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SUMMARY

Hepatitis C virus is a m ajor cause o f liver-related m orbidity and m ortality w orldw ide as chronic 

infection develops in up to 80% o f  those infected and leads to end-stage liver disease in a 

significant percentage. The m echanism s o f viral clearance and the pathogenesis o f  liver injury are 

poorly understood due to the lack o f  appropriate animal or cell culture models. Current opinion 

suggests that viral clearance is m ediated by a strong and m ulti-specitlc response from both T 

helper cells and cytotoxic T lyinphocytes (CTL), with a Th-1 like cytokine profile and that liver 

injury is due to the host immune response to infected hepatocytes caused predom inantly by 

activated C TL 's. Activation o f  both these cell lines is dependent on viral peptide presentation by 

M ajor H istocom patibility Com plex (M HC) class I and II alleles, which are inherited as a 

haplotype. Several studies have shown an association between various class II alleles and viral 

outcom e whereas the association with class I alleles has been less well dem onstrated. In Ireland, a 

cohort o f  Rhesus negative women received anti-D  im m unoglobulin in 1977 that was infected 

with HCV, genotype Ib originating from a single donor. Follow-up in 1994, dem onstrated that a 

greater than expected num ber o f  women cleared HCV and that the disease progression was milder 

than to be expected. This suggests that in this unique cohort there exists a strong genetic influence 

on the outcom e o f HCV infection. Hence the aim o f this study was to exam ine the Human 

Leujocyte Antigen class 1 and II alleles for any associations with outcom e in HCV infection and 

to extend this search into the class III region o f  the M HC, specifically the Tum or Necrosis Factor 

(TNF) region.

The study population consisted o f  148 women with chronic HCV infection and 95 with viral 

clearance. Liver biopsy specimens were available on 145 o f those with chronic infection. Class I 

and II alleles were identified by sequence-specific prim ers in a polym erase chain reaction (PCR). 

TN F m icrosatellite polym orphism s were identified by PCR and denaturing gel electrophoresis. 

TN F gene prom oter polym orphism s were identified by TaqM an PCR. The phenotypic frequency 

o f  each allele was com pared to viral outcom e using a chi-squared analysis. Initially a Bonferroni 

correction was used for multiple hypothesis testing, but then m ultiple logistic regression analysis 

was perform ed to identify alleles with the strongest association.

Viral clearance was associated with the class II alleles, DRB 1*0101 (p<0.00001) and 

D Q B l*0501(p=0.00004), the class I alleles A*03 (p=0.001), B*07 (p=0.02), B*27 (p=0.001) and 

Cw*01 (p=0.005), and the TNF a6 (p=0.004), a l l  (p=0.05) and b5 (p=0.03) m icrosatellite 

polym orphism s.



Chronic infection was associated with the class II alleles, DRB 1*03011 (p<0.00001) and 

DQB 1*0201 (p=0.00001), the class I alleles B*08 (p=0.002), and B*18 (p=0.01), the 

microsatellite polymorphisms TNF-alO (p=0.04) and b3 (p=0.003), and the gene promoter 

polymorphism TNF 308.A  (p=0.007).

Haplotype analysis shows that A*03-B*07-DRB1*15-DQB1*0602 (p=0.004) and A*02-B*27- 

Cw*01-DRB1*0101-DQB1*0501 (p=0.01) are associated with viral clearance and A *0 I-B *08 - 

Cw*07-DRB1*03011-DQB1*0201 is associated with chronic infection (p=0.002). W ith respect 

to the TNF polymorphisms, the haplotypes DRB1*0101-DQB1*0501-TNF a6b5 (p<0.001) and 

D R B l*15-D O BI*0602-TN Fal lb4 (p=0.006) are associated with viral clearance and 

DRB1*03011-DQB1*0201-TNF 308.A-TNFa2b3 is associated with chronic infection (p<0.001). 

Multip le logistic regression analysis demonstrates that when the confounding effects o f other 

alleles are taken into account, HLA A*03, B*27, DRB1*010I, *0401 and *15 are significantly 

associated with viral clearance and DQB 1*0201 is associated with chronic infection. A 

significant majority o f women who clear IIC V  (>75%) carry either an A*03, DRBl *0101 or 

*0401 allele.

hi conclusion, this study identifies significant associations between distinct class I and II alleles 

and viral clearance in FICV infection. This study also includes genetic loci from the class HI 

region o f the MHC. Whether these alleles independently, or in conjunction with other alleles, as 

yet unidentified on the haplotype, are responsible for viral clearance remains undefined. To 

understand the significance o f these findings requires further association studies examining other 

pertinent areas within the MHC and confirmation o f these findings in other ethnic groups and 

viral genotypes.
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1.1 The Major Histocompatibility Complex

1.1.1 Introduction

The M ajor H istocom patib ility  C om p lex  (M H C ) is a large com p lex  o f  m ultip le genes  

located on chrom osom e 6 (6 p 2 1 .3 1 ) o f  the hum an genom e [Roitt et al, 2001; T row sdale et 

al, 1992]. It en cod es for several gen es that are increasingly  id en tified  as having a role in the 

host’s im m une response. The im portance o f  this area w as first noted in m ouse studies w here  

antibodies against antigen II w ere associated  w ith tum our rejection , h ence the term  

histocom patibility.

After years o f  collaborative transcontinental research the entire seq u en ce o f  the M HC has 

now been m apped. It is known to com prise 224  gen e loci and it is estim ated  that 128 o f  

these gen es produce proteins, o f  w hich  approxim ately 40%  are in vo lved  to som e degree in 

the im m une system . T h ose gen es that do not result in protein exp ression  are called  

p seudogenes. The M HC is d ivided  into three regions, nam ed c la ss  I, c la ss II and class III. 

The group o f  gen es w ithin  the M HC that an individual p o ssesses  is ca lled  the haplotype. It 

has been show n that the haplotype is inherited as a sin g le  M endelian  trait and that there is 

codom inant expression  o f  the gen e product in an individual at each  locus. A lso , a peculiar  

feature o f  the MHC region is linkage disequilibrium , w hereby certain a lle le s  at different 

loci are inherited together m ore frequently than w ould  be exp ected  on random assortm ent. 

The M HC has evo lved  w ith tim e into a h ighly polym orphic region . A t each  locus, in each  

individual, alternative gen es or m ultip le a lle les m ay ex ist and anthropological studies have 

dem onstrated w id e ranges in a lle le  frequencies in different ethnic and racial groups. The 

class I and II gen es are the most polym orphic gen es identified  to date in the human genom e. 

The polym orphism s are due to am ino acid changes in the a i  and tt2 dom ains o f  the class I 

antigens and the a i  and Pi dom ains o f  the class II antigens. T h e ch an ges in am ino acid  

sequ en ce can be due to a variety o f  m echanism s including point m utations, recom bination, 

h om ologou s but unequal crossover and gen e conversion . T he ou tcom e o f  such  

polym orphism  is m anifold  and in som e cases m ay be non-sign ifican t. H ow ever, these  

polym orphism s m ay a lso  result in the generation o f  a gen e product w ith altered ep h ope  

sp ec ific ity , b inding sp ecificity , cytok ine production and m any other ch an ges that alter the 

predicted im m une response fo llow in g  antigenic challenge.

There are three principal clin ical indications for characterising a persons H L A  type and 

these are; 1) transplantation -  for the m atching o f  donors and recip ients, 2 ) vaccination  and 

im m unotherapy -  to identify  peptide-b inding m otifs o f  exp ressed  H L A  m olecu les and 

h en ce peptide se lection , and 3) d isease association  -  to id en tify  H L A  a lle le s  or haplotypes  

that increase susceptib ility  to or cause d isease. In order to con so lid a te  this w orld w id e effort.
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a committee o f the W orld Health Organisation is responsible for the nomenclature o f this 

highly polymorphic region. This committee establishes the principles for additions and 

revisions to nomenclature o f specificities defined by both serological and molecular 

techniques.

Initially HLA antigens were identified by serological methods whereby a specific antigen 

reacted against a particular cell or cell line. These serological specificities are written as 

locus and number (e.g. H LA -A l, H LA -D R l). Detection o f new antigens that are subsets o f  

an existing specificity, or 'sp lits ' are identified by both numbers (H L A -D R l3 (6) -6  being 

the previously assigned specificity).

Newer, molecular techniques such as amino acid sequencing have further characterised the 

HLA class I and II regions. The product is termed an allele that is denoted by locus and 

number (e.g. H LA -A *0I01, HLA-DRBl *0101). Due to the extent o f polymorphism that is 

evident with sequencing, it is increasingly difficult to maintain that link between serological 

and m olecular types. Currently, 746 class I alleles and 542 class II alleles have been 

identified [Marsh et al, 2001],

1.1.2 M l lC C la s s I

1.1.2.1 Structure

Class I antigens are transmembrane glycoproteins. The extracellular domain consists o f a 

heavy polypeptide 44kDa chain that is linked to a 12kDa polypeptide chain by a 

noncovalent bond. The heavy chain consists predominantly o f three a-helices that are 

globular domains extending out from the cell surface. The a : and a 2  helices are joined by a 

P-pleated sheet and the area formed by these three structures comprises the antigen binding 

cleft o f the class I antigens. The smaller polypeptide is called P 2 -microglobulin. The 

extracellular domain is anchored to the cell surface by a hydrophobic section that extends 

through the cell membrane to a short hydrophilic section in the cytoplasm.

Class I antigens are classified as being either classical or non-classical. The classical class I 

antigens are HLA -A, -B and -C and the non-classical are HLA-E, -F, -G, HFE, MICA and 

MICB. The nonclassical class I antigens are less polymorphic than the classical antigens 

and many are pseudogenes.

1.1.2.2 Distribution

Class I antigens are ubiquitous, being expressed by all nucleated cells. The density o f 

expression differs, with high-density expression existing in lymphoid and myeloid cells and 

expression being less abundant on liver, lung and kidney cells. Expression o f class I 

antigens is sparse on brain cells and skeletal muscle.
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1.1.2.3 Class I -  peptide complex

Cytotoxic T-lymphocytes (CTL’s) or CD8+ T-cclls rccognizc and bind antigen on its T cell 

receptor (TCR), but only when the antigen is presented in association with class 1 antigens. 

This interaction is restricted, in that Class I antigens are intimately and necessarily involved 

in the interaction o f an Antigen Presenting Cell (APC) expressing the same MHC haplotype 

as the host from which the T-cell is derived. The TCR identifies antigen presented to it in 

the form o f linear peptides located in the groove formed by the a-helices and P-sheet in the 

outermost domains. APC’s take up foreign protein, including viral proteins, and degrade 

these to peptides via cytosolic protease pathways (Figure 1.1). Three catalytic proteosomal 

subunits, the low m olecular weight proteins (LMP2, LMP7 and LMPIO), modify cleavage 

o f peptides to produce optimal lengths to fit into the MHC class I groove. These peptides 

are characteristically 8 or 9 residues in length, with 2 or 3 anchor residues that are relatively 

invariant and bind to specific pockets in the class 1 binding groove. The remaining residues 

are highly variable and are recognised by the TCR. Subsequent to cleavage, the peptides are 

translocated into the endoplasmic reticulum (ER) by transporters associated with antigen 

processing (TAPI and TAP2). Calnexin, a molecular chaperone, holds the newly made 

class 1 heavy chain within the ER and then is complexed with calreticulin. In the presence 

o f Erp57, an ER resident protein with I'hiol reductase and cysteine protease functions, the 

class I heavy chain-calnexin-calreticulin complex folds with p2-microglobulin. Then 

TAP 1/2 assist with peptide loading resulting in the disassociation o f the calnexin- 

calreticulin complex. The peptide-class 1 heavy chain-P2-microglobulin complex traverses 

the Golgi apparatus and lies on the APC surface membrane for presentation to C TL’s.
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Figure 1.1

Processing of Antigen by APC and presentation to CTL by M H C  class I  antigens
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1.1.3 MHC Class 11

1.1.3.1 Structure

The MHC class II antigens are also transmembrane glycoproteins. They are heterodimers 

consisting of a 34kDa a  polypeptide chain and a 29kDA P polypeptide chain, each with two 

domains. The ai and Pi domains lie furthest from the cell surface and form two a-helices 

joined by a P-pleated sheet and thus form the antigen binding cleft. The a2  and P2 domains 

are each connected by a hydrophobic sequence to the cell membrane that extends across the 

membrane to the cytoplasmic hydrophilic sequences as in the class I molecule.

Classical class II antigens consist o f the isotypes HLA-DP (DPA and DPB), -DQ (DQA and

DQB) and -DR (DRA and DRB). There are usually two expressed DRB genes; DRBl and

one of DRB3, DRB4 or DRB5. The class II P chains are highly polymorphic with HLA- 

DRP being the most polymorphic, followed by DPp and then DQp. The a  chains of HLA- 

DP and -DO are less polymorphic and the HLA-DRa and P2 microglobulin are invariant in 

structure. The nonclassical class II antigens include the LMP and TAP genes, that are 

involved in cytosolic protein cleavage and transport o f these proteins into the endoplasmic 

reticulum respectively, and the HLA-DMA and -DMB gene products that are involved in 

foreign peptide loading of the classical class II antigen binding cleft.

1.1.3.2 Distribution

The expression of class II antigens is restricted to a limited number of cells compared with 

class I antigens. Class II antigens are constitutively expressed by professional APC’s, 

including B-cells, dendritic cells, macrophages and thymic epithelium. However, many cells 

possess the ability to express class II antigens following activation by cytokines such as 

interferon-y (IFN-y). Examples of these cells include capillary endothelium and tissue 

epithelial cells.

1.1.3.3 Class II -  peptide complex

As is the case for class I antigens and CD8+ T lymphocytes, class II antigens are intimately 

and necessarily involved in the presentation of antigen by APC’s to CD4+ or T helper 

lymphocytes. However, the production pathway of the class Il-peptide complex differs and 

involves the processing of exogenous antigen (Figure 1.2). The class II molecules are 

assembled from a  and P chains in the ER in association with a multi-functional 

transmembrane invariant chain (li). The li acts as a chaperone ensuring correct folding of 

the nascent class II molecule and permits transport of the class II molecule to the Golgi and 

then to the endocytic pathway. An internal sequence o f li, called the class Il-associated 

invariant chain peptide (CLIP) sits in the binding groove to inhibit premature binding of 

peptides in the ER before the class II molecule reaches the endocytic compartment
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containing antigen. The exogenous protein is taken into the ceil by endocytosis. The early 

endosome is progressively acidified and the endosomal proteases cleave the protein into 

peptides. These peptides are usually between 8 and 30 residues in length, with 3 or 4 

invariant anchor residues that bind to allele-specit’ic pockets in the binding groove. The 

remaining variable residues are recognised by the TCR. Maturation o f the late endosome is 

characterised by the acquisition o f  lysosomal-associated membrane proteins (LAMPs) 

proteasomes. The late endosome fuses with the class Il-Ii vacuole and the acidic 

environment results in the cleavage o f the li apart from the CLIP portion in the binding 

groove forming MHC class Il-enriched compartments (MIICs). This portion is eventually 

removed by an MHC-related dimeric molecule (DM) allowing insertion o f the peptides 

generated by the endosome, a process that may be assisted by the heat shock protein family 

(HSP 70). Peptide binding is determined initially by concentration, but DM allows for the 

removal o f low affinity binding peptides to be replaced by those o f higher affinity. The 

MIICs also contain CD82 molecules, whose role is unclear at present. The class Il-peptide 

complex is transported to the cell surface for presentation to T-helper cells.
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Figure 1.2

Processing of antigen by APC and presentation to T helper cells by MHC class II 
antigens
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1.1.4 Tumor necrosis factor alpha

1.1.4.1 MHC class III

The class III region o f the MHC lies between the class I and II loci on chromosome 6. 

Compared with the class I and II, this region lacks the conformity o f the classical and non- 

classical antigens and encodes for a variety o f products that are related to the host immune 

response. Examples include genes for components o f  the complement cascade (C4A, C4B, 

C2 and factor B), for cytokines (Tumor necrosis factor-alpha (T N Fa), lymphotoxin-alpha 

and lymphotoxin-beta) and for heat shock proteins (H SPA IA , H SPA IB  and HSPAIL).

The MHC contains many genes involved in the host immune response and many diseases 

have been associated with class I and II haplotypes, in particular those with an 

inflammatory or auto-immune components. However it is often difficult to elucidate 

whether these alleles are disease causing or disease susceptibility, or that the causative gene 

lies on the inherited haplotype but remains un-identified. Due to the position o f the TNF 

locus between the class I and II loci, the involvement o f  the TNF alleles in the aetiology of 

such diseases must be considered.

1.1.4.2 T N Fa Gene

The TNF locus lies within the class III region o f the MHC covering approximately 7 kB and 

incorporates in tandem fashion the genes for T N F a and 1’NFp (currently known as 

lym photoxin-a). The gene for T N F a lies approximately 250 kB centromeric o f the HLA-B 

locus and 850 kB telomeric o f the HLA-DR locus [Makhatadze et al, 1998]. Upstream o f 

the 5’ end o f  the T N F a gene lies a sequence o f base pairs known to regulate transcription of 

the gene [Goldfield et al, 1991]. This promoter region has potential binding sites for several 

transcription factors including AP-1, AP-2, nuclear factor-KB (NF-kB) and cAMP [Pope et 

al, 1994; Tomaras et al, 1999]. Also, regulation o f transcription by these factors may be cell 

type and stimulus specific [Tsai et al, 1996]. Post-transcriptional regulation o f the T N F a 

mRNA also occurs which is mediated through the 3' UTR region This region encodes 

adenosine-uracil multimers known as AU rich elements (ARE) that are present in T N F a 

mRNA and regulate stability [Kontoyiannis et al, 1999; Crawford et al, 1997].

1.1.4.3 TNF M icrosatellite polymorphisms

Five microsatellites have been identified in proximity to the TNF locus, designated TNFa-e 

[Nedospasov et al, 1991; Udalova et al, 1993], Due to their high polymorphism, TNFa and 

TNFb appear o f greatest interest. TNFa consists o f CA dinucleotide repeats and 13 alleles, 

differing by 2 nucleotides (one repeat), have been identified. TNFb consists o f  CT 

dinucleotide repeats and 7 alleles, differing by only 1 nucleotide, have been identified.
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These microsatellites lie adjacent to each other 3.5kB upstream o f the L T -a mRNA start 

site and segregate in a codominant way with HLA haplotypes [Jongeneel et al, 1991].

These polymorphisms may be associated with variable T N F a production [Pociot et al,

1993] and several associations have been described with diseases known to have MHC 

links, including insulin dependent diabetes mellitus (IDDM )[M onosa et al, 1995], Celiac 

disease [M cManus et al, 1996] and C rohn’s disease [Plevy et al, 1996]. Thus disease 

susceptibility may be due to inheritance o f MHC haplotypes in linkage disequilibrium with 

TNF.

These highly polymorphic microsatellites also serve as a mapping tool creating better 

detm ition o f  disease related MHC haplotypes. In IDDM, where genetic susceptibility is 

associated with HLA DR3, Monosa et al, demonstrated linkage disequilibrium with 

TN Falb5. Similarly, in systemic lupus erythematosus, a DR3-DQ2 associated disease, 

photosensitivity and Raynaud’s phenomenon have been associated with TNFa2b3 [Hajeer 

et al, 1997]. These studies successfully extend the disease-related MHC haplotype over 

several kB to include both the TNF locus but also several other genes o f immunological 

importance, that may act individually or interactively to manifest disease.

1.1.4.4 TNFa Gene promoter polymorphism

In the prom oter region o f the T N F a gene, two polymorphisms have been identified. The 

first consists o f  a G to A transition at position 308 (TN Fl or TNF308.G designates the wild 

type and TNF2 or TNF308.A the variant) [Wilson et al, 1992]. TNF308.A has been shown 

to be in linkage disequilibrium with HLA A1-B8-DR3 [W ilson et al, 1993], a phenotype 

associated with high T N F a production [Jacob et al, 1990]. TNF308.A may alter the 

production o f  T N F a through increased transcription, the mechanism o f which is poorly 

understood but may be through increased binding affinity o f  nuclear factors [Wilson et al, 

1997; Kroeger et al, 1997]. This polymorphism has been positively associated with several 

diseases o f an autoimmune and immunological nature, including Celiac disease [McManus 

et al, 1996], IDDM [Deng et al, 1996], SLE [Wilson et al, 1994], cerebral malaria [McGuire 

et al, 1994] and lepromatous leprosy [Roy et al, 1997], The disease association o f 

TNF308.A may not be independent o f  linkage disequilibrium with MHC haplotypes. 

However, none o f these studies out-rule the possible biological significance o f inheriting a 

high T N F a producing phenotype in disease susceptibility.

A second G to A transition was subsequently described at position 238 (designated TNFA- 

G or TNF238.G for the wild type and TNFA-A or TNF238.A for the variant) [D ’Alfonso et 

al, 1994]. This variant occurs in linkage disequilibrium with both B18-DR3 and B57-DR7. 

The functional significance o f TNF238.A remains unclear [Pociot et al, 1995]. TNF238.A
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has been associated with chronic hepatitis B and C infections independent o f  HLA alleles 

[Hohler et al, 1999; Hohler et al, 1998] and in alcoholic steatohepatitis [Grove et al, 1997]. 

Overall, few associations between TNF238.A and disease o f an immunological basis have 

been described. However, TNF238.A may exert a protective effect against some diseases.

In a study o f rheumatoid arthritis where the rate o f jo in t damage was found to be 

significantly less in those who possessed TNF238.GA compared with TNF238.GG [Kaijzel 

et al, 1998]. TNF238.GA positive subjects were also found to have less insulin resistance 

when compared to pair-matched relatives positive for TNF238.GG [Day et al, 1998].

1.1.4.5 TNFa Protein structure

T N F a is a polypeptide honnone composed o f  three equal non-glycosylated sub-units 

arranged non-covalently in a compact and stable bell-shaped complex [Eck et al, 1989].

Each sub-unit consists predominantly o f a P-pleated sheet with a molecular weight of 

approximately 17kDa. T N F a is synthesised as a pro-hormone, with the 76 additional N- 

terminal amino acids removed by proteolytic cleavage, to produce the mature hormone o f 

157 amino acids. The additional amino acids are a transmembrane hydrophobic domain that 

anchors the molecule across the cell surface.

1.1.4.6 TNFa Function

Cytokines are low molecular weight proteins that stimulate or inhibit the differentiation, 

proliferation or function o f immune cells. T N F a is a cytokine produced in abundant 

amounts by activated macrophages and monocytes, cells o f the reticuloendothelial system. 

Mast cells, dendritic cells, B cells, T helper (Th) cells and Natural K iller (NK) cells also 

produce T N Fa. However, the amount o f  T N F a produced is dependent both on the 

activation state o f  the cell and on the stimulus.

T N F a is recognized by cell surface receptors, and as a ligand, belongs to the TNF ligand 

family. This consists o f  nine members (TN Fa, LT-a, LT-P, Fas, OX40L, CD40L, CD27L, 

CD30L and 4-IBBL) that bind structurally related receptor proteins known as the TNF 

receptor superfamily. T N F a interacts with 2 o f 12 o f these receptors; TNF-Rl and TNF- 

R2.These receptor exist as both cell surface and soluble entities, both capable o f binding 

TN Fa. At least one receptor is present on every cell surface but their functions are distinct 

[Goeddel, 1999; Sacca et al, 1998]. Several intracellular pathways may be stimulated on 

receptor binding.

After ligand binding o f T N F-R l, interaction occurs with the Fas-associated death domain 

protein (FADD) through the TN F-R l-associated death domain protein (TRADD). 

Subsequently, through a death effector domain on FADD, the caspase cascade is activated 

leading to apoptosis.
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TNF-Rl also interacts with receptor interacting protein (RIP) that activates downstream 

signals leading to the activation o f the transcription factor NF-kB [Liu et al, 1996]. It also 

interacts with TNF receptor-associated factor 2 (TRAF2) that results in the activation o f c- 

Jun NHi-terminal kinase (JNK), which is a mitogen-activated protein kinase.

TNF-R2 binds both TRAFl and TRAF2 and cellular inhibitor o f  apoptosis proteins (c- 

lAPs) and the resulting complex can then mediate activation o f JNK and NF-kB [Goeddel, 

1999].

1.1.4.7 TNFa biological significance

T N F a has diverse and at times contradictory functions. It has been described as an immune- 

modulator, a pro-inflammatory and an anti-inflammatory cytokine, and it plays an important 

role in the control o f programmed cell death or apoptosis [Papadakis et al, 2000]. T N F a has 

been implicated in wide range o f diseases from septic shock and autoimmunity to alcoholic 

hepatitis and congestive heart failure [Taylor et al, 1996; Yin et al, 1999; Tracey et al,

1994], This diversity o f action appears to be related to the intensity and duration o f  T N F a 

production and to the interplay o f synergistic cytokines, such as interleukin-1 (IL-1) or lL-6. 

For example, acute surges in T N F a production have been described in septic shock whereas 

chronic low-level production described in cachexia [Tracey et al, 1994],

One o f primary sites o f action o f T N Fa in inflammation is the endothelial cell. T N F a 

promotes transudation o f neutrophils from the intravascular space to the site o f 

inflammation with the release o f biologically active substances including lysozyme and 

hydrogen peroxide [B eutleret al, 1989; Ebert, 1998]. It also promotes individual cells to 

mobilise energy stores for use in the immune response, suppressing acetyl CoA carboxylase 

and fatty acid synthetase.

In the course o f  the immune response T N F a stimulates macrophages, neutrophils and B- 

cells. It also up-regulates expression o f the adhesion molecules on endothelium [Feldmann 

et al, 1997]. It induces the expression o f other cytokines promoting a Th-1 like cytokine 

response [Plevy et al, 1997]. On the other hand, in a presumed effort to control the immune 

response, T N F -a has been shown to induce apoptosis o f  activated T lymphocytes [Zheng et 

al, 1995].
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1.2 Hepatitis C virus

1.2.1 Classification

In 1989 a novel RNA virus, the hepatitis C virus, was cloned [Choo et al, 1989]. It is a 

m ember o f the Flaviviridae, belonging to the subgenera Hepacicvirus [M iller et al, 1990]. 

HCV mutates rapidly with an estimated rate o f nucleotide substitutions o f 1.42-1.99x10'^ 

per site per year [Okamoto et al, 1991]. Comparison o f sequences has demonstrated that 

heterogeneity is distributed unevenly along the HCV genome [Houghton et al, 1991].

A consensus nomenclature based on comparison o f sequences o f a highly conserved area 

within the NS5b region o f the HCV genome has been developed. HCV genotypes are 

classified by sequence homology o f 55-72% and given a numerical classification 

corresponding to the order o f  discovery. Initially 6 major genotypes were identified 

according to this system [Simmonds et al, 1994; Bukh et al, 1993]. A further 5 genotypes 

were identified based on comparison o f  genome sequences o f E l and NS5b originating 

from Vietnam (types 7, 8 and 9)[Tokita et al, 1994] and Thailand (types 10 and 1 l)[Tokita 

et al, 1996]. However, further analysis suggests that these should be classified as divergent 

subtypes o f  genotype 6 (7, 8, 9, and 11) and genotype 3 (10 ) [Foms et al, 1998].

W ithin each genotype, subtypes are identified by sequence homology o f 75-86% (denoted 

a, b, etc)[Simmonds, 1995]. Currently up to 30 subtypes have been identified. Also, within 

an individual host, at a point in time, sequence diversity in the infecting HCV may exist 

giving rise to quasispecies [Martel! et al, 1992].

1.2.2 Genomic organisation

HCV is a positive, single-stranded RNA molecule approximately 9.5kb in length [Houghton 

et al, 1991]. Its open-reading frame (ORF) is unique in that it codes for a single polyprotein 

and is flanked by untranslated regions (U TR ’s) at its 5 ' and 3 ' ends. The polyprotein- 

encoding region varies in length, from 3,008 to 3,037 amino acids, according to viral 

genotype.

Among different HCV isolates the 5 ' UTR region is tightly conserved [Okamoto et al, 

1990]. An internal ribosomal entry site (IRES) is located within this region and appears to 

act by specifically engaging the ribosome in order to initiate translation and allow 

polyprotein synthesis. The 3 ' UTR region is divided into three domains which include a 

22-66 nucleotide sequence which follows the ORF and conforms a secondary structure, a 

poly (U) sequence, which varies in length according to the HCV isolate, and the 3 ' X tail, 

which appears to be well conserved across viral isolates and may have a role in the 

initiation o f genomic replication.
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The open-reading fram e codes for a series o f  structural p roteins (core and envelope (E l and 

E2)) and non-structural enzym es (N S2, N S3, N S4a, N S4b, N S5a and N S5b) located at the 

amino and carboxy term inals respectively  (Figure 1.3). The core protein  is the most 

conserved o f  the structural pro teins [O kam oto et al, 1990] and consists o f  th ree hydrophilic 

dom ains that may be involved in encapsulation  o f  the RN A  genom e. T he biological 

function o f  the core protein located in the host nucleus is unclear. Em erging evidence 

suggests it m ay m odulate the host im m une response possib ly  by in teracting w ith the 

lym photoxin-P recep tor [M atsum oto et al, 1997], w hich is involved in apoptosis, and thus 

propagate viral persistence. The envelope proteins com prom ise the m ajor portion  o f  the 

HCV structure and both E l and E2 are g lycoproteins w ith m ultip le potential N -linked 

glycosylation sites. T hese proteins are the m ost variable o f  regions w ithin the HCV genom e 

[Okam oto et al, 1990], variability  again depending on genotype. T he extent o f  variability  is 

thought to  be due to random  m utation and the selection o f  m utants, allow ing HCV to escape 

the im m une pressure exerted on it by the host through the production  o f  neutralising  

antibodies. A gam m aglobulinaem ic patients, incapable o f  an tibody  production , dem onstrate 

no variability  across this region over tim e [K um ar et al, 1994]. W hhin  E2, a hypervariable 

region called HVR-1 exists and antibodies directed  against this region have been show n to 

be capable o f  blocking HCV infection in tissue culture [Shim izu et al, 1996]. A lso w ithin 

the E2 protein is a sequence identical to the phosphorylation sites o f  in terferon-inducib le  

protein kinase (PK R) and the transla tion  initiation factor, eIF2, a target o f  PK R [Taylor et 

al, 1999]. It has been show n that cells expressing E2 did  not have nonnal PK R  activity  

resulting in unregulated protein synthesis. Thus the envelope proteins appear to have a 

significant role in the propagation o f  viral infection and possib ly  a role in the resistance to 

interferon.

The non-structural enzym es have been show n to have diverse functions. T he N S3 protein is 

approxim ately 70kDa in length and appears to have at least tw o functions [W einer et al, 

1991], Firstly, it acts as a m etalloprotease in conjunction  w ith C -tem iinal o f  N S2 and 

results in the cleavage o f  the polyprotein  at the N S2/N S3 ju nc tion . Secondly, it acts as a 

serine protease producing dow nstream  cleavage o f  the non-structural proteins. T he NS3 

protein also  dem onstrates sequence sim ilarity  to RN A  helicase that is required  for the 

unw inding o f  RN A  for replication and  protein  transla tion  [Tsai et al, 1996]. T he N S4a 

protein (8kD a) appears to anchor replication  com plexes and to  act as a co-factor for NS3 

protease. The N S5a protein contains the in terferon sensitiv ity-determ ining region that 

through its interaction w ith and inactivation o f  PK R, results in in terferon resistance 

[Enom oto et al, 1996; G ale et al, 1997; G ale et al, 1998]. The N S5b protein  contains a 

highly conserved sequence, present in many RN A  viruses, that is characteristic  o f  a m o tif
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(G-D-D) within all known RNA-dependent RNA polymerases. Thus the HCV NS5b prctein 

is implicated in the conversion o f the single stranded virus into a negative strand for 

subsequent translation and viral replication [Behrens et al, 1996]. However, due to the lick 

o f the proofreading 3 '^ 5 ' exonuclease activity o f the HCV polymerase, this step results in 

the production o f quasispecies within an individual host [Oh et al, 1999], The functions o f 

NS2 and NS4b remain unclear.
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Figure 1.3 
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1.2.3 Epidemiology

1.2.3.1 Introduction

Following its identification in 1989, HCV was identified as the major cause o f non-A, non- 

B post-transfusion hepatitis. The advent o f a serological assay for the detection o f IgG 

antibody to HCV (anti-HCV) and reverse transcriptase-polymerase chain reactions (RT- 

PCR) for the detection o f viral RNA, together with worldwide epidemiological surveys has 

identified HCV as being a major cause o f  morbidity and mortality.

Transmission o f HCV is primarily by the parenteral route but less effective transmission 

through bodily secretions is possible as HCV has been identified in saliva, urine, semen and 

ascitic fluid [Liou et al, 1992]. Rates o f infection can be divided into those o f high-risk 

groups and those o f  healthy populations. Those included in the high-risk populations 

include recipients o f  blood products prior to the introduction o f HCV screening and 

intravenous drug users (IVDU’s).

1.2.3.2 Incidence

The incidence o f transfusion related HCV prior to 1986 was 5 to 13%, declining to 1.5-9% 

from 1986-1990, and declining further to < 1% after 1990 with the introduction o f anti- 

HCV screening o f  donors [Donahue et al, 1992]. In American studies o f community 

acquired HCV, an estimated 21% o f acute hepatitis is due to HCV, however the annual 

incidence rates have fallen by over 50% since the identification o f the virus [Alter et al, 

1990]. A definable risk factor is present in 60% o f cases and in a large proportion o f the 

remaining 40% a low socio-economic level has been associated. Acute HCV infection is 

also more common among young adults due most probably to the patterns o f exposure 

[Alter et al, 1990]. In high-risk populations, incidence rates o f 10% amongst IVDU’s in 

Amsterdam [Van Ameijden et al, 1993], 1% o f American prison inmates [Valhov et al, 

1993] and 3% o f Belgian hemodialysis patients [Jadoul et al, 1993] have been reported.

1.2.3.3 Prevalence

The highest prevalence rates o f up to 90% exist for those at high risk; IVDU’s o f more than 

10 years and multiple transfusion recipients [Donahue et al, 1991], that is haemophiliacs in 

receipt o f multiple transfusions o f non-treated factor concentrates [Rumi et al, 1990]. 

Haemodialysis patients have prevalence rates varying according to geographic region, from 

1-2% in the United Kingdom to 10-30% in the United States and to 20-91% in Eastern 

Europe [Alter et al, 1995]. In healthy control populations, the prevalence o f HCV again 

varies by geographic region, from less than 0.08% in the United Kingdom, 0.3% in the 

United States and 3% in South America [Alter, 1995]. However, these studies are based on 

analysis o f blood donors and therefore probably underestimate the general population 

prevalence rates, as blood donors are a highly selected group o f pre-screened individuals.

18



HCV was identified as the major cause o f post-transfusion hepatitis in retrospective studies 

following its identification [Donahue et al, 1992]. Intravenous drug use is also a 

documented route o f infection by the sharing o f contaminated needles and drug 

paraphernalia [Van Ameijden et al, 1993]. Health care workers are also at risk for HCV 

mfection with prevalence rates o f up to 1.6% reported in the United States [Cooper et al, 

1992] among high-risk workers and 9% among dentists practising oral surgery [Klein et al, 

1991]. Sexual and household contacts o f  patients with HCV are also at risk o f acquiring 

HCV, with prevalence rates averaging 5% and 3.6% respectively [Alter, 1995]. The risk o f 

sexual transmission has been associated with the number o f  sexual partners, not using a 

condom, history o f other sexually transmitted diseases and having partners at risk o f human 

immunodeficiency virus. Perinatal prevalence rates o f HCV in children bom  to anti-HCV 

positive, anti-HIV negative women vary between 0-13%. The highly variable results are 

thought to be due to small sample sizes, variable serologic tests and variable follow-up 

periods.

In Ireland, the prevalence o f HCV in the general population is estimated at 0.05 -0.1%. 

There are three cohorts o f  subjects where there prevalence is considerably higher. The first 

relates to post-transfusion hepatitis that pre-dates the introduction o f HCV screening into 

the Irish Blood Transfusion service in 1994. Patients with high transfusion requirements, 

notably haemophiliacs, who received blood products pre-1994, have a prevalence o f HCV 

approaching 90% [Nolan, personal communication 2003]. The second cohort consists o f 

people with a history o f intravenous drug use. In Dublin currently, there are an estimated 

13,000 drug users, with a seroprevalence o f 52% to 81% and an estimated 62% o f these are 

chronically infected [Keating, personal communication 2003], Similarly, 37% o f prisoners 

are estimated to be anti-HCV positive, rising to 81% in those with a history o f IVDU [Irish 

Government stationary office, 1999]. The third cohort relates to two outbreaks o f HCV that 

occurred following the administration o f HCV-contaminated anti-D immunoglobulin to 

pregnant women. The first occurred in 1977 and the second over the period o f 1991 to 

1994.

1.2.3.4 Geographical variation

Epidemiological studies have also mapped the geographical distribution o f the HCV 

genotypes and subtypes [Foms et al, 1998]. Genotype la  and lb  are the most prevalent type 

in North America each accounting for more than 40% o f infections. In Northern Europe 

genotype la  is highly prevalent whereas genotype lb  is most prevalent in Southern and 

Eastern Europe. However, genotype 3 is most prevalent among younger patients, 

particularly IVDU’s in Europe [Silini et al, 1995]. W orldwide, genotype 3 has a high 

prevalence in Thailand, South-East Asia and India [Davidson et al, 1995]. Genotype lb  is
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most prevalent throughout Japan and China. Genotype 4 is the principal genotype in the 

Middle East, Egypt and Central Africa [Davidson et al, 1995], genotype 5 in South Africa 

[Simmonds et al, 1993] and genotype 6 in Hong Kong [M cOmish et al, 1994]. The variants 

o f  genotype 6, genotypes 7 to 9 are prevalent in Vietnam [Tokita et al, 1994] and genotypes

10 and 11, variants o f 3 and 6 respectively, in Thailand [Tokita et al,1996].

1.2.4 Natural history

Clinical symptoms o f acute HCV infection are usually mild or absent with approximately 

only 25% o f patients developing jaundice [Dienstag et al, 1983]. The risk o f developing 

fulminant or subacute liver failure is rare [Yanagi et al, 1991] and has been associated with 

super-infection with Hepatitis A virus [Vento et al, 1998]. Spontaneous clearance of HCV 

occurs in up to 20% o f patients with acute infection but the majority develop chronic 

infection with viral persistence [Esteban et al, 1991; DiBisceglie et al, 1991]. Chronic HCV 

infection is associated with a variable degree o f liver injury. Some studies suggest that 20 to 

35% may develop cirrhosis over a 10 to 20 year period and hepatocellular carcinoma (HCC) 

over an average o f  28 years [Tong et al, 1995]. In HCV compensated cirrhosis, the 5 year 

survival is > 90% and 10 year survival is 80% [Fattovich et al, 1997]. The risk o f HCC in 

cirrhotic liver disease at 5 years is 7%. Decompensation may occur in a cirrhotic liver with 

the development o f  portal hypertension that may present as ascites, variceal haemorrhage or 

porto-systemic encephalopathy. After decompensation the 5 year survival is reduced to 

50%. HCV, genotype 1 infection has been associated with a more aggressive course o f liver 

disease [Dusheiko et al, 1994], but other viral factors such as inoculating viral load and 

route o f transmission are disputed. Indeed, even genotype 1 may be associated with more 

severe disease only by nature o f  the fact that it is the most prevalent genotype in those with 

longstanding infection [Zein et al, 1996]. Host factors associated with progressive disease 

include male sex, alcohol consum ption o f more than 50gni alcohol per day and older age at 

infection [Poynard et al, 1997], Patients co-infected with human immuno-deficiency virus 

being treated with highly-active anti-retroviral therapy are more likely to have advanced 

liver disease [Pol et al, 2002]. Alcohol consumption [Donato et al, 2002] and positive 

hepatitis B surface antigen increase the risk o f  HCC [DeMaria et al, 2000]. The risk o f liver 

related mortality is increased by the presence o f cirrhosis, long duration o f disease, IVDU 

and excessive alcohol consumption [Niderau et al, 1998].

Patients with chronic infection suffer from constitutional symptoms, such as fatigue and 

myalgia. Extrahepatic manifestations o f  HCV infection are also well described, such as type

11 cryoglobulinaemia, m em branoproliferative glomerulonephritis, porphyria cutanea tarda
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and other im m une m ediated d isorders [A gnello et al, 1992; Johnson  et al, 1993; D eC astro  et 

al 1993; Paw lotsky et al, 1994].

1.2.5 Liver injury

The pathological features o f  acute HCV infection are characterised  by liver cell sw elling , 

acidophil body form ation, cholestasis and infiltration  o f  portal tracts and lobules by 

lym phocytes [K obayashi et al, 1993](Figure 1.4). H ow ever, although these features are  w ell 

described, they are rarely seen due to tw o factors. Firstly, the low  rates o f  clin ical ic terus 

during acute infection result in few cases presenting  during the acu te  phase o f  infection. 

Secondly, w ith the advent o f  reliable serological and R T-PC R  tests, the d iagnosis o f  acu te  

HCV can be m ade in the acute setting thus negating  the need for a liver biopsy.

The pathological injury described  for chronic HCV is d iv ided into tw o aspects. F irstly , the 

grade o f  inflam m ation is described  and then the stage o f  fibrosis is noted. The m ost 

characteristic feature o f  chronic HCV is bile-duct dam age and the fom iation  o f  portal 

lym phoid follicles [Bach et al, 1992]. A ccom panying this there m ay be a chronic 

lym phocytic infiltrate, focal in tra-acinar dam age and liver cell dropout. T here m ay a lso  be 

m ild to m oderate fatty in filtration, predom inantly  m acrovesicular, that m ay be the d irect 

result o f  viral infection rather than an increase in body m ass index [Czaja et al, 1998]. 

M esenchym al iron deposition  may also be increased in chronic H CV  infection  as a resu lt o f  

chronic necrointlam m ation [B oucher et al, 1997]. F ibrosis begins peri-portal ly, w ith septal 

extensions occurring that results in bridging betw een portal tracts and/ o r  portal tracts and 

central veins, culm inating  in architectural d isruption and c irrhosis. F ibrosis m ay be a 

product o f  recurrent attacks o f  acinar, and possib ly  p iecem eal, necrosis.

The m ethods o f  assessing these entities have achieved m uch a tten tion  and to  date no 

w orldw ide consensus exists as to  the best m ethod. This has confounded  m any studies on 

HCV, as one is unable to  draw  conclusive com parisons betw een studies using d ifferen t 

m ethods. O ther indications for a descrip tive consensus concern  the ab ility  to p rognosticate  

and the decision to treat. The m ost frequently  used m ethods o f  assessing  h isto log ical in jury  

are those described by D esm et et al [1994], and by Ishak et al [1995], T he fo n n er u tilises 

the histological activity  index (HAI) that is a cum ulative score o f  periportal necrosis (0-10), 

in tralobular degeneration  and focal necrosis (0-4) and portal in flam m ation  (0-4), w ith  a 

separate score for fibrosis (0-4). T he latter group m odified  this H A I both  w ith respect to  the 

inflam m atory grades and fibrotic stages. In this p roposed system , the periporta l necrosis is 

reclassified  into the separate entities o f  piecem eal and bridging necrosis (T able 1.1).

F ibrosis rem ains as a separate entity  but tw o additional stages are added to clarify  

delineation  betw een stages (T able 1.2).
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Table 1.1

Liver injury: M odified HAI grading

score

A. Periportal or periseptal interface hepatitis (piecemeal necrosis)
Absent 0
Mild ( focal, few portal areas) 1
M ild/moderate (focal, most portal areas) 2
M oderate (continuous around <50% o f tracts or septa) 3
Severe (continuous around>50% o f  tracts or septa) 4

B.Confluent necrosis
Absent 0
Focal confluent necrosis 1
Zone 3 necrosis in some areas 2
Zone 3 necrosis in most areas 3
Zone 3 necrosis and occasional portal-central(P-C) bridging 4
Zone 3 necrosis and multiple P-C bridging 5
Panacinar o f multiacinar necrosis 6

C. Focal (spotty) lytic necrosis, apoptosis and focal inflammation
Absent 0
One focus or less per lOx objective 1
Two to four foci per lOx objective 2
Five to ten per lOx objective 3
More than 10 foci per lOx objective 4

D. Portal inflammation
Absent 0
Mild, some or all portal areas 1
Moderate, some or all portal areas 2
M oderate/marked all portal areas 3
Marked, all portal areas 4

Maximum possible score for grading 18

Additional features which should be noted but not scored:
Bile-duct inflammation and damage
Lymphoid follicles
Steatosis, mild, moderate or marked
Hepatocellular dysplasia, large or small cell
Adenomatous hyperplasia
Iron or copper overload
Intracellular inclusions (e.g. M allory bodies, PAS-positive globules)
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Table 1.2

Liver injury: M odified staging o f fibrosis

Score

No fibrosis 0
Fibrous expansion o f some portal areas, with or without short fibrous septa 1
Fibrous expansion o f most portal areas, with or without short fibrous septa 2
Fibrous expansion o f most portal areas with occasional P-P bridging 3
Fibrous expansion o f portal areas with marked bridging (P-P as wall as P-C) 4
Marked bridging (P-P & /or P-C) with occasional nodules (incomplete cirrhosis) 5
Cirrhosis (probable or definite) 6

Maximum possible score 6

Additional features which should be noted but not scored;
Intra-acinar fibrosis.
Peri-venular fibrosis.
Phlebosclerosis o f  terminal hepatic venules
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Figure 1.4

Examples of hepatic histological injury in HCV infection

Mild lymphocytic 
inflammation at portal 
tracts. Some 
macrovesicularfat.

More severe chronic 
lymphocytic infiltrate 
extending into lobule. 
Bands of fibrosis 
extending in septa from 
portal tracts.

Cirrhosis of liver due to 
HCV. Thick bands of 
fibrosis disrupt 
parenchymal 
architecture and isolate 
nodules of hepatocytes.
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1.2.6 Diagnosis

1.2.6.1 Liver enzymes

HCV infection classically causes elevation o f serum alanine am inotransferase (ALT) and 

aspartamine aminotransferase (AST). However, the extent o f enzyme elevation may 

fluctuate in an individual throughout the course o f infection and although may reflect 

inflammatory activity within the liver, the correlation with the extent o f  histological injury 

is poor. As liver injury progresses disturbances o f  other liver enzymes can occur with 

elevation in serum bilirubin levels. Reduction in serum albumin and prolongation o f the 

prothrombin time heralds the onset o f  decompensated cirrhosis.

L2.6.2 HCV serological assays

Serological tests form the basis for screening for HCV infection in both individuals and 

larger populations, such as blood donors. Since the detection o f  HCV, there has been 

considerable evolution o f the serological assays available for testing for HCV, with 

improvements in both sensitivity and specificity o f the assays [Younossi et al, 1996], 

Enzyme-linked immunosorbent assays (ELISA or EIA) are relatively straight-forward, 

reproducible and inexpensive means o f  detecting antibody to HCV and hence have been 

adopted as the mainstay screening test. In brief these consist o f  microwells coated with 

recombinant HCV antigens that are incubated with donor-diluted serum, followed by the 

addition o f an enzyme-linked anti-human conjugate that reacts with bound antibody and is 

detected by the addition o f a substrate measured by optical density techniques. Currently, 

three generations o f  the anti-HCV ELISA exists incorporating recombinant antigen initially 

from a single region o f the HCV genome (NS3/NS4) and now utilise antigens in three 

distinct regions o f the genome (core, NS3/NS4 and NS5). The sensitivity o f  the EIA test has 

improved from 95-98% in the first generation to 99.9% in the third generation tests. 

However, the specificity o f  the EIA methods remains low with 30-50% testing falsely 

positive in large population screening studies [Kleinman et al, 1992] and hence 

supplemental techniques were developed to confirm the diagnosis o f  HCV infection.

The most commonly utilised supplemental technique is the recombinant immunoblot assay 

(RIBA). In brief this technique utilises a nitrocellulose strip impregnated with HCV 

antigens that is incubated with donor serum. Following incubation the strip is washed o f 

non-specific antibodies, exposed to conjugated goat anti-human IgG bound to horseradish- 

peroxidase and then a solution containing hydrogen peroxidase is added resulting in the 

production o f colour bands, specific for the corresponding antigen and the intensity o f 

which is proportional to the amount o f  bound antibody reported on a semi-quantitative 

scale. Again, three generations o f  the RIBA tests exists incorporating progressively more 

recombinant or synthetically produced HCV antigens. W idely used throughout Europe, the
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anti-HCV RIBA-3 test detects for the presence o f antibodies against the C22 (core region), 

C33 (NS2 region), C200 (incorporating the clOO region o f the NS3/NS4 region) and an 

NS5 antigen. Also included on the strips are two levels o f  human IgG and the human super 

dismutase (SOD) antigen as internal controls. The RIBA-3 is considered negative in the 

absence o f any reactivity to HCV antigens, indetenninate with reactivity to one HCV 

antigen and/or SOD positivity and positive when reactive against two or more HCV 

antigens.

1.2.6.3 HCV RNA testing

The advent o f serological testing for HCV has virtually nullified the risk o f post-transfusion 

hepatitis in countries with routine testing. However, pitfalls still exist with respect to the 

diagnosis o f  HCV infection based on serology alone. Firstly, following acute infection, 

seroconversion may take up to 6 months to occur [M cHutchinson et al, 1991], Secondly, 

there remains the small risk o f false negative serology, especially in the 

immunocompromised host [Lok et al, 1993]. Thirdly, up to 50% o f  subjects chronically 

infected will have normal ALT values [Shakil et al, 1995]. Therefore, confirmation o f HCV 

infection is concluded by the detection o f the HCV viral RNA in the host serum by various 

nucleic acid am plification techniques (NAT), most commonly RT-PCR [Gretch et al, 1996]. 

Current techniques to detect HCV in the serum by PCR allow both qualitative and 

quantitative results. The 5 ’UTR and core regions within the HCV genome show maximum 

sequence conservation among the various HCV genotypes and hence are the targets for 

amplification. In qualitative RT-PCR assays, the target area undergoes a process o f reverse 

transcription whereby a complimentary strand o f copy deoxyribonucleic acid (cDNA) is 

generated. This is then amplified according to general PCR principals. The products are 

then hybridised to oligonucleotide probes specific to the target and detected by colorimetric 

determination.

Quantitative PCR allows for the estimation o f the HCV viral load in a patient’s serum at 

one point in time. However, the natural history o f HCV is to fluctuate more than a m illion

fold over time within a single person. Coupled to this was the lack o f standardisation o f  the 

quantitative NAT techniques among laboratories. To correct for this, a WHO International 

standard collaborative study was undertaken in 1997 [WHO, 1998]. A sample o f 

lypophilized material containing HCV genotype 1 was accepted as the international 

standard for NAT assays. Today several methods exist but two o f the more widely used 

techniques include quantitative non-competitive PCR and branched chain (bDNA) assay. 

Quantitative non-competitive PCR includes a quantitation standard that is co-amplit'ied with 

the target to m onitor efficiencies o f the extraction and am plification reactions. A single 

prim er pair that includes a biotinylated downstream prim er is used. After amplification, the
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products are denatured, transferred to a m icrow ell detection  p late and seria lly  d iluted from  

1:5 to 1:625. T h ey are then hybridised to H CV sp ec ific  m icrow ells . T he sam e product is 

again seria lly  d iluted ( 1 :5 to 1:25) b efore hybridisation to Q S sp ec ific  w ells . The highest 

dilution that g iv es an A 4 5 0  b etw een  0 .2  and 2 .0  on the H C V -sp ecific  w e lls  and Q S -sp ecific  

w ells  are then selected  and used to ca lcu late the num ber o f  co p ies/m l in the sam ple. This 

system  is u tilised  in the R oche A m plicor H CV M onitor’’̂  ̂ (R och e D iagn ostic  System s, 

Branchburg, N J) w here analytical sensitiv ity  is reported at 5 0 0  cop ies/m l w ith  a linear 

range to 10^ cop ies/m l. T his n on-com petitive quantitation m ethod is easy  to use and h ighly  

sensitive.

The b D N A  H C V  R N A  assay u ses a series o f  n ucleic  acid hybridisations to ach ieve  

am plified  sign als rather than am plification  o f  the viral gen om e. In this m ethod, the HCV  

gen om ic R N A  is liberated from sp ecim ens and bound to the so lid  phase o f  a m icrow ell by a 

set o f  sp ec ific  synthetic o ligon u cleotid e capture probes. V iral R N A ’s are a lso  hybridised to 

separate target probes from the 5 ’U T R  and core regions o f  H C V . Synthetic branched D N A  

am plifier m olecu les and m ultiple cop ies o f  a lkaline phosphatase-linked  probe are then 

hybridised to the im m obilized  viral n ucleic acid com p lex . D etection  and quantitation are 

ach ieved  by incubating the com p lex  w ith ch em ilum inescen t substrate d ioxetane and 

m easuring light em ission . T his m ethod is used in the Quantiplex^'^ H C V  R N A  assay  

(Chiron Corporation, E m eryville, C A ) and is reported to detect virus b etw een  3 5 0 ,0 0 0  and 

5 8 ,0 0 0 , 000  equivalents/m l. Therefore, although this system  is easily  perform ed w ith  low  

risk o f  contam ination and h ighly  reproducible, this system  lacks sen sitiv ity  to detect 

patients w ith low  viral loads.

1.2.7 Treatment

T h e current treatment options for H CV include Interferon-a, a recom binant form  o f  the 

naturally occurring cytok ine, and ribavirin, a synthetic n u cleosid e analogue.

R ibavirin interferes w ith  viral R N A  synthesis, subsequently  inhibiting protein synthesis and 

H C V  replication  producing a virus-static effec t [Crotty et al, 200 2 ]. In chronic HCV  

in fection  it has been associated  w ith  norm alisation o f  serum A L T  va lu es and im provem ent 

in h isto log ica l injury, but a lso  w ith  HCV R N A  recurrence on  d iscontinuation  o f  therapy 

[D iB isc eg lie  et al, 1995].

IF N -a  is know n to m odulate the im m une response by activating natural k iller ce lls , 

prom oting cy to tox ic  T lym phocyte m aturation, increasing ce ll surface exp ression  o f  MHC  

c la ss  I antigens and by direct anti-viral m echanism s through disruption o f  viral replication  

[Peters, 1989; Sam uel, 1991]. S in ce its d iscovery , the m ainstay o f  H C V  treatment has been  

IF N -a . H ow ever, initial studies dem onstrated poor treatment e ff ica c y  w ith  sustained
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response rates o f only up to 25%, but with 12 to 18 months treatment, this rate increased to 

35% [Poynard et al, 1996], M ore recently, the combination o f IFN -a and ribavirin for a 

period o f 24 or 48 weeks was associated with greater sustained response rates o f  35% and 

43%  respectively, compared to 19% in the group treated with IFN-a alone for 48 weeks 

[Poynard et al, 1998]. Sim ilar results were achieved for a large American based study 

[M cHutchinson et al, 1998], Factors associated with a poor response to treatment include 

genotype lb  infection, advanced fibrosis on liver biopsy, male sex and older age.

M ore recently, pegylated IFN -a (Peg-IFN -a) has been introduced with even better response 

rates. Peg-IFN-a represents the addition o f  a polyethyleneglycol molecule to IFN -a 

resulting in a biologically active molecule with a longer half-life. Therefore, rather than 

administering the drug three times a week as with IFN-a, Peg-IFN-a is administered once 

weekly. An initial study reports sustained response rates o f 54% after 48 weeks treatment o f 

Peg-IFN-a/ribavirin, com pared with 47 % in the IFN-a/ribavirin group [Manns et al, 2001 ]. 

Stratification indicated that a better treatment response was associated with genotype 2/3 

(82%), HCV viral load < 2 million copies/ml (78%) and no/minimal fibrosis (57%). 

However, as all o f the above studies have demonstrated, IFN-a, Peg-IFN-a and ribavirin 

are associated with significant adverse effects that prohibit their use in a proportion o f 

patients who otherwise warrant treatment and necessitate withdrawal o f treatment in 

approxim ately 15%.

HCV, either with decompensated liver disease or HCC, is one o f the major indications for 

orthotopic liver transplantation (OLT)(Detre et al, 1996). In 1993 it surpassed alcoholic 

liver disease as the most common single indication for OLT. The t'lve-year survival rate 

post transplantation for HCV is approximately 64% and graft survival rate is 57%. These 

outcomes are comparative to patients transplanted for alcoholic liver disease (65% and 59% 

respectively) but less than for cholestatic and autoimmune liver diseases (76% and 70% 

respectively). Re-infection o f  the liver graft occurs almost universally but this is associated 

with insidious liver disease in the majority o f  cases (Bizollon et al, 1999). Graft HCV- 

related cirrhosis has been reported in up to 8% o f recipients after five years (Gane et al, 

1996). This was thought to be due in part to genotype lb  infection, which is unsupported by 

other studies (Zhou et al, 1996). An aggressive infection characterised histologically by 

fibrosing cholestasis and clinically by rapidly progressive graft dysfunction develops in 

approximately 10% o f liver recipients (Schluger et al, 1996). In this retrospective study o f 

135 OLT recipients the mean time to the onset o f cholestasis was 5.3 months and the time 

to retransplantation following the onset o f cholestasis was 4.1 months.
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1.3 The Immune Response to Hepatitis C Virus

1.3.1 Introduction

Understanding the mechanisms by which HCV causes disease and by which the host 

immune system eHminates HCV has been significantly retarded by the lack o f a cell line 

that reliably supports HCV replication in vitro and by the lack o f a widely available animal 

model. The chimpanzee sustains HCV replication and mirrors several aspects o f human 

HCV infection, however the disease tends to be mild [Erickson et al, 1993]. HCV 

replication has been identified in the liver based on the presence o f negative-strand 

intermediates but extrahepatic replication o f HCV remains controversial [Langford et al, 

1995; Gil et al, 1993]. However, due to the above restrictions and also due to the paucity o f 

hepatic tissue, studies frequently examine the host response, via peripheral blood 

mononuclear cells (PBM C’s), to HCV antigens and therefore may not represent the 

pathological process ongoing in the liver.

1.3.2 Viral diversity in HCV infection

An alanning feature o f  HCV is its ability to cause chronic infection that may be due, in 

theory, to either evasion o f the host immune response or to an inadequate response. From a 

viral perspective, HCV has a high replication rate with approximately o f 1.42-1.99x10'^ 

nucleotide substitutions per site per year [Okamoto et al, 1991]. The rate o f change is 

variable across the genome with the HVR-1 region o f  the E2 protein mutating with the 

greatest frequency [Okamoto et al, 1990]. HCV, like the majority o f RNA viruses, has an 

RNA polymerase that lacks proofreading activity and thus encode viral genomes containing 

random base mutations. The rate o f  viral evolution may correlate with disease outcome, in a 

small study o f  12 acutely infected patients, those that cleared the infection demonstrated 

relative evolutionary stasis in the HVR-1 region, compared with increasing levels o f 

diversity at this region in those who developed chronic infection [Farci et al, 2000], Patients 

with fulminant hepatitis had the lowest level o f viral diversity. Thus in a host with a 

genetically predetermined immune response repertoire, different viral regions will come 

under variable pressure and thus, viral diversity may counter-act this pressure with the loss 

o f the epitope [W einer et al, 1995]. A study o f chronically infected chimpanzees, examined 

in detail the rate o f mutations across the HCV genome in relation to outcome [Erikson et al, 

2001 ]. This study demonstrated that failure to eliminate HCV was associated with the 

acquisition o f mutations in multiple epitopes that resulted in failure to complex with class I 

alleles or CTL recognition. These mutations occurred during acute infection and remained 

stable over periods o f years, it was noted that the rate o f mutation was higher in epitopes
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compared to adjacent areas. Recently studies on acutely infected humans demonstrate that 

CTL escape mutations also occur (Timm et al, 2005, Cox et al, 2005, Tester et al, 2005). 

Timm et al, described the evolution o f  an immunodominant HLA B*08-restricted NS3 

epitope during acute infection in in two HLA B*08 positive patients and demonstrated 

escape mutations in both. Cox et al, described escape mutations in CTL-restricted epitopes 

in 7 subjects who failed to resolve acute infection compared to no mutations across the 

genome in the one subject that did resolve infection. The number o f mutations was higher 

within the CTL-restricted epitopes compared to outside. The consequence o f sequence 

diversity is most likely to result in reduced CTL responsiveness. Changes in CTL epitopes 

may alter proteosomal processing causing epitope destruction before transportation to the 

ER for MHC binding (Seifert et al, 2004, Kimura et al, 2005) or they may simply change 

the ability o f the CTL to recognise the epitope (Chang et al, 1997). As stated before, viral 

clearance appears to be as a result o f  a vigorous and multi-specific response to viral 

peptides by both CD4+ T helper cells and CTLs. Tester et al, have demonstrated that 

resolution o f infection with the absence o f  CTL escape mutations may be dependent upon 

the presence o f broad sustained CD4+ T cell responses that contain viral escape.

1.3.3 Humoral response to HCV infection

Antibodies against HCV are raised early in infection, firstly against the NS3 and core 

proteins and then to NS4 and the envelope proteins. With time this antibody response 

broadens with antibodies directed against multiple viral epitopes [Chien et al, 1992], In 

contrast, those with viral clearance appear to generate less anti-HCV antibodies [Beld et al, 

1999]. This is supported by a retrospective analysis o f  the cohort o f  females infected in 

1977 through contaminated anti-D immunoglobulin when anti-E2 antibodies were 

detectable in all o f  those chronically infected compared with only 60% of those who cleared 

the infection [Grellier et al, 1997], However, this study is limited by the 17 year time lapse 

between exposure and testing that may account for the fall in anti-E2 positivity. There 

remains a lack o f  evidence to support the ability o f  anti-HCV antibodies to neutralize 

infection. The HVR-1 region contains several linear B cell epitopes and antibodies against 

this region appear to mediate virus neutralisation in cell culture and chimpanzee studies 

[Zhou et al, 1999], However, anti-HVR-1 antibodies tend to be isolate specific and w ith 

time new variants are selected that are not recognised by the existing immune response, 

resulting in chronic infection [Kato et al, 1994; Shimizu et al, 1994]. The E2 protein o f 

HCV binds to CD81, a tetraspanin cell surface protein, expressed on hepatocytes and B 

lymphocytes, possibly representing the mechanism o f entry o f HCV to the cell [Pileri et al, 

1998]. More promising is the recent identification o f human monoclonal antibodies, derived
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from a chronically  infected individual, that inhibit the b inding o f  E2 to CD81 across several 

genotypes [H adlock et al, 2000]. T his developm ent w ill progress the understanding  o f  the 

ability o f  the hum oral response to neutralise  HCV  infection.

1.3.4 Cellular response to HCV infection

The cellu lar response to acute HCV  infection  rem ains ill defined due to the  asym ptom atic 

nature o f  the illness and hence, relatively  few studies exist that characterise  the T  cell 

response to acute infection. T w o general classes o f  T  cells play a p ivo tal role in the 

generation o f  a cellu lar im m une response against an infecting agent. T he first is the T 

helper cell (CD 4+ T cell) that recognises exogenously  generated  peptide presen ted  to its 

TCR bound to M HC class II antigens. U pon binding, activation  o f  the T helper cell occurs, 

resuhing in the production o f  various cytokine profiles, polarizing into Th 1-like cytokines 

(IFN'-y, T N F -u  and IL-2) and Th 2-like cytokines (IL-4, IL-5 and IL-10). T he actions o f  

these cytokines are pleio tropic in that they exhibit m ultiple effects on a variety  o f  cell types. 

In general, the Th 1-like cytokines results in the proliferation and d ifferen tia tion  o f  C T L ’s 

with the propagation o f  cell m ediated  im m unity and the Th 2-like cy tokines prom ote the 

proliferation and differentiation  o f  B cells, w ith the anticipated  an tibody  production.

C T L ’s are activated by the binding o f  an endogenously processed viral peptide, presented 

by a M HC class I antigen, on a virally  infected cell to its TCR. U pon activation , the CTL 

secretes lytic p roteins from m odified lysosom es to produce apoptosis o f  the v irally  infected 

cell. This occurs by exocytosis o f  the granules at the point o f  contact w ith the secretion o f  

perforins, granzym es and TN F producing lesions in the target cell m em brane resulting  in 

death by apoptosis. Upon apoptosis, the CTL disengages and can b ind to  o ther target cells. 

C T L ’s also secrete IFN-y, w ith direct anti-viral properties, to reduce the spread o f  virus to 

adjacent cells.

Specifically, w ith respect to HCV  infection, several studies have dem onstrated  that a 

vigorous and m ulti-specific C D 4 response early  in the course o f  infection that is sustained 

over a period o f  m onths [M issale et al,1996; D iepolder et al, 1996; C ram p et al, 1999], w ith 

the generation o f  a T h l cytokine profile  [G erlach et al, 1999], is required  for viral 

elim ination. In contrast, the  developm ent o f  chronic H CV  infection  has been associated  

w ith the generation o f  T -helper cells w ith a Th 2 cytokine profile  [Tsai et al, 1997]. HCV 

antigen-driven pro liferation  in individuals w ho develop persisten t infection  are usually 

w eak or absent w hen com pared w ith spontaneously  resolving infections. N evertheless, 

transient CD 4+ T-cell pro liferative responses that are ind istinguishable from  those in acute 

resolving infections have been described [G erlach et al, 1999, Thim m e et al, 2001]. This 

suggests that HCV can evade w hat appears to be an in itially  robust T  helper cell activity.
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However, permanent loss o f  this HCV-specific proliferation during acute HCV infection 

predicts persistence [Diepolder et al, 1995, Gerlach et al, 1999]. Not only is the strength o f 

the CD4+ T cell response important in determining HCV clearance but also the breadth o f 

this response. A study by Day et al, has shown that very few HCV-specific CD4+ T cell 

lines were established from humans with persistent infection, whereas those with resolved 

infections recognized up to 14 different HCV epitopes [Day et al, 2002]. However, the 

chimpanzee model o f infection suggests that early on in infection the CD4+ T cell response 

is focused on a limited num ber o f dominant epitopes and expands to include other epitopes 

only when viraemia is largely controlled [Shoukry et al, 2004]. W hether the timing or the 

degree o f expansion o f  this T helper response is critical to successful viral elimination is yet 

to be fully understood.

A Th 1 cytokine profile promotes differentiation and activation o f C T L ’s, whose role in 

HCV elimination has been described in animals. From the chimpanzee model, successful 

elimination is associated with the early generation o f  a broad intrahepatic CTL response 

directed against multiple viral proteins in a HLA class 1 restricted manner [Cooper et al, 

1999]. Also, these HCV-specific CTL responses persist after resolution o f infection on 

follow-up eighteen months later. Failure to eliminate HCV is associated with either failure 

to generate a CTL response or a CTL response against a narrow repertoire o f HCV 

peptides. This is supported by human studies comparing CTL responses in those that 

cleared infection with those chronically infected that demonstrate strong correlations 

between a vigorous CTL response, directed against both structural and non-structural viral 

peptides, early in the course o f  infection and viral clearance [Greuner et al, 2000; 

Cucchiarini et al, 2000; L echneret al, 2001].

In chronic liver disease due to HCV, liver-infiltrating lymphocytes are a histological 

feature, predominantly in the portal areas, suggesting compartmentalization o f the immune 

response to HCV to the liver [M inutello et al, 1993].

Among these cells, CD4+ T cells have been characterised and shown to recognise multiple 

immunodominant epitopes in a class II restricted fashion [Lohr et al, 1996]. Proliferation 

was more pronounced in those with active liver disease compared with asymptomatic 

carriers. In this and another study, these liver-infiltrating CD4+ cells secreted Thl 

cytokines, promoting the expansion o f  C T L ’s [Bertoletti et al, 1997].

HLA class I-restricted C T L ’s that specifically recognise HCV peptides have been identified 

intra-hepatically in chronically infected individuals [Nelson et al, 1997; Koziel et al, 1992; 

Koziel et al, 1993; Koziel et al, 1995]. However, in a comparative study o f the diversity o f  

epitopes recognised by C T L ’s in 44 chronically infected subjects, anti-HCV specific class I- 

restricted CTL responses were detected in less than half [W ong et al, 1998]. Remarkably,
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19 epitopes were recognised in total and only one epitope was recognised by more than one 

person. Individual epitope responses varied from one to five. This study highlights the 

complexity o f the immune response to HCV and the difficulties in creating successful 

immune therapies to deal with chronic infection.

In chronic HCV infection, it is proposed that the CTL response may be responsible for 

control o f  viral replication and for the pathogenesis o f  liver injury, rather than a direct 

cytopathic effect o f the virus. Intrahepatic and peripheral blood CTL responsiveness to viral 

epitopes is inversely related to viral titre [Hiroishi et al, 1997; Nelson et al, 1997; 

Rehermann et al, 1996; Chang et al, 1999] and the lack o f a CTL response has been related 

to the presence o f escape variants [Chang et al, 1997; Tsai et al, 1998]. CTL's localize 

within the liver in chronic infection, co distributing to areas o f  piecemeal and lobular 

necrosis [Koziel et al, 1992; Ballardini et al, 1995], and the density o f intrahepatic CTL's 

correlate directly with the semm ALT values [Hiroishi et al, 1997]. Localization o f 

intrahepatic CTL's occurs in association with high expression o f  HLA A, B, C antigens 

[Ballardini et al, 1995]. Also, using CTL epitopes that are known to be specifically 

restricted by the HLA-A2 allele. He et al, have been able to dem onstrate the presence o f 

activated virus specific C T L ’s within the livers o f those chronically infected, at titres up to 

30-fold higher than in the peripheral blood [He et al, 1999]. It is therefore proposed that in 

those subjects who fail to mount an adequate multi-specific CTL response against several 

HCV peptides in acute infection and go on to develop chronic infection, that the resulting 

hepatic necroinflammation is due in part to intrahepatic CTL's recognising HCV antigens in 

a class I restricted fashion.

More specifically, the balance between Th 1 and Th 2 cytokine profiles may be responsible 

for liver injury [Prezzi et al, 2001]. The cell frequency o f HCV-specific peripheral memory 

C T L ’s producing IFN-y increased directly in line with progressive fibrosis. The frequency 

o f  HCV-specific peripheral memory C T L’s producing IL-4 and IL-10 was inversely related 

to fibrosis. Liver-infiltrating C TL’s were found to produce IFN-y and IL-4, with 

fluctuations in levels perhaps responsible for the chronic low-level o f  hepatic inflammation. 

This is supported by a further study examining the balance between Thl and Th2 cytokine 

production by both CD4+ and CD8+ T cells in chronic HCV, where the production o f IFN- 

y by both cells lines was increased with no difference in IL-10 production. IFN-y was the 

predominant cytokine produced by intra-hepatic CD4+ cells and by peripheral CD8+ cells 

[Sobue et al, 2001].
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1.3.5 Intracellular response to HCV

A third component to the immune response against HCV consists o f an intracellular 

response to infection o f a naive cell by HCV. The host response is triggered when a 

pathogen-associated m olecular pattern (PAM P) presented by the infecting virus is 

recognized and engaged by specific PAMP receptor factors expressed in the host cell, 

initiating signals that ultimately induce the expression o f  antiviral effector genes (Sen et al, 

2001). For RNA viruses, protein and nucleic acid products o f  infection or replication, 

including single-stranded (ss) or double-stranded (ds)RNA and polyuridine signatures, have 

been identified as viral PAMPs and are each engaged by specific Toll-like receptors (TLRs) 

or nucleic acid-binding proteins that serve as PAMP receptors (Iwasaki et al, 2004, Cook et 

al, 2004). In hepatocytes independent pathways o f retinoic-acid-inducible gene I (RIG-I) 

and TLR3 signalling comprise two m ajor pathways o f host defence triggering by dsRNA 

(Yoneyama et al, 2004, Li et al, 2005).

Once PAMP receptors are engaged, there is immediate activation o f latent cellular 

transcription factors such as Interferon regulatory factor (IRF)-3 (Lin et al, 1999) and 

nuclear factor-KB (NF-kB) (Richmond, 2002) that leads to their nuclear translocation and 

complexing with the IFN-P promoter, culminating in the production o f IFN-p. NF-kB is 

also involved in inducing the expression o f chemokines and proinllam m atory cytokines that 

function in parallel with IFN to mediate the inflammatory response to HCV (Tai et al,

2000 ).

Secreted IFN-P binds both IFN -a / P receptors on cell surfaces that leads to the activation 

o f the Jak-STAT pathway. The receptor associated Jak tyrosine kinase catylases the 

phosphorylation o f signal transducer and activation o f transcription (STAT) proteins on 

critical serine and tyrosine residues that generates a IFN-stimulated gene factor-3 (ISGF3) 

transcription factor complex that binds the IFN-stimulated response element (ISRE) within 

the prom oter/enhancer region o f IFN-stimulated genes (ISGs). There are many hundred 

ISGs encoded in the human genome, (e.g. IRF-7, PKR, OAS) and they exert both direct and 

indirect antiviral effects. They also induce ISGs on neighbouring naive cells to limit the cell 

to cell spread o f  the virus. M any PAMP receptors and their constituent signalling partners 

are ISGs, and although expressed basally at a low level that facilitates surveillance, their 

levels increase markedly after IFN production.
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1.3.6 The MHC in HCV infection

1.3.6.1 Class I and II antigens in HCV' infection

Activation o fC T L ’s and T helper cells is dependent upon antigen presentation to the TCR 

by MHC class 1 and II antigens respectively. Several studies have documented associations 

between these genetic markers and outcome in HCV infection.

Seven published studies have compared the frequency o f MHC antigens in patients with 

chronic HCV with healthy controls. These studies vary in their Ethnic populations, HCV 

genotypes and the spectrum o f MHC antigens examined. Three Italian studies have been 

published that suggest a role for DRBl *11 in protection against HCV. The earliest study 

found no association with allele frequency and HCV infection. However, an association 

between increased DR5 frequency and chronically infected patients with normal ALT 

values was documented when compared with chronic liver disease, thus suggesting a 

protective effect [Peano et al, 1994]. The DR5 allele can be further typed into DRB1*11 

and *12 alleles. The second study documented a higher frequency o f DRBl *11 in healthy 

controls compared with chronically infected patients, suggesting a protective role [Zavaglia 

et al, 1996]. However, rather than supporting the first study, the authors failed to find a 

difference o f allele frequency in healthy carriers compared with patients with chronic liver 

disease. A potential reason for this may be the low allele resolution examined, as the latest 

study documented an association between DRBl *1104 and healthy carriers, and 

DRB1*1101 and patients with chronic liver disease [Asti et al, 1999]. A German population 

study, found no association between class I alleles and outcome in HCV infection [Hohler 

et al, 1997]. However, they demonstrated increased frequency o f DRBl *0301 in those 

chronically infected and DRBl*1301-04 in healthy controls. A French population study 

found no association between class I and II allele frequencies and chronic infection or 

histological severity [Vitte et al, 1995].

Two further studies originate in Japan, with patients infected with different HCV 

genotypes. In subjects chronically infected, the haplotype HLA DRBl *0405-DQBl *0401 

was associated with cirrhotic individuals compared with non-cirrhotics [Aikawa et al,

1996]. The association with progressive liver disease is supported by a second study that 

associates the same haplotype in patients with chronic liver disease, where in the presence 

o f HLA B54 the relative risk for liver injury is 13.2 fold greater compared to chronically 

infected individuals with normal ALT values, or so called healthy carriers [Kuzushita et al, 

1998]. However, this study concludes that the association is due to the B54 allele, with the 

HLA DRBl *0405-DQBl *0401 haplotype being associated through linkage disequilibrium. 

In the former study, HLA DRBl *0901-DQBl *0303 was found to be protective as was 

HLA B44-DRB1 * 1302-DQB1 *0604 in the latter study.
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However, these studies are somewhat limited in that they compare MHC allele frequencies 

between healthy carriers and those chronically infected. The risk o f actual infection cannot 

be determined by a patients MHC haplotype, rather it is the ability to clear HCV that may 

be genetically influenced. Therefore, studies that compare allele frequencies between those 

that have successfully elim inated HCV and those who have not are in a better position to 

examine this question. A further seven studies with this aim have been published. 

Remarkably, five o f  these, with mixed viral genotypes, have found an association between 

DQB 1*0301 and viral clearance. A French population study found D RB1*1101- 

DQB 1*0301 to be more prevalent in those with viral clearance [Alric et al, 1997]. An 

Italian study found D RB 1*1104- DQB 1*0301 at increased frequency in viral clearance 

[Mangia et al, 1999]. Two English studies found DQB1*0301 increased in viral clearance, 

one in linkage disequilibrium  with D R B l*04 [Cramp et al, 1998] and one whh DRB1*11 

[Minton et al, 1998]. The study population in Cramp et al, comprised Northern European 

Caucasians and the overall frequency o f the DRBl *11 allele was 13.5%, *04 allele was 

30.8% and DOB1*0301 was 34.6%. The study population in M inton et al was 

predominantly Caucasian from central England and the overall frequency o f the DRBl *11 

allele was 12.9%, *04 allele was 27.6% and DQBl *0301 was 30%. Therefore, the 

differences in DRBl associations with viral clearance cannot be explained by differences in 

allele frequencies, as overall these are comparable between groups, and may reflect 

population or viral heterogeneity or different modes o f  infection within the study 

populations. A m ulti-centre European study, again documented an association between 

D R B l*1101- DQBl *0301 and viral clearance [Thursz et al, 1999]. The authors also found 

an increased frequency o f  DRBl *0701 and DQB4*0101 and chronic infection, that was not 

supported by any o f  the preceding studies. A German study identified DRBl *15 [Lechman 

et al, 1999] and an Irish study identified D R B l*01 [Barrett et al, 1999] as being associated 

with viral clearance, again in a study population with mixed genotypes and with limited 

examination o f the class II locus. In the studies mentioned above, only those performed by 

Minton et al and Lechman et al, compared the frequency o f class I alleles in those with 

chronic infection compared with viral clearance. Neither study was able to show a clear 

association between class I allele frequency and viral outcome.

Therefore, DQB 1*0301, through repeated association in various populations, appears to 

have a protective role in the successful elimination o f HCV in the European population. 

Confirmation o f the protective nature o f the DQBl *0301 antigen was suggested in a study 

demonstrating the generation and maintenance o f a multi-specific CD4+ T helper cell 

response when stimulated by viral peptides presented by DQ Bl *0301 compared with other 

MHC alleles [Harcourt et al, 2001].
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In North America, the association o f HLA class II alleles in 3 independent multi-ethnic 

cohorts with viral outcome has been examined [Thio et al, 2001]. The results were stratified 

according to race (Caucasian, African-American and other), HBsAg status and HIV status. 

H LA -D R B l*0101 and its linked allele DQB 1*0501 were associated with viral clearance in 

Caucasian subjects (OR 3.2). HLA-DQBl *0301 was weakly associated with viral clearance 

more so in African-American subjects (OR 0.72). HLA-DRBl *0301 and DQB1*0201 were 

associated with persistence in Caucasian subjects (OR 2.36). The frequency o f  class I 

alleles in relation to viral outcome was tested in this same study population [Thio et al, 

2002]. Associated with viral clearance were HLA-A*1101 (OR 0.49), B*57 (OR 0.62) and 

Cw*0102 (OR 0.43) for all participants. The weak associations were conserved by race for 

both A *1101 and B*57, but the Cw*0102 association was stronger in Caucasians (OR 

0.26). Associated with chronic infection were HLA-A*2301 (Or 1.78) and Cw*04 (OR 

1.78) in both races, but the A*2301 was only present in African-Americans. Analysis o f the 

class I-class II haplotypes was not performed.

I.3.6.2 T N Fa in HCV infection

T N F a has been shown to play a central role in liver regeneration. In animal studies, 

following partial hepatectomy, serum T N F a levels rise rapidly [Loffreda et al, 1997] and 

that pre-treatment with anti-TN Fa antibody blocked DNA synthesis and liver regeneration 

[Akerman et al, 1992], In human studies, T N F a production is markedly increased in acute 

liver failure [Muto et al, 1998] and levels are directly related to survival [Bird et al, 1990]. 

At present compounded in part by the lack o f an effective cell culture system or useful 

animal model for HCV infection, conflicting data exists as to the role o f  T N F a in HCV 

infection. This may represent differences in cell lines and stimulation techniques utilised or 

reflect the complexity o f  actions o f TN Fa.

Studies have shown that HCV is capable o f inducing T N F a production by hepatocytes and 

hepatoma cell lines [Gonzalez-Amaro et al, 1994]. T N F a appears to play a role both in the 

elimination o f acute infection [Tsai et al, 1997] and in increasing the efficacy o f IFN a 

mediated viral clearance [Kishihara et al, 1996], HCV core proteins are able to bind T N Fa 

receptors directly, although the biological significance o f  this remains unclear. HCV may 

inhibit T N F a induced apoptosis providing HCV with a mechanism o f evading the host 

immune response [Marusawa et al, 1999; Ray et al, 1998]. However, in another in vitro 

study HCV interaction with TNF-Rl resulted in increased apoptosis, and therefore T N F-a 

may have a role in the pathogenesis o f HCV liver injury [Zhu et al, 1998]. In chronic HCV, 

serum T N F a levels are higher when compared to controls, in conjunction with higher levels 

o f  T N F a  mRNA levels in hepatocytes [Larrea et al, 1996; Nelson et al, 1997] and where
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the degree o f inflammation correlates with serum T N F a levels [Kaplanski et al, 1997]. 

Treatment with IFN a results in a reduction in T N F a levels to control levels if the treatment 

is successful. Low pre-treatment levels were associated with a therapeutic response [Larrea 

et al, 1996].

T N F a is an important pro-inflam matory cytokine and certainly plays a role in both acute 

and chronic HCV infection, more likely as part o f  a cascade o f inflammatory events.

1.3.7 Hepatitis B virus

1.3.7.1 Introduction

The Hepatitis B virus (HBV) is a well-characterised virus that can also cause chronic liver 

disease. Like HCV, the virus itself is not directly cytopathic, liver injury appears to be a 

consequence o f the immune response to HBV and there is a low rate o f spontaneous viral 

clearance once chronic infection is established.

HBV is as a partially double stranded DNA virus where there is asymmetry in the length o f 

strands [EASL international consensus conference on Hepatitis B, 2003]. There are 4 

potential genes depending on the strategic placement o f  the open reading frames. The S 

gene alone or in com bination with the pre-Sl and pre-S2 genes produce the surface antigen 

or outer protein coat, consisting o f large, middle and m ajor surface proteins. The C gene 

alone produces the nucleocapsid or core antigen that fomis the inner protein coat that 

interacts with HBV DNA. The C gene in combination with the pre-C gene encode for the 

envelope protein that once produced is excreted into the serum and undergoes renal 

degradation. The P gene produces DNA polymerase-reverse transcriptase responsible for 

replication. The X gene product acts as a transcriptional trans-activator o f viral and cellular 

prom oter elements such as the T N F -a gene.

1.3.7.2 Clinical virology o f HBV infection

The clinical spectrum o f  disease in HBV is dependent on the relative impact o f the three 

distinct immunological phases o f infection that in turn is dependent on the age o f 

acquisition. The immune tolerant phase signifies a lack o f immunogenicity whereby the 

host immune response is quiescent, there are high circulating HBV DNA levels and near 

normal histology. The immune clearance phase signifies immune reactivity with 

seroconversion from HBeAg, declining HBV DNA and fluctuating ALT levels. The 

residual phase is a non-replicative state with low concentrations o f  HBV DNA and normal 

ALT levels.

Perinatal acquisition o f  HBV results in chronic infection in up to 90%, as is seen in 

endemic areas such as SE Asia and sub-Saharan Africa. The individual remains in the 

immune tolerant phase usually until the fourth decade o f infection when the immune
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clearance phase begins, with the onset o f  significant liver injury. The duration o f this phase 

is highly variable. The outcome serologically is either viral clearance with loss o f HBsAg or 

HBeAg seroconversion resulting in a chronic carrier state or a HBeAg negative chronic 

HBV infection due to the generation o f dominant mutants. This HBeAg negative chronic 

hepatitis is associated with more rapid histological progression, more treatment failure and 

a worse outcome.

In adults who acquire HBV the pattern o f  infection differs radically. Acute infection results 

in viral clearance in up to 95% o f adults infected. In those chronically infected, the immune 

tolerant phase is almost non-existent and progress to immune clearance more rapid. 

Typically 30% will live as chronic carriers and 70% with chronic active hepatitis. 

Approximately 8 to 20 % o f HBeAg positive individuals will develop cirrhosis over a 5 

year period. Risk factors for disease progression include severity o f fibrosis and or 

necroinflammation at diagnosis, recurrent episodes o f severe acute exacerbations, older age 

and persistent viral replication. HBV is a risk factor for the development o f  HCC, where the 

prevalence o f HCC is increased in areas o f endemic HBV infection from 2 per 100,000 per 

year in the USA, N Europe and Australia compared to >50 per 100,000 per year in SE Asia 

and sub-Saharan.

1.3.7.3 Immunopathogenesis of HBV infection

In acute infection, the immediate host defence is propagated by the non-virus-specitlc 

antiviral effects o f NK and NK-T cells. The virus-specific defence mechanisms include 

both a humoral and cellular immune response that is triggered both by the presentation o f 

the HBV antigen complexed with the HLA antigens to the T-cell receptor and by the 

interaction o f the co-stimulatory molecules on the surface o f the A PC ’s with T-cell 

receptors. The humoral response directed against HBsAg is crucial to neutralise circulating 

HBV particles and prevent infection o f new hepatocytes. However, elimination o f 

intracellular HBV is caused by both the cytolytic activity o f  class II restricted HBV-specific 

CTL and by the suppression o f viral gene expression and replication by soluble factors, 

including IFN-y and TN F-a. Peripheral blood CD4 and CDS mediated responses to HBV 

antigens are stronger in acute infection than in viraemic subjects with chronic infection. In 

these subjects, peripheral blood CD4 and CDS cells appear hypo-responsive to HBV 

antigen stimulation and HBV-specific C T L 's are present in the liver but at low frequencies. 

In comparison, in subjects chronically infected with suppressed viral replication, the CTL 

responses in vitro appear efficient.

1.3.7.4 Immunogenetics o f HBV infection

Because o f the inherent role o f the MHC is the cellular response to HBV several studies 

have examined the immunogenetics o f this infection. In the Gambia, the largest study to
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date examined for this association in both aduhs and children chronically infected 

compared with those with resolved infection and healthy carriers [Thursz et al, 1995]. An 

association with HLA DRBl *1302 and resolved infection was documented in children 

(relative risk (RR) 0.53) and confirmed in adults (RR 0.24). The class I antigen HLA- 

Cw*01 appears to be associated with chronic infection in children only (RR 9.82). 

However, the serological typing methods and the smaller adult population may have 

underestimated potential associations. The association between HLA DRBl *1302 and 

resolved infection has also been identified in American (Thio et al, 2003) and German 

(Hohler et al, 1997) populations. An association with HLA D rl3  was documented in a 

Korean population, but typing to the allelic level was not performed (Ahn et al, 2000). 

O ther studies have associated chronic infection with HLA Dr 9 in Chinese and Korean 

populations (Ahn et al, 2000, Meng et al, 2003) or DQAl *0501 in American (Thio et al, 

1999) and Chinese (Jiang et al, 2003) populations. Hence, the association with HLA 

DRBl *1302 appears conserved over several racial groups. Further studies identifying this 

binding epitope may hold great potential in understanding viral elimination and even 

vaccine development for those who fail to mount a response against current vaccines. Data 

on the association between HBV and the T N F -a gene polymorphisms are limited. To date 

the TNF 308.A polypmorphism has been associated with spontaneous resolution in a 

Korean population (Kim et al, 2003) and the 238.A polymorphism w'ith chronic infection in 

a German population (Hohler et al, 1998).

1.4 Study population

In 1991 routine screening o f  blood donors for HCV infection commenced. Anti-HCV 

antibodies were identified in 15 women and 13 o f these women were Rhesus negative, 

compared with 18% o f the general population. Further examination revealed that 12 o f the 

13 women had received anti-D immunoglobulin in 1977. Analysis o f  archived anti-D 

immunoglobulin with RT-PCR revealed HCV contamination. A national tribunal o f inquiry 

revealed that the contam inated anti-D immunoglobulin was generated in 1977 from the 

plasma o f a single patient who had suffered a post-transfusion hepatitis in 1976, during 

repeated exchange plasm apheresis for the treatment o f rhesus-D-related haemolytic disease 

o f the newborn [Irish Government stationery office, 1997]. The HCV was identified as 

genotype lb  [Power et al, 1995].

In 1994 a national screening programme was undertaken to screen all recipients o f anti-D 

immunoglobulin from 1977 to 1994. This search identified 704 females who had received 

contaminated anti-D immunoglobulin with positive anti-HCV antibodies. These women
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were referred to one o f six hepatology centres o f their choice for follow-up. In 1999, a 

collaborative study examined the clinical outcomes o f these females from the six referral 

centres [Kenny-W alsh et al, 1999], The mean age at the time o f infection was 28 ± 6 years. 

Out o f the total 704 females, 390 (55%) remained HCV RT-PCR positive. Serum ALT 

levels were available on 371 females, demonstrating elevations up to 2.5 times the upper 

limits o f normal in 47% and greater than 2.5 times in 8%. Liver biopsies were performed on 

363 o f those chronically infected. Inflammation was graded 0-18 and fibrosis was staged 0- 

4. Seventeen years post-inoculation, the extent o f  liver injury was remarkably mild. A total 

o f 43% had inflammatory grades < 3 and 83% had fibrotic stages < 1. Only 2% had 

probable or definite cirrhosis.

The population o f 243 females in this study is derived from the above cohort, consisting of 

females choosing to attend the referral centres at St Jam es’s and St V incent's University 

hospitals in Dublin. Subjects were enrolled over a six month period and o f 244 females 

invited to participate only one subject opted not to participate. Exclusion criteria to entry 

included those women with concomitant liver disease o f any cause. All females were 

hepatitis B surface antigen negative. All women consumed less than 14 units o f  alcohol per 

week. Ninety-five subjects were anti-HCV antibody positive by both Elisa and third 

generation recombinant immunoblot assay but were HCV RNA RT-PCR negative. These 

tests were confirmed on repeated testing from initial follow-up to study inclusion. All o f 

these women had normal liver function tests, including serum ALT levels. None o f these 

females had a liver biopsy performed. Because this study took place 20 years after 

inoculation we are unable to document accurately subjects who had evidence o f an acute 

hepatitis at that time or had chronic hepatitis before viral clearance. The second group 

consisted o f 148 females with chronic HCV infection. These subjects were both anti-HCV 

antibody and HCV RNA RT-PCR positive on repeated testing. All females in this group 

had liver biopsies performed. Liver biopsies were examined by a histopathologist, with a 

specialist interest in liver pathology, at each centre. Serum ALT values that were taken at 

the time prior to liver biopsy were taken for analysis.

The study received ethical approval from the Research and Ethics Committees at both 

institutions and conforms to the guidelines o f the 1975 Declaration o f Helsinki.
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1.5 Aims

In summary, HCV causes a chronic illness in the majority o f  patients infected and is a 

m ajor cause o f morbidity and mortality. To date, the lack o f an animal model or effective 

cell culture models have inhibited research into the pathogenesis o f  disease. Research 

strongly suggests a m ajor immunological component to both the clearance o f acute 

infection and the liver injury in chronic disease. Studies have demonstrated that host 

factors, including male sex, age > 40 years and alcohol consumption > 50g/day are 

associated with more progressive liver disease. Viral factors, including high viral loads and 

possibly genotype, also contribute to more advanced disease. The cohort o f  Irish females, 

infected with HCV in 1977, was infected by a virus originating form a single donor. 

However, despite it being a genotype 1 b virus and being infected for 17 years before 

identification, these females had remarkably mild histological injury. In contrast to other 

study populations, this population lacks many o f the confounding variables relating to 

outcome in HCV infection. Therefore, this cohort constitutes a remarkable opportunity to 

examine the immunogenetic factors that may influence the outcome in HCV infection.

The aims o f  this study are:

1. To compare the frequency o f  the M ajor Histocompatibility Complex class I and II

alleles between those patients who are chronically infected with those who cleared

the virus and to identify any association with viral outcome.

2. To compare the frequency o f the M ajor Histocompatibility Complex class I and II

alleles in those patients who are chronically infected and to identify any association 

with histological injury.

3. To examine the polymorphisms o f  the T N F-a gene and to identify any association 

with viral outcome or histological injury.
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CHAPTER 2 MHC CLASS II ALLELES IN HCV
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2.1 Introduction

As already discussed several studies have examined the association o f class II antigens, 

which interact with CD4 T cells, with clinical outcome in both chronic HCV infection and 

spontaneous viral clearance [Hohler et al, 1997; Alric et al, 1997; Cramp et al, 1998; 

Aikawa et al, 1996; Vitte et al, 1995; Kuzushita et al, 1998; Czaja et al, 1995]. These 

studies have combined data from different populations, varying genotypes o f the HCV and 

unknown duration o f infection, all o f which are factors known to effect outcome [Alter et 

al, 1992; Dusheiko et al, 1994; Poynard et al, 1997], For this reason it is not surprising that 

HLA associations with clinical outcome in hepatitis C infection have varied from study to 

study. A study on disease outcome in a population, which is exceptional in its absence o f 

confounding variables, should provide clear data on the role o f  the MHC class II molecule. 

In this chapter the effect o f  MHC class II on disease outcome in a unique homogenous 

cohort is examined.

2.2 M aterials and m ethods

2.2.1 Study population

As described previously a total o f 243 female recipients o f HCV-infected anti-D 

immunoglobulin participated. O f these 145 were chronically infected with HCV and 95 had 

spontaneously cleared the virus.

2.2.2 Virological Testing

2.2.2.1 HCV -  specific antibody testing.

All subjects were tested for HCV- specific serum antibodies using a third generation 

enzyme immunoassay [EIA, Abbott, Abbott Diagnostics, Germany] and confirmed with a 

third-generation recombinant immunoblot assay (RIBA-3)[Chiron Corporation, Emeryville, 

CA] according to the m anufacturer’s instructions.

2.2.2.2 HCV-RNA detection.

All subjects were tested for HCV-RNA by an RT-PCR qualitative assay [Amplicor, Roche 

Diagnostic Systems Inc., N.J.] according to the m anufacturer’s instructions.
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2.2.3 MHC Typing

2.2.3.1 DNA extraction.

DNA was extracted from whole blood using a salting out technique, as previously described 

[M iller et al, 1988]. During this process HCV RNA was removed by incubating the digested 

preparation with 1.5f.il ribonuclease [Boehringer Mannheim UK Ltd., East Sussex, England] 

per 400(.il o f  nuclear lysate according to the m anufacturer’s instructions.

2.2.3.2 Class II typing.

DRBl and DQBl typing was performed with the INNO-LiPA DRB key and DQB 

amplification and detection kits [Innogenetics N.V., Belgium](Figures 2.1 & 2.2). Briefly, 

DNA was amplified by the polymerase chain reaction using biotinylated primers specific to 

the second exon o f the DRBl and DQBl genes. The PCR products were hybridised with a 

set o f immobilised sequence-specific oligonucleotide probes. Streptavidin labelled with 

alkaline phosphatase was added and bound to the biotinylated hybrids. Colorimetric 

detection with a chromogen substrate solution revealed a unique pattern o f purple/brown 

lines, which was analysed by the INNO-LiPA Expert genotyping program. Dynal sequence- 

specific primers (SSP) sets [DYNAL A.S., Norway] were used to discriminate at a higher 

resolution for alleles not differentiated by the INNO-LiPA kits.
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Figure 2.1
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The rNNO-LiPA DRBl amplification and detection strips have 3 reference/control lines at 
the top. Presented here the strips are read left to right. The first strip holds probes 1 to 13 
and the second strip carries probes 14 to 32. The reference line is for reading all the positive 
probes. The 2 probes directly to the left of the reference line are the control probes for the 
amplification and the detection reactions. For each DRBl typing two strips are required.
The samples numbers shown are 110, 135, 143 and 189. The probes are positive as 
follows;

Sample_______ positive probes_____________________ DRBl alleles

110 3 ,5 ,7 ,8 ,1 2 ,2 0 ,2 3 ,2 7 ,2 8  D R B P03011, D R B P l 104
135 4 ,1 8 ,1 9 ,2 4 ,2 5 ,2 7 ,2 8  D R B l*0101, D R B l*0404
143 5 ,7 ,1 2 ,1 5 ,1 8 ,1 9 ,2 0 ,2 4 ,2 7 ,2 8  DRB1 *03011, D R B l*0401
189 1 ,4 ,1 4 ,2 3 ,2 5 ,2 7 ,2 8  DRB1*0101, DRB1*1501

Reference 

Samplell
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Figure 2.2

HLA -DQBl typing

Positive controls

Reference 

I Sample

i 1 ■II

1 1 I I  1

i i I I

1 i n i l '

The INNO-LiPA DQBl amplification and detection strips have 3 reference/control lines at 
the top. Presented here the strips are read left to right. The reference line is for reading all 
the positive probes. The 2 lines directly to the left of the reference line are the control 
probes for the amplification and detection reactions. One strip is required for each DQBl 
typing. The samples numbers shown are 110, 135, 143 and 189. The probes are positive as 
follows;

Sample positive probes DQBl alleles

110 14 ,16 ,17 ,18  D Q B l*0201, D Q B l*0301
135 1,4,12,15,21 D Q B l*0302, D Q B l*0501
143 1,14,15,18 D Q B l*0201, D Q B l*0302
189 1 , 4 , 7 , 12 , 13 , 19 , 21  D Q B l*0501, D Q B l*0602
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2.2.4 Liver histology

Liver biopsy specimens are available on all o f the 145 subjects chronically infected. The 

biopsies used were taken during initial work-up and before any medical intervention. A 

single histopathologist at each centre, specialising in liver histology, scored the liver 

biopsies according to the modified histology activity index (HAI) system (inflammation 

grade 0-18, fibrosis stage 0-6) [Ishak et al, 1995], without knowledge o f the subjects' HLA 

phenotype. The remaining three subjects in this group had biopsy-proven chronic liver 

disease caused by hepatitis C, but were excluded from this analysis because the biopsy 

specimens were not examined by the 2 participating histopathologists. To assess subjects 

according to their biochemical status, serum ALT levels used for analysis were those 

obtained at the first liver biopsy. Liver biopsies were not perfomied on group B subjects.

2.2.5 Statistics

Comparison o f the MHC class II DRBl and DQBl phenotypic frequencies were made 

between those subjects chronically infected and those who had sustained viral clearance, as 

recommended by Svejgaard & Ryder [Svejgaard et al, 1994]. Differences in frequencies 

between the groups were analysed by Pearson’s and Fisher’s tests where appropriate. 

Thirty DRBl and 16 DQBl alleles were identified in this cohort. Therefore, when 

examining the true significance o f the associations between the alleles and disease outcome, 

the p value obtained was multiplied by 46, representing the number o f alleles identified 

(Pc). For statistical evaluation, class II antigen frequencies were compared with 1,910 

healthy unrelated blood donors for broad typing o f DR alleles [Finch et al, 1997]. The 

donor age was 18-45 years. A t-test was used to examine for differences in ages between the 

2 groups.
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2.3 Results

The subjects were aged between 36 and 65 years at the time o f testing. There was no 

difference in age between groups A and B (mean 48.75 versus 47.86 years respectively; 

p=0.23). W hen the cohort was compared with the healthy donors, we found no difference in 

the frequencies o f the broad DRBl alleles (Table 2.1).

2.3.1 Class II alleles associated with viral outcom e

Both DRBl *0101 and DQB 1*0501 occur more frequently in the group o f  subjects who 

sustained viral clearance (Figure 2.3). In group A, 13 subjects (8.8%) had a DRBl *0101 

allele compared with 31 (32.3%) in group B (Pc <0.0005; relative risk (RR) o f  0.27; 95% 

confidence interval (Cl), 0.15-0.48). Similarly, the frequency o f  DQB 1*0501 in chronically 

infected subjects was 0.142 with a significantly higher rate (0.368 ) in those with viral 

clearance (Pc =0.002; RR o f 0.38; 95%C1, 0.24-0.62)(Table 2.2). Two alleles,

DRBl *03011 and DQB 1*0201, occurred more frequently in the cohort o f patients who 

remained chronically infected (Figure 2.4). DRBl *03011 occurred with a frequency o f 

0.415 in the infected group compared with 0.167 in those with viral clearance (Pc = 0.001; 

RR o f  2.61; 95% Cl, 1.58-4.32). As for the DQ locus, DQBl *0201 was present in 63 

(42.6%) chronically infected patients but in only 15 (15.8%) o f those with viral clearance 

(Pc = 0.0004; RR o f 2.69; 95% Cl, 1.63-4.44).

2.3.2 Class II alleles potentially associated with viral outcom e

W ithin this study population we identified several other alleles that appeared to be 

associated with disease outcome on individual association testing, but they failed to remain 

significant after correction for the number o f alleles tested. D RBl *0401 occurred with a 

frequency o f 0.148 in group A versus 0.281 in group B (P = 0.009, Pc = 0.4; RR o f 0.52, 

95% Cl: 0.32-0.86). In contrast D R B l*1301, D Q B l*0202 and DQB 1*0603 had higher 

frequency rates in chronically infected subjects than in subjects with viral clearance (0.122, 

0.245 & 0.122 in group A versus 0.021, 0.105 & 0.021 in group B respectively)(P = 0.005, 

Pc = 0.2 for each allele) (tables 2.1 and 2.2). There were no other notable associations 

between the remaining DR and DQ alleles identified and disease outcome.

2.3.3 Haplotype analysis

O f the alleles identified as being significant in this study, it is known that the following 

haplotypes are inherited in strong linkage disequilibrium: D R B l*0101-DQBl *0501 and 

DRBl *03011-DQBl *0201. For each o f these alleles we have already shown that they are 

independently associated with disease outcome. To differentiate whether the DR or the DQ
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member o f the haplotype has a stronger influence on clinical outcome we analysed the data 

as recommended by Svejgaard and Ryder [Svejgaard et al, 1994], As expected from the 

individual association tests, the DRBl *0101-DQB 1*0501 haplotype occurred more 

frequently in those who sustained viral clearance (8.1% group A versus 31.6% group B) 

and the DRBl *03011-DQB 1 *0201 haplotype occurred more frequently in chronically 

infected subjects (41.2% group A versus 15.8% group B; Pc=0.0009 for both). Using the 

suggested statistical approach, we were unable to differentiate either the DR or the DQ 

member o f the haplotype as having a stronger influence on clinical outcome when stratified 

for the presence or absence o f the corresponding allele.

2.3.4 Biochemical markers

Sixty-five subjects in group A had a normal serum ALT level in the presence o f  ongoing 

viraemia and histological evidence o f  chronic active hepatitis. Although serum ALT levels 

correlate with histological severity, individual ALT values show relatively poor predictive 

value for histological severity in this unique cohort. There was no difference in the 

frequency o f either DR or DQ alleles when group A was stratified for ALT values.

2.3.5 Histological injury

Liver histology was scored according to the modified HAl index with a maximum 

inflammatory grade o f 18 and fibrotic stage o f 6. Only 1 patient was classified as having 

severe inflammation (grade 13-18), 19 moderate (grade 7-12) and 125 mild (grade 1-6). 

DRBl *03011 and DQBl *0201 were associated with persistence, but both were less 

frequently associated with moderate and severe inflammation (P=0.008 & 0.006, 

respectively; Figure 2.5). Five subjects (3.5%) had a fibrotic stage o f 5, whereas most 

subjects (75.2%) had scores o f 1. There was no allelic association with the stage o f t'lbrosis.
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2.4 Discussion

2.4.1 Introduction

The population examined in this study was infected in 1977 with genotype lb  from a single 

source, and was not diagnosed until 1994. Therefore, this cohort had 17 years duration o f 

disease prior to the initiation o f any therapies. Despite this, it has been demonstrated that 

the viral clearance rate was higher than to be expected for genotype lb  and that the severity 

o f  liver inflammation and fibrosis was less than expected for both genotype lb  and duration 

o f  infection [Sheehan et al, 1997; Kenny-W alsh et al, 1999]. This leads to the assumption 

that in this specific cohort, host factors must play a significant role in detennining outcome 

o f hepatitis C infection.

2.4.2 Class 11 alleles in HCV infection

MHC class I and II molecules present peptide fragments o f protein antigens to CDS and 

CD4 lymphocytes respectively, leading to their activation. In acute infection with hepatitis 

C, viral clearance is associated with a potent lymphocyte response to hepatitis C antigens 

[Diepolder et al, 1995; Missale et al, 1996]. In subjects who do not clear the virus and 

develop chronic liver disease, intrahepatic and peripheral CD4 lymphocyte responses to 

hepatitis C peptides, especially core, have been shown to be more frequent and more 

vigorous; this is associated with a predominant T helper cell 1 -like cytokine response 

[Napoli et al, 1996; M inutello et al, 1993 ;L ohret al, 1996]. Therefore, HLA class II 

restriction o f the immune response, as an inherited host factor controlling peptide 

recognition and hence potentially the potency o f the immune response, may in part 

determine outcome in hepatitis C infection.

2.4.3 Unique study population

Comparison o f the broad DR phenotype frequencies in our subject population compared 

with a population o f healthy unrelated blood donors revealed no differences. This suggests 

that the subject population is derived normally from the overall population. The 2 study 

groups were age and sex matched and had no confounding variables contributing to 

outcome. The study group was exposed to a single HCV, genotype lb . It is an unselected 

population derived from that described by W alsh et al [Kenny-W alsh et al, 1999] and as 

such has a low rate o f progression o f  liver disease and a high rate o f normal biochemical 

markers o f  liver disease in the presence o f biopsy-proven chronic active hepatitis.
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2.4.4 H L A -D R B l, -D Q B l associations with viral outcome

We have deinonstraled that DRBl *0101 and DQBl *0501 are significantly associated with 

transient infection and DRBl *03011, and DQBl *0201 with persistent infection in our 

population. The allele D R B l*0401 occurs more frequently in those with transient infection 

and DRBl *1301, DQ Bl *0202 and DQBl *0603 occur more frequently in persistent 

infection, although not significantly after correction for the number o f alleles tested.

In the Irish population, DRB 1*0101 -D Q B1 *0501 and DRB 1*03011 -D Q B 1 *0201 are known 

to be inherited in strong linkage disequilibrium. The frequencies o f these haplotypes 

segregate to disease outcome as do the individual alleles and we are unable to report which 

member o f  the haplotype contributes more significantly to outcome.

The role o f  the MHC in HCV infection may not be limited to antigen presentation by class 

II alleles. O ther genetic loci carried on a haplotype may be responsible for viral clearance 

either independently or due to an interaction with class II alleles. To elucidate this further 

studies examining the MHC are required.Indeed, 2 studies have shown such an association 

with the TAP genes located within the class II region o f  the MHC and biochemical and 

histological markers o f  liver disease [Kuzushita et al, 1999; Asti et al, 1999].

2.4.5 Antigen specificity

Although the association o f DRB 1*0401 with viral clearance is not statistically significant 

after correction for the number o f  alleles tested, this association may in fact be biologically 

significant. It is known that P-chain o f DRl and DR4 share amino acids 67-74 and this is 

located in the antigen-binding cleft o f the P4 pocket [Stem et al, 1994; Dessen et al, 1997]. 

In Rheumatoid Arthritis, a DRl - and DR4-associated disease, the autoantigenic peptide that 

binds this shared region has recently been described as residues 261-273 o f  collagen II 

[Fugger et al, 1996; Rosloniec et al, 1997; Andersson et al, 1998]. In our subject 

population, DRBl * 0101 and / or *0401 alleles are present in 55% o f those who sustain 

viral clearance, compared with only 23% o f chronically infected subjects (P < 0.0001). 

Hence it is feasible that both o f these alleles are selected for in the hepatitis C-negative 

population by immune responses to a common immunodominant antigen. Shirai et al 

[Shirai et al, 1999] have demonstrated that T cell recognition o f the HVRl region, a major 

neutralising antibody epitope, o f different HCV isolates is CD4+mediated and possibly 

restricted by DRl and DR4 class II antigens. We propose that in hepatitis C, DRBl *0101 

and D RBl *0401- restricted T-cell recognition o f an immunodominant hepatitis C peptide 

may direct the T-cell response to favour viral clearance.
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2.4.6 Comparison with other HLA class II studies

Barrett et al [Barrett et al, 1999] have recently published an association between DRB1*01 

and spontaneous viral clearance in Irish females infected with multiple hepatitis C 

genotypes through anti-D Ig. The authors failed to identify further associations between 

viral and histological outcomes and DRBl alleles, as in our study. This may be explained 

by several differences between the 2 studies. Barrett et al performed a limited class II 

analysis o f  the DRBl locus only (n=14), in a smaller population infected with mixed HCV 

genotypes at multiple time points, including subjects with co-morbid high alcohol intake. 

Two studies to date have shown an association between DQBl *0301 and transient infection 

[Alric et al, 1997, Cramp et al, 1998]. Cramp et al conclude that D Q B l*0301 has a greater 

bearing on disease outcome because DQBl *0301 has been associated with transient 

infection in two studies involving different populations and in which DQBl *0301 exists in 

linkage with different DRBl alleles. Overall, the frequency o f this allele is comparable in 

the three populations: 0.309 in Irish, 0.336 in British and 0.337 in French. However, we did 

not demonstrate any association with disease outcome: DQBl *0301 was present in 27.7% 

with persistent infection and 35.8% whh spontaneous clearance (P=0.18). In the British 

and French studies, the DQBl *0301 allele was present in 53.1% and 84% o f  those with 

transient infection compared with I 8.2% and 30.8%, respectively, o f  those with viral 

persistence. In the French population study an association between clearance and 

DRB1*1101, which is in linkage with DQBl *0301, was identified. Although DRB1*1101 

occurs in linkage with DQBl *0301, the lack o f association with disease outcome in our 

study may be explained by the lower frequency o f DRBl *11 in the Irish (0.084) than 

French (0.252) populations. In the British population study, DRBl *04 was associated with 

transient infection and it occurred in strong linkage disequilibrium with DQBl *0301. In our 

population both DRBl *04 and a subtype DRBl *0401 appeared to occur more frequently in 

transient infection. At lower resolution, DQ Bl *03, which is linked to DRBl *0401, did 

occur more frequently in those subjects with transient infection in this study (60.4% versus 

42.2%, Pc= 0.23) but the frequency o f D QBl *0301 (0.309) was lower and DQ Bl *0302 

(0.177) was higher than in the British population studied (0.346 and 0.125 respectively). 

Although these differences are not large, they might be sufficient to sway the importance o f 

the DQBl *0301 allele with respect to clinical outcome in a population study. Another 

possible reason for the discrepancy between these studies lies in the viral genotype. The 

French and Gennan (Hohler et al, 1997) studies include 4 genotypes and the English study 

fails to give detail on the genotype(s) included, and our study examined a population 

e.xposed exclusively to genotype lb.
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2.4.7 Conclusion

The binding o f antigenic peptides to MHC class II molecules is dependent on amino acid 

sequences interacting specifically with residues in the peptide binding groove. The various 

genotypes o f hepatitis C may alter the peptides presented, with subsequent changes in 

configuration and thus differences in their ability to bind the various MHC antigens. 

Therefore, differences in individual studies examining MHC association with outcome in 

the highly variable HCV would be expected to depend not only on the population 

characteristics o f the study but also on the viral sequences involved. This study differs from 

others in that exposure to a single inoculum, at a single time point, limiting viral diversity, 

permits a more rigorous assessment o f the role o f the MHC in outcome.

In conclusion, we show the associations o f several class II antigens with clinical outcome in 

hepatitis C in a single genotype cohort. Based on this and other studies we propose that 

outcome in hepatitis C is dependent on the nature o f the T cell response to the virus and that 

host immunogenetic factors contained within the MHC greatly influence this response.
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Figure 2.3

MHC class II alleles associated with viral clearance

Pc=0

Pc<0.0005

Pc=0.2

DRB1*0101 DRB1*0401 DQB1*0501

■ Group A 
■ Group B

Chi-squared comparisons of the frequency of alleles (%) that relate to spontaneous viral 
clearance. Group A -  subjects with chronic infection (n=148). Group B -  subjects with 
spontaneous viral clearance (n=95). Pc -  level o f significance corrected for number of 
alleles identified (n = 46).
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Figure 2.4

MHC class II alleles associated with chronic HCV infection

Pc=0.0004

Group A 
Group B

DRB1*03011 DRB1*1301 DQB1*0201

Chi-squared comparisons of the frequency of alleles (%) that relate to chronic viral 
infection. Group A -  subjects with chronic infection (n=148). Group B -  subjects with 
spontaneous viral clearance (n=95). Pc -  level o f significance corrected for number o f 
alleles identified (n = 46).
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Figure 2.5

MHC class II alleles associated with histological injury

□ infl 1-6
■ infl 7-12
□ infl 13-18

DQB1*0201 pos DQB1*0201 neg DRB1*03011 pos DRB1*03011 neg

Comparison between the presence and absence o f the DQB 1*0201 & DRB 1*03011 alleles 
and the grade of inflammation on liver biopsy. 145 subjects had liver biopsies that were 
included in this study. Inflammation (infl) was graded according to the modified HAI 
system and then grouped as mild (grades 0-6), moderate (grades 7-12) or severe (grades 13- 
18). Both alleles occur more frequently in those with persistent infection. However, both of 
these alleles occurred less frequently in subjects with a higher grade o f inflammation
(p=0.008).
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Table 2.1

Phenotypic frequency o f D R Bl alleles

Allele Healthy Study Persistent Viral P (P c )

Controls population Infection Clearance

n=l,910 n=243 n=148 n=95

DRBl *01 0.171 0.181 0.087 0.323 <0.00001
(<0.0005)

*0101 0.088 0.323 <0.00001
(<0.0005)

*0103 0.068 0.073 ns

DRBl *03 0.318 0.315 0.415 0.167 0.00003(0.001)

*03011 0.415 0.167 0.00003(0.001)

*0304 0.007 0 ns

DRBl *04 0.306 0.321 0.277 0.389 0.063

*0401 0.148 0.281 0.009(ns)

*0404 0.041 0.083 ns

*0407 0.048 0.01 ns

DRB1*13 0.154 0.193 0.228 0.156 ns

*1301 0.122 0.021 0.005(ns)

*1302 0.082 0.063 ns

DRBl phenotype frequencies in the healthy control population compared with the study 
population. Alleles with no significant association with disease outcome are omitted. There 
were no significant differences in allele frequencies in the healthy versus study populations. 
However, when the two study groups were compared against each other significant 
differences were noted. P= level o f  significance by chi-square testing. Pc= level o f 
significance corrected for the number o f  alleles tested at both DRBl and DQBl loci (n=46)
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Table 2.2

Phenotypic frequency o f D Q B l alleles

Allele Persistent

infection

n=148

Viral

clearance

n=95

P(Pc)

DQBl *02 0.605 0.250 <0.0001(<0.005)

*0201 0.426 0.158 0.00001(0.0004)

*0202 0.245 0.105 0.005(ns)

DQBl *03 0.422 0.604 0.005(0.23)

*0301 0.279 0.354 ns

*0302 0.156 0.208 ns

*03032 0.041 0.116 0.02(ns)

DQBl *05 0.184 0.385 <0.0001(<0.005)

*0501 0.142 0.368 0.00004(0.002)

*0502 0.007 0 ns

DQBl *06 0.435 0.510 ns

*0602 0.293 0.406 ns

*0603 0.122 0.021 0.005(ns)

Table includes those DQBl alleles that have significant associations with disease outcome. 
P= level o f significance by chi-square testing. Pc= level o f significance corrected for the 
number of alleles tested at both DRBl and DQBl loci (n=46).
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3.1 Introduction

In HCV infection, recognition and elimination o f infected cells by CTL's require the 

presentation o f specific HCV antigens on the membrane o f hepatocytes in the context o f 

HLA A, B and C antigens. Several papers have already identified multiple HLA class I 

restricted HCV CTL epitopes in mouse, chimpanzee and human models [Koziel et al, 1995; 

Kita et al, 1993; Kita et al, 1995; Battegay et al, 1995; Cem y et al, 1995; Shirai et al, 1995]. 

Identification o f epitopes that stimulate CTL's, restricted by widely prevalent class I 

antigens could facilitate vaccine design.

As discussed there have been limited publications on the association between the frequency 

o f HLA class I antigens and HCV infection and o f those published, few have shown strong 

associations between class I antigens and viral status, possibly due to study population 

heterogeneity, multiple viral genotypes or varying duration o f  infection. Compared to other 

studies, our subject population is a single sex, single genotype cohort, with the same ethnic 

background, the same mode o f infection, inoculated at a reasonably young age and within a 

documented time frame and thus represents an ideal population on which to test the 

association o f class 1 antigens with outcome.

3.2 Materials and methods

3.2.1 Study population

As described previously a total o f  243 female recipients o f  HCV-infected anti-D 

immunoglobulin participated. O f these 145 were chronically infected with HCV and 95 had 

spontaneously cleared the virus.

3.2.2 Class I typing

DNA was extracted from whole blood using a salting out technique, as previously described 

[M iller et al, 1988]. During this process HCV RNA was removed by incubating the digested 

preparation with 1.5|.d RNase [Boehringer Mannheim UK Ltd., East Sussex, England] per 

400).il o f  nuclear lysate according to the manufacturer's instructions.

HLA- A, -B and -C loci were typed according to the DNA typing method described by 

Bunce et al [Bunce et al, 1995](Figure 3.1). This PCR technique utilises SSP reactions to 

simultaneously identify alleles o f the class I locus in an allele specific or group specific 

manner. Briefly, to identify class 1 alleles each PCR reaction consisted of, in final 

concentration, 0.02|^g DNA, 0.084f.il Taq DNA polymerase (Advanced Biotechnologies, 

Surrey, UK), 1 f,il o f lOX Buffer IV (Advanced Biotechnologies, Surrey, UK), 3.4mM
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MgC12, 250 |.iM o f  each dNTP, 0.54f.il o f Glycerol, 0.01).il o f  lOOmg/ml Cresol Red and 5ul 

o f  the alleles-specific and control prim er mixes at a concentration o f l-4).iM each (United 

Kingdom Transplant Support Service Authority, Bristol, UK). The PCR reaction mix was 

plated out into 96 well plates and amplifications were carried out in an MJ Research PTC- 

225 DNA engine tetrad. The cycling parameters used were as follows: 96°C for 1 minute, 

followed by 14 cycles o f 96°C for 30 seconds, 65°C for 50 seconds, and 72°C for 20 

seconds, followed by 25 cycles o f  96°C for 30 seconds, 62°C for 50 seconds, 72°C for 20 

seconds, followed by 72°C for 4 minutes. The PCR products were electrophoresed in a 

1.5% agarose gel for approximately 35 minutes at 150V in 0.5 Tris-borate-EDTA (TBE) 

and visualised using ultra-violet illumination.

h  was not possible, despite repeated attempts, to determine class I alleles on 16 subjects, 

due either to poor quality DNA or a PCR reaction failure. These subjects were therefore not 

included in the analysis. The subject population for analysis included 141 subjects with 

chronic infection and 86 subjects with spontaneous viral clearance. Liver biopsies were 

available on 138 subjects with chronic infection that were successfully typed.

3.2.3 Statistics

Comparison o f the MHC class 1 phenotypic frequencies were made between those subjects 

chronically infected and those who had sustained viral clearance. Differences in frequencies 

between the groups were analysed by Pearson's and Fisher's exact tests where 

appropriate. M ultiple logistic regression analysis was used to generate a model o f the data 

that would predict an outcome based on the frequencies o f  HLA alleles. A forward 

conditional stepwise method was utilized. In this model, the probability for entry was 0.05 

and removal was 0.10. A t-test was used to examine for differences in ages between the two 

groups and for differences in ALT values in those chronically infected. The comparison o f 

the mean viral load in subjects with an allele to those without the allele was performed by a 

One-W ay ANOVA test. The statistical package used was SPSS (version 10.1 for 

W indows). In all tests, a p value o f < 0.05 was considered to be statistically significant.
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Figure 3.1

HLA-A, -B and -C  typing

c -.-i

Sample 7

The gel is read left to right and from top to bottom. There are 96 reactions and each should 
have the internal control product to show that the PCR reaction has worked. Lanes 1 to 26 
contain the reactions for HLA-A, lanes 27 to 81 the reactions for HLA-B and lanes 82 to 96 
the reactions for HLA-C.
This is a gel of sample number 7. The positive reactions are 2, 17, 27, 34, 36, 80, 81, 88 and 
96. Lane 1 is a failed reaction as the positive control is not present. Lane 2 is specific for 
A*02 and lane 17 is specific for A*29. The specific product for reaction 88 is 675 bp and 
this is barely discernible from the internal control fragment in the photograph. By 
comparison the specific product for reaction 27 is 619 bp.
This sample is therefore A*02, A*29, B*07, B*44, Cw*07 and Cw*16 positive.

Internal control

Internal control

Internal control

Internal control
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3.3 Results

3.3.1 Class I alleles and viral outcome

The phenotypic frequency o f each allele was compared in those that had spontaneous 

clearance to those with chronic infection [Table 3.1]. A*03 was present in 39.5% o f those 

with viral clearance compared with 19.1% with chronic infection (P=0.001, Odds ratio 

(OR) 2.8). Similarly, B*27 and B*07 were also more frequent in those with viral clearance 

(14%  and 40.7% respectively) compared with chronic infection (2.1% and 25.5%, P=0.001, 

OR 7.5 and P=0.017, OR 2.0 respectively). Cw*01 was found more frequently in those with 

viral clearance (9.3%) compared with chronic infection (1.4%, P=0.005, OR 7.1). B*08 

occurred more frequently in those with chronic infection compared to viral clearance 

(39.7%  versus 19.8%, P=0.002, OR 0.4). 8*18 was also more frequently observed in those 

with chronic infection (11.3%) compared with viral clearance (2.3%, P=0.042, OR 0.2).

3.3.2 Class I alleles and histology.

Patients with chronic infection were classified according to the serum ALT values taken at 

the time o f  liver biopsy. Nonnal ALT levels were present in 64 (44.8%) subjects at the time 

o f liver biopsy. The frequency o f class I alleles did not differ in those with biochemical 

evidence o f  chronic hepatitis compared with subjects with chronic infection and normal 

ALT values.

The frequency o f  the class 1 antigens was analysed according to the degree o f inflammation 

and fibrosis observed in the liver biopsies o f each o f the subjects chronically infected. O f 

our subjects, 86% had inflammatory grades o f 0 to 6 (out o f 18) and 86.7% had fibrotic 

stages o f 0 to 2 (out o f 6). Therefore because o f the low frequency o f moderate to severe 

disease in this cohort, we grouped subjects as having mild (0-6) or moderate-severe (7-18) 

inflammation for the purpose o f analysis. Fibrosis was grouped in the same manner; mild 

(0-2), moderate-severe (3-6). O f the 54 subjects with a B*08 allele and chronic infection, 

51(94.4%) had mild inflammation compared to B*08 negative subjects (P=0.017, OR 

0.232, Cl 0.064-0.834). Similarly, o f 62 A*01 positive subjects with chronic infection, 

58(93.5%) had mild activity (P=0.015, OR=0.259, Cl 0.082-0.820). Subjects who carried 

B*07 were more likely to have moderate to severe inflammation (p=0.037, OR 2.758, Cl 

1.035-7.348). The odds ratio for moderate to severe fibrosis for those who possess an A*29 

allele is 4.365 (Cl 1.280-14.883), as 35.7% o f A*29 positive subjects had moderate to 

severe fibrosis, compared with 11.3% o f A*29 negative subjects (P=0.012). Similarly, 

58.3% o f Cw*16 positive subjects had moderate to severe fibrosis compared with 9.5% o f 

Cw*16 negative subjects (p<0.001, OR 13.3, Cl 3.651-48.443). However, the number o f
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subjects who carry either A*29 or Cw*16 is small.

3.3.3 Class I alleles and viral load.

In chronically infected subjects the mean viral load was 6.07x10^+12.98x10^. We then 

compared the mean viral load in those subjects with an allele to those without an allele. We 

demonstrate that Cw*05 positive subjects are more likely to have lower viral loads and 

Cw*12 and B*51 positive subjects are more likely to have higher viral loads [Table 3.2]. 

There was no significant effect on viral load noted by either the A*03 or B*08 allele.

3.3.4 Frequency o f homozygosity

Homozygosity for class I alleles was examined at three levels. Firstly, 80 (35.2%) o f 

subjects were homozygous for any class I allele and this had no relationship with viral 

outcome. Secondly, at a locus level, 17.6% were homozygous for HLA A, 10.1 % HLA B 

and 23.8% HLA C. Again there was no association between homozygosity at this level and 

viral outcome. Thirdly, the frequency o f homozygosity at an allelic level was compared to 

viral outcome, and all 8 o f the B*08 homozygotes identified, occurred in those subjects 

with chronic HCV infection. However, there was no statistical difference at an allelic level 

between homozygotes and heterozygotes.

3.3.5 MHC class I and II alleles and viral outcome

In the previous chapter the association between class II alleles and viral outcome in this 

cohort are described. O f the 227 females who had successful typing o f the class I alleles, 

DRBl *0101 was present in 32.6% o f those with viral clearance compared to only 8.5% o f 

those chronically infected (P<0.001,OR 5.2) and DRBl *0401 is present in 29.1% with viral 

clearance compared to 15.6% with chronic infection (P=0.015, OR 2.3). Overall, 75.6% o f 

those subjects who successfully cleared the HCV carry either an A*03 or DRBI *0101 or 

DRBl *0401 allele compared to 37.6% o f those who failed to clear HCV and developed 

chronic infection (P<0.001, OR 5.1).

In this cohort, we found that certain haplotypes were inherited in linkage disequilibrium. 

HLA A*01-B*08-Cw*07 was found more frequently in those with chronic infection 

(P=0.009, OR 0.4) and was linked with the class II haplotype D RBl *03011-DQB 1*0201.

In its entirety, the haplotype was associated with chronic infection (P=0.002, OR 0.3)(Table 

3.3). M uhiple logistic regression analysis was performed, including in the analysis all 

alleles noted to be associated with chronic infection either independently or through linkage 

disequilibrium regardless o f their statistical significance, to determine which allele was 

associated more closely with chronic infection. We found that HLA DQBl *0201 was most

65



significantly associated with chronic infection (P<0.001, OR 0.27, 95%CI 0.142-0.516, Cox 

& Snell R square = 0.108).

HLA A*03 and B*07, both associated with viral clearance, were inherited in linkage 

disequilibrium forming the haplotype A*03-B*07- D R B l*15-D Q B l*0602. Although the 

haplotype remained associated with viral clearance (P=0.004, OR 3.5), the individual class 

II alleles were not associated with viral outcome by chi-square analysis (P=0.1) [Table 3.3]. 

The odds ratio for viral clearance was most significant for A*03 individually (2.761) and 

for A*03-B*07 as a haplotype (3.581).

HLA A*02-B*27-Cw*01 was inherited in linkage disequilibrium with DRB1*0101- 

DQB 1*0501, and this haplotype was associated with viral clearance (P= 0.01, OR 1.0).

Both class II alleles were associated with viral clearance as well as B*27 and Cw*01 [Table 

3.3]. However, only 8 subjects carried HLA A*02-B*27-Cw*01 compared with 38 with 

DRBl *0101-DQBl *0501. The odds ratio for viral clearance was strongest for B*27 (7.46) 

individually and for DRBl *0101-DQB1 *0501 (5.41) as a haplotype.

M uhiple logistic regression analysis o f  all alleles associated either directly or indirectly 

with viral clearance dem onstrated that A*03, B*27, DRB1*0101, DRB1*0401 and 

DRB1*15 were all associated with viral clearance and the strongest OR was for B*27 at 

7.99 [Table 3.4].

3.4 Discussion

In this unique cohort o f females inoculated with HCV genotype lb  from a single source, we 

have clearly identified class I alleles that are associated with outcome: A*03, B*07, B*27 

and Cw*01 occur more frequently in those with viral clearance and B*08 and B*18 occur 

more frequently in those with chronic infection. This study population is a single genotype 

cohort that is relatively homogenous for factors that contribute to the natural history o f 

HCV infection and hence is ideal for examining purely the genetic contribution to outcome.

3.4.1 Study methods

This study was undertaken 20 years following inoculation with HCV. Only females with 

positive anti-HCV antibodies were included. Females who were exposed but were anti- 

HCV negative were omitted, as confirmation o f acute infection could not be obtained in 

those who had possibly lost anti-HCV antibodies with time. Therefore this study does not 

address potential differences in HLA alleles between those who clear HCV at differing 

rates.

In many laboratories PCR-SSP is now the method o f  choice for medium to high resolution
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HLA typing [Welsh et al, 1999] and but does not identify the greater than 700 class I (A, B 

and C) alleles now described [Schreuder et al, 2001], However, the patient cohort in this 

study is o f Irish descent, with historically limited ethnic diversity and the antigen 

frequencies identified in this study by PCR-SSP are comparable to those published 

[Williams et al, 1999; M iddleton et al, 2000; W illiams et al, 2002].

Multiple logistic regression analysis estimates the measure o f  association (rather than 

effect) o f  one variable across a population defined simultaneously by levels o f  several other 

variables. In this study this analysis was used to generate a model that would predict those 

alleles most significantly associated with viral clearance or persistence. Included in each 

analysis were all alleles associated with viral outcome and those not significantly associated 

on single hypothesis testing but occurring in linkage. The results generated by the forward 

stepwise conditional method were identical to those when the analysis was performed using 

a backward technique. There was no significant correlation between those alleles included 

in this analysis and therefore collinearity was not detennined to be an issue. Although the 

model generated is a product o f the data input and hence potentially limited by that 

selection, this model was chosen rather than pair-wise association testing with correction 

for multiple comparisons (Bonferroni) due to the large numbers o f  p values computed (n = 

52) as it was felt to be overly conservative and would require imprecise confidence 

intervals [Greenland et al, 1998].

3.4.2 Homozygosity

It has been proposed that homozygosity for HLA antigens results in a restricted range o f 

CTL's being activated and thus in a less potent immune response. Indeed, in chronic 

hepatitis B infection, homozygosity for class I alleles (HLA A3, B35, C4) has been 

associated with chronic infection and progression to cirrhosis in an Italian family study 

[Pollicino et al, 1996]. We were able to demonstrate that those subjects homozygous for B8 

are more likely to have chronic infection but not a statistically greater risk than 

heterozygotes, possibly due to the small numbers o f  homozygotes in this highly 

polymorphic region.

3.4.3 HLA-A*03

The A*03 allele was associated with viral clearance by direct analysis and confirmed with 

multiple logistic regression analysis (OR 2.4). A*03 is carried by 27% o f  this population 

overall and is the third most common HLA-A allele in this study population. As expected in 

a Northern European Caucasoid [NEC] population [Williams et al, 1999], more than 98% 

carry the *0301 allele (26.3% phenotype frequency) with *0302 being the only other allele
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identified in this population and at a very low frequency (0.3%). Alleles o f  the A3 family 

share structural similarities in the antigen-binding groove and share main anchor peptide- 

binding motifs [Sidney et al, 1996]. Indeed in subjects chronically infected Chang et al, 

have identified eight HCV peptides with significant HLA-A3 binding affinities and CTL 

reactivity across the A3 family [Chang et al, 1999].

3.4.4 HLA-B*27

Similarly, HLA-B*2705 is the allele carried by the overwhelming majority o f  B*27 positive 

N EC ’s (94.8%) [M iddleton et al, 2000]. The two other 8*27 alleles found in N EC ’s, *2702 

and *2709, occur at very low frequencies (0.2% and 0.1% respectively). In 

spondyloarthritis, these three subtypes share numerous T-cell epitopes resulting in cross

reaction o f  the B*27-restricted CTL responses [Marti et al, 2001],

In this study, HLA-B*27 was not a particularly common allele, but by statistical analysis 

holds the strongest association with viral clearance and suggests that B*27-restricted CTL 

responses to HCV, genotype lb  peptides are most likely to result in viral clearance. 

Interestingly, HLA-B*27 also appears to be important in human immunodeficiency virus 

(HIV) infection. Anti-HIV-1 activity is mediated by C T L’s and HLA-B*27 is associated 

with prolonged immune containment in adult infection whereas uncontrolled viral 

replication is associated with the generation o f CTL escape variants in a dominant viral 

epitope that no longer bind to the B*27 molecule [Goulder et al, 2001].

Further studies are required in this cohort to identify the HCV peptides presented by the 

widely prevalent A*03 allele or the highly associated B*27 allele that are capable o f 

generating an adequate CTL response required for HCV clearance. In view o f the extensive 

sequence diversity within genotype 1 b and between genotypes, detection o f similar class I 

associations in more heterogeneous populations may be extremely difficult. Nonetheless we 

believe the strong association o f  HCV clearance with HLA alleles in this highly defined 

population suggests a m ajor role for the MHC in HCV clearance.

The A*03 allele occurred in linkage with A*03-B*07- DRB1*15-DQB1*0602.

Interestingly, from this haplotype, multiple logistic regression analysis identified both A*03 

(OR 2.4) and D RBl *15 (OR 2.2) to be associated with HCV clearance, but not B*07. 

Similarly, in the haplotype A*02-B*27-Cw*01-DRBl *0101-DQB 1*0501, both B*27 and 

DRBl *0101 are identified by m uhiple logistic regression analysis to be strongly associated 

with HCV clearance, but not DQB 1 *0501. This suggests that further mapping o f the MHC 

is required to clarify the relative contributions o f each allele to HCV clearance and to 

identify whether other immune modulating genes inherited in linkage are o f greater 

significance.
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3.4.5 HLA-B*08

HLA-B*08 occurs at a frequency o f 32%, as expected in an NEC population where one 

allele *0801 has been described. It is inherited in tight linkage disequilibriun:i with HLA- 

A*01-B*08-Cw*07- DRBl *03011-DQBl *0201. Statistically, B*08 is associated with 

chronic infection in this cohort when tested independently, but multiple logistic regression 

analysis demonstrates that it is only DQBl *0201 that is associated with chronic infection 

when the co-dependencies o f  other alleles are taken into account. W hile the mechanism for 

this is unclear, it is possible that HCV persistence is mediated by the emergence o f viral 

escape mutants specific for D Q B l*0201. Some diversity has been observed in viral 

sequences from this population [Duffy et al, 2002], However, large scale sequencing studies 

on stored sera would be required to test this hypothesis.

Failed viral clearance in DQBl *0201 carriers may also be the product o f  an inadequate T 

cell response to HCV peptides. Thimme et al, have shown that successful clearance is 

associated with a strong CD8+ T cell response where these cells undergo change to a 

CD38- phenotype, with IFN-y production and resolution o f viraemia [Thimme et al, 2001]. 

However, in this cohort the IFN-y response to HCV peptides was found to be reduced in 

DQBl *0201 positive individuals [MacDonald et al, 2002], However, definitive conclusions 

could not be drawn about the type o f T cell response because o f small patient numbers.

3.4.6 Comparative studies

Thio et al, have documented an association between A *1101, B*57 and Cw*0102 and viral 

clearance, and A*2301 and Cw*04 and chronic infection [Thio et al, 2002]. Although the 

study population is larger, including 231 individuals with viral clearance and 444 with 

chronic infection, the baseline characteristics are heterogeneous in terms o f race, sex and 

viral genotype. The resulting variance in antigenic specificities may account for some 

differences between the two studies. Significantly more subjects with viral clearance had 

chronic HBV infection and although inclusion o f HBsAg status did not alter allelic 

associations with outcome by multivariate analysis, this does not rule out a modulating 

effect o f co-infection on the immune response resulting in viral clearance or persistence. In 

this same study population similar class II associations with outcome were reported in the 

Caucasian subgroup (DRB1*0101-DQB1*0501 and viral clearance and DRBI*0301- 

DQB 1*0201 and chronic infection)[Thio et al, 2001] as were observed in our cohort. In this 

current study the authors do not report on the class I alleles that occur in linkage 

disequilibrium with these class II alleles. Certainly multiple logistic regression analysis 

suggests that class I alleles may be more influential in viral clearance than the class II
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alleles, but Thio et al are unable to confinn our findings. These differences also illustrate 

the potential limitations in performing association studies in a homogenous cohort and the 

need for testing these associations across viral genotypes and HLA phenotypes to identify 

those epitopes most relevant with regards to understanding the mechanisms o f HCV 

clearance and vaccine development.

3.4.7 Conclusion

In summary, we have confirmed that the HLA associations with the natural outcome o f 

HCV infection involves both class 1 and II antigens. Our data supports the concept o f  the 

involvement o f  both CD4 and CD8 T-cells in the clearance o f acute HCV infection. 

W hether outcome is dependent on these loci alone, or in synergy with other immune 

modulatory genes occurring in linkage disequilibrium requires further investigation.
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1 able 3.1

MHC Class I allele phenotype frequencies in the study population

Antigen Overall
population

Chronic
infection

l% l

Viral
clearance

|% |

P OR 95% CI

A*01 0.42 63 [44.7] 32[37.2] 0.3 0.7 0.4-1.3
A*02 0.49 70 [49.6] 42[48.8] 0.9 0.9 0.6-1.7
A*03 0.27 27[19.1] 34[39.5] 0.001 2.8 1.5-5.0
A *ll 0.17 23[16.3] 15[17.4] 0.8 1.1 0.5-2.2
A*23 0.06 9[6.4] 4[4.7] 0.6 0.7 0.2-2.4
A*24 0.07 11 [7.8] 5[5.8] 0.6 0.7 0.2-2.2
A*25 0.04 8[5.7] 1[1.2] 0.09 0.2 0.02-1.6
A*26 0.02 3[2.1] 1[1.2] 0.6 0.5 0.05-5.3
A*29 0.1 14[9.9] 9[10.5] 0.9 1.1 0.4-2.6
A*30 0.02 5[3.5] 0[0] 0.08 n/a
A*31 0.04 6[4.3] 2[2.3] 0.4 0.5 0.1-2.7
A*32 0.07 10[7.1] 6[7.0] 0.9 0.9 0.3-2.8
A*33 0.004 1[0.7] 0[0] 0.4 n/a
A*68 0.06 8[5.7] 6[7.0] 0.7 1.2 0.4-3.7

B*07 0.31 36[25.5] 35[40.7] 0.017 2.0 1.1-3.6
B*08 0.32 56[39.7] 17[19.8] 0.002 0.4 0.2-0.7
B*13 0.01 3[2.1] 0[0] 0.2 n/a
B*14 0.13 18[12.8] 1I[12.8] 0.9 1.0 0.4-2.2
B*15 0.05 6[4.3] 5[5.8] 0.6 1.4 0.4-4.7
B*18 0.08 I6[11.3] 2[2.3] 0.015 0.2 0.04-0.8
B*27 0.07 3[2.1] 12[14.0] 0.001 7.5 2.0-27.3
B*35 0.15 22[15.6] 11[12.8] 0.6 0.8 0.4-1.7
B*37 0.04 6[4.3] 4[4.7] 0.9 1.1 0.3-4.0
B*38 0.01 2[1.4] 1[1.2] 0.9 0.8 0.07-9.2
B*39 0.02 3[2.1] 2[2.3] 0.9 1.1 0.2-6.7
B*40 0.01 2[1.4] 1[1.2] 0.9 0.8 0.07-9.2
B*41 0.004 0[0] 1[1.2] 0.2 n/a
B*44 0.39 50[35.5] 40[46.5] 0.09 1.6 0.9-2.7
B*45 0.004 1[0.7] 0[0] 0.4 n/a
B*49 0.02 2[1.4] 3[3.5] 0.3 2.5 0.4-15.3
B*50 0.009 1[0.7] 1[1.2] 0.7 1.6 0.1-26.7
B*51 0.04 7[5.0] 2[2.3] 0.3 0.5 0.09-2.2
B*53 0.004 1[0.7]

OO

0.4 n/a
B*55 0.03 6[4.3] 0[0] 0.05 n/a
B*57 0.09 10[7.1] 10[11,6] 0.2 1.7 0.7-4.3
B*60 0.08 11[7.8] 6[7,0] 0.8 0.9 0.3-2.5
B*63 0.004 1[0.7] 0[0] 0.4 n/a
B*70 0.009 1[0.7] 1[1.2] 0.7 1.6 0.1-26.7
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T able 3.1 continued

Antigen Overall
population

Chronic
infection

l%l

Viral
clearance

[%l

P OR 95%CI

Cw*02 0.03 3[2.1] 3[3,5] 0.5 1.7 0.3-8.4
Cw*04 0.18 28[19.9] 12[14.0] 0.3 0.7 0.3-1.4
Cw*05 0.27 33[23.4] 29[33.7] 0.09 1.7 0.9-3.0
Cw*06 0.15 21[14.9] 14[16.3] 0.8 1.1 0.5-2.2
Cw*07 0.65 93[66.0] 54[62.8] 0.6 0.9 0.5-1.5
Cw*08 0.13 19[13.5] 11[12.8] 0.9 0.9 0.4-2.09
Cw*09 0.05 10[7.1] 2[2.3] 0.1 0.3 0.07-1.5
Cw*10 0.09 12[8.5] 9[I0.5] 0.6 1.3 0.5-3.1
Cw*12 0.05 7[5.0] 4[4.7] 0.9 0.9 0.3-3.3
Cw*14 0.02 4[2.8] 1[1.2] 0.4 0.4 0.04-3.7
Cw*15 0.02 2[1.4] 2[2.3] 0.6 1.7 0.2-11.9
Cw*16 0.08 12[8.5] 6[7.0] 0.7 0.8 0.3-2.2
Cw*17 0.01 1[0.7] 1[1.2] 0.7 1.6 0.1-26.7

Phenotypic frequency o f  H LA -A , -B and -C  alleles in the study population  overall. 
C om parison o f  phenotypic a lle le  frequencies in those w ith chronic infection with 
those w ith viral clearance. A p value o f  0.05 is accepted  as the level o f  significance. 
O dds ratios (O R ) for viral c learance  given w ith 95%  confidence intervals (95%  Cl). 
In chi square analysis, w here a value in a 2x 2 table w as 0, the O R  could not be 
calcu lated  (n/a = not available).

72



Table 3.2

Comparison o f mean viral loads according to class I allele

Allele n Allele Present Allele Absent P

B*51 7 21.1 x l 0 ^ ±  27.6x10^ 5 .2 x l0 '’± 11.3x10" 0.038

Cw*05 32 4.1x10^ ± 5 .6 x 1 0 '’ 6.8x10" ± 14.5x10" 0.003

Cw*12 7 18.3x10^ ±34.9x10" 5.4x10" ± 10.5x10" 0.038

Significantly different mean viral loads (± standard deviation) in 
subjects with an allele compared to those without an allele (p< 0.05). 
All non-significant alleles omitted.
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T a b le  3.3

C o m p a r iso n  o f  a lle le  a n d  h a p lo ty p e  f re q u e n c ie s  acc o rd in g  to  v ira l s ta tu s

A llele o r  
H ap lo ty p e N

C h ro n ic
In fec tio n

V ira l
C le a ra n c e P O R 9 5 %  C l

A*01 95 63 32 0.27 0.74 0.42-1.27

B*08 73 56 17 0,002 0.37 0.19-0.70
Cw*07 147 93 54 0.63 0.87 0.49-1.52
DRB1*03011 72 58 14 <0.001 0.28 0,14-0.54
DQB1*0201 73 59 14 <0.001 0.27 0.14-0.52
A1-B8-Cw7 65 49 16 0.009 0.43 0.23-0,82
DR3-DQ2 72 58 14 <0.001 0,28 0.14-0.54
A1-B8-Cw7-DR3-DQ2 57 45 12 0.002 0,35 0.17-0.70

A‘02 112 70 42 0,91 0.97 0.57-1.66
B*27 15 3 12 0.001 7.46 2.04-27.27
Cw*01 10 2 8 0,005 7.13 1.48-34.40
DRBI‘0101 40 12 28 <0.001 5.19 2,47-10.92
DQB1*0501 52 20 32 <0.001 3.59 1.88-6,83
A2-B27-Cw1 8 2 6 0.03 5.21 1,03-26,44
DR1-DQ5 38 11 27 <0.001 5.41 2.52-11.63
A2-B27-Cw1-DR1-DQ5 4 0 4 0.01 n/a

A*03 61 27 34 0.001 2.81 1.51-5.04
B*07 71 36 35 0.02 2.00 1.13-3.55
DRB1*15 72 39 33 0.09 1,63 0.92-2.88
DQB1‘0602 73 40 33 0.12 1,57 0.89-2,78
A3-B7 31 11 20 0.001 3.58 1.62-7.92
DR15-DQ6 72 39 33 0,12 1.57 0,89-2.78
A3-B7-DR15-DQ6 23 8 15 0.004 3.51 1.42-8.68

A bbreviations used: A l=  A *01, B8= B *08, C7 = Cw *07, DR3 = D R B 1*03011, D Q 2 = 
D Q B 1*0201, A 2= A *02, B27 = B *27, C w l = Cw *01, D R l = D R 1*0101, DQ5= 
D Q 1*0501, A3 = A *03, B7 = B *07, D R15 = D R B 1*15, DQ6 = DQB 1*0602, P= level o f  
significance, O R  = odds ratio and 95% C I = confidence interval o f  95% . N /a = not available.
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Table 3.4

Multiple logistic regression analysis o f alleles associated with HCV viral clearance

Allele P OR 95% Cl

A*03 0.012 2.43 1.22-4.85
B*27 0.005 7.99 1.90-33.51
DRB 1*0401 <0.001 4.12 2.04-8.34
DRB1*15 0.009 2.2 1.21-3.99
DRB1*0101 <0.001 4.71 2.11-10.49

Cox and Snell R square=0.215. Alleles tested include A*02, A*03, B*07, B*27, 
Cw*01,DRBl*0101, DRB1*0401, DRB1*15, DQB1*03011, DQB1*0501 and 
DQBl *0602; that is all alleles apparently associated with viral clearance, either directly 
or through linkage disequilibrium with another allele.
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CHAPTER 4 TNF LOCUS IN HCV
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4.1 Introduction

T N F a is a cytokine with pro-inflammatory and immune-modulatory effects with a central 

role in the regulation o f  apoptosis [Goeddel, 1999], In HCV infection T N F a clearly has a 

role in the immune response and possibly in the pathogenesis o f  liver injury. However, the 

phenotype o f the immune response o f an individual may be determined by the interplay o f 

the inherited HLA genes and other genes such as TN Fa. In this chapter the search for 

immune-regulatory genes within the MHC associated with HCV infection is extended to the 

TNF locus in this well-defined population, to test whether this locus was associated 

independently with HCV or whether it was possible to define an extended haplotype that 

may alter outcome.

4.2 Materials and Methods

4.2.1 Study population

Again the study population consists o f 148 females with chronic infection and 98 with

spontaneous viral clearance, derived from a cohort o f females inoculated with a genotype 

lb  virus originating from a single source.

4.2.2 DNA extraction

DNA was extracted according to a salting out procedure previously described [M iller et al, 

1988]. During this procedure HCV RNA was removed by incubating the DNA digest with 

1.5f.ll o f ribonuclease (Boehringer Mannheim) at 37°C for 25 minutes according to the 

m anufacturer’s instructions. HLA class II alleles were typed by polymerase chain reaction 

technique using sequence-specific oligonucleotide probes [Innogenetics N.V., Belgium] as 

previously described [Bunce et al, 1995].

4.2.3 TNF microsatellite polymorphisms

Two o f these microsatellites consist o f AC/GT (TNFa) and TC/GA (TNFb) dinucleotide 

repeats, containing 13 and 7 alleles respectively [Jongeneel et al, 1991]. TNFa and b 

microsatellites were amplified according to a previously described method [M cM anus et al, 

1996] using the following primers: (1) GCACTCCAGCCTAGGCCACAGA, (2) 

GCCTCTAGATTTCATCCAGCCACAG, (3) CCTCTCTCCCCTGCAACACACA, and (4) 

TGTGTGTTGCAGGGGAGAGAGG [Jongeneel et al, 1991]. TNFa microsatellite was 

amplified using primers 2 and 3 in an 11 ).il reaction incorporating lOOng o f DNA, 0.5|.iM of
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each prim er and dNTPs at a final concentration o f 0.2mM , except for non-labelled dCTP 

that was at 0.01 mM. Reaction products were labelled by the incorporation o f 32-P-adCTP 

(Amersham). The PCR profile was as follows: 94°C for 3 minutes, 80°C for 5 minutes, 35 

cycles o f 94°C for 30 seconds, 56°C for 50 seconds, 72°C for 30 seconds, followed by 72°C 

for 5 minutes. TNFb microsatellite was amplified in two stages. In the first step, lOOng o f 

DNA was amplified in a 25|il reaction using primers 1 and 2 at 0.5 |iM  and dNTPs at a final 

concentration o f  0.16mM . The PCR profile was as follows: 94°C for 5 minutes, 80°C for 5 

minutes, 18 cycles at 94°C for 30 seconds, 56°C for 50 seconds and 76°C for 40 seconds, 

followed by 72°C for 5 minutes. The PCR product was diluted by 10'^ and then amplified in 

a second stage incorporating 32-P-a dCTP. In this 25|.d reaction, primers 1 and 4 were at a 

concentration o f  0.5|aM and dNTPs at a final concentration o f 0.2mM, except for the non

labelled dCTP which was at 0.01|.iM. The PCR profile was as follows: 94°C for 3 minutes, 

80°C for 5 minutes, 22 cycles o f 94°C for 30 seconds, 70°C for 60 seconds (minus 0.5°C 

/cycle), 72°C for 25 seconds, followed by 20 cycles o f  94°C for 30 seconds, 58°C for 40 

seconds, and 72°C for 60 seconds, followed by 72°C for 5 minutes. The PCR products were 

separated on polyacrylamide gels and visualised by autoradiography.
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Figure 4.1

TNFa microsatellite polymorphisms

^  I lb 3̂  2. i  ^
?  ̂ 5 t  *• <11 lO"! M

Hi 1*1 Jtfi (,  ̂ lo i| 11 i-iit,*
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C ontrols Sam ples Controls
I  c o . w h

S am ples Controls

Radiograph of TNFa microsatelHtes. The controls (9, 11,16, 29 and 34) are 
placed at intervals throughout the gel. There is a defect in the gel on the left side 
of the second control sample 9 and this lane was left empty on loading. The lane 
on the right side was to contain contol #11, but this didn’t travel. The samples 
read as follows;

Sample_______ Size__________ TNF

1 99,99 a2, a2
2 109,117 a 7 ,a l l
3 99,107 a2, a6
4 99,117 a2, a l 1
5 99,117 a2, al 1
6 99,117 a2, al 1
7 109,117 a7, a l l
9 99,107 a2, a6
10 99, 99 a2, a2
11 99,117 a2, al 1
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4.2.4 TNFa promoter polymorphisms

To characterise the phenotype o f subjects at positions -238 and -308 we utilised the 

TaqM an polymerase chain reaction technique as described previously [Kennedy et al,

1997]. This technique allows for the identification o f single base substitutions within a 

fragment o f DNA, by utilising DNA polymerase with 5 ’ nuclease activity and an internal 

probe specific for the target sequence consisting o f an oligonucleotide with a 5 ’ reporter 

dye, such as FAM (6-carboxy fluorescein, F) and a 3 ’ quencher dye, such as TAM RA (6- 

carboxy-tetramethyl rhodamine, T). Fluorescent light is emitted from the reporter dye but 

this is suppressed when the probe is intact due to the presence o f a quencher dye. 

Fluorescent light was measured by a LS50B luminescence spectrometer [Perkin Elmer].

The reaction volume was 25)^1 for each polymorphism utilising 20)ng o f template DNA, 

TaqM an Universal PCR M aster Mix [Perkin Elmer, Applied Biosystems], forward and 

reverse primers and inner and outer probes. For TNF 238, the final concentration o f primers 

was 900nM, allele 1 probe was 125nM and allele 2 probe was 50nM. The sequence o f the 

forward primer was GCATCAAGGATACCCCTCACA and the reverse primer was 

ATCAGTCAGTGGCCCAGAAGA. The TaqM an probes for 238 allele 1 was 5 ’TT- 

CXTCCCTGCTCCGATTCCG-T3’ and for allele 2 was 5 ’F- 

TCCTCCCTGCTCTGATTCCGA-T3’, where TT denotes 6-carboxy-tetrachloro 

fluorescein. For TNF 308, the final primer concentrations were 300nM and the final probe 

concentrations were 175nM for allele 1 and 50nM for allele 2. The sequence o f the forward 

prim er was CAAAAGAAATGGAGGCAATAGGTT and the reverse primer was 

GGCCACTGACTGATTTGTGTGT. The TaqM an probes for 308 allele 1 was 5 ’F- 

ACCCCGTCCCCATGCCC-T3’ and for allele 2 was 5 ’F-ACCCCCGTCCTCATGCCCC- 

T 3 ’.

The PCR profile was as follows; 50°C for 2 mins, 95°C for 10 mins and 40 cycles o f  95°C 

for 10 seconds, 58°C (-308) or 63°C (-238) for 60 seconds, and 15°C hold.

4.2.5 Statistics

To compare the frequency o f each polymorphism with disease outcome, histological scores 

and serum ALT values, a chi-squared analysis was performed. Multiple logistic regression 

analysis was performed at each locus and for each combination o f alleles found to be 

associated with disease status, to examine for significance in the presence o f possible 

interaction between alleles. This method was preferred to that recommended by Svejgaard 

et al [Svejgaard et al, 1994] as it allows for assessment o f multiple alleles simultaneously 

and takes into account the co-dependencies each allele has on other alleles present rather
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than a direct comparison o f two alleles at a time, with no account taken o f possible 

interactions. The statistical package used was SPSS (version 10.1 for Windows).
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Figure 4.2

TNFa gene promoter polymorphisms

CXI:

0.037 0.931 0.0400.8681.1706 6.6E-0210.97306.7647UNKN
0.540 1 and Z0.580 0.633 0.494-1.8E-019.9917 1.084410.5491UNKNGZ

0.985 0.017 0.974 0.017-I.IE-OZ1.12566.7832 11.6633UNKN
0.929 0,0230.02611.6934 0.9784 1.0556.5473G4 UNKN

No Amo Mo Amo No Aitw Mo Anw> No AmpNo Afnp

1 and 2

This is the result generated by the TaqMan PCR. The bottom table represents the order in 
which samples were inserted into the 96 microwell plate. E1-E8 represent the negative control 
samples. E9-E12 represent the controls homozygote for TNF 308.A and F9-F12 represent the 
controls homozygote for TNF308.G. Study samples are present in wells F1-F8 and G1-G4. 
The middle table represents the luminescence readouts for each wavelength in columns 
AL2Rn and ALlRn, for samples 01-04 . For example, G1 has an allele 2 readout of 6.8 that is 
in the range o f negative controls but an allele 1 readout of 10.8 that is in the range positive for 
allele 1.
The top graph plots the luminescence values for allele 1 against allele 2, giving a 
diagrammatic representation o f the spread o f results, homozygote for 308. A, homozygote for 
308.G and heterozygotes.
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4.3 Results

4.3.1 TNF microsatellite polymorphisms

In total 242 subjects were successfully typed for microsatellite polymorphisms, including 

147 with chronic infection and 95 with spontaneous viral clearance. Twelve TNFa and 7 

TNFb microsatellite polymorphisms were identified (Table 4.1). On testing individual 

allelic association with viral status, TNFa6 was significantly associated with viral clearance 

whereby 38.9% carried an a6 allele compared with only 21.8% o f those with chronic 

infection (p=0.004). TNFalO positive subjects were more likely to have chronic infection 

(78.6%, p=0.04). TN Fal 1 occurred more frequently in those with viral clearance than 

chronic infection (45.3% versus 32.7% respectively, p=0.04). TNFb3 occurred more 

frequently in those with chronic infection (40.8%) compared with viral clearance (22.1%, 

p=0.003). Proportionately more subjects with viral clearance carried TNFb5 (55.8%) than 

with chronic infection (41.5%, p=0.03).

When logistic regression analysis was performed TNF a6 and al 1 remained associated with 

viral clearance (p= 0.011; Odds ratio (OR) 0.455; 95% confidence interval (Cl), 0.248- 

0.835 and p=0.009; OR 0.399; 95% Cl, 0.200-0.795, respectively). TNF b3 was associated 

with chronic infection (p=0.006; OR 2.572; 95% Cl, 1.320-5.014).

4.3.2 TNFa gene promoter polymorphisms

All 242 patients were successfully typed at positions 238 and 308. There were 77 

heterozygotes and 12 homozygotes for 308.A, compared with 25 and zero respectively for 

238. A (Table 4.2). The phenotype frequency o f  the polymorphism 308. A was 0.44 in 

patients chronically infected compared with 0.26 in patients with viral clearance (p=0.007). 

Homozygotes for 308.A were also more likely to have chronic infection (n=10, p=0.01).

The frequency o f the 238.A polymorphism did not differ between groups.

4.3.3 Haplotype analysis

In total 227 individuals were successfully typed for class I and II antigens; 86 with viral 

clearance and 141 with chronic infection and represents the numbers analysed in the 

haplotype studies.

4.3.3.1 Viral clearance

TNF a6 occurred in linkage disequilibrium with b5 (p<0.001). TNF a6b5 was present in 

32.6% o f  those with viral clearance compared with only 17.2% with chronic infection 

(p=0.006). Fifty-six subjects carried a6b5 and 21 o f these also carried FILA DRB 1*0401-
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DQB1*0301 (p<0.001). However, there was no association between outcome and the 

overall haplotype HLA DRBl *0401-DQB 1*0301-TNF a6b5 (Table 4.5). Sixteen subjects 

carried HLA DRBl *0101-DQBl *0501- TNF a6b5 (p=0.01) and o f these 13 had viral 

clearance (p<0.001) (Table 4.3). TNFa6b5 was not inherited in linkage disequilibrium with 

A*02-B*27-Cw*01. In subjects possessing the haplotype D RBl *0101-DQBl *0501-TNF 

a6b5, the odds ratio for sustained viral clearance was 8.19 that was greater than for any 

individual allele including B*27 (Table 4.5).

TNF a l 1 occurred in linkage disequilibrium with b4 as part o f  the haplotype HLA A*03- 

B*07-DRB1*15-DQB 1*0602 (Table 4.5). This extended haplotype was carried by 16.3% 

o f  subjects with viral clearance compared to 5.7% with chronic infection (p=0.009, OR 

3.2). Although a l 1 is associated with viral clearance, the most significant association within 

this haplotype appears to be A*03-B*07 with an OR o f 3.58.

M ultiple logistic regression analysis was performed on all alleles shown to be associated, 

independently or by linkage disequilibrium, with viral clearance (Table 4.6). By this 

analysis, A*03, B*27, D R B l-*0101, - *0401 and -*15 were found to be significantly 

associated with viral clearance. No TNF polymorphism was associated with viral clearance 

independent o f their interaction with the classical alleles.

4.33.2  Chronic infection

TNF a2 was carried by 146 subjects and o f  these, 61 (42.1%) also carried bl and 67 

(46.2%) carried b3 (p<0.001, for both). TNFa2b3 was in linkage disequilibrium with HLA 

DRBl *0301 l-D Q B l*0201(p<0.001)(table 4.4). O f the 51 subjects that carried this 

haplotype, 43 o f these had chronic infection (p<0.001).

TNF 308.A also occurred in linkage disequilibrium with HLA DRB1*03011-DQB1*0201.

In total, 60 subjects carried the extended haplotype and o f these 51 (85%) also carried TNF 

a2b3 (p<0.001), o f  which 43 (84.3%) were chronically infected (p<0.001).

Subjects possessing the haplotype HLA DRBl *03011, DQBl *0201-TNF 308.A -TN Fa2b3 

the OR for chronic infection was 4.34 (1/0.23) compared with < 3.7 for any individual 

allele or other allelic combination (Table 4.5). Multiple logistic regression analysis was 

perform ed on all alleles shown to be associated, either independently or by linkage 

disequilibrium, with chronic infection. By this method D QBl *0201 alone was found to be 

significantly associated with chronic infection (P<0.001; OR 3.7; 95%CI, 1.9-6.9; R Square 

0.75) (Table 4.6). Again, no TNF polymorphism was associated with chronic infection 

independent o f their association with class I or II alleles.
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4.3.4 Histological severity

Eighty-four (68.9%) o f TNF a2 positive subjects had minimal or mild inflammation on liver 

biopsy (inflammatory scores less than 7, p=0.019). None o f the TNF b m icrosatellites was 

associated with histological severity. Similarly, 60 out the 64 chronically infected subjects 

with at least one 308.A allele had inflammation with a grade o f  less than 7 (p=0.004).

There was no association between the microsatellite alleles, 308.A or 238.A and fibrotic 

stage or serum ALT values.
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4.4 D iscussion

In this study, we have extended our search within the MHC to the TNF locus and have 

demonstrated that TNF a2b3 and 308.A are associated with chronic HCV infection whereas 

a6b5 and al lb4  are associated with HCV clearance. However, in conjunction with a 

previous study we were able to demonstrate that in chronic HCV infection, the class II 

allele, D Q Bl *0201, appears to be most significantly related to chronicity. Also, in HCV 

clearance, the class I alleles A*03 and B827 and the class II alleles, D R B l- *0101, *15 and 

0401 were also independently associated but the strongest association lay with 8*27. 

Therefore, we have defined haplotypes for both clearance (HLA A*02-B*27-Cw*01- 

DRB 1*0101 -D Q B 1 *0501 - TNF a6b5 and A*03-B*07-DRB 1 * 15-D Q B1 *0602-TNF a 11 b4) 

and chronicity (HLA A*01-B*08-DRB1 *03011-DQBl *0201 -TNF 308.A-TNF a2b3) in 

HCV infection that extends to and includes alleles within the TNF locus.

However, the inheritance o f  alleles from the TNF locus in a class II restricted pattern may 

have functional significance. The ability o f a person to produce variable T N F-a levels may 

be a product o f  the pattern o f inheritance o f  class II alleles. It had been shown in systemic 

lupus erythematosus that DR2 positive subjects produce low levels o f  TN F-a and DR3 

positive subjects produce high levels [Jacob et al, 1990J. Also, the inheritance o f TNF 

microsatellite and prom oter polym oiphism s may result in variable T N F -a production. This 

is supported by several studies detailing the associations o f these polymorphisms with 

diseases o f an immune nature.

4.4.1 Liver histology

Liver histology in this study population was rather mild, with 86% with mild inflammation 

and only 3.5% showing incomplete or definite cirrhosis. However, the associations between 

TNF a2 and TNF 308.A and mild inflammation is significant and although this may be as a 

result o f  the small numbers with progressive liver disease one must consider the possibility 

o f  variable T N F a production associated with these polymorphisms may be protective in 

these individuals. A larger study with 30 subjects with HCV-related cirrhosis compared to 

114 subjects with non-cirrhotic HCV-related liver disease, demonstrated an association 

between fibrosis progression and TNF 238.A (3.2-fold increase) and 308.A (5.1-fold 

increase)[Yee et al, 2000].

4.4.2 TNF a2b3 comparative studies

To date, the TNF microsatellite polymorphisms have been associated with rheumatoid 

arthritis [Mu et al, 1999], IDDM [Monosa et al, 1995] and celiac disease [McManus et al.
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1996]. M cM anus et al demonstrated in an Irish population that the a6, a l 1 and b5 

polymorphisms were protective in Celiac disease and that a2 and b3 were significantly 

associated with disease. We did not show any difference in the frequency o f  TNFa2 in those 

with chronic infection compared with those who successfully eliminated HCV. However, 

all but one o f  the Celiac patients were carriers o f D Q B1 *0201. TNF a2 was shown to a 

common allele not in linkage disequilibrium with DQB 1 *0201, but did form part o f the 

haplotype DQB 1*0201-TNF a2b3 associated with Celiac disease. Similarly, in this study 

TNFa2 is the most frequent microsatellite and is not independently associated with viral 

outcome, but is when it forms part o f the D R B 1 *03011 -DQB 1 *0201 -TNF a2b3 haplotype. 

Using a different statistical approach, we were able to demonstrate that in HCV infection, 

DQB 1 *0201 appears to be most significantly associated with chronicity when the co

dependencies o f  other alleles are taken into consideration.

4.4.3 TNF 238.A comparative studies

The body o f evidence for an association o f the TNF prom oter polymorphisms with immune- 

mediated disease is even larger. 238. A has been associated with age o f onset and disease 

severity in rheumatoid arthritis [Vinasco et al, 1997]. In a study by Hohler et al [Hohler et 

al, 1998] the frequency o f TNF 238. A was significantly greater in chronic HCV infection 

compared with controls, independent o f  class II alleles. TNF 238. A heterozygotes were 

present in 28% o f subjects with chronic infection and 238. A homozygotes in 4%, compared 

with 7% and 0% o f controls respectively. We found no 238. A homozygotes in our 

population o f 242 subjects and there was no difference in the frequency o f 238.A in those 

with chronic infection (9.5%) compared with viral clearance (11 .6%). This observed 

difference may be due to differences in study populations (those who eliminated HCV 

rather than ‘healthy controls’) but more probably, the observed differences may be due to 

ethnic variation.

4.4.4 TNF 308.A comparative studies

TNF 308.A has been associated with diseases with an autoimmune aetiology including 

celiac disease [McManus et al, 1996], systemic lupus erythematosus [W ilson et al, 1994] 

and primary sclerosing cholangitis [Bernal et al, 1999]. TNF 308.A was also implicated in 

diseases associated with high levels o f  T N F-a production, including lepromatous leprosy 

[Roy et al, 1997], cerebral malaria [McGuire et al, 1994] and leishmaniasis [Cabrera et al, 

1995]. In those studies that included the class II locus in their analysis, TNF 308.A was in 

linkage disequilibrium with DQB1*0201, DR3 and DRB3*0101 and any association with 

disease was found to be dependent on linkages to class II alleles. Similarly, in our study, we
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demonstrate an association o f TNF 308.A with chronic infection and in linkage 

disequilibrium with HLA DRBl *03011- DQBl *0201-TNF a2b3. By multiple logistic 

regression analysis we show that the strongest association with chronic infection is with the 

class II allele D Q B l*0201. However, linkage disequilibrium exists and disease 

susceptibility or severity may still be as a result o f the pattern o f inheritance o f these HLA 

alleles. W hen we analysed the odds ratios in a stepwise fashion for the enlarging haplotype 

associated with chronic HCV infection defined in this study, we demonstrate that the 

extended haplotype HLA D Q B l*0201-D R B l*03011- TNF 308.A -TNF a2b3 has an OR o f 

4.2 com pared with 3.7 for DQBl *0201. Similarly, the odds ratio for viral clearance in 

individuals possessing the extended haplotype, DRB 1*0101 -D Q B 1 *0501 - TNF a6b5 is 8.2 

compared with < 5 for any individual allele. This suggests that genetic susceptibility to 

either outcome in HCV infection may be determined by these alleles in combination, 

exerting a cumulative response that is more significant than observed if  they were inherited 

in isolation. Alternatively, this finding may also suggest that the haplotypes identified may 

be in linkage disequilibrium with an as yet undetennined antigen that exerts a more 

significant effect on outcome than the individual antigens examined in this study.

4.4.5 Conclusion

In summary, this study further characterises a haplotype for both chronic infection and viral 

clearance in a cohort exposed to a single inoculum o f HCV over 20 years ago. These 

haplotypes include alleles from the class I and II loci within the MHC and extends 

telomeric to the TNF gene locus. Possession o f DRB 1*0101-DQB 1*0501 - TNF a6b5 or 

DQB 1*0201-DRBl *03011- TNF 308.A -TNF a2b3 is associated with a significantly 

increased risk o f viral clearance or chronic infection respectively. However, whether this is 

a direct effect by these combined alleles or due to other genes carried on this haplotype 

remains to be determined.
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T able 4.1

Phenotype frequency of TNF microsateliite polymorphisms

TNF Overall (%) 
N=242

Viral (%) 
Clearance

Chronic (%) 
Infection

P

al 3(1.2) 1(1.1) 2(1.4) 0.833
a2 146(60.3) 51(53.7) 95(64.6) 0.089
a3 0 0 0
a4 31(21.8) 12(12.6) 19(12.9) 0.947
a5 11(4.5) 5(5.3) 6(4.1) 0.667
a6 69(28.5) 37(38.9) 32(21.8) 0.004
a7 36(14.9) 10(10.5) 26(17.7) 0.126
a8 2(0.8) 1(1.1) 1(0.7) 0.755
a9 10(4.1) 4(4.2) 6(4.1) 0.961
alO 28(11.6) 6(6.3) 22(15) 0.04
a l l 91(37.6) 43(45.3) 48(32.7) 0.048
al2 7(2.9) 2(2.1) 5(3.4) 0.557
al3 1(0.4) 1(1.1) 0(0) 0.213

bl 65(26.9) 28(29.5) 37(25.2) 0.461
b2 1(0.4) 1(1.1) 0(0) 0.213
b3 81(33.5) 21(22,1) 60(40.8) 0.003
b4 145(59.9) 57(60) 88(59.9) 0.983
b5 114(47.1) 53(55.8) 61(41.5) 0.030
b6 2(0.8) 0 2(1.4) 0.254
h i 13(5.4) 5(5.3) 8(5.4) 0.952

This table demonstrate the phenotype frequencies of the TNF a and b microsatellite 
polymorphisms identified in this population and compares the frequency of each 
polymorphism in those who cleared HCV compared with those chronically infected. 
P = 0.05 is the level of significance accepted.
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Table 4.2

Genotype frequency of TNFa gene promoter polymorphisms

Allele
genotype

Viral (%) 
Clearance

Chronic (%) 
Infection

P

308
G/G 70(73.7) 83(56.5)
A7G 23(24.2) 54(36.7)
A/A 2(2.1) 10(6.8) 0.017

238
G/G 84(88.4) 133(90.5)
G/A 11(11.6) 14(9.5) 0.608

No 238.A homozygotes were identified. Comparison o f the 
phenotype frequencies to viral outcome shows 308.A to be 
more frequent in chronic infection (0.44) compared with viral 
clearance (0.26; p=0.007). The phenotype frequencies o f 238.A 
did not differ between groups.
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Table 4.3

Odds ratio analysis of haplotype DRB1*0101-DQB1*0501-TNF a6b5

OR 95% Cl P

a6 2.44 1.37-4.35 0.004
b5 1.78 1.06-2.99 0.03
a6b5 2.32 1.27-4.27 0.006
DRB1*0101 4.99 2.45-10.18 <0.001
DOB1*0501 3.5 1.88-6.52 <0.001
DRBl *0101-DQB 1*0501 5.19 2.49-10.79 <0.001
DRB 1*0101 -DQB 1*0501 -TNF a6b5 8.29 2.31-29.73 <0.001

Comparison is made between the frequency o f each allele or haplotype and viral outcome 
by chi-squared analysis. Each allele and haplotype is significantly associated with viral 
clearance. OR = odds ratio; 95%C1 = 95% confidence interval; P= level o f  significance.

Table 4.4

Odds ratio analysis of haplotype DRB1*03011-DQB1*0201-TNF 308.A-TNF a2b3

OR 95% Cl P

a2 1.576 0.931-2.668 0.08
b3 2.430 1.353-4.365 0.003
a2b3 2.438 1.305-4.554 0.005
308.A 2.159 1.232-3.784 0.007
DRBl *03011 3.502 1.866-6.573 <0.001
DQB 1*0201 3.703 1.975-6.945 <0.001
DRB 1*03011-DQB 1*0201 3.502 1.866-6.573 <0.001
DRB1*03011-DQB 1*0201-

TNF 308.A-TNF a2b3 4.216. 1.950-9.114 <0.001

Comparison is made between frequencies o f each allele or haplotype and viral outcome by 
chi-squared analysis. Except for TNF a2, each allele and haplotype is significantly 
associated with chronic infection. OR = odds ratio; 95%CI = 95% confidence interval; P= 
level o f significance.
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Table 4.5

Comparison of allele and haplotype frequencies according to viral status

A lle le  o r H ap lo type N

C hron ic

In fection

V ira l

C learance P O R 95%  C l

A‘ 01 95 63 32 0.27 0.74 0.42-1.27

B‘ 08 73 56 17 0.002 0.37 0.19-0.70

Cw‘ 07 147 93 54 0.6 0.87 0.49-1.52

DRB1*03011 72 58 14 <0.001 0.28 0.14-0.54

DQB1*0201 73 59 14 <0.001 0.27 0.14-0.52

A1-B8-Cw7 65 49 16 0.009 0.43 0.23-0.82

DR3-DQ2 72 58 14 <0.001 0.28 0.14-0.54

TNF 308.A 83 61 22 0.007 0.45 0.25-0.81

TNF a2b3 63 48 15 0.007 0.409 0.21-0.79
DR3-DQ2-TNF308.A-
a2b3 51 43 8 <0.001 0.23 0.1-0.53

A1-B8-Cw7-DR3-DQ2 57 45 12 0.002 0.35 0.17-0.70
A1-B8-Cw7-DR3-DQ2-
TNF308.A-TNFa2b3 46 38 8 0.001 0.28 0.12-0.63

A*02 112 70 42 0.9 0.97 0.57-1.66

8*27 15 3 12 0.001 7.46 2.04-27.27

Cw*01 10 2 8 0.005 7.13 1.48-34.40

DRBr0101 40 12 28 <0.001 5.19 2.47-10.92

DQB1‘ 0501 52 20 32 <0.001 3.59 1.88-6.83

A2-B27-Cw1 8 2 6 0.03 5.21 1.03-26.44

DR1-DQ5 38 11 27 <0.001 5.41 2.52-11.63

TNFa6b5 55 24 31 0.001 2.75 1,5-5.1

DR1-DQ5-TNFa6b5 16 3 13 <0.001 8.19 2.6-29.7

A2-B27-Cw1-DR1-DQ5 4 0 4 0.01 n/a
A2-B27-Cw1-DR1-DQ5-
TNFa6b5 2 0 2 0.07 n/a

A*03 61 27 34 0.001 2.81 1.51-5.04

B‘ 07 71 36 35 0.02 2.00 1.13-3.55

DRB1*15 72 39 33 0.09 1.63 0.92-2,88

DQB1*0602 73 40 33 0.1 1.57 0.89-2.78

A*03-B‘ 07 31 11 20 0.001 3.58 1.62-7.92

DR15-DQ6 72 39 33 0.12 1.57 0.89-2.78

TNFa11b4 78 41 37 0.03 1.84 1.05-3.2

Dr15-DQ6-TNFa11b4 51 24 27 0.01 2.23 1.2-4.2

A3-B7-DR15-DQ6 23 8 15 0.004 3.51 1.42-8.68
A3-B7-DR15-DQ6-
TNFa11b4 22 8 14 0.009 3.23 1.29-8.06

Abbreviations used: A1= A*01, B8= B*08, C7 = Cw*07, DR3 = DRB1‘ 03011, DQ2 = DQB1*0201, A2= A*02, 
B27 = B*27, Cw1 =Cw*01, DR1 =DR1*0101, DQ5= DQ1*0501, A3 = A*03, B7 = B*07, DR15 = DRB1*15, DQ6 
= DQB1*0602, P= level of significance, OR = odds ratio and 95%CI = confidence interval of 95%. N/a 
= not available. Red highlights the allele or haplotype with the greatest significance.
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T able 4.6

M ultip le logistic regression  analysis o f  alleles associated  w ith  H C V  viral clearance.

A llele P OR 95%  Cl

A*03 0.014 2.38 1.2-4.8
B*27 0.005 7.86 1.9-32.9
DRB1*0401 <0.001 4.06 2.0-8.2
DRB1*15 0.009 2.1 1.2-4.0
DRB1*0101 <0.001 4.6 2.1-10.4

Cox and Snell R square=0.213. Alleles tested include A*02, A*03, B*07, B*27, Cw*01, 
D RBPO lO l, DRB1*0401, DRB1*15, DQB1*0301, DQB1*0501, DQB1*0602, 
TNF308.A, TNFa6, T N F all, TNFb4 and TNFbS; that is all alleles apparently associated 
with viral clearance, either directly or through linkage disequilibrium with another allele. 
Red highlights a change in value compared with results generated from class I and II data 
alone.
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CHAPTER 5 CONCLUSION

HCV is a hepatotropic virus with up to 80% o f those infected developing chronic disease. It 

is therefore a leading cause o f  liver related morbidity and mortality worldwide. 

Understanding o f the pathogenesis o f  HCV infection is limited by the lack o f  small animal 

models or tissue culture systems that support viral replication. Viral clearance is dependent 

upon a strong, sustained and multi-specific response by CD4+ T helper cells that is 

supported by a similar response by CD8+ cytotoxic T lymphocytes, in the presence o f a Th- 

1 like cytokine response. Chronic infection is thought to result from inadequacies in the 

strength, specificity and duration o f the response by T helper cells and C TL’s.

T helper cells and C T L ’s are activated upon presentation o f viral peptide bound to MHC 

class II and I alleles respectively. Class I and II alleles are inherited as a haplotype as a 

single M endelian trait. Although class I and II alleles are highly polymorphic their scope for 

foreign peptide binding is genetically restricted.

The outcome in HCV may be due to host factors such as gender, age and alcohol 

consumption and viral factors such as genotype and inoculating dose. However, 

epidemiological studies on HCV are confounded by the fact that most patients are anicteric 

during acute infection and therefore the duration o f infection is ill defined. In Ireland, the 

cohort o f  Rhesus negative women that received anti-D Ig in 1977 represents a unique study 

population for the examination o f the immunogenetics o f HCV. They are a single gender, 

single ethnic group, infected with a single viral genotype over a known period o f time.

In our examination o f  the class II locus, we show a significant association between 

DRBl *0101 and DQB1*0501 and viral clearance. Worldwide, several studies have 

demonstrated associations between class II alleles and viral outcome, but the European 

studies are most consistent in their DQBl *0301 association. However, this association is 

made through linkage disequilibrium with DRBl alleles; D RB1*11 in the French and 

DRBl *04 in the English populations respectively. W e did show an association with 

D R B l*0401, but comparisons between studies show different allele frequencies, to be 

expected in different ethnic groups, but also varying viral genotypes. A second study of 

DRBl alleles in two Irish anti-D cohorts demonstrated an association between DRBl *0101 

and viral clearance, supporting our work. However, this study was limited by the number o f 

alleles examined and by the mixed viral genotype.

Subsequently, we show that class I alleles, A*03, B*07, B*27 and Cw*01 are associated 

with viral clearance and B*08 and B*18 are associated with chronic infection. Combining 

data, the haplotypes A*03-B*07-DRB1*15-DQB 1*0602 and A*02-B*27-DRB1*0101- 

DQBl *0501 are associated with viral clearance. The haplotype A*01-B*08-Cw*07-
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DRBl *03011-DQBl *0201 is associated with chronic infection in this population. Whereas 

the majority o f other studies have failed to demonstrate a class I association, our positive 

findings are most likely due to the unique single viral genotype, single ethnic cohort that 

removes confounding variables that impact upon the host immune response. The association 

o f both class 1 and II alleles supports the hypothesis that viral clearance is dependent on a 

strong and m ultispecific response from both CD4+ and CD8+ T cells.

Multiple logistic regression analysis reveals that HLA A*03, B*27, DRB1*0101, *0401 

and *15 are significantly associated with viral clearance when the confounding effects o f 

other alleles are taken into account but the frequency o f some o f these alleles is small and 

o f doubtful biological significance. However, over 75% o f  subjects who clear the virus 

carry either an A*03, DRBl *0101 or -*0401 allele compared with only 37% o f those with 

chronic infection. The significance o f  this lies in the potential to identify a common viral 

epitope that binds these common alleles and results in appropriate immune response to clear 

HCV.

T N Fa is a cytokine with both immunomodulatory, pro-inflammatory and apoptotic 

functions. In HCV, elevated T N F a levels in a Th-1 like cytokine response has been shown 

in viral clearance and chronic infection. The gene for T N F a lies within the class III locus o f 

the MHC and contains both microsatellite and gene promoter polymorphisms that are 

inherited in linkage with class I and II alleles. The secretion o f T N F a may be the outcome 

o f class II restricted T cell activation. W ithin this population TNF a6b5, linked to 

DRB1 *0101 -D Q B 1 *0501, and TNF a 11 b4, linked to DRB1 * 1501 -D Q B 1 *0601, are 

associated with viral clearance and TNF a2b3-TNF 308.A, linked to DRBl *03011,

DQB 1 *0201, is associated with chronic infection. No TNF polymorphism is independently 

associated with viral outcome by multiple logistic regression analysis. However, the 

inheritance o f  TNF polymorphisms in a class II restricted pattern may have functional 

significance as the strength o f  association between outcome and haplotypes is strengthened 

when the TNF loci are included.

In this population we have shown MHC haplotypes extending across class I and II loci that 

are associated with both viral clearance and chronic infection. W hether it is these alleles or 

other loci carried in linkage disequilibrium, acting independently or in synergy, that control 

the host immune response to HCV remains undefined. However, this study demonstrates 

that in this unique population, viral clearance is dependent on both class I and II alleles and 

supports the notion that a combined appropriate response from both CD4+ and CD8+ T 

cells, with a Th-1 like cytokine profile results in HCV clearance.
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On the other hand, viral persistence may be as a result o f  viral escape mutants, T cell 

dysfunction or T ccll exhaustion (Ncumann-Haefelin et al, 2005, Rehermann et al 2005, 

Bowen et al, 2005). How the interaction o f the HLA allele, the viral epitope and the ensuing 

T cell response results in either HCV clearance or persistence is the fundamental question. 

As previously discussed, other studies have examined the evolution o f viral escape in acute 

HCV infection (Tester et al, 2005, Cox et al, 2005). In this unique cohort in an effort to 

answer this question one part would be to identify the viral epitopes that bind with affinity 

to alleles associated with clearance, that is HLA-B*27, A*03, DRB1*0101 and 

DRBl *0401 alleles. Once identified these epitopes can then be examined for escape 

mutations and utilised to define the response o f both T helper cells and C TL’s, at best ex- 

vivo, in subjects with both viral persistence and clearance. To this end, in collaboration, 

C T L ’s from HLA B*27+ subjects were examined for peptide-specific responses when 

tested against overlapping peptides (ISm ers overlapping by 1 laa) derived from genotype la  

and lb  strains (Neumann-Haefelin et al, submitted for publication). Five B*27 restricted 

epitopes had been previously identified in a HLA B*27+ subject with acute resolving HCV. 

Five o f 6 subjects that cleared HCV responded to only one o f  the known HLA B*27- 

restricted epitopes, NS5 2841. hi chronically infected B*27+ subjects, the CTL response 

was again limited to the NS5 2841 epitope but only occurred in 3 o f  8 subjects examined. 

Sequence analysis o f this epitope revealed variations that occurred significantly more often 

in B*27 + compared with B*27- subjects, suggesting HLA-B*27 mediated selective 

pressure against this region. Also NS5 2841 variants resulted in reduced IFNy production 

compared to wild type, supporting the biological significance o f variants at this position. 

This study provides an immunological basis for the protective role o f HLA B*27 in HCV 

infection and suggests that the emergence o f escape mutations within a single key dominant 

epitope is central to viral persistence. Replication o f this study to identify epitopes 

restricted by other outcome-associated alleles is needed to validate these findings and 

strengthen their significance as the population frequency o f  HLA B*27 compared with the 

other alleles described is low.

As discussed a broad and multi-specific CTL response to HCV must occur to clear HCV 

but also a similar T helper response is required to support this. HCV antigen-driven 

proliferation in individuals who develop persistent infection are usually weak or absent 

when compared with spontaneously resolving infections. This study has demonstrated that 

while the class I alleles have the strongest independent association with viral clearance, the 

class II alleles are also significantly associated. What o f the immune response in the 24 

HLA DRBl *0101+ individuals in this study that cleared HCV compared with the 4 HLA 

D R B l*0101+ subjects that also carry B*27? Is it possible in these individuals that the
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effector mechanisms o f the T helper cells is the more critical factor in viral elimination 

compared with the CTL response o f the B*27+ individuals? That is, is there a difference 

between the type o f immune response generated against HCV epitopes dependent upon 

HLA restriction. Many studies have examined HLA restricted CTL responses and 

considerably less the HLA restricted CD4+ T cell responses to HCV epitopes, none in 

parallel. Therefore to clarify whether the driving force o f the immune response to HCV is 

HLA dependent requires an examination o f the CTL and CD4+ responses to HLA restricted 

epitopes in individuals who possess the HLA-B*27, A*03, DRB1*0101 and DRB1*040I 

alleles and compare these responses to those who lack one or all.

Certainly, much ground has been achieved in understanding the immune response to HCV 

since its identit'ication in 1992. However, in order to achieve goals such as a CTL- based 

vaccine more definitive answers are required and hopefully some may be provided by 

studies such as that proposed.
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