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ABSTRACT

Hepatitis C virus (HCV) infection is characterized by a broad spectrum of clinical
outcomes. An estimated 14%-46% of individuals exposed to HCV are able to clear the
virus, while the other portion develops chronic (persistent) infections. Among the
individuals with chronic HCV who are treated with interferon-based therapies, only a
portion are able experience sustained virological suppression. Similarly, a number of
chronically infected individuals have autoimmune extrahepatic manifestations such as the
presence of autoantibodies. The pathological mechanisms behind these phenomena are not
known, but it is believed that host genetic factors may play a role. This thesis examines the
hypothesis that host genetic factors may contribute to the diverse spectrum of HCV clinical
outcomes. In addition, it examines the pathogenesis of antinuclear antibodies (ANA) in
chronic HCV, and the effect of ANA positivity on the natural history of HCV. Correlations
were observed between female gender and geographic location and ANA positivity. No
relationships were observed for an effect of ANA positivity on response rates to interferon
therapy. We observed a trend of ANA positivity with faster progression of HCV-related
fibrosis, although this failed to achieve s tatistical s ignificance. A NA-positive i ndividuals
tended to have more plasma cells in their liver than ANA-negative individuals. This study
also observed a number of correlations between genotypes of the interferon induced genes
encoding the myxovirus resistance 1 protein (MxA), 2°-5’oligo-adenylate synthase 1 (OAS-
1), and protein kinase (PKR), as well as genes encoding cytotoxic T-lymphocyte antigen-4
(CTLA4), and inducible nitric oxide synthase (iNOS) (encoded by the NOS24 gene) with
several outcomes including self-limiting versus chronic HCV infection, along with the
response to interferon therapy. This study identified several factors to be correlated with
ANA positivity in HCV. These factors may serve as future points for investigation by basic
scientists understanding the mechanisms of HCV-mediated autoimmunity. Importantly, this
study suggests that low titre ANA positivity should not be a contraindication to therapy.
This study also highlighted the importance of several genetic pathways in HCV infection.
These may serve as targets for future pharmacologic interventions or genetic tests designed

to screen for those who will not benefit from interferon therapies.
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Chapter 1

Chapter 1

Background: Hepatitis C Epidemiology
and Natural History

1.1 The Hepatitis C Virus

Isolated in 1989, the Hepatitis C virus (HCV) accounts for the majority of cases of non-
A,nonB hepatitis.l HCYV is a member of the flaviviridae family and is the sole member of

23

the genus hepacivirus. HCV is separated into 6 major genotypes, with several

subtypes.**

The hepatitis C virus has a single-stranded RNA genome of approximately 9.6
kilobases that encodes a single, large polyprotein of about 3,000 amino acids.® Proteins
encoded by the HCV genome are cleaved post-translationally into multiple structural and
nonstructural polypeptides (Figure 1.1.1). Structural components include: the nucleocapsid
core (C) and the envelope glycoproteins, E1 and E2. Nonstructural proteins (NS) include
NS2 through NSS. While it is believed that NS3 has helicase and protease properties, and
that NS5 has polymerase properties that aid in viral replication, the specific functions of the
NS proteins have not been fully elucidated.” The 5° and 3 untranslated regions are highly

conserved. The 5’ untranslated region has an internal ribosomal entry site for the initiation
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Chapter 1

of viral protein translation. The 3’ untranslated region has RNA elements that are crucial

for translation and viral replication.”

The study of HCV virology has to an extent, been hampered by the lack of a viable
culture system that allows for the long-term propagation of virus. Furthermore, there are no
simple small animal models of HCV infection. Consequently, the replicative cycle of HCV
has been largely deduced from that of other flaviviruses.” HCV replicates predominantly in
the cytoplasm of hepatocytes.” Recent research, however, has identified the presence of
HCV in other parts of the body, suggesting that while the liver is the main site of viral
replication, there are other parts of the body that may serve as a reservoir. Virion
production in HCV infection is quite high, ranging from 10'° to 10'? virions produced per
day.® Studies of serum from HCV-infected individuals also suggests that there is a rapid
turn-over of virus, with the predicted half-life of virions being only 2 to 3 hours.® The low
fidelity of HCV viral replication and the rapidity of the production of new virions leads to
the formation of multiple quasispecies within an infected individual. Studies have suggested

that viral genomes may differ by as much as 5% within an individual.* °

HCV may be divided into several genotypes.* Differences exist with the global
distribution of these subtypes. HCV subtype 1a and 1b are prevalent in the United States,
Europe and Japan (mainly 1b). Subtypes 2a and 2b are common in North America, Europe
and Japan, with subtype 2¢ common to northern Italy. Subtype 3a is common among
intravenous drug users (IVDU) in Europe and the United States. Genotype 4 is prevalent in
North Africa and the Middle East. Genotype 5 seems to be confined to South Africa, and
genotype 6 to Hong Kong. Genotypes 7, 8 and 9 have been seen only in Vietnamese
patients and genotypes 10 and 11 only in Indonesian patients. Debates exist regarding the
classification of genotypes 7-11. Some feel that these should be classified as variants of
genotype 6.% Figure 1.1.2 summarises the distribution of HCV genotypes in regions around
the world. Because of the debate surrounding the classification of genotypes 7-11, the

figure is restricted to depicting only genotypes 1-6.
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Chapter 1

1.2 The Epidemiology of Hepatitis C Virus Infection

Hepatitis C virus infection (HCV) is recognised as a major global public health burden
in the world today, with an estimated 170 million individuals chronically infected
worldwide. Approximately 10 million individuals are chronically infected in Europe
alone.'"" In the United States (US), HCV is currently the most common chronic blood-
borne disease and the leading indication for a liver transplant.'*'® Population-based
estimates of HCV prevalence based on referral clinic, hospital and blood donor populations

in the United Kingdom suggest that HCV prevalence in the UK is between 0.08% and
0.72%.'7%

The highest prevalence of HCV has been observed in Egypt, where approximately
20% of the population is infected.?'** The propagation of this epidemic is believed to have
been facilitated by iatrogenic transmission from mass population-based attempts to

eradicate schistosomiasis.” Figure 1.2.1 presents a map with the estimations of HCV

prevalence across the world.

1.3 Risk Factors for the Acquisition of Hepatitis C Virus Infection

Hepatitis C virus (HCV) infection is predominantly transmitted via parenteral
routes. The facility of parenteral transmission is reflected in the high number of infected
individuals who have either injected drugs or who have received blood or blood/products
prior to the development and introduction of routine screening employing the more
sensitive second generation assays for detection of anti-HCV antibodies for hepatitis C in
1992. Similarly, other sources of transmission involving contact with infected blood, such

as haemodialysis was also common prior to the introduction of HCV screening.
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Chapter 1

Subsequent to the introduction of the screening of blood and blood products, injection drug
use has become the major source of HCV transmission. Because the UK does not have a
network for the surveillance of acute hepatitis, I will refer to data on risk factors for HCV
transmission from the Centres for Disease Control and Prevention’s (CDC) Sentinel
Counties Surveillance system in the US. This surveillance system examines incident cases
of viral hepatitis in 6 counties throughout the country, and provides an opportunity to

examine the distribution of reported HCV risk factors. Figure 1.3.1 summarises surveillance

data from this surveillance system.

Aside from blood products and injection drug use, other less common routes of
HCYV transmission have also been reported. Some of the other routes include, for example,
tattooing or the sharing of equipment for intranasal cocaine use, where blood may be
transmitted from one person to another through tears in the passages of the nasal septum.”’
It is also possible that self-reported cocaine use may be a surrogate marker for other high
risk behaviours such as past experimentation with injection drugs. In a study by Yee et al.,
over 90% of individuals who reported intranasal cocaine use also used injection drugs at
least once in their life.”® It is quite possible that stigmatisation of “harder drugs” such as
those that are taken intravenously, makes individuals more likely to report the use of
“softer” drugs like cocaine, which are usually not taken intravenously. Other reported
sources of HCV include the sharing of household items such as razors or toothbrushes with
HCV-infected individuals, acupuncture, body piercing, and occupational exposure to
blood—for example, a doctor or nurse working in the medical field. Table 1.3.1

summarises these reported routes of HCV transmission.

Vertical transmission of HCV from mother to child appears is likely dependent upon
the level of HCV viraemia. Transmission via this route occurs to infants born to viraemic

mothers.?” Vertical HCV transmission is more ¢ ommon among ¢ hildren born to mothers

coinfected with the human immunodeficiency virus
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Chapter 1

(HIV), and increased HCV viraemia among HIV/HCV coinfected individuals likely

accounts for this observation.?’

Perhaps the most controversial risk factor is that of sexual transmission.”® In a recent
population-based study of HCV, a number of individuals reported sex as the sole risk factor
for hepatitis C.'® Several case reports also document sexual transmission.” ** These studies
document HCV transmission in individuals at risk in temporal relationships with an HCV-
infected partner. High levels of viral sequence homology also support the notion of
transmission in these studies.?> *° In contrast, Hollinger and colleagues studied 18 couples
(36 persons) recruited from 430 HCV-infected persons.’! After screening for risk factors,
all but only one of the 36 individuals reported exposure to parenteral risk factors. In half of
the couples sexual transmission was immediately ruled-out, as the couples were infected
with different HCV viral genotypes. In the remaining individuals, analysis of viral
sequences suggested that transmission could have occurred in only 1 couple, and this
couple later admitted to sharing equipment with each other for injection drug use! Other
studies, have also suggested low sexual transmission of HCV.*>** All sexual acts do not
carry the same level of risk. Future studies must not only address these differences in risk,
but also evaluate the role of comorbidities such as concomitant infection with HIV in HCV
transmission via sex. Large prospective studies specifically designed to evaluate the risk of

sexual exposure in HCV transmission must be conducted before this issue will be resolved.
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Table 1.3.1. Summary of commonly recognised risk factors for

HCV acquisition.

RISK FACTOR

REFERENCES

Receiving blood/blood products
prior to 1992

Injection drug use

Intranasal cocaine use

Sharing of razors or toothbrushes

Piercing

Sexual exposure

Occupational exposure to blood

Vertical transmission

Tattooing

Haemodialysis

Acupuncture

Aach, 1991%
Conroy-Cantilena, 1996
Alter, 1989%

Conroy-Cantilena, 1996%
Alter, 1999

Alter, 1990%” JAMA
Conroy-Cantilena, 1996%

Mele, 1995 %
Tumminelli, 1995

Conroy-Cantilena, 1996%°
Mele, 1995%

Alter, 1999'®
Alter, 1989%

Alter, 1990
Ohto, 1994*°
Mele, 1995
Sun, 1996*'
Kaldor, 1992

Alter, 1990%
Sandhu, 1999**

Kioysawa, 1994 *
Mansell, 1995 **
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Individuals are often exposed to more than one risk factor. Surveillance of HCV risk
factors often involves the use of hierarchical algorithms, where risk factors are placed in a
hierarchical order based on probability of transmission. For example, sharing of equipment
for injection drug use is placed higher on the algorithm than sexual exposure, because the
probability of transmission via injection drugs is much higher. “Lower risk™ routes of
transmission may be masked by “higher risk” routes of transmission. While such a
hierarchical system facilitates the surveillance of hepatitis C acquisition, it may not
necessarily provide an accurate picture of HCV acquisition. Future studies of HCV
transmission will have to address these factors as new studies are designed to assess the role
of lower risk behaviours, such as sexual exposure, in the transmission of HCV. Figure 1.3.2
summarises the distribution of risk factors for HCV acquisition. A cohort effect is present,
where older individuals tend to have exposure to blood and blood products, while younger
individuals tend to report exposure to injection drug use. Some individuals report exposure
to both blood products and drugs. Individuals in both age categories also report exposure to
multiple other risk factors.

1.4 The Natural History of Hepatitis C Virus Infection: Progression and
Therapy

The acute phase of HCV infection

HCYV infection results in a diverse spectrum of possible outcomes. To begin with, an
estimated 14% - 46% of individuals exposed to HCV are able to naturally clear the virus
(self-limiting infections). While chronicity was traditionally defined as the persistence of
elevated amino transferase levels for 6 months or more, it is now commonly defined as the
persistence of HCV-RNA levels beyond 6 months or more. Unfortunately, the majority
(54% - 86%) of individuals exposed to HCV develop persistent (chronic) HCV infections.
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Chapter 1

Infection with HCV is asymptomatic in the vast majority of individuals, with the
transition from acute to chronic infection usually occurring without notice.*® Retrospective
studies have suggested varied rates in the development of chronicity (Table 1.4.1).
Interestingly, studies have also suggested much lower rates of HCV chronicity among
women and younger individuals. Studies conducted among young women who received
contaminated anti-Rh-immunglobulin in both Ireland and the former East Germany
suggested that chronicity occurs in approximately 55% of individuals. In one study, Vogt
and colleagues tested for the presence of antibodies to HCV in stored sera from 458
children who had undergone cardiac surgery prior to the introduction of anti-HCV

screening. The mean age of the patients was 2.8 years.*’

Table 1.4.1. Table illustrating some of the variation
in reported rates of HCV chronicity.

Author (year) Chronicity
Alter, MJ 1992 74%
Locasciulli, 1997*° 71%
Alter, HJ 1997%° 86%
Vogt, 1999* 55%
Kenny-Walsh, 1999% 55%
Rodger, 2000°? 54%
Thomas, 2000° 86%
Wiese, 2000* 55%
Seeff 2001° 76%

Among the samples tested, 67 (14.6%) were found to be anti-HCV positive.*’ Follow-up of
these samples 20 years later revealed that HCV-RNA was detectable in 37 (55%) of the
antibody positive individuals. None had been treated for HCV. Differences in the rates of

natural clearance of virus may occur by race as well. In a study in Baltimore, Maryland,
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USA, Thomas and colleagues observed that individuals who were most likely to naturally
clear HCV viraemia were non-black (Odds ratio (OR)=4.66; 95% Confidence Interval
(95%C.1.): 2.44-8.90) and female (OR=1.58; 95%C.L: 0.98 — 2.54).%

Progression of chronic HCV

The clinical outcome of chronic HCV infection is varied as well. Among individuals
with chronic infections, a portion progress to develop liver cirrhosis, while a portionof
these cirrhotics continue to progress and develop the complications of end-stage liver
disease, with some developing hepatocellular carcinoma. Just how many individuals
progress to cirrhosis, develop end stage liver disease, or primary liver cancer is currently a
matter of debate. Early studies of HCV natural history suggested that as many 20% of
individuals progress to cirrhosis. However, recent studies involving individuals who were

young and otherwise healthy at the time of infection, suggest that the occurrence of

cirrhosis is less than 5%.%

It is also important to bear in mind several limitations regarding natural history
studies. First, follow up of infected individuals has rarely exceeded two decades, so that
outcome beyond this point is not yet known. Second, primary infection with HCV is usually
asymptomatic. Aside from some unique incidents such as groups of women being infected
with contaminated anti-Rh immunoglobulin in Ireland and Germany,’" ** estimates of
durations of infection have been largely conducted on a retrospective basis by patient
interview for risk factors for HCV acquisition. Consequently, problems such as recall bias
come into play. In addition, HCV is a slowly-progressive discase. Many individuals
experience other factors during the decades following infection, such as ingestion of large

amounts of alcohol, or infection with other viruses such as the hepatitis B virus, so as to
obscure “true HCV natural history.”

The progression of fibrosis in chronic HCV infection is measured semi-
quantitatively, commonly using either the METAVIR system, which has a scale of 0 to 4
for degrees of fibrosis (0 is no fibrosis and 4 is cirrhosis),” or the Knodell score, which has

a scale of 0 to 6 for fibrosis (0 is no fibrosis and 6 is cirrhosis).5 8 A characteristic feature of
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chronic HCV infection is the presence of lymphoid aggregates. Figure 1.4.1. Part A.
presents an example of lymphoid aggregates in a liver biopsy specimen stained with
haematoxilin and eosin. Figure 1.4.1. Part B. presents a reticulin stain of a lymphoid
follicle. Figure 1.4.2. illustrates some of the key clinical features of HCV-related end stage
liver disease (ESLD). The computerised tomography (CT) scan presents a patient with a
cirrhotic liver that is shrunken in size, covered with the nodules characteristic of cirrhosis,
an enlarged spleen, and the presence of ascites. In addition, there is the presence of a
notable hypervascular tumour in the liver. Figure 1.4.3. Part A. is a fine-needle biopsy of a
cirrhotic liver. Figure 1.4.3. Part B. is a laparoscopic view of a cirrhotic liver. The nodular
surface characteristic of cirrhosis may be clearly seen in this picture. Whether progression
to cirrhosis is linear in these individuals is also a matter of debate.*® Large cross-sectional
studies have suggested that progression is linear, while follow-up studies have suggested

varied progression.® More research is needed before this issue can be resolved.
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Figure 1.4.1. Lymphoid follicles in chronic hepatitis C virus infection. Part A.
presents a haematoxylin and eosin stain of a liver biopsy specimen. The dark
area is a Imyphoid follicle. Part B. is a reticulin stain of a lymphoid follicle.

35



Hypervascular tum

Nodular surface

Figure 1.4.2. Computerised tomography (CT) scan of a patient with chronic

hepatitis C virus (HCV) infection that depicts many of the characteristics of end-
stage liver disease. The patient has an enlarged spleen and a cirrhotic liver with a
nodular surface. There is also a sizeable tumour in the liver. Note the presence of

ascites as well.
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The cirrhotic liver. Part A. presents a haematoxylin and eosin
psy specimen. The white arrow depicts the boundaries
odule has formed. Part B. is a cirrhotic liver as viewed

Figure 1.4.3.
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1.5 Therapy for hepatitis C virus infection

Interferon monotherapy

One of the first successful agents to be used against HCV infection was interferon-
o. Interferons are cytokines with potent immunological effects that include anti-viral
activity, and are divided into two main groups.’" > Type I interferons include interferon-a
(with at least 12 different subtypes), an interferon-p subtype, and an interferon-o subtype.
Type II interferons include interferon-y. Type I interferons are released during a host
response to an invading virus and bind to cell surface receptors and initiate the transcription
of several proteins with potent anti-viral activities, such as protein kinase (PKR), 2°-5’
oligo-adenylate synthase (OAS), and mxyovirus resistance-1 (MxA).** Type II interferons
are produced by antigenically stimulated immunocytes and modulate the developing,
specific immune reponse.* Interferons are released by the body within hours of any viral
infection and inhibit viral replication in a non-specific manner.5* % The importance of
interferons in the host defense against viral infections are illustrated with transgenic animal

models lacking type-1 interferon receptors. Following inoculation with small doses of

viruses with low pathogenicity, these animals die rapidly.%

Trials of the use of recombinant interferon-o. (3 million units administered by
subcutaneous injection three times per week) for the treatment of chronic HCV showed
promise. Treatment for 24 weeks resulted in a sustained response in 10-15% of

individuals. 566768 Subsequently, interferon-a became the first approved regimen for the

treatment of chronic hepatitis C.

Interferon and Ribavirin combination therapy

In 1998, two landmark studies demonstrated higher response rates with the use of
interferon-a in combination with ribavirin, than therapy with interferon-o alone.® ™

Ribavirin, a purine nucleoside analogue, is ineffective in lowering HCV-RNA levels when
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used as monotherapy for HCV, although it did lower serum alanine transaminase levels in a
significant number of patients.”'” In combination with interferon, however, addition of
ribavirin results in increased end of treatment response rates. Combination interferon-o and
ribavirin therapy results in sustained virologic response in approximately 25% of

individuals with genotype-1 infections and about 40% of individuals with non-1 infections.

It is worth noting that the exact mechanisms of action of ribavirin are not known.
There are 4 proposed mechanisms of action at present: 1) that ribavirin enhances T-cell
responses by encouraging the expression of a Tyl cell phenotype over that of a Tu2
phenotype;”*"® 2) that it inhibits the enzyme inosine monophosphate dehydrogenase
(IMPDH), which produces GTP—a critical ingredient for successful RNA synthesis. By
decreasing the net GTP pool, it is hypothesised that viral replication may be inhibited;”” ™
3) that it directly inhibits HCV via the NS5B region-encoded RNA dependent
polymerase;’® and 4) that it inhibits successful HCV replication as a mutagen that pushes
the already error-prone RNA virus replication process to that of such immense proportions
that viable virions can no longer be produced.” Further research into the pharmacology of

ribavirin is needed to fully understand its mechanisms of action.

Another important feature resulting from these clinical trials was the demonstration
that patients infected with genotype-1 viruses, which are more resilient to these interferon-
based regimens, benefit from longer durations of therapy. Standard combination therapy
consists of 3 million units of interferon-a.- 2b administered by subcutaneous injection three
times per week. In conjunction, 1200 mg of ribavirin is taken orally every day by
individuals > 75 kg, or 1000 mg of ribavirin is taken orally every day for individuals <
75kg. Those with genotype-1 infections are now generally treated for a full year, while

those with non-1 infections are treated for 6 months.
Pegylated interferons as monotherapy and combination therapy with ribavirin

Standard interferons have t wo i mportant liabilities. First, the pharmacokinetics of
standard interferons peak following administration and wane soon after, consequently
limiting the amount of interferon available to fight virus during the troughs (Figure 1.5.1.
Part A). Second, the need to administer three d oses p er week by s ubcutaneous injection
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increases the possibility for non-compliance. Addition of a polyethylene glycol (PEG)
moiety to the interferon molecule has greatly reduced its excretion, and increased the half-
life of the protein (Figure 1.5.1 Part B).” Addition of the PEG molecule to interferon has

resulted in higher sustained response rates in HCV patients
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Figure 1.5.1 Pharmacokinetics of standard IFN and PEG-IFN. Levels

of standard IFN peak and wane after each administration, while PEG-

IFN maintains more steady levels over the entire week. (Adapted from
Kozlowski 2001)"°

compared to standard interferons (69% with PEG-interferon and 28% with standard
interferon at 48 weeks of treatment; and 39% for PEG-interferon and 19% for standard
interferon at 72 weeks of treatment).® Trails combining pegylated interferon with ribavirin
observed sustained response in approximately 40 - 46%% of those with genotype-1

infections and 76% - 80% of those with non-1 infections.?" 82

Outcomes of anti-HCV therapy

Three main outcomes are observed in therapy for chronic HCV infection: (Lindsay
2002) 1) sustained response—this is now commonly defined virologically as having

undetectable serum HCV-RNA levels at 6 months after the discontinuation of treatment.
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Older studies have d efined response biochemically as a normalisation of ALT levels; 2)
initial response—this is a disappearance in serum levels of HCV-RNA at the end of the
initial phase of treatment—commonly 12 weeks after the inception of the regimen. A
portion of these individuals who have achieved initial response may also experience a
virological relapse later on, so they are not true responders; and finally, 3) non-
responders—these are individuals who have detectable viraemia at week 12 of therapy.
They are distinct from initial responders because they never achieved any sort of virological
decline to undetectable levels, even during the initial course (first 12 weeks) of therapy.

Figure 1.5.2 graphically illustrates these response phenotypes.

Side effects of therapy

Interferon therapy is associated with a number of side-effects, some of which may
be debilitating and necessitate discontinuation of therapy. Common side effects include
fatigue, influenza-like symptoms, haematologic abnormalities including haemolytic

anaemia and neutropaenia, as well as neuropsychiatric symptoms including suicidal

ideation.®®

41



(44

-3[qE}9210puUN 1S I8 S[9AI] “(dn-MO[[0] JO PUS) JUSUIEAI) JO UOHENURUOISIP JIYE SYIUOW XIS "JUsUILal} JO pus [un 2]qe1o9jopun
UIBWAI BIWUSRIIA JO S[OAYT “JUSUNESI} JO UOLENIUT o} U00S YNI-ADH JO S]2A9] 3[qE1091pun dAIIYoE Kjrerouod s1opuodsal paureisng
‘SIINJa1 BIMWUSBIIA JUSWI}ES) JO UOTRNULUOISIP SUIMO[[O] SWIWOS ‘IIAIMOH ‘s1opuodsai-pasde|al 1s3uoure 9]qe)d93ap JoU AIB S[IAI]
[e11A quowyean Jo uondaout oY) Jo1ye A[HOYS "STUIA JO S[IAS] 9]qEII019PUN SAIIYIE JOASU S[ENPIAIPUL SSIYL, *93Insal S[9AJ] [BIIA 9ABY 0)
Auo doip ajeIopowl [BNIUL UB SOUILIdAXI 1O S[SAS] [ENIA UL doip 1y31ys e AJuo sousuadxs Aew sI9pUodsaI-UON “UOIJISIUT UM UOTIOdJUT
sniia O snneday 91UoIyd Jo Jusweal} SUIMO[[0f PIAISSqO sad£jousyd urewr sa1yy oy Sunordop weiderp uooue)) *7's [ AN

<4 JWI],

dn-moj[oJ Jo pug JuowIIEax JO Pus Z1 9OM

4 TN

Japuodsay-paureisng \\ /
O
/ Ny B
rapuodsay-posdedy N \ N )
. eee ........ /n.. =
Jopuodsat-uoN .

— o



Chapter 1

Table 1.5.1 lists the frequency of the most commonly reported side effects for standard

interferon-a plus ribavirin and pegylated interferon-a plus ribavirin.

Table 1.5.1. Frequency of some of the common side effects for interferon as mono-therapy,
standard interferon with ribavirin (IFN+R) and pegylated interferon with ribavirin (PEG-IFN+R)
during clinical trials.

Factor IFN monotherapy (%) IFN+R (%) PEG-IFN+R (%)
Fatigue 78 55 54
Headache 53 52 a7
Pyrexia 48 56 43
Myalgia 55 50 42
Rigors NR 35 24
Insomnia NR 39 37
Nausea 36 33 29
Alopecia 24 34 28
Irritability 28 28 24
Arthralgia 16 25 27
Anorexia NR 22 21
Dermatitis NR 18 21
Diarrhoea 34 NR NR
Depression 14 30 22

Abbreviations: NR=Not Reported
Adapted from Davis 1989, Fried 2002 and Fried 2002, 8283

Predictors of response to therapy

The multiple, often debilitating side effects accompanying interferon-based
therapies has prompted a search for predictors of who will most likely respond to these
interferon-based therapies. Currently, commonly employed predictors of response involve
viral factors. Non-1 viral genotype and low pre-treatment viral levels are all favorable
prognosticators.®” " More recently, there has been an interest in the role of viral dynamics
during the period immediately following the inception of treatment in predicting therapeutic
response. Early rapid decline in viral levels is a favorable indicator. The drop in viral levels
following the start of treatment is biphasic. The initial drop is believed to reflect the

clearance of free virions. The slope of this drop is dependent upon the dose of interferon.
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The second slope reflects the clearance of virally infected cells.® Figures 1.5.3. and 1.5.4.
illustrate these c oncepts. Figure 1.5.3 presents d ata from the Consensus interferon trials.
Among those individuals who achieve sustained virologic response, the majority
experienced viral disappearance within the first 4 weeks following initiation of therapy.®
Figure 1.5.4. is a schematic diagram that illustrates the biphasic nature of viral dynamics in

the period immediately following treatment of HCV infection with interferon.

The search for host factors that predict therapeutic response has also examined host
demographic factors as well as host genetics. Women have been observed to respond better
to treatment with interferon.®” 7 8" 8% 8 R ace may also affect response to therapy.® In
particular, blacks in the United States have also been observed to have a poor response to
treatment.?” 8 Other factors such as body weight and obesity have also been explored.89

There has also been a search for genetic factors that predict outcome of therapy. This is

reviewed in Chapter 2.

1.6 Comorbid Conditions in Hepatitis C Virus Infection

Chronic HCV infection is associated with a number of clinical/biological
extrahepatic manifestations. Table 1.6.1 lists some of these comorbid conditions associated
with HCV infection. Extrahepatic comorbidities include the presence of autoimmunity (non
organ-specific autoantibodies) to more autoimmune disease-like manifestations, such as the
Sicca syndrome, presence of cryoglobulins, or Raynaud’s phenomena.’® *! Other conditions
include peripheral blood count abnormalities,”” or the presence of Type II diabetes
mellitus.”>*® More recently, reports have suggested an association between chronic HCV

infection and cognitive dysfunction including memory impairment (“brain fog”).”’
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Chapter 1

HCV is also associated with a number of non-clinical/biological comorbidities. Perhaps the
most important non-clinical/biological co-morbidity is that of substance abuse (injection
drugs and alcohol).'®®'® The prevalence of antibodies to HCV has been reported to be
higher in alcoholic patients with clinically apparent liver disease than those without
clinically apparent liver disease in France, Germany, the United States, Italy, Japan, and
Sweden.'™!"? Strong correlations between behavioural patterns such as alcohol use and
past or current drug abuse are likely to account for this strong connection. Given the
observed synergistic effect of concurrent alcohol abuse and infection with chronic HCV in

accelerating disease progression, this c omorbidity is a factor with i mportant clinical and

public health ramifications.

1.7 Autoimmunity in hepatitis C virus infection

Many of the comorbidities associated with HCV infection are autoimmune in
nature.'''''"* In this section I will highlight a few of the most common and important
autoimmune comorbidities. Perhaps the most common autoimmune manifestation is the
presence of non organ-specific autoantibodies (NOSA)."'*116 Taple 1.7.1 highlights some
of the autoantibodies associated with chronic HCV infection. The prevalence of these
autoantibodies varies greatly, depending upon the population studied.""* Differences in
methodologies used to assess the presence of autoantibodies as well as choice of cut-off
titres may also account for some differences. HCV-associated autoantibodies may differ
from those seen in patients with primary rheumatic disorders. For example, HCV-
associated anti-cardiolipin antibodies (ACA) generally exist in low titres and are not
associated with lupus anticoagulants, anti-beta-2 glycoprotein 1, antithrombin antibodies, or

clinical manifestations such as thrombocytopaenia.'"’

While the prevalence of some of
these autoantibodies in HCV-infected individuals is high, there are little data examining

correlates of autoantibody positivity and the effect of positivity on HCV clinical outcome.
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Table 1.7.1. Autoantibodies associated with
chronic HCV infection.

Reported
Autoantibody prevalence
Rheumatoid factor 60%
Cryoglobulins 40%
Antinuclear antibody 4% - 41%
Antithyroid antibodies 10%
Anticardiolipin antibodies 20%
Anti-smooth muscle antibodies 7% - 20%
Anti-liver kidney microsomal-1 antibodies 1% - 3%
Anti-neutrophil cytoplasmic antibodies 10%

Adapted from Lovy 2000.'**

There have been reports associating chronic HCV infection with other clinical
manifestations including cryoglobulinaemia, thyroid dysfunction and Sjégren’s syndrome.
The presence of cryoglobulins was the initial and most widely recognised extrahepatic
manifestation of HCV infection.!'® ! Cryglobulins are immunoglobulins directed against
immunoglobulins that reversibly precipitate at cold temperatures and consist of two types.
Type I cryoglobulins are monoclonal, while type II cryoglobulins are polyclonal and
typically contain a mixture of IgG and IgM molecules.”® Immune complex formation and
cryoprecipitation may occur and result in glomerulonephritis or vasculitis.”® Arthralgias,
peripheral neuropathy, hepatosplenomegaly, and lymphadenopathy may occur, and
cutaneous lesions are common and may include palpable purpura and urticaria.*® Treatment

with interferon-a has generally been reported to mitigate HCV-induced cryoglobulinaemic

symptoms. '8 119

Thyroid dysfunction has also been reported in HCV infection. Although the association
of HCV with autoimmune thyroid disease is controversial,'**!?? the presence of thyroid
autoantibodies is relatively common.'?*'?’ Interferon therapy for HCV has also been shown
to induce the formation of anti-thyroid autoantibodies de novo in some patients,'?*'3!
Exacerbation of thyroid autoimmunity may occur in some individuals with preexisting

diathesis, such as the presence of antimicrosomal antibodies.'?***!
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Associations of Sjogren’s syndrome and HCV has been reported to be as high as 10%-
20%.'2135 Other studies, however, have refuted these findings."**'° If primary Sjsgren’s
syndrome is defined as sicca syndrome in the presence of anti-Ro (SSA) and anti-La (SSB)
antibodies, then the prevalence is quite low.*® HCV infection, however, is more commonly
associated with sialoadenitis (in the absence of anti-Ro (SSA) and anti-La (SSB)
antibodies) and occasionally Sicca symptoms.''> "*!"1** The cause of this association is not

clear, although in one study transgenic mice expressing HCV-envelope proteins developed

an sialoadenitis-like exocrinopathy.'*®

Table 1.7.2 outlines some of the extrahepatic manifestations reported among
individuals with chronic HCV infection. There are many other autoimmune associations
reported with HCV infection, including autoimmune haemolysis and
thrombocytopaenia,'*1*®  Beghet’s syndrome,'* and myasthenia gravis.!®® Many of these

reports await further evidence to confirm a true association with HCV.

Table 1.7.2. Some of the extrahepatic manifestations
reported in individuals with chronic HCV infection.

Extrahepatic manifestations

Fatigue

Arthalgia

Paresthesia

Myalgia

Pruritis

Diabetes

Raynaud's phenomena

Thyroid abnormalitites

Psoriasis

Non organ-specific autoantibodies
Peripheral blood count abnormalities
Cognitive dysfunction

Adapted from: Poynard and Gumber SC.*": '¥!
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1.8 Viral Factors and the Outcome of Hepatitis C Virus Infection

The association of the various HCV genotypes with differences in pathogenicity has
not been clearly established.” > ' Some reports have suggested that infection with

genotype 1b is associated with more severe disease and a more aggressive course than other

genotypes 16, 154-161

and is more prone to chronicity.162 In contrast, there are a number of
studies that have found no such associations.'>* 116 An explanation for this discrepancy
centres on a possible cohort effect. Zein et al found that individuals with genotype 1b
tended to be older than those infected with other genotypes and that genotype 1b may have
been present before the other genotypes, and thus patients with genotype 1b infection may
have just been infected for longer durations of time.'®! Similar observations have been
made in France and Spain.'®”!®® In short, this explanation suggests that genotype 1b is a
surrogate for more severe disease because people with this strain of virus are most likely to
have been infected for longer durations of time and that the genotype 1b strain, per se, is

not more pathogenic than others.

Infection with any HCV genotype may lead to cirrhosis, end-stage liver disease and
hepatocellular carcinoma, and the frequency of these outcomes appear to be similar with
each of the different viral genotypes.” However, there are two major differences with
respect to viral genotypes. First, itisclear that genotype 1 viruses are more resistant to
therapeutic intervention with interferon-based regimens.’ 7 U nfortunately, in d eveloped
countries such as those of Western Europe, genotype 1 virus is the predominant viral
subtype.'® '%* 1% Second, infection with genotype 3 has been associated with a greater
likelihood of developing steatosis on liver biopsy.'” Interestingly, clearance of genotype 3

has been associated with a resolution of this steatosis.!”
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1.9 The Immune Response to Hepatitis C Virus Infection

The Immune Response in Self-limiting Infections

In addition to the generation of anti-HCV antibodies, individuals who are able to
experience self-limiting HCV infections appear to mount strong CD4+ and CD8+ T-cell
responses against multiple epitopes on HCV structural as well as non-structural proteins.m’
172 T cells are likely to play a major role in the clearance of virally-infected cells. Lack of
such a strong T-cell response during the initial phase following HCV infection is likely to
result in persistent infection.’”” ' A chimpanzee model of HCV infection has also
demonstrated a strong intrahepatic T-cell response among animals with self-limiting

infection than in those with chronically evolving infections.!”™

A strong Tyl cytokine response is likely important in self-limiting infections as
well.'>'7® In a prospective study of the immune response in acute HCV infection, Kamal
and colleagues examined CD4+ T-cell responses in individuals with and without co-
infection with Schistosoma mansoni,'” and organism that is known to elicit a strong T2-
type cytokine response.'**'82 This group observed one-third (5 of 15) patients with acute
HCV mono-infection to experience self-limiting infections, while all individuals with HCV
and S. mansoni co-infection progressed to chronic hepatitis.'” Using interferon-y
production as a measure of the Ty1 cytokine profile and interleukin-10 as a measure of the
Tu2 cytokine profile, co-infected patients were observed to exhibit a low Tyl cytokine
profile.'” In addition, proliferation assays were used to assess CD4+ T-cell responses to
HCV (Core, NS3, NS4 and NS5 antigens).'’”” Patients with self-limited HCV mono-
infection exhibited CD4+ T-cell responses that were significantly greater in vigour,
frequency, and breadth than in those with chronic HCV mono-infection or in those with
chronic HCV and S. mansoni co-infection, thereby providing further evidence supporting
the notion that a strong Tyl profile is important in self-limiting HCV infection.!”® There is a
similar correlation with strong CD8+ T -cell responses in self-limiting i nfections. G runer

and colleagues examined CD8+ T-cell responses among patients with self-limiting and
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chronic HCV infection.'® They observed that individuals with self-limiting HCV infection

had higher numbers of interferon-y-producing HCV-specific CD8+ T-cells.'®

The importance of a strong cell-mediated immune response has also been
demonstrated in several studies that have documented cellular immune responses to HCV-
antigens in the peripheral blood of individuals who were both anti-HCV and HCV-RNA
negative.'** '® In a study following a cohort of women who were exposed to the same
strain of HCV via a contaminated batch of human Rhesus immunoglobulin approximately 2
decades earlier, circulating HCV-specific T-cells persisted in peripheral blood
approximately 20 years after resolving HCV infection, while anti-HCV antibodies were not
detectable in many of the individuals.!” This study not only underscores the importance of
strong cellular immune responses to HCV, but suggests that the occurrence of self-limiting
infections in the general population may be underestimated, because documentation of
initial infection is often not available and surveys of HCV only measure HCV exposure via

humoral parameters rather than cellular ones.'”

Another study by Wedemeyer and
colleagues suggested that the presence of HCV-specific T cell responses in the absence of
HCV-infection may be the result of the induction of cross-reactive T-cells by heterologous
viruses.'®® In a database search, a high degree of sequence homology was observed between
the HCV-NS3 peptide epitope and a sequence of the influenza A virus neuraminidase
protein. The researchers observed a high degree of cross-reactivity between the two viruses
in both in vitro assays and in vivo animal models, suggesting that host responses to an

infectious agent may be influenced by cross-reactive memory cells that are induced by past

exposure to heterologous viruses.'®

These observations elicit the question as to whether individuals who have cleared
HCV infection are protected from viral recrudescence upon reinfection with HCV. Bassett
and colleagues rechallenged chimpanzees with homologous and heterologous HCV and did
not observe sterilising immunity.'®” However, the clinical course of HCV reinfection was

less severe in these animals.'®” Similar observations for the lack of protective immunity

were observed by Farci and colleagues.'®®
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Immune-Mediated Liver Injury in Chronic HCV Infections

HCV is not directly cytopathic. Consequently, it is believed that liver injury in
chronic HCV infection is likely to result from immune-mediated clearance of infected

hepatocytes.'®

Murine models have provided e vidence of the role of antigen-specific T-
cells in hepatocyte damage. For example, hepatitis C virus transgenic mice develop acute
hepatitis upon transfer of syngeneic hepatitis C virus-specific CD8+ T-cell clones.'”
Similarly, a hepatotropic isolate of lymphocytic choriomeningitis virus induced liver cell

injury mediated by class I-restricted CD8+ T cells.'”!

On the human level, several observations also support the role of immune-mediated
liver damage: 1) liver cell damage coincides with the development of the host immune
response and not the initiation of viral replication during primary HCV infection,'*? 2) viral
replication in chronic HCV occurs in some individuals with the absence of liver damage,'®
3) liver-infiltrating HCV immune effector cells have been recovered in several studies.'**
19 and 4) immunosuppression of HCV patients is generally associated with a transient
surge in viraemia and a temporary normalisation of transaminases, while removal of

immunosuppression may lead to exacerbation of hepatitis,'*” 1

Immune Response in the Context of Interferon-Based Therapies

A strong and robust T-cell response is also associated with sustained response to
interferon-based regimens for HCV. Cramp and colleagues prospectively studied the role of
virus-specific T-helper lymphocyte responses along with interferon-y and interleukin-10
(IL10) production before, during and after treatment with interferon alone or in
combination with ribavirin. They observed that T -cell reactivity was uncommon prior to
therapy, but increased with therapy, with peak activity occurring between weeks 4-8. Those
who cleared virus were patients who developed HCV-specific T-cell proliferation with
increased interferon-y production. In addition, patients treated with combination interferon
plus ribavirin had markedly lower levels of IL10 production, with lymphocyte proliferation
being similar in both treatment groups. These observations suggest that those who are able
to mount strong CD4+ T-cell responses with strong type I cytokine production (i.e.,
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interferon-y) and lower type II cytokine production (i.e., IL10) are more likely to achieve

sustained virologic response.

1.10 Host Genetic Factors and the Natural History of Hepatitis C Virus

Infection

Studies of twins suggest that genetic factors may play a significant role in
modulating the immune response to infectious agents. Twin heritability studies have found
ahigh genetic contribution for the i mmune response to s everal infectious diseases.'”**
This is in contrast to many autoimmune diseases, where concordance among monozygotic
twins is almost always under 50%, suggesting a more significant role for e nvironmental
factors in autoimmune disease paﬂ10genesis.2°4’ 205 For this reason, much interest has been
focused in recent years on the possible contributions of host genetic factors to the often

diverse clinical manifestations seen in many infectious diseases.

With the discovery of the major histocompatability complex and its role in
immunity, there has been historically, a great interest in the potential role of HLA antigens
in the natural history of infectious diseases. More recently, however, there has been an
interest in the role single base-pair exchanges, termed single nucleotide polymorphisms
(SNP), in the regulatory regions of genes of key immunomodulatory proteins, or proteins
involved in drug or metabolic pathways. The human genome project has facilitated the
exploration of the role of these polymorphisms in disease outcomes. A systematic review of
the scientific literature regarding the potential role of host genetic diversity on the outcome
of HCV infection is provided in Chapter 2.

1.11 External Factors and the Natural History of Hepatitis C Virus

Infection

One of the most important external modulators of HCV natural history is that of
alcohol consumption. Several studies have shown an association between increased alcohol

consumption and more advanced liver disease among individuals with chronic HCV

infection,** 60-206-210
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In a retrospective study conducted by the HCV National Steering Group in the
United Kingdom, 923 individuals were identified as having become infected with HCV
following a blood transfusion, along with 475 transfusion-recipient controls. Study
participants were asked to complete a validated questionnaire on alcohol consumption.2!!
Individuals who drank more were at increased risk for cirrhosis (RR=2.84). The Dionysus
Study, a population-based study of 6,917 unselected residents of two cities in Italy, found
that among the 2.3% of individuals positive for the HCV virus, those who drank more than

30g of alcohol per day for more than 10 years had a 3-fold higher risk of cirrhosis
(95%C.L: 1.2- 7.4; p=0.01).2"?

Several other studies have also suggested that increased alcohol consumption may
adversely affect the outcome of interferon therapy as well. In a study by Loguercio,
response of patients to interferon was inversely proportional to the amount of alcohol
ingested.2'? A study by Tabone an colleagues observed lowered rates of sustained virologic
response among individuals who drank alcohol: 33% of non-drinkers responded, 20% of
those who drank 25g — 50g of alcohol per day, and 9% in those who drank more than 75g
per day.2"? No differences were detected with respect to non-response suggesting that those
who consumed more alcohol and failed to respond were relapse-responders.2'® The

biological mechanisms behind these epidemiologic observations have not yet been fully

elucidated.

Co-infection

Another important external factor affecting the natural history of HCV infection is
co-infection with other infectious agents. The most important of these is co-infection with
the human immunodeficiency virus (HIV). Because HCV and HIV are both parenterally
transmitted infections, concomitant infection with the two agents may be common among
specific populations such as injection drug users. It is estimated that in the United States
alone, 25% of HIV-infected persons are co-infected with HCV.*® With rapid improvements

in HIV therapies, liver disease has emerged as an important medical problem in co-infected
individuals.
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HIV-infection adversely impacts the outcome of HCV infection at all stages.®
While self-limiting infection occurs in approximately 14% - 46% of HCV mono-infected
patients, only 5% - 10% of individuals co-infected with HIV experience self-limiting
infections.*® 5% 2% 215 Among those with chronic HCV infections, co-infection with HIV
has been associated with higher HCV-RNA levels, an accelerated progression of liver
fibrosis, and an increased likelihood of developing liver failure and hepatocellular

carcinoma,’® 216223

1.12 Hepatitis C Virus Infection: The Burden of Disease

Sequelae of persistent HCV infection remain a major public health burden
worldwide. HCV, along with hepatitis B, are the main causes of primary liver cancer
worldwide. Liver cancer is currently the fifth most common cancer in the world, with
437,000 incident cases annually.”** Developing countries are affected more than developed

countries by liver cancer (Table 1.12.1.)

Table 1.12.1. Cancer cases attributable to viral hepatitis C and hepatitis B in
1990 in developed and developing countries.

Developing
Developed Countries Countries
Males Females Males Females
Hepatitis C | 11,300 5,700 68,200 24,500
Hepatitis B | 12,400 6,200 154,800 55,500
World Total
Male Female Both
Hepatitis C | 79,500 30,200 109,700
Hepatitis B__| 167,200 61,700 228,900

(Adapted from Parkin DM et al., Cancer Surveys, Vol. 33, 1999)*%°
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Random estimates of HCV prevalence have not been conducted in the United
Kingdom. While populations like blood donors groups, clinic populations, analyses of
stored sera or patient databases have been employed, probability cluster sample analyses
have not been conducted on the general population. Table 1.12.2. presents data on HCV
prevalence in England and Wales. These data were based on an epidemiologic survey of
residual sera collected from specimens submitted to the Public Health Laboratory Service

Laboratories in England and Wales for routine examination.??®

Table 1.12.3. presents estimates of HCV incidence and prevalence from a study
conducted in Tayside, Scotland. This study studied the liver disease virology dataset from

Ninewells Hospital 2’

Table 1.12.2. Number of individuals who tested positive out
of the total number of sera tested and the percent positive
for antibodies to hepatitis C from England and Wales.

A. Males B. Females
Birth cohort Total Total
1976-1980 5/424 (1.18%) 0/457 (0%)
1971-1975 4/748 (0.53%) 1/853 (0.12%)

1966-1970 11/1045 (1.05%) 7/1152 (0.61%)
1961-1965 21/1043 (2.01%) 7/1190 (0.59%)
1956-1960 10/854 (1.17%) 8/1063 (0.75%)
1951-1955 11/617 (1.78%) 2/789 (0.25%)

1946-1950 7/426 (1.64%) 3/474 (0.63%)
1936-1945 3/646 (0.46%) 1/705 (0.14%)
1926-1935 3/609 (0.49%) 4/518 (0.77%)
1880-1925 2/973 (0.21%) 5/1096 (0.46%)
Total 77/7385 (1.04%) 38/8297 (0.46%)

(Adapted from Balogun M.A. J Infect. 2002.)%°
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Table 1.12.3. Incidence and prevalence
of HCV in Tayside, Scotland (per 100,000

population).

Year Incidence Prevalence
1991 1.02 -

1992 6.60 7.1

1993 9.36 14.93

1994 9.87 22.50

1995 20.98 41.96

1996 27.44 65.80

1997 23.96 86.65

1998 20.01 103.64

(Adapted from: Steinke DT, et al. Gut, 2002)**’

Random surveys of HCV prevalence in the general population have been conducted
in the United States (US).'® Models estimating disease burden and economic costs have
been subsequently calculated based on these data. While it is difficult to extrapolate
estimates of costs from studies conducted in the US to the UK because of the different
healthcare systems, the estimates of HCV disease burden provide a glimpse of the impact of

HCYV on the healthcare system in a developed country. Accordingly, I will summarise some

important findings below.

While the introduction of screening the blood supply for hepatitis C has greatly
reduced transmission via that route, transmission via injection drug use remains an
important route of transmission. Although the number of incident cases has greatly
declined, the prevalent pool continues to rise. This is mainly a result of the fact that there is
generally a large lag between the acquisition of infection and the onset of symptoms
(sometimes a decade or two). Using United States-based estimates, the Centres for Disease
Control project a 4-fold increase in the numbers of individuals with long-standing infection
from 1990 to 2015.** A recent study by Davis and colleagues projected the burden of liver
disease based on existing incident and prevalent HCV cases. They found that if the
incidence of new infections remains stable, the prevalent pool will rise 4% annually and
plateau at 2008. The maturation of existing cases will cause increases in cirrhosis by 61%,

decompensated liver disease by 279%, hepatocellular carcinoma by 68%; the need for a
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liver transplant by 528% and the occurrence of liver-related deaths by 223%.2%° The
majority (77%) o f liver-related deaths in the United States during 1999 were a result of
HCYV infection.'®

A recent study from the United States by Wong and colleagues estimated that from
2010-2019, HCV may lead to the loss of 1.83 million years of life among those under 65, at
a societal cost of billions of dollars.®*' The impact of HCV on liver transplantation is
highlighted in Table 1.12.4. These data from the United States United Network for Organ
Sharing (UNOS) show that both the number of patients registered on the liver transplant
waiting list and the number of transplants conducted as a result of HCV-related liver

disease have risen dramatically over the past few years.2*

Table 1.12.4. Impact of HCV on liver transplantation over time.

A. Number of patients on the liver transplant waiting list in the United States
as aresult of HCV infection and those on the list as a result of other causes.

1995 1996 1997 1998 1999 2000
HCV 2086 2354 2798 3225 3670 3886
Other causes 5251 5704 5832 6318 6848 7007
% from HCV 28% 29% 32% 34% 35%  36%

B. Number of liver transplants as a resuit of HCV in the United States and those

transplanted as a result of other causes.

1991 1992 1993 1994 1995 1996

HCV 343 565 796 930 1129 1190
Other causes 2588 2464 2608 2661 2750 2825
% from HCV 12% 19% 23% 26% 29% 30%
1997 1998 1999 2000

HCV 1268 1517 1625 1679

Other causes 2832 2899 2856 2900

% from HCV 3% 34% 36% 3%

Data from the United Network for Organ Sharing (UNOS) and excerpted from
Kim R. Hepatology 36 (5, Suppl. 1), 2002.2*°
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The burden of disease resulting from hepatitis C infection is severe in both
developing countries, as evidenced by the statistics concerning liver cancer, and developed

countries, as reflected in studies estimating HCV disease burden.
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Chapter 2

Host Genetic Diversity and the Outcome of
Hepatitis C Virus Infection:

A Systematic Literature Review

2.1 Genetic Heterogeneity and the Outcome of Hepatitis C

As mentioned in Chapter 1, the natural history of hepatitis C virus (HCV) infection
is characterised by diverse clinical outcomes. Some individuals infected with HCV are able
to clear the virus, while others develop persistent (chronic) infections. There is some
evidence to suggest that if people are infected at a younger age or if they are female then
the risk of persistent infection is reduced, but other factors which determine whether the
infection is self limiting or persistent have not been identified. It is unlikely that viral
sequence variation is a major determinant of the outcome at this stage as any viral strain

with a reduced capacity to establish persistent infection would rapidly disappear.

Treatment of persistent HCV infection has enjoyed a remarkable increase in success
rates over a relatively short period, but even with pegylated interferons in combination with
Ribavirin, about 50% of individuals with HCV genotype 1 and 30% with non-1 HCV
genotypes will fail to achieve sustained virological responses. " 2 Viral genotype is clearly a
major determinant of the outcome of treatment along with gender and ethnic background.

However, these variables do not account for all of the variability in the outcome of HCV

infection or of treatment.
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It is clear that the outcomes of infectious diseases are determined by a number of
factors which can be broadly classified as host, organism and environment. Under the
category of host some of the most important factors are genetic. Studies amongst
monozygotic twins suggest that host genetic factors account for 50% or more of the
variability in the major outcomes in infectious disease.’ Infection of siblings is rare with
HCV so it is unlikely that confirmatory twin studies will be reported, as has been done with
hepatitis B virus infection.> * To date, genetic studies have not been conducted employing
siblings with vertically-acquired HCV. However, the emergence of reproducible genetic
associations with the outcomes of HCV, along with the parallels from other infectious
diseases such as malaria and hepatitis B,* ° provide strong circumstantial if not direct

evidence of the importance of genetics in the natural history of infectious diseases.

Identification of disease susceptibility genes is usually achieved using three
approaches: 1) linkage analysis in affected sibling pairs, 2) linkage analysis in rodent
models of the infection, and 3) disease association studies.® There are examples suggesting
that some outcomes of HCV infection run in families.” However, this situation is
sufficiently rare to preclude the use of linkage analysis to identify susceptibility genes. As
suitable small animal models of HCV infection are not available, disease association studies
are the principal approach used to identify disease susceptibility genes in HCV. This
approach has the advantage of statistical power but is limited by the need to select
candidate genes. Candidate genes are chosen by the investigator based on their knowledge

of HCV or infectious disease pathophysiology.

To examine the extent of the literature examining correlations between host genetic
markers and the outcome of hepatitis C virus infection, I conducted a systematic review of
the literature. In addition, I have attempted to highlight any consistent observations and

trends in the literature. Meta-analyses are also presented to further explore observed trends.
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2.2 Systematic Review Methods

Search strategy

A series of subject and keyword searches were conducted first using the 1966-135
April 2003 Medline and then repeated using the 1980-15 April 2003 EMBASE database.
First, “hepatitis C” was used as a subject heading, with the subgroup “genetics.” Next, a
series of keyword searches were used to first identify articles related to “hepatitis C” and
then combined with the following keywords using the “and” statement: “polymorphism,
HLA, MHC, and genetics.” In addition, the citations of the bibliographies of these articles
were reviewed for additional references. Finally, the search was repeated in the 1980-15
April 2003 PubMed database. Articles were restricted to those in the English language. All
articles were evaluated for study design, technical aspects such as genotyping methods

(serological versus molecular) and statistical rigour.

Meta-analysis

All meta-analyses were conducted using the STATA® software. Forest plots, tests of
heterogeneity and pooled estimates with weighted adjustments for sample size were

calculated using this software.?

2.3 Systematic Review Results

Among papers identified in the literature search, 88 were disease association studies
that directly pertained to the topic of genetics and the susceptibility to HCV infection, the
progression of HCV infection, the response to therapy, or extra-hepatic manifestations in
HCV. Table 2.3.1 lists the papers and the major findings for studies concerning genetics
and the susceptibility to HCV infection. Table 2.3.2 lists the studies and their findings on
the association of genetics with the response to anti-HCV therapies. Table 2.3.3 concerns

those studies of genetics and the progression of HCV. Major findings are listed as well.
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Table 2.3.4 lists studies concerning genetics and comorbid conditions in HCV. The relevant
findings of these studies are shown. Tables 2.3.1 through 2.3.4 are located at the end of the
chapter.

2.4 Systematic Review of Genetics and HCV Outcome: Data Synthesis

Susceptibility to persistent HCV infection

Early candidate gene studies focused on the genes of the major histocompatibility
complex (MHC) and the outcome of HCV. Given that MHC gene products encode key
components of the antigen presentation and processing pathways, it is not surprising that
these early studies focused on this region of the human genome. More recently, however,
the body of literature on genetic factors in HCV infection has grown to include many non-
MHC candidate genes as well. There are no estimates of the relative contribution of MHC
versus non-MHC genes to clinical outcome in HCV, but in other infections, such as

hepatitis B, the contributions appear to be well balanced or supportive of a greater effect

from non MHC genes.*

A total of 34 studies address susceptibility to HCV infection (Table 2.3.1).%*?
Several consistent associations have been observed with specific alleles and the
susceptibility to HCV, and are highlighted in Table 2.4.1. A number of studies in several
populations have reported an association between DQB1*0301 with viral clearance.” '* '
24.27,30,32.42. 3 One study, however, reported an opposite effect for DQB1*0301.% Several
of these studies on susceptibility to HCV compared individuals with chronic HCV infection
to healthy controls. The use of healthy individuals poses a study design problem as an
estimated 54% - 86% of these controls, if exposed to the hepatitis C virus, would develop

chronic infections, while the others experience viral clearance.

Another allele that has been correlated with self-limiting HCV is DRB1*1101.% 1%
27.30.40 1t is also worth noting that in one Italian study, a protective role was found for the
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DRS5 serogroup against HCV infection.*! The molecularly-defined DRB1*1100 and
DRB1*1200 group of alleles are part of the serologically-defined DRS group. In one study,
the DRB1*1101 allele was correlated with susceptibility to vertically transmitted HCV

infection.?®

These two DR and DQ alleles are in linkage disequilibrium with each other and this
makes it difficult to establish which allele is truly responsible for influencing the outcome
of HCV infection. However, the strength and patterns of linkage disequilibrium vary in
different ethnic groups and the replication of the association of DQB1*0301 in multiple and
diverse populations suggests that this allele may exert a stronger effect on viral clearance
than DRB1*11.%

Table 2.4.1. Summary of replicated correlations of particular
alleles and self-limiting HCV infection.

Allele Studies

DQB1*0301 Alric, 1997
Alric, 2000
Cramp, 1998
Mangia, 1999
Minton, 1998
Thursz, 1999
Thio, 2001
Zavaglia, 1998

DRB1*1101 Alric, 1997
Alric, 2000
Minton, 1998
Thursz, 1999
Yenigun, 2002

To examine the associations between DRB1*0301 and the DRB1*1101 alleles and
self-limiting HCV more closely, I conducted a meta-analysis employing data from the
published literature. To ensure that similar studies were pooled, only studies that employed

molecular genotyping techniques and ¢ ompared those with self-limiting i nfections (HCV
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antibody positive, but PCR negative) to those with chronic infections (HCV antibody

positive and PCR positive) were employed. Only data involving Caucasian individuals were

utilised in the analysis of DQB1*0301. Because many studies involving the DR locus only
reported alleles to their 2-digit specificities, studies reporting 4-digit allele specificities
were collapsed into their respective 2-digit categories and all meta-analyses were conducted
with these data. In other words, all alleles such as DRB1*1101, DRB1*1103, etc. were
grouped together as DRB1*11. Similar to the analysis of DQB1*0301 above, only those
studies of Caucasian individuals employing molecular genotyping techniques that
compared those with self-limiting infections to those with chronic infection were included.
Figure 2.4.1. presents the results of these meta-analyses. Part A. presents the data for
DQB1*0301, while Part B. presents the data for DRB1*11. In addition, the identification of
individuals with self-limiting infections has largely been retrospective in nature.
Quantification of possible confounding factors such as viral genotypes, dose of virus, etc.

has been impossible in most cases.

The analysis of DQB1*0301 and self-limiting infection shows a pooled estimate of
2.4 (95%C.L: 1.8-4.8) (Figure 2.4.1. Part A.), Considerable heterogeneity exists with
respect to the studies of DQB1*0301 and viral clearance (Q=21.1; p=0.004). Latent ethnic
differences may explain some of this variability. While this analysis was restricted to
Caucasian individuals, a wide range o f sub-ethnic groups are included, from northern to
southern E uropeans. In contrast, studies of DRB1*11 and self-limiting i nfection are l ess
heterogeneous (Q=6.9; p=0.503). The pooled estimate for the effect of DRB1*11 on self-
limiting infection is 2.5 (95%C.L.: 1.7 — 3.7). The studies involving DRB1*11 are also
much smaller in size and have less precision (Figure 2.4.1. Part B.). These meta analyses
must be interpreted with caution. Considerable publication as well as and investigator-
submission biases exist. Many studies showing no association between class II alleles and
self-limiting infection may not be in the published literature both because journals tend to
dislike publication o f negative studies or i nvestigators do not bother writing-up n egative

results. Alternatively, negative results may eventually be published in non-English journals.
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A.  DQBI1*0301

Alric, 2000
Alric, 1997
Thio, 2001*

Thursz, 1999
Minton, 1998

1

Il
U

i

1

1

%m

Cramp, 1998 A H
Fanning, 2000 - ——B—
Combined -O-

380125 38.8389

or

Pooled estimate: 3.0 (95%C.1.: 1.8 —4.8)  Test for heterogeneity: Q=21.1; p=0.002

B. DRBI1*11

Alric, 1997

-
R |

Alric, 2000 i _EB_
(=

: |

J

1

Thursz, 1999
Minton, 1998

Fanning, 2000 - -
Cramp, 1998 - 8
Barrett, 1999 - H
Lechmann, 1999 1 8
Combined -<>

08208 ' 14.8522
or

Pooled estimate: 2.5 (95%C.1.: 1.7-3.7) Test for heterogeneity: Q=6.9; p=0.503

Figure 2.4.1. Meta analyses. Summary estimates of studies showing an
association between DQB1*0301 and self limiting HCV infection (Part A.).
Summary of estimates of studies showing an association between DRB1*11
and self-limiting HCV infection (Part B). Only data pertaining to Caucasian
individuals in comparisons between individuals with self-limiting versus
persistent HCV infections are employed in this analysis.

*This paper presented data on Caucasians only for DQB1*0301 and not
DRB*11
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There is an unusual situation in Ireland where a large number of women were
infected with HCV by contaminated RhD immunoglobulin.®* The viral strain of the
infecting inoculum and the dose were consistent in this outbreak and associations has been
reported for HLA-DRB1*0101 with self limiting infection.!” '® Outside this unique
population, however, HLA-DRB1*0101 has not been shown to influence the outcome of
HCV infection. This population provides an interesting opportunity for the study of
immunogenetic determinants of HCV susceptibility. To begin with, this cohort is quite
homogenous. It is comprised of younger child-bearing age women of a similar ethnic
background. Second, all individuals were infected with the same strain of virus with similar
doses. Variations in viral strain, size of viral inoculum and host racial heterogeneity that
may potentially mask genetic effects are eliminated in this situation. At the same time, these
attributes pose problems with respect to generalisability. It is unclear whether findings in
this cohort may be extrapolated to both genders or to other ethnic groups. This population is
a very homogenous group of Irish women, and correlations may not be readily extracted to
other ethnic groups. It is also possible that the dose and strain of HCV that infected these
women makes this cohort unique. Different immunodominant epitopes may exist on
different strains of HCV. It is possible that the strain of HCV found in the Irish outbreak
elicits immune responses from specific alleles such as DRB1*0101. This may explain why
the association of DRB1*0101 with self-limiting infection has only been reported in this
population.

It is difficult to dismiss the possibility that MHC class I genes influence the outcome
of HCV infection. There have been very few reports of disease association studies using
these loci as candidate genes. Thio et al. reported associations of MHC class I alleles with
viral clearance: HLA-B*57 (Odds ratio (OR)=0.62; 95% CI, 0.39 to 1.00), and HLA-

Cw*0102 (OR= 0.43; 95% CI, 0.21 to 0.89) as well as persistence: HLA-A*2301 (OR=
1.78; 95% CI, 1.01 to 3.11) and HLA-Cw*04 (OR= 1.78; 95% CI, 1.21 to 2.59).3

Although most association studies of genetic susceptibility to HCV infection have

involved the MHC, several studies have also addressed the potential role of non-MHC loci.
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One of the more interesting stories concerns the potential role of the chemokine receptor
(CCRS5) in resistance to HCV infection.”® CCR5 has gained considerable attention in the
past few years because of its role as a co-receptor for the human immunodeficiency virus
(HIV). Homozygotes for a deletion variant (CCR5*A32) are conferred a relatively high
resistance to HIV infection. Although, CCRS5’s role as a co-receptor for HIV is clearly not
directly relevant to HCV infection, CCRS is the principal ligand for the chemokines
macrophage inflammatory protein (MIP)-1c,, MIP-18 and RANTES. Because chemokines
and chemokine receptors are important in lymphocyte recruitment and it is possible that the
CCR$5*A32 variant may influence the outcome of other infections, such as HCV, via this
pathway. In a study by Woitas an colleagues, a higher than expected frequency of
CCRS5*A32 homozygotes was observed in patients with HCV infection. It is not surprising
in many respects that this study observed a differential distribution of the frequency of
CCR5*A32 in those with HIV compared to other populations, such as those with HCV
mono-infection, as by definition, possession of CCR5*A32 makes it more difficult for one
to be infected by HIV via this chemokine co-receptor.?” *¢ 47 A recent large study by
Promrat and colleagues observed a similar distribution of CCR5*A32 homozygotes
between patients with chronic HCV and healthy controls.?’ In a study by Mangia and
colleagues, and another study by Zhang and colleagues, it is suggested that the differential
distribution of CCR5*A32 observed by Woitas and colleagues is primarily the result of
reduced frequency of CCR5*A32 individuals in the HIV cohorts.*® 47

Studies have addressed genetic variation in the regulatory regions of
immunomodulatory cytokine genes as well. Several studies have focused on genes such as
Interleukin-10 (IL10) and tumour necrosis factor (TNF), and have observed no association
with respect to tumour necrosis factor alpha HCV susceptibility,*® 3® but one study
observed an association with the IL10 G/G genotype and chronic infection when compared
to healthy controls (OR=2.75 (adjusted for age and sex); 95%C.1.: 1.01-7.50; p=0.048).%¢
Associations were observed between the Haptoglobinl-1 allele and risk for HCV infection
(p <0.001).
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Response to anti-HCV therapies

Twenty-five studies addressed the potential role of genetics in the response to
interferon therapy or variations in viral load (Table 2.3.2).> 1% 2% 30 363%.4865 e studies
of susceptibility to HCV, the majority of studies have concerned regions outside the MHC,
with an emphasis on single nucleotide polymorphisms. Three main outcomes are
commonly examined in studies of the response to anti-HCV therapies: 1) sustained
response—now commonly defined virologically as having undetectable serum HCV-RNA
levels at 6 months after the discontinuation of treatment. Older studies have defined
response biochemically as a normalisation of ALT levels; 2) initial response—this is a
disappearance in serum levels of HCV-RNA at the end of the initial phase of treatment—
commonly 12 weeks after the inception of the regimen. A portion of these individuals who
have achieved initial response may also experience a virological relapse later on, so they
are not true responders; and finally, 3) non-responders—these are individuals who have
detectable viraemia at week 12 of therapy. They are distinct from initial responders because
they never achieved any sort of major virological decline to undetectable levels, even for a

short period of time during the initial course (first 12 weeks) of therapy.

Relapse responders represent an intermediate phenotype between sustained
responders and non-responders. As a result, they may be classified independently as their
own phenotype in some studies, included with non-responders in some studies, or included
with sustained responders in other studies to create an “initial reponse” phenotype that
includes all individuals who a decline in HCV-RNA levels during the initial phase (first 12

weeks) of therapy. Also, some early studies define response to therapy solely based on

normalisation of ALT levels. This is not surprising as shortly after the discovery of hepatitis
C, therapy was largely based around ALT-normalisation. Additionally, it is worth noting
that some studies deal with interferon monotherapy, while others deal with interferon and
ribavirin combination therapy. Studies have not yet emerged involving the newer pegylated

interferons, both as monotherapy or in combination with ribavirin.
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Unlike the replicated associations of DQB1*0301 and DRB1*11 with self-limiting
infection, clear and replicated associations have not been observed with alleles of the MHC
and therapeutic outcome. In fact, there have been some contradicting observations. Kikuchi
and colleagues observed that the HLA-DR4 group was associated with non response.”® In
contrast, Sim and colleagues observed the DRB1*0404 allele (a subset of the DR4
serogroup) to be correlated with response.*> One major explanation for the observed
differenced between these two studies is that the populations were different with respect to
race, and gene frequencies may vary greatly from race to race. While the Kikuchi study
examined Japanese patients, the Sim paper studied Caucasians from Canada.’® % Both
studies defined response based on biochemical parameters rather than virological ones.
Geographic variations in viral genotype also exist, with genotype-1 predominating in North
American countries such as Canada, and genotypes 2 and 6, in addition to genotype-1, also
existing in parts of eastern Asia, and it is possible that these viral genotypic differences may
mask host genetic associations, as Kikuchi examined differences in HCV genotype, while
Sim did not.*® ®® The human MHC region is one of the most genetically diverse regions in
the human genome, and studies must be sufficiently powered to detect meaningful

differences between groups.

Contradictory associations have also been observed with respect to association
studies of cytokine gene polymorphisms and the response to interferon-based therapies for
HCV. Because of the important roles of IL10 in the immune response, several studies have
examined the role of functional polymorphisms in this gene with initial response and
sustained response. In a small-scale study, an Australian group looked at single nucleotide

polymorphisms and the resulting haplotypes that these alleles form and correlated them

with initial response to interferon monotherapy.*? They observed the IL10 -592A and -819T
alleles to be correlated with initial response (OR=5.0, 95%C.L: 1.4-19.0; p=0.01). In
another study employing patients treated with interferon + ribavirin combination therapy,
Yee et al found that carriage of the -592A or -819T alleles, and the corresponding extended
haplotype as defined by the IL10R allele: -591A+ -819T+ -1082A+ -2763C+ -3575T+
108bp IL10R, conferred an advantage for sustained response to therapy (OR=2.2, p=0.016
for the individual SNPs and OR=2.65, p=0.01 for the haplotype, respectively).5
Homozygosity for the -592A or -819T alleles, or the homozygosity for the corresponding
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extended haplotype showed a very strong association with sustained response (OR=16.6,
p=0.013 for the homozygous genotypes and OR=13.7, p=0.025 for the haplotype,
respectively). A recent study failed to confirm such an association between IL10
polymorphisms and the response to therapy.*® A couple of studies have examined the role
of tumour necrosis factor variants and the response to therapy. Both studies did not detect a

relationship between polymorphisms in this gene and response to therapy.®> °

One study examined the role of polymorphisms in genes involved in several genes
involved with the interferon response pathways. In particular, a Japanese group has
examined the role of polymorphisms in the Mx4 gene and response to interferon
monotherapy in a Japanese population and observed that the -88MxA-(G/G) genotype to be
correlated with non response and the -123MxA4-(C/C) genotype to be correlated with non-

response.“' 57

Studies of HCV progression

A total of 28 studies were found to address the topic of host genetics and HCV
progression, and have largely been inconsistent (Table 2.3.3).% ' 1% 21,24, 26,25, 30, 37, 53-55, 66-83
There is a trend with DRB1*11 alleles and less severe liver disease. Asti observed
DRB1*1104 (OR=4.82) to be associated with normal ALT.! Kuzushita reported
DRB1*1101 to be correlated with normal ALT (OR=0.3).2' Renou reported that the
DRBI*11 allele was cormrelated with normal ALT (OR=2.36).”® Haruna observed the
DRB1*1101 allele to be associated with less piecemeal necrosis (OR not reported), and
Hile observed DRB1*11 to be associated with lower Knodell scores (OR=0.35).>* ™
Tillman also observed DRB*11 to be lower among cirrhotics (RR=0.29).%! Haruna reported
an association between DRB1*1201 with less severe liver disease (OR not reported) as
well.® It is interesting to note that the DRB1*1100 and DRB1*1200 alleles form the DRS
serogroup. Whether these observed associations represent some sort of underlying
biological mechanisms with these alleles is not currently known. Future studies are needed

to address this question. Almost all of the studies reviewed did not adjust for potential
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environmental confounders, such as alcohol use. Future studies should examine genetic

associations in conjunction with other potential environmental as well viral factors.

Nine studies directly examined the role of HFE gene variants and the progression of
liver disease.’" ® 3% Two major polymorphisms are of importance in the literature:
Cys282Tyr and His63A4sp (often abbreviated C282Y and H63D, respectively in single letter
amino acid notation). Of these two polymorphisms, heterozygotes for Cys282Tyr have been
shown to have normal to slightly elevated hepatic iron content.*® Given the observation that
a number of individuals with chronic HCV infection have excess hepatic iron,”! some
investigators have examined whether heterozygosity for this variant is associated with
advanced liver disease. T he results of these studies have been discrepant, with 4 studies
suggesting an association between possession of HFE variants and increased fibrosis or

cirrhosis, 8" 6% 8 %2

and the other studies suggesting that there are no associations.
Methodological differences may accouﬁt for these differing observations. For example,
studies employed different scoring systems for histological fibrosis. Some studies
conducted categorical analyses, while others compared averages of these semi-quantitative
categories. All of the studies were cross-sectional in design and correlations were
conducted with respect to the stage of fibrosis, irrespective of the duration of HCV

infection.

Studies of extrahepatic manifestations

Fifteen studies addressed correlations between host genetics and the occurrence of
extrahepatic manifestations in HCV (Table 2.3.4).3" 6 8486, 88, 93-103 . stidies observed
an association between DRB1*11 and the presence of cryoglobulins (OR not reported in
Amaroso study; OR=3.4 in Cacoub study).®* **. Both studies examined Italian populations.
Two other studies conducted in ethnically dissimilar populations found an association
between the class II DR3 allele with the presence of cryoglobulins (RR6.14 and RR=3.7,
respectively).’® ' Hwang and colleagues studied Chinese patients, while Lenzi and
coworkers studied Italians.”® '®, Lenzi also examined class I loci as well and found an

association with B8 and the presence of cryoglobulins. Linkage between BS and DR3 is
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quite strong, and this haplotype has been linked with several autoimmune diseases

including autoimmune hepatitis type I, primary biliary cirrhosis and rheumatoid arthritis.'®
108

A few studies have also addressed the potential role of the HFE gene variants
(Cys282Tyr or His63A4sp polymorphisms) and iron levels. No consistent observations with
respect to this locus have been observed, with several studies reporting no association

between this variant and increased iron,ss' 86, 102

and another study reporting an association
between this locus and higher mean ferritin levels.*® Differences in study design— for
example the definition of iron (i.e., serum ferritin levels versus iron stains of liver biopsies)
may play a major role in these differences. Some studies employed use of the 5-point
METVIR scoring system for liver fibrosis while others used the 7-point Knodell
histological activity index. In addition, use of these semi-quantitative scoring systems is
accompanied by a degree of inter-observer variation. These differences preclude the use of

meta-analyses to pool data from these studies.

2.5 Concluding Remarks

A few genes have been associated with the outcomes of HCV infection. The most
replicated association is with the class II DQB1*0301 allele and self-limiting HCV
infection. With respect to the response to therapy, two studies have shown an association
between the -88MxA-(G/G) genotype and non response to interferon monotherapy. There
appears to be a correlation between the alleles in the DRS serogroup with milder liver
disease. Two studies have shown a correlation between the DRB1*11 allele and the
presence of cryoglobulins, while another two studies have shown correlations between the

DR3 allele and the formation of cryoglobulins.

Reproducibility is essential in this field. Unfortunately, there tends to be a bias in
the reported literature towards the publication of positive results irrespective of the quality

of the study. Another concern is that demonstration of an association with an allele, even
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after confirmation, does not necessarily imply that the allele is functionally responsible for
changes in the disease susceptibility or resistance. Allelic variants are carried on long
segments o f DNA which are likely to contain other p olymorphisms and are inherited as
haplotypes. The patterns of linkage disequilibrium between polymorphic loci are complex
and unpredictable. Therefore comprehensive investigation is required to identify causative
variants from those which are associated through linkage disequilibrium. The resolution of

both of these issues will require much larger study populations.

There has been a tendency in recent years to dismiss the potential contribution of
genetic association studies to the scientific literature due to the lack of data on the
functional effects of many genotypic variants that have been studied. It is important to bear
in mind that the understanding of genetics in health and disease consists of several different
parts: 1) the identification of new polymorphisms, 2) the association of these
polymorphisms with disease outcomes, and 3) the understanding of the functional effects of
these variants. These three factors may not necessarily be completed at the same time, and
the importance of studies addressing only one or two of these aspects should not be
dismissed. With the human genome project it is likely that the identification of new
polymorphisms and the association of new polymorphisms with disease outcomes will far
exceed the speed at which functional studies are conducted. Similarly, the generation of
many negative studies will occur. Given the importance of replication in this field it is
important that all of the evidence be considered, regardless of whether the associations are

positive or negative.

The primary aim of investigating the genetic determinants for the outcomes of HCV
infection is to understand why some individuals develop self limiting infection, why others
are resistant to therapy, and why some individuals with chronic HCV progress more rapidly
with respect to their HCV-related liver disease than others. However, there may be, in the
future, clinical benefits arising from these studies. Host genes which influence the
resistance to persistent HCV infection may provide novel therapeutic targets and
knowledge of MHC associations may be used to identify epitopes derived from HCV
antigens to be used as vaccine candidates. For example, the identification of the importance
of CCR in HIV infection has led to the d evelopment o f CCRS antagonists aimed at the
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competitive inhibition o f HIV attachment.'®''? Furthermore, it could be anticipated that
genetic factors which influence the response to therapy will be used in the future as
prognostic indicators or to modify therapeutic regimens in the way that we currently use
viral genotypes. Similarly, drugs may be specifically tailored to individuals with a certain

genetic makeup.'"

While there are some consistent observations (i.e., DQB1*0301 and self-limiting
infection), there are more inconsistent observations. Several factors may account for these
inconsistencies. First, there are differences with respect to the populations studied. Gene
frequencies vary across races, and it is quite plausible that one ethnic group may have the
preferential use of different allele(s) in viral eradication than those from other ethnic
groups. Further studies of the functional aspects of HLA molecules will better elucidate the
picture of immunogenetic determinants of disease outcome in light of biological
plausibility. Confounding from other environmental as well as viral factors (such as alcohol
consumption as well as viral genotypes, respectively) as well as other as yet unidentified
factors may also contribute to differences. Variations in study design may also play a role in
the differences observed in the present review. Many of the studies were conducted on
relatively small samples. Smaller samples decrease the power of the study (likelihood of
detecting a difference between groups, assuming that a true difference exists) as well as the
precision of the measurements of association.'" The issue of sample size is even more
critical in studies concerning the MHC, which is known to be one of the most genetically
diverse regions of the human genome. Lack of an association may not mean that
associations do not exist; rather, they may be a reflection of the lack of an under-powered
study’s ability to detect meaningful relationships. Finally, differences in study design may
account for some of these differences as well. As with any case control study, the case
definition as well as control group selection will affect study outcome. For example, in the
study of self-limiting versus persistent infection, some groups compare individuals with
self-limiting infection to those with persistent infection, while others compare chronically

infected individuals to a group of healthy HCV-negative individuals.**

Interestingly, most of the studies reviewed did not examine gene environment
interactions or control for behavioural confounders such as alcohol use. Future studies of
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HCV natural history will have to be sufficiently powered to accommodate adjustment for
not only potential confounding factors but the possibility of genetic interactions with
environmental or viral factors. Importantly, quantitative evaluation of drinking behaviours

will need to be made and will require the use of validated survey instruments.

Thereis an urgent need for the e stablishment o f1arge ¢ ohorts for the s ystematic
study of host genetics and the outcome of hepatitis C. These cohorts must be defined using
rigorous epidemiologic methods. In addition, these cohorts should be sufficiently large to
detect meaningful relationships between genetic markers and disease outcomes. Replication
of observed relationships is an important aspect of disease association studies. It would be
optimal for future studies to involve two unrelated cohorts, where hypotheses may be
generated in one cohort and replicated in another.”® The identification of genetic
polymorphisms in the human genome has been greatly facilitated by the human genome
project. However the correlation of these genetic markers with disease outcomes has just
begun. The success of this field will rely on the careful evaluation of these markers in
properly designed epidemiologic studies along with sufficient replication of putative

predictive markers in different populations.
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