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Abstract

AIM: To evaluate serum neopterin levels and their
correlations with liver function tests and histological
grade in children with hepatitis-B-related chronic liver
disease.

METHODS: The study population comprised 48
patients with chronic active hepatitis B, 32 patients
with hepatitis-B-related active liver cirrhosis and 40
normal controls. Serum neopterin was measured using
an enzyme-linked immunosorbent assay.

RESULTS: The mean % SD serum neopterin levels were
14.2 £ 5.6 nmol/L in patients with chronic hepatitis,
20.3 £ 7.9 nmol/L in patients with liver cirrhosis and
5.2 £ 1.4 nmol/L in control group. Serum neopterin
levels were significantly higher in patients with chronic
hepatitis (P = 0.005) and cirrhosis patients (P =
0.008), than in control subjects. Cirrhotic patients had
significantly higher serum neopterin levels than patients
with chronic hepatitis (P = 0.004). There was a positive
correlation between serum neopterin levels and alanine
aminotransferase levels in patients with chronic hepatitis
(r = 0.41, P = 0.004) and cirrhotic patients (» = 0.39, P
= 0.005). Positive correlations were detected between
serum neopterin levels and inflammatory score in
patients with chronic hepatitis (+ = 0.51, £ = 0.003) and
cirrhotic patients (» = 0.49, 2 = 0.001).
CONCLUSION: Our results suggest that serum
neopterin levels can be considered as a marker of
inflammatory activity and severity of disease in children
with hepatitis-B-related chronic liver disease.
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INTRODUCTION

Neopterin is a pteridine derivative produced by
macrophages activated under the control of gamma-
interferon and released from T-cells by the activation of
the cellular immune system!. Tt has been demonstrated
that there is a relation between neopterin levels in
biological materials, the changes in their elimination
rates and vatious pathological conditions. In addition to
its association with activation of cell-mediated immunity
and with cell expansion, significant changes were seen in
neopterin levels and elimination rates in viral diseases (for
example viral hepatitis)[z’ﬂ, atypical phenylketonuriam,
organ and tissue rejection”, autoimmune diseases
(such as rheumatoid arthritis and systemic lupus
erythematosus!”), genital cancer and hematologic
neoplastic disorders'™. In all these cases, enhanced
concentrations of neopterin have been shown to have
prognostic signiﬁcance[g].

In chronic active hepatitis, necrosis is observed as
disseminated to the parenchyma and the perilobular
consisting of lymphocytes and plasma cells. The
gamma-interferon released from T-lymphocytes in
the area stimulates and activates macrophages'”.
Lymphocytic cell infiltration was shown, in addition
to the macrophages within the fibrous bands in the
liver of patients with cirrhosis resulting from various
etiologies''". Thus, it is suggested that neopterin secreted
from the inflammation-activated macrophages can be
an indication of the inflammation in the liver in chronic
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liver diseases"""”

Studies in adult patients with acute hepatitis, chronic
hepatitis and cirrhosis have shown that serum neopterin
levels are elevated and this elevation is correlated with
the severity of disease. However, there is no data about
serum neopterin concentrations in children with chronic
hepatitis B and liver cirrhosis. Therefore, we investigated
serum neopterin concentrations in children with
hepatitis-B-related chronic liver disease and correlated
these concentrations with liver function tests and
inflammatory activity of the liver. The aim of this study
was to demonstrate a possible relationship between
serum neopterin levels and severity of the disease.

MATERIALS AND METHODS

The study population comprised 48 patients with
chronic active hepatitis B, 32 patients with hepatititis-
B-related active liver cirrhosis and 40 normal controls.
The control group consisted of otherwise healthy, age-
and sex-matched children whose biochemical tests were
also within normal limits. The study was performed
according to the Declaration of Helsinki, and all parents
gave informed consent for the participation of their
children in the study.

Chronic active hepatitis B was diagnosed on the basis
of Hepatitis B surface antigen (HbsAg) and Hepatitis B e
antigen (HbeAg) positivity in serum for a period over 6 mo,
positive HBV-DNA determined at least twice in one-
month intervals (> 5 pg/mL), and evidence of chronic
active hepatitis B in a liver biopsy carried out within
the last 6 mo. None of the patients in this group had
Hepatitis C or Hepatitis D infections, decompensated liver
disorder, autoimmune hepatitis, o;-antitrypsin deficiency,
Wilson disease or any other liver disease. The patients
were evaluated before no treatment was initiated.

Hepatitis-B-related active liver cirrhosis was
diagnosed by clinical, serological, and biochemical tests
as well as histopathological investigation of liver biopsy.
The cirrhotic patients were classified by the Child-Pugh
classification defined by Pugh ez a/".

Liver function tests (serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), alkaline phosphase (AP)
and albumin) were also performed in all subjects using
an autoanalyzer.

Serum neopterin levels were examined using an
enzyme-linked immunosorbent assay (ELISA) kit
(Neopterin ELISA, IBL. Immuno-Biological-Laboratories,
Hamburg).

All patients with chronic hepatitis and liver cirrhosis
underwent liver biopsy. Liver biopsy was performed
according to the Menghini technique. The biopsy
material was kept in 10% formaldehyde solution and
evaluated by a pathologist experienced in liver pathology.
In the samples obtained from the patients with chronic
hepatitis and liver cirrhosis, histological activity index
(HAI) score was defined as suggested by Knodell ez /'
and modified by Desmet ¢7 /', Tt was graded 0-18 by
adding the scores for periportal * bridging necrosis
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Figure 1 Serum neopterin levels in normal controls and patients with
chronic hepatitis B and liver cirrhosis.

(0-10), intralobular degeneration and focal necrosis (0-4)
and portal inflammation (0-4).

All data was shown in mean = SD values. A Chi
square test was used to analyze the categorical data,
whereas an ANOVA test was used to compare the
numerical data of the groups. The homogeneity of the
intergroup variance was tested by the Levene method. If
the variance was homogenous (P > 0.05), then the Tukey
test was used, and if not (P > 0.05), then the Tamhane
test was used to evaluate the significance of the
difference between the groups. The correlations between
serum neopterin levels and biochemical and histological
parameters were determined by the Pearson correlation
test. The differences between the groups were taken
statistically significant if it is P < 0.05.

RESULTS

The characteristics of all the subjects are shown in Table 1.
There were no significant differences between the three
groups in terms of sex and age. Serum neopterin levels
(mean * SD) were found to be 14.2 + 5.6 nmol/L (range
2.7-32) in patients with chronic active hepatitis B, 20.3 *
7.9 nmol/L (range 12-41) in patients with hepatitis-
B-related active liver cirrhosis and 5.2 £ 1.4 nmol/L
(range 2.2-0.8) in controls. Serum neopterin levels were
significantly elevated in patients with chronic hepatitis
B (P = 0.005) and liver cirrhosis (P = 0.008) than in
healthy controls. Patients with liver cirrhosis had higher
serum neopterin levels compated to patients with chronic
hepatitis B (P = 0.008) (Figure 1).

There was a positive significant correlation between
serum neopterin levels and ALT levels (r = 0.41, P =
0.004). No significant correlations were found between
serum neopterin levels and AST (» = 0.18, P = 0.22),
GGT (r= 0.33, P = 0.07), AP (= 0.09, P = 0.64), and
albumin (r = -0.34, P = 0.006) levels in patients with
chronic hepatitis B. A positive significant correlation was
observed between neopterin levels and HAI (r = 0.52, P
= 0.001) (Figure 2A).

According to the Child-Pugh classification, all of the
32 patients with liver cirrhosis were in stage A. In the liver
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Chronic hepatitis B Liver cirrhosis Control
n 48 32 40
Sex (M/F) 22/26 15/17 19/21
Age (y1) 82134 (2-17) 7.4%5.3 (1-16) 7.1£2.2 (2-16)
ALT (IU/L) 68.8 £ 52.6 (14-280) 108.9 + 76.8 (24-240) 26.1+7 (14-36)
AST (IU/L) 64.6 + 51.4 (21-276) 153.4 + 147.6 (39-580) 27.5+6.7 (18-38)
GGT (IU/L) 234 +21.6 (14-162) 115.4 £ 30.3 (88-439) 36.8 £8.8 (18-48)
AP (IU/L) 508 +193.5 (199-1055) 705.7 + 487.4 (228-1851) 167.1 £ 50.7 (98-240)
Albumin (mg/dL) 36107 (2.5-4.7) 32+1(2:5.1) 44+ 0.6 (3.7-5.4)
Neopterin (nmol/L) 142 +5.6 (2.7-32) 205 +8.6 (13-38) 52+14(2.26.8)
HAI 6.2+29 (1-12) 9122 (5-12) -

A 4r o5 Gamma-interferon is produced by the stimulation of
§ 12 P=0.005 - . T'—lymp}.locytes by.several specific antigens, p.rlmarlly
T m viral antigens, thus it was found that the neopterin levels
- were especially elevated in viral infections.””.

% g— 8 Evidence of elevation in neopterin levels in body
82 6 fluids due to the activation of immune system, which
88 was also supported by several studies involved in diseases
g° 4 leading to activation of the immune system, suggests
* 2 that elevated neopterin can also be a marker for the
0 ' ' follow-up of chronic liver disorders, especially of viral
0 0 20 30 liver disorders”. However, since no such data is available
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B T r=0.49 patients.

. 6[ P=0001 . It is suggested that serum neopterin levels can
S st = be used as a significant parameter for the differential
é & 4 diagnosis of non-infectious hepatitis and viral hepatitis'"®
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g levels and severity of the disease has been proved, and
* it can be used in combination with clinical data as a

prognostic evidence for the progress of the disease!”. In
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Figure 2 Correlation between serum nopterin levels and histological
activity index. A: Chronic hepatitis B; B: Hepatitis-B-related liver cirrhosis.

cirrhosis group, serum neopterin levels were significantly
related to ALT values (= 0.39, P = 0.005) and HAI (» =
0.49, P = 0.001) (Figure 2B). There wete no correlations
between serum neopterin levels and AST (r = 0.20, P =
0.517), GGT (r= 0.35, P = 0.263), AP (r= 0.09, P = 0.772),
and albumin (» = -0.11, P = 0.731) levels.

DISCUSSION

It has been reported that neopterin levels increase in
body fluids and change in parallel to the activity of the
disease in many infectious diseases and various malign
disorders in which activation of the cellular immune
system plays an important role in the pathogenesis™*'",
It has been shown that the activation of cellular immune
system stimulates the secretion of y-interferon from the
T lymphocytes, and y-interferon is an effective inducer
of neopterin release by monocytes/macrophages'”.
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asymptomatic HbsAg carriage, acute hepatitis, chronic
inactive hepatitis, chronic active hepatitis, liver cirrhosis,
hepatocellular carcinoma and alcoholic liver disease,
serum and urine neopterin levels were found to be higher
than in controls. The most elevated neopterin levels were
seen in patients with acute hepatitism.

In adult patients with liver cirrhosis, serum neopterin
levels were more elevated than non-cirrhotic patients
and control groups”™! whereas out of non-cirrhotic
patients, patients with chronic hepatitis B had also
elevated neopterin levels”,

Serum neopterin levels were elevated in patients
with alcoholic cirrhosis™. Neopterin measurement was
reported to be beneficial for the differential diagnosis of
viral and alcoholic liver diseases, and it has been shown
that patients with viral hepatitis had higher neopterin
concentrations compared to patients with alcoholic liver
diseases™.

Serum and urine neopterin levels were elevated
from baseline after the initiation of interferon therapy
in HbeAg positive patients with chronic hepatitis B, and
they remained markedly elevated during the treatment.
However, the neopterin levels were restored rapidly to
baseline values after the end of the therapy. Therefore
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it was suggested that serum and urine neopterin levels
could be a good marker of the cellular immunity during
interferon treatment in the chronic hepatitis B infection™.

In our study, serum neopterin levels was found
to be markedly higher in the pediatric patients with
chronic hepatitis B and liver cirrhosis than in healthy
controls, which is in agreement with the data obtained
from the adult patients. It was also higher in patients
with cirrhosis when compared with chronic hepatitis B
patients. The patients in the cirrhotic stage, independent
of their etiology, have elevated concentrations of
serum neopterin levels released from the activated
macrophages. In those patients, substances that are
considered to stimulate the macrophages such as
immune complexes or endotoxins, increase in blood due
to the lack of peptide clearance by the liver™. These
mechanisms explain the highest concentrations of serum
neopterin in patients with cirrhosis.

Although no correlation was found between serum
neopterin levels and ALT, AST and AP levels in adults
with various chronic liver diseases of various etiologies,
a negative correlation was found with albumin®.
While neopterin levels were found correlated with
liver function tests in patients with acute hepatitis, this
correlation was not verified in patients with chronic liver
diseases™. However, in other studies, a correlation was
found between serum neopterin levels and biochemical
tests or liver inflammatory grading in patients with
chronic hepatitis C and B”*). We found a significant
correlation between serum neopterin levels and ALT
or HAI in children with hepatitis-B-related chronic
hepatitis B and liver cirrhosis. This data agrees with the
data obtained from the adult patients.

In conclusion, these results suggest that measurement
of serum neoptetin levels can be considered as a marker
of inflammatory activity and severity of disease in
children with hepatitis-B-related chronic liver disease.
However, this needs to be further studied in children.
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