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Background. Experimental evidence and clinical
studies suggest that the renin—angiotensin system and
its inhibitors may play a role in regulating the mecha-
nisms of liver fibrosis development. The present study
aimed to verify whether carriage of specific angiotensin-
converting enzyme (ACE) insertion (I)/deletion (D)
allelic variants, modulating angiotensin II generation,
could affect the outcome of recurrent hepatitis C after
liver transplantation, via several metabolic pathways.
Methods. Forty-five (29 men) recipients, with a median
histological follow-up of 60 months after orthotopic
liver transplantation (OLT), were studied. ACE gene
I/D polymorphism was assessed by means of a poly-
merase chain reaction procedure. Fibrosis progression
was evaluated annually during the follow-up. Results.
Weight gain 1 year post-OLT (defined as an increase in
body mass index, BMI, of >0.5kg/m®) was significantly
more common among D/* carriers (22/22 vs. 16/23, P <
0.005); patients who 1 year after OLT had an increase
in their BMI value of >0.5kg/m’ more frequently had a
triglycerides/cholesterol ratio of < 0.7 (16/22 vs. 8/23, -
squared test P < 0.02). This association was stronger in
men. Female D/D homozygotes had the highest proba-
bility of showing significant liver fibrosis (7/10) in
comparison with men (11/29) and I/* women (1/6) (P <
0.01). Conclusions. In patients with recurrent hepatitis
C, carriers of the D allele appeared to gain more weight
after liver transplantation, and in male liver recipients,
the D allele was associated with a peculiar lipid profile
that was associated with a slower rate of allograft fibro-
sis progression. Among female recipients, carriage of
the D allele may favor more severe allograft fibrosis.
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Introduction

Recurrence of hepatitis C virus (HCV) infection after
orthotopic liver transplantation (OLT) is almost univer-
sal." In the majority of patients, recurrent HCV infec-
tion is a mild liver disease, progressing to fibrosis at a
slow rate;” however, in up to 30% of patients with recur-
rent hepatitis C, fibrosis progresses at a fast rate, leading
to allograft cirrhosis within 5 years after OLT.” Donor
age has emerged as the major risk factor of severe
fibrosis progression after OLT;" however, the exact
mechanisms responsible for this association remain
unclear, and additional factors are likely to play a role.
One example is sex: among female recipients, recurrent
hepatitis C has a worse outcome.’ Recently, our group
has provided data suggesting that two other factors may
modulate the speed of fibrosis progression among pa-
tients with recurrent hepatitis C: (1) body mass index
(BMI) changes post-OLT, since a low BMI post-OLT
appears to predispose to more severe liver fibrosis pro-
gression,” and (2) post-OLT lipid profile, assessed as the
triglycerides to cholesterol ratio (T/C ratio), where a
lower ratio seems to favor milder disease.®

In the last 15 years, angiotensin-converting enzyme
(ACE) insertion (I)/deletion (D) polymorphisms have
been studied in relationship to a possible association
with cardiovascular diseases, with controversial results.
More consistently, ACE I/D polymorphisms have been
found to be associated with being overweight and obe-
sity in men.” This association has recently been con-
firmedin theliver transplantation setting; OLT recipients
carrying the ACE D allele are more likely to become
overweight 1 year post-OLT than those possessing the
ACE 1 allele."” Moreover, a substantial (>2kg/m”) post-
OLT BMI increase has been found to be independently
associated with the carriage of at least one ACE D
allele.

Experimental evidence indicates that the renin—
angiotensin system (RAS) and its inhibitors play a role
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in regulating the mechanisms of liver fibrosis develop-
ment," ' though this issue has been scarcely addressed
by clinical studies. On the basis of the reported observa-
tions, it can be hypothesized that carriage of ACE
allelic variants may affect the outcome of recurrent
hepatitis C. The present study aimed to verify this
hypothesis.

Patients and methods

Patients

A consecutive series of 45 patients who underwent their
first cadaveric OLT at our institution for HCV-related
liver disease were studied. All had a minimum follow-
up period of 2 years after the transplant operation, and
had been subjected to at least one liver biopsy, obtained
not earlier than 1 year after OLT. Table 1 shows the
demographic and clinical characteristics of the studied
population. All patients were maintained on an immu-
nosuppressive regimen that was either cyclosporine- or
tacrolimus-based, in conjunction with, in the first few
months, corticosteroids. Cyclosporine dosage was cal-
culated to obtain serum levels (measured 2 h after drug
administration) ranging from 800 to 1200 ug/l in the first
6 weeks after the transplant and from 600 to 800ug/1
thereafter. Tacrolimus dosage was calculated to obtain
serum levels ranging from 10 to 15ug/l in the first 6
weeks after the transplant and from 5 to 10pg/l there-
after. Corticosteroid tapering was completed within 90
days after the transplant operation in 28 patients and
within 1 year after OLT in 12 patients, while in the re-
maining three patients corticosteroid treatment, at the
dosage of 7.5 mg/daily, was utilized indefinitely owing to
the presence of Addison’s disease, which occurred after
OLT. HCV recurrence was defined as detectable serum
HCV-RNA, serum alanine aminotransferase (ALT)
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levels above the upper normal limit, Ishak grading score
>2, and no evidence of rejection. Twenty-seven (60.0%)
of the 45 patients received antiviral treatment with
interferon o 2b (Intron-A, Shering Plough, Kenilworth,
NJ, USA) at the dosage of 3 MU three times weekly
subcutaneously plus ribavirin (Rebetol 200mg tablets,
Schering Plough) at the dosage of 600-800mg daily
orally. The scheduled combination therapys, if tolerated,
was maintained for 12 months. The interferon dose was
reduced to 50% for leukocyte count <1.50 x 107/,
neutrophil count <0.75 x 10°/1, platelet count <50 x 10/1,
or hemoglobin level <100g/l. Interferon was discontin-
ued for leukocyte count <1. 0 x 10%1, neutrophil count
<0.50 x 1071, platelet count <25 x 10%1, or hemoglobin
level <85¢g/l. The ribavirin dose was reduced to
400-600mg/day if hemoglobin levels decreased below
100¢g/l and was discontinued if the hemoglobin levels
decreased below 85¢g/l. Antiviral treatment was started
at a median time of 14.0 months (range, 0.7-75.9) after
OLT and was completed in 15 (55.6%) patients. In the
remaining 12 (44.4%) patients, antiviral therapy had to
be stopped prematurely owing to adverse effects. Three
patients achieved a sustained viral response defined as
undetectable serum HCV-RNA 6 months after the
end of treatment. Body weight was measured to the
nearest 0.1kg and height to the nearest 1cm, with
study participants wearing only underwear and no
shoes. BMI was calculated as weight in kilograms
divided by the square of the height in meters; it was
measured pretransplant and 1 and 2 years after trans-
plantation. In patients with ascites, pre-OLT BMI was
calculated after subtracting from the body weight the
amount of ascitic fluid calculated on the basis of an ul-
trasound evaluation. This study was reviewed by the
local ethics committee and was performed in accor-
dance with the 2000 Declaration of Helsinki. All pa-
tients gave their informed consent prior to their inclusion
in the study.

Table 1. Clinical and demographic characteristics of the studied population

Recipient male sex, no. (%)
Donor male sex, no. (%)
Recipient age at transplantation in years, median (range)
Donor age in years, median (range)
CMYV infection, no. (%)
Immunosuppressive regimen, no. (%)
Tacrolimus-based
Cyclosporine-based
Corticosteroid withdrawal within 90 days, no. (%)
Antiviral therapy, no. (%)
Patients with >1 treated rejection episodes, no. (%)*

29 (64.4)
22 (48.9)
56 (23-66)
40 (17-77)
14 (31.1)

33 (73.3)
12 (26.7)
28 (62.2)
27 (60.0)
10 (22.2)

Categorical variables are expressed as frequency (% ); continuous variables as median (range)

CMYV, cytomegalovirus; HCV, hepatitis C virus

“Seven patients had one and three patients had two rejection episodes that required therapy with

methylprednisolone boluses
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Genotyping of the ACE gene I/D polymorphism

Genomic DNA was extracted from 200ul of whole
blood with a QIAamp Blood Mini Kit (Qiagen, Tokyo,
Japan). The I/D polymorphism of the ACE gene was
determined according to previously published meth-
ods,"”"® with slight modifications. Briefly, the sequences
of the sense and antisense primers used were 5-CTG
GAG ACC ACT CCC ATC CTT TCT-3’ and 5-GAT
GTG GCC ATC ACA TTC GTC AGA T-3, respec-
tively. Polymerase chain reaction (PCR) was performed
in a final volume of 20ul that contained 1.5mmol/l
MgCl,, 5% dimethyl sulfoxide (DMSO), and 1U Taq-
Gold DNA polymerase (Applied Biosystems, Foster
City, CA, USA). Amplification was performed with a
Gene Amp PCR System 2400 (Applied Biosystems).
Samples were denatured for 3min at 96°C and then cy-
cled 35 times through the following steps: 45s at 96°C,
1min at 62°C, and 1min at 72°C. Amplicons were re-
solved in 1.5% agarose gel with ethidium bromide stain-
ing, being visualized as a 490-bp band, corresponding to
the insertion allele (I), and a 190-bp band, correspond-
ing to the deletion allele (D). Whenever, according to
the results of the above PCR, a D/D type was identified,
a second, independent PCR amplification was per-
formed with insertion-specific sequence primers (5’-
TGG GAC CAC AGC GCC CGC CAC TAC-3);
(5-TCG CCA GCCCTCCCATGC CCATAA-3).In
this second reaction, PCR conditions were unchanged,
except for an annealing temperature of 67°C and 5%
DMSO was not used.

Liver histology

In follow-up liver biopsies, grading and staging were
scored according to the method of Ishak et al."” Fibrosis
progression was evaluated annually during the follow-
up after OLT. It was based on the staging score at the
corresponding per-protocol liver biopsy, or, when un-
available, on the closest on-demand liver biopsy. The
speed of fibrosis progression (SFP) expressed in fibrosis
units per month (FU/mo) was calculated for each 1-year
time interval after OLT. It was obtained by dividing
the change observed in the fibrosis score at the end of
the pertinent interval of time, with respect to either the
transplant operation (for the first posttransplant year)
or the previous liver biopsy (for the following years), by
the number of months elapsed. One hundred fifty-six
determinations of SFP were available: 45 pertained to
the first year post-OLT, 42 to the second, 38 to the third,
and 31 to the fourth year after OLT.

Statistical analysis

Statistical analysis of data was performed using the
BMDP dynamic statistical software package 7.0 (Statis-
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tical Solutions, Cork, Ireland). Continuous variables are
presented as median (range) and categorical variables
as frequency (%). Associations between categorical
variables were performed by means of the y-squared
test and, when appropriate, the x-squared test for linear
trend. The y-squared goodness-of-fit test was used
to assess whether the observed frequencies of ACE
I/D alleles significantly differed from those expected
according to the Hardy-Weinberg equation. Time-to-
event analysis was used to verify the association between
the histological outcome of recurrent hepatitis C (time
necessary to reach an Ishak staging score >2, indicating
“significant” fibrosis) and the recipient’s lipid profile or
ACE allelic variants. To take into account possible sex-
related differences, data were dichotomized according
to recipient’s sex.

Results

Histology

The patients underwent a total of 295 liver biopsies
(range, 2-13 each), of which 124 (range, 0-6 each) were
per-protocol. The median histological follow-up was 60
months, range, 12-96 months. At the end of follow-up,
the majority of patients (26/45, 57.8%) had a staging
score <2, while 19/45 (42.2%) had significant fibrosis
(Ishak staging score >2), and six (13.3%) had cirrhosis.
The percentage of patients showing a SFP above zero
was highest in the first year post-OLT (37/45) and
declined during the second (20/42), third (11/38), and
fourth (7/31) years after OLT with a significant linear
trend (P < 0.0001).

ACE genotypes

Twenty patients (44.4%) were D/D homozygotes, 18
(40.0%) I/D heterozygotes, and seven (15.6%) I/I ho-
mozygotes. The frequency distribution of the ACE al-
lelic variant observed was not statistically different from
that expected according to the Hardy-Weinberg for-
mula (x-squared goodness-of-fit test, P > 0.2). Table 2
lists the associations observed between ACE I/D
polymorphisms and several demographic and clinical
characteristics of the patients studied. Carriage of the
D allele was found to be statistically correlated with the
probability of increasing the BMI values at 1 and 2 years
post-OLT.

BMI, lipid profiles, and liver fibrosis progression 1 year
post-OLT

The associations between the T/C ratios and the BMI
increases or the SFP, 1 year post-OLT, are reported in
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Table 2. Association between ACE I/D polymorphisms and several demographic and clinical parameters of the studied

population
ACE D/D ACE I'D ACE I1

n=20 n=18 n="7 P*
Recipient male sex 10 15 4 NS
Donor male sex 9 9 4 NS
Recipient age at transplantation >55 years 12 8 5 NS
Donor age at transplantation >45 years 9 6 3 NS
BMI increase 1 year post OLT >0.5kg/m’ 11 11 0 <0.005
BMI increase 2 years post OLT >0.6kg/m’ 10 11 1 <0.05
T/C ratio one year post OLT <0.7 9 13 2 NS
CMYV infection 6 5 3 NS
Corticosteroid withdrawal within 90 days 13 11 4 NS
Patients with treated rejection episodes 3 4 3 NS
Patients subjected to antiviral therapy 15 8 4 NS
Sustained responders to antiviral therapy 2 1 0 NS
Post-OLT diabetes mellitus 10 4 3 NS

ACE, angiotensin-converting enzyme; I, insertion allele; D, deletion allele; BMI, body mass index; OLT, orthotopic liver transplantation; T/C

ratio, triglycerides/cholesterol ratio

*Pearson y-squared test comparing patients with the I/I versus those with D/* genotype

Table 3. Relationship between the T/C ratio, BMI increase, and speed of allograft

fibrosis progression 1 year after OLT

T/C ratio
<0.7 >0.7
(n=24) (n=21) P*
BMI increase 1 year post OLT >0.5kg/m’ 16 6 <0.02
Speed of fibrosis progression (FU/mo >0.100) 2 12 <0.02

FU/mo, fibrosis units/month
*Pearson (-squared test

Table 3. The relationships observed were, at least in
part, sex related. In fact, men with increased BMI value
had the highest frequency of low (<0.7) T/C ratio (10/13).
An intermediate behavior was seen in male patients
without a BMI increase and in female patients with an
increased BMI value (12/25). Finally, female patients
who did not increase their BMI value had the lowest
frequency of a low T/C ratio (2/7, P < 0.05, y-squared
test for linear trend). Furthermore, male patients with
a low T/C ratio had the highest frequency of a low SFP
(14/16) in comparison with female patients with a low
T/C ratio and male patients with a high T/C ratio (14/21)
and to female patients with a high T/C ratio (3/8, P <
0.02, x-squared test for linear trend).

Eleven patients started antiviral therapy owing to re-
current hepatitis C within the first year after OLT (me-
dian, 6.9 months). No differences were found between
patients who started early antiviral treatment and un-
treated or later-treated patients in frequencies of BMI
increase >0.5kg/m” (5/11 vs. 17/34, P = NS) or of SFP
<0.100FU/mo (7/11 vs. 22/34, P = NS).

Time-to-event analysis in reaching significant fibrosis

A significant trend was found in the frequency of pa-
tients who reached a fibrosis score >2 when stratified as
follows: male patients with a low T/C ratio (4/16), male
patients with a high T/C ratio, and female patients with
a low T/C ratio (10/21), female patients with a high T/C
ratio (5/8, Mantel-Cox test for trend, P < 0.02) (Fig. 1).
Moreover, female patients carrying the ACE I/* allele
polymorphism had the lowest probability of reaching a
fibrosis staging score >2 (1/6), while those carrying the
ACE D/D alleles had the highest probability of reach-
ing a staging score >2 (7/10). In male patients an inter-
mediate behavior was observed (11/29, Mantel-Cox test
for trend, P < 0.01) (Fig. 2). This analysis gave similar
results when only patients who did not complete the
scheduled antiviral treatment for recurrent hepatitis C
(n = 30) were considered (1/6 vs. 6/17 vs. 5/7, Mantel-
Cox test for trend, P < 0.05).
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Fig. 1. Time-to-event analysis in reaching an Ishak staging
score >2 in relationship to sex and to the 1-year post-
orthotopic liver transplantation (OLT) lipid profile. 7/C ratio,
triglycerides to cholesterol ratio. There was a significant in-
creasing trend in the rate of fibrosis progression from male
patients with T/C ratio <0.7 to female patients with T/C ratio
>0.7 (Mantel-Cox test for trend, P < 0.02)
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Fig. 2. Time-to-event analysis in reaching an Ishak staging
score >2 in relationship to sex and angiotensin-converting
enzyme (ACE) insertion/deletion (I/D) polymorphism. There
was a significant increasing trend in the rate of fibrosis pro-
gression from female patients with ACE I/* to female patients
with ACE D/D polymorphisms (Mantel-Cox test for trend
P <0.01)
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Discussion

ACE is a key component of the RAS, converting angio-
tensin I to angiotensin II; it also inactivates the vasodila-
tor bradykinin.”” Both peptides play central roles in
blood pressure regulation and are believed to be impor-
tant in the pathogenesis of cardiovascular diseases.
ACE levels in plasma and tissues are under genetic
control.”** There is a common I/D polymorphism in the
ACE gene characterized by the presence or absence of
a 287-bp Alu repeat. Subjects with the D/D genotype
have higher plasma ACE activity compared with those
with I/D or I/I genotypes. This finding predicts that car-
riers of the DD genotype may have increased blood
pressure and a higher prevalence of cardiovascular
diseases.” Besides the direct relationship between the
ACE genotype and hypertension, evidence is growing
in the literature that the ACE D/D polymorphism may
favor the development of atherosclerosis through the
influence exerted on other atherogenic factors such as
lipids, plasma glucose, and BMI values.”**

In this study concerning exclusively patients trans-
planted for hepatitis C virus-related end-stage liver dis-
ease, we confirmed our previously published results
obtained in transplanted patients with liver diseases
caused by any etiology." Carrying at least one ACE D
allele was strongly associated with the possibility of an
increased BMI over pre-OLT levels at both 1 and 2
years post-OLT, although the exact mechanisms re-
sponsible for ACE-related BMI increases remain large-
ly speculative. At the same time points and in association
with BMI changes, modifications of the serum lipid pro-
file, exemplified by a simple index such as the T/C ratio,
occur. The relationship between changes in BMI and
blood lipid profile was sex-related, as previously re-
ported in both liver transplanted patients® and immune-
competent subjects.” Men who increased their BMI 1
year post-OLT showed the highest frequency of a low
T/C ratio (i.e., more cholesterol than triglycerides),
whereas in contrast, female patients who did not gain
body weight after OLT presented the highest frequency
of a high T/C ratio. Approximately one in four OLT
recipients in the present study underwent early antiviral
therapy for recurrent hepatitis C; conceivably, BMI and
fibrosis progression could have been different in treated
patients. However, these effects were not observed. A
likely explanation is that in the majority of patients who
started early antiviral treatment, the time elapsed since
the initiation of therapy to the completion of the first
year after OLT was too short to allow metabolic
consequences.

Why might BMI variations associated with a peculiar
lipid profile influence liver fibrosis progression due to
hepatitis C virus reinfection after liver transplantation?
This process is not believed to progress linearly but to
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reach a large magnitude early during the first year post-
OLT and to subside thereafter.””® This was confirmed
in the present series, emphasizing the importance of the
relationship between host modifications post-OLT and
early allograft fibrosis progression. In fact, patients with
a low T/C ratio 1 year post-OLT, rarely at that time
point displayed fast fibrosis progression. At least two
aspects of HCV infection are connected with lipid me-
tabolism and lipid profile modifications: HCV circulates
in blood in association with several different lipopro-
teins, and entry of HCV virions into hepatocytes may
be mediated by the low density lipoprotein (LDL) re-
ceptor.”” Virions are released by liver cells and may
infect other liver cells via LDL receptors; free beta
lipoproteins may regulate the rate of infection of liver
cells by competing with the virus.”® Thus, one might
hypothesize that a particular lipid profile might be
associated with different viral kinetics and, in turn, with
lack of early fibrosis progression in the graft.

A number of studies have provided experimental
evidence that RAS contributes to the pathogenesis of
chronic liver disease. There is a marked upregulation of
intrahepatic RAS components in animal models of liver
injury and in cell cultures of activated human hepatic
stellate cells."'® The angiotensin II type I receptor has
been found to be a major regulator of liver fibrosis de-
velopment in animal and in vitro studies."""*"> Accord-
ingly, ACE inhibition using captopril is associated with
a lower progression of hepatic fibrosis in the rat."” De-
spite the strong experimental evidence of the involve-
ment of the RAS in inducing liver fibrosis, on the clinical
side, the role of angiotensin II in modulating the liver
fibrosis process in humans has not been clearly demon-
strated. A preliminary study has raised the possibility
that an angiotensin II antagonist may be therapeutically
efficacious for nonalcoholic steatohepatitis.”® As far as
chronic hepatitis C is concerned, a preliminary report
suggested that angiotensin II antagonist may reduce the
development of hepatic fibrosis in the early stages of the
disease,” and a retrospective study has demonstrated a
beneficial effect of angiotensin-blocking agents on graft
fibrosis in hepatitis C recurrence after liver transplanta-
tion.” Nevertheless, in a large population of patients
with chronic hepatitis C no difference in the distribution
of the ACE gene polymorphisms was found in relation-
ship to the severity of liver fibrosis.™

In the present paper, ACE gene polymorphisms were
found to be associated with the development of liver
fibrosis in patients with recurrent hepatitis C. The
association between ACE polymorphisms and fibrosis
progression was found to occur preferentially in female
recipients; conversely, lipid modifications due to weight
gain after OLT were more evident in male than in
female recipients. Accordingly, female homozygotes for
the D allele reached an Ishak staging score >2 more
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frequently than those carrying I/* alleles; among male
patients, no association between ACE polymorphisms
and fibrosis development was observed. We speculate
that in men the profibrogenic effects of the ACE D/D
alleles may be blunted by the more frequent occurrence
in these patients, early post-OLT, of significant weight
gain. The latter would be associated with a favorable
lipid profile, able to modulate the early effects of HCV
infection in the graft. These observations may at least
in part account for the discrepancies existing in the lit-
erature on the role of RAS in liver fibrosis progression
and for the difficulty in transposing results derived from
well-defined experimental models into the clinical
setting.

In conclusion, in patients with recurrent hepatitis C,
carriage of ACE allelic variants may exert important
and antithetic effects. Carriers of the D allele appear to
gain more weight after liver transplantation, while in
male recipients the D allele is associated with a peculiar
lipid profile that favors a slower pace of allograft fibrosis
progression. On the other hand, among female recipi-
ents, carriage of the D allele, may favor early and more
severe allograft fibrosis.
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