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Background: The rate of progression to cirrhosis varies among individuals chronically infected with
the hepatitis C virus (HCV). Coagulation pathway activation in models of hepatic fibrosis suggests
variation in coagulation pathway components may influence the rate of fibrosis. We hypothesised that
polymorphisms of the coagulation factors Il and V affect the rate of progression to cirrhosis in HCV
infected subjects.

Methods: We studied the relationship between rate of fibrosis (calculated by dividing the fibrosis stage
by duration of infection) and genotypes of specific coagulation pathway genes in 352 White European
patients infected with HCV. Genotyping was performed using reverse line blot hybridisation.

Results: The rate of fibrosis was significantly higher in patients with the factor V Leiden genotype
(Arg560GIn) (ANOVA, p=0.004). In disease association studies, a significant association was seen
(Fisher's exact test, p=0.029; odds ratio 3.28 for fast progression to cirrhosis (expected to reach cir-
rhosis in less than 30 years) if heterozygous for factor V Leiden). No associations were seen between
factor Il genotype and fibrosis rate.

Conclusions: Possession of the factor V Leiden polymorphism significantly increases the risk of rapid
disease progression in HCV, suggesting a role for the coagulation system in the pathogenesis of fibrotic
liver disease.

wide, and the majority of the morbidity and mortality

associated with infection is due to the development of
cirrhosis and its complications. The rate of progression to cir-
rhosis through the deposition of fibrous tissue varies among
individuals. Only a small proportion of the variability in the
rate of fibrosis can be explained by known demographic and
environmental factors (18% in one large study' and 29% in
another?).

There are a number of both general and specific lines of evi-
dence to suggest that host genetic factors play a key role. Host
genotype has been demonstrated to determine outcome in a
number of infectious diseases—for example, malaria,’ hepati-
tis B virus, *” and HCV.® Previous work in hepatitis C has
examined the role of the HLA system in spontaneous
clearance of the virus®’” and the role of transforming growth
factor B1 in conjunction with the renin angiotensin system on
fibrosis stage.® There is controversy over the impact of HFE
polymorphisms on the outcome of HCV infection.” " The
natural history of HCV has been shown to vary substantially
even where age group, sex, and viral variables are controlled,
as demonstrated in a cohort of Irish women infected through
contaminated anti D (RHO) immunoglobulin." Identification
of specific genetic factors may assist in prognosis, therapeutic
decisions, and even therapeutic discovery.

The coagulation pathways are of importance in liver injury
as elsewhere in the body, with supporting evidence from car-
bon tetrachloride induced fibrosis in the rat demonstrating
increased fibrin and fibrinogen deposition in the injured
liver.”” Furthermore, thrombin receptors on stellate cells are
upregulated during liver damage” and thrombin is also
known to be a stellate cell mitogen."* A number of coagulation
factor polymorphisms have been shown to have functional
effects on the clotting cascade and subsequent risk of throm-
bosis. An adenine for guanine substitution at position 20210
in the 3’ untranslated region of the thrombin gene is
associated with excess thrombin generation"” and an increased

I I epatitis C virus (HCV) infects 170 million people world-
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risk of both arterial and venous thrombosis. Factor V Lieden
results from an amino acid substitution at position 506 of Gln
for Arg and follows a single nucleotide substitution (adenine
for guanine at position 1691). The polymorphism confers
resistance to activated protein C, part of a negative feedback
loop which inhibits activated factor V. Together with activated
factor X, factor V converts prothrombin to thrombin. The fac-
tor V Leiden mutation has been shown to increase the risk of
venous thromboembolism."* We examined the hypothesis that
the procoagulant tendency conferred by these polymorphisms
leads to increased deposition of fibrous tissue and hence a
more rapid progression towards cirrhosis.

METHODS

Patients

Patients with chronic HCV infection seen at eight European
hepatology centres” who had undergone at least one liver
biopsy as part of routine clinical practice between 1 January
1990 and 30 June 2001 were identified. All patients were white
Europeans known to be HCV antibody positive and all were
known to be RNA positive. Patients were excluded if they had
been given antiviral therapy prior to biopsy, if they had hepa-
tocellular carcinoma, evidence of other types of liver disease in
addition to their hepatitis C, human immunodeficiency virus
coinfection, or a non-interpretable biopsy. Data were collected
with regard to patient demographic details (sex, date of birth,
age at infection, risk factor, ethnic origin), histological param-
eters, and viral genotype. Date of infection was documented;
in those infected by blood products, the date of transfusion
was recorded. When the exact date was not known, but the
year was, the estimated date of infection was recorded as the

Abbreviations: HCV, hepatitis C virus; PCR, polymerase chain reaction;
ANOVA, analysis of variance; ANCOVA, analysis of covariance.
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Table 1 Demographic differences between the fast and slow fibrosis groups
Fast (cirrhosis in less Slow (more than 30 y to
than 30y) cirrhosis) Comparisons Total (for ANOVA)
Male 111 87 p=0.001 198
Female 59 95 154
Age at infection (y) 32.38 22.0 p<0.001 27.06
Risk factor
Blood 79 94 173
IVDU 91 88 NS 179
Alcohol
Nil 91  (53) 101 (55.2) 192 (54.4)
Minimal (<20units/week) 27 (16) 27 (14.8) 54 (15.3)
Moderate (20-40 units/week) 6 (3) 6 (3.3) 12 (3.4)
Heavy (40+ units/week) 17 (1) 17 (9.3) NS 34 (9.5)
Unknown 29 (17) 32 (17.5) 60 (17.2)
Viral genotype
1 62 (36.5) 73 (39.9) 135 (38.2)
Non-1 44 (25.9) 37  (20.2) NS 81 (22.9)
Unknown 64 (37.6) 72 (39.9) 136 (38.9)
Time infection fo 1st biopsy (y) 9.29 19.8 p<0.001 14.7
Fibrosis score (units)
Mean 3.72 1.68 p<0.001 2.66
0 0 (0%) 26 (14.3%) 26 (7.4%)
1 12 (7%) 58 (31.9%) 70 (19.8%)
2 37 (21.8%) 64 (35.2%) 101 (28.9%)
3 31 (18.2%) 22 (12.1%) 53 (15%)
4 33 (19.4%) 8  (4.4%) 41 (11.6%)
5 21 (12.3%) 2 (1.1%) 23 (6.5%)
6 36 (21.2) 2 (1.1%) 38  (10.8%)
Total 170 182 352
Necroinflammatory score (units) 5,15 3.7 p<0.001 4.4
Median rate of fibrosis (fibrosis units/y) 0.4 0.08 p<0.001 0.2
IVDU, infravenous drug use.

middle of that year. In patients infected by intravenous drug
use, the date of infection was estimated as the middle of the
year of first drug use, as elsewhere.' Patients for whom date of
infection was unknown were excluded.

Histopathology

Biopsies from all patients were stained with both
haematoxylin-eosin and reticulin. Scoring was by a single
pathologist (RG) using the modified histological activity index
(HAI- Ishak) scoring system." This scoring system assigns a
score of 0-6 for the degree of fibrosis. Fibrosis stage was
assumed to be zero at the time of infection.

DNA collection

All patients gave informed consent. The local regional ethics
committees of each centre gave approval for the study.
Genomic DNA was extracted from a 5 ml sample of whole
blood collected into EDTA using a commercial kit (Nucleon II,
Scotlabs, UK).

Genotyping

Genotyping was performed by a reverse line blot hybridisation
linear array assay (Roche Molecular Systems, Alameda, USA).
Extracted genomic DNA was subjected to multi-target
polymerase chain reaction (PCR) amplifications using a blend
of primers. PCR products were then genotyped by hybridising
to sequence specific oligonucleotides impregnated onto nylon
strips and detected in a colorimetric reaction, as described by
Cheng and colleagues.” Strips were then examined for the
presence of coloured bands indicating the presence of an
allele.

Statistical analysis

All statistics were performed using SPSSv10 (SPSS inc,
Chicago, Illinois, USA) and Microsoft Excel. Rate of fibrosis
was calculated as the ratio of fibrosis score to duration of
infection at biopsy. Median rate of fibrosis for the cohort was

determined and patients with rates either side were desig-
nated “fast” or “slow” fibrosers, accordingly. Demographic
differences between the fast subgroup (predicted cirrhosis in
less than the median) and the slow subgroup (not predicted to
reach cirrhosis for more than the median) were assessed using
independent sample f tests, analysis of variance (ANOVA), and
¥’ tests, as appropriate. Rate of fibrosis was logarithmically
transformed to give a normal distribution. Comparison of
rates between individuals with different genotypes was
performed using ANOVA. Allele frequencies were compared
between subsets of patients with fast or slow fibrosis using the
%’ or Fisher’s exact test, as appropriate. A sensitivity analysis,
taking different cut off points between “fast” and “slow”
fibrosers, was also performed.

Variations in rates of fibrosis with respect to genotype were
sought. In addition, genotype and allele frequencies were
compared between fast and slow subgroups of this cohort. In
order to account for demographic differences between the
phenotypic groups, subgroup analysis was performed by sex
and analysis of covariance (ANCOVA) to examine the effect of
age at infection, necroinflammatory score, and sex.

Comparison of fibrosis stage between genotypes was
performed after correction for duration of infection using
ANCOVA.

RESULTS

Reproducibility of fibrosis assessments.

There was good intra and interobserver agreement (weighted
kappa 0.87 and 0.82, respectively) on a random sample of 35
biopsies.

Demographic features

Median rate of fibrosis was 0.2 fibrosis units per year (30 years
to cirrhosis). Demographic features for the groups of patients
with “fast” and “slow” fibrosis are shown together with those
for the group as a whole in table 1. As expected, there was an
excess of males in the fast fibrosis group (p=0.001) and age at
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Table 2 Summary of disease association and ANOVA results for factor V Leiden

Study Wild-type  Factor V Leiden
population  factor 5 heterozygotes
Total population 352 336 16 ANOVA, p=0.004
Fast 170 158 12 Fisher's exact, p=0.029; OR
3.38 (95% Cl 1-12.7)
Slow 182 178 4

OR, odds ratio; 95% Cl, 95% confidence interval.
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Figure 1 Rate of fibrosis by genotype: 95% confidence intervals
for log, rate of fibrosis by factor V Leiden genotype (ANOVA,
p=0.004).

infection was significantly higher in those with rapid fibrosis
(p<0.001). In this group, mode of acquisition of HCV and viral
genotype were not related to rate of fibrosis progression. Fast
fibrosers had a shorter duration of infection prior to biopsy
and this correlated inversely with age at infection (r=-0.485;
p<0.001). The fast fibrosis group had a median rate of fibrosis
fivefold greater than the slow fibrosis group (0.4 units/year v
0.08 units per year; p<0.001). Mean fibrosis score and
necroinflammatory score were both higher in the fast fibrosis
group (3.67 and 5.15 units v 1.68 and 3.7 units; p<0.001)
(table 1).

Comparison of fibrosis rates

The relationship between fibrosis rate and genotype was
examined using ANOVA (rate of fibrosis was logarithmically
transformed to achieve a normal distribution). A total of 352
individuals genotyped for factor V Leiden were included (table
2). There was a significant influence of factor V genotype on

the rate of fibrosis. Median rate of fibrosis in patients who
were heterozygous for the factor V Leiden mutation was 0.37
fibrosis units per year (interquartile range 0.2-0.89) compared
with 0.18 fibrosis units per year (interquartile range 0.08—
0.37) in patients with wild-type factor V (ANOVA, p=0.004)
(fig 1). No patient was homozygous for factor V Leiden.

Disease associations

Disease associations were performed with DNA from 182
individuals with slow fibrosis rates and 170 with fast rates. A
significant association was seen (Fisher’s exact test, p=0.029;
odds ratio 3.28 (95% confidence interval 1-12.7) for fast v
slow) (table 2).

Sensitivity analysis

Disease associations for different cut off points defining fast
and slow fibrosers were performed (table 3). The more
extreme the differences in rate of fibrosis, the greater the like-
lihood of an individual possessing the factor V Leiden allele.
For example, patients progressing to cirrhosis in less than 15
years were 12.3 time more likely to have the factor V Leiden
allele than those progressing in over 35 years (p=0.0005).

Multivariate analysis

The effect of factor V genotype on the rate of fibrosis was most
pronounced in males (p=0.007, Fisher’s exact test; odds ratio
10 for fast v slow fibrosis, ANOVA, p=0.021).

To take into account the influence of age at infection,
necroinflammatory score, and sex on rate of fibrosis, ANCOVA
using a type 1 sum of squares model was performed. The sig-
nificant effect of factor V genotype on rate of fibrosis progres-
sion was sustained (p=0.007) when age at infection
(p<0.001), necroinflammatory score (p<0.001), and sex
(p<0.001) were taken into account.

Table 3  Sensitivity analysis showing strength of the association between possession
of factor V Leiden and different cut offs for “fast and slow”

Fast Slow p Value Odds ratio

<10y >40y
Ful 4 1 0.004 133 (1.33-316)
WW 46 151

<15y >35y
FvlL 8 1 0.0004 16.8 (2.8-365)
WW 78 164

<20y >30y
Fvl 10 4 0.012 4.12(1.15-16.0)
WW 108 178

<25y >25y
Ful 1 5 0.03 3.16 (1-10.7)
WW 138 198
Medians <30y >30y
Fvl 12 4 0.029 3.38 (1-12.7)
WW 158 178
FvL, factor V Leiden; WW, wild-type.
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Table 4 Frequencies of different factor V genotypes
in patients at different stages of fibrosis
Fibrosis score
(Ishak) FvL heterozygote Homozygous wild
0 0 26
1 2 68
2 8 99
3 3 50
4 1 40
5 3 20
) 4 34
Fvl, factor V Leiden.
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Figure 2 Stage of fibrosis according to factor V genotype: 95%
confidence intervals for stage of fibrosis by factor V Leiden genotype
(ANOVA, p=0.01).

Fibrosis stage and possession of factor V Leiden
Frequencies of factor V genotypes for patients at different
fibrosis stages are shown in table 4 and fig 2. Heterozygotes for
factor V Leiden had a mean fibrosis score of 3.75 units
compared with 2.61 units for homozygous wild-type patients
(p=0.01). This difference was sustained after correction for
duration of infection (p=0.011).

Factor Il

No significant association was seen between factor II genotype
and rate of fibrosis. In the fast group there were 112
homozygous wild-types and six heterozygotes compared with
175 and seven, respectively, in the slow group (odds ratio 1.3;
p=0.6, %’ p=0.59, ANOVA).

DISCUSSION

These data provide evidence that possession of the factor V
Leiden mutation leads to an increased rate of fibrosis in HCV
infection. The association of rapid fibrosis with the FvL muta-
tion was independent of potential confounding variables and
the magnitude of effect was more pronounced in males than
in females. The use of rate of fibrosis in HCV as a disease
association phenotype is novel. The use of the metric rate of
fibrosis is not universally accepted as it implies that the time
between fibrosis stages is equal. Fibrosis stage is a morpho-
logical and possibly a semiquantitative variable. However, in a
cross sectional analysis of patient cohorts, including our
own,' * there was a linear relationship between duration of
infection and fibrosis stage. Moreover, fibrosis stage in a
population increases linearly as the population ages. This has
proved to be a reliable means of comparing disease
progression in cohorts as opposed to individual patients. If
this were not the case, and there was more rapid transit
through higher stages of fibrosis, our findings are still valid as
we have shown that the fibrosis score in our rapid fibrosis
group was significantly higher despite a shorter duration
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between infection and the first biopsy. In table 4 and fig 2, we
demonstrated that there was also an association between pos-
session of factor V Leiden and a more advanced stage of fibro-
sis. This remains after allowance for duration of infection.

The functional significance of factor V Leiden is well
described in that this mutation confers resistance to activated
protein C which normally degrades factor V. This finding
suggests that liver inflammation resulting from HCV infection
leads to activation of the coagulation system. In those patients
with the factor V Leiden mutation, the degree of activation is
enhanced leading to increased thrombin activity and fibrin
production. Thrombin is a stellate cell mitogen' and therefore
activation of the coagulation cascade may stimulate stellate
cell activation and fibrosis. Factor II polymorphisms occur at
lower frequency than factor V and we are unable to exclude a
type 2 error in this population. However, the data indicate a
weak trend between the procoagulant heterozygote form and
fast fibrosis in the expected direction. The factor V Leiden
polymorphism affects the function of the molecule whereas
the thrombin polymorphism affects plasma levels, implying
that there may be additional ways in which it exerts its
effect—possibly even independently of the clotting cascade.

A link between coagulation and fibrosis has now been dem-
onstrated in a transgenic factor V Leiden mouse model” with
increased fibrin deposition in all tissues. Moreover, pulmonary
fibrosis in response to bleomycin is significantly increased in
these animals.* The association of factor V Lieden with rapid
development of liver fibrosis appears to be predominant in
males with only a trend observed in females. As has been pre-
viously reported by Poynard and colleagues,' age at infection
and male sex were found to be associated with a rapid fibrosis
rate in our study. Fibrosis has considerable pathological simi-
larity to atherosclerosis which is also more common in males.
It may be that oestrogens protect women from fibrosis in a
similar way that premenopausal women are protected against
ischaemic heart disease. The lack of association between alco-
hol and rate of fibrosis in our population is surprising given
the findings of Poynard' and may relate to different drinking
patterns in our population. It is possible that in our patient
group admission of alcohol abuse was considered taboo lead-
ing to misrepresentation of genuine consumption, particularly
as the data were collected after the patient became aware of
their HCV diagnosis. Data collection in this area is notoriously
inaccurate and approximately half of the cohort reported
abstinence while some did not respond at all. Selective recall
by those with more severe disease could give an association
with severity without demonstrating an effect on rate. We
were only able to record current alcohol intake and patients
aware of their diagnosis may have modified their drinking
behaviour in accordance with medical advice. However, it is
difficult to hypothesise how alcohol intake and factor V Leiden
genotype may interact to produce a confounding effect. Viral
genotype was only available for approximately 60% of the
cohort and we did not demonstrate any effect on the rate of
fibrosis. For both alcohol and viral genotype, there was an
equal proportion of missing data in both the slow and fast
fibrosis groups, reducing the possibility of any bias.

It is possible that factor V Leiden may influence the rate of
fibrosis in hepatitis of other aetiologies but we were unable to
address this hypothesis in this study. Many factors affect the
rate of development of fibrosis. Individual genes play only a
small part in the overall variability between individuals.
Clearly possession of factor V Leiden is neither a necessary nor
a sufficient cause of rapid fibrosis and this is demonstrated by
the finding that even in the fast fibrosis group it accounted for
only a minority of cases. However, these data may implicate a
general involvement of coagulation in the fibrosis pathway,
with those who have a procoagulant tendency also having a
profibrotic one.
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