrays(ex3)

qu3 <- as.numeric(quantile(ex3,c(0.,0.25,0.5,0.75,0.99,1.0),na.rm=T))

filt3 <- ( qu3[5]>100 || (qu3[6]-qu3[1]>50 && qu3[2]>0) || (qu3[2]>0 && qu3[2]<1 &&
qu3[4]>1 && qu3[4]<2))

if(filt3){ex_norm3[which(ex3<=0)] <- NaN; exprs(gset.filt3) <- log2(ex_norm3)}
boxplot(ex_norm3, ylab="Intensities", xlab="Array names")

HHH A
##differential_expression

sml3 <- paste("G",sml3,sep="")

fI3 <- as.factor(sml3)

head(fl3)

View(fl3)

gset.filt3$description <- fI3

design3 <-model.matrix(~ description + 0, gset.filt3)

colnames(design3) <- levels(fl3)

fit4 <- ImFit(gset.filt3,design3)

cont.matrix3 <- makeContrasts(G2-G0,G1-G0,G2-G1,levels=design3)

fit6 <- contrasts.fit(fit4,cont.matrix3)

fité <- eBayes(fit6,0.01)

tT3 <- topTable(fit6, coef=1, adjust="BH",sort.by="B",number=1000)

results <- decideTests(fit6)

vennDiagram(results)

anova=topTableF(fit6,number = 1000)

volcanoplot(fit6,coef=1,highlight=10)

lod3 <- -log10(anova$adj.P.Val)
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head(lod3)

selected3 <- which(anova$adj.P.Val<0.01)
length(selected3)

esetSel3 <- ex3[selected3,]

talsel3<-anova[selected3,]

heatmap(esetSel3)

head(talsel3)

write.table(talsel3,"DEmiRNAs_2D.txt")

HH R R
HHHHHHHH

#H#HH#common between anova and the rest!
common_anova_and_normal=intersect(talsel[,1],talsel3[,1])
common_anova_and_cirh=intersect(talsel2[,1],talsel3[,1])
common_anova_and_cirN=intersect(talseIN[,1],talsel3[,1])
common_HCC _path=intersect(talselN[,1],talsel2[,1])
common_CirhorHCC=intersect(talsel[,1],talseIN[,1])

commonall=intersect(intersect(talsel[,1],talsel2[,1]),intersect(talsel3[,1],talseIN[,1]))
diff=setdiff(talsel2[,1],talsel3[,1])
writeLines(common_anova_and_normal,"common_anova_normal.txt™)
writeLines(common_anova_and_cirh,"common_anova_cirhosis.txt™)
writeLines(commonall,"common_all.txt")
writeLines(common_anova_and_cirN,"common_anova_normalvscirhosis.txt™)
writeLines(common_HCC_path,"common_HCC_path.txt")
writeLines(common_CirhorHCC,"common_CirhorHCC.txt")

HHHHHHH R R R
#itarget_identification

library(""SpidermiR")

mirna=tT[selected,]$miRNA_LIST[1:49]

mirna <- ¢(‘hsa-miR-4429','hsa-miR-1827''hsa-miR-5002-5p','hsa-miR-5187-3p','hsa-miR-
4455")

mirnaTar <- SpidermiRdownload_miRNAprediction(mirna_list=mirna)
head(mirnaTar)

T
###gene_enrichment

library(*org.Hs.eg.db")

library("GSEABase")

library("GOstats")

mirTarget <- mirnaTar$Vv2

View(mirTarget)

goAnn <- get("org.Hs.egGO")

universe <- Lkeys(goAnn)

entrezIDs <- mget(mirTarget, org.Hs.egSYMBOLZ2EQG)

mirTarget <- as.character(mirTarget)
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params <- new("GOHyperGParams", genelds=entrezIDs, universeGenelds=universe,
annotation="org.Hs.eg.db",

ontology="BP" pvalueCutoff=0.01,conditional=FALSEtestDirection="over")

goET <- hyperGTest(params)

library(Category)

genelist <- geneldsByCategory(goET)

genelist <- sapply(genelist, function(.ids) {.sym &lIt;- mget(.ids, envir=org.Hs.egSYMBOL,
ifnotfound=NA),.sym[is.na(.sym)] &lIt;- .ids[is.na(.sym)],paste(.sym, collapse=";") })
GObp <- summary(goET)

GObp$Symbols <- genelist[as.character(GObp$GOBPID)]

head(GObp)

2. RNA sequencing bioinformatic analysis R code

if (IrequireNamespace("BiocManager", quietly = TRUE))
install.packages("BiocManager")

BiocManager::install("TCGADbiolinks™)

BiocManager::install("visNetwork')

library(TCGADbiolinks)

library(dplyr)

library(DT)

library(TCGADbiolinks)

##downlaod miRNA gene expression HCC samples from TCGA

HCC <- GDCquery(project = "TCGA-LIHC",
data.category = "Transcriptome Profiling",
experimental.strategy = "miRNA-Seq",
data.type = "miRNA Expression Quantification”,
workflow.type = "BCGSC miRNA Profiling™)

GDCdownload(HCC)
data <- GDCprepare(HCC)
##download clinical data for HCC samples
clinic=GDCquery_clinic("TCGA-LIHC", type = "Clinical", save.csv = TRUE)
HCC_clinic <- GDCquery(project = "TCGA-LIHC",

data.category = "Clinical",

data.type = "Clinical Supplement”,

legacy = TRUE)
GDCdownload(HCC_clinic)
clinic<-GDCprepare_clinic(HCC_clinic, clinical.info="patient",directory = "GDCdata")
R
H
## extract etilogy specific hcc samples
HCV=clinic %>% filter(history_hepato_carcinoma_risk_factors=="Hepatitis C")
HBV=clinic %>% filter(history_hepato_carcinoma_risk_factors=="Hepatitis B")
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Alcohol=clinic %>% filter(history hepato_carcinoma_risk_factors=="Alcohol consumption")
NAFLD=clinic %>% filter(history_hepato_carcinoma_risk_factors=="Non-Alcoholic Fatty
Liver Disease™)
HHH R R
##DE for miRNA of different etiological groups
miRNA_HCV=GDCquery(project = "TCGA-LIHC",

data.category = "Transcriptome Profiling",

experimental.strategy = "miRNA-Seq",

data.type = "miRNA Expression Quantification",workflow.type = "BCGSC miRNA
Profiling",

barcode =HCV/[,1])

GDCdownload(miRNA_HCV)
mIiRNA_HCV_data<- GDCprepare(miRNA_HCV)
miRNA_HCV_datal<-miRNA_HCV _data %>% select(starts_with("reads_per_million™))
row.names(miRNA_HCV_datal)=miRNA_HCV_data[,1]
miRNA_HCV_data=miRNA_HCV _data[,c(2:94)]
HHH
#dataFilt <- TCGAanalyze Filtering(tabDF = dataFilt, method = "quantile”, gnt.cut = 0.25)
dataFilt <- miRNA_HCV_datal[!(rowSums(miRNA_HCV_datal >10) < 15),]
samplesNT <- TCGAquery_SampleTypes(colnames(dataFilt), typesample = ¢("NT"))
samplesTP <- TCGAquery_SampleTypes(colnames(dataFilt), typesample = c("TP"))
dataDEGs <- TCGAanalyze DEA(dataFilt[,samplesNT],
dataFilt[,samplesTP],
Cond1type = "Normal",
Cond2type = "Tumor", paired = FALSE, log.trans = TRUE,fdr.cut = 0.05)
dataDEGsFilt <- dataDEGs[abs(dataDEGs$logFC) >= 1,]
dataTP <- dataFilt[,samplesTP]
dataTN <- dataFilt[,samplesNT]
dataDEGsFiltLevel <- TCGAanalyze_ LevelTab(dataDEGsFilt,"Tumor","Normal",
dataTP,dataTN)
HHHHHH R
HHHHHHHH
##HBV
miRNA_HBV=GDCquery(project = "TCGA-LIHC",
data.category = "Transcriptome Profiling",
experimental.strategy = "miRNA-Seq",
data.type = "miRNA Expression Quantification™,
workflow.type = "BCGSC miRNA Profiling",
barcode =HBV/[,1])

GDCdownload(miRNA_HBV)

miRNA_HBYV_data<- GDCprepare(miRNA_HBV)
miRNA_HBV_datal<-miRNA_HBV_data %>% select(starts_with("'reads_per_million"))
row.names(miRNA_HBV_datal)=miRNA_HBV_data[,1]
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U
dataFiltl <- miRNA_HBV_datal[!(rowSums(miRNA_HBV_datal >10) < 42),]

#dataFiltl <- TCGAanalyze_Filtering(tabDF = dataFilt1, method = "quantile™, gnt.cut =
0.25,var.cutoff = 0.75, eta = 0.05, foldChange =)
samplesNT1 <- TCGAquery_SampleTypes(colnames(dataFiltl), typesample = c("NT"))
samplesTP1 <- TCGAquery_SampleTypes(colnames(dataFiltl), typesample = c("TP"))
dataDEGs1 <- TCGAanalyze DEA(dataFilt1[,samplesNT1],
dataFiltl[,samplesTP1],
Cond1type = "Normal",
Cond2type = "Tumor",paired = FALSE, log.trans = TRUE,fdr.cut = 0.05)
dataDEGsFiltl <- dataDEGs1[abs(dataDEGs1$logFC) >=1,]
dataTP1 <- dataFilt1l[,samplesTP1]
dataTN1 <- dataFilt1[,samplesNT1]
dataDEGsFiltLevell <- TCGAanalyze LevelTab(dataDEGsFiltl,"Tumor"”,"Normal”,
dataTP1,dataTN1)
B R e e
HHHHHH
##Alcohol
miRNA_Alcohol=GDCquery(project = "TCGA-LIHC",
data.category = "Transcriptome Profiling",
experimental.strategy = "miRNA-Seq",
data.type = "miRNA Expression Quantification™,
workflow.type = "BCGSC miRNA Profiling",
barcode =Alcohol[,1])

GDCdownload(miRNA_Alcohol)

miRNA_Alcohol_data<- GDCprepare(miRNA_Alcohol)
miRNA_Alcohol_datal<-miRNA_Alcohol_data %>% select(starts_with(""reads_per_million"))
row.names(miRNA_Alcohol_datal)=miRNA_Alcohol_data[,1]

HHHHH

#dataNorm2 <- TCGADbiolinks:: TCGAanalyze Normalization(miRNA_Alcohol_datal,
genelnfo,method = "genelLength")

#dataFilt2 <- TCGAanalyze_Filtering(tabDF = miRNA_Alcohol_datal, method = "quantile",
gnt.cut = 0.9,var.cutoff = 0.75, eta = 0.05, foldChange =)
dataFilt2 <- miRNA_Alcohol_datal[!(rowSums(miRNA_Alcohol_datal >10) < 36),]

samplesNT2 <- TCGAquery_SampleTypes(colnames(dataFilt2), typesample = c(*NT"))
samplesTP2 <- TCGAquery_SampleTypes(colnames(dataFilt2), typesample = c("TP™))
dataDEGs2 <- TCGAanalyze DEA(dataFilt2[,samplesNT2],

dataFilt2[,samplesTP2],

Cond1type = "Normal",

Cond2type = "Tumor",paired = FALSE, log.trans = TRUE,fdr.cut = 0.05)
dataDEGsFilt2 <- dataDEGs2[abs(dataDEGs2$logFC) >= 1]
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dataTP2 <- dataFilt2[,samplesTP2]

dataTN2 <- dataFilt2[,samplesNT2]

dataDEGsFiltLevel2 <- TCGAanalyze_LevelTab(dataDEGsFilt2,"Tumor"”,"Normal”,

dataTP2,dataTN2)

HHHHNAFLD

miRNA_NAFLD=GDCquery(project = "TCGA-LIHC",
data.category = "Transcriptome Profiling",
experimental.strategy = "miRNA-Seq",
data.type = "miRNA Expression Quantification™,
workflow.type = "BCGSC miRNA Profiling",
barcode =NAFLDI[,1])

GDCdownload(miRNA_NAFLD)

miRNA_NAFLD _data<- GDCprepare(miRNA_NAFLD)
miRNA_NAFLD_datal<-miRNA_NAFLD_data %>% select(starts_with("reads_per_million™))
row.names(miRNA_NAFLD_datal)=miRNA_NAFLD_data[,1]

HHH R

dataFilt3 <- TCGAanalyze_ Filtering(tabDF = miRNA_NAFLD datal, method = "quantile™,
gnt.cut = 0.9,var.cutoff = 0.75, eta = 0.05, foldChange =)

dataFilt3 <- mMiRNA_NAFLD_datal[!(rowSums(miRNA_NAFLD_datal >10) < 6),]

samplesNT3 <- TCGAquery_SampleTypes(colnames(dataFilt3), typesample = ¢c("NT"))
samplesTP3 <- TCGAquery_SampleTypes(colnames(dataFilt3), typesample = c("TP"))
dataDEGs3 <- TCGAanalyze DEA(dataFilt3[,samplesNT3],

dataFilt3[,samplesTP3],

Cond1type = "Normal",

Cond2type = "Tumor",paired = FALSE, log.trans = FALSE,fdr.cut = 0.05)
dataDEGsFilt3 <- dataDEGs3[abs(dataDEGs3$logFC) >=1,]
dataTP3 <- dataFilt3[,samplesTP3]
dataTN3 <- dataFilt3[,samplesNT3]
dataDEGsFiltLevel3 <- TCGAanalyze_LevelTab(dataDEGsFilt3,"Tumor"”,"Normal”,

dataTP3,dataTN3)

HtHHHHH
All=setdiff(dataDEGsFiltLevel[,1],union(dataDEGsFiltLevel1[,1],dataDEGsFiltLevel2[,1]))
All
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APPENDIX 2

Informed consent form: English version

/{3\/) THE AMERICAN UNIVERSITY IN CAIRO

INsTITUTIONAL REVIEW BOARD

Documentation of Informed Consent for Participation in Research Study

Project Title: /dentifying microRNAs panel associated with hepatocellular carcinoma in patients with
chronic hepatitis C in serum and urine

Principal Investigator: Areeg Mohammad Medhat Dabbish, research assistant and graduate student in
the master’s program at School of science and engineering at the American University in Cairo.

*You are being asked to participate in a research study. The purpose of the research is to identify a
novel biomarker for early detection of liver cancer through detecting circulating specific micro RNAs
(miRNAs) in serum and urine, and the findings may be presented and/or published in a scientific
proceeding.

The expected duration of your participation is around 15 minutes once for blood and urine sampling.

*The procedures of the research will be as follows: The study will include 100 patients (with hepatitis
C and liver cancer) and 50 healthy individuals. With all the listed high precautions, a trained nurse will
take two blood samples and one urine sample from you. The nurse would be following all the safety
hygienic practices and would place the blood and urine samples in special glass closed containers
separately and these samples will be subjected to further analysis.

*There will be certain risks or discomforts associated with this research: A simple blood clot from the
site where the blood sample is withdrawn, and you may feel a drop-in blood pressure. If there are any
harms due to participation in the research, you will be given urgent medical care.

*There will be benefits to you from this research, as we will gain a self-satisfaction by the potentiality
of helping sufferers of this life threating disease.

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

*Questions about the research, my rights, or research-related injuries should be directed to the PI: Dr.
Anwar Abdelnaser at (01009813624) / Ms. Areeg Mohammad (tel. 01090027177).
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*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 3

Informed consent form: Arabic version
[
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APPENDIX 4

AUC IRB approval form

CASE #201E-2019-060

THE AMERICAN UNIVERSITY IN CAIRD
EisTmuTicss L Aoy Bosmo

Toa: Arezg Dabhish

Cic: Hind Al Helaly

Frome Atin Gebril, Chair of the [RB
Dabe: Feb 6, 2009

Rer Approval of soedy

This is to inform you that | reviewed your revised research proposal entitled “Idantitying
microfMAs panal associaed with hapaiocsBular caecinoma B patemnts with ofineenst hapatl s
C in sarum and uring’ and determined that it regaired consultation with the IRB under the
“expedited” cmegory. As you are sware, the members of te IRE suggesiad cerizin revisions
to the criginal proposal, but your new version addresses these concemns successfully. The
revised proposal used sppropmmie procedures io mimimice risks oo bemon subjects and thai
ndeguabe provision was made for confidentiality and dois anoeymity of participanis m any
published record. [ beliewe you will also make adequaie provision for ohiaining informed
consent of the participants.

This apgroval better was issued under the assamption that you have not staried data collection
fior vour research project. Ay data collected before receivimg this letier could mot be used
since this is a vielation of the [RB policy.

Please note thai IBB spproval does nod smiomaiically ensure approval by CAPMAS, an
Egyptisn govemment agency responsible fior approving some types of off<canpos research.
CAPMAS izzoes are handled m AUC by the office of the University Counsellor, Dy, Ashral
Hmem. The IRB & not in a position 1o offer any opinion on CAPMAS xues, and takes no
responsibility for obaining CAFMAS approval.

Thix spgerosml is valid for coly one year. In mse you have not finished dain collection within &
year, you need in apply for sn extension.

Thank you and good beck.
. 5
Dir. Atin (aebail
IR:B chair. The American University in C airo
2y HUSE Building
T: 02261509149
Email: epebrilis o egypledu

|n=h|:|.|'|n:|nd !H!!

The American University in Caina
AL fygenue, PO Box T4

Mew Cairo 118355, Egypt

el 0.2 2815, 1000

fae 20,2 2TGSTEES

Email: sucirbifaucogypt edu
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APPENDIX 5

NHTMRI IRB approval form

e e x
National Hepatology & Tropical Medicine
Research Institute Office for IRB

3, DECEMBER, 2019 [ Serial: 25-2019 |
Title

ldgnufying microRNAs panel associated with hepatocellular carcinoma in patients
with chronic hepatitis C infection in serum and urine

NHTMRI- IRB has reviewed the submitted study documents which included:

e Protocol
¢ NHTMRI-IRB investigator application form
* Informed consent

Dear Principle Investigator / Areeg Mohammad Dabbish, 7his is to certify that the Research
Ethics Committee for Human Subject Research at National Hepatology & Tropical Medicine
research Institute (NHTMRI-IRB), Cairo, Egypt, has approved your research protocol,

Date of IRB meeting: 2 DECEMBER, 2019- Full Board
Approval valid from: 3", DECEMBER, 2019- to 2", DECEMBER, 2020

The research should not continue after the approval period without IRB renewal of
approval. The Principal Investigator has to report to the IRB any of the following for approval or
acknowledgment: any protocol deviation or violation, suspected unexpected serious adverse
reactions (SUSAR) within 48 hrs, safety letters every six months and study closure or termination
final study report. Change(s) in research procedure must receive review and approval prior to
implementation unless it is necessary for the safety of subjects. Research conduction may be
monitored by the IRB and only approved informed consent forms must be used.

The principal investigator and his team are responsible to get all regulatory and official
authorization from the legal and official bodies in Egypt before the start of the research
conduction. It is the responsibility of the principal Investigator to safeguard the rights and welfare
of human subjects involved in research. An ethical approval is an overall strategy that describes
how the rights and welfare of human subjects who participate in a research studies are
safeguarded.

NHTMRI-IRB for Human Subject Research is organized and operated according to the
Declaration of Helsinki for human subject researcher (2013).

s gl Lalid) 4 oY) Clibl gall Jadd Y 4840 4Bl g Gad) 5l ) Uk: S ECI N uin,..
ol plal 8 e ad) i gte Jpeand) 3ty 2 3]s A gl ) ey Slasy
Sincerely,
Dr. Amin Abdel Baki
NHTMRI-IRB Chair
Prrian A B
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