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During cellular immune stimulation, 
large amounts of neopterin deriva-

tives are produced by human mono-
cyte-derived macrophages (Figure 1) (1). 
Recently, neopterin production was also 
observed in monocyte-derived dendritic 
cells (2). The synthesis of neopterin is 
mainly stimulated by interferons and is 
highly specifi c for humans and primates 
based on a functional loss of the enzyme 
6-pyrovoyltetrahydropterin synthase 
(PTPS) in these cells (3). After the fi rst 
isolation of neopterin from human urine 
by Sakurai and Goto in 1967 (4), a 

link between neopterin production and 
immune activation was fi rst suggested 
after the discovery of enhanced neopterin 
excretion in patients with different malig-
nant disorders and viral diseases (5). In 
the following studies it became obvious 
that neopterin concentrations measured 
in urine or blood refl ect activation of 
cellular immunity. In vivo, a strong cor-
relation between neopterin levels and 
the severity, progression, and outcome 
of many infectious and infl ammatory 
diseases is found. In the last decade neop-
terin derivatives were revealed to exhibit 
distinct biochemical effects. An infl uence 
of neopterin derivatives on the activation 
of cellular transcription factors and inter-
ference with the cellular redox balance 
were reported. In this review we will focus 
on a potential mediatory and regulatory 
function of neopterin and 7, 8-dihydro-
neopterin in the course of infl ammatory 
and infectious processes. 

•Cellular source and synthesis of 
neopterin derivatives
Biosynthesis of neopterin and 7, 8-
dihydroneopterin starts with guanosine 
5’-triphosphate (GTP), which is cleaved 
by GTP-cyclohydrolase I (EC 3.5.4.16) 
to 7, 8-dihydroneopterin triphosphate. 
This compound is further converted by 
the two enzymes PTPS and sepiapterin 
reductase to 5, 6, 7, 8-tetrahydrobiopt-
erin. Tetrahydrobiopterin is an essential 

cofactor of monooxygenases of aromatic 
amino acids and the nitric oxide syn-

thases. Due to a relatively 
low activity of the enzyme 
PTPS in human mono-
cyte-derived macrophages 
and most possibly also 
in monocyte-derived 
dendritic cells neopterin 
derivatives are formed at 
the expense of biopterin 
derivatives. Thereby accu-
mulating 7, 8-dihydro-
neopterin triphosphate is 
cleaved by phosphatases 

forming neopterin and 7, 8-dihydrone-
opterin. In human monocyte-derived 
macrophages, IFN-γ is the most active 
stimulus of pteridine synthesis and its 
activity is costimulated by lipopolysac-
charides (LPS) and TNF-α (1). In con-
trast, in monocyte-derived dendritic cells 
IFN-α and –β showed similar activity to 
induce neopterin formation as IFN-γ (2). 
In human urine and arterial blood sam-
ples a nearly constant ratio of neopterin:
7, 8-dihydroneopterin of 1:3 is measured, 
whereas a ratio of 1:2 is obtained in 

serum of venous blood samples. Neop-
terin is constantly excreted via the kid-
neys, and the half-life of neopterin within 
the circulatory system was calculated to 
be approximately 90 min. 

•Neopterin production during 
immune activation and its role as 
an immunodiagnostic
Neopterin concentrations in urine can 
be determined by high pressure liquid 
chromatography (HPLC) with a normal 
range for adults between 100 and 200 
µmol/mol creatinine. In serum, synovial 
fl uid, salvia or cerebrospinal fl uid, neop-
terin is measured by immunoassay. Mean 
serum neopterin concentrations in serum 
of healthy individuals lie within 5.3 + 
2.7 nM. A large number of studies show 
that neopterin is a reliable marker for 
diseases associated with activation of the 
cell-mediated immunity (Table 1). Neop-
terin measurement to estimate immune 
activation has big advantages compared 
to evaluation cytokine production such 
as IFN-γ due to the easy measurement 
procedures and the stability of the 
compound. Further, cytokines are more 
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Figure 1: Production of neopterin and 7, 8-dihydroneopterin. Human and primate 
monocyte-derived macrophages and dendritic cells are unique to produce neopterin 
and 7, 8-dihydroneopterin. Main triggers for neopterin synthesis are interferon-γ (IFN-
γ), tumor necrosis factor-α (TNF-α), lipopolysaccharides (LPS), IFN-α and IFN-β. 
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susceptible for interaction, diffusion and 
synergistic effects. Increased neopterin 
levels in body fluids reflect extent, activ-
ity and also outcome of a large variety of 
diseases, including for example infections 
with viruses, intracellular parasites or bac-
teria, autoimmune disorders, malignancy 
and allograft rejection (Table 1). 
 In viral diseases, for example 
acute viral hepatitis A and B, elevated 
neopterin levels are found in body fluids 
already at the end of the incubation 
period before onset of clinical symptoms 
and seroconversion (6). During serocon-
version, neopterin concentration declines, 
and values normalise after the immune 
response was successful to eliminate the 
pathogen. In chronic viral infections like 
human immunodeficiency virus infec-
tion (HIV), neopterin concentration 
declines after serconversion, but does 
not normalize. During disease progres-
sion, neopterin concentrations increase 
with highest values when AIDS develops, 
paralleled by decreasing CD4+ T cells 
counts and correlating with viral load (8). 
Antiviral therapy is reflected in a decrease 
of neopterin production (24). 
 Neopterin levels are also 
increased in autoimmune diseases like 
systemic lupus erythematosus (SLE), 
where highest concentrations are detected 
in active episodes of disease (14). In 
patients with solid organ transplantation, 
daily neopterin measurement is an early 
detection of immunological complica-
tions such as allograft rejection or viral 
infections (13). In malignant diseases, 
correlation of neopterin levels with state 
of disease depends very much on the 
localization of the tumor. Almost 100 
% of the patients with haematological 
neoplasias show elevated neopterin levels 
and a high prognostic value of the pteri-
dine was detected (19). In contrast, only 
a small amount of breast cancer patients 
represent with increased neopterin levels 
(20). In line with its role as immune 

activation marker, the value of neopterin 
measurement in malignancies does not 
include tumor screening, but lies in the 
prognosis and follow up of patients. 
 Neopterin measurement is 
also applied for blood and organ donor 
screenings, as activation of cellular 
immunity is detected at an very early 
time point before measurable antibody 
production, and neopterin production is 
unspecific, therefore also infections with 
unknown pathogens are detected. Using 
a cut-off limit of the 98th percentile of 
neopterin concentrations (= 10 nM), it 
is feasible to detect acute infections in 
blood donors with great sensitivity. As 
a high percentage of individuals with 
tumor and autoimmune diseases present 
with increased neopterin levels, bone and 
tissue graft bank-screening might be rea-
sonable, too.

• Biochemical and physiological 
functions of neopterin derivatives 
Neopterin derivatives and radicals
Since the discovery of neopterin as a 
marker for immune activation and its 
predictive value for disease progres-
sion and prognosis, many studies have 
been performed to evaluate a possible 
biochemical and physiologic function 
of neopterin derivatives. In activated 
monocyte derived macrophages, the 
amount of neopterin secreted correlates 
with hydrogen peroxide production (25). 
As in human monocyte-derived macro-
phages and dendritic cells neopterin is 
produced at the expense of biopterin, one 
could hypothesize that neopterin deriva-
tives might replace biopterin-related 
functions in immune response. Tetrahyd-
robiopterin is an essential cofactor of the 
inducible nitric oxide synthase (iNOS) 
and thereby promoting NO production. 
Production of NO is known to play a 
role in host defence, especially upon 
reaction with O

2
- when peroxynitrite is 

formed (26). Therefore neopterin deriva-

tives were suspected to interfere with the 
cellular redox-balance. Indeed, many 
studies support the hypothesis that 
neopterin derivatives have an influence 
on radical formation and radical-medi-
ated processes. 
 Neopterin enhances luminol-
dependent chemiluminscence induced 
by hydrogen peroxide and chloramine-T, 
partly dependent on pH-value and the 
presence of iron ions (27). In bacterial 
cultures, neopterin was found to expand 
the anti-proliferative effect of chloramine-
T, hypochlorous acid, and nitrite (28). A 
direct influence of neopterin on peroxyni-
trite formation was reported, for example 
the nitration of tyrosine was enhanced by 
neopterin and the pteridine enhanced 
low density lipoprotein- (LDL)-oxida-
tion mediated by peroxinitrite (29,30). In 
a melanoma cell line, neopterin enhanced 
UV-A irradiation-induced DNA-synthe-
sis, which was inhibited by addition of 
the antioxidant catalase (31). In a similar 
way,  neopterin and other aromatic pter-
ins increased photo-induced hydroxyla-
tion of deoxyguanosine in DNA, and the 
formation of pterin radicals was reported 
(32). In opposition to the prooxidative 
propteries of neopterin described above, 
some studies describe an antioxidative 
effect of the pterin by inhibiting the 
enzymes xanthine oxidase and NADPH 
oxidase. Neopterin was found to sup-
press xanthine/xanthine oxidase induced 
chemiluminescence of superoxide anion 
(33). Further an inhibitory effect of 
neopterin on superoxide generation by 
NADPH oxidase in rodent macrophages 
was reported (34).
 In contrast to neopterin, data 
on 7, 8-dihydroneopterin are con-
centration dependent and thus more 
controversial. Luminol-dependent 
chemiluminescence was inhibited by 
dihydropterins including dihydroneop-
terin whereas aromatic pterins acted as 
enhancer (35,36). Scavenging proper-
ties of 7, 8-dihydroneopterin were also 
described in a bacterial growth inhibi-
tion system (35). Further, oxidation of 
linolenic acid and LDL by amidinopro-
pane and formation of 3-nitro-L-tyro-
sine by peroxynitrite were prevented by 
7,8-dihydroneopterin (37). All these 
experiments were performed with 7,8-
dihydroneopterin concentrations < 1 
mM. In strict contrast, 7, 8-dihydrone-
opterin was shown to act as prooxidant 
in different experimental settings when 
concentrations > 1 mM were used. An 
enhancing effect on luminol-chemilu-

Table 1: Diseases with increased neopterin production. Neopterin concentration 
in serum, urine, and other body fluids is a reliable marker for activated cell-mediated 
immunity. The table shows diseases with elevated neopterin concentrations. 

Infectious diseases Viral infections (for example hepatitis A and B, measles, HIV-
infection) (6-8)
Intercellular bacteria (pulmonary tuberculosis, lepra) (9-10)
Intracellular parasites (malaria, schistosomiasis mansoni) (11-12)

Allograft rejection Solid organ transplantation (liver, pancreas, heart) (13) 

Autoimmune diseases Systemic lupus erythematosus, rheumatoid arthritis (14, 15) 
Cardiac disorders Cardiomyopathy, acute rheumatic fever , myocardial infarction (16-18)

Malignant diseases Haematological neoplasias, gynecological malignancies, colon 
carcinoma (19-21) 

Neurodegenerative disorders Alzheimer’s disease, Parkinsons’s disease (22,23)
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minescence was reported with 5 mM 
dihydroneopterin (38). Pro-oxidative 
actions of 7, 8-dihydroneopterin were 
described in Escherichia coli, where the 
growth-inhibitory effects of hydro-
gen peroxide and nitrite were ampli-
fied. These findings were verified by 
the observation of hydroxyl radicals 
formation in aqueous solutions of 7, 
8-dihydroneopterin, which was found 
also at very low levels of the pteridine 
(39). Authors suggested the generation 
of superoxide anion in the presence of 
7, 8-dihydroneopterin and subsequent 
formation of hydrogen peroxide via 
the Fenton-reaction, fitting to earlier 
data, showing that dihydropterins 
reduces ferric iron to the ferrous form. 
In recent studies the production of 
oxygen free radicals in aqueous solu-
tion of pteridine-derivatives was con-
firmed by measuring the formation of 
singlet oxygen (40). 

• Effects of neopterin and 7, 8-dihy-
droneopterin on eukaryotic cells
In the last decade intensive research 
focused on the action of neopterin deriva-
tives in different cell systems (Figure 2). 
Neopterin as well as 7, 8-dihydroneop-
terin were found to induce a calcium 
influx in myelomonocytoma cells THP-1 
(41). In contrast, neopterin inhibited 
the ATP-mediated calcium signal in rat 
alveolar epithelial cells (42). Neopterin 
was reported to enhance iNOS gene 
expression and subsequent NO release in 
rat vascular smooth muscle cells (VSMC) 
(43). It was thus suggested that neopterin 
might contribute to the excessive produc-
tion of NO during pathophysiological 
hypotension in the course of sepsis. Ear-
lier, neopterin levels were found to cor-
relate with the severity of the disease as 
well as the mortality rate in septic patients 
(44) and synchronous augmentations in 
neopterin and nitrite/nitrate concentra-

tions were reported in another study (45). 
Neopterin also enhances nuclear uptake of 
nuclear factor-κB (NF-κB), a redox-sensi-
tive transcription factor, in rat VSMC 
(46). In a similar way, neopterin amplifies 
the secretion of TNF-α from peripheral 
blood mononuclear cells induced by LPS, 
IFN-γ, and interleukin-2 (47). In VSMC, 
neopterin was identified as a potent stim-
ulus of TNF-α gene expression and TNF-
α protein release, providing evidence that 
neopterin is able to induce TNF-α syn-
thesis as a single stimulus in non-hemat-
opoietic cells (48). In vivo, the generation 
of TNF-α in VSMC might be important 
under conditions culminating in a circu-
latory shock reaction. The continuous 
presence of TNF-α in lower amounts has 
been connected with the fatal outcome 
in sepsis. The hypothesis of a potential 
link between neopterin and circulatory 
disturbances like septic shock is further 
supported by a study showing a decrease 
in coronary flow and cardiac contractility 
following neopterin perfusion in the Lan-
gendorff model of the rat heart (49). 
 In contrast to the findings cited 
above, cytokine-induced iNOS gene 
expression and NO synthesis in ovarian 
carcinoma cell lines was significantly 
suppressed following coincubation with 
neopterin (50). In ovarian cancer, raised 
neopterin levels are correlated with 
reduced survival (51) and the down-regu-
latory effect of neopterin on NO genera-
tion in these cells may inhibit apoptosis 
in ovarian carcinoma cells susceptible to 
NO. The formation of peroxynitrite from 
NO and O

2
- could play an adverse role in 

this process. In rat VSMC and the alveolar 
type II-like epithelial cell line L2, neop-
terin was shown to induce apoptotic cell 
death (52,53), although the mechanism 
was different in both cell lines. In L2 cells, 
treatment with neopterin and 7, 8-dihy-
droneopterin augmented TNF-α/IFN-γ 

-mediated apoptosis, which was not the 
case in VSMC. In the lymphoma cell 
line U937, 2h-preincubation with neop-
terin diminished the pro-apoptotic effect 
of TNF-α (38). Whereas inhibition of 
iNOS resulted in a strong suppression of 
the pro-apoptotic effects of neopterin in 
VSMC, no involvement of NO produc-
tion on neopterin-mediating apoptosis in 
L2 cells was detected (53). 
 A time- and concentration-
dependent effect of neopterin on intracel-
lular adhesion molecule-1 (ICAM-1) gene 
expression and protein synthesis in type 
II-like alveolar epithelial cells was detected 
(54). Pronounced expression of ICAM-1 

Figure 2: Signal transduction induced by neopterin-derivatives. Neopterin as well 
as 7, 8-dihydroneopterin induce a calcium influx in monocytoma THP-1 cells. 7, 8-
Dihydroneopterin activates redox-sensitive transcription factor AP-1 and, in combina-
tion with tumor necrosis factor-α (TNF-α), also nuclear factor-κB (NF-κB) in a T 
lymphoblastic cell line. Rat vascular smooth muscle cells show activation of NF-κB in 
response to neopterin. In Jurkat cells, expression of HIV-1 promotor and HTLV-1 long 
terminal repeat (LTR) is enhanced by 7, 8-dihydroneopterin. Production of interferon-γ 
(IFN-γ) is enhanced in T lymphocytes upon treatment with 7, 8-dihydroneopterin, 
whereas rat vascular smooth muscle cells upregulate TNF-α formation upon incubation 
with neopterin. Both pteridines were found to induce apoptosis in different cell lines. 
Whereas neopterin particularly acted pro-apoptotic on murine alveolarepithelial cells 
and vascular smooth muscle cells, 7, 8-dihydroneopterin mediated apoptosis in a large 
variety of human cells, including T lymphocytes and neuronal cell lines. 
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in the pulmonary epithelium was sug-
gested to promote migration and acti-
vation of macrophages, neutrophils, 
and lymphocytes. The subsequent 
retention of immuno-competent cells 
at the site of infection might add to 
the damage of the airway epithelium 
by mediating unspecific cytotoxic 
host-defence reactions. Infectious 
diseases of the lung (e.g. sarcoidosis, 
lung tumors, fibrosis, adult respira-
tory distress syndrome) are associated 
with enhanced serum levels of neop-
terin and an increased production 
of ICAM-1 (55-57). A significant 
correlation between serum levels of 
neopterin and soluble ICAM-1 con-
centrations in the broncho-alveolar 
lavage fluid in patients with sarcoido-
sis was described (58). However, no 
link between neopterin production 
and ICAM-1 was detected in HIV-1 
patients (59). In contrast, neopterin 
and ICAM-1 expression correlate 
in the acute phase of rheumatoid 
arthritis, suggesting that in chronic 
immune stimulation, shedding of the 
ICAM-1 molecule might occur (60). 
Further, production of neopterin and 
ICAM-1 by different cell subsets could 
lead to differentially compartmentaliza-
tion in tissues. Macrophages within the 
alveolar epithelium seem to represent 
a source of neopterin production suf-
ficient to interfere with ICAM-1 expres-
sion in adjacent type II cells (61). 
 Similar to neopterin, several 
studies report that 7, 8-dihydrone-
opterin interferes with intracellular 
transcription pathways. Whereas the 
effects of neopterin were predominantly 
investigated in murine cell lines, a sig-
nificant effect of 7, 8-dihydroneopterin 
on different human cell types was found. 
7,8-Dihydroneopterin enhances TNF-
α induced apoptosis in  human U937 
cells and the combination of TNF-α 
with high-dose 7,8-dihydroneopterin 
results in the pronounced production 
of reactive oxygen species (ROS) (38). 
Consequently, application of the anti-
oxidants N-acetylcysteine or superoxide 
dismutase decreased the rate of apop-
tosis. The pro-apoptotic actions of 7, 
8-dihydroneopterin are not restricted to 
these cells, a number of other cell lines 
have been tested so far. An increased rate 
of apoptosis was detected in Jurkat T 
lymphoblasts, which was at least in part 
blocked by antioxidants (62,63). In a 
follow-up study, 7, 8-dihydroneopterin 
was found to induce the expression of 

the Fas ligand in Jurkat T cells. Once 
again, this effect could be antagonized 
by increasing the anti-oxidative potential 
of the cells (64). Comparable results are 
documented for astrocytic, neuronal, and 
microglial cells (65-67). Since elevated 
concentrations of 7, 8-dihydroneopterin 
are commonly found in cerebrospinal 
fluid of patients with neurodegenerative 
diseases and central nervous system infec-
tions (68), the pteridine may contribute 
to the loss of neuronal cells under these 
conditions. In the majority of cells tested, 
only 7, 8-dihydroneopterin but not 
neopterin was effective to induce pro-
grammed cell death. Also different signal 
transduction molecules are triggered by 
7, 8-dihydroneopterin in comparison to 
neopterin. In transfected Jurkat-T-lym-
phocytes, 7, 8-dihydroneopterin induced 
trans-activation of the IFN-γ-promotor as 
well as the type-I human T-cell leukemia 
virus long terminal repeat sequence and 
the HIV-1 promoter (62,69,70). This was 
further substantiated when 7, 8-dihydro-
neopterin was given in combination with 
hydrogen peroxide. The redox sensitive 
transcription factor AP-1 was activated 
by the dihydropteridine and NF-κB 
activation by TNF-α was increased in 
the presence of 7, 8-diyhdroneopterin in 
a lymphoblastic cell line (70). In the same 
cells, apoptosis induced by 7,8-dihydro-
neopterin was proposed to be mediated 
via a Bcl-2 sensitive pathway (71). In rat 
PC-12 cells, the pteridine activated stress 
activated protein kinase (SAPK) (72). 
 On basis of the extended 
research on 7, 8-dihydroneopterin-medi-
ated apoptosis in different cell types, the 
influence of the pteridine on primary 
cultures of human T lymphocytes was 
tested. It was shown that freshly isolated 
cells obtained from healthy donors 
are more susceptibly to undergo pro-
grammed cell death in comparison to the 
T lymphoblastic cell line Jurkat. Already 
relatively low doses of 7, 8-dihydroneop-
terin (200 µM) compared to various cell 
lines induced elevated apoptosis rates 
in primary lymphocyte cultures (73). 
Results of T cells from healthy donors 
were compared with those from patients 
with systemic lupus erythematosus (SLE). 
A significantly lower rate of apoptosis 
was detected in lymphocytes from SLE 
patients, suggesting that sustained pro-
duction of 7, 8-dihydroneopterin during 
chronic immune activation could 
contribute to the depletion of healthy 
lymphocytes and the accumulation of 
autoreactive cells in this diseases. 

•Conclusion
In human and primates, neopterin and 7, 
8-dihydroneopterin are produced during 
Th1-type immune stimulation primarily 
in response to IFN-γ, a central up-regulator 
of immune response. Besides its strong pro-
inflammatory properties, IFN-γ was found 
to simultaneously induce the production 
of several compounds possibly involved 
in down-regulation of immune response 
in monocyte-derived macrophages and in 
other immuno-competent cells. In parallel 
to neopterin production, IFN-γ potently 
primes the release of ROS in monoytes/
macrophages and in neutrophils (25). 
This process known as oxidative burst can 
lead to a depletion of the antioxidative 
capacity in tissue and the occurrence of 
oxidative stress. Oxidative stress can cause 
destruction of important cell structures 
such as membranes, proteins and 
purines (74). Production of ROI in lower 
concentrations can trigger redox-sensitive 
transcription factors and pathways in cells, 
and induce programmed cell death (75,76). 
In addition, IFN-γ is known as the main 
trigger for indoleamine-2,3 dioxygenase 
(IDO), catalyzing the conversion of 
tryptophan to N-formylkynurenine, 
leading to a locally decreased tryptophan 
level during inflammation. Withdrawal of 
tryptophan from the micro-environment 
suppresses growth of pathogens, 
intracellular replicating viruses, and 
uncontrolled proliferating cells (77,78). 
The deprivation of tryptophan during 
inflammation also acts on clonal 
expanding T cells during immune 
stimulation. Human monocyte-derived 
macrophages suppress T-cell proliferation 
in vitro via IFN-γ-mediated induction 
of IDO (79). Similarly, dendritic cells 
were reported to inhibit responsiveness 
of T cells to mitogenic stimulation (80). 
Neopterin derivatives seem to contribute 
to the anti-inflammatory repertoire 
induced by IFN-γ via modulation of 
the cellular redox-balance, onset of 
intracellular transcription factors and 
induction of programmed cell death. 
From the available data we suggest that 
neopterin and 7, 8-dihydroneopterin 
represent one of the biochemical pathways 
by which monocyte derived macrophages 
and dendritic cells down-regulate T 
lymphocyte activation. Especially in 
the state of chronic immune activation 
neopterin and 7, 8-dihydroneopterin 
might play a special role in the course of 
the development of immunodeficiency 
by depletion of T lymphocytes through 
induction of apoptosis. 
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