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ABSTRACT

Neopterin, a pyrazinopyrimidine compound, is produced by macrophages after
induction by interferon gamma (IFN-y) and serves as a marker of cellular immune
system activation followed by oxidative stress. The aim of this study was to determine
urinary neopterin to creatinine ratio (UNCR) as a surrogate marker of cell-mediated
immune activation in multiple sclerosis (MS). Three weekly early morning urine samples
were collected from 27 patients with MS and 31 age- and sex-matched apparently
healthy subjects. Urinary neopterin and creatinine were determined using reversed phase
high-performance liquid chromatography and Jaffe reaction, respectively. UNCR was
significantly higher in patients than in healthy controls indicating IFN-y-induced cellular
immunity activation and oxidative stress in multiple sclerosis. As anon-invasive method,
UNCR determination may be helpful in monitoring disease progression and the effects

of therapies, as well.
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INTRODUCTION

Neopterin, a pyrazinopyrimidine compound, is pro-
duced by macrophages after induction by interferon
gamma (IFN-y) and serves as a marker of cellular im-
mune system activation.! Large amounts of neopterin
are released from human monocytes / macrophages
mostly upon stimulation with IFN-y,” a typical Thl-type
cytokine.

In humans, increased concentrations of neopterin
in serum and urine have been found in viral infections
including human immunodeficiency virus (HIV) type 1,
various malignant disorders, autoimmune diseases such
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as rheumatoid arthritis, and during allograft rejection
episodes.’’ Significant associations between enhanced
neopterin and IFN-y production have also been ob-
tained in some other diseases,® and monitoring
neopterin concentrations has turned out to be a sensi-
tive and useful marker for monitoring the activation of
cellular (mostly of Th1-type) immune response.® It has
been shown that the amount of neopterin secreted by
human monocytes /macrophages upon stimulation with
IFN-y correlates positively with the capacity of the same
cells to produce reactive oxygen species.’ Likewise, in
vivo neopterin concentrations were found to correlate
on one hand with oxidation products of proteins’® and
on the other hand with loss of some antioxidants like
vitamin E.'"'? In summation, neopterin concentrations
can also be regarded as an indicator for oxidative stress
due to immune activation.'>! Such an immunity
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hyperactivation may occur in many immune-mediated
disorders such as multiple sclerosis (MS).'* Monocytes
and macrophages appear to play important roles in MS,
possibly related to their sensitivity to IFN-y, which in-
duces expression of class II human leukocyte antigens
(HLA-DR, -DP, and DQ) and some other surface anti-
gens and activates macrophages.'® The aim of this study
was to assess urinary neopterin/creatinine ratio as a
possible marker of IFN-y-mediated inflammation and
hence oxidative stress in the Iranian patients with MS.

Materials and Methods
Subjects

A case-control study was conducted with 27 pa-
tients of both sexes with relapsing-remitting MS from
the Neurological Ward, Dr. Ali Shariati Hospital, Tehran,
and 31 age- and sex-matched apparently healthy vol-
unteers as controls attending the Department of Physi-
ology, School of Medicine, Tehran University of Medi-
cal Sciences, Tehran. Those subjects, who had active
infections based on history and clinical findings, were
omitted from the study.

Procedures

Three weekly early morning urine samples were col-
lected from each subject. Because of the sensitivity of
neopterin to light and temperature, all samples were
kept in dark and low temperature (4°C) while transpor-
tation to the laboratory, and then kept at -80°C until the
day of assay (not more than 8 weeks). To assay aro-
matic neopterin, reversed phase high-performance lig-
uid chromatography (HPLC) (Waters 600E) with the
column Nova-Pack C18 (3.9x300 mm), Sorensen buffer
pH 6.4 as an eluent with the flow rate of 0.8 ml/min and
fluorescence detector (exciting at 338 nm and emitting
at 425 nm) (Waters 420 AC) were used. The whole pro-
cedure was done at 30°C.'* 2 Urine samples were cen-
trifuged at 3500 g at 4°C for 10 minutes and then 100 pL
of the supernatant was transferred to a fresh clean tube
and then diluted with 900 ul of either 5.4 mM of diso-
dium ethylene diamine tetra acetic acid (Na2EDTA) in
15 mM Sorensen buffer or | mM potassium iodide so-
lution. With the latter solution, all oxidizable neopterin
content was oxidized. The Sorensen buffer-diluted
samples were analyzed for aromatic neopterin while the
oxidized samples were used to determine total neopterin
(both aromatic and oxidizable neopterin). The range of
linearity was determined by plotting a standard curve
using different concentrations of standard D (+)
neopterin (Sigma). The concentration of urinary
neopterin was determined by an integrator (Waters 746)
using external standards. Urinary creatinine was mea-
sured with a commercial kit (Zist-Shimi Co, Iran) based
on Jaffe reaction.'” Aromatic and total urinary neopterin
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to creatinine ratio (UNCR) was then calculated. Mean
value for weekly samples was used for each subject.
Data with and without normal distribution were ana-
lyzed with student t — test and Mann-Whitney U
Wilcoxon test, respectively, using Windows/SPSS 98
statistical package.

RESULTS

The retention time for aromatic neopterin was 4 min
29 sec+2.8 sec (Fig 1). The inter-assay variation in ten
consecutive days was about 1%. The standard curve
was linear up to the highest concentration of the stan-
dard neopterin, i.e., 1976 nM (Fig 2).
Since the distribution of UNCR was not normal, and it
could not be normalized using various methods of
changing the variables, the data were analyzed with
non-parametric Mann-Whitney U Wilcoxon test. Both
aromatic and total UNCR were significantly higher in
patients than in healthy controls (Table I). However,
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Fig. 1. (a) Chromatogram of the standard D(+) neopterin,
retention time: 4.29”;
(b) Chromatogram of a urine sample of a patient with multiple
sclerosis, retention time: 4.32”.
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Fig. 2. Standard curve of neopterin. (See text for further de-
tails).
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Table 1. Aromatic and total UNCR in the subjects under study.

Khorami et al.

Group. . ‘Agé“ Aromatic UNCR® - Total UNCR" Aromatic to
‘ e ‘ Total UNCR
Ratio®
Patients with 33.9+1.4 1873.2+682.6 3309.7+1169.4 0.67+0.05
Multiple Sclerosis (900.0) (1475.0)
Healthy Controls 30.8+1.9 307.9+44.9 473.0+60.0 0.60+0.06
(248.5) (359.0)
Total (n=58) 32.3%1.2 1170.4+390.0 1868.1+599.6
(518.0) (690.0) 0.64+0.04
Pvalue 0.2 < 0.0001* < 0.0001* 0.716

1. Values are mean+SEM. The numbers in parentheses show the medians.

2. UNCR: urinary neopterin to creatinine ratio

3. a: variables with normal distribution and analyzed with student t- test; b: variables without normal distribution

and analyzed with Mann-Whitney U Wilcoxon test

4. * indicates significant difference between patients and controls in a column.

there was no significant difference in aromatic to total
UNCR ratio between groups.

DISCUSSION

Increased UNCR in patients with MS indicates
hyperactivation of the cellular immunity and oxidative
stress as well. These days, the use of immunosuppres-
sive drugs such as corticosteroids and cyclophospha-
mide is a routine treatment in MS. Alpha and beta
interferons, which inhibit the synthesis of IFN-y and
reverse some of its immunostimulatory effects, may also
be effective in preventing exacerbations.'>'® Consider-
ing the fact that increased UNCR indicates oxidative
stress'>'* and overproduction of radicals caused by
high levels of 7,8 dihydroneopterin may contribute to
the pathogenesis of MS (19), some dietary manipula-
tions may also prove to be helpful. In both approaches,
i.e., drug or dietary treatments, response to therapy is
highly dependent on the dose of the drug and/or
supplement to be used, clinical stage, and the duration
of supplementation among the other factors.'®'" To
adjust the dose of the drug and/or supplement to be
prescribed, it is very crucial to have a method to assess
the immune activation in the course of the disease. As
a non-invasive method, determining UNCR may prove
to be useful in monitoring the effects of drug and/or
dietary treatments. However, it must be taken into con-
sideration that this marker is non-specific, so the re-
sults must be interpreted with caution.

The aromatic to total UNCR ratio has been reported

Vol. 2, No. 3, September 2003

to be 45% in healthy subjects,'® though this ratio was
considerably higher (~60%) in the Iranian subjects
(both patients and healthy controls). This may partly
be explained by popular use of iodinated salts by the
Iranians, which may bring about oxidation of oxidiz-
able neopterin in urine, increasing the amount of aro-
matic urinary neopterin, and hence increasing the aro-
matic to total UNCR. Our findings indicate that oxidiz-
able neopterin is oxidized to the same extent in both
patients with MS and healthy people.

In conclusion, UNCR is increased in patients with
MS. Increased UNCR indicates activation of cellular
immunity and oxidative stress. As a non-invasive
method, UNCR assay may be used to monitor the ef-
fects of drug and dietary therapies. This latter concept
needs further studies.
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