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Introduction:

HCV is a life-threatening disease that causes
several liver disorders such as liver fibrosis, cirrhosis, and
hepatocellular carcinoma (HCC)-second leading type of
cancer. Although directing acting antivirals (DAAS) are
showing some promising results, despite the liver
complications caused by HCV are likely to persist in near
future. HCV induced HCC is a slowly progressing multiple
step process. This carcinogenesis is acquired over the years
via production of a cirrhotic tissue microenvironment. Some
cellular proteins and eukaryotic translation initiators were
seen to increase translation of HCV polyprotein precursor
and hence intracellular replication of viral gene. Which in
turn upsets the regulation of several cytokines leading to
cytokine storm in the liver and peripheral blood
mononuclear cells (PBMCs). This plays a role in liver
disease progression, thus signifying role of PBMCs in HCC
induction over time.
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Hepatitis C virus (HCV) is the major factor causing severe hepatitis and liver disease [1].
HCV affects over 170 million people worldwide and over 16 million in Pakistan. HCV infection
spreads mostly through blood-to-blood contact [2]. HCV serum was isolated from the person with

none-A and none-B hepatitis [3]. Choo et al in 1989 described the family of HCV; he explained
that it belongs to the family of Flabiviridae [4]. In the cytoplasm of hepatocytes, HCV can cause
infection and regulate but it is not cytopathic rapid production and continuous cell-cell separating
may cause infection along with the absence of T cells immune response to HCV, the rate of HCV
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replication is between 10 raised to power 10 to 10 raised to power, 12 virions per day, and their
estimated half-life is 2 to 3 hours [5]. They have 50 sub-types from the six known genotypes [6].

During the beginning of HCV, it was considered that a patient who progresses jaundice
symptoms is more likely to have less HCV infection as opposed to those who are without jaundice
or unhealthy [7]. Development of cirrhosis from the HCV is often clinically silent and some
patients are known at the time when the cirrhosis convert in the ending stage Hepatocellular
carcinoma (HCC), the characteristics of decompensated cirrhosis involve production of ascites,
upper GI (gastro intestinal) bleeding secondary to varicose veins (large tortuous veins found on
legs), hypertensive(allergy) gastropathy hepatorenal syndrome and hepatic encephalopathy [8]. It's
uncertain if direct-acting antiviral medications (DAASs) totally eliminate HCV infection or any
virus may remain after a durable virologic response has been achieved [9].

In infected individuals, the hepatitis C virus is good enough to stay in the host and
cause permanent liver damage [10]. Infection CLTs were found in both HCV-related and
unconnected chronic infections, indicating that this characteristic is not unique to HCV and is
found in a wide range of lasting viral infections [11], [12], [13].

HCV has a lot of genetic variation, and it's divided into a few primary genotypes that vary
by even more than 30% [14]. The absence of an efficient immunological response in HCV
infection is due to HCV's ability to quickly change its envelope proteins in order to evade the
nullifying antibody response in individuals [15], [16], [17].

HCV was first described in January 2004 by Castillo et [18]. The livers of a hundred
patients were found to be abnormal and could be tested. Alanine: Amino transferase or gamma-
glutamy| trans peptidase was generated as a result of the test. In a reverse transcription polymerase
chain reaction, it was discovered that half of them contained hcv-RNA in their liver.

As a result, Stapleton and colleagues have described a number of readings on sero-negative
HCYV infection in patients with cryptogenic liver disease, which can lead to aberrant liver test
results [19]. In PBMC cells, HCV plays a significant role [20]. Antigenic HCV-RNA, which can
be synthesized by Reverse Transcription Polymerase Chain Reaction (rt-PCR), was found in 61
percent of patients' PBMCs. These can detect the presence of HCV in PBMC cells [21].

HCV induced Disease Progression:

Hepatitis C virus (HCV) is one of the most common causes of hepatocellular cancer (HCC).
HCV's connection with its human host is complicated, and multifaceted, due in part to the fact that
it is an RNA virus that cannot incorporate into the host's DNA. Activation of numerous host routes,
such as liver fibro-genic routes, cellular and survival routes, and contact to immunological and
metabolic processes, are all direct and indirect processes of HCV-induced HCC. As indicated by
genomic research proving polymorphisms in immunological, metabolic, & growth regulatory
pathways linked to an enhanced danger of HCC, host variables are important in HCV-induced
HCC. The mortality and frequency of HCV-related liver diseases, such as HCC, is expected to
continue in the coming years despite the accessibility of very efficient direct-acting antivirals. In
order to identify HCV patients at increased danger of growing HCC have also been described:;
although, this would need to be confirmed extensively, particularly in those who have had a
prolonged virologic therapy. Clinical systems are beginning to incorporate molecular indicators
that encourage greater improvement of HCC danger, enabling for objective risk assessment and
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personalized medication and monitoring for HCV patients. Enrichment of HCC chemoprevention
clinical trials might also benefit from molecular indicator-based classification, resulting in lesser
sample as well as lower charges.

Hepatocellular carcinoma (HCC) is a major scientific concern, since it is the world's 2nd
largest reason of cancer fatalities [22] and it is also one of the few forms of cancer-related death
which is expanding in the United States [23]. A leading cause of HCC in developed countries
is hepatitis B virus (HBV) infection, chronic infection with hepatitis C virus (HCV), in comparison
to developing countries in the Asia-Pacific area and Sub-Saharan Africa [24]. In the United States,
for HCC patients, it is the primary evidence for liver transfer [25].

It is predicted that almost 3% of population has been infected with HCV according to the
World Health Organization (WHO). About more than 170 million individuals were actively
carrying the virus as chronic carriers [26]. In the United states, HCV-infected the individuals that
were born amid 1945 and 1965 were named "baby boomers" and they were more than 75% [27].

Hepatitis C has evolved into a worldwide health threat over time. A variety of physical,
genetic, and epigenetic changes can be included in its harmful effects on the human liver. Fatty
liver also known as hepatic steatosis is an inflammatory condition with several causes, one of
which being steatohepatitis. HCV stimulates a multitude of biological processes, including the
upregulation of cytokines. The regulation of a few important cytokines during HCV infection in
order to gain a better knowledge of their function is discussed here. These cytokines, IL-1p, IL-6,
TNF-a, and IFN-Y', are known the inflammatory indicators of the body. These and other indicators
aid hepatocytes in their fight against viral infection. However, their link has recently been
discovered in liver degeneration on the path to non-alcoholic steatohepatitis (NASH). As a result,
disruptions in their equilibrium have been recorded often during HCV infection. A few of studies
has confirmed up-regulation of cytokines. Although hepatocytes activate these cell markers as a
conventional defensive strategy, recent research has shown the contradictory nature of this defense
line. However, direct molecular or epigenetic study is required to investigate the molecular
pathways that lead to steatosis, cirrhosis, or even HCC in the liver (Hepatocellular Carcinoma)
[28]

Role of interleukin in liver disease progression:

Viral hepatitis, alcohol usage, and non-alcoholic steatohepatitis are the three primary
causes of liver inflammation and chronic damage. These can progress to liver fibrosis, cirrhosis,
and hepatocellular cancer, which may need a liver transplant. The interleukin (IL)-20 subfamily
of the interleukin (IL)-10 family of cytokines aids the liver's response to injury and illness, as well
as the management of tissue homeostasis and the development of immune responses in this organ.
The IL-22 cytokine is the most well-considered part of the family in the inflammatory balance of
the liver, and it may have a protective function in fibrosis advancement while also increasing liver
tissue sensitivity to hepatocellular carcinoma formation. Because certain members of the family
share IL receptor subunits and signal through common intracellular pathways, other members of
the family may likewise perform this double role. In the case of liver illness, researchers are
beginning to examine targeting members of the IL-20 subfamily. The involvement of miRNA in
the transcriptional regulation of 1L-22 and 1L-24, which was recently discovered, opens the door
to potential new techniques for reducing organ harm and modulating the local immune response.
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In non-alcoholic steatohepatitis, the IL-20RA cytokine receptor has also been categorised as being
under miRNA control. Furthermore, researchers have recommended that anti-inflammatory
medications be combined with IL-22 as a hepatoprotective IL for the treatment of alcoholic liver
disease (ALD), and clinical studies of ILs for the treatment of severe alcoholic-derived liver
degeneration are now underway [29].

A common kind of liver damage known as alcoholic liver syndrome that can progress to
fibrosis and cirrhosis worldwide. The National Institute on Alcohol Abuse published the current
absorption study. It was discovered that liver cirrhosis was the 12th major cause of mortality in
the United States in 2007, with a total of 29,925 fatalities. And 48 percent of these deaths were
connected to alcohol. IL-22, on the other hand, has been found to protect mice against liver
damage [30].

There is no longer any model of small animals obtained with prolonged viral inflammation
of the liver that is linked to an increase in LL-22 in the liver, as enlightened earlier. IL-22
appearance in lymphoid cells and throughout the primary times after birth in transgenic mice [31].
The subfamily of 1L-22 cytokine has a key role in inflammatory pathological conditions in the
liver. In a mouse model of the IL-22 cytokine, the number of family members involved in liver
homeostasis was carefully studied.

IL-22 also inhibits hepatitis stellated cell death and reduces liver fibrosis. IL-26 has
antibacterial and antioxidant properties [32], [33], and it has been linked to hepatitis C (HCV) and
liver fibrosis, as seen by eradicated branch hepatitis [34].

Elevated levels of Interleukin-22 increase the effects of liver tissue on the establishment of
HCC. Physicians must evaluate the possibility of acquiring liver cancer if the findings are based
on animal models. In the future, while considering treatment options for hepatitis patients. HCC
cell metastasis has been demonstrated to be prevented by interleukin-29 [35].

In liver cell individuals with uncomplicated tumors, the production of interleukin 6 (IL-6)
is elevated [36]. The amount of IL produced in hepatocytes and its concentration with in blood are
linked to the severity of liver inflammation and fibrosis. Acute severe liver illness and tumor
progression is induced by many pro-inflammatory cytokines (IL-1a,IL-1B, tumor necrosis, and
IL-6) [37].
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Figure 1: Role of interleukin-22, 26, 20 and interleukin-6 in liver disease progression

Role of miRNA in liver disease progression

In 1993, Ambros and colleagues discovered the miRNA [38]. In translation process
miRNA binds to the RNAs [39]. Small RNAs are 18-24 nucleotides in length and also noncoding
for chronic disease. In content of liver disease miR-34a, which is among the ideal miRNA, in early
stages of liver fibrosis, analyzing miRNA is helpful to detect earlier and elevated levels in patients
with fibrosis [40], [41].

In every organ miRNA have a specific expression and physiological situation, the
expression of miRNA was described in content of liver disease [42], [43], [44]. In hepatic C, the
patients with liver inflammation, such as alcoholic liver disease miR-155, has been described to
up regulation [45].

In an experiment model of fibrosis in liver illness, miR-155 was found to be implicated in
the advancement of liver inflammation. MiR-155 is still a mystery; however, it appears to serve a
hepatic protective role in a non-alcoholic steatohepatitis model. The function of mMiRNA-155 in a
variety of liver illnesses has gotten a lot of interest. In mice models of nonalcoholic steatohepatitis
(NASH) and alcoholic steatohepatitis, introduction of miR-155 appearance has been seen [46],
[47]. After consuming alcohol, the levels of miR-155 in Kupffer cells rose, and Tumor necrosis
factor (TNF) has been recognized as an objective of miR-155 that encourages liver damage [47].

The most common miRNA in adult liver is miR-122. MiR-122 has been identified as an
indicator for liver damage, and what's even more intriguing is that miR-122 is a circulating blood
protein [48], [49], [50]. MiR-122 has been found in the blood of people with Hepatitis B and C
[51], [41], [52]. Include information about MiR-122 as a mechanism in liver damage, as well as
the involvement of the HCC virus in hepatitis.
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Figure 2: Role of miRNAs in liver disease progression

Direct-Acting Antivirals (DAAs) & Liver Fibrosis:

In chronic HCV, the incidence of HCC is linked to the severity of fibrosis. The yearly
prevalence rate in cirrhotic patients is quite significant (1-7 percent annually), but HCC seldom
occurs in livers that have less fibrosis. The incidence of HCV-related HCC can be lowered by the
development of extremely effective direct-acting antivirals (DAAS), establishing a response called
SVR (sustained virologic response) that doesn’t reduce the threat of HCC, particularly in
individuals with symptomatic liver fibrosis [53].

HCV Replication in PBMCs:

Even if the complete process of how replication occurs in HCV is not known yet, it is
thought that replication of HCV includes the formation of a negative strand RNA molecule that
acts as a template for the formation of genomic HCV-RNA [54]. Therefore, presence of the
negative strand of HCV-RNA proofs that viral replication occurs. The main site for virus
replication is liver but some other sites have also been witnessed like peripheral blood
mononuclear cells (PBMC) [55], [56], [57], [58]. Concerning about the infection of PBMC, HCV
may spread in lymphoid cell cultures and the virus produced is infectious, according to research
[59], [60]. Furthermore, it has been suggested that PBMCs may be the reason of persistent HCV
infection following liver transplantation [61], [62]. HCV infections were recently discovered,
which are considered as the occurrence of HCV-RNA in the liver in the absence of anti-HCV and
blood HCV-RNA. In addition, up to 70% of these individuals carried HCV-RNA in their blood.
PBMCs are the cells that make up a person's blood [18]. Because these individuals have no
detectable viral RNA in their blood, whether HCV replicates in PBMC is a key question in the
transmission of occult HCV infection. Thus, using a strand specific reverse transcriptase-
polymerase chain reaction (RT-PCR) and in situ hybridization, it was studied about HCV
replication in PBMC of patients with occult HCV infection by detecting HCV-RNA positive and
negative strands [63].
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According to a study in China, HCV may infect and reproduce in PBMCs, which also
contain the HCVNSS protein. It was indicated that minus-strand HCV RNA in PBMCs might be
one of the variables impacting IFN response as patients with minus strand HCV RNA in PBMCs
had a substantially poorer 6-month sustained response to IFN treatment [64]. Despite the fact that
hepatocytes are the primary location for the replication of HCV (hepatitis C virus), PBMC
(peripheral blood mononuclear cells) have also been offered as a viable alternative [65] Another
journal in Argentina concluded that HCV replication occurs in PBMCs [66]

In PBMCs from HCV-infected individuals, downregulation of STAT1 and IRF-1
expression and upregulation of caspase-3 expression may contribute to abnormalities in cytokine
output and increased PBMC cell death observed in earlier research [67]
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Figure 3: A schematic representation of PBMCs’ role in direct (via HCV replication)
and indirect (via Cytokine, miRNA, caspase cascade activation) liver disease
progression. The upregulation of IL-1pB, IL-6, TNF-a, IFN-Y" and downregulation of
NLRP3, IL-1p during HCV replication in hepatocytes and upregulation of caspase-3 and
downregulation of STAT 1, IRF-1 during HCV replication in PBMCs causes disease
progression and plays a role in immunity against virus.

Though, it is not sure if apoptosis of virus-infected cells happens or not. Lin Deng et al
reported in his study, that HCV infection caused cell death in Huh7.5 cells using chimeric J6/JFH1
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strain of HCV genotype 2a. Cleavage of DNA repair enzyme (ADP-ribose) polymerase and
activation of caspase 3, were all linked to cell death. These conclusions confirmed that HCV-
induced cell death is apoptosis [68].

Interferons are present or detected in the liver as well as mononuclear cells of
HCV patients' peripheral blood [69]. This comprises three subgroups: il-29 (ifm-1), il-28aa (ifn-
2), and il-28b (ifn-3), all of which cause hepatocytes to be stimulated by viruses or specific toll-
like receptor ligands [70]. In HCV directed by HCV-specific cytotoxic t-lymphocytes response
connected to viral clearance in chimps and humans during severe HCV infection Cd8 + t-cells play
an important part [71].

Pathogen-induced immune responses can have a significant impact on all immune
activation and resistance development [72]. The production of regulatory proteins by CD8+T cells,
which results in fatigue, and mortality, activation of Foxp3+ regulatory T cells, as well as
inhibition by interleukin-10 (IL-10) & other suppressive molecules, seem to be involved in this
occurrence [73].

Conclusion

Hepatitis C virus (HCV) is one of the most prevalent causes of hepatocellular carcinoma
(HCC), which is a major scientific concern since it is the second leading cause of cancer-related
deaths in the world. HCV-related liver disorders, such as HCC, are likely to continue to increase
in mortality and frequency. Hepatic steatosis, often known as fatty liver, is an inflammatory
disorder caused by a variety of factors. HCV activates a wide range of cellular activities, including
cytokine upregulation. Inflammatory markers such as IL-1, IL-6, TNF-, and IFN- are well-known
in this regard.

MicroRNAs govern the activation of numerous genes and, as a result, affect a number of
distinct functions, such as the type I interferon-mediated immunological response to infectious
diseases (IFN). Role of different Interleukins and miRNA in disease progression is a well-known
phenomenon. The interleukin (IL)-20 subfamily of the interleukin (1L)-10 family of cytokines aids
the liver's response to injury and illness. The IL-22 cytokine has a protective function in fibrosis
advancement while it also increases liver tissue sensitivity for hepatocellular carcinoma formation.
IL-22 also reduces liver fibrosis. The most common miRNA in adult liver is miR-122 and it has
been identified as an indicator for liver damage. MiR-155 appears to serve a hepatic protective
role in a non-alcoholic steatohepatitis model. Given this, HCV replication occurring in PBMCs,
causing downregulation of STAT1 and IRF-1 expression and upregulation of caspase-3 expression
may contribute to increased cell death in both PBMCs and hepatocytes, resulting in disease
progression in liver. This also infers that some individuals that don't have HCV-RNA in their
serum/plasma on testing, might be infectious because HCV hides and multiplies in the PBMC of
individuals with occult HCV infection.
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