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Dit proefschrift is het resultaat van een vierjarige inspanning; een inspanning die

nooit tot dit proefschrift zou geleid hebben zonder de hulp van velen.

Eerst en voora wil ik mijn promotoren bedanken. Bij Prof. Dr. M. De Vos kon
ik enerzijds op gelijk welk moment te rade gaan. Onoverkomelijke problemen
werden door haar meestal herleid tot nieuwe inzichten. Anderzijds werkte haar
ambitie aanstekelijk op momenten waar mijn ambitie iets minder was. Prof. Dr.
G. Leroux-Roels bedank ik voor het steeds aandachtig bekijken van resultaten,

mij terechtwijzend waar ik iets minder kritisch was geweest.

Een bijzonder dankwoord gaat uit naar Prof. Dr. J. Delanghe, lid van mijn
begeleidingscommissie. Zonder zijn fenomenale kennis van het ‘ haptoglobine-
gebeuren’ en het daaraan gekoppelde enthousiasme, had ik dit proefschrift nooit
kunnen schrijven. De gesprekken, waar mijn rol vooral een luisterende was,
rond de geografische en historische impact van het haptoglobine fenotype waren

een uitermate aangename en leerrijke verademing.

Voor de honderden bepalingen van het haptoglobine fenotype, bedank ik van
harte Mevr. L. Claeys. Haar uitleg over deze techniek blijft ook voor een

clinicus verstaanbaar.

De hulp die ik kreeg van Dhr. H. Verdievel voor de NTBI bepalingen is niet te
beschrijven. Het oppuntstellen van een nieuwe, uitermate arbeidsintensieve

techniek, gebeurde vlot en correct.



Mevr. N. Van Damme en Dr. H. Peeters wil ik bedanken voor de CD163
bepalingen. Ik realiseer mij dat deze bepalingen vaak op ongelegen momenten
dienden te gebeuren. De discussies rond de flowcytometrietechniek waren voor

mij verhelderend.

Dr. M. Langlois bedank ik voor het aanbrengen van extra sera van patiénten met

erfelijke hemochromatose.

Dankzij de bereidheid van de leden van het steeringcomité van de BASL
(Belgian Association of the Study of the Liver), kon ik toegang krijgen tot

verschillende dossiers van patiénten met erfelijke hemochromatose.

Mijn collega’s van de polikliniek gastro-enterologie, Dr. I. Colle, Prof. Dr. D.
De Looze en Prof. Dr. M. Peeters bedank ik voor hun geduld en bereidheid tot
het overnemen van klinisch werk op momenten dat dit proefschrift mijn

aanwezigheid in de kliniek onmogelijk maakte.

Het formaat van dit proefschrift zou er totaal anders uitgezien hebben zonder de
hulp van Mevr. A. Verbist, die de lay-out van dit boek verzorgde. Zij schiep
orde in de chaos.

Dhr. A. Dehaene van Roche bedank ik voor de logistieke steun bij het drukwerk.
Een heel bijzonder dankwoord gaat uit naar mijn ouders. Zonder hen was niets

mogelijk. Hun liefdevolle interesse gedurende de periode van dit proefschrift

was steeds een extra stimulans.



En last, but not least, wil ik mijn echtgenote, Nancy, bedanken. Heel veel van
haar vrije tijd moest zij mijn aanwezigheid ontberen. Toch hielp zij mij veel

zaken te relativeren. Zij vatte dit samen met de volgende tekst.

Neem de tijd om te werken,
Dat is de prijs van het succes.

Neem de tijd om te denken,

Dat is de bron van de macht.

Neem de tijd om te spelen,
Dat is het geheim van de eeuwige jeugd.

Neem detijd om te lezen,
Dat is de grondslag van de wijsheid.

Neem detijd om aardig te zijn,
Dat is de weg naar geluk.

Neem de tijd om te dromen,

Dat is de manier om hoog te mikken.

Neem de tijd om te beminnen en bemind te worden,
Dat is het voorrecht van de goden.

Neem de tijd eens om, om u heen te kijken,
De dag iste kort om zelflustig te zijn.

Neem de tijd om te lachen,

Dat isde muziek van je ziel.
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INTRODUCTION

1. Physiology of iron transport

Iron is an essential element for all living organisms (1). Most of the body iron is
found intracellularly; in ferritin, haemosiderin or haem present in haemoglobin,
myoglobin and cytochromes. The iron which is found in extracellular body fluid
is bound to high affinity ironbinding glycoproteins: transferrin in serum and
lymph, and another related protein called lactoferrin in external secretions and
milk (2).

The distribution of iron in tissue is shown in Figure 1 (3).

Figure 1.
Distribution of iron in adults (N Eng J Med 1999;341(26):1986-1995).



More than two thirds of the body’s iron is incorporated into haemoglobin in
developing erythroid precursors and mature red cells. Uptake of erythroid ironis
highly dependent on receptor-mediated endocytosis of diferric transferrin bound
to transferrin receptors (3). Each erythrocyte contains a billion atoms of iron; at
normal rates of turnover, this concentration corresponds to the incorporation of
2x10®° atoms of iron a day (4). Most of the remaining iron is found in
hepatocytes and reticuloendothelial macrophages, which serve as storage depots.
The liver has first-pass access to dietary nutrients and can readily take up an
amount of circulating iron that exceeds the binding capacity of plasma
transferrin.  Reticuloendothelial macrophages ingest senescent red cells,
catabolise haemoglobin to scavenge iron, and load the iron onto transferrin for
reuse (3).

Although the amount of iron extracted from the diet is small, the regulation of
the intestinal absorption of iron is critical because humans have no physiologic
way of excreting iron. Duodenal crypt cells sense the iron requirements of the
body and are programmed as they mature into mature enterocytes. Enterocytes
lining the absorptive villi close to the gastroduodenal junction are responsible
for iron absorption. Iron must pass from the gut lumen through the apical and

basolateral membrane of the enterocyte to reach the plasma (Figure 2).
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Figure 2.
Iron transport across the intestinal epithelium (N Eng J Med 1999;341(26):

1986-1995).

The low pH of gastric effluent facilitates enzymatic reduction of ferric (Fe3+) to
its ferrous form (Fe™) by brush border ferric reductase (5). Divalent metal
transporter 1 (DMT1 or Nramp2 or DCT1) is a protein that transfers iron across
the apical membrane and into the cell through a proton-coupled process (6,7).
DMT1 is not specific to iron, it can transport a wide variety of divalent metal
ions. manganese, cobalt, copper, zinc, cadmium and lkad (7). Haeme iron is
taken up by a separate process that is not well characterised.

Inside the absorptive enterocyte, iron has two possible fates: it may be stored as
ferritin, or it may be transferred across the basolateral membrane to reach the
plasma. Iron that remains in the form of ferritin in the enterocyte will be

11



sloughed with the senescent cell and will leave the body through the
gastrointestinal tract. This process represents an important mechanism of iron
loss (3). Normally, the total amount of iron in the body is well controlled. There
is no mechanism for iron excretion, and normally iron exits the body in tiny
obligatory amounts (approximately 1 mg per day) during the loss of
desquamated epithelial cells. In women, menstrual loss accounts for an
additional 15-20 mg monthly (3).

The basolateral enterocyte receptor for iron has not been identified, but a
recently described protein, Iregl, is a likely candidate (8). Genetic studies in
mice have shown that the basolateral transporter requires an accessory protein, a
multicopper protein called hephaestin (9). Another candidate could be
ferroportinl, which has been identified as a conserved vertebrate iron exporter
(10).

The absorption of intestinal iron is regulated in several ways. It can be
modulated by the amount of iron recently consumed in the diet, by the
requirements for erythropoiesis or it can be regulated by the total body iron.
Acute hypoxia increases iron absorption. It is not known whether the hypoxic
signal is transduced through one of the regulatory pathways discussed above or
through an independent mechanism (3,11,12).

Transport of iron from one organ to another, is accomplished by a plasma
protein caled transferrin (13). Transferrin is the maor iron-carrying protein in
plasma and is believed to regulate iron-fluxes between sites of absorption,
storage and utilisation (2). Transferrin has a high binding affinity for iron (14).
Transferrin is normally partially saturated, to the extent of 30-40 % (15). Asa
result thereisvirtually no freely available iron in normal body fluids (16).
Transferrin receptors expressed by iron-requiring cells mediate the uptake of
iron from transferrin by these cells (17,18). Transferrin receptors bind diferric
transferrin  and the receptor-transferrin complex is internalised into an

endosome, where the iron is transferred to the cytosol.
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The iron depleted transferrin, apotransferrin, recycles to the cell surface, where
it dissociates from the transferrin receptor. Expression of cellular transferrin
receptors is determined by the iron requirements of the cell (19,20).

Iron is transported by transferrin to iron-requiring cells for subsequent
incorporation into haem and many other iron-requiring cytoplasmic enzymes
and proteins (2). Surplus iron is stored as ferritin and its derivative
haemosiderin, in both parenchymal cells and mononuclear phagocytic system
(21). Ferritin is the major iron storage protein and although it is found in amost
al cells of the body, it is present in greatest concentration in the liver, spleen
and bone marrow (22). The total body iron content is 3-4 g and of which nearly
two thirds is present in haemoglobin in erythrocytes where it is required for

oxygen transport (23).
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2. Hereditary hemochromatosis

A Definition and clinical pattern

Hereditary hemochromatosis (HH) is an autosomal recessive inherited
disorder of iron metabolism that affects 1 in 200 to 1 in 400 persons of
Northern European descent and is characterized by increased gastrointestinal
iron deposition (24-26). It was first described in 1865 as a clinical triad of
glycosuria, cirrhosis, and hyperpigmentation of the skin (27). Von
Recklinghausen later established that these clinical features were due to iron
deposition and coined the term hemochromatosis (28). The majority of
patients with HH are descended from a common Celtic ancestor who lived 60
to 70 generations ago (29). The Celts initially colonised Central, South-
Western, and South-Central Europe around 1000 BC. Settlements than
dispersed to Belgium, the United Kingdom, Ireland, Spain, Scandinavia and
Eastern Europe (Figure 3) (30).
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Figure3
The Celtic settlement and migration pattern during the Iron Age (Hepatology

1997,25:1439-1446).

14



Patients with HH chronically absorb a small excess of iron, and middle-aged
homozygotes frequently have 10 times normal body iron stores. As iron
stores exceed the body’'s capacity for effective chelation, free iron
accumulates (31). Unbound iron is highly toxic, owing to its participation in
the generation of free radicals and reactive oxygen intermediates. These
molecules provoke peroxidation of membrane lipids leading to cellular
injury, ultimately resulting in severe damage to the liver, heart, joints and
endocrine organs. Liver damage may be exacerbated by alcohol consumption
or viral hepatitis. The onset of the disease is insidious, and the initial
manifestations are often nonspecific symptoms, including fatigue and
arthropathy. Before the detection of the genetic mutation, the diagnosis of
hereditary hemochromatosis has been based on the documentation of
increased iron stores, namely increased hepatic iron indices (of more than 1.9
pumol/g dry liver tissue per year of life) associated with elevated serum
ferritin levels. In the majority of the patients iron saturation is elevated (a cut-
off level of 52 % in the female and 62 % in the male population has been
proposed) (32).

If untreated, hemochromatosis invariably progresses and is ultimately fatal.
However, if diagnosed before end stage organ damage, phlebotomy is an
inexpensive, effective and life-saving treatment. Red blood cells are removed
at regular intervals to deplete iron stores, and bone marrow erythropoiesis

compensates effectively (31).

B. Genetics of hemochromatosis
The HH mutation has been known to be linked to the HLA region on the
short arm of chromosome 6 since the mid 1970s (31,33). Twenty years later,

in 1996, a positional cloning approach was used to detect a candidate gene

for HH, now known as HFE. HFE codes for a novel MHC class I-like

molecule that requires interaction with bymicroglobulin for normal
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presentation on the cell surface (34). Structural homology with other MHC
class | proteins and X-ray crystallographic studies indicate that the HFE
protein has a large extracellular domain, a single transmembrane region, and

ashort cytoplasmatic tail (Figure 4) (33).
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Figure4.
Model of the HFE protein (Gastroenterology 2001;120:718-725).

The large extracellular domain consists of 3 a domains, and as bindsto b
microglobulin. HFE protein lacks a functional peptide-binding groove
needed for antigen presentation (35).

Two missense mutations have recently been identified in HFE; one resultsin
a change of cysteine at position 282 to tyrosine (Cys282Tyr); the second
resultsin a change of histidine at position 63 to aspartate (HiS63Asp) (34).

In the original American study by Feder et a (34), 83 % of typica

phenotypic HH patients were homozygous for the Cys282Tyr mutation, an
additional 8 patients (5 %) were compound heterozygote, with one allele
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containing the Cys282Tyr mutation and the other alele containing the
His63Asp mutation. Afterwards, homozygosity for the Cys282Tyr missense
mutation was confirmed in 64 % - 100 % of patients with typical phenotypic
HH from the United States, France, Italy, Canada and Australia (25).

Other mutations (eg. Ser65Cys) have recently been identified (36), but their
frequency seems low, and thus their clinical impact may be limited.

Recently, a pedigree from Italy was described with typical phenotypic HH
but no mutations in the HFE gene, identifying a new inherited abnormality of
iron overload (37). Mutations in the gene for transferrin receptor 2 can aso

result in iron overload (38).

C. Pathophysiology of HFE

Numerous studies have been performed to elucidate the pathophysiologic
mechanisms of normal and dysregulated iron absorption. The creation of
HFE-knockout mice and Cys282Tyr homozygous mice with a similar
phenotype to that found in humans with HH, confirms that HFE is the gene
responsible for HH (39-41). HFE protein is found in the crypt cells of the
duodenum associated with bz>-microglobulin and transferrin receptor (42,43).
It has been hypothesised that HFE protein may facilitate transferrin receptor-
dependent iron uptake into crypt cells and that mutant HFE protein may lose
this ability, leading to a ‘relative’ iron deficiency in duodenal crypt cells
(Figure 5) (42-44). In turn, this may result in an increased expression of
DMT-1 (3).
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Figure5.
Critical steps in mammalian iron transport (Blood 1998;92(6):1845-1851)

(31).

Up-regulation of DMT-1 (Nramp2) expression has been confirmed in the
HFE-knockout mice (45) and in humans with HH (46), providing supportive
evidence for this pathophysiological mechanism. A similar mechanism may
cause a status of a ‘relative’ iron deficiency in monocytes-macrophages of
patients with HH (47).
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D. Genotypic/phenotypic correlationsin HH

The phenotypic expression of HH (homozygous for the Cys282Tyr missense
mutation) may vary from a mere laboratory abnormality, namely an
increased serum iron saturation to a fully penetrant clinical syndrome
characterised by bronze pigmentation, cirrhosis, arthritis, endocrinopathy and
cardiomyopathy (48).

In a recent study (49), Crawford et al have demonstrated that 17.3 % of the
subjects homozygous for the Cys282Tyr mutation do not fulfil the current
diagnostic criteria of hemochromatosis. In another trial Olynyk et a have
shown that only 50 % of the population homozygous for the Cys282Tyr
mutation expressed clinical features of hemochromatosis, whereas one
guarter has serum ferritin levels within the normal range during a four-year
period (50).

It is generally accepted that women and younger people have less severe
phenotypic presentation of the disease. Iron overload develops at a slower
rate in women with hereditary hemochromatosis than in men with the
disorder, because in women iron stores are depleted by menstruation and
pregnancy (50). Since hemochromatosis is a disease that progresses with
time, younger people have milder disease than older people (50).

Recent reports have suggested that the phenotypic heterogeneity of
hemochromatosis disease could be related to additional non-genetic causes,
additional mutations or additional genes (51), and that one or more of these
genes may be MHC-linked (52).

Prior to the identification of the hemochromatosis gene, clinical variation in
hemochromatosis has been primarily ascribed to genetic factors; haplotype/
phenotype analysis in several populations indicated that subjects with the
predominant ancestral haplotype presented with a more severe clinical

phenotype.
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A recent study by Pratiwi et a (52) has demonstrated that in male Cys282Tyr
homozygous patients also homozygous for this predominant ancestral
haplotype (D6S265 to D6S2236 covering a regio of approximately 5 Mb)
significantly higher hepatic iron indices are found than in patients
heterozygous or nullizygous for this gene. Analogous data are observed by
others (53,54).

Alcohol intake is known to increase hepatic iron stores (55) and could be a
non-genetic variable that influences the iron overload in C282Y homozygous

individuals.

E. Theimmunological systemin hemochromatosis

Various perturbations in the immune status of HH patients have been
reported. Porto et a (56,57) found high CD4+/CD8+ ratios in peripheral
blood T lymphocytes in these patients. High ratios were positively correl ated
with the number of phlebotomies required to deplete iron stores and were not
corrected after achieving normal iron status. The high ratios were due to a
reduction in CD8+ cells (58). Within the decreased CD8+ compartment, an
increased percentage of CD8+CD28- T cells, with a corresponding reduction
in the percentage of CD8+CD28+T cells was aso present in HH patients
carrying the HLA-A3 allele. CD28 is a T-cell membrane protein which
interacts with the co-stimulatory molecules B7.1 (CD80) and B7.2 (CD86)
expressed by antigen presenting cells. CD28 expression was normal on
CD4+ cells. CD8+CD28+ T cells from HH patients were capable of
responding to exogenous mitogens. However, phytohaemagglutinin
stimulation of peripheral blood mononuclear cells caused a decrease in
CD8+CD28- T cellsin healthy individuals but not in patients with hereditary
haemochromatosis. CD8+ cytotoxic T lymphocytes also exhibited

diminished cytotoxic activity (59).
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Clearly, whether these immunological changes are directly tied to the
absence of cell-surface molecules or are the secondary result of HH
associated pathophysiological changes remains unclear. In a recent animal
model, no difference in CD4 and CD8 subset T lymphocytes could be found
between mice carrying the HFE missense mutation and those not carrying
this missense mutation. This suggests that the described differences are
rather post therapeutic alterations or secondary manifestations of severe iron
overload (41).
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3. Non transferrin bound iron (NTBI) in disorders of iron metabolism
A Theorigin of NTBI

NTBI comprises al forms of iron in the plasma that are bound to ligands
other than transferrin (60). Upon binding to transferrin, iron becomes
effectively shielded from reactions leading to redox cycling and formation of
reactive oxygen species. The main sources of plasmairon are absorption via
the gastrointestinal tract and recycling of aged erythrocytes by macrophages.
Since plasma iron is normaly maintained at levels far below transferrin-
binding capacity, its delivery to the plasma s believed to be tightly regulated
(60). Thuswhen NTBI appears in the plasma, itsis assumed to result from an
imbalance in iron metabolism. It is observed in situations where transferrin
becomes fully saturated, resulting in diminished plasma iron-binding
capacity. Although paradoxical, NTBI has also been observed in situations
where transferrin was not fully saturated, such as in patients with (early) HH
(61-64) and dialysis patients (64). In these situations iron must be entering
the circulation in aform that is inaccessible to transferrin.

There is sparse information about the biochemical nature of NTBI, but one
may speculate that it is composed of a heterogeneous mixture of complexes
whose combination might vary with the degree and type of iron-overload.
Analysis of NTBI in sera of patients with HH by HPLC (high-performance
liquid chromatography) and high-resolution nuclear magnetic resonance
indicated the presence of citrate-iron and ternary citrate-acetate-iron
complexes (65).

Albumin is another candidate ligand, and has been shown to form complexes
with Fe™" and with Fe”-citrate in vitro. Although the affinity of albumin for
trivalent metals is rather low, this might be compensated by its high

concentration in serum (66).

22



The likelihood that serum ferritin contributes to NTBI is low (63). The
ferritin found in plasma tends to be iron-poor and the direct mobilization of
iron from ferritin by various chelating and mobilizing agents is slow and

inefficient unless reducing agents are used (67,68).

B. Occurrence of NTBI

It is generally accepted that NTBI is a pathological manifestation and is
never found in healthy individuals. In principle, any condition or treatment
that produces a short- or long-term iron load can giveriseto NTBI. So NTBI
Is observed in 90 % of patients with haemolytic anaemia's (69-72), in 69-90
% of the patients with hereditary hemochromatosis (61-64,73), in 22 % of
patients on haemodialysis (64), in patients on chemotherapy (79-97 %) (74-
76), during cardiopulmonary bypass (13 %) (77-79), in (premature) neonates
(21-50 %) (80,81) and in patients with African iron overload disease (82). It
IS even observed in individuals heterozygous for the Cys282Tyr missense
mutation (83).

C. Detection of NTBI

There are presently 3 main approaches to determine NTBI in biologic fluids.
One approach uses the antibiotic bleomycin, which combines with NTBI, but
apparently not with iron bound to transferrin or other proteins, to form highly
reactive complexes that are quantified by the amount of DNA cleavage
products that they generate (84). A second approach is based on mobilisation
of NTBI with an anionic ligand (EDTA, citrate or nitrilotriacetate) followed
by ultrafiltration and quantitation of the filterable iron by a colorimetric
method, a method based on inductive plasma spectroscopy or by HPLC (64).
The sensitivity and reproducibility of the colorimetric method are acceptable
compared with the other two methods and would be more convenient as a

routine screening assay for NTBI.
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However, the limitations of this method are such that it can not be used in
situations were desferrioxamine as an iron chelator therapy, is used (63). A
third approach operates in a 96-well enzyme-linked immunosorbent assay
format. A weak ligand, oxalic acid, mobilizes the NTBI and mediates its
transfer to the iron chelator deferoxamine immobilised in the plate. The
amount of deferoxamine-bound iron, originating from NTBI, is quantitatively
revealed in a fluorescence plate reader by the fluorescent metallosensor
calcein. This last method has the advantage of being technically simple and

having alow labour intensity for an identical sensitivity and specificity (64).

D. IsNTBI clinically important ?

The transferrin molecule is specificdly designed to transport iron in areadily
available, soluble form and at the same time prevent its participation in redox
reactions that could give rise to reactive oxygen species (85,86). Conversely,
NTBI in the circulation could in principle be available for such reactions and
lead to oxidative damage. There is much evidence correlating elevated tissue
and plasma iron levels with depletion of antioxidants and various
pathological conditions (87,88), such as chronic hepatitis C (89). Since the
effects of iron overload are multifactorial, NTBI is likely to be only one of
several contributing factors to the observed overall oxidative stress. There
have been claims that elevated body iron stores may increase the risk of
cardiovascular disease (90) and may catalyse the oxidation of low density
lipoproteins, which is thought to be one of the triggers of atherosclerosis
(91,92). In addition, the uptake of NTBI is not feedback-regulated (93),
unlike the receptor-mediated uptake of transferrin bound iron (94).
Concelvably, excess iron in the form of NTBI could be internalised by cells,
mobilised within lysosomes and ultimately give rise to cellular iron overload
(60).
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The presence of NTBI inhibits lymphocyte proliferation; this effect is more
striking on Thl CD4+ T cells and CD8+ CTL. These data support the

hypothesis that NTBI has an immunoregulatory role in cell-mediated
immunity (95,96).
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4. Hepatitis C virus infection (HCV)
HCV is a RNA virus that belongs to the family of the flaviviruses (97). The
natural targets of HCV are hepatocytes and possibly B lymphocytes (98,99).

HCV encodes a single polyprotein of 3011 amino acids, which is processed
into 10 mature structural and regulatory proteins (Figure 6) (100).

Figure 6.
The HCV genome (N Eng J Med 2001;345(1):41-52).

Structural components include the core protein and two envelope proteins:
El and E2. Two regions of the E2 protein, designated hypervariable regions
1 and 2, have an extremely high rate of mutation, believed to be the result of
selective pressure by virus-specific antibodies (100). E2 also contains the
binding site for CD81, which is thought to act as a cellular receptor or
coreceptor for the virus on hepatocytes and B lymphocytes (101). HCV also
encodes a virus-specific helicase, protease and polymerase (100).

Six distinct but related HCV genotypes and multiple subtypes have been
identified. In the United States and Western Europe genotypes laand 1b are
most common, followed by genotypes 2 and 3 (100).
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The prevalence of HCV infection varies throughout the world, with the
highest number of infections reported in Egypt (102). In the Unites States 1.8
% of the population is positive for HCV antibodies (103). In Belgium the
number of persons positive for HCV antibodies is estimated to be 0.9 % of
the population (104).

The factors most strongly associated with infection are injection-drug use and
receipt of blood transfusion before 1990 (103), but in some cases no risk
factor can be identified (105,106). Maternal-fetal transmission occurs but is
infrequent (107). Sexual transmission of the virusis aso uncommon (108).
After infection with the virus, only a minority of the patients spontaneously
clears the virus. Sixty to 80 % of the patients with an acute HCV infection
evolves towards chronicity. After 20 years, cirrhosis develops in 20 % of
them. In those having cirrhosis, the annual risk of developing a
hepatocellular carcinomais 5-7 % (109,110).

The immune response to viral antigens is thought to be responsible as well
for viral clearance as for disease pathogenesis during chronic HCV infection.
In chronically infected patients, the T cell response to the HCV is polyclonal
and multispecific, athough it is not as strong as the response in acutely
infected patients who develop a more vigorous T-cell response. Thus the
dominant cause of viral persistence during HCV infection may be the weak
antiviral immune response to the viral antigens, and the ensuing inability to
eradicate infected cells (111).

The diagnosis of hepatitis C virus infection is made by detection of HCV
antibodies. The presence of circulating virus is demonstrated by HCV PCR.
Qualitative and quantitative HCV RNA assays as well as HCV genotyping
assays are available. Alanine aminotransferase (ALT) is an important non-

specific laboratory test to identify hepatic disease.
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However, in persons with HCV infection ALT levels may be normal or
fluctuate, and therefore a single normal value does not rule out active
infection, progressive liver disease, or even cirrhosis (112).

Histological evaluation of a liver-biopsy specimen remains the gold standard
for determining the activity of HCV-related liver disease, and histological
staging remains the only reliable predictor of disease progression (113).
Monotherapy for HCV infection with interferon alfa is associated with initial
response rates of 40 percent, but the rates of sustained virological response
are less than 20 percent (114,115). Thisis especially true for personsinfected
with HCV genotype la or 1b. Two large, prospective trials demonstrated that
the combination of interferon alfa (3 MU thrice weekly subcutaneous) and
ribavirin (1000-1200 mg per day, orally) during a period of 6 to 12 months,
increased the percentage of sustained virological response in previously
untreated patients from 16 to 40 percent (114,115). Both studies showed that
in patients infected with HCV genotype 2 or 3 and in those with low viral
loads (less than 2 million copies of virusml) before treatment, the response
was maximal after 24 weeks of treatment. Patients infected with genotype 1
and those with a high viral load (higher than 2 million copies of virus/ml)
before treatment required a course of 48 weeks for an optimal outcome.
Therefore the EASL (European Association for the Study of the Liver)
recommended the above-described regimes for treatment of untreated
patients (116).

The chemica coupling of polyethylene glycol to interferon alfa
(peginterferon afa) extends the biological half-life and duration of activity of
interferon afa. In contrast to interferon alfa, which is given 3 times a week,
peginterferon alfa is given only once a week. Treatment with peginterferon
afa results in a higher rate of sustained response than does conventional

monotherapy with interferon alfa (39 % versus 19 %) (117).
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Combining peginterferon alfa with ribavirin also increases the frequency of
sustained response, when compared with peginterferon in monotherapy
(118,119).

The side effects of the treatment are those related to (peg)interferon alfa and
ribavirin. (Peg)interferon afa mainly induces influenzalike symptoms,
headache, fatigue, fever, myalgia, anorexia, irritability, thrombocytopenia,
leukocytopenia, thyroid dysfunction ...

Ribavirin is a water soluble synthetic guanosine analogue that exerts antiviral
activity against DNA and RNA viruses after intracellular phosphorylation
(120). Ribavirin also has immunomodulating capacities: it diminishes Th2
cytokine production while preserving Thl cytokine production (121). The
major side effect of ribavirin treatment is the occurrence of a reversible
haemolytic anaemia in a substantial portion of treated patients (122). The
underlying mechanism is unknown. Studies on steady-state pharmacokinetics
of ribavirin have shown that the erythrocyte concentration of ribavirin greatly
ex ceeds plasma concentrations (123) and that ribavirin is a transported
permeant for a nucleoside transporter in human erythrocytes (124). Ribavirin
Is converted intracellularly to its corresponding triphosphate, producing a
relative adenosine triphosphate deficiency in erythrocytes (125-127). The
lowering of the intracellular adenosine triphosphate level may indirectly
affect and lower the antioxidant defence mechanisms. The pro-oxidant
phenomenon may induce a premature erythrocyte senescence and phagocytic
removal (120). Haemolytic anaemia is the main side effect of ribavirin.

Ribavirin also causes nausea, nasal congestion and seldomly gout (100).
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5. Iron and chronic hepatitis C virus infection

It is generally accepted that iron increases the formation of hydroxyl radicals
and other highly reactive oxidizing molecules in biological systems (128).
Secondary reactions and indirect effects lead to lipid peroxidation, oxidative
damage to proteins and nucleic acids, and to a net increase in collagen and
ground substance formation. In iron-overloaded livers, such changes produce
defects in organelle function (lysosomes, mitochondria, endoplasmic
reticulum) and chronic deposition of scar tissue and eventual hepatocellular
carcinoma (129,130).

Although in viral hepatitis the role of the host’s immune system in causing
hepatic damage is much more important than in the case of pure iron
overload, changes attributed to iron also occur in chronic viral hepatitis.
Evidence of increased lipid peroxidation has been identified consistently in
plasma (131) and liver biopsies (132) of patients with chronic hepatitis C,
compared with healthy controls or patients with chronic hepatitis B. If the
stored iron seen in the liver of patients with chronic hepatitis C is the cause
of these changes or only a consequence of hepatic inflammation caused by
the virus remains speculative.

In chronic hepatitis C virus infection, serum iron concentration is elevated in
27-36 % of the patients, transferrin saturation in 18-24 % and serum ferritin
concentration in 22-35 % (133,134). A strong correlation is seen between
serum ferritin levels and AST levels, suggesting that release of tissue ferritin
from damaged hepatocytes is an important mechanism for the elevations in
serum iron studies (134). Increased serum iron studies are more common in
chronic hepatitis C virus infection than in patients with chronic hepatitis B

virus infection (135).



Hepatic iron concentration (HIC) is also elevated in patients with chronic
hepatitis C, but less frequently than serum transferrin saturation or ferritin.
The frequency of elevated HIC ranges from 10 to 36 % in patients with
chronic hepatitis C (134,136,137). The elevation in HIC and HIl (hepatic iron
index, which is the HIC divided by the age in years of the patient) is usually
mild, with a mean HIl of 0.4-0.6 pmol/g/age (137,138). HIC does not appear
to correlate with HCV RNA levels (139) and the effect of different genotypes
is controversial (140,141). The presence of stainable hepatic iron has been
shown to correlate with inflammation and fibrosis. This correlation could be
a threshold effect: once inflammation or fibrosis is present, increases in iron
appear to have no further linear correlation with increased inflammation or
fibrosis (142).

In end-stage liver disease, even in the absence of the HFE missense mutation,
iron accumulation can be significant and reaching HII values of greater than
1.9 umol/g dry liver tissue per year of life; values which were in the past
(before the HFE mutation era) pathognomonic for hereditary
hemochromatosis (143-146).

Unlike hepatic iron accumulation in hereditary hemochromatosis, the mild
hepatic iron overload often seen in patients with compensated liver disease
due to hepatitis C does not appear to progressively increase in time, despite
the worsening of the hepatic inflammation in a certain amount of patients.
These findings suggest that hepatic iron accumulation is multifactorial and
not solely related to the degree of inflammation or fibrosis (147).

The hepatic iron accumulation in patients with chronic hepatitis C is more
often seen in the Kuppfer cells than in patients with hereditary

hemochromatosis where iron accumulates in the parenchyma (148).
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After a treatment with interferon afa, a decrease in HIC is observed in both
virologic responders and nonresponders. Histologically, the decrease in
stainable iron is predominantly seen in mesenchymal cells as opposed to
hepatocytes. These findings suggest that the elevations observed in chronic
hepatitis C are primarily due to phagocytosis of necrotic hepatocytes and
accumulation of iron in phagocytic cells. The decrease of HIC seen in
nonresponders may reflect a reduction in inflammation despite failure to
clear viremia (148).

After treatment with ribavirin and highly plausible due to the ribavirin
induced haemolysis and related iron release, stainable hepatic iron
significantly increased. This was associated with an increase of HIC. After
treatment with ribavirin, iron is deposited mainly in the hepatocytes
(149,150).
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6. Haptoglobin polymorphism

Haptoglobin (Hp) is an asiaoglycoprotein with haemoglobin (Hb)-binding
capacity (151,152). The best-known biologica function of Hp is capture of
Hb to prevent both iron loss and kidney damage during haemolysis (153). Hp
is also an acute-phase protein and is characterized by a molecular
heterogeneity with three major phenotypes: Hp 1-1, Hp 2-1 and Hp 2-2 (151-
154). Using starch gel electrophoresis, the three major phenotypes can be
identified (155). These phenotypes are genetically determined by two alleles:
Hp' and Hp® (151,152). The homozygote Hp'/Hp® shows a single fast
migrating Hpl-1 protein band on starch gel electrophoresis. The homozygote
Hp%Hp? has a series of slower migrating bands. The heterozygote HpY/Hp?
displays another series of slow bands and aweak Hp 1-1 band. Hp consists of
two different polypeptide chains, the a-chain and the b-chain (151,152). The
b-chain (40 kDa) is heavier than the a-chain and is identical in all Hp types.
The a-chain shows three major forms: a'®, a'f (s=slower, f=faster) and the
slow migrating a*chain. The Hp 1-1 phenotype expresses only a'-chains,
a2-chains are present in Hp 2-1 and Hp 2-2 (151,152). The loci involved for
the Hp synthesis are located on chromosome 16922. The Hp 1-1 is a small
molecule (86kDa) with formula (a'b).. Heterozygote Hp 2-1, @'b). + (a%)n
(n=0,1,2,...), is characterized by polymerisation. Hp 2-2 comprises higher
molecular mass forms (>200 kDa) with formula (azb)n (n=345,...)
(154,156).

The synthesis of Hp is considerably lower in fetal than in adult liver (151).
The hepatic synthesis of Hp is induced by cytokines such as interleukin-6,

interleukin-1 and tumor necrosis factor (151,157).



The haptoglobin concentration is Hp phenotype dependent. The reference
range of the haptoglobin concentration is lower in individuals carrying the
Hp 2-2 phenotype than individuals carrying the Hp 1-1 and Hp 2-1
phenotype (158).

The haptoglobin phenotype distribution differs according to geographical
localisation of the population studied (159). In Belgium the phenotype
distribution in a healthy population is: Hp 1-1: 16 %, Hp 2-1: 48 % and Hp
2-2: 36 % (160).



The haptoglobin protein has different functional properties

a. Binding haemoglobin

Hp forms a soluble complex with Hb. The binding of Hp with Hb is
characterised by a high affinity (161). After destruction of erythrocytes, free
Hb in the circulation passes through the glomerular filter and renal damage
may occur. Hp reduces the loss of Hb and iron, because the Hb-Hp complex
Is not filtered through the glomeruli but is transported to the liver (153). Hb
binding depends not only on serum concentration of Hp but also on Hp
phenotype (162). The haemoglobin binding capacity is lowest in persons
with the Hp 2-2 phenotype and highest in Hp 1-1 individuals (162).

b. Protection against free radicals

Free Hb promotes the accumulation of hydroxyl radicals (163). Haeme iron
catalyses the oxidation of low-density lipoproteins, which can damage
vascular endothelial cells (164). These dangers are reduced by the phenotype
dependent Hb-binding capacity of Hp (162,165). Breakdown of erythrocytes
in the intergtitial fluid results in Hb-mediated "OH formation. The distribution
of highly polymeric Hp 22 proteins in extravascular fluids is restricted by
their molecular mass (154). Consequently, the antioxidative capacity of body
fluidsisless effective in Hp 2-2 individuals (154).

c. Inhibition of prostaglandin synthesis

Hp is an endogenous inhibitor of prostaglandin synthesis (166,167). The
inhibitory effects of Hp 2-2 and Hp 2-1 are less pronounced than that of Hp
1-1 (154).



d. Bacteriostatic effect
As a consequence of the capture of free Hb by Hp, haemeiron is unavailable
for bacterial growth (168). An iron-restrictive environment established by Hp

is part of the non-specific defence against bacterial infection.

e. Angiogenesis

Hp has been identified as one of the serum angiogenic factors required for
proliferation and differentiation of endothelia cells in the formation of new
blood vessels (169,170). Hp 2-2 is more angiogenic than the other
phenotypes (169).

f. Immunological properties

Human serum from Hp 2-2 and Hp 2-1 individuals agglutinates the
Streptococcus pyogenes group A, carrying the T4 antigen. The Hp 2-2 serum
has higher agglutination titres than the Hp 2-1 serum. In contrast, Hp 1-1 has
no agglutination effect. Hp is not a true antibody because it does not possess
the highly variable antigen-binding sites characteristic for the Fab moiety of
immunoglobulins. The agglutination is probably mediated via binding with
lectin-like structures (171,172).

Comparison of reference values for lymphocyte subsets in peripheral blood
and bone marrow show significant differences between haptoglobin
phenotypes. Hp 2-2 is associated with higher periphera B-lymphocyte counts
and CD4+ T-lymphocytes counts. In contrast, in bone marrow, CD4+ T-cell
percentages are high but B-cell percentages low in Hp 2-2 type. Flow
cytometric analysis demonstrates that Hp binds to human B-lymphocytes via
the CD22 receptor. Although the affinity of the binding is the same for the
three phenotypes, the number of free CD22 binding sites is estimated to be
higher in Hp 22 blood. No significant binding is detected for T-cells and
NK-cells (173).
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g. Influence on iron status

In males but not in females, the Hp 2-2 phenotype is associated with higher
serum iron, transferrin saturation and ferritin concentrations than in the
Hp 1-1 and Hp 2-1 phenotype, whereas soluble transferrin concentrations are
lower. Serum ferritin correlated with monocyte L-ferritin content which is
also highest in the male Hp 2-2 subgroup (174). CD163 has been identified
as the monocyte-macrophage receptor binding the Hb-Hp complex. CD163
binds only haemoglobin and haptoglobin in complex, which indicates the
exposure of a receptor-binding neoepitope. Complexes of haemoglobin and
multimeric Hp 2-2 haptoglobin exhibit higher functional affinity for CD163
than do complexes of haemoglobin and dimeric Hp 1-1 haptoglobin (175).

Considering the different properties of the haptoglobin phenotype, the
polymorphism has demonstrated to have an effect on different clinical
entities (159). The higher immune reactivity of the Hp 2-2 phenotype results
in an overrepresentation of this phenotype in autoimmune diseases (176,177)
and an underrepresentation in malignancies (178-181). Depending on the
nature of the antigen, differences in antibody titre after vaccination are seen
between the Hp phenotypes (182-184).

Associations between Hp phenotypes and atherosclerotic disorders have been
demonstrated. However, it remains unclear whether the role of Hp in
development of atheromatous lesions can be attributed to inhibition of local
oxidative stress or to modulation of immune and inflammatory reactions
(185-187).

HIV patients carrying the Hp 2-2 show a worse prognosis. This is attributed
to a less effective protection against iron-driven oxidative stress (188).
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AIMS OF THE WORK

Since the HFE mutation and the haptoglobin polymorphism influence the iron
storage capacity (1,2) and are related with different immunological properties
(3,4), we studied the effects of these gene polymorphisms on two diseases
associated with iron accumulation.

Hereditary hemochromatosis is the most frequent genetically influenced iron
storage disease in Western Europe (5). Before the discovery of the HFE
mutation in 1996, clinicians had to rely on the phenotypic presentation and the
hereditary character of the disease to establish the diagnosis. After the
recognition of the HFE mutation (6), it became clear that not all individuals with
the Cys282Tyr missense mutation behaved identically and expressed the
phenotype of hereditary hemochromatosis (7).

Due to its effect on iron metabolism, the haptoglobin polymorphism could alter
the clinical presentation, prognosis and perhaps treatment of patients with
hereditary hemochromatosis.

Thefirst part of thiswork investigated:

a) Whether Flemish patients which were classified as having hereditary
hemochromatosis before the recognition of the HFE missense
mutation, carried the Cys282Tyr and/or the His63Asp missense
mutation.

b) Whether the haptoglobin polymorphism had influence on the
phenotypic expression of Cys282Tyr homozygous hereditary
hemochromatosis.

c) Whether the percentage of CD163 monocyte-macrophage receptors
differed between the different haptoglobin phenotypes in healthy males
and whether the number of CD163 receptors differed in patients with

hereditary hemochromatosis.



Chronic hepatitis C is a second disease associated with a largely unexplained
iron overload and higher oxidative stress (8,9). Moreover, ribavirin, which has
become a standard part of the treatment of chronic hepatitis C, causes higher
serum and liver iron levels. Probably this phenomenon is due to the haemolytic
anaemiainduced by ribavirin treatment (10).

Since both the HFE missense mutation and the haptoglobin polymorphism could
ater, through their effect on iron metabolism and differences in immunological
response, the progression to chronicity, iron status and response to treatment in
patients with chronic hepatitis C infection, its is interesting to evaluate the

influence of these two variables in these patients.

The second part of this work investigated:

a) Whether the frequency of the HFE missense mutation and the
distribution of the haptoglobin phenotypes differed between chronic
hepatitis C patients and a healthy control population.

b) Whether these two factors HFE missense mutation and haptoglobin
polymorphism) were associated with each other and had influence
upon the clinical presentation of chronic hepatitis C virus infection.

c) Which pre-treatment factors influenced the degree of ribavirin-induced
haemolysis.

d) Whether NTBI was present in patients with chronic hepatitis C and
whether treatment with ribavirin might induce the appearance of
NTBI.

51



REFERENCES

10.

Andrews NC. Medicd Progress Disorders of Iron metabolism. N Eng J Med 1999; 341(26): 1986-
1995.

Lagois MR, Matin M-E, Bodeaet JR, Beaumont C, Tees YE, De Buyzere ML €& d. The
heptoglobin 2-2 phenatype dfects sasum markers of iron datus in hedthy mdes Clin Chem 2000,
46(10): 1619-1625.

Chomney MJ, Ten HEshof AE, Gerhad GS. Hereditay haemochromatoss as an immunologica
disease. Brit J Haematol 1998; 100: 247-255.

Langlois M, Ddanghe J, Philippé J Ouyang J, Bemnad D, De Buyzere M e d. Didribution of
lymphocyte subsets in bone marrow and peripherd blood is assodaed with hgptoglobin type Binding
of hgptoglobin to the B-cdll lectin CD22. Eur J Clin Chem Clin Biochem 1997; 35(3): 199-205.

Bacon BR, Tavill AS. Hemochromatoss and the iron overload syndromes. In: Zekim D, Boyer TD
eds. Hepatology. A textbook of liver disease. 3¢ ed. Philadelphia: Saunders, 1996: 1439-1472.

Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA, Basava A et d. A noved MHC class 1
like geneis mutated in patients with hereditary haemochromatosis. Nat Genet 1996; 13: 399-4009.

Olynyk XK, Culen DJ, Aquilia S, Ross E, Summenville L, Powdl LW. A populaion-based study of
thedinica expresson of the hemochromatossgene. N Eng JMed 1999; 341 718-724.

Tung BY, Kowdley KV. Iron and vird hepatitis. Vird Hepatitis 1999; 5(2): 63-76.

Fainai RF, Cadin R, De Maria N, Libera GD, Madin C, Lecis E & d. Iron gorage, lipid
peroxidation and glutathione tumover in chronic anti-HCV postive hepaitis J Hepatol 1995; 22
449-456.

DiBisceglie AM, Bacon BR, Kleiner DE, Hoofnagle . Increese in hepdic iron gores fallowing
prolonged thergpy with ribavirin in patients with chronic hepatitis C. J Hepatol 1994; 21: 1109-1112.

52



CHAPTERI

PREVALENCE OF THE Cys282Tyr AND His63Asp MUTATION IN
FLEMISH PATIENTSWITH HEREDITARY HEMOCHROMATOSIS



Prevalence of the Cys282Tyr and His63Asp mutation in flemish patients with

hereditary hemochromatosis
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Abstract

Recently Feder of al. have identified the gene responsible for
hereditary hemochromatosis ; it is lncated 3 Mbp telomeric of the
MHC reglon on chromosome 6p and s called the HFE gene, The
majority of the patients with hemochromatosis harbour the same
misiense mulation, Cyal82Tye A second missense mutation

techmique.

Resultz : OF the 4% paticwts, 46 patients were homozygous for
the Cyal82Tyr mautation (9%4%), I were heterozygous (4%) and 1
carried two normal allebes (2% ). OF the 3 patienis nol homoeygoas
for the Cys2B2Tyr mutation, 3 were helerozygons for the
Histi3Asp muiation (2 patients were ‘compound heterozygodes' ).

Dscugsion ;: The percentage of (Cys2B2ITyr) in &
Flemish hemochromaiote population s comparable with the fig-
ures published in the literuiure. The seoomd missense mulalion
(Hist3Asp} could be of importance in sssocistion with the
CysZA2Tyr missense mutation. (Acta gasimoenterol, belg.. 20, 63,
250-253).

Introduction

Hereditary hemochromatosis (HH) is an autosomal
recessive genetic disorder of iron metabohism, which
predominantly affects Caucasians, The disease has a
prevalence of 2-5 per 1000 (1), HH is characterized by
an increased intestinal iron absorption, resuliing in pro-
gressive iron overload of parenchymal organs, leading in
midlife to the onset of clinical complications such as cir-
rhosis of the liver, diabetes mellitus, cardiopathy,
endocrine dysfunctions and arthropathy. If iron excess is
detected at a very early stage, these complications can be
prevented.,

On the basis of an increased frequency of the HLA-
A3 allele in hemochromatosis patients, Simon & al,
were able o map a putative hemochromatosis gene on
the short ama of chromosome 6 (2). Further refinement
of its localization resulied in the discovery by Feder er
al. in 1996 (3} of a candidate gene for hemochromatogsis.

The suthors identified a missense mutation in 35% of
the patients with hemochromatosis, The missense muta-
tion is located in a HLA-like protein ; on aming acid
pumtlna: 282 of that protein the missense mutation
resulis in replacement of the amino acid cvsteine by

Acta Fawiro-Ernerologica Belgica, Wl LXIT, Juy-Sepember 2000

tyrosine (Cys282Tyr). Eighty-two % of the patients were
homozygous for this Cys28ZTyr mutation. Thercafter
other authors confinmed this high assocation (4,5,6)
{tuble 1).

In the smdy of Feder, a second missense mutation
was found on the remaining allele in 8 of the % hetero-
zvgotes, That mussense mutation results in a replace-
ment of histidine by aspartate on position 63
(His63Asp). The association of this second missense
mutation with HH is less clear than the assocation with
the Cys282Tyr mutation, since the prevalence of the
Hist3Asp mutation is not different between controls and
patients with hemochromatosis (9),

We studied the frequency of these two missense
mutations in Flemish patients with HH.

Materials and methods

Patients

Forty-nine unrelated Flemish patients with uneguivo-
cal HH were examined for the Cys282Tyr mutation. The
clinical diagnosis of HH was made between 1983- 19497,
Patients carrying the Cy=282Tyr mutation only on one
allele ar patients not carrying this mutation on both alle-
les were further examined for the His63Asp mutation,

Tuble 1

Cys2B2Tyreds| CysTi2Tyre/-| Cys28F Ty
Feder et al. (3) E3% 45% 12.5%
(m= 178}
Beotler et al. {4) % % 12%
{n = 147)
Houanolle et al (5} nw | sm | 4w
(= 65) _
Jarwinska of al. (6] 100% % ¥
{o=112)
Our group | W 4% %
= 49) [

Prevalence of the Cys282Tyr mutation in patients with kereditary
bemechromatosis,

Comespradence addees @ H. Van Viesharghe, UZ Gear, 1K12 IE, De Pinte
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Flandres 15 located in the norhern part of Belginm.
Although in the past this region was colonized by differ-
ent cultures (Spain, France, Austria), the majority of the
people are from Celtic ancestry.

The diagnosiz of HH was made wsing the following

criteria :
1} iron saturation of more than 52% in female patients,
more than 62% in male patients ; 2) a ferritin level above
750 ng/ml (normal : < 250 ng /ml), with the majority of
our patients with a level above 1500 ngimi ; 3) histo-
chemical staining of iron on liver biopsy was performed
semi-gquantitatively by a Perl's stain. At least 75% of the
hepatocytes had stainable iron ; 4) more than 3 g iron
removed by phlebotomy.

The control group consisted of 96 unrelated normal
persons. Irom status in these patients was not known, In
these persons the frequency of both missense mutations
wias examined.

Merhods

After extraction of genomic DNA from peripheral
lymphocytes (2-3 ml EDTA blood) or from buccal cells,
DMA was amplified by PCR using primers as described
by Feder er al. (3). The amplified framents were further
examined by restriction enzyme digestion followed by
agarosegel electrophoresis.

The missense mutation Cys282Tyr resulis in an addi-
tional Rsal restriction site. The missense mutation
Hizt3Asp results in a loss of a Mbel restriction site,

The DNA profiles obtained in the homozygous and
heterozypous individuals and in the normal subjects ane
readily distinguishable (fig. 1).

When a patient was found to be homozygous for the
Cys282Tyr mutation, his partner was screened for this
Missense mutation.

Full PCR Fragment

CYS28ITYR N N
CYSZEITYRE N M
CYS2RITYR M M

Full PCR Fragmeil
HISG3ASF N N
HISAIASF N M
HISG3ASF M M

Fig. 1. — Visualisation of the PCR fragments after 2%
agarosegel electrophoresiz  and  digestion  with  Rsal
(Cys282Tyr) or Mbol (Hist3Asp). N means a normsal
sequence ; M means that the mutation is present.

Stastistical analviis

Chi-square test was used to determine differences
berween control group and patient group. P value of [ess
than 0.05 was considered significant.

Results

In the contral group (tahle 2) 87.5% of the subjects
were homozygous nommal for the Cys282Tyr missense
mutation ; 10.5% were heteroeygous and 2% were
Cye2E2Tvr+/+. These results are in accordance with the
Hardy-Weinberg equilibrium,

Forty-six out of 49 patients (349) were homozygous
for the Cys282Tyr myutation (table 2). Two patients (4%
were beterozygous and one (2%) did not carry the mis-
sense mutation on cither of hath alleles (Chi-square ver-
sus control population: p < 0L00L). In the latter
3 patients the His63Asp mutation was additionally
cxamined (table 3). All were heterozygous for the
His63Asp missense mutation, implying that two of these
three patients were compound helerozygotes
(Cys2BITyr+/ -, Hish3Asp+/-).

The characteristics of these 3 patients are presented in
table &,

Table 2
Cysaaziye Pues | Courols
+1- 2% (1049 | BT 9% R4
* = A% (249) | 105 L0E)
& Qa0 (6407 2R2I6)
Table 3
His63Asp | Patients Coutrols
= 45 [S6/49) BRE (65/96)
+1- 5% (3045) 3% (30V06)
oy 0 (W49) l 1% {16}

Table 4. — Climical details of the patients not hofmozy gous

for the Cys2E2Tyr motation
Patient | Cys82Tyr | Hisé3Asp | Known Age ai
| famnaly o
hisbory
|1 ST (v o 2
2 & - + /= yes ==}
3 1= | + = no 35
[ Patient |  tom | Liver from Serum
removed histology saturation fermitin
| (ng/mil)
1 15g | sidernsis 5% 1200
2 isg | slderosia Gi% 195
3 Tg cirthoals 7% 4220
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Patient 1 did not carry the Cys282Tyr mutation and is
heteroeygous for the Hig63Asp mutation. This male
patients complained about diffuse arthritic pains. The
diagnosis of hemochromatosis wis made on iron studies
and liver biopsy (Perls staining was highly positive in
hepatocytes and Kupffer cells). He had no risk factors
for secondary iron averload : alcohol abuse, hemolytic
angernia, blood ransfusion, chromic viral liver disease.
Phlebotomy was started and the iron donation was 15 g
before normalization of the ferritin level could be achie-
ved. These findings are very suggestive for hemochro-
matosis, However there was no family history of hered-
itary hemochromatosis and there was no HLA pattern as
found in hereditary hemochromatosis (Al A2 BS B18).

Patient 2 consulted becanse two brothers had heredi-
tary hemochromatosis. Thiz male patient is a compound
heterozygote for both mutations, but he has only mild
iron overload (fermtin : 795 ng/ml, moderate iron stain-
ing on liver biopsy, and an iron donation of 3.5 g before
normalisation of the ferritin level was achieved). He had
no risk factors for secondary iron overload.

Patient 3 consulted for chronic fatigue. The diagnosis
of hemochromatosis was made on iron stedies and liver
hiopsy (highly positive Perl’s staining in hepatocytes
and KupiTer cells in a cirrhotic liver). The iron donation
before normalisation of ferritin was 7 g. There was no
family history and the patient had no nsk factors for sec-
ondary iron overload.

This male patient was compound heterozygote.

Concerning the Hisf3Asp missense mutation, 68% of
our control population did not carry the missense muta-
tiom, 31% were heterozygons and 1% was homozygous
fior this missense mutation (table 3). These results are in
accordance with the Hardy-Weinberg equilibrinm.

Family sereening was extremely easy using the cheek
brush technique. In 11 patients the parner was checked
for the Cys282Tyr mutation. The partner was heterozy-
gous in 8 out of 11 marmiages (729%), which 15 high when
compared with our control population (10.5%).

Dviscussion

The present results are in accordance with the previ-
ously reached conclusion that mutations in the HFE
gene are present in a high percentage of patients with
HH. Our results are comparable with those of other
authors (4,5,6) (table 1). Patients were homozygous for
the Cys282Tyr mutation in 94% of the cases, whereas in
the control group homoevgosity for this mutation was
found in only 2%(results in accordance with the Hardy-
Weinberg equilibrium, HFE allele frequency in the con-
trol group of 0.07 which is comparable with data from
other centers in the Western World, cfr. table 1).

The finding of this high percentage of the Cys2Z82Tyr
missense mutation in our and other groups of patients
demonstrates that this missense mutation really con-
ributes to the phenotypic presentation of the disease.

Actz Gazro- Enterologica Belgica, Vol LY, July-September 2000
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Crawford et al could demonstrate a very high penetrance
of this missense mutation (10).

However, a recent publication by Adams et al repornt-
ed about homozygous individoals with no evidence of
clinical iron overload (11), Determination of the ron
status of the homozygous people in our control group,
could give some additional information about the geno-
type/phenotype correlation. However we were not able
wet to compare the homozygous paticnts and the control
group with respect to clinical symptoms, biochemical
signs of iron overload or pathological iron overload.

‘Whether this gene is really responsible for the disease
or is only associated at a high frequency in the paticnts
with HH as an “innocent bystander’, 18 unclear at pre-
senl. There 1s however some evidence for the former
hypothesis. In the presence of the Cys282Tyr mutation,
a disulfide bridge is broken which alters the presentation
of the HLA-H protein outside the cell. This disulfide
bridge is mecessary for the binding with betal-
microgiobulin, Animal studies show that bead-
macroglobulin knock-out mice have an iron accirmila-
tion pattern similar to patients with HH (7,12).

Feder er al. could demonstrate that in cell culture, the
binding between the transfermin receptor and the wild-
type HFE gene, decreases the affinity between the trans-
fierrin receptor and transferrin. Whereas in the presence
of the mutant HFE gene this binding is completely
wihibited. These data show that the HFE gene could be
directly involved in the iron metabolism (13),

The significance of the Hist3Asp mutation is less
clear, It is suggested that 1t 15 only of importance in the
compound heterozygole setting (9). In our study two
patients heterozygous for the Cys282Tyr missense muta-
tion were also heterozygous for the His63Asp missense
mutation {compound heterozygotes),

Patient 2 had a family history of hereditary hemo-
chromatosis. Since the iron overload was only moderate
in this patient {table 4) and since the age at presentation
was 53 years, he had only a mild form of hereditary
hemochromatosis. Determining the missense mutations
and the degree of iron overload mn the other affected fam-
ily members, would give us the opportunity to invest-
gate whether the presence of the His63Asp missense
mutation modifies the clinical presentation of HH.

Patient 3 had substantial iron overload and already
advanced liver disease. On biochemical and pathological
grounds there was no doubt abowt the diagnosis of
hemochromatosis, The iron donation was 7 g before
ferritin normalisation could be achieved. Although the
patient had no family history, the clinical picture is high-
ly suggestive for hemochromatosis. In this patient it
seems that being compound heterozygous, could be a
rizk factor for developing hemochromatosis, However in
the study of Jouanolle (5) the prevalence of compound
heteroey gotes was nol different in the control proup than
in the group of patients with HH. This frequency was
about 2%,
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| mals + ” lamale + I
| e —|

[ | I - 1
A male NG male WE mals M farnie Mvy male

I L2 M L0 MM

l 1 'I I

I T 1 I I I 1 1

M5 famaia MS femate | | NS famales | | NS male | |VE femals| (ME famala] | NN mabs M male | |NMfemale| | NB malie

ham Mm Mm ham Mm bm had AN LUt Mem

Fig. 2. — Family tree of an index patient with HH. MM means homezygous for the Cys28ZTyr missense mutation. Mm means
heternaygous for the Cys282Tyr missense mutation, + mexns deceased,

We found a frequency of about 30% of heterozygoles
for the Hisf3Asp mutation in our control population. As
such marriapes betwesn Cys282Tyvr homoryveoles and
Hisi3Asp heterozygotes would have a 50% occurence
risk of compound heterozygote offspring. If the
His63Asp missense mutation is involved in the patho-
gencsis of HH, these children should develop hemochro-
matosis

This figure is higher than seen in clinical practice.
These are indirect arguments that the His63Asp muta-
tion is of only minor importance, However more longi-
tudinal follow-up of compound heterozygous people and
additional farmily tree studies are necessary o explain
the real importance of the His63 Asp missense mutation.
However Rish could demonsirate that being compound
heterozvgote results only in & minor risk to develop
HH (15).

Patient 1 did not carry the Cys2¥2Tyr or the
HisfiiAsp missense mutation. And although there was
no family history of HH, the clinical presentation was
very typical for HH. Another still not established muta-
tion could be the explanation of this finding. So recent-
ly, Wallace et al demonstrated the presence of a new
gene responsible for HH (14).

Screening the family of an index patient with HH
becomes extremely easy using the cheek brush tech-
nigue. Buccal cells prelevated by this technique can be
cxamined in the same way as lymphocytes prelevated by
blood sampling. Prelevation can be done at home by the
patient and his family. In our experience this makes the
screening method more acceptable,

It is more cost-gffective to screen the partner of the
patient for the Cys282Tys mutation first and to screen
oniy the chiidren if the partner is heterogygous for this
mutation (8). Since the His63Asp missense mutation is
of minor importance{ 13), one can restrict the screening
to determining only the Cys282Tyr missense mutation.

We were able to screen 11 partners of patients with
HH. Eight out of 11 were heterozygotes. Although this
prevalence is higher than in the control population, it
seems to us to be purely coincidental. However this high
frequency illustrates the importance of family screening
(fig. 2.

We conclude that in our group of Flemish patients
with HH, a high number (%4%) of patients is homozy-
gous for the Cys282Tyr mutation. The His63Asp muta-
tion seems to he of minor importance, however in some

patients who are compound heferomygotes, clinical
expression of hereditary hemochromatosis can be pre-
senl.
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CHAPTERII

HAPTOGLOBIN PHENOTYPE 2-2 OVERREPRESENTATION IN
Cys282Tyr HEMOCHROMATOTIC PATIENTS



ELSEVIER

Journal of
Hepatology

Jourual of Heparalegy 33 (2601 707-T 1 _—
wWWW Clevig.oamincan]hep

Haptoglobin phenotype 2-2 overrepresentation in Cys282Tyr
hemochromatotic patients
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Backgronund/Aime: Patients with genstypic Cyvs282Tyre homozy gous bemochromatosis differ largely in phenotypic
presentation. The HFE mutation on isell does not explain the different manifestations of hemochromaiosis. We
hypothesized that the genetic haptoglobin (Hp) polvmerphism, because of its effect an iron metabolism, coubd be a2
merdifving Factor that influences the dinical presentation of hereditary hemochromatesis,

Methods: In 167 Cys282Tve homiosy gous bemochromatolic patients, the frequencies of Hp types (1-1, 2-1 and 2-1)
and alleles (Hpl, Hp2) were compared with these in %18 healthy subjects, Clinical and laboratery indices of iron
overload were incorporated in the analysis,

Results: The Hp 2-2 tvpe was overrepreseatled in the patient groap (F < (001}, Male patieots carrying Hp 2-2 had
higher serum iron (F = 003} and ferritin levels (FF = 0,83} than those with 2 Hp 1-1 or 2-1 type. The amount of iron
removed with phlebotomy was also higher in Hp 2-2 patients (P = (L03).

Comelusions: The Hp 2-2 tvpe i overrepresented among CysIEITyvr homozvgous hemoechromatetic patients. At
dimgnosis, iron overlooad wis more pronounced in male potients corrving Hp 2-2, Owr data suggest that Hp polymorph-
sm alfects iron metabalism in hereditary hemochrematosis,

i 2HH Evropean Association for the Study of the Liver. Published by Elsevier Sclence BV, All rights reserved.

Keywords: Haptoglobhin phenotype; Hemochroms tssis

1. Intreodaction

Hevedfitary bemachromatosis 15 om autosomil recessive
senete disorder of o mesbolism, wiich aflecs (05%
of Cavcasians [1]. The disease is wsoally due w o mutadon
in the HLA-linked hemoehrommatosis gene (HFE) on ¢hro-
mcsaane &, that leads to a change from cyslemne to yosine
at position 182 i fhe HFE peotein (C2E2Y) [2,3] The
phenotypic ex pression may vary from a tully penetrant clin-
wil syndrome  charactenzed by  bronee  pigmentation,

Kecoved 9 Moy 20007 recefved in revised form L S 2000; accepred %

Angrasr a0
* Correspading author. Tel.: +32-8-2423 Mk, fax +33-8.240-26- 74,
E maid ol reasy bonsonvliehberghe @nog acbe (H. Vae Viierberghe h

cirdwsiz, arthiids, endoerinopathy and cardiomyopathy 1o
a mere luboratory abpormality, nomely an incressed semm
wom siduraion [4). Recent meports have suggested that the
phenceypie hetercgeneity of bemochromaosiz could be
mlaed o addidonal non-genetic causes, additional mum-
foms or additional penes (linked or nof linked o the MHC
complex ) [3-7].

Haptoghoba {Hp) might be one of the modifier genes in
the phenotvpic exprossion of HLA-linked bemaoc hromane-
sis, Hpisa buemoglobin-bmdmg plasma protein and allows
the hepatic recyeling of haemaoglobin (Hb1 won. Following
meravascilar hacmolysis Hh-Hp complexes are formed
which wne rapidly delivensd o the hepatic purenchymal
cells by recepror-mediated endocyrosis, In homans, Hp is
clamcteized by a penetic polvinomisn with thies imkor

D1EE-RETHANAS MR © 2001 Europeon Associaion for the Stushy of the Liven, Peblshod by Blovior Soenoe BY. All Aghts reserend

Pll: S0168-E2TR{] I00I03-3

59



types {(Hp 1-1, Hp 2-1 and Hp 2-2} which results from the
expression of o different alleles (Hpl and Hp2) locared on
chromoseme 16022, The Hp types show an important mole-
cular heteropeneity; Hp 1-1 15 a small molecule (86 KT of
well defined sorpcpore, whereas Hp 2-1 is charcterized by
heteropolymers (56-200 kDu), and Hp 2-2 forms lage
mucre modecular complexes (1701000 kD) (8]

Functional differences between the various Hp tvpes have
mpertant bologew] and clincal consequences [8]. In
healihy men camryving the Hp 2-2 type. a truction of Hb-
Hp complexes is delocalised into monocyte-macrophiges,
resulting in some degree of ron retention [ 0001 T).

The recently identified Hb scavenper receptor CIDN63 on
nmr vigamacrophages wis denmsirated o have o higher
affimiry for the mulimenc Hb—Hp 2-2 complex than for the
momnneric Hb-Hp 1-1 complex [11], In healthy men, the
Hp 2-2 type is associated with higher serum iron wed fermtin
levels than dw Hp 2-1 and Hp L-1 type [12].

In this study, we aimed to wst the bypothesis that Hp
plymoaphism might influence the phenotypic expression
of iron overlosd in hereditary bemochromatosiz. Faor this
purpese, we ivestigated Hp polymorpdsism in hemochio-
matotic patisnts bomozyeous foe the Cya282Tyr imiscense
mutation, Clinieal and laboratory findings of iron overkoud
were compared between the Hp types,

2. Muaterials and methods
21, Paiients

O hundred amd =i ty-sovon umrelabesd pationis with honeditary homo-
chrngitasis wene imduded in this stmby. They were examined in e oul-
matientclimies of six Belgion haspitels {Ghent University Hespital, Clingguae
St. Luc Brussds, UZA Anbwerp, Yirgn kesse Hasseh, Geneml Hospital
Brugoe il Mlinwon Heospiml, All tfoss ware Domeeyzous far e
Cyu2B8ITyr missonse. mutation detemmimed acconling W the mothaod of
Feder ct al. [2}

The patients visited the climics for sympeoms that ronped from fatigoe,
arthralpia, hoesthlcsssess 1o symmoms of decompensiied liver disease
i = 2n Sume were eianed o the clinkge hecawse of abmemmal liver fac-
tion test abnomal plucose wlermee test or incoeassd serum inon and
farrivin bewels, The comml pepalation for the Hp phenccspe. consisted of
1% hcakhy Cancasian Mood doesors (451 male domars, 467 fmale donors)

2.2 HFE mutation and haprogloiin plenat e

The CysIE82Tyr missemse mulation of the HFE gene was detemmined by
pabymerose chain reacfion and restriction cnzyme digestion according 1o
the methed of Fader ¢ al, (21 The Hp phenotype of all subjoets sae
dererminixd using stareh gd eheetrophoresis of haemog bbin-suppbanemed
senm. foflrwed by peroniduse staining [13].

2.3 Biachemical invesiigailons

Fastimg blaod samples were ohained, allowed o clot and contrifiged
The supermatmt serum wascolkcted for amlysi, Senim ivon concentratia
and botal e bnding capacity (TIRC) wore delermined using commercial
agenb (Roche ) and transfornn saturation was calculaled by the formula:
100 3¢ (senuem EionTIBC). Senam ferrtin kevels were mesued using fixed
tiene: immmusonephelomery ©Dade Behring)

Serum alanine amimolrnsferase (ALTE activity and pluoose conceolm-
tines were mamved using commercisl spents (Roche )k

24, Liver mippsy and prhiehotomy

Liver binpsy was performed at dengnosis. Fihrosis was defined histok-
gically os bridging fibrosis with or withaut cimhosis. T M0 petiens, lver
o eonoembr b was mssoned s lieer hispay and hepatic ron index. was
eapresscd as hepulic tron conceniration’age.

Afler phlchotomy, the omowat of o removed was determined s the
wrmber af liters of Mood remnoved omoltiplizd by &5 g 10 schicve imon
depketiam (difimed ws sorun it level <30 pgds,

2.5, Swtistics

Al dingiosis e folliwing dars were recieded: 1) gender amd nge; 2)
maidical lstory, incheding akohol comspmplion; 3] serum inon bevel, trns-
ferrin saturation and serum fercilin kevel; 45 serum ALT activity: 5hfasting
serum ghieese level; &) TNR {intermtiosal normnlised aiind T) lver bistal-
ory! By hepatie iron indes: 9) amount of e removed by phichstomy o
achicve imn deplotion

Stntixtics were performed weing the Medeske poogom version 5.000002
[14]. Mormalicy of the distibution of the different warishles was tested
ushng the Kalmagomon-Smimov test. Yanables aith o normal distnbiton
ane prosamted as mean + standand deviation, Varishles with a non-Gaussian
distibution an presenied a5 median and istenguartile e,

Parmmetric (Stodem i) and non-poramatric (Wilooxom) tesis wem
ueird sceond ing the disiibation of the variable. Muliiple regression asalysis
was perfomed with senmm oo femitin and imm domlion as dependent
variables,

The Chesquare iesi wos wsed wn evabiae dse Hordy-Weinherg equili-
briwen and 10 compane the disribatian of the Hp bypes benveom patients amnd
contruls. Relatve isk wis cakculabed wing odds atie and %5 % confidence
mterval. Fovalues of bess thae 05 were consdend sipmficasl

A, Resulis
A0 Patiend popradation

The patent populatxon is presented i Table 1. The
marjonaty of the patents is nmle (900, Liver fibrosas is
present in 35% of the patiems, Male patients were charac-
tenzed by higher prevalence of fbmosis, higher seom Cer-
tin concemiritions, younger age at diggnosis and higher
amount of iron removed to achieve iron depletion.

2.2 Hapioglobm phenotype diviribution

Hp types and alleles are presented in Table 2. The disiri-
buom of Hp ypes among patients and healthy sabjects
warme all in accordance with the Hardy—Weinberg equili-
brium. A low Hpl alkele frequency was found in hereditary
hemochromatosis patients and was atmbutable o an over-
representation of the Hp 2-2 type (P < 001} Hp 2-2 wus
associated with a relative ask of 1.73 95% CI 1.14-2.62)
for hemochromarosis, Sex distribution was comparable
Fetween Hp rypes. The umder-representation of the Hpl
albele was only observed in the male putients (P < 0001
but was noet significont in the femole paients (2 = 0.2,



Tahle 1
Characteri=ics of the hemochromainss paibonts af diagsosis

Toml (= 16TH Mk poticnts (0= 115} Female patients (n = 52) Povnlue hetwaen malies
o females

Age (yearsh =13 45 =13 55+ 14 oLe

Serum inan bevel {emol®) L] 3= 3mxa N3
Trnsferrion saturmtion 151 Gl (T AT (DA HA iy o4

Serum ferritin kevel (pad) 1025 (6T 17 2ih 130 M67-200T) G123 (4003
ALT (UM 42 2763 A5 (284 A5 050 N3

Glueose kevel (mmold) 3304034 S04 5050105 MR

INK 101 = dhis LA = in 140 * AR e
Presence of fibrais (%) a5 45 g 0
Hepatic iron index {v = HR" 1.23 (0. 76-2.35) 126 (0.99-2 0 14T (06R =4 (19 NS

Iron demation, p Gl 34112 RO (4.0-134) 42 {12600 an

Seventeen makss, three females. NS not sigsificant
A3, Indices of fron overlood

In the overall hemochromutofic population. Serim ron
amd ferritin concentrations af diageosis were higher in
hemochrematosis patkents carrying the Hp 2-2 tvpe {Table
). These observations, however, were only atribamble to
Hp type-relared differences in serom iron and ferrtn levels
i the mele subgroup (Tuble 4 ). The amouwntof mon remov ed
by phlebotomy 1o achieve ron depletion was also lgher in
Hp 2-2 paticnts (Table 2.

Higher ferritin levels wene not only seen in patients with
the Hpy 2-2 phenotype bur also in make patients (P < 0,001 5,
parients with a higher age ar diagnosis (P = (LM} and in
patients with a higher ALT bevel (P < (001, After multiple
regnession unalysis, the Hp 2-2 phenotype remuined an inde-
pendent varisble influencing the serum fernitin level. Simi-
lar results were oh@ined for serum ron coacentration asd
irom donation in mulivariate analysis (Table ).

4. Discussion

Hereditary hemochromatosis is one of the most frequeent
peneticully caused disorders in Western Europe and in
Belgiom in particulur. In Belgium, 10.5% of the population
carry the missense muinen C2E2Y [3]; this resolts m oa
frequency of the disease of about one individual in 00
persons. Homozyveosity for the C282Y mutation 1= foumd

Tahle 2
Hapenglohin phenatvpe distribation in patiemts and comtrols

in B5 o 9% of patents of Monbem European origin who
hawe typical hereditary hemochromatosis [2,3.15.16]. Smce
the inroduction of the genetie diagnosis by Feder et al. [2]
it 19946, it became obvious that the phenotypdc expression of
the disease 15 highly varable, This is allustraed in oor
cohom by the wide distriburion of the iron removal dara
apd the hepatic iron index (Table L) In a mcent study
[17]. Crawtord et al. have demonstruted thet 17.3% of the
subjects homorvgous for the C2EIY muation do not
express iron overload that meets the current disgnostic
criteri of hemochromatosis. In another tral Olynvk et al.
have shown that only S0% of the populmion homozymoes
for the CHE2Y matwton expressed olincol featores of hemo-
chromatosis, whereas one quurter bod serum fermnn levels
within the normal rnge during a four-vear period | 18],

It is generally sccepred tha women and younger peaple
hewe bess severe phenotypice prescitation of the discase. Troa
overdoad develops at o slower rute in women with bereditary
hemes hromautosis than in men with the dsorder, because in
wnen dron stores are depleted by menstruation and preg-
nzncy | 18], This 15 alse observed in our cobort where men
mioie often display bepatic filbeosia and bave highers e nim
ferritin levels than women, Since hemochromarosis is a
disease thar propresses with time, younger people more
cften huve milder disesse thun older people [1¥].

Alcohol intuke 15 Known (o increase hepalic iron stoncs
[19] and could be & non-genctic variable that infleences the
ron overdoad in C2R2Y homoezygous individugds, In oor

Hp phemitype Fatient= Mabe patienbs Female palients Crmirelx Make contrale Femak comimle
iw = IGT) fn=11% fa =53] (r="418] {n =451} (o= 46T7)

Hp 1-1 M o125%) 1201 5%0 BT A% | 4 {154 T r1teh il (15% )

Hp 2-1 65 (3%0%] 46 H0%] 19 (36.5%] 445 4B 5% 213 i 4k 127 (47.5%)

Hp -2 Bl 148.5%) ST (49.5%) 24 460%) 333 (36.5%) L57 (354D 1'% (37.5%)

Hi 1 allche froguency Ly [ AW 01356 (1305 A0S 345

Fwahie versus eoniral poprokaron® ALTHM LTI 03

Fovaue: Chi-square est comparing Ue frequency of the Hp 2-1 plesotype betwoen palmnls amd conbrols.
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Tuble 3
Putiend characteristios wl diagnosis socording o hapteglohin phenstype

Hp 2-2 in = 8lh Hp 1-1 amd Hp 2-1 in = B5) Pvalue
AgE | pEnrs) 2=+ 13 di =13 o
sernm bron bewel probdy 4 TH iz H LLLL Elad
Tramsfemin safuration (%) (29T KO -7y NS
Serum femilin bevel Gpdh | 300 740-2 1560 LG (SUT-1324) i
ALT, (LA 42 (25-55) 42 2H-63) M5
e kevel (mmobly 53 d9-59) 524 .E-4.00 M3
MR 1.0l *d 10 Ll = (s Mg
Presence of fibrosis (%3 ] 20 N5
Heptic iron index i, = 2" 123 (ihia3-2.77) LAG 1 01-1.80) hiL]
o ddonstion () HAO (33122 AE 00 13

* Patiemts with Hp2-X: 13; patients with Hp 1-1 or 2-1: 7. K5, oot significant

aroup of patients (data not shown) only two subjects were
ahundant aleohol abusers, defined as an furake of ethanal
exceoding more than B0 g per day. Therefose it seems unli-
kely that im the present study, this varioble has ployed an
mmportant role in shaping the phenoty pse expression of the
diseuse.

Recent reports have sugoested that the phenotvpie hetero-
geneity of hemochrematoss: diseose could be relawed 1o
udditionu non-genetic couses, addidone] mutations or addi-
tonal genes (5], and that ome or e of these penes may be
MHC-linked [6]. A recent stody by Pratiwi et al, [7] bas
demom strated that in male patients homozygous for a predo-
minant ancesiral haplodype signi ficantly higher hepatic iron
indices are fomd than in patients befemrygons or nallizy-
eoas for this gene. Analogous duta are ohserved by others
[20,21].

Since the haproglobin polymorphim canses differences
i serum markers of ron stutus in healthy males [12], this
podymorphizsm may alter the phenotypic presentation of
patients with hereditary hemochromatosis, Indeed, Langlois
ot ul. demonstrated that in healthy men the Hp 2-2 pheno-
type 15 associated with higher serum iron levels, higher
ransfemn saturaton, bigher seram Femitin bevels aml
lower soluble ransferm moeplon concentrations,

I ower growp of padients wath heed oy hemochbromio-
sig, the Hp 2.2 phenotype is highly overrepresented. parti.
citlan by i made patients (P =2 WO The Lok of sigmficance
in females 15 possibly related 1o the lower nomber of female
patients included . Although other facors (e.g. menstruation,

pregnancy b could have a greater influence on the phenodypic
expression of hereditary  hemochromatosis in female
parients,

As in a population of healthy subjects [12]. the male
puients with the Hp 2-2 phenotvpe kve hogber serum
irom amd ferntin levels thun the mule patients with the Hp
-1 ar Hp 2-1 phenotype. No difference could be seen in
female patients, The higher iron overkoud in Hp 2-2 putients
i5 also ilustrated by the higher umount of iron that has © be
remaved to achieve iron depletion, The lock of differmaes i
the hepatic iron index berween the different phenotypes is
possibly doe to the bow amoont of patients (o= 200}
which the bepatic iron index was meassned,

Although no hapioglobin tepe-related diffesences are
found when considering ape ar disgnosis, hepatic iron
index and occosrence of liver fibrogic, the higher serum
irom and ferritin levels in Hp 2-2 hemochromatic patients
are striking. The higher levels of serum terntin both in Hp 2-
2 healthy men and Hp 2-2 hemochromatodic mole patients

could be explained hy the Hp 2-2 specific delocalizing of

Hb-Hp complexes inte monocyie-mecrophages [12]. In
bealthy subjects, this resulis in o certain degree of iron
redention [12]. This He—Hp related imon upeake i mom-
eyie-macrophares  has recently  been  demonstrued 1o
occur via the Hb scavemper receptor CDI63 [11] This
recepion bas a higher affinity for the moltimence Hb-Hp 2.
Y comples than Tos the menomens: Hb—Hp 1-1 complex
[11]. T Hp 22 individuwals, this resolt in a higher intracel-
lwlar monocyte ferrion level [12]. Monocyte @-femritin

Tahl: 4
Sermm iron and ferritin in males and femaks according the haploghibin phenotype polymorphism

Hp 22 (s = K1) Hp 1-1 amd Hp 21 {m = #4) fevmlue"
Serum o (pmaldh
Malcs 43 =7 c| glasy ) LEEIE]
Fermale L ] k=0 Ng
Serum feriin (ppl)
Blales 1747 (750-2661) LIRS L EL Q.03
Femalss U5 (SI-134% Pl | 569-| DLy NE

" WA, mo significam
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Tahle 5

Nlulliph regrossin weslvsds of Uhe viriable nleoncing socum Domitin
level, orem ron level apd bloed dopatios®

Serum formilin SKerurn iron Iron donation
vl lewel

Hp 22 phemovpe <2001 =N {135

Ay al dingnosis < (LI N5 N5

Cender < (L NS =< {101

ALT activity <Ll NS NS

* NE. mot signiticant.

content positively comelates with serum ferritin concentra-
tion and thus higher semom levels are found in Hp 2-2
subjects [12].

T comclusion, we have foond o dpmificant overepresen-
tatmen of the Hp 2-2 phenotype in a cohot of patients with
Bereditary  hemochromatosis. This overre presentation s
only observed in the male part of the popalaton. Tn sddition,
miale hemochromatotse patients with the Hp 2-2 pherotype
have bigher serom won and fesritin levels than Hyp 1-1 and 2.
| patients, Chor data soggest that the Hp phenotype poly-
morphism alfeces won metabalism in heredivary hemochro-
TS 5.
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CHAPTER |11

LACK OF RELATIONSHIP BETWEEN THE RELATIVE NUMBER
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ABSTRACT

Introduction

The monocyte-macrophage receptor CD163 has been shown to be the receptor
of haemoglobin-haptoglobin (Hb-Hp) complexes. The binding of the Hb-Hp
complexes is haptoglobin phenotype dependent, resulting in a higher
macrophage iron content in Hp 22 individuals. We determined the percentage
of CD163+CD33+ monocytesmacrophages in patients with different
haptoglobin phenotypes and in patients with hereditary and secondary
hemochromatosis.

Materials and methods

The percentage of CD163+ CD33+ peripheral blood monocytes was determined
by flow cytometry. The percentage in 30 male volunteers with different
haptoglobin phenotypes was determined and compared with the percentage in 16
patients with hereditary hemochromatosis and 5 patients with secondary iron
overload.

Results

In the healthy volunteers there was no difference in the percentage of
CD163+CD33+ monocytesmacrophages between the different haptoglobin
phenotypes. No difference was found in the percentage of CD163+CD33+
monocytes-macrophages between patients with hereditary hemochromatosis ( 67
+ 23) or secondary hemochromatosis ( 58 + 27) versus controls ( 54 £ 22).
Discussion

There is no haptoglobin related difference in the percentage of CD163+CD33+
monocytes-macrophages. The data in the patients with hereditary and secondary
hemochromatosis argue against a relationship between the relative number of
CD163+CD33+ circulating cells and iron metabolism.

Abstract electronic word count: 194



Introduction

CD163 is a member of the scavenger receptor cysteine-rich group B family of
proteins. Members of this family contain highly conserved scavenger receptor
(SRCR) domains, and include the type | scavenger receptor, CD5, CD6 and
W(C1 (found on bovine gd T cell) (1). SRCR proteins are typically associated
with immune functions and are expressed on a number of different cells of the
immune system (2). CD163 expression is restricted to cells of monocyte lineage
and increases as monocytes mature into macrophages (3). The mRNA and
protein levels of CD163 are tightly controlled by inflammatory regulators.
Whereas proinflammatory stimuli like lipopolysaccharide or IFN-g suppress its
expression, anti-inflammatory molecules like glucocorticoids or IL-10 strongly
induce CD163 on monocytes and macrophages (4,5).

Recently CD163 was demonstrated to act as a receptor that scavenges
haemoglobin by mediating endocytosis of haemoglobin-haptoglobin complexes.
Haemoglobin released into plasma is captured by the acute phase protein
haptoglobin, which is depleted from plasma during elevated haemolysis.
Efficient removal of free haemoglobin is essential for heath because of the
oxidative and toxic properties of iron-containing haem in haemoglobin. CD163
binds only haptoglobin and haemoglobin in complex, which indicates the
exposure of a receptor-binding neoepitope (6).

In humans, three major haptoglobin (Hp) variants exist: Hp 1-1, Hp 2-2 and the
heterozygous Hp 2-1 (7). Complexes of haemoglobin and the multimeric
haptoglobin (Hp 2-2) exhibit higher functional affinity for CD163 than do
complexes of haemoglobin and dimeric haptoglobin (Hp 1-1) (6). In healthy
male Hp 2-2 subjects the serum ferritin and the L-ferritin concentration in
monocytes-macrophages are higher than in Hp 1-1 subjects (8). This could be
the consequence of the higher affinity of the Hp 2-2 — haemoglobin complex for
the CD163 receptor.
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Hereditary hemochromatosis is a very common autosomal recessive disease of
iron metabolism. Recently the HFE mutation was found to be present in the
majority of the patients with hereditary hemochromatosis. Despite intensive
investigations, the cellular location of the defect is till controversial. In fact, the
liver, duodenum and reticuloendothelial system have all been proposed as the
primary site of the metabolic abnormality (9).

It is known that iron storage in macrophages differs depending on the cause of
iron accumulation (10). In secondary iron overload, as a result of
dyserythropoiesis, haemolysis or transfusions, macrophages are heavily loaded
with iron. In contrast, in hereditary hemochromatosis, little iron is seen in the
Kupffer cells and other macrophages, while hepatocytes already suffer from iron
overload. In both forms of iron overload, low-molecular weight complexes of
iron are observed in the plasma. Iron overload of macrophages in secondary
hemochromatosis can be explained partially by the fact that these cells must
process large quantities of (immature) erythrocytes, while the primary cause of
iron overload in hereditary hemochromatosis is an inappropriately increased
absorption of iron. However, defects in erythrophagocytosis or differences in
cellular iron processing and iron release may contribute to the low amounts of
iron in the macrophages of patients with hereditary hemochromatosis (10).
Considering the relative low iron content in monocytes-macrophages seen in
patients with hereditary hemochromatosis, we examined if the percentage of
CD163+CD33+ monocytes-macrophages differed in patients with hereditary
hemochromatosis from norma control subjects and from patients with
secondary hemochromatosis.

We also studied the relationship between the haptoglobin polymorphism and the
percentage of CD163+CD33+ monocytes-macropaghes in heathy male

individuals.



Materials and methods
Subjects
Thirty healthy male volunteers were recruited from the hospital staff of the

Ghent University Hospital. Blood was sampled for CD163 expression, amino
alanine transferase activity, serum iron, serum transferrin, serum ferritin, C-
reactive protein, haptoglobin concentration and haptoglobin phenotype.
Considering the influence of inflammation on CD163 expression, only
volunteers with a normal C-reactive protein (CRP < 1,2 mg/dl) were included.
These volunteers were used as controls.

Sixteen patients ( 13 male, 3 female) with Cys282Tyr homozygous hereditary
hemochromatosis were recruited from the out-patient clinic of the department of
Gastroenterology, Ghent University Hospital. Informed consent was obtained.
Blood was taken during a therapeutic phlebotomy session. Six patients were on
a schedule of weekly phlebotomy to achieve serum ferritin levels of less than 50
ug/l, the other 10 received phlebotomy on an average schedule of 3 to 4 times a
year to keep serum ferritin at alevel of 50 pg/l.

Five patients with secondary iron overload as a result of multiple blood
transfusions for the symptomatic treatment of myelodysplastic syndrome (n=4)

or aplastic anaemia (n=1) were recruited from the department of Haematology.

Biochemical analysis
Blood samples were obtained, allowed to clot and centrifuged. The supernatant
serum was collected for analysis. Serum iron concentration, total iron binding
capacity (TIBC), serum alanine aminotransferase (ALT) activity and C-reactive
protein were determined using commercial reagents (Roche).
Transferrin saturation was calculated by the formula:

100 x (serum iron/TIBC).
Serum ferritin  concentration and serum haptoglobin concentration were

measured using fixed-time immunonephel ometry (Dade Behring).

69



Determination of the haptoglobin phenotype
The Hp phenotypes were determined using starch gel electrophoresis of

haemoglobin-supplemented serum followed by peroxidase staining (11).

HFE missense mutation

The Cys282Tyr missense mutation was searched for according to the method
described by Feder et a (12). In short, after extraction of genomic DNA from
peripheral blood mononuclear cells DNA was amplified by PCR technique.
After amplification these fragments were further investigated by restriction
enzyme digestion followed by agarose gel electrophoresis. The missense muta-
tion Cys282Tyr resulted in an additional restriction site for the restriction
enzyme Rsal. Homozygotes, heterozygotes or normals were easily recognized.
Recently, a polymorphism in intron 4 of HFE was described causing an
overestimation of the Cys282Tyr homozygote prevalence in hemochromatosis.
We examined all samples using a new antisense primer that excluded the site of

the new polymorphism (13,14).

CD163 expression

Peripheral blood mononuclear cells (PBMC) were isolated from 10 ml
heparinized blood by Ficoll-Pague 1077 gradient (Pharmacia, Upssala, Sweden)
centrifugation. The PBMC were transferred into separate wells of a 24 well
culture plate (Gibco BRL, Grand Island, USA) and incubated for 24 hours in
RPMI 1640 medium (Gibco BRL) containing 10 % autologous plasma. The
cultured cells were harvested, resuspended in phosphate buffered saline (PBS)
and incubated for 30 min in the dark in the refrigerator with the following
fluorochrome labelled monoclonal antibodies against cell surface markers: anti-
CD33 APC (monocytes, macrophages, clone P67.6, Becton Dickinson, San
Diego, USA) and anti-CD163 PE (clone GHI/61, Pharmingen, San Diego,
USA).
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Isotype and concentration matched control monoclonal antibodies with PE and
APC were used as controls. Subsequently, the cells were washed with PBS,
resuspended in PBS and analysed by flow cytometry using a FACSort (Becton
Dickinson). Data were analysed using Cellquest software (Becton Dickinson).
Monocytes were identified using a forward and side scatter gate in combination
with a gate for CD33 positive cells. CD163 expression was determined as the

percentage of CD33 positive monocytes (Figure 1).

Satistical analysis

Statistics were performed using the Medcalc program version 5.00.002 (15).
Normality of the distribution of the different variables was tested using the
Kolmogorov-Smirnov test. Variables with a normal distribution are presented as
mean + standard deviation. Variables with a non-Gaussian distribution are
presented as median and interquartile range.

Parametric and non-parametric tests were used according the distribution of the

variable. P-values of < 0.05 were considered significant.
Ethics

The protocol was approved by the Ethical Committee of the Ghent University
Hospital.

71



Resaults

Healthy volunteers

All male volunteers have normal C-reactive protein levels (cf. selection criteria)
and normal ALT activity. Serum iron studies, haptoglobin concentrations and
percentage of CD163+CD33+ monocytes-macrophages are shown in Table 1.
The mean age of the group is 33 years £ 8. The haptoglobin phenotypes
distribution was. Hp 1-1: 6, Hp 2-1: 16 and Hp 2-2: 8. The percentage of
CD163+CD33+ monocytes-macrophages, serum iron studies and haptoglobin
concentration according the haptoglobin phenotype are shown in Table 2. There
is no difference in the percentage of CD163+CD33+ monocytes-macrophages
between the different haptoglobin phenotypes. Haptoglobin concentration is
clearly haptoglobin phenotype dependent (Table 2).

No correlation is seen between the percentage of CD163+CD33+ monocytes
macrophages and age, serum iron, serum iron saturation and serum ferritin

concentration.

Patients with hereditary hemochromatosis

The mean age of the 16 patients with hereditary hemochromatosis is 55 years +
9. This is older than the group of healthy volunteers (p<0.01). Serum iron
studies and percentage of CD163 cellsare presented in Table 1.

Serum iron and iron saturation are higher in patients than in controls (p<0.02
and p<0.01). Serum ferritin concentration is not higher in patients than in the
healthy controls, reflecting that the patients are adequately treated b achieve
serum ferritin concentrations of lower than 50 pg/l. However the range in serum
ferritin concentration is higher in the patient group than in the control group
(Table 1). C-reactive protein concentration is normal in all 16 patients.

The percentage of CD163+CD33+ monocytes-macrophages is not significantly
different in patients with HH than in controls.
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In the patient group, there is no correlation between the percentage of
CD163+CD33+ monocytes-macrophages and serum iron studies. In particular,
the percentage of CD163+CD33+ monocytesmacrophages is not different
between patients with elevated serum ferritin concentrations and those with

normal serum ferritin concentrations (73+17 versus 57+ 30, p=0.2).

Patients with secondary hemochromatosis

The mean age of the 5 patients with secondary hemochromatosis is 63 years +
16 (p<0.001 versus the control population, p=0.3 versus the patients with
hereditary hemochromatosis). Serum iron studies and percentage of CD163+
cells are presented in table 1.

C-reactive protein concentration is higher than norma (5.6 mg/dl) in one
patient; the percentage of CD163+CD33+ positive monocytes-macrophages is
30 % in this patient.

The percentage of CD163+CD33+ positive monocytes-macrophages is not
different in patients with secondary hemochromatosis as compared to controls
and patients with hereditary hemochromatosis. In patients with secondary
hemochromatosis no correlation is found between the percentage of

CD163+CD33+ monocytes-macrophages and serum iron studies.
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Discussion

Recently the CD163 protein was shown to act as a receptor that scavenges
haemoglobin-haptoglobin complexes and a higher affinity of the receptor for
haemoglobin-Hp 2-2 complex than for the haemoglobin-Hp 1-1 complex was
observed (6). In healthy males, it has been demonstrated that the subjects with
the Hp 22 phenotype have higher serum ferritin and monocyte ferritin content
than subjects carrying the Hp 1-1 and 21 phenotype. A good correlation has
been demonstrated between serum ferritin concentration and monocyte L-ferritin
content (8). In our control group of 30 male healthy volunteers there is neither a
difference in the percentage of CD163+CD33+ monocytes-macrophages
between the different haptoglobin phenotypes nor a correlation between the
percentage of CD163+CD33+ monocytes-macrophages and serum iron indices.
Thus the higher serum and monocyte ferritin content in Hp 2-2 subjects seems to
be solely the consequence of the higher affinity of the haemoglobin-Hp 2-2
complex for the CD163 receptor, and not of a higher percentage of
CD163+CD33+ monocytes-macrophages in the Hp 2-2 subjects.

In patients with hereditary hemochromatosis, the monocyte-macrophage has a
relative iron-poor content in comparison with the abundant iron which is present
in the body (10,16). This can be attributed to different mechanisms. It is known
that patients with hereditary hemochromatosis have a significantly decreased
ability to phagocytose red blood cells (17). It is also established that after
erythrophagocytosis, monocytes of patients with hereditary hemochromatosis,
release twice as much iron in alow molecular weight form as control cells (10).
In macrophages of patients with hereditary hemochromatosis a significant
increase in iron regulatory protein (IRP) activity is demonstrated (9). By
preventing ferritin mRNA trandation, high IRP activity in monocytes may
represent a molecular mechanism contributing to the inadequate ferritin
accumulation and insufficient macrophage iron storage in hereditary

hemochromatosis.
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IRP is a cytoplasmic sensor of the labile iron pool which is regarded as one of
the main regulators of cellular iron homeostasis. The upregulation of IRP in
hereditary hemochromatosis is monocyte-macrophage specific, since it is absent
in other circulating blood cells. Moreover this abnormality seems characteristic
of the genetic form of hemochromatosis, as a reduced IRP activity is found in
patients with secondary hemochromatosis. However, after phlebotomy in
patients with hereditary hemochromatosis, iron regulatory protein activity did
not differ form that of control subjects (9).

Since the CD163 receptor could contribute, via the uptake of haeme-iron of the
haemoglobin-haptoglobin complex, to the intracellular iron content of
monocytes-macrophages, we have investigated if this mechanism plays an
important role in the determination of the macrophage iron content. Since liver
and spleen macrophages are not easily accessible in humans and since in vitro
differentiation of periphera blood monocytes has been extensively used as a
model to investigate macrophage development (18), we have studied peripheral
blood monocytes. We could not detect a difference in the percentage of
CD163+CD33+ monocytes-macrophages between patients with hereditary
hemochromatosis and controls or patients with secondary hemochromatosis.
Since the majority of our patients have serum ferritin concentrations in the
normal range, due to an adequate phlebotomy treatment, one can argue that the
CD163 receptor could be only downregulated in situations where iron overload
Is present. However, no correlation between the percentage of CD163+CD33+
monocytes-macrophages and serum iron studies is seen. Moreover when
comparing hereditary hemochromatosis patients with still elevated serum
ferritin concentrations and patients with normal serum ferritin concentrations,
still no difference in percentage of CD163+CD33+ monocytes-macrophages
could be found. This, again, argues against the influence of elevated serum
ferritin concentrations on the percentage of CD163+CD33+ monocytes

macrophages.
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Moreover in the group of patients with secondary hemochromatosis, although
serum ferritin concentrations are significantly higher than in controls and
patients with hereditary hemochromatosis, no difference in the percentage of
CD163+CD33+ monocytes-macrophages is observed.

In this subgroup of patients with secondary hemochromatosis, high serum
ferritin concentrations could be the consequence of inflammation. But only one
patient in this group has a Creactive protein concentration higher than normal.
Also we suspect, that in the presence of inflammation, a low percentage of
CD163+CD33+ monocytes-macrophages should have been found, which is not
the case in this patient subgroup.

Attributing high serum ferritin concentrations to tissue iron overload in the
group of patients with secondary hemochromatosis, would ideally have required
the measurement of hepatic iron concentration. We thought however that it was
unethical to perform a liver biopsy in these patients. On the other hand, it has
been illustrated that there is a good correlation between serum ferritin

concentration and tissue iron overload (19).

We conclude that in healthy males, there is no difference in the percentage of
CD163+CD33+ monocytesmacrophages between the different haptoglobin
phenotypes. We could not find a difference in the percentage of CD163+CD33+
monocytesmacrophages in patients with hereditary or secondary
hemochromatosis and controls. It seems unlikely that the CD163 receptor
contributes to the low macrophage iron content seen in patients with hereditary

hemochromatosis.
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Tablel.

Serum iron studies and percentage of CD163+CD33+ monocytes

macr ophages for the total group of healthy male volunteers, patients with

hereditary and secondary hemochromatosis.

Healthy Hereditary Secondary Reference
volunteers | hemochromatosis | hemochromatosis range
(n=30) (n=16) (n=5)
Serum iron 21+ 6 28 + 14* 25+ 7 7-22
(umol/l)
Serum iron 37 (27-45) | 57 (33-95)** 77 (69-85)° Female <52
saturation (%) Mae <62
Serum ferritin 131 162+ ** 2965% 36 - 262
(na/h) (104-198) (68-370) (2325-4195)
Percentage 54 + 22 67+ 23 58 + 27
CD163+CD33+
monocytes
macrophages

Variables with a normal distribution are presented as mean + standard deviation.

Variables with a nonGaussian distribution are presented as median and

interquartile range.

* p<0.02 versus control population

**  p<0.01 versus control population

***  p<0.01 versus patients with secondary hemochromatosis

p<0.01 versus control population

p<0.01 versus control population
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Table?2.

Serum iron

studies, haptoglobin

concentration

and percentage

CD163+CD33+ monocytes-macrophages in healthy male volunteers

according the haptoglobin phenotype.

Hp1-1 Hp 2-1 Hp 2-2 Reference
(n=6) (n=16) (n=8) Range
Serum iron 18+ 6 21+ 6 20+ 7 7-22
(umol/l)
Serum iron 32 (28-36) 40 (30-48) 36 (24-48) | Female <52
Saturation (%) Male <62
Serum ferritin 133 (103-231) | 163 (114-185) | 153 (70-259) 36-262
(no/l)
Haptoglobin 1.23+0.25 0.94 £ 0.27 0.69+0.21 | 0.38-2.27
concentration
@h)*
Percentage 54 + 27 53+ 25 58 + 18
CD163+CD33+
monocytes-
macrophages

* p<0.01 (Kruskal-Wallis test).

Variables with a normal distribution are presented as mean + standard

deviation.

Variables with a non-Gaussian distribution are presented as median and

interquartile range.




10
CD163 PE

Figure 1.
FACS (fluorescent activated cell sorter) dot plot of CD163+ CD33+ monocytes
macrophages (right upper quadrant).
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CHAPTER IV

ASSOCIATION BETWEEN Cys282Tyr MISSENSE MUTATION AND
HAPTOGLOBIN PHENOTYPE POLYMORPHISM IN PATIENTS
WITH CHRONIC HEPATITISC
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Association between Cys282Tyr missense mutation and
haptoglobin phenotype polymorphism in patients with

chronic hepatitis C

Hans Van Viierberghe®, Joris R. Delanghe® , Sylvia De Bie®, Marleen Praet?,
An De Paepe®, Ludwine Messiaen®, Martine De Vos® and Geert Leroux-Roels”

Introduction In patients with chronic hepatitis © infection,
the haptoglobin (Hp) 1-1 phenotype is overmepresented
Data regarding the accurrence of the Cys282Tyr missense
rrutation in these patients are less clear. We studied the
prevalence of bath veriables in a cohort of patients with
chranie hepatitis C and looked for interaction batween the
two variables,

Materiais and methods The study group consisted of 142
patients chranically infected with the hepatiis C virus. All
patients were examined for the acourrence of the
Cya282Tyr missense rmutation, snd in 132 of therm the Hp
phenoty pe was debte rmined,

The Cys282Tyr missense mutation was detected by
restriction fragment length polymorphism (RFLP) wsing a
standard polymerase chain reaction (FCR) technique and
Raal digestion. Hp phenatypes were deterrmined using
starch gal electrophoresis of hasmoglobin-supplemented
serurn lollowed by peroxidase siaining.

Results A significant overrepresentation of he Hp 1-1
phenolype was found (367132, 27, P < 0.01 v contral
papulation). This overrepresentation was observed anly in
the patients hamozygous for the wild-type allele of the
HFE gene. The Cys282Tyr allele was significantly
overrepresented in hepatitis C patients (0.12 ». 007,

Introduction

The seroprevalence of chronic hepatts O viros infec-
ton s appreximately 1-3%  of the population in
Western Euope amd the LT8A Administation of blood
anid bload  derivatves dhefore %80 and  intravenons
drog abuse are the main rontes of ransmission [1].
After an acute infection, G0-80% of infeced people
evolve towards chooniciey. Differences in viral factors
tgenotype, virl  lood) facpors [immuone
respaonse) seem to inHoence the owuwome of a hepartis
Covirns infection [2-4].

andhionr - hose

meveral studies sugmest an associacion beoween chronic

IIC|IH|I|i.1 Coand hacmochmomarosis; ||l.'|'\-|l|.c with the
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the hepanins O infeecion [3-9], Inherired haemochm-

0684 -82 X & 2007 Lippaccs Wikeme & Wikine

P <0,05) and principally in patients with the Hp 2-1 and 2-2
phanotypes,

Canclusion In patients with chranic hepatitis C infection,
bkath the Hp 1-1 and the Cys282Tyr allele occur more
frequently than in a contrel population. Rermarkably, these
genes seem Lo determine each other's sccurrence, such
thal the ovenrepres entation of the Hp 1-1 phenalype is
geen only in Cys282Tyr-negative subjects, while the
averepresentation of the Cys282Tyr allele is observed in
Hp 1-1-negative subjects, Differences in
imrrumsarmodulating and inexidative sireas-indusing
capacitios between the two genes may explain this finding,
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matnsis, which s an inbarn error of iron mieesholism,
i P i
affeces 1 in 2080-400 people living in Belgiom,

Recently, two missense muations in the HFE pene,
responsible for haemochromarosis, have been described
[10]. e munarion sesoles inoa subsimcion of tvosine
for cvareine, a highly conserved residue ar position 282
of the HFE protein {Cos282Cyr) This mutation s
responsible Tor 81-917% of herediry hacmochomatosis
cases in the USA Western and Ceneral Evumpe, and
ustralia,

In Belgiom, this muotation swas foond 0 4% of patenes
with |J|.'|:i.'i.|ir:||", hacmochromatosis [|]|. The mle of the
sewond missense: mutaton resulting ina replicement of
hisdine ar residue 63 by asparic acid {Mhs63Asp) s



still contreversial, 1o is onlikely thar this secomd muca-
tien alone is able e cause imn overload [12].
Haptoglohin {Hp) is an alpha 2 pglebulin falpha 2-
stalaglveoprotein) present in human plasma. Theee dif-
ferent phenooypes can be distinguished: Hp 1-1, Hp 2-
1amd Hp 2-2. Hp is capable of binding haemeglobin to
prevent bath iren loss and  Kidnev  damage during
hasnwolysis [13]. Moreover, it is alse known that indivi-
duals earrving the Hp 2-2 phenoovpe display a mare
vigorons immane fesponse 1o different scimuli than
subjeers wich the 1-1 phenacype [13). Recently, we
fexunad am overrepresentation of subjects with the Hp 1-
1 phenotvpe inoa cobernt of patients suffeing  Trom
chronic hepatitis © [14]. and sugrested char che differ-
ences in the immunemodulating capacities of che Tp
phennevpes mfluenced  the clingal evoluton of che
hepatins C infecnon.

The ainy of our stady is ro examine whether chens is an
interaction berween the Hp phenorvpe and che HIEFLE
renetype in patients with chronie heparis O infection.

Materials and methods

Study population

The soodied patient populution consisted of 142 con-
sgentive  patients of Belgian ancestry (685 women, 74
mentd with untreated cheonie hepatitas G with o mean
age of 45 years (range 19761 The diagnosts of hepac
[i.‘h :: WS E)H:"ﬁ.'l.l L L'II_"I '.I[i.'IJ iJL'.II'Ii.fH: '_III'I;I1I.:Ir|'ill|..‘||Ii.'I'.I'1I:

{ALTY levels, and the prescnce of hepanos O ano-
badies amd HEY BNA o the serom. The trnsmission
muode was ransfusion related in 79 patients, due o
intravencus drug abuse o 30 packents, and unknown in
A3 paticnts. The genorvpe of the vieus was HOY 1a or
Lhin 115 paticnts (81% L In 111 panents @ liver Diopsy
Wis |k:ff-:n"|:||.u.|. ]"uft_\_.-ci.ghl {435 |:n_|ri.L'|'I|H b chiromee
persstent hepating, 63 (37% ) paticnts had  chrome

active hepatitis, and 30 {27%) patients had evidence of
cirrhosis, Mone of the patiencs hud elinieal evidenee of

parphyvria cutanes tarda.

Paticnts with previomsly Known hepacins B infection,
aleaholic I.i'-l_'l' tlihL‘_i:ﬂ.‘. I.IL'fL'I.“.[:lI":.' |:|:|::f|.v:||_'|:|r-:||:|.'.;.1[||.-|i..'|..
avtcammiung liver disease, primary hiliory cirthosis and
other forms of chronic liver dise were excluded.
Patients with chronie aleohol abuse (= 70 g aleshol
dailyh were also cxcluded.

Contrel population

“oretal of 196 healthy, vnrelared, Cavcasian people of

Belgion ancestev with unknown iron status served as
controls for the determination of the prevalence of che
CvsZ8Z Tvr missense muacin,  Keterence values for
Hp phenorype distribution were abained from a group
aof 10 healthy Cancasian blood donors of Belgian
ancesiry [15]

Detection of the CysZB2Tyr missense mutation

In 142 patients, the Cys282 Ty missense muttion was
searched for according o the methed described by
Feder o @l [10]. In shorr, afrer extraction of genomic
MA fram peripheral  blond mononuclear cells o
buceal cells, DNA was amplified by PCR echnigue.
Alter armphificinon, these fragments were investigated
further by restnctien enzvme  digestion followed by
agamse gel elecorophoresis. The mbsense mutacion
CwsZ82 Tvr resulted inoan addicional rescriceion sive for
the restriction enrvme Rzl Homozvgores, hererozy-
potes of nomials were recogaired easilv. Hecently, a
palvmorphism in mten 4 of HEE was describsed
cavsing an everesiomation of the CvaZEXN v homosy-
eote prevabence in hacmochmmaresis, We re-cxamined
all samples using a4 new antisense primer chat exeluded
the site of the new paly morphism [16,17].

Determination of the haptoglobin phenotype

In 132 patients, the Hp phenetypes were determined
using scarch el electrophoresis of hacmaoglsbin-supple-
mented serm followed by peroxidase scoining (18], 1o
17 |'|;.1I:i.|:|1m. basth the {:5..-.29.2'!':,: OUSCOASC I TALGN

and the Hp phenotvpe could be determined.

Statistics
The allele feguency of both genes (HFE and Hpl was
caleulared by che following formula:

Allele EI’G:"II‘.'H.L“\? =

2% number of homogvgares) + nomber of hetenseyeoies

2 ¥ total nomber of individuals

For the Cys282°0yr and che Hp phenotvpe diseriburion,
the validity of the Hardv-Weinberg couilibeium was
resred I.I:\iﬂﬂ the {:l:i.-mlu'_ﬂ'cd rest. Fer dichotemaos
vamahles, the Chi-sgquarcd test was wsed. & values of
< 05 were considered  significant. When  multiple
compansons were made, a correction of the P valoe
was made [149]:

Pe=1—[{1 — Py

where Mo s the cormected 2 valoe, P is the uncomecred
P valoe, and o s the number of comparisons.

Results

Cys282Tyr missense mutation

The resules of the Cyvs382 Ty missense mukition o
the patient and conerol groups are shown in Table 1
The results of the conmmal group are in agreement with
the Hordy—Weinheng equilihrivm. There is no differ-
ence inesults when the Feder rechnigue 15 compared
with the rechnigque using the new antisense primer,
which cxcluded the new polvmorphism site, An over-
representation of the Cysd82 Ty allele is oundd in cur




Tacie 1 Distribution of the Cys2B83Tyr missense mutation in
patients and controts

Tanis 3 Hapioglobin (Hp) 1 allele frequency and Hp §-1 phanotype
Treguency in patients with chronle hepalitie C and with dilerent
HFE gendlypes

Cys285Tyr Pafients [n = 142 Conirols [m = 188
CrariTyr ganatypa Hp 1 fracgiecy Hp 1:1 fraquency
: 114 {B0e) 171 (B7%)
+f 21 115%] 23 (1 2%) Cad&aTyr —1 103206 (500 300
4 TiEE 2(1l Cyad8dTyr +/— and ++ 1808 (400 5024
Cyn2B2Tyr dlele frequency a1z oar s 28Ty +1- 14538 [Aee) Al
P00 TR0, Pe = 0.07 vooonlml pogulation; " TP = B0T, Pe - 0.01 v.oeonkal

e o patents {allele regquency of 012 o (W07 i che
cantrul Lo ';.Il.ll.-'lllll.ll't‘il 221, = 002). However,
this averrepresentation s doe completely ooan exces
af Cys 282 Tyvr homeozvgous patients,

Haptoglobin palymarphism

The Hp phenctype distributgen in the patient and
contcol groups 15 shown tn Table 2. 'The nesulos in che
vontrol group ae in agrecment with the “'.|r1.|f.—"||l..|.'i||-
herg couilihrinm. In the heparios O group, chere s a
significant overepresentation of the Hp 1-1 phenotpe
{Chi-squared 9578, P< L0 RE, 1.7, 95% C1 1.25-
2330 According e these data, e Hp 1 allele fre-
guency is G048 (o 040 in the control populaton; Chi-
sqpuarcd G, = LOSE

Cys282Tyr missense mutation and haptaglabin phenatype
interaction

When the distributien of the Hp 1-1 phenotvpe is
vomparcd amongst the different HEE genotvpes, the
overepresentation of this phenowpe is only present in
the group of patients hemozvrous for dhe wild-ovpe
allele (Chi-squared T3S, P =T001, =2 0001 o
ral population: Takle 31 'This eesults in an overre pre-

eon-

sentation of the Hp 1 allele frequency in this group of

(.50 tg, expected: 040, Chiesguared 703, M <001,
Fre 0 o conol populacion; Table 33 This over-
represemration is net found in che pacencs heremeygous
ar t1l:JII.I.':I.*:'\”_'|(II.I.‘- For the {.'f.'.‘_"'ﬁ_'lll".-l: MESSCHE M EATIOE,
This may be duoe o the smaller number of paccnes
included i these subgroups. However, when the dara
of these two groups are cumulated, Hp 1-1 is sall mor
averrepresented (Table 3L When Cvs282Tyr hoamogy-
epus paments are left ooe of this analvsis, the dam
remain comparable (Table 31

disrnbunon of che

{n the other hand, when the

Tabie 3 Distribution of the haptoglabin (Hpl phenotypes in
patients and controls

P pulabicn.

f.':.'\ZEZ'f'\..l BenOCype i Ltlr'l'.l'lurcd amiengst the “F’
phenorvpes, the Cws282Dve allele Tregqueney in the
group of patients with the Hp 1-1 phenorvpe is nar
different frome the control group @085 o 0.07, Chi-
siquared (000, = N5L The overrepresentacion of che
(:1.3253'!"” allele only becomes .‘-i:lli.“!’.‘ul::l[ wn the “|'|. 2-
1 and 2-Z phenotypes 1{:'-.r|_'H_1'J':.|: allele |II'L'I:|IJ\'.'II\_':|
0.3, Chisgquared 5142, P o002, Pe - 004 o, coneml
popukition: Tables 1 and 45

Clinical correlation

There was ne association beoween cither Hp phenotyps
i {::thH:'J':.r pissense otitacien and hiscological sever-
iy of liver disease, biochemical abnomealioes (ALTT
level, asparcare aminotransferase (ASTH level) or ab-
normalines in oserum iren levels Cserum iron level,
SETUM ren samracion, serm terrin level) tdaca noc
shown )

Discussion

Pacenes infecred wich the heparticis C virns have a G-
H1% chance of develeping chronie hepatitis, Severnl
hest and vieal facosrs determine che evolutisn of the
infeedon [2-4). In paricular, the qualicy of the vims-
spEecilic immine esponss secins e determine the out-
come of the discase, Since the HEE genotype and the
Hp phenorype ae mvo genetic fuces chat dircedy and
indireccly influence che immune syscem, we examinged
che presentcion of, and interaction beoween, these owe
genes in patients with naive chronie hepaticis C virus
infection.

In 142 paticnts suffering from chonie hopatins G
infection, we observed a significant overrepresentation
of the Cys282Tvr missense mutation {allele frequency
L12) The allele frequency of chis mutation o our

Temind  Frequency of the Cys2B2Tyr mutation in ehronic hepatilis

Hp phanceyps Patignes (n= 133 Corircl ie = 1000) C patienis with different hagtoglobin (Hp) phe notyoes
11 T E 1801 gy Hi phanotype CyeRBITH allshe

21 [ B ] QB0 [aBw) Irequancy

22 41 {319 260 3E)

Hi 1 alkibe Praduaiiey .48 (] Hp1-1 70 8.5
Hp 2 aliele frequency 62 Q60 Hp 21 and 22 240184 {189%)

"R 00l Y P DDE,

P QR P QU0 v o el populeton



contiol group was 007, which s in accordance with the
prevalence of this allele in Wesrern Europe [20]. Howe-
ever, the overepresentation of the CysZE2Tyr allele is
largely rhe conscquence of an overrepresentation of
CoysZ82Tvr homoeyecus patients, This could be inter-
preted as a selecoien bias. Patients, bowever, were
selecied on FIOY posinviey, ool on the presenee of
absence of the HEF L muotation.

Hezode e ol examining a group of paoents chromically
infected with the hepatits © virgs, did not see an
overrepresentation of the Cyvs282Tvr allele in their
study group, whereas the frequency of the mntation in
their concrol group was comparable co our daca [6,%].
Heswvever, in this Frendh group of patients, only 9% had
cirrhosis compared wich 27% in our coborn Lo is
unlikely thar this difference reflecrs 2 more aggressive
course of the disease as a conseguence of the HEFLE
Missense  mutaion, sioce in our groop of  patients
cirrhosis was observed with the same frequency in the
different HFE genotypes (dara oot shownd, Mo differ-
ences o the occurrence of Abroesis inothe different HEE
genolypes were seen inoan Austian study [53]) or the
aforemencioned French sondy [9]. However, inoa Bricish
survey [8]. the rate of fibrosis was higher inosubjeces

carrving the Cyvs282Tyvr allele. The small number of

patients  hererozvgous tor dhe Cys2M2Tvr missensc
mutacion in chis Bridsh gl may explain the discre-
pancy with cur and orher invesegarors” data,

The wvercpresentation of the CvsEZ82'l'yvr allele in
patients with chronie hepaoms O coold explun che
differences in mmunomodulating eapacitics predispos-
ing, an individual ta a chronie infection. Indeed, mulc-
ple changes in immuae response are described in
penetic hacmochromarosis. Peaple with inberited hae-
mochromarosis and high feretin levels have an abooe-
mally high CDHYCEE fatio [21], Less activated T-cells
22] and low CIE cells {in peripheral bBlood and lver)
23] are cornclived  with high  dron stores, Lower
CDR-CI25+ cells are found in hacmochromartosis
paticnes whe are more prane o develop circhosis [24].
The presence of the Cvs282Twr misscnse muration
may result inoan inferor host immone response in
paticnr infecred wich the heparitis O virus [20].

We have also found an overepresenmnon of the Hp 1-
1 phenotype o owr cohorr of pagenes, This confirms
aUr prEVInus observanon inoa different I.:Iu.[i.l.'fl[ group
[14]. Hp oceues o theee phienomypic forms: Hp 11, Hp
2-1 and |'|.F:| 2.2, Fach of these phenarypes has i ferem
functiomal capacities, The bera chan of the Hp mole-
cule has been demonstrared o bind oo GD22, o B-cell
adhesion  ghveoprotein, CI22 mediares Bocell inmer-
actions with ervthrocvies, "T-Ivmphocyies, monocyies,
neutiophils and endothelial cells [253<300 Flow-gvio.
mietric analvsis shows char Hp 1-1, 2-1 and 2-2 bind che

cell suiface of human Ivimphecyvies with cquial affinice
|31). However, the satumrtion of the G122 molecules
depends on Hp rype because of differences in molar
concentrarions requircd. Therefore, more free CI22
Binding sites are estimated in Hp 2-2 blood [32] This
may result i better binding properties between Bcells
angd ather immuone cells, Hp also bas antibodv-like
properties. kiohler and Prokop have demonstrated that
Sewproveeens pragenes group A, carving che T4 antigen,
can be arglutinared by human semom from Hp 2-2 and
Hp 2-1 individoals, the Hp 2-2 serum having higher
agglutnation titres than the Hp 2-1 serume In contrast,
Hp 1=1 hus no apelurinaton effect [33,34], Subjects
carmrving che Hp 1-1 phenorype have lower penplieral
B-lvmphocyre counts and CD4+ lvmphocyvie  counts
than subjeces carrving the Hp 2-2 phenooepe |33
Therefore, we can postulate thar peaple with the Hp 1-
1 phenotyvpe have a lower cellular and bumoral immune
response oowards the heparitis C vires when compared
with the Hp 2-1 apd 2-2 phenotvpe, resulcing in a
higher tendency o chromiary,

However, the properties of the Hp phenorype are clearly
influenced by che presence or absence of che Cys282 v
allele. Where both the Hp 1 allele freguency and the
Coys282 Py allele frequency are overrepresented in our
gronpof patiens, carrving both che CysZ82 Uyrallele and
the Hp 1 allele does noc resule ina higher sk towards
chronicicy { Uables 3 and 43 AMorcover, in the absenee of
the Cwvs282' v missense mutation. the Hp phenooype
derermines the risk o develop a chronic heparicis €
mfection. Indecd. enly in this group of patents 5 a
significant overreprescntation of the Hp 1-1 phenorype
found. This owverepresentation is not seen in paticnts
carrying the Cyvs282 TUvr missense murtation [ Tahle 30, In
addidon, we ohserve o significandy hizher Cys2827Tve
allele frequency in the group of patienrs wich the Hp 2-1
and 2-2 phenorvpe (Table 41 This overrepresencation is
not found in the gronp of panenrs with the Hp 1-1
phenotvpe, We assume thar the higher exidarive siress
that 15 presenr both in individuals with the Cys282 v
allele and the Hp 2-1 or 2-2 phenotyvpe resals inoa higher
risk in this subgroup of patients to develop a chronie
heparitis Cinfection, A hnkoge disequilibiom between
the mve variables s unlikely sinee horh variables are
Ieared on dilfferent chromaosomes,

In summmary, we observed a significant overmepresenta-
ril:lll ‘JII I.":llﬁ[ll rl]‘.' JJII ]'I FJI“.'II.II[\ Fll: UIII.I [hl_' {u?"\:H_‘rJ‘:“
allele in 2 cobor of patients with untreated chronic
|'Ii.'|.IiJ[L[:H Coinfecnon. The lll'-'l_'l'l'i.'l:":lfL':ﬁ.'I:I.[:II::-::II:! ol thics “|r
1-1 phenatype is seen anly in the HFE wild-avpe
sroup. T'he ovemepreseotation of the Gya282 Ty allele
is observed only in the Hp 2-1 and 2-2 phenotypes,
[hlMerences in mounological and oxidanive stiess cipa-
cities may explain the mosdilving chamewer of the
Cos282 e gene on the Hp phenomype.



References

1

Akar M, Knjgzon-Moran [, Mainan OV, McQislan GM, Gao F, Moyer LA,

af . This pravvaking e of Ragsallis Cvng nlesen mihe Uniled Swaie,

1088 through 19a4. A Enpd J Med 1993; J41:540 5355

Dimpoider HM, Zmchossl B, Holl PM. Whemngs EA, o T,

Jurig MIC, o ai Possibb Hareie i g T b r 1]

norabuciuy proten 3in vird desancs in u:lm I'lepahlu Cwr

infection. Lancal 1905, 3481008 - 1007,

Faman T, Val & Gkl L Parna &, Beaccagia P, Guberdi T, @ &f T-cal

responae i atructursl snd nonsruciurs hepatiis G vine snligena n

pearsi el and adHimibed hapailn Cwusinfecliona Heganboy 19684,

192N - 208

Diepoider HM, Gerbch JT, Zachoval B, Moffmann B, Jung MG, Wismengs

EA, af i Ineunodominant G044 T-oal epilops within ranstucio sl

profien 3 nopculs hepalifis Cdns nfection, J ol 1987, FE6001 - 80719

Bapair-Shirazi L, Date C, Maior-Dobsirsbarger T, Kasarar K, Heckl F, Poli

C, &t &f. Tha rlation of non slafud wd Raieae hiomali s gans il n

palienis with chronio hepatibie C, Gasfrosnierology 1HES; 118

1¥7=-154.

ezode O, Carmeure G, Coue O Pawiolsky I Zaimni ES, Amselem 5,

af o Hemochromatoeis Gy 282 Ty motalion snd ke ron overcad n

praliits with chadiic i hapaliln C [Lemar] Aopanalogy 1008; 27208

Mistinali ALC, Franco RF, Wik MG, Aago Fiho A, Fguerodo JFC,

Covas OT, af ai Hasmooromalnss CysT&iTy and Mefddsp mulstions

in s 1O wiraa rlecions cormdalion wilh ALT and imn s lesak

bstrace] J Hapaey 1998; 18(supad 1):21 1.

Smith BC, Grows J, Guzsl| M, Dy CP Caly 8K, Bud AD, Bessending

MF. Hatensnpoialy lor hemdilay hamachndaloss & amodaled vilh

miori fibrede in chronic hepalis O Hoparelegy 1008; 27: 1888 -16040.

Fezode C, Cazeneuss G, Coue O Roudcs-Thomesl F, Paw lotsky Ji,

Zalvei ES, of ol Harecheorralosis C2BIY dulalien eid hislokgeal

fiercam in palianis with C virua chionic hapetila. Aepakeisgy 1099;

I#EI- 1

Faahar I, Gritkad A, Thortas W, Teuchihishi Z, Rucdy DA, Basiea A,

af ol A novel MRC claza Hike gene B mutaled in patienks with heredilery

taemochmmatosie Maf Gened 196565 13:300 -408

Van VEarbergha H, Massiean L, Haulakaaio M, Do Poapa b, Bewel A

Prawaknee of the D:.HEH!TJ.I' md HizElben mssenes mabstion in Flemish
wilh Hi ity i Aeta G ! By 2000,

B3:250- 2153,

Adara PC. Population screening lor hemochromedosis, Heparoigye 1588

29:1334-1327.

Langlcis ME, Dalanghs |A. Biclogeal and clrcal sgnificance ol hapsogho-

bin polymorphiam n bemans Sl Chaey 1958 421808 - 1600

Leusezgia HY, By IT, Dalarnghe J7, Du B WL, Larous-Rosks GG,

Haphogichin polmorphism and chonio hepetits G, J Hepaid 19885;

26:10=14.

Duienggha J, Lenghos M Dupre: D, Di Bugsma M, Cement D. Higteglobin

polymoiphizm and peripheral ariesl diseeas Alherms clernss 19808;

146287 -203.

Jefirey GP, Chakrabardi 8, Hegele R, Adarms PG Pobmorphism ininron d

ol HFE mey cause oeerestimation of G282Y homooygols presaknce in

M rochomatcain. Mal Ganed 19909 32:325-328

Somervile M, Sprml.h'.'l Hm M, Elm B, '-'m'ﬁ':.hnq L &n H’E

Filen vanand g i

|Limar]. Am J Hum- Chivar 1988, E.’iﬂd Q.

Smithis e O, Zone sleciophomnes instarch gals: group varsbons nthe

Eium proleng ol Aol hume edulbs Sochen J 1966; B1EM=-841.

Sempaad A, Ryder LP, HLA and diseass asscoistions: detsching the

sirongeek azsociplion, Tesue Acigens 1584 431027

Da Bosan M, Pario G. Tha & by i gepaliar in b

4 Hepaiol 1060; 281-7,

Pome 3, Reiran R, Gongakeas G Wincenls G, haliccs B, de Sousa M

Hisamschnoiralos s i a windos nis tha stedy of B min ogical

symlem: a novel cormiphion betessn GO0+ g hooptes and o overioad,

Ear J Haurala) 1994; 26 383-200.

Mo E. Uptake and release of imn by monooytes and mecrophages. Phi

thems, Uinkmmiy of Limchi; 1987,

Prortin 5, incante G, Tesira MA, Marine O, Cabeds M Laperda B,

=i o\ Relative mpact of HLA phenoypa and C04-CD8 mtica o the

izl epretaindg of hemo hnmeiosa. Hapafodgy 1007, 35587 =402

Arpmp FA, Oivem L, Poro G, da St BM Krnuee W, Vebmen |, eral

Anoivales ol tha CDS- T ol poel 0 haamoshom e HLAAT Enlud

mparmions of the GO0+ CD20- T palls, Che Exp fmmuncd 188

107 5a8-554,

Hirtassad K, Pawsall LD, Virki A Birciig 0l husisn gl b el oglpeog e

Imins by the & ool speciic ledtin CO2E. Solective moognition of mmuna-

ghebuly M nd hapteglasin, J Bl Chan 1995, 310,754 3 =T550.

y i find

b |

s

¥

FL

29

L]

al

2

33

Berchy AN, B raland ML, Brown bH, Boyors A0, Deis Bl Somoes C,
Wiliams AF deditcml. The Lewsocyte Angen Facis Book, London: Ace-
damic Pras; 1993,

Hehrl IH, CD22 workshop panel mport. s Cawscocpte Tromp ¥ Procesd-
mga of e Fofh loternadona! Workebop oo Human Lewscocyie Dierenia-
oo Aotgans Oudond: Odord Unisaraily Preas; 19095 pp B25=-525
Powel LD, Sgri O, Spberg ER, Stamankowic | Varki A, Malwsl bgands ol
tha B call ad b e ol eculs CO23wle cary B nkad ol ecchan dics
wilh wllar Eelirdad ambe ety hal e requned fer rozognision

J Bial Chaw 1 883; 268: TO19-7027T

Stavanbo et |, Badd B. Tha B ol aniligan CODD sl i ioyds and
angthrocyle sdhesion Waies 1960 M374-77

Engel P, Hojma ¥, Rothesein B, Thou L-}, Wison GL, Kehd IH, Tedde TF
Thes sasied epslcysd an COE2 of B lgmph di e adheaion of
engthrocyies, T arldBIrmpho-cﬂu. nml:ruphlu e monoGyles,

4 immessal 1 093, 1504710 - 4733,

Oh SK, Paskoteki M, Taubar AL Bpsacla binding of higtogihin b huin
netrophils and ils uncliong consscuences, J Ceshos Siol 1881;
47142148,

Langiois M. Dedanghe |, Phiippe |, Cluyang ), Bemard 0, De Buyzene M, o
al [Nefribution ol kymphooyte subsale in bons merow and pensheral blood
i Wil hagloglolsn typa. Ew ! Wi Charii Oho Bloched 1997,
W:198-008

Heihiler W, Prokop O Fidaionshis b Fi jubsin and 5

el grroganes T4 antigera [Lafmeed. Maruia 1573, I74:373,

Prokop O, Kihler W, Haphogiobins act smisr fo antibodsea. Zenfraib!
Gymiakad 1070 1001111 =1118.

87



CHAPTER YV

FACTORSINFLUENCING RIBAVIRIN-INDUCED HAEMOLYSIS
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Factors influencing ribavirin-induced hemolysis

H. Van Vlierberghe!-*, J.R. Delanghe®, M. De Vos!, G. Lemu.\:-[{oell.
The members of the BASL Steering Committee”

Plepuerosiens of Gaesnrurienalogy, Ghee Drioesive Sooping, Be Meeloen 85, SO0 Gl Sely o
hy Mzt of CErined Cheontry, Micmobéolngy cnd feweunclbigr, Giend Dlsivenghy “'.-llluﬁ'gl.'_ Ceent, Belginm

Backgronnd/Alms: One of the major side effects of the combination therapy For chronie hepatitis C is ribavirin-
imduced hemylic anemin, Litthe is known aboul varibles inflluenciog this anemia, Our stody tried to search For these
variahles in a large group of patients with hepatitis C oreated with the combination therapy.

Methodls: Two hundred and Forty-four patients chromically infected with the hepatitis C virus were treated either
with induction treatment {daily dose of interferon)or with a standard treatment (interferon thrice weekly | Both groups
received 11200 mg of ribavirio from week 4 wntil the end of the treatment. The drop in bemoplobin level wis
defined as the dilference between the pretrestment bemoglohin level and the hemoslobin kevel at week & Seventeen
variabhles which could possibly influence this drop in hemoglobin level were examined,

Results: After multivariate analysis, the drop in hemoglobin level was only significant influenced by pretreatment
platelet level, treatment and haptoglebin phenotype. The ribavirin dose did not influence the drop in bemeglobin level
or the early virological response.

Ceomelustons: Ribavirin-induced hemoly sis is infuenced by the pretreatment platelet level, the administered amount
of ce-interferon and the hapioglobin phenotype. A eareful search for the minimal dose of ribavirin needed in combina-
tion treatment is necessary.

I 2001 European Association for the Study of the Liver. Puhlished by Elsevier Science B.V. All rights reserved.

Keywordy: Hemuodytic anemin; Ribavirin; Hepatits C; Combination therapy

1. Introduction

Toduy's treatinent of patients with chronic he patitis C
consists of the combination of inerforon-o @nd rbavinn
According to the genotvpe of the mfectng viros, the
presence or shsence of liver cirrhosis and the pretreatment
viml load, the duration of the reatment & either 6 or 12
moniths: the longer reatment i needed for the patients
with genotype 1, cirhosis and o high viral kad (maore
than 2 million copiesiml) [1,2].When the combination thee.
apy is coampared with inteferon monotherapy . the nomber
of sdverse evems is increased and withdrawals reach 20%
foar the 12 months of combination therapy versus 14% for u

Revalved 15 Septemtber MINE fecefnd (0 rovilaed form 17 donmiary 20
accepivd 29 danwrry N0
" Members of the $lecing Commities of the BASL [Belgian Associaliun
forthe Study of te Liverl: N. Bowrgeois. B Breaad, L Colle, ). Dedwaide.
J. Hewriom, Y. Horsmans, P. Michiclsen F. Nevens, G. Robacys
* Correspondimg outhor. Tel: + 52828823715 fie -+ 32402404954
B! citefpeaas Rans vanvieemahe® g o he (H Wi Viemergie

1 2-month monathernpy, Dose redocion 15 common, and 1=
mannly necessitated by anemin that oceurs in 7-95% of the
combinition-reated patients [1L2]. It is gencrally sccepted
that the wnemie is provoked by the ribavinon intake [3-7].

Ribavirin 15 a svnthetie oral nucleoside mulogue which is
nod only ased for the reatment of patients with chromc
hepatitis ©, but has also beonevaluaed for o broad spectrom
of DA and RNA vimses in man [E]. The major toxicity
associated with the wse of nbavinn is bemolytic apemia,
This adverse effect has been ascribed to fie accumulation
of ribavirin taphasphate in the ervthrocyte, which interferes
with ervihrocyie function [9].

Haptoghohin is an a2 -sialog lvcoprotein with hbemoglohin-
binding capacity, After deswuction of eryhroecyres, the
released bemoglobin is immediately captored by haproglo-
bin and rthe  hemoglobin-hapieslobn  complexes  are
matantly cleared by the reticaloendothelial system (e
hver, Exhoustion of huptoglobin ecours rpidly leading o
the appearance of free hemoglobin in the circulation. Free

€K GR-E2TARHG 200 © 200 Euraopemn Associalion for the Study of the Liver. Published by Elsevier Science BY . Al rights mesorned
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hemoglobin passes through the glomerular filter, and may
cause renal damage. In physiological conditions, serum Hp
is saturated when approximately 500-1500 mg/l free hemo-
globin is present. Due to a genetic polymorphism three
major phenotypes of Hp occur: Hp 1-1, Hp 2-1 and Hp 2-
2. Hemoglobin binding not only depends upon the hapto-
globin concentration but also on the Hp phenotype. The
complex formation of hemoglobin is less effective in Hp
2-2 [10]. Since little is known about the host, viral and
treatment factors that may influence ribavirin-induced
anemia. We have examined the influence of several vari-
ables on this side effect in a large cohort of chronic hepatitis
C patients treated with the combination therapy. Special
attention has been paid to the impact of the different hapto-
globin (Hp) phenotypes on this phenomenon.

2. Materials and methods
2.1, Patients

Two hundred and forty-four (244) patients with chronic hepatitis C,
participating in a trial comparing induction therapy with standard treatment,
were included. The diagnosis of chronic hepatitis C was made on the basis
of elevated ALT activity (above the upper limit of normal and the presence
of HCV RNA in serum. Patients with cirthosis belonged to the Child-Pugh
A classification. Patients suffering from other chronic liver diseases and

Table 1
Pretreatment patient characteristics™

Taotal number of patients 244

Gender (male/female ) 156/88 (64/36%)

Age Median: 43 years (range: 36-53)
Weight Median: 73 kg (IQR: 64-82)
ALT Median: 90 UA (IQR: 61-149)

Leukocyte count Median: 6100/l
(IQR: 5100-T480)
Platelet count 208 000 = 65 000/l
Body mass index 25.0 + 4.5 kg/m’

% Cirrhosis 12%

Treatment A/Treatment B 1247120 (51/49%y

1: 181 (T4%)

2:9 (3.8%)
3:33(13.4%)

4

HCV genotype

16 (2.5%)

5: 13 (5.4%)
Mixed: 2 (0.8%)
Median: 498 000 copies/ml
(IQR: 203 700 = 500 000)
Median: 14.7 gidl (IQR:
13.3-15.5)
Male: 14.7 g/dl
Female: 13.2 g/dl
Haptoglobin level pretreatment 091 =051 gl
Haptoglobin phenotype distibution  Hp 1-1: 41 (16.7%)

Hp 2-1: 120 (49.4%)

Hp 2-2: 83 (33.9%)
Ribavirin {in mg} administered/body  Median: 14.7 mg/kg
weight (IQR: 13.7-15.9)

HCV RNA viral load

Hemoglobin level pretreatment

* Variables with a normal distribution are expressed as mean + standard
deviation. Variables with a non-Gaussian distribution are expressed as
median and IQR (interquartile range).

hepatocellular carcinoma were excluded. In the induction arm of the trial
(group A), patients received a daily dose of interferon-ue 2b (Intron A) of 5
MU s.c. for the total duration of 8 weeks. In the control arm of the wial
(group B). patients received interferon-a 2b 5 MU s.¢. thrice weekly for the
total duration of 8 weeks. After week 8 both groups received interferon-o
2b 3 MU s.c. thrice weekly for the total duration of 12 months. After 4
weeks both groups were given ribavirin per os at a daily dose of 1000-1200
mg (patients weighing less than 75 kg received 1000 mg: patients weighing
more than 75 kg received 1200 mg).

Ribavirin was not administered at week 0 because when we started the
trial, no data were available about the cumulative toxicity of high doses of
interferon-oe 2b and ribavirin. Therefore it was considered safer to wait for 4
weeks before starting ribavinn administration. Patients with major toxicity
from high doses of interferon-oe 2b could be selected before ribavirin was
administered. However, after terminating the trial. the side effects in the
high-dose interferon group were similar when compared with the standard
combination arm (data not shown).

The patient pretreatment characteristics are shown in Table 1.

2.2, Methods

Hemoglobin levels were measured on an astomated hematological
analyzer. Anemia at week 8 was defined as a hemoglobin level of less
than 13.3 g/dl for male patients. and less than 11.7 g/dl for female patients.

Serum Hp concentrations were assayved using Fixed-time immunonephe-
lometry with a BN nephelometer { Behringwerke, Marburg, Germany) [12].
and expressed according to IFCC standards [13]. Hp phenotypes were
determined using starch gel electrophoresis of hemoglobin-supplemented
serum followed by peroxidase staining [11].

Qualitative and guantitative Amplicor HCV tests (Roche Molecular
Systems, Pleasanton, OR, USA) were used to detect and quantitate HCV
genomes in the circulation.

2.3, Statistics

We decided to compare the hemoglobin levels between weeks O and 8
and between weeks 4 and 8. At that moment the patients had received
ribavirin for 4 weeks which is long enough to observe the ribavirin-induced
hemolysis. After the time point of week 8, no further drop in hemoglobin
level was observed (Fig. 1). Week 8 was also considered as a better time
point than week 12 or 16, since the trial protocol did not foresee dose
reductions for nbavinn before this time point. The drop in hemoglobin
level between week 0 and 8 is further called AHb.

The influence of 17 variables on AHb was examined. These 17 variables
are: gender. age, body weight, body mass index (BMI). treatment schedule.
pretreatment hemoglobin concentration, pretreatment uric acid concentra-
tion, pretreatment haptoglobin concentration, haptoglobin  phenotype.
pretreatment leukocyte and platelet counts, pretreatment ALT level. hepa-
titis C virus genotype, pretreatment viral load, presence or absence of
cirrhosis, ribavirin dose (absolute and per kg body weight).

Since in clinical practice, rbavirin is started at the same time as inter-
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Fig. 1. The hemoglobin level (x-axis) before treatment and at different
time points during treatment (y-axis).



feron-cZh, we alse koked for the infueece of these 1T wvariables on the
dregs in hemogkahin kevel herasen wok 4 and H

We further examined whether there is any influence of the AHb on the
carly virmlogical respomse (HOW RNA bovel ot week & carby esponse
undeiectable HOY BNA level. no cady nespomse: delectable BV BENA
lewel)

Bauly maps. index ons cakoulaied o follows: body weight (kg w(lenpth
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Stalistics wen pedfarmed usimg Madoak verseon SO6L002 [ 14 ], Nomal-
ity of the distribinion af the different varishles wos tested wsing 1he Kolmios
JLE Senimow st Vardahbes waily o noemal dismibsdan ae preseniad as
mean = standand deviatine Warabkes with n noe-Gaassian distributioe ame
presened as median and 25-THb itenguadtile cange. Parametnc o mil-
pramelic iesis were wod. aocondimp the distibution of the vadable, F
wnlues of less than 0 were considered significnnt. Multivarinte amalysis
usang multipke regression was perfurmed on those vanables Lhal weee statbis-
tically significant in mamovariate analysis

3. Results
A4, Prerreatinent characterivtios af the patienis {Table 1)

The haptoglobin phenotype distnibution was in accor-
dance with the Hardy—Weinberg equilibrimm; this dismribu-
fiom was comparable with the distrabonon seen inoa control
group of VK Caucasian blood donoes | 15]. The pretrest-
medtl haptoelobdin concentration was higher in patients with
the Hp 1-1 and Hp 2-1 phenstvpe (Hp 1-1: 106 += 0,27 g/
Hp 2-1: 106 = 064 g/lb wnd lower in the patients with the
Hp 2-2 phesotype (082 = 0.4 213, This findings are in
steordance with a conrol popalation [ 10].

3.2 Variables influencing the AHb

Ancmae owoas present mo 674%  of e patents
(i = 1647244} This percentnge was not significantly differ-
ent between males and females (70 va, 62%, P = 0L2) Inthe
total group of patents the mean AHb s 2.5 = 1.4 gl Only
six of the vanables had a statistically significant associntion
with AHb in mosovariare anabvsis: gender, prereatment
hemoglobim level, pretreamment plateler count, pretrewtment
uric acid, treatment wed kaptoglobin phenoty pe (Table 2.

After multivarate analyvsizs performed with multiple
repression analysis only three varbles remuoined st -
cully significant: treatment {induction or standand treat-

Table 2
Varkahls inBuencing AHK

Variable M oval in # value afler
e anal: AL
malvsis regression

Cromaker LITHNES S

Flatelet coumt LIRS i

Toeatmess 1A ar B LI LREILRE]

Pretrestment hemoglohim level (4001 MA

Hopinglohin phosntype -1 LU gk

Uric avid L N3

* MS. nat significant: NA, not spplicshle

ment),  pretreatment  platelet count and - hagtoglobin
phenctvpe (Table 23 Since the pretreatment hemoslobin
Revel was not independent of the AHb, it wus not included
i the muoliple regression analysis.

320, Pretreatment hemoglobin level

Putients with a higher prefreatment bemoglobin level had
a larger AHB (Spearman’s  coefficiemr of  mnk
correlation = (285, £ < 00015 Although males had o
greater  prereatment hemoglobin level  than females
(14,7 = 2.2 afdl ws. 13.2 = 2.0 pfdl, P << 00001, 2 similar
correlatmon was found in the two groups.

3.2.2, Treatment

Putents randomized o the induction arm of the trial
{group Ap suffered from a bigher drop in hemoslobin
lewel than the patients receiving the standand reatment (in
group Byi2.7 = 14 oidl ve. 2.2 = 1.2 widl, £ = 0.005) (Fag.
2.

J.2.3, Pretreatmend plateler ool

Padents with an mitally higher plutelet count developed
a lower drop in hemoglobin level after eatment. Patients
with & preteatment plaelet coont of less than |10 000
had o higher AHb thun the patents with o pretreatment
patelet coant of more than 110 00D (3.2 £ 19 g/dl v
24 = 1.4 ghdl, =My (Fig. 20 A higher plareler count
was also seen npatients youngeer Guan 50 years (F = 0000)
of female gemder (F <2 (0L} and  withour  cirrthosis
(5 < AN )

324, Hagwogloun phenotvpe

The drop in hemoglobin level berween weeks Oand B was
higher in the patients corrving the Hp 1-1 phenstype o
compuned o those ot curmving thes phenotype (3.1 £ 1.5
pfdl va. 24 = 1.4 o/dl, P=001) (Fig. 4). There wis o

A FdammQ

Fig. 1 Box-and-whisker plot comparing the AHb between indaction
Irealment (Jellh and *stamdard tresf mend” (right ) In the Boocand-wbis-
ker plat, ihe central box represends the vabue from the lawer o upper
quartile (25th dn TSih percemtiler, The middle lise reprosemts the
medicn. The vertical line exbends from e miminun Lo the nsaximom

value, exclwding “outslde’ and “Far out® valees which are displayed a
separale poinds.
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Fig. 3. Box-and-whisker plot comparing the AHb between patients with
platelet counts lower or higher than 110 000/ul.

difference in the AHb between patients carrying the Hp 2-1
and Hp 2-2 phenotype (2.5 = 1.4 g/dl vs. 2.2 = 1.3 g/dl,
P=0.3).

3.2.5. Combination of risk factors

Only when haptoglobin phenotype and treatment sche-
dule were combined were enough data available to perform
statistical analysis. Subjects with the Hp 1-1 phenotype
receiving the induction treatment turned out to have a higher
AHb than subjects not carrying these risk factors (3.8 = 1.4
gidl vs. 2.4 = 1.4 g/dl, P << 0.001) (Fig. 5).

3.2.6. Variables influencing the drop in hemoglobin level
between weeks 4 and 8

Apart from gender, which is in this situation not a signif-
icant variable, the other variables influencing the drop in
hemoglobin level between weeks 4 and 8 are the same as
the variables influencing the AHb (difference between
weeks (0 and 8).

3.2.7. Ribavirin dose and AHb
The lack of association between ribavirin dose (total dose
and ribavirin dose/kg) is unexpected. There is no relation

Farmo

Fig. 4. Box-and-whisker plot comparing the AHb between patients
carrying the Hp 1-1 phenotype (left) and patients not carrying this
phenotype (right).

W r»—lr‘nn]

Fig. 5. Box-and-whisker plot comparing patients with the Hp 1-1
phenotype treated with the induction treatment and the patients with
the Hp 2-1 and 2-2 phenotypes treated with standard treatment.

between the AHb, the difference in hemoglobin level
between weeks 4 and 8 and the ribavirin dose/kg (Table 3).

3.3. AHb and early virological response

Early virological response was seen in 56% of the
patients (n = 136/244). A higher rate of early response
was seen in the induction arm (65 vs. 41% in the standard
arm, P < ().01). Neither AHb, total ribavirin dose nor riba-
virin dose/kg of body weight had any influence upon the
early virological response.

4. Discussion

Treatment with ribavirin, an oral nucleoside analogue,
frequently induces hemolytic anemia and reticulocytosis
[3-7]. Anemia is a frequent finding, occurring in 67% of
our patients. Little is known about the risk factors for hemo-
Iytic anemia in patients treated for chronic hepatitis C. In a
large group of patients with chronic hepatitis C, we exam-
ined which variables might influence the magnitude of this
anemia and should induce special alertness when adminis-
tering ribavirin to patients. Week 8 was considered an ideal
time point, because (a) no further drop in hemoglobin level
was observed after week 8: (b) according to trial protocol,
no dose reductions in ribavirin were foreseen before that
time point. A higher drop in hemoglobin is seen in patients
with a higher pretreatment hemaoglobin level, lower

Table 3
Drop in hemoglobin level between week (0 and week 8 (AHb) and
between weeks 4 and § (AHD 4-8)

Ribavirin dose AHb AHb 4-8

(mg/kg) (mean = SD) (g/dl)  (mean = SD) (g/dl)

<135 257+123 187x1.22
13.5-14.6 264+ 143 1.80+ 157
14.6-15.8 251+153 176+ 1.36

=158 246+ 147 1.85+133
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pretreaiment platelet counts, the Hp 1-1 phenotype and
indiction treatment. The cornelaon berween the prenne ac-
ment bemoglobin level and the AHb seems ogical mnd con
be explaned by the fact that the hemolysds asociated with
rbavin breaks down a ceram progortion of the available
erythrocyles pool (approximately 17%0. Higher absolure
drops in the hemoplobin level will therefore be observed
in subjects with the higher pretrewment hemoglobin levels.
When the AHb is expressed us a percentage of the preoe u-
ment hemoglobin levels, the decling is the same in hoth
CUSLS.

Afrer multple epresaon with exclosion of the dependent
variable ipretreatment hemoglobin level), three varinbles
remeined o have astanstically ggnificant present influence
om the severity of die anemia (AHb). These wene pretneat-
nient plitelet counts, treatment regimen und the haptoglobin
phenotype.

Patients with lower platelet counts bad a significantly
migher drop in hemaoglobin level than those with higher
counrs, Low plareler counts were also seen in particalar in
olider male patienis with civhosis, The low pretreanment
platelet count can be conzidersd as a hallmark of the
presence of liver cimhosis with hypersplenism. Although
the histlagical diagnosiz of cirhosiz does mot seen to infla-
ence the drop in bemoglobin level. it appears that the clin-
wal  expression of  cirrhosis with the  associated
hypersplenizm, as expressed by a bower plaeler count
[16] 15 o sk foctr 1o develop o mone sevene mbavinm-
induced anemia, Patients receiving 2 hizher dose of inter-
feron-n {group A or the indection remment group) also
hawe a higher drop in Bemoghobin level than those recel ving
loower doses. This again is not surprising, since interferon -
1 known o be myvelosuppressive and a cause of anemia
when given in higher doses [17].

Somewhat surprsing 15 the faet that the haptoplobin
pherorype has an pmpact on the ribavinn-mdeced bemofy -
sis. The three haptoglobin phenoy pes have not only differ-
ent properties comcemmng protection against free radicals,
bacteriostatic effects, sngingenesis, inhibition of nitric
oxide wnd prostoglandin synthesis [18]. bue the three pheno-
rypes hove olso different bemoelobin Feding capacites, In
normal drcumstances individoals with the Hp 1-1 pheno-
vpe are more efective m bandling episodes of hemol yas.
T heslthy controls, bemogbobin -bindi ng capaciny was high-
est in Hp I-1, intermediate in Hp 2-1 and lowest in Hp 2-2
THOT. T our growp of peatients meated with ribavirin, we find
a higher drop in bemoglobin level inthe Hp 1-1 phenotype.
The cxplanation of this phenomenon 15 rather speculative:
differences in apiake or competiion in uptake of ribavidn
hetween the different Hp phenotypes could be one explona-
tion, although ool this moment proof is lacking.

The combinstion of sk foctors increases the risk o
develop un important drop in bemeglobin level. Paticns
with the Hp 1-1 phenotype who are treated with inducfion
reatment huve o higher AHb than e patients not exposed
wr these risk Tactors, Since the haproglobin phesorype is

casy to perform (see Section 23 and is 8 non-expensive
test (2.5 Eama per teath, we think that before staring
high-dose intederon wreatment in patients with low platelet
counds, this test should be performed. If the huptoglobin
phematype demenstrates an addidonal sk ez Hp 1-1)
develop anemia, the chnicion con deside 9 zive o lower
mterferon dose, Also it wonld seem relevant thal patients
with the more sensitive haproglohin phenotype ane consid-
ered for lowser doses of dbavirm, Further exploration of the
clinical utility in this situation vsing higher and lower doses
of ribuvirin should be considenad.

W could not exumine the combaned effect of the hapro-
globin phenotype and the induction treatment with the
pretreatment ateler count, becasse of the limited number
of pateats canying these factors.

The nbavirin dose administered to trest chronic hepatits
C is rather arbitrary. The present finding that neither the
totnl dose of ribovinn por the dose of nbavirn per kg
hocly werpht has anfloence on the depree of hemalysis o
o the eardy virdogical response should open the discnssion
o which amowm of ribsvinn is peeded 1o obam an optimal
respodiee in e combmation reatment of patients with
chronic hepatitis C

To summarize, we can conclinde thar ribavirin-indeced
hemolysis in paticnts with chronic hepatitis T is influcnced
by the pretreatment plotelet counts, the  sdminitered
amsonant of o anterferoa and the bagtoglobin phenotype, In
patients with the Hp 1-1 phenotype, mdection reatment
with interferon snd rbavirin can result in a higher drop
hemoglebin level when compared with non Hp 1-1 patients
treated with standard combination treatment. Since the drog
in bemoglobin level and the eady vimlogical response are
e influenced by the dose of ribavinn, o canetul search Tos
the mimimal dose of ribavinn needed in combinaion ther-
apy I patients with chronic bepating C s worrmied.
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ABSTRACT

Introduction

In patients with chronic hepatitis C, elevations in serum iron levels, hepatic iron
content and oxidative stress-related molecules have been reported. Treatment
with ribavirin induces an increase in hepatic iron concentration. Since in
situations of iron overload, nontransferrin bound iron (NTBI) can appear, we
determined NTBI in untreated chronic hepatitis C patients and in patients during
interferon-ribavirin treatment.

Materials and methods

In 10 untreated and in 19 interferontribavirin-treated chronic hepatitis C

patients, we examined NTBI levels by a colorimetric method using
nitrilotriacetic acid as a ligand and sodiumtriscarbonatecobalt (111) to block free
iron binding sites on transferrin.

Results

Despite the presence of high serum iron saturation and ferritin levels, NTBI was
absent in the maority of the HCV patients (25/29, 86 %). There was no
difference in NTBI levels between untreated and treated patients. Four patients
with high NTBI levels could be distinguished by higher serum iron levels. In
two of these patients, hepatocytic iron was present on liver biopsy.

Discussion

In the maority of chronic hepatitis C patients, NTBI levels are normal.
Treatment with ribavirin does not induce high NTBI levels.

NTBI levels are only higher than normal in hepatitis C patients with higher

serum iron levels.

Abstract electronic word count: 198
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Introduction

Several recent studies have explored the prevalence and significance of elevated
serum iron levels in chronic hepatitis C virus infection (1). In patients with
chronic hepatitis C, serum iron is elevated in 27-36 %, transferrin saturation is
elevated in 18-24 % and serum ferritin is increased in 22-35 %. A strong
correlation has been observed between serum ferritin and serum AST levels,
suggesting that release of tissue ferritin from damaged hepatocytes causes the
elevationsin serum iron (2). Others did not find this correlation (3).

Elevated hepatic iron concentration have been observed in patients with chronic
hepatitis C, but less frequently than suspected by elevated serum transferrin
saturation or serum ferritin. The frequency of elevated hepatic iron
concentration ranges from 10 to 36 % (2,4,5). The elevation in hepatic iron
content associated with chronic hepatitis C infection is usually mild with a mean
of hepatic iron index of 0.4-0.6 umol/g dry liver tissue per year of life (5,6).
Unlike hepatic iron accumulation in hereditary hemochromatosis, the mild
hepatic iron overload seen in patients with compensated liver disease does not
progressively increase over time (7). However, in end-stage liver disease and
cirrhosis caused by hepatitis C, hepatic iron index values of more than 1.9
umol/g dry liver tissue per life year can be found. Although in this case the
hepatic iron index is in the range of patients with hereditary hemochromatosis,
the Cys282Tyr missense mutation is absent (8).

After interferon treatment, the hepatic iron concentration decreases significantly
in virological responders and nonresponders. The decrease in stainable liver iron
Is predominantly seen in mesenchymal cells as opposed to hepatocytes (9). This
leads to the speculation that elevations in hepatic iron seen in chronic viral
hepatitis are mainly due to phagocytosis of necrotic hepatocytes and

accumulation of iron in phagocytic cells.
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On the contrary, increases in hepatic iron concentration have been seen after
monotherapy with ribavirin. In this case, excess of iron deposits are seen in
hepatocytes and less in macrophages. Hepatic iron accumulation is well known
to occur in association with haemolytic disorders. The ribavirin-induced
haemolysis could be a causal factor in this excess of hepatic iron (10).

In hepatitis C patients, a pattern of free radical production and lipid peroxidation
is observed. This correlates with the presence of steatosis and activation of
gluthatione metabolism, which represents the liver’s physiological scavenging
response to peroxidative damage (3). The higher serum and tissue iron found in
patients with chronic hepatitis C, could be the consequence of a local and
systemic derangement of iron metabolism.

Non-transferrin-bound iron (NTBI) represents various forms of labile iron
appearing in the plasma of patients with various pathological conditions (11).
NTBI is most commonly found in patients whose transferrin iron binding
capacity has been exceeded by iron overload. NTBI is capable of mediating
tissue damage by stimulating free radical formation and lipid peroxidation (12).
As its name indicates, NTBI comprises all forms of iron in the plasma that are
bound to ligands other than transferrin (13). These ligands are citrate (14),
abumin and perhaps ferritin (15). In a healthy individual the incoming iron
becomes effectively shielded from reaction to redox cycling and formation of
reactive oxygen species by the binding with transferrin (11). Thus, when NTBI
appears in the plasma, it is believed to result from an imbalance of iron
metabolism.

Increased NTBI values are seen in conditions such as. atransferrinemia (11),
hereditary hemochromatosis (16), haemolytic anaemias (17), end stage rena
disease on dialysis (18), after chemotherapy (19), during cardiopulmonary
bypass (20) and in neonates (21).
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In most of these conditions transferrin is completely saturated, however NTBI is
also seen in situations where transferrin is not completely saturated (indivi duals
heterozygous for the hemochromatosis gene (12), in patients on dialysis (18) ...).

Since in patients with chronic hepatitis C higher serum and hepatic iron levels
are present, we examined whether NTBI could be one of the factors contributing
to the increased oxidative stress observed in chronic hepatitis C patients.
Ribavirinrinduced haemolytic anaemia causing a higher liver iron content in

chronic hepatitis C patients, could also induce the appearance of NTBI.
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M aterials and methods

Patients

Ten untreated patients with chronic hepatitis C and 19 patients with chronic
hepatitis C on treatment with interferon and ribavirin were included in this
study. The diagnosis of chronic hepatitis C was made on the basis of elevated
ALT activity (above the upper limit of normal) and the presence of HCV
antibodies and HCV RNA in serum. Patients suffering from other chronic liver
diseases and hepatocellular carcinomawere excluded. The patient characteristics
are shown in Table 1.

The patients on treatment received interferon afa at a dose of 3MU SC thrice
weekly, while the ribavirin dose was chosen according to the body weight.
Patients with a body weight less than 75 kg, received 1000 mg of ribavirin per
day, orally, divided in two doses. Patients weighing more than 75 kg, received a
dose of ribavirin 1200 mg per day, orally, divided in two doses.

In untreated patients blood sampling was done at diagnosis. In patients on
treatment, blood sampling was performed during treatment when they had been
taken ribavirin for at least 8 weeks. It has been reported that at this moment the
haemolytic activity of ribavirin is maxima and stable for the rest of the

treatment (22).

Controls
In 13 healthy volunteers blood was taken for NTBI measurement. These
volunteers had no evidence of iron overload or hepatitis C. Informed consent

was obtai ned.
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Biochemical analysis
Fasting blood samples were obtained, allowed to clot and centrifuged. The

serum was collected for analysis.

Serum alanine aminotransferase (ALT) activity, serum iron concentration and
total iron binding capacity (TIBC) were determined using commercial reagents
on an automated analyser (Roche).
Transferrin saturation was calculated by the formula:

100 x (serum iron/TIBC).
Serum ferritin concentration was measured using fixed-time immuno-
nephelometry (Dade Behring).

Liver biopsy
Liver biopsy was performed at diagnosis. Activity and staging were examined
according the METAVIR scoring system (23). Perls stain was performed to

demonstrate the presence of iron.

HFE missense mutation

The Cys282Tyr missense mutation was searched for according to the method
described by Feder et al (24). In short, after extraction of genomic DNA from
peripheral blood mononuclear cells DNA was amplified by PCR. After
amplification these fragments were further investigated by restriction enzyme
digestion followed by agarose gel electrophoresis. The missense mutation
Cys282Tyr resulted in an additional restriction site for the restriction enzyme
Rsal. Homozygotes, heterozygotes or normals were easily recognized. Recently,
a polymorphism in intron 4 of HFE was described causing an overestimation of
the Cys282Tyr homozygote prevalence in hemochromatosis. We examined all
samples using a new antisense primer that excluded the site of this new poly-
morphism (25,26).
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NTBI measurement

NTBI measurement was done according the method described by Gosriwatana
et a (27). To prevent displacement of iron from nitrilotriacetic acid (NTA) to
unsaturated transferrin during this procedure, samples were pretreated with
triscarbonatecobalt (111). In short, serum samples were stored frozen at —20° C
until time of analysis. The samples were thawed by incubation at 37° C for 10
min. To serum (450 pl) 100 pl Nag[Co(COs)s]. 3H20 solution was added and
the mixture was incubated at 37° C for 1 hour. Subsequently 800 mM
nitrilotriacetic acid (NTA) was added to the serum mixture to obtain a final
concentration of 80 mM and alowed to stand for 30 min at room temperature.
The samples were ultrafiltered using an ultrafilter (Centricon-30) at 3000 g for 1
h.

The serum was analysed by using a colorimetric method. The ultrafiltrate was
diluted 1:1 with 5 mM Mops buffer (pH 7.4) to obtain the volume of 800 pl. To
form the chromogenic complex, 100 pl of 120 mM thioglycolic acid in
deionised water and 100 pl of 60 mM bathophenanthroline in deionised water
were added to the solution and allowed to stand for 30 min. The resulting
complex was measured by spectrophotometry at 537 nm.

Despite the use of cobalt in this assay, negative NTBI levels can still be found in
some samples. Probably this is caused by exchange of transferrin-bound cobalt
with iron, which is present in 80 mM NTA in standardised small amounts
(2uM), during the 30 minutes incubation (12).

Satistical analysis

Statistics were performed using the Medcalc program version 5.00.002 (28).
Normality of the distribution of the different variables was tested using the
Kolmogorov-Smirnov test. Variables with a normal distribution are presented as

mean + standard deviation. Variables with a non-Gaussian distribution are

presented as median and interquartile range.
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Parametric and non-parametric tests were used according the distribution of the

variable. P-values of < 0.05 were considered significant.
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Results
Patient characteristics (Table 1).

The group of treated patients is younger than the untreated patient group
(p<0.01). This is also reflected by the higher number of patients infected with
genotype 3 in the treated population. Not surprisingly patients on treatment have
lower ALT activity than untreated patients.

Serumiron levels

Serum iron, serum iron saturation and serum ferritin are not different between
treated and untreated patients. Twenty -two out of 29 patients (76 %) have serum
ferritin concentrations above the upper limit of normal (untreated: 7/10 versus
treated: 15/19, p=NS). A statistically significant correlation is found between
ALT activity and serum ferritin  concentration (r after logarithmic
transformation=0.39, p=0.03). When treated and untreated patients are
separately examined, this correlation remains significant in both groups
(untreated: r=0.70, p=0.02; untreated: r=0.44, p=0.05).

Three males (19 %) have a serum transferrin saturation exceeding 62 % and

three females (23 %) have a serum iron transferrin exceeding 52 %.

HFE missense mutation

The Cys282Tyr missense mutation is found in the heterozygote form in 4 of the
29 chronic hepatitis C patients. No patient is found to be homozygous for this
missense mutation.

There is no difference in serum iron, serum iron saturation and serum ferritin

levels between heterozygotes and normals.
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Liver biopsy
The activity and fibrosis found on liver biopsy are demonstrated in Table 1.
Only two patients had stainable iron in hepatocytes on the liver biopsy.

Treatment induced haemolysis
The mean drop in haemoglobin level in the patients receiving interferon-

ribavirin treatment is2.1+ 1.1 g/dl .

NTBI values

NTBI values in the controls (0.29 + 0.17 uM, range: -0.08 — 0.61) are not
different from the values found in the hepatitis C patients (0.41 + 0.44 uM,
range: -0.31 — 2.05) (Figure 1). The NTBI values found in the control group are
in accordance with values found by others (12).

NTBI values in the untreated group are 0.36 + 0.44 uM. NTBI values in the
treated group are 0.38 £ 0.29 uM. There is no statistical difference between the
two groups (Figure 2).

In Cys282Tyr heterozygotes, NTBI values are not higher than in patients with
the wild type (0.21£ 0.12 uM versus 0.44 £ 0.47 uM).

There is no correlation between NTBI values and ALT activity, serum
transferrin saturation, serum ferritin concentration and activity or fibrosis on
liver biopsy.

Although the hepatitis C group has no higher NTBI values than the control
group, 4 patients have NTBI values which are higher than the controls.

These patients will be briefly described.
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Patient 1

Patient 1 is a 56 year old man ( untreated group) of Egyptian origin. He has
probably been infected during childhood during a prevention programme against
Schistosomiasis. The infecting genotype is 4. Serum iron concentration is 50
pumol/l, serum iron saturation 96% and serum ferritin concentration 1920 pg/l.
NTBI is present at a value of 2.05 uM. ALT activity is 199 U/l. Metavir score
for the liver biopsy is. activity grade 2 and fibrosis stage 4. Perls staining
demonstrates iron deposits in several hepatocytes. The Cys282Tyr missense
mutation is absent in this patient, he has no family history suggestive for
hereditary hemochromatosis and there is no evidence for secondary iron

overload disease.

Patient 2

Patient 2 is a 43 year old man (treated group) of Belgian origin. He has been
infected with the hepatitis C virus genotype 3 through intravenous drug abuse.
ALT activity at the moment of blood sampling is 31 U/L. Serum iron
concentration is 32 pmol/l, serum iron saturation is 72 % and serum ferritin
concentration is 350 pg/l. NTBI is present at a value of 0.89 uM. Metavir score
for the liver biopsy is. activity grade 3 and fibrosis stage 3. Perls' staining
demonstrates iron deposits in several hepatocytes. The Cys282Tyr missense
mutation is absent, he has no family history suggestive for hereditary

hemochromatosis and there is no evidence for secondary iron overload disease.

Patient 3
Patient 3 is a 39 year old man (treated group) infected with the hepatitis C virus
of genotype 1b. The route of transmission is unknown. ALT activity is 90 U/L.

Serum iron concentration is 28 umol/l, serum iron saturation is 54% and serum

ferritin concentration is 1120 pg/l. NTBI is present at a value of 0.81 puM.
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Metavir score for the liver biopsy is. activity grade 3 and fibrose stage 3.
No iron deposits are found in the liver biopsy. The Cys282Tyr missense
mutation is absent, there is no evidence for hereditary or secondary

hemochromatosis.

Patient 4

Patient 4 is a 34 year old man (treated group) infected with the hepatitis C virus
of genotype 3 through intravenous drug abuse. ALT activity is 23 U/L. Serum
iron concentration is 28 umol/l, serum iron saturation is 58 % and serum ferritin
concentration is 348 ug/l. NTBI is present at a value of 0.93 uM. Metavir score
for the liver biopsy is: activity grade 1 and fibrosis stage 1. No iron deposits are
found in the liver biopsy. The Cys282Tyr missense mutation is absent, there is

no evidence for hereditary nor secondary hemochromatosis.

When these four patients are compared to the other patients, higher serum iron,
serum iron saturation and serum ferritin concentrations are found ( Table 2). The
two patients with the highest serum iron saturation, are the only two patients

with stainable iron on liver biopsy.
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Discussion

Patients with chronic hepatitis C often have elevated serum iron studies (1). In
our series of 29 patients 22 (76 %) have elevated serum ferritin concentrations.
A dsignificant correlation is found between serum ferritin concentration and
serum ALT activity. This suggests, as published by others (2,3), that the release
of ferritin from damaged hepatocytes is, at least partly, responsible for the
elevations in serum ferritin levels. However the correlation is more significant in
untreated patients than in treated patients. This can be explained by the capacity
of ribavirin to induce normal ALT activity despite ongoing hepatoinflammatory
activity (29).

Although none of the patients is homozygous for the Cys282Tyr missense
mutation, 19 % of the male patients and 23 % of the female patients have serum
iron saturation levels in the range that is suggestive for hereditary
hemochromatosis.

Several authors have demonstrated the presence of oxidative stress in patients
with chronic hepatitis C (3). Considering the high serum iron concentrations and
the presence of oxidative stress, it is tempting to look for NTBI. Since NTBI is
likely a factor to contribute to oxidative stress (3), we have investigated the
presence of NTBI in chronic hepatitis C patients.

Despite the presence of elevated serum iron indices in a substantial number of
our patients, we have found that in the maority of the patients with chronic
hepatitis C, NTBI values are normal. However in 4 out of 29 patients (14 %),
high NTBI values are found. Similar percentages of elevated NTBI values are
found in patients with end stage renal disease, in neonates and during
cardiopulmonary bypass. However in these conditions reported levels are
generaly in the range from 1 to 10 uM (11) which is higher than those observed

in our patient group.
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In the 4 patients with high NTBI values, serum iron, serum iron saturation and
serum ferritin concentration are higher than in the rest of the patients.

In these 4 patients hereditary and secondary hemochromatosis have been
excluded. Although it is possible that other genetic mutations causing iron
overload are present, this hypothesis seems less likely, considering the absence
of a positive family history for iron overload.

In 2 of these 4 patients iron deposits are observed in the hepatocytes. Thisis not
surprising, since it has been demonstrated that hepatocytes have the possibility
to take up free iron (30). The presence of NTBI in chronic hepatitis C could be a
hallmark of tissue iron overload. However this needs confirmation by comparing
the hepatic iron concentration in the presence and absence of NTBI.

In healthy individuals heterozygous for the Cys282Tyr missense mutation,
higher NTBI values are detected (12). However in our chronic hepatitis C
patient group, no difference could be found between NTBI values in the four
heterozygotes and normals.

Treatment of chronic hepatitis C with ribavirin causes haemolytic anaemiain a
substantial portion of the patients. In ribavirin treated patients, iron deposits in
the hepatocytes and increases in hepatic iron concentrations have been
demonstrated (10). Hepatic iron accumulation is well known to occur in
association with other chronic haemolytic conditions. Iron released by
haemolysis would be expected to accumulate in the reticuloendothelial system.
However increased iron staining is noted in both the cells of the
reticuloendothelial system and in hepatocytes. The deposition of iron in
hepatocytes suggests that the mechanism of iron loading is enhanced mucosal

absorption associated with accelerated erythropoiesis (10).

We have failed to demonstrate higher NTBI values in the group of treated
patients. They all had substantial haemolysis as demonstrated by the drop in

haemoglobin level during the treatment. Interferon in monotherapy decreases

hepatic iron concentration and iron deposits in the mesenchymal cells (9).
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Combining interferon with ribavirin in the treatment of chronic hepatitis C,
could counteract the ribavirin induced increases in hepatic iron concentration.
However, this seems unlikely since @) ribavirin induced haemolytic anaemia
remains present in the combination treatment and b) iron deposits caused by
ribavirin are mainly seen in the hepatocytes and less in the macrophages (10).
We have not performed control biopsies during or immediately after the
treatment. Therefore we have not been able to look for the presence of excess of
iron in the control biopsy.

A longitudina study of a group of patients treated with the combination
treatment should be performed to definitely exclude the occurrence of NTBI
during treatment.

We conclude that in the maority of chronic hepatitis C patients, despite the
presence of high serum iron indices, NTBI values are not different from
controls. In the few cases where NTBI values are higher than in controls, higher
serum iron concentration, serum iron saturation and serum ferritin concentration
are observed.

Despite the presence of haemolytic anaemia, treatment with ribavirin does not
result in higher NTBI levels.

Further studies (longitudinal follow up studies of chronic hepatitis C patients
before, during and after treatment and comparison with hepatic iron
concentration) are necessary to give a more detailed view of the importance of
NTBI in chronic hepatitis C.
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Tablel.

Patient characteristics

Untrested patients | Trested patients Reference range
(n=10) (n=19)
Gender (mdeffemde) 5/5 11/8
Age (years) * 50+7 38+ 11
ALT ativity(UN) * 14+ 72 31+ 30 7-31
Serum iron (umoalfl) 27+9 2+9 7-22
Serum iron saturaion (%) 38 (31-51) 37 (23-55) Female<b2
Male <62
Serum feritin conoartration (Lg/) 292 (121-390) 318 (211-430) 36 - 262
Liver biopsy
Activityscde (n): 1
6
Hhbrogsscde(n) : O 1 0
1 2 8
2 3 5
3 1 5
4 3 1
Genotype(n) la 1 2
1b 8 7
3 8
4 1 1
unknown 1
HFE missense mutation (n)
Cys282Tyr -/- 8 17
Cys282Tyr +/- 2 2
* p<0.01
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Table 2.

Serum iron, iron saturation and ferritin concentration in chronic hepatitis
C patients with higher than normal NTBI levels (left) and normal NTBI
levels (right).

‘High’ NTBI levels| ‘Norma’ NTBI Reference | p-value
(n=4) levels (n=25) range

Serum iron 35+ 10 22+8 7-22 <0.001
(umol/l)
Serum iron 65 (56-84) 36 (24-41) Female<52 | <0.001
saturation (%) Male <62
Serum ferritin | 735 (349-1520) 284 (120-390) 36-262 0.02
concentration
(no/l)
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Figure 1.
NTBI valuesin the controls (left) and in patients with chronic hepatitis C

(right).
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Figure 2.
NTBI values in untreated (left) and treated (right) chronic hepatitis C

patients.
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GENERAL DISCUSSION

119



The HFE mutation and the haptoglobin polymorphism both influence iron
storage capacity (1,2) and are related with different immunological properties
(3).

The HFE mutation is found in the majority of patients with hereditary
hemochromatosis (4). Convincing data are available demonstrating that this
gene is not just an innocent bystander, but really contributes to tissue iron
overload (5-11). In the presence of tissue iron overload and the HFE
mutation, different perturbations in the immune status of hereditary

hemochromatosis patients have been reported (3).

Haptoglobin is a protein with haemoglobin-binding capacity and prevents
iron loss and kidney damage during periods of haemolysis. The three major
haptoglobin phenotypes have different effects on cellular and humoral
immune responses (12). Individuals with the Hp 2-2 phenotype carry higher
numbers of CD4+ T-lymphocytes and B-lymphocytes (13). Hp 2-2 also
displays higher agglutination capacities against some bacteria (12).

Healthy male individuals with the Hp 2-2 phenotype have higher kvels of
both serum and monocyte ferritin than individuals with the Hp 2-1 or 1-1

phenotype (14).

Since both hereditary hemochromatosis and chronic hepatitis C infection are
associated with higher serum and tissue iron stores and with differences in
Immune status, we examined the influence of the HFE mutation and the Hp

polymorphism on both diseases.
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Hereditary hemochromatosis is the most frequent genetically determined iron
storage disease in Western Europe (15). Before the discovery of the
hemochromatosis gene in 1996 by Feder et al (4), clinicians had to rely on
phenotypic characteristics of the disease (e.g. serum iron saturation, serum
ferritin level, hepatic iron index, hereditary character ...) to establish the
diagnosis. Since the detection of the HFE mutation, diagnosis in a single
patient, family screening and in a certain way, population screening have
become easier.

Since more patients with hereditary hemochromatosis are diagnosed, it has
become obvious that not all subjects homozygous for the Cys282Tyr
missense mutation have the typical phenotypic characteristics of patients
with hereditary hemochromatosis (16,17). Moreover other missense
mutations (e.g. His63Asp) could play a role in iron overload disorders in

patients not homozygous for the Cys282Tyr missense mutation.

In Chapter I, we determined the Cys282Tyr and the His63Asp missense
mutation in a cohort of patients displaying the phenotype of hereditary
hemochromatosis and in group of healthy controls. The patients were
followed in the out-patient clinic between 1985 and 1997 (18). In the healthy
control group 10.5 % of the 96 studied subjects were heterozygous for the
Cys282Tyr missense mutation and 2 % were homozygous for this missense
mutation. Of the 49 patients, 46 (94 %) were homozygous for the Cys282Tyr
missense mutation; 2 were compound heterozygous (Cys282Tyr +/-,
His63Asp +/-) and one patient was only heterozygous for the His63Asp
missense mutation. These results are in accordance with the reported
prevalences in other countries and confirm that the Cys282Tyr missense
mutation in the HFE gene is present in a majority of patients with hereditary

hemochromatosis and contributes to the phenotypic expression of the disease

(4).
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The significance of the His63Asp mutation is less clear. It is suggested that it
is only of importance in the compound heterozygote setting. In our patient
group, the 2 patients who are compound heterozygotes have the clinical
picture of hereditary hemochromatosis. The identification of one patient with
hemochromatosis which is only heterozygous for the His63Asp mutation
suggests the existence of other genetic (or norrgenetic) causes.

Since in healthy subjects the Hp 2-2 phenotype is associated with higher
serum ferritin and monocyte ferritin content (14), we have investigated in
Chapter 11, the influence of the Hp polymorphism on the phenotypic
presentation of 167 patients with hereditary hemochromatosis. A low Hpl
alele frequency is found and is attributable to an overrepresentation of the
Hp 2-2 phenotype (p<0.01). Hp 2-2 is associated with arelative risk of 1.73
(95 % CI 1.14-2.62) for hemochromatosis. The underrepresentation of the
Hpl allele is only observed in the male patients (p<0.01) but is not
significant in the female patients (p=0.3). In the male population serum iron
levels, serum ferritin levels and the amount of iron removed by phlebotomy
to achieve iron depletion, are higher in hemochromatosis patients carrying
the Hp 2-2 phenotype. The absence of similar findings in females is possibly
related to the lower number of females included, although other factors (e.g.
menstruation, pregnancy) could have a greater influence on the phenotypic

expression of hereditary hemochromatosis in female patients (19).

The higher levels of serum ferritin both in Hp 2-2 healthy men and in Hp 2-2
male hemochromatosis patients could be explained by the Hp 2-2 specific
transfer of Hb-Hp complexes into monocytes-macrophages. The Hb-Hp
related iron uptake in monocytes-macrophages has recently been

demonstrated to occur via the Hb scavenger receptor CD163.
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This receptor has a higher affinity for the multimeric Hb-Hp 2-2 complex
than for the monomeric Hb-Hp 1-1 complex (20). Since the CD163 receptor
could play a role in the iron status of healthy subjects and patients with
hereditary hemochromatosis, we examined the percentage of CD163 positive
monocytes-macrophages in both populations (Chapter 111). In the control
group of 30 male healthy volunteers there is neither difference in the
percentage of CD163 positive monocytes-macrophages between the different
haptoglobin phenotypes nor any correlation between the CD163 receptors

and serum iron indices.

In patients with hereditary hemochromatosis, we found no different
percentage of CD163 positive monocytes-macrophages than in patients with
secondary hemochromatosis or in controls. It seems unlikely that the low
macrophage iron content seen in patients with hereditary hemochromatosis

Isinfluenced by a different percentage of CD163+ monocytes-macrophages.

The prevalence of chronic hepatitis C infection in the Belgian population is
0.9 % (21). Chronic hepatitis C virus infection is associated with iron
overload and increased oxidative stress (22). Both viral factors (genotype,
viral load) and/or host factors (immune response) seem to influence the
outcome of a hepatitis C virus infection. In Chapter 1V we have
demonstrated that both the Cys282Tyr missense mutation and the Hp 1-1
phenotype are overrepresented in a group of 142 chronic hepatitis C patients
(23). Remarkably, the presence or absence of one gene seems to determine
the impact of the other gene on the risk to develop chronic hepatitis C virus
infection. More precisely, in the absence of the Cys282Tyr missense
mutation, the Hp phenotype determines the risk to develop a chronic hepatitis
C infection. Only in this group of patients, a significant overrepresentation of

the Hp 1-1 phenotype is found.
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In addition we see a significant higher Cys282Tyr allele frequency in the
group of patients with the Hp 21 and 2-2 phenotype. We assume that the
higher oxidative stress that could be present in individuals with both the
Cys282Tyr dlele and the Hp2 alele results in a higher risk in this subgroup
to develop a chronic hepatitis C infection.

Since we have not followed our patient group for atime period and our study
is only a single time point measurement, it is difficult to comment on
progression of the disease. However, since we have found an
overrepresentation of the Hp 1-1 phenotype in our group of patients with
chronic hepatitis C, we make the assumption that the presence of this
phenotype makes the infected patient more susceptible to develop a chronic
infection. To strengthen this assumption, it should be interesting to look for a
patient group with acute hepatitis C. In this group of patients, a difference in
haptoglobin phenotype distribution should be looked for between the group
of patients with a self-resolving hepatitis C and the group of patients that
progresses to chronicity. However, for practical reasons, thisis very difficult
since acute hepatitis C is mostly asymptomatic, the number of patients with
acute hepatitis C is very low (approximately 30 registered acute hepatitis C
patients annually in Belgium) and since a recent study by Jaeckel et al (24), it
Is not ethical any more to deny patients with an acute hepatitis C a treatment

with interferon alfa

Together with interferon alfa, ribavirin has become the standard treatment of
chronic hepatitis C infection (25,26). Ribavirin treatment induces higher
serum and liver iron levels, probably due to the haemolytic anaemia it causes
(27,28). Because little is known about the host, viral and treatment factors
that may influence ribavirin-induced haemolysis, we have examined in
Chapter V several factors that could influence the drop in haemoglobin level

during treatment with interferon and ribavirin (29).
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We have demonstrated that the degree of haemoglobin loss is higher in
patients with a higher pre-treatment haemoglobin level, with alow number of
platelets, during daily administration of interferon-alfa, and in the presence of
the Hp 1-1 phenotype.

The correlation between the pre-treatment haemoglobin level and the drop in
haemoglobin can be explained by the fact that ribavirin-induced haemolysis
breaks down a certain proportion of the available erythrocytes pool. Higher
absolute drops in the haemoglobin level will therefore be observed in
subjects with the higher pre-treatment haemoglobin levels.

Patients with lower platelet counts (<110,000/ul) have a significantly higher
drop in haemoglobin level than those with higher counts. The low pre-
treatment platelet count can be considered as a hallmark of the presence of
liver cirrhosis with hypersplenism.

Patients receiving a higher dose of interferon-alfa experience a higher drop
in haemoglobin level than those patients receiving a standard dose.
Interferon-alfa is known to be myelosuppressive and by itself a cause of
anaemia, especially when given in higher doses.

Patients with the Hp 1-1 phenotype experience a higher drop in haemoglobin
level during interferon-ribavirin treatment. Complexes of haemoglobin and
dimeric haptoglobin (Hp 1-1) exhibit lower functiona affinity for the CD163
receptor than do complexes of haemoglobin and the multimeric Hp 2-2
haptoglobin (20). In stuations of haemolysis, this could result in less
adequate re-utilisation of haem-iron and a higher degree of drop in

haemogl obin.

Several recent studies have demonstrated that serum iron indices and liver
iron content are frequently elevated in patients with chronic hepatitis C (30).
Also, a pattern of free radical production and lipid peroxidation is observed
(22).
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This could be the consequence of alocal and systemic derangement of iron
metabolism. Since NTBI is likely to be one of the several factors responsible
for oxidative stress in situations with iron overload, we investigated in
Chapter VI if NTBI is present in patients with chronic hepatitis C. In the
majority of the patients (86 %) we cannot demonstrate the presence of NTBI.
Even during a treatment with interferon and ribavirin where haemolysis
contributes to higher serum iron indices and liver iron content, NTBI values
cannot be detected. In the few patients where NTBI is high, it could be a
hallmark of real iron overload.
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GENERAL CONCLUSION

We could demonstrate that the Hp polymorphism affects the iron metabolism
in patients with hereditary hemochromatosis and influences the evolution to
chronicity in patients with hepatitis C virus infection. The Hp polymorphism
also influences the degree of haemolysis during a treatment with interferon-
alfa and ribavirin. This results in the clinical implication that in patients with
chronic hepatitis C and low platelets, a high dose interferon treatment results
in a higher degree of haemolysis in patients with the Hp 1-1 phenotype.
Therefore high dose interferon treatment should be avoided in this subgroup
of patients.

The percentage of CD163 positive monocytes-macrophages is not influenced
by the Hp phenotype. It seems unlikely that the low macrophage iron content
seen in patients with hereditary hemochromatosis is influenced by a different
percentage of CD163+ monocytes-macrophages.

Despite the fact that serum and liver iron content are often higher than
normal in patients with chronic hepatitis C, the mgjority of the investigated
patients have no detectable NTBI. However in a minority of these patients
elevated NTBI levels are found. Further research will focus on the correlation
between the presence or absence of NTBI, haptoglobin phenotype
polymorphism and HII, the influence of the presence of NTBI on response
after antiviral treatment and the possible influence of phlebotomy in patients

with high NTBI on response after antiviral treatment.
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Zowel de HFE mutatie als het haptoglobine polymorfisme beinvioeden het
ijzermetabolisme (1,2) en houden verband met verschillende
immunol ogische eigenschappen (3).

De HFE mutatie wordt teruggevonden bij de meerderheid van de patiénten
met erfelijke hemochromatose (4). Er zijn overtuigende gegevens
voorhanden dat deze mutatie werkelijk bijdraagt tot de overmaat aan
ijzeropstapeling, eigen aan deze ziekte (5-11). In situaties waar er een teveel
aan weefselijzer aanwezig is, ziet men in de aanwezigheid van de HFE
mutatie diverse wijzigingen in de immuunstatus van patiénten met erfelijke
hemochromatose ontstaan (3).

Haptoglobine is een eiwit dat hemoglobine bindt en daardoor ijzerverlies en
nierbeschadiging voorkomt tijdens episodes van hemolyse. De drie
belangrijkste haptoglobine fenotypes hebben elk een verschillend effect op
de cellulaire en humorale immuunrespons (12). Bij individuen met het Hp 2-
2 fenotype vindt men een hoger aantal CD4+ T-lymfocyten en B-lymfocyten
(13). Het Hp 2-2 eiwit vertoont een hogere agglutinatiecapaciteit tegen
bepaalde bacterién dan de andere fenotypes (12). Bij gezonde mannen met
het Hp 2-2 fenotype vindt men zowel een hogere serum ferritine concentratie
as een hoger ferritine gehalte in monocyten terug dan bij mannen met het Hp
2-1 of Hp 1-1 fenotype (14).

Gezien erfelijke hemochromatose en chronische hepatitis C infectie
geassocieerd zijn met zowel hoog serum en weefselijzer als met verschillen
In immuun status, onderzochten we de invioed van de HFE mutatie en het
haptogl obine polymorfisme op deze twee aandoeningen.

In West-Europa is erfelijke hemochromatose de meeste frequente erfelijke

aandoening met invloed op het ijzermetabolisme (15).
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Vooraleer de groep van Feder (4) in 1996 de hemochromatosemutatie
ontdekte, waren de fenotypische karakteristiecken van de aandoening (vb.
serum ijzersaturatie, serum ferritine concentratie, hepatische ijzerindex,
erfelijk karakter ...) de belangrijkste aanknopingspunten voor de clinicus om
de diagnose te stellen. Actueel worden, dankzij de ontdekking van de HFE
mutatie, diagnosestelling, familiescreening en populatiescreening eenvoudig.

Het werd dan ook duidelijk dat niet alle individuen die homozygoot zijn voor
de Cys282Tyr missense mutatie, de typische fenotypische karakteristieken
hebben van erfelijke hemochromatose (16,17). In de afwezigheid van
Cys282Tyr homozygotisme zouden ook andere mutaties (vb. His63Asp) een
rol kunnen spelen in de etiologie van ijzeropstapelingsziekten. Bij een
controlegroep en bij een groep van patiénten met de fenotypische
karaktertrekken van erfelijke hemochromatose bepaalden we de aan of
afwezigheid van de Cys282Tyr en His63Asp missense mutatie (Hoofdstuk
|). De patiénten werden ambulant gevolgd in de periode 1985-1997 (18). In
de gezonde controlegroep waren 10,5 % van de 96 individuen heterozygoot
voor de Cys282Tyr missense mutatie. Twee procent van hen was
homozygoot voor deze mutatie. In de patiéntengroep waren er 46 van de 49
patiénten (94 %) homozygoot voor de Cys282Tyr missense mutatie; 2 waren
compound heterozygoot (Cys282Tyr +/-, His63Asp +/-) en 1 individu was
enkel heterozygoot voor de His63A sp missense mutatie. Deze resultaten zijn
perfect te vergelijken met de prevalenties teruggevonden in andere studies en
landen. Ze bevestigen ook dat de Cys282Tyr missense mutatie
teruggevonden wordt bij de meerderheid van patiénten met erfelijke
hemochromatose en dat deze mutatie zou kunnen bijdragen tot de
fenotypische expressie van deze ziekte (4). Of de His63Asp missense mutatie

ook bijdraagt tot deze fenotypische expressie is ver van duidelijk.
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Deze mutatie lijkt enkel belangrijk te zijn wanneer ze samen voorkomt met
de Cys282Tyr missense mutatie (compound heterozygotisme). We vonden
deze toestand terug bij twee patiénten van onze groep; beiden hadden de
fenotypische presentatie passend bij erfelijke hemochromatose. De
identificatie van 1 patiént met fenotypische hemochromatose maar enkel
heterozygoot voor de His63A sp missense mutatie, suggereert het bestaan van

andere genetische of niet genetische oorzaken.

Bij gezonde mannelijke vrijwilligers met het Hp 2-2 fenotype vond men
hogere serum ferritineconcentraties en een hogere ferritine inhoud in
monocyten terug (14). We onderzochten daarom in Hoofdstuk 11, de invioed
van het Hp polymorfisme op de fenotypische presentatie van 167 patiénten
met erfelijke hemochromatose. Een significante lage Hpl allel frequentie
tengevolge van een Hp 2-2 fenotype overrepresentatie (p<0,01) werd
teruggevonden. De aanwezigheid van het Hp 2-2 fenotype induceert een
relatief risico van 1,73 (95 % Cl 1,14-2.62) tot het ontwikkelen van erfelijke
hemochromatose. De lage Hpl alel frequentie vond men enkel terug bij
mannen (p<0,01), maar niet bij vrouwen (p=0,3). Bij Hp 22 mannen werd
een hogere serum ijzerconcentratie, serum ferritineconcentratie en aantal
aderlatingen tot ijzerdepletie teruggevonden. Het laag aantal vrouwelijke
patiénten geincludeerd in deze studie zou het ontbreken van significantie in
deze subgroep kunnen verklaren. Evenmin is het uitgesloten dat andere
factoren (menstruatie, zwangerschap) een grotere invioed hebben op de
fenotypische expressie van erfelijke hemochromatose (19).

De hogere serum ferritine concentraties, zowel bij gezonde mannen als bij
mannelijke hemochromatosepatiénten zou kunnen verklaard worden door het
Hp 2-2 specifiek transfer van hemoglobine-haptoglobine complexen in
monocyten-macrofagen.
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Recent werd aangetoond dat het hemoglobine-haptoglobine complex, en het
daarmee gerelateerde ijzer, opgenomen wordt in monocyten-macrofagen via
de CD163 receptor op deze cellen. Deze receptor heeft een hogere affiniteit
voor Hb-Hp 2-2 complexen dan voor Hb-Hp 1-1 complexen (20). Zowel bij
gezonden als bij patiénten met erfelijke hemochromatose zou deze CD163
receptor een rol kunnen spelen in de ijzerstatus van het individu. We
bepaalden daarom het percentage CD163 positieve monocyten-macrofagen
bij gezonden en bij patiénten met erfelijke hemochromatose (Hoofdstuk I11).
Bij de gezonde controlegroep vonden we geen haptoglobine-gerelateerd
verschil in het percentage CD163 positieve monocyten-macrofagen. Evenmin
was er een correlatie tussen het percentage CD163 positieve monocyternt
macrofagen en serum ijzerparameters.

Er werd geen verschil opgemerkt tussen het percentage CD163+ monocyten
macrofagen tussen patiénten met erfelijke hemochromatose en patiénten met
secundaire hemochromatose of individuen uit de controlepopulatie. Het lijkt
daarom zeer onwaarschijnlijk dat de lage ijzerinhoud van macrofagen bij
patiénten met erfelijke hemochromatose beinvioed wordt door een verschil in

percentage aan CD 163+ monocyten-macrofagen.

In Belgié bedraagt de prevalentie van chronische hepatitis C infectie 0,9 %
(21). Bij een chronische hepatitis C infectie vindt men vaak een overmaat aan
ijzer en verhoogde oxidatieve stress (22). Zowel virale (genotype,
hoeveelheid virus) as gastheerfactoren (immuunantwoord) beinvioeden het

verloop van de hepatitis C infectie.

In Hoofdstuk IV toonden we aan dat bij een groep van 142 chronische
hepatitis C patiénten, zowel de Cys282Tyr missense mutatie als het Hp 1-1
fenotype in een statistisch hoger frequentie aanwezig zijn dan bij een
controlepopulatie (23). Heel opvallend blijkt de aan of afwezigheid van het

ene gen, de impact van het andere gen te beinvloeden.
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Zo blijkt enerzijds, dat bij de afwezigheid van de Cys282Tyr missense
mutatie, het Hp fenotype bepalend is voor het risico tot het ontwikkelen van
een chronische hepatitis C infectie. Enkel in deze subgroep van patiénten
zien we een hogere frequentie van het Hp 1-1 fenotype. Anderzijds ziet men
een hogere frequentie van de Cys282Tyr missense mutatie in de groep van
patiénten met het Hp 2-1 en Hp 22 fenotype. We veronderstellen dat de
verhoogde oxidatieve stress aanwezig in de patiénten met zowel het
Cys282Tyr alel als het Hp2 allel, resulteert in een hogere risico in deze
subgroep om een chronische hepatitis C infectie te ontwikkelen.

Omdat we patiénten niet over een tijdspanne gevolgd hebben, maar dat deze
observatie enkel een momentopname betreft, is het moeilijk commentaar te
geven over de ziekteprogressie. Echter omdat we een significante
overrepresentatie vinden van het Hp 1-1 fenotype bij deze groep van
patiénten met een chronische hepatitis C infectie, maken we de
veronderstelling dat de aanwezigheid van dit fenotype de patiént gevoeliger
maakt voor het ontwikkelen van een chronische hepatitis C infectie. Om dit
te kunnen staven, is er interesse in een studie bij patiénten met een acute
hepatitis C infectie, waarbij gepoogd wordt een verschil in haptoglobine
fenotypedistributie aan te tonen tussen de groep met een zelflimiterende
infectie en de groep welke evolueert naar een chronische hepatitis C. Dit is
praktisch echter niet haalbaar omdat de meerderheid van de patiénten met
een acute hepatitis C infectie asymptomatisch zijn, het aantal gerapporteerde
acute hepatitis C infecties laag is (ongeveer 30 geregistreerde acute hepatitis
C gevallenin Belgié per jaar) en het sinds de studie van Jaeckel et al (24) niet
ethisch meer is een patiént met een acute hepatitis C infectie een behandeling

met interferon alfa te ontzeggen.
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Ribavirine, in combinatie met interferon alfa, is de standaardbehandeling van
patiénten met chronische hepatitis C infectie (25,26).

Ribavirine veroorzaakt hemolyse, waardoor een stijging in serum ijzer en
ijzerinhoud van de lever wordt waargenomen (27,28). Er is weinig gekend
over factoren die deze hemolyse kunnen beinvioeden. Wij onderzochten
daarom in Hoofdstuk V, welke factoren de hemoglobinedaling kunnen
beinvloeden gedurende een behandeling met interferon en ribavirine (29).

We konden aantonen dat een ernstiger hemogl obinedaling werd geobserveerd
bij patiénten met een hoger hemoglobinegehalte bij het opstarten van de
behandeling, een laag aantal trombocyten, dagelijkse toediening van
interferon alfa en de aanwezigheid van het Hp 1-1 fenotype.

Omdat ribavirine een zekere, relatieve constante, proportie van de aanwezige
rode bloedcellen afbreekt ziet men een correlatie tussen het
hemoglobinegehalte bij het opstarten en de hemoglobinedaling gedurende de
behandeling. Daardoor resulteren hogere startwaarden van hemoglobine in
een hogere absolute daling van het hemogl obinegehalte.

Bij patiénten met lagere trombocyten (<110.000/ul) ziet men een
belangrijkere hemoglobinedaling dan bij patiénten met trombocytenaantallen
die hoger zijn. Het laag aantal trombocyten wordt beschouwd als een
handtekening van de aanwezigheid van levercirrose met hypersplenisme.
Patiénten die een hogere dosis interferon alfa toegediend krijgen (onder de
vorm van een dagelijkse toediening), ondervinden ook een hogere
hemoglobinedaling dan de patiénten die een standaard dosis interferon
krijgen (drie keer per week). Het is immers gekend dat interferon afa
myelosuppressief werkt en, vooral wanneer toegediend in een hoge dosis,

anemie kan veroorzaken.
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Patienten met het Hp 1-1 fenotype ondervinden eveneens een hogere
hemoglobinedaling dan patiénten met de andere fenotypes. Hb-Hp 1-1
complexen hebben een lagere affiniteit voor de CD163 receptor dan Hb-Hp
2-2 complexen (20). In geval van hemolyse kan dit leiden naar een minder
adequaat hergebruik van heemijzer en een belangrijker daling in het
hemoglobinegehalte.

Bij patiénten met chronische hepatitis C infectie vindt men frequent
verhoogde serumijzerwaarden en een hogere ijzerinhoud in de lever terug
(30). Daarnaast observeert men eveneens situaties die gepaard gaan met
vrijstelling van vrije radicalen en vetperoxidatie (22). Dit zou kunnen het
gevolg zijn van een lokaal of systemische stoornis in het ijzermetabolisme.
Omdat NTBI één van de factoren is die verantwoordelijk kan gesteld worden
voor oxidatieve stress in situaties met overmaat aan ijzer, onderzochten wein
Hoofdstuk VI, de aanwezigheid van NTBI bij patiénten met chronische
hepatitis C infectie. In de meerderheid van hen (86 %) werd geen NTBI
aangetroffen. Evenmin werd gedurende een behandeling met interferon en
ribavirine NTBI aangetroffen. Bij de zeldzame patiént waar NTBI wel
aangetroffen wordt, kan dit een handtekening zijn van echte overmaat in
weefselijzer.
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ALGEMEEN BESLUIT

We konden aantonen dat het Hp fenotype het ijzermetabolisme van patiénten
met erfelijke hemochromatose en de evolutie naar chroniciteit bij patiénten
met een chronische hepatitis C infectie beinvioedt. Het Hp fenotype
beinvioedt ook de graad van hemolyse gedurende een behandeling met
interferon alfa en ribavirine. Klinisch betekent dit dat een behandeling met
hoog gedoseerde interferon bij een patiént met lage plaatjes en het Hp 1-1
fenotype resulteert in een belangrijker graad van anemie. Hoog gedoseerde
interferonbehandeling moet dan ook vermeden worden in deze subgroep van
pati énten.

Bij een gezonde mannelijke controlepopulatie wordt het percentage CD163
positieve monocyten-macrofagen niet beinvioed door het Hp fenotype. Het
lijkt onwaarschijnlijk dat de lage ijzerinhoud van macrofagen bij patiénten
met erfelijke hemochromatose beinvioed wordt door een verschil in
percentage aan CD163+ monocyten-macrofagen.

Ondanks het feit dat het serumijzer en de inhoud aan leverijzer vaak
verhoogd zijn bij patiénten met chronische hepatitis C, vindt men in de
meerderheid van deze patiénten geen NTBI in het serum terug. Nochtans
heeft een minderheid van deze patiénten een verhoogd NTBI gehalte. Verder
onderzoek zal zich toespitsen op het verband tussen NTBI, het haptoglobine
fenotype polymorfisme en HIl, de invioed van het NTBI gehate op het
antwoord na een antivirale behandeling. Tenslotte zal bestudeerd worden of
de invloed van aderlatingen bij patiénten met een hoog NTBI gehalte het

antwoord na een antivirale behandeling kunnen beinvloeden.
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LIST OF ABBREVIATIONS

ALT :
AST:
CTL:
DCT1:
DMT1:
El:
E2:
EASL :
EDTA:
Hb :
HCV:
HFE:
HFE:
HH :
HIC:
HIl:
HLA:
Hp:
Hp:
HPLC:
Iregl:
MHC:
MU:
Nramp2:
NTBI:
PCR:
Thi:
Th2:

Alanine aminotransferase

Aspartate aminotransferase

Cytotoxic T Lymphocyte

Divdent cation transporter 1

Divadent metal transporter 1

Envelope protein 1

Envelope protein 2

European Association for the Study of the Liver
Ethylene diaminetetraacetic acid
Haemoglobin

Hepatitis C virus

Hemochromatosis gene
Hemochromatosis protein

Hereditary hemochromatosis

Hepatic iron content

Hepatic iron index

Human major histocompetibility complex
Haptoglobin gene

Haptoglobin protein

High performance liquid chromatography
Iron regulating protein 1

Major histocompatibility complex

Million units

Natural resistance associated macrophage protein 2
Non-transferrin-bound iron

Polymerase chain reaction

T helper 1 lymphocyte

T helper 2 ymphocyte

Phenotype (in thiswork): biochemical characteristics of the different Hp proteinsfound in

serum, reflecting differencesin the genetics of the Hp protein.
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