RECOMMENDATIONS

The results of the present study may have several future clinical implications:

A better understanding of the cross talk between mTOR pathway and autophagy during
chronic HCV infection is needed particularly with the presence of several autophagy
inducers in the liver microenvironment.

Future research is needed to evaluate the possible role of anti-viral therapy in modulating
mTOR and autophagy dysregulation in patients with chronic HCV infection in relation
to the improvement in HCV-induced liver histology.

Studies with larger numbers of patients are needed to verify the value of serum mTOR
level as a potential diagnostic biomarker for the development of HCC in patients with
HCV-related liver cirrhosis.

Clinical trials are required for studying the effects of mTOR inhibitors in limiting liver
inflammation, fibrosis and steatosis in patients with chronic HCV infection and the role
of targeting mTOR as a potential anti-cancer therapy for HCC.

Further studies are needed to clarify the role of autophagy in the process of liver fibrosis
and hepatocarcinogenesis before a therapeutic approach targeting autophagy can be used
to treat patients with liver fibrosis and HCC.
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INTRODUCTION

Hepatitis C virus (HCV). a member of the Flaviviridae family, of
the genus Hepacivirus. is a hepatotropic. single stranded, positive-sense
RNA virus.'" Persistent infection with HCV is a major cause of chronic
liver disease worldwide leading to chronic hepatitis and long-term
progression to cirrhosis and hepatocellular carcinoma. %’ Although both
host and virus factors are considered to affect the outcome of HCV
infection. vet, the potential mechanism(s) underlying viral persistence and
disease chronicity are not fully understood."" Chronic hepatitis C is
characterized by hepatocyte necrosis. chronic inflammation, steatosis and
progressive liver fibrosis of variable degrees, which eventually result in
irreversible  cirrhosis.”™ Several HCV proteins have been shown to
dysregulate several hepatoeyte signaling pathways and to interfere with
different  cellular  processes. ™ Intensive  research to unravel the
multifunctional molecular pathway(s) implicated in the progression of
chronic HCV infection. could identify novel therapeutic targets to tackle

. . . 7
this devastating disease.'”

The target of rapamycin (TOR) is an evolutionarily conserved
serine/threonine protein kinase encoded by FK506 binding protein 12-
rapamycin associated protein 1 (FRAPI) gene.' Recently. the mammalian
TOR (mTOR) has been shown to function as a central regulator of a wide
array of cellular processes such as protein translation, cell metabolism.
growth. differentiation. survival and cell cyele progression by sensing
nutritional status and allowing progression from G1 1o S phase in the cell
cvele.” Activation of mTOR is regulated by the kinase cascade consisting
of phosphatidyl inositide 3 kinase (PIBK)YAKT."” The phosphorylation of

mTOR promotes downstream targets such as the ribosomal p70-S6 kinase
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(p70S6K) and eukaryotic initiation factor 4F binding protein 1 (4E-BP1).
which promote protein translation."™'” Inhibitors of mTOR such as
rapamycin, potently inhibit the downstream signaling of mTOR.'" [n
addition, mTOR is a key player in the immune response promoting T-cell
differentiation and dendritic cell development and function.™ Also. the
AKUMTOR/p70S6K stimulates type | procollagen expression in fibroblasts
and enhances hepatic stellate cell proliferation."” Several viruses have
been discovered to manipulate the mTOR pathway for viral replication and
survival.""" Of specific importance, is the nonstructural NS5A protein of
HCV. which can activate mTOR via disruption of the mTOR-FKBP38
complex and interaction with p85 subunit of PI3K leading to its

. . 19
activation.'"”

[nrecent vears. increasing evidence demonstrates that mTOR tightly
regulates the intracellular process of autophagy in response to cellular
physiological conditions and environmental stress.>" Autophagy or “sell-
eating” involves the sequestration of cellular constituents within double-
membrane  vesicles  (autophagosomes) and delivering them to the
lysosomes for degradation and recycling (autolysosomes).”" This allows
the cell to recycle nutrients and remove unwanted cytosolic components.
such as damaged organelles and protein aggregates from the cytoplasm.?
Autophagy can be induced by a variety of stimuli (eg. nutrient deprivation,
hypoxia, cytokines, hormones. viruses and DNA damage)."*”’ Beyond
maintaining homeostasis. autophagy is involved in multiple biological
processes and aberrant regulation of autophagy induces many discases

. . . ) . 24 . C e 25
including inflammatory disorders “* and viral infections. >

At present, there are more than 30 autophagy-related genes that have
been found to be involved in the different stages of autophagy.“" The

protein products of these genes (ATG or autophagy-related proteins)
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organize into functional complexes that mediate the following steps in the
autophagic process: nucleation of'the limiting membrane. elongation of the
membrane, sealing to form a vesicle and fusion of the double membrane
vesicle with lysosomes.*® Among the ATG proteins, ATGS5 is essential in
proceeding of autophagy.'?” Conjugation of ATGS with ATGI2 and
formation of a complex with ATG16. is required for elongation of the
isolation membrane to form a complete spherical autophagosome.®®
Apoptotic stimuli cleave ATGS5. which is subsequently translocated to
mitochondria and triggers caspase activation.”™ mTOR, a well-
characterized negative regulator of autophagy, prevents the recruitment and
interaction of specific ATGs of the nucleation complex to the site of
autophagosome formation.®? Also. mTOR inhibits p73. a member of p33
family. which regulates the expression of several ATG genes including
ATGS in response to different cellular stresses.”" It is likely  that
dysregulation of the mTOR-autophagy pathway mayv contribute 1o many
human disorders and could be an attractive avenue for future therapeutic

32
approaches."’



AIM OF THE WORK

The aim of the present work is to study the role of mTOR and

autophagy in the progression of chronic HCV infection.



MATERIAL
Subjects:

The present study will include 30 treatment-naive patients with
chronic HCV infection who will be referred to the Hepatobiliary Unit.
Department of Internal Medicine. Faculty of Medicine. University of
Alexandria. The diagnosis of chronic HCV infection will be based on the
following criteria: (1) positive test for HCV antibody; (2) detectable serum
HCV RNA: and (3) histopathological findings in liver biopsy. The severity
of chronic HCV infection will be scored according to the METAVIR

histological activity grade (A0-A3) and fibrosis stage (F0-F4).%Y

Also. 15 age- and sex-matched healthy subjects with no evidence of
liver disease will be included as control group to obtain the normal values

ol biochemical assays.

Exclusion criteria:

Patients with CHC will be excluded from the study if they have
seropositivity for hepatitis B virus (HBV) infection: history of alcohol
consumption: other known causes of chronic liver disease: concomitant
schistosomiasis: hepatic decompensation: bleeding diathesis: chronic
discases such as diabetes mellitus, connective tissue diseases or other
autoimmune diseases; other infections: any kind of malignancy: and
cardiac. respiratory or renal disease. Also. patients who have received
previous antiviral or immunomodulatory therapy will not be included in the

study.

The study will be conducted in accordance with the provisions of the
Declaration of Helsinki and Good Clinical Practice guidelines. An

informed consent will be obtained from all subjects included in the study.
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METHODS

All patients included in the study will be evaluated as regards:
L. Clinical Evaluation focusing on:

The apparent duration and possible risk factors of HCV infection.
symptoms and signs of chronic liver disease (Right hypochondrial pain,
Jaundice, ascites. hepatic encephalopathy,  previous gastrointestinal

bleeding, bleeding diathesis) and liver and spleen sizes.
2. Laboratory Investigations including:
a. Complete blood picture,"™"

b. Liver Test Profile: Serum aspartate and alanine aminotransferases
(AST and ALT). serum albumin, serum bilirubin. serum gamma

. 35 ) . . 3
glutamyl transpeptidase % and prothrombin activity."™

¢. Viral Testing including:
L. HCV antibodies. hepatitis B surface antigen and hepatitis B core
antibody using enzyme-linked immunosorbant assay (ELISA)."
i HCV RNA levels in serum using real time polymerase chain

: (37)
reaction dAssay,

3. Measurement of serum levels of mTOR using commercially-available
ST TQA L (38
ELISA kit.®™

4. Ultrasonographic examination for assessment of liver echopattern and

39)

size and presence of cirrhosis. ascites and splenomegaly'
S. Histopathological Evaluation:

Core liver biopsies will be obtained from all patients with chronic
HCV infection. Tissue specimens will be fixed in 10% solution of formalin,

embedded in paraffin and subsequently stained with:

x e
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10
Hematoxylin-eosin and trichrome stains for assessment of histological
activity grade and fibrosis stage according to the METAVIR scoring
33 - c (40
system 7 and the grade of steatosis,"”
Immunohistochemical staining using anti-human antibodies against

mTOR " and ATGS (a marker of autophagy).”?



Ethics of Research

Research on human or human products:

Prospective study :informed consent will be taken from patient. In case of
incompetent patient, the informed consent will be taken from the guardians.

Retrospective study: confidentiality of record will be considered.

DNA/genomic material: informed consent for DNA/genomic test and for
research will be taken from patients. No further tests will be carried out
except with further approval of committee and patients. If the samples
will travel outside Egypt, the researcher will be responsible for
transportation and security approval.

All drugs used in the research is approved by the Egyptian ministry of
health.

Research on animal:

The animal species is appropriate to the test.

After test, if the animal will suffer, it will be euthanized and properly
disposed.

After operation, it will have a proper postoperative care.
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RESULTS

The results of this study will be tabulated and analyzed with the use

of appropriate statistical methods and appropriate figures and diagrams.



DISCUSSION

The results will be discussed in view of achievement of the aim. their

significance and their comparison with previous related researches.
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