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Abstract

Neopterin is produced by macrophages
after stimulation with interferon vy or
lipopolysaccharide. Its production is
increased in many infectious, auto-
immune, and malignant diseases. The
aim of this study was to examine whether,
on the basis of neopterin as a marker, liver
diseases could be classified according to
aetiology and stage of disease. A cohort of
264 patients with chronic liver diseases
(viral, metabolic, autoimmune, toxic) and
150 normal controls were studied; 136 of
the patients had cirrhosis. Increased
serum neopterin concentrations were
found in 41% of all patients (controls 6-0
(2-2) nmol/l), with patients in the cirrhotic
stage of disease showing higher neopterin
values (mean (SD) 15-7 (23-6) nmol/ml)
than those in the non-cirrhotic stage (9-9
(55)). There were no statistically signifi-
cant differences in the serum neopterin
concentrations that could be considered
characteristic for different stages of
disease classified according to the Child
criteria. Such differences in concentra-
tions of neopterin that were found in
patients with liver diseases grouped
according to underlying causes were only
marginal. Serum neopterin concentra-
tions were found to be significantly lower
than in any other disease group only in
patients with Wilson’s disease. The results
suggest that activated macrophages par-
ticipate in the development of chronic
liver disease. Measurement of serum
neopterin does not offer a reliable
method for differentiating between vari-
ous aetiologies of chronic liver diseases
and does not help to predict severity of
cirrhosis.

(Gur 1995; 37: 108-112)
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Interferon <y, which is released from activated
T cells, and lipopolysaccharide trigger
human macrophages to produce and secrete
neopterin.!~> Neopterin belongs to the family of
pteridines and is a degradation product arising
from the biosynthesis of tetrahydrobiopterin.* 3
Its structure (2-amino-4-hydroxy-6-[1,2,3,-
trihydroxy-propyl]-pteridine) was identified by
Rembold and Buschmann in 1963.% As no other
cell type is known to produce this substance,
neopterin, with no immunological function of
its own, is an indicator for the activation of the
cellular immune system, for endogenous
interferon <y production, and for monocyte/

macrophage activation.’ 7 A positive correlation
between immune response and increased con-
centrations of neopterin has been shown in vivo
and in vitro.27 Several clinical studies have
shown increased neopterin concentrations in
serum or urine, or both, of patients with
diseases known to be associated with an activa-
tion of the cellular immune system such as
viral (for example, viral hepatitis®-19), and
bacterial infections,!! 12 allograft rejection,!3 14
graft versus host disease,! and autoimmune
diseases.” 19 Thus, neopterin can be regarded
as reflecting the clinical activity of these
diseases.” 16 Furthermore, increased neopterin
concentrations were found not only in
various malignant diseases® but also in severe
infectious diseases such as HIV. In all these
cases, enhanced concentrations of neopterin
have been shown to have prognostic signifi-
cance.3 7

Chronic liver diseases of different aetiologies
may all lead to cirrhosis.!? 18 The pathophysi-
ology of such chronic inflammatory processes
is poorly understood. A number of studies,
however, have suggested that changes in
regulatory T cell function and thus abnormal
regulation of the immune response are to be
considered as important factors.!® The role of
the macrophage as mediator/regulator of T
cell activity and the extent of its contribution
in the development of fibrosis remain to be
elucidated.

The aim of this study was to examine
whether neopterin can be used as a marker to
determine differences in liver diseases accord-
ing to aetiology and stage of disease, and
whether neopterin concentrations could be
correlated with other laboratory and clinical
parameters. We therefore studied serum
neopterin concentrations in 264 patients
representing a broad aetiological spectrum of
cirrhotic and non-cirrhotic liver diseases.

Methods

Patients

A total of 264 patients (136 cirrhotic, 128 non-
cirrhotic) with chronic liver disease and 150
normal controls were studied. Mean (SD) age
of the 62 women and 88 men was 47 (12)
years. Diagnosis of chronic liver disease was
confirmed by liver biopsy in all non-cirrhotic
patients. Diagnosis of cirrhosis was established
by biopsy or on the basis of the presence of
physical stigmata of chronic liver disease such
as cutaneous liver signs, hepatosplenomegaly,
gynecomastia, testicular atrophy, muscle
wasting, together with biochemical evidence of
impaired hepatic synthetic function (albumin,
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prothrombin time). The stage of cirrhosis was
classified according to the Child-Pugh criteria:
82 patients were in Child A, 33 in Child B, and
21 in Child C stage. None of them had active
variceal bleeding at the time of investigation.
Patients with fever, HIV infection, acute
hepatic disease, overt infectious diseases such
as septicaemia, pneumonia or other extra-
hepatic infectious disease, renal insufficiency
or those receiving immunodulatory therapy
were excluded from the study.

Chronic  hepatitis B virus infection (HBV
infection) — this patient group comprised 37
subjects seropositive for hepatitis B surface and
e-antigen for at least six months. The histo-
logical diagnoses were: chronic persistent
hepatitis (n=4), chronic active hepatitis
(n=13), and cirrhosis (n=20). All patients
were negative for delta antibody.

Chronic hepatitis C virus infection (HCV infec-
tion) — 52 patients fulfilled the diagnostic
criteria of chronic hepatitis C. Patients were
entered into this group if they had biopsy
findings consistent with chronic hepatitis C
and were repeatedly shown to be positive for
antibodies to HCV. Thirty one patients had
chronic active hepatitis and 21 had cirrhosis.

Primary biliary cirrhosis — the criteria for
establishing the diagnosis were the presence of
disease specific anti-mitochondrial antibodies
of the M2 subtype (Pharmacia ELISA)
together with increased serum concentrations
of alkaline phosphatase and immunoglobulin
M (Ig-M) or histopathological findings con-
sistent with primary biliary cirrhosis diagnosis
(n=40), or both. This group included 46
patients, 11 of whom were in the cirrhotic
stage.

Autoimmune liver disease — all 15 patients of
this group fulfilled the generally accepted
criteria for diagnosis of autoimmune chronic
active hepatitis?® namely, presence of anti-
nuclear or antismooth muscle autoantibodies
(>1:40), or both, hypergammaglobulinaemia
(mainly IgG), and liver biopsy specimens
exhibiting both chronic inflammatory changes
and hepatocellular necrosis. All patients had
been in clinical and biochemical remission for
at least six months during which they received
no immunosuppressive treatment before being
included in the study with relapsing disease.
Cirrhosis was seen in nine of 15 patients.

Metabolic liver disease (Wilson’s disease,
genetic haemochromatosis, al antitrypsin
deficiency), were diagnosed in 39 patients.
Diagnoses were established according to
accepted standard criteria. Nine patients
presented with Wilson’s disease; haemochro-
matosis was diagnosed in 14, and «al anti-
trypsin deficiency in 16 patients, two of whom
showed the ZZ and 14 the MZ phenotype.?!
Patients with Wilson’s disease and genetic
haemochromatosis were receiving active treat-
ment during the study with d-penicillamine or
phlebotomy. All patients studied had increased
body stores of iron and copper respectively as
determined by urinary copper excretion or
serum ferritin.

Alcoholic liver disease — this group included
30 patients. Seven of these presented no
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symptoms of cirrhosis and 23 with stable alco-
holic cirrhosis. Diagnosis was established on
the basis of exclusion of other liver diseases,
history of alcohol consumption of at least 80 g
ethanol daily for several years, and histological
findings (n=21). Diagnosis of alcohol abuse
was further based on psychiatric examination.
All patients considered themselves as abstain-
ing from alcohol when they attended our
outpatients department.

Primary hepatocellular carcinoma — diagnosis
was confirmed by histological findings or fine
needle aspiration cytology in nine of 17 cases.
Computed tomography and extensive
increases in serum o fetoprotein concentra-
tions established diagnosis in the rest of the
patients of this group. Fifteen patients with
hepatocellular carcinoma were cirrhotic, the
underlying diseases being chronic hepatitis B
infection (n=1), chronic hepatitis C infection
(n=8), haemochromatosis (n=3), alcoholic
liver disease (n=4), and al antitrypsin defi-
ciency (n=1).

Multifactorial liver disease — 28 patients, of
whom 22 were cirrhotic, had a combination of
two or more different causes of liver disease. In
21 patients there was a combination of HCV
infection with either alcoholic liver disease
(n=11), HBV infection (n=4), al antitrypsin
deficiency (n=4), autoimmune liver disease
(n=1), or Wilson’s disease (n=1). In seven
patients, alcoholic liver disease was combined
with «al antitrypsin deficiency (n=4),
haemochromatosis (n=1), or primary biliary
cirrhosis (n=2).

Study design
Viral markers — commercially available
radioimmunoassays were used to detect

hepatitis B surface and e antigens and anti-
hepatitis delta antibodies (Abbott Laboratory).
Antibodies to HCV were detected using a
commercially available enzyme immunoassay
(second generation HCV-ELISA, Abbot
diagnostics). In addition, all serum samples
were tested for anti-HIV antibodies (Abbott
System).

Liver biopsies — biopsy specimens were
graded for their degree of periportal, portal,
and lobular inflammation and fibrosis, accord-
ing to the scoring system proposed by Knodell
et al.??

Blood collection — venous blood was collected
into sterile endotoxin free vacuum blood col-
lection tubes and allowed to clot at room tem-
perature for 30 minutes. Until use serum was
stored at —20°C. Analyses were performed
after the first thawing and within six months of

storage.
Neopterin in serum was measured by a
commercially available radioimmunoassay

(Neopterin-RIAcid, Henning Berlin GmbH,
Berlin, Germany), which is based on a double
antibody technique using a pre-precipitated
antiserum and !25I-labelled neopterin as tracer.
Samples were centrifuged at 700Xg and pro-
tected from light to prevent degradation of
neopterin. Serum values in a cohort of 150
normal controls were 6-0 (2:2) (mean (SD)).
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Neopterin serum concentrations (nmol/l) in various chronic liver disease (mean (SEM))

All patients Non-cirrhotic patients Cirrhotic patients
Serum Serum Serum
Diagnosis*  Number  concentrations Number  concentrations  Number  concentrations
HBV (n=37) 9-7 (1-3) (n=17) 8-1(1-4) (n=20) 11-2 (2-0)
HCV (n=52) 3 (0:9) (n=31) 11-1 (1-0) (n=21) 147 (1'7)
GH (n=14) a7 (n=8) 7-8 (1-0) (n=6) 11-0 (4-3)
WD (n=9) (0-8) (n=6) 63 (1-0) (n=3) 3-6 (0-6)
AlAT (n=16) 39 (n=10) 83 (1-4) (n=6) 23-8 (9:1)
PBC (n=46) (1-0) (n=35) 11-0 (1-1) (n=11) 11-1 (2-9)
AUTO (n=15) (1-2) (n=6) 10-2 (2-4) (n=9) 11-7 (1-4)
ALD (n=30) 51 =7) 11-4 (3:0) m=23) 155 (6:2)
HCC (n=17) (3-0) (n=2) 13-0 (5-8) (n=15) 15-8 (3-4)
MLD (n=28) 22-1 (7-8) (n=6) 8-8 (1-4) (n=22) 25-1 (9-4)
All (n=264) 129 (1-1) (n=128) 9:9 (0-5) (n=136) 157 (2'1)

(HBV=hepatitis B, HCV=hepatitis C, GH=genetic haemochromatosis, WD=Wilson’s disease,
A1AT=al antitrypsin deficiency, PBC=primary biliary cirrhosis, AUTO=autoimmune
hepatitis, ALD=alcoholic liver disease, HCC=primary hepatocellular carcinoma,
MLD=multifactorial liver disease).

Biochemical investigations — all patients
received the same routine biochemical investi-
gations alanine aminotransferase, aspartate
aminotransferase, total bilirubin, alkaline
phosphatase, <y-glutamyltransferase, total
protein, albumin, serum immunoglobulin con-
centrations (IgG, IgM, IgA), creatinine,
cholesterol, triglyceride, transferrin, ferritin,
serum iron (tissue iron for the diagnosis of
haemochromatosis), serum and urine copper
(tissue copper if necessary for the diagnosis of
Wilson’s disease), caeruloplasmin, prothrom-
bin time, a antitrypsin phenotype (isoelectric
focusing), erythrocytes, haemoglobin, packed
cell volume, leucocytes, thrombocytes, and
erythrocyte sedimentation rate.

Statistical analysis

Neopterin values were not normally distri-
buted, but were so after log transformation.
Differences between groups were then tested
with Student’s ¢ test. Results are given as mean
(SD) or (SEM), when appropriate.

Log transformed neopterin values were also
used in multivariate analysis. The assumption
of equal variances between groups had to be
rejected at the 0-05 values, as shown by
Levene’s test. Accordingly, the Brown-
Forsythe and Welch procedures were applied
to test for equality of means between groups of
different aetiology and Child stage. Differing
groups were identified by pairwise comparison
using Student’s ¢ test. Because of the explora-
tive design of our study, we report not only
the results obtained after correction for
multiple significance testing (Bonferroni
method), but also differences before correc-
tion, so as not to miss results of possible
significance or interest. Correlations were
analysed with Pearson’s coefficient. All calcu-
lations were performed by use of the BMPD
statistical software package (Los Angeles,
California).

Results

Increased serum neopterin concentration
(>10 nmol/l) was found in 41% of all patients
(n=264). Mean serum neopterin concentra-
tions were 12-9 nmol/l in patients (SEM 1-1,
range 3-0-183-7) and 6-0 nmol/l in normal

controls (SEM 2:2, range 2-4-12:7).
Neopterin concentrations scattered over a
wide range (<3-0 to 183-7 nmol/l), with a long
right sided tail (median 8-9).

Neopterin in cirrhotic and non-cirrhotic chronic
hver disease

Serum neopterin in patients with cirrhosis
(n=136) was higher when compared with non-
cirrhotic patients (mean (SD): 15-7 (23-6) v
99 (5-5) nmol/l, 95% confidence intervals
11:6 to 197 v 89 to 10:8; p=0-03). When
examining each aetiologic group separately
(Table), neopterin tended to be higher in
patients with cirrhosis, with the exception of
Wilson’s disease (6:2 v 3-6 nmol/l; p=0-06).
The difference was significant only in patients
with al antitrypsin deficiency (83 v 23-7
nmol/l, p=0-005).

In addition, cirrhotic patients were analysed
according to Child classification. Neopterin
concentrations were highest in Child B patients
(n=32; mean (SD): 22-7 (33-8)), but were very
similar in Child A (n=83; 13-6 (20-6)) and C
patients (n=18; 13-0 (9-0)). These differences
were not statistically significant when tested by
multivariate analysis.

Neopterin in non-cirrhotic liver disease related to
aetiology

The Table and Figure show serum neopterin
concentrations in various underlying non-
cirthotic liver diseases. Neopterin values
scattered over a range of 3-0 to 34-2 nmol/l,
concentrations above 300 were seen in
primary biliary cirrhosis and HBV. Mult-
variate analysis showed no significant differ-
ences between group means when correcting
for multiple significance testing. However,
before applying correction according to
Bonferroni, neopterin values in patients with
Wilson’s disease were lower than in primary
biliary cirrhosis and HCV patients at the 0-05
value, as was neopterin in HBV patients when
compared with HCV or primary biliary
cirrhosis patients.

Neopterin in cirrhotic liver disease related to
aetiology

The Table and Figure show the neopterin con-
centrations related to different aetiologies.
Values varied over a range of <3-0 to 1837
nmol/], the highest individual values were seen
in patients with multifactorial liver disease
(183-7), alcoholic liver disease (146-7), al
antitrypsin deficiency (68-8), and hepatocellular
carcinoma (57-2). Again, patients with Wilson’s
disease had appreciably low neopterin values.
Multivariate analysis disclosed no significant
differences in group means. Pairwise compari-
son before correcting for multiple significance
testing, however, showed neopterin in patients
with Wilson’s disease to be lower than in
patients with HCV (p=0-01), alcoholic liver
disease (p=0-05), autoimmune liver disease
(p=0-03), al antitrypsin deficiency (p=0-003),
and hepatocellular carcinoma (p=0-01).
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Neopterin (nmol/l)

40
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HBV HCV GH WD A1AT PBC AUTO ALD HCC MLD

Diagnosis

Serum concentrations of neopterin in non-cirrhotic patients (n=128) with various chronic
lver diseases. Values are shown in box and whisker plots: bars include median, 25% and
75% percentiles; lines show 95% percentiles. Abbreviations as shown tn Table.

Neopterin in chronic liver disease independent of
stage of disease related to aetiology

The analysis of neopterin concentrations of
all patients according to the aetiology of
disease alone, irrespective of the stage, gave
the same results as the analysis related to both
stage and aetiology. The Table gives the
details. By far the lowest neopterin serum
concentrations were found in patients with
Wilson’s disease. Multivariate analysis proved
these patients to have lower mean neopterin
(5-4 (2:3) nmol/l) than patients with HCV
(12-3 (6:7)) and patients with hepatocellular
carcinoma (15-5 (12-5)), at the 0-05 value
after Bonferroni correction. On pairwise
testing, before Bonferroni, neopterin concen-
trations in Wilson’s disease patients were
also lower than in patients with primary
biliary cirrhosis (p=0-007), alcoholic liver
disease (p=0-01), autoimmune liver disease
(p=0-01), «al antitrypsin deficiency (p=
0-006), multifactorial liver disease (p=
0-002), and HBV (p=0-04). The difference
in mean neopterin was not significant only
when compared with haemochromatosis
patients.

Comparison of neopterin concentrations with other
diagnostic parameters

Most of the diagnostic parameters of liver
cell injury (transaminases, bilirubin), serum
immunoglobulin concentrations, alkaline
phosphatase, total protein, creatinine, choles-
terol, triglyceride, transferrin, ferritin, and
serum iron did not correlate with serum
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neopterin concentrations. There were only
weak negative correlations with albumin
(r=-0-14; p<0-03), prothrombin time
(r=—0-18; p<0-005), haemoglobin (r=-—0-29;
p<0-00001), packed cell volume (r=-—0-28;
p<0-00001), erythrocytes (r=—0-22;
p<0-001), leucocytes (r=-—0-16; p<<0-014),
thrombocytes (r=—0-14; p<0-043), and a
similar weak but positive correlation with
erythrocyte sedimentation rate (r=0-23;
p<0-05).

Discussion

Neopterin is a marker for both macrophage
activity and cell mediated immunity.57
Immunopathology of chronic liver disease is as
yet poorly understood, although various
abnormal findings have been described in both
the humoral and the cellular limb of the
immune system.!° In this study, the serum
concentration of neopterin was determined in
patients with the whole spectrum of chronic
liver diseases in the cirrhotic as well as the non-
cirrhotic stage. Increased neopterin concentra-
tions have been found in 41% of all patients
with chronic liver disease irrespective of under-
lying cause and stage of disease. Patients with
cirrhosis had distinctly higher serum neopterin
concentrations than those in the non-cirrhotic
stage of disease, however, there were no
statistically significant differences in the values
of neopterin as far as the three stages are
concerned.

Chronic liver diseases are heterogeneous in
their aetiology, but in all cases, cirrhosis
remains a possible end stage. Cirrhosis is
mainly characterised by an increase of fibrous
tissue and a compensatory proliferation of
hepatocytes in an irregular manner resulting
from necroinflammation. Although the mech-
anisms of parenchymal regeneration are not
well understood, involvement of cytokines is
generally assumed.!81923 Activated macro-
phages secrete soluble mediators such as inter-
leukin 1, tumour necrosis factor a, platelet
derived growth factor, and transforming growth
factor B, all of which are fibrogenetic.24 Indeed,
independent of aetiology, patients in the
cirrhotic stage had higher concentrations of
serum neopterin, which is secreted exclusively
by activated macrophages. As the clearance
capacity of the liver for a wide range of peptides
is reduced in the cirrhotic stage, it is conceiv-
able that a higher level of substances known to
stimulate macrophages (for example, immune
complexes, endotoxin) are circulating in the
bloodstream, which might explain the higher
neopterin concentrations in cirrhotic patients.

The differences in the increased neopterin
concentrations related to the various aetiolo-
gies investigated were marginal. Only patients
with Wilson’s disease showed normal
neopterin values. These values were signifi-
cantly lower than the concentrations measured
in any other group. This finding suggests that
in the pathogenesis of hepatic copper toxicity
activation of macrophages is of little import-
ance. As none of the patients studied showed
histological evidence of chronic active hepatitis
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it can be assumed that copper deposition
induces hepatic lesions by other means than by
activation of the full inflammatory cascade,
which would cause increased production of
neopterin. The other explanation that treat-
ment with d-penicillamine would directly
suppress neopterin production has to remain
speculative. Interestingly, ol antitrypsin defi-
ciency compared with the other storage
diseases examined showed surprisingly high
serum neopterin concentrations. The highly
significant differences between cirrhotic and
non-cirrhotic cases of a1 antitrypsin deficiency
were also considerable. Neopterin values in the
cirrhotic stage of al antitrypsin deficiency
were nearly three times higher than in the non-
cirrhotic stage. The reason for this striking rise
in the neopterin concentrations is not clear. It
may reflect a specific dysregulation of the
whole inflammatory process in which al anti-
trypsin is a regulatory protein.

Furthermore, we found increased neopterin
concentrations in autoimmune hepatitis and
primary biliary cirrhosis, confirming the
findings in other autoimmune disorders.
Patients with hepatocellular carcinoma showed
the highest neopterin values in our study (with
the exception of multifactorial liver diseases).
In various malignant disorders enhanced
neopterin values were reported, but it is as yet
unclear, whether the tumour itself produced
neopterin or whether it is the immune system
that is responsible for increased neopterin
synthesis.

There are only a few studies on the role of
neopterin as a marker in liver disease. In two
previous studies, increased urinary neopterin
concentrations were reported in both acute
and chronic viral hepatitis.® ® Ninety per cent
of the patients in the first group and 88:6% of
those in the second group had increased
neopterin concentrations compared with only
6% of patients who presumably had alcoholic
liver disease.8 ® It was suggested that measure-
ment of neopterin could help differentiate
between viral and alcoholic liver diseases.??®
Based on these studies it was recently proposed
that serum neopterin could be reliably used as
a marker for virus free blood products.?? Our
study, however, shows that there are no
significant differences between the values of
neopterin in patients with chronic viral hepati-
tis and those with alcoholic liver disease; and
there are patients with chronic viral hepatitis
with normal serum neopterin values. These
results are in contrast with the two previous
studies, in which urinary neopterin concentra-
tions of rather small patient groups were
compared. Also, with these results, we found
no strong correlation (correlation coefficient
r<0-525) between concentrations of serum
neopterin and other biochemical parameters.

In a smaller Japanese study?® comparing
viral and alcoholic liver disease, patients with
viral hepatitis had higher neopterin concentra-
tions. There was a substantial number of
patients, however, with chronic hepatitis pro-
ducing normal values of neopterin and no
patients with metabolic liver diseases were
studied.

In conclusion, our results suggest that

activated macrophages participate in chronic
liver diseases progressing to cirrhosis. Further-
more, the claim that neopterin could be used
as a specific marker to differentiate various
aetiologies of chronic liver diseases cannot be
substantiated.

The authors are grateful to Miss G Schonhuber for excellent
technical assistance.
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