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Influence of Iron, Interferon-γγ and 1-methyl-
tryptophan on Infectivity of Chlamydia pneu-
moniae within Endothelial and Monocytic
Cells

Bellmann-Weiler R, Martinz V, Schroecksnadel
K, Feistritzer C, Fuchs D, Weiss G 

Department of Internal Medicine, and Division of
Biological Chemistry, Biocenter, Medical
University of Innsbruck, Innsbruck, Austria 

Chlamydia pneumoniae is an obligatory intra-
cellular bacterium causing acute respiratory
infection and chronic inflammatory diseases in
humans. The role of C. pneumoniae as well as the
role of iron for the pathogenesis of  atherosclero-
sis are under discussion. The influence of iron and
interferon-gamma (IFN-γ) on immune effector
pathways in C. pneumoniae infected endothelial
cells and monocytes was investigated.

Human endothelial cells (EA.hy923) and
monocytic cells (THP-1) were infected with C.
pneumoniae and different challenges were added:
iron, deferoxamine (DFO) and 1-Methyltrypto-
phan (1-MT), the latter inhibiting the tryptophan
degrading enzyme indoleamine-2,3-dioygenase
(IDO),  before cells were stimulated with IFN-γ or
left untreated. The numbers of infected cells as
well as inclusion bodies were counted and
kynurenine, tryptophan, neopterin and tumor
necrosis factor-alpha (TNF-α) were determined. 

In EA.hy926 cells iron supplementation and
DFO promoted the infection with Chlamydia,
while 1-MT and IFN-γ treatment resulted in a sig-

nificant decrease of infected cells with IFN-γ
causing a more sustained reduction.  In contrast,
THP1 cells revealed a significant decrease of
inclusion numbers with DFO and 1-MT and even
more for iron. The activity of indoleamine-2,3-
dioxygenase, the secretion of neopterin and
TNF-α formation were not significantly different
between iron-enriched, iron-deprived and IDO-
inhibited THP-1-cells upon IFN-γ-stimulation,
respectively. In endothelial EA.hy923 cells IDO
was inducible after sole infection with Chlamydia
as well as additional stimulation with IFN-γ.
Neopterin concentrations were rather low and
were unaffected by the various challenges.  

The proliferation of C. pneumoniae is diffe-
rently affected upon IDO inhibition and iron
restriction between endothelial and monocytic
cells. While C. pneumoniae within endohelial
cells appears to be dependent on a sufficient
exogenous supply of iron and tryptophan these
pathways appear to be less important for
Chlamydia residing within monocytes. 

Influence of Food Preservatives Sodium sul-
fite, Sodium benzoate and Food Colorant cur-
cumin on the Leptin Release of Murine
Adipocytes  

Ciardi C, Jenny M, Ueberall F, Patsch J, Pedrini
M, Ebenbichler C, Fuchs D 

Department of Internal Medicine I, and Division
of Biological Chemistry, Biocenter, Innsbruck
Medical University, Innsbruck, Austria
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In the last decades the preparation, the preser-
vation and at least the offer of food have led to
changes in quantity and quality of food consump-
tion. A few of different techniques were develo-
ped to preserve aliments. One widely diffused
technique is the addition of antioxidants, e.g.
sodium sulfite (E221), sodium benzoate (E211)
and food colorants, e.g. curcumin (E100) to food.
These food additives prevent the growth of bacte-
ria and other microorganisms. Furthermore, chan-
ges of lifestyle including overnutrition and physi-
cal inactivity have led to a rise of severe obesity.
Leptin, an adipocytokine, which is secreted main-
ly by adipocytes, is produced in proportion to fat
stores. Circulating leptin serves to communicate
the state of body energy repletion to the central
nervous system (CNS) in order to suppress food
intake. Furthermore, it is involved in the homeo-
stasis of energy limiting the accumulation of
triglycerides in liver and skeletal muscle and
modulating pancreatic β-cells function. The aim
of this study was to investigate a potential influ-
ence of food additives on the leptin release of
adipocytes. We incubated murine adipocytes 3T3-
L1 with the food preservatives sodium sulfite,
sodium benzoate and the food colorant curcumin
in various concentrations for 24 hours and meas-
ured the leptin release in the cell culture super-
natant using an ELISA. We obtained a significant
decrease for leptin in the cell culture supernatant
after 24 hours of incubation with 1 mmol sodium
sulfite (p <0.01). However, increasing the sodium
sulfite concentration did not decrease the leptin
concentration moreover. When we incubated the
cells with 10 mmol sodium benzoate, we obtained
a significant decrease of leptin release (p <0.01).
When we augmented the concentration to 20
mmol sodium benzoate, we obtained a stronger
decrease of leptin release in a dose dependent
fashion (p <0.01). The food colorant curcumin
decreased the leptin release significantly at a con-
centration of 10 µmol and at a concentration of 50
µmol curcumin significantly (both p <0.01).
These data suggest that food additives affect lep-
tin release from adipocytes. Decreased leptin
release during consumption of nutrition-derived
food additives would decrease the overall amount
of circulating leptin to which the CNS is exposed
and could therefore contribute to an adipogenic

effect. 

Laboratory Methods for Assessing Coagu-
lation and Platelet Aggregation in Whole Blood
Samples

Cvirn G, Gallistl S, Wagner T, Janschitz M,
Juergens G, Koestenberger M

Institute of Physiological Chemistry, Department
of Pediatrics, Department of Blood Group
Serology and Transfusion Medicine, and Institute
of Biophysics, Medical University of Graz, Graz,
Austria

In routine platelet aggregation assays agonists
are added exogenously. In routine coagulation
assays plasma is highly diluted and high amounts
of thromboplastin are used to trigger clotting.
This obviously does not reflect the in vivo situa-
tion.

We therefore designed laboratory methods for
assessing coagulation and platelet aggregation
induced by collagen/tissue factor (TF). The clot
formation process was examined by means of
thrombelastometry (TEM) in whole blood (WB)
triggered by addition of collagen, tissue factor,
and calcium chloride. Platelet aggregation was
examined by means of the impedance method in
WB triggered by addition of collagen, TF, calci-
um chloride, and the fibrin polymerization
inhibitor GPRP.

Impedance measurements show that endoge-
nously generated thrombin (due to the addition of
TF) is a potent platelet agonist. Moreover, a com-
bination of collagen and endogenous thrombin
synergistically shortens the lag time until the
onset of platelet aggregation. TEM measurements
allow sensitive detection of the anticoagulant
action of either unfractionated heparin (UH) and
low molecular weight heparins (LMWHs). For
example, addition of nadroparin or enoxaparin
resulted in the same dose-dependent prolongation
of the coagulation time and the clot formation
time, and in the same dose-dependent reduction
of the maximum clot firmness and alpha angle,
indicating the same anticoagulant efficacy of
these two LMWHs. 
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Our laboratory methods allow sensitive moni-
toring of antithrombotic and antiplatelet actions
of drugs in the physiological environment of WB.

Neopterin: As an Immune Marker in Gastro-
intestinal Cancer Patients

Engin AB, Engin A, Sepici-Dincel A, Kurukahve-
cioglu O

Department of Toxicology, Faculty of Pharmacy,
and Department of Biochemistry and Department
of General Surgery, Faculty of Medicine, Gazi
University, Ankara, Turkey

Metastasis is one of the main causes of the
death in the majority of cancer patients. The
spreading of the tumour to regional lymph node is
often the first indicator of the dissemination of
neoplasm. Development of metastasis in lymph
nodes and the survival of tumour cells are related
to the tumour-induced down regulation of lymph
node immunity. Consequently, the lymph node
situation, the progression of metastatic disease
and the tumour size effects the risk of death in
cancer patients. Thus, in addition to tumour bio-
markers, immune system markers, such as
neopterin might also be important. Although, dur-
ing cancer progression, increased neopterin con-
centrations indicate a chronic cellular immune
response, the immune system is unable to com-
pletely eliminate the stimulating agent. Hence, it
is not known whether macrophages restrict their
ability to recognise the cancer cells in advanced
cases. Upon these findings, serum neopterin con-
centrations of gastrointestinal cancer patients
were measured before and immediately after sur-
gical trauma. We investigated whether the alter-
ation of serum neopterin levels is jointly predic-
tive with the stage of tumour, and the effect of
surgical trauma is additive or alternatively, and
macrophages being able to integrate multiple spe-
cific stimuli. One hundred and six consecutive
cases without diabetes and immunological disor-
ders, who underwent major-plus elective surgical
interventions, were included to the study. Study
designation was made according to AJCC Cancer
Staging, TNM classification. Gastrointestinal

cancer patients were allocated in three groups;
Primary tumour-only group (T 1-3, N0, M0;
Group 2, n=28), Metastatic lymph node positive
group (T 1-3, N 1-2, M0; Group 3, n=29),
Locally-advanced or plus metastasis group (T4, N
1-3, M0 or any T, any N, M1; Group 4, n=11).
Cancer patients' serum neopterin concentrations
which were measured by ELISA (Demeditec,
Germany), were compared with the serum
neopterin of tumour-free individuals (Group 1,
n=38). The frequency of increased serum
neopterin concentrations of group 2, group 3 and
group 4 were estimated by comparing with the
average amount of serum neopterin of tumour-
free individuals, by Mann Whitney U test. Thirty-
two per cent of our control group showed higher
frequency of neopterin concentrations when indi-
vidually compared with their average values. In
this manner, the frequencies of increased serum
neopterin were 39.28 %, 41.37 %, 63.63 % for
group 2, group 3 and group 4 respectively. Serum
neopterin concentrations were more strongly
affected by tumour invasion to adjacent tissues or
distant metastases. In group 4, within the first 24-
hour postoperative period serum neopterin levels
simply reflected a reduced macrophage response
to surgical trauma. However, in immediate post-
operative period, sum of the additive frequencies
of increased serum neopterin concentrations with
the initial frequencies of each group were 49.99
% for group1, 64.28 % for group 2, 79.3 % for
group 3 and 90.9 % for group 4. Addition of sur-
gical trauma revealed an increasing pattern of
purely additive responses in tumour-free individ-
uals as well as in tumour bearing patients. Thus,
most probably macrophages could, respond to
multiple stimuli leading to increased neopterin
synthesis. However, cancer patients have differ-
ent concentration frequency excitement capacity
in each stage despite of similar severity of opera-
tive trauma. Rising in neopterin concentration is
not solely specific for tumour growth rate, but
serum neopterin alterations during follow-up of
cancer progression are also predictive for progno-
sis in one-third to two-third of gastrointestinal
cancer patients. 

Supported by The Scientific And Technological
Research Council of Turkey, SBAG-HD131.
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Analysis of Humoral Immune Responses in
Rhesus Macaques Vaccinated with Attenuated
SIVmac239Dnef and Challenged with Patho-
genic SIVmac251

Falkensammer B, Freißmuth D, Hiltgartner A,
Stahl Hennig C, Fuchs D, Tenner Racz K, Racz P,
Strasak A, Dierich MP, Stoiber H

Department of Hygiene, Microbiology and Social
Medicine, Division of Biological Chemistry, and
Department for Medical Statistics, Informatics
and Health Economics, Innsbruck Medical
University, Innsbruck, Austria; German Primate
Centre, Göttingen, and Department of Pathology,
Bernhard-Nocht-Institute for Tropical Medicine,
Hamburg, Germany 

To determine the protective potential of the
humoral immune response against pathogenic
simian immunodeficiency virus (SIVmac251) 12
rhesus macaques were immunized with an atte-
nuated SIVmac239Dnef either systemically or
tonsillarly before challenge. Additionally, 4
unvaccinated animals were used as controls.
Plasma and cell-associated viral load levels as
well as neopterin concentrations were measured
as disease progression parameters. Neutralizing
and SIV-specific antibodies as well as comple-
ment mediated lysis were determined to charac-
terize the humoral immune response. By in situ
hybridisation trapping of viral particles was
assessed in different lymphatic tissues.

Independent of the route of application, peak
plasma and cell-associated viral load levels were
significantly reduced by more than 2log steps in
vaccinated monkeys compared to controls
(p <0.05). Similarly, peak levels of neopterin con-
centrations in vaccinees were clearly reduced
compared to the control cohort then. Two weeks
post challenge viremia correlated indirectly with
SIV-specific IgG, lysis parameters and neutraliz-
ing antibodies. During the chronic infection peri-
od 6 of 13 tested monkeys did not show any signs
of trapping in lymphatic tissues. Those 6 animals
had <2 infectious units per 106 peripheral blood
mononuclear cells in the circulation then.

With this rhesus macaque study authors could
demonstrate that humoral immune response

parameters and viremia revealed no significant
differences in systemically or tonsillarly immu-
nized cohorts. This fact encourages efforts for
mucosal immunization strategies due to simpli-
fied application. At different time points during
pathogenic SIVmac251 infection various humoral
immune response mechanisms were variably
active.

Nramp1-mediated Repression of IL-10
Formation Increases Antimicrobial Effector
Mechanisms in Murine Macrophages

Fritsche G, Nairz M, Werner ER, Barton HC,
Weiss G

General Internal Medicine, Department of
Internal Medicine, Innsbruck Medical University,
Innsbruck, Austria

In mice, the expression of the phagolysosomal
protein Nramp1 (natural resistance associated
macrophage protein 1, Slc11a1) enhances host
resistance to various intracellular pathogens.
Nramp1 is expressed in phagocytic cells and acts
as a transporter for protons, iron and other diva-
lent cations. The expression of Nramp1 is associ-
ated with enhanced activity of pro-inflammatory
pathways, including the formation of nitric oxide.
Using RAW264.7 murine macrophages stably
transfected with functional (RAW-37) or non-
functional (RAW-21) Nramp1, we investigated
the influence of Nramp1 on intracellular iron
homeostasis and the production of the anti-
inflammatory cytokine interleukin-10 (IL-10).
We found that Nramp1 modulates the expression
of diverse iron metabolism genes resulting in
lower free intracellular iron levels in Nramp1-
bearing RAW-37 cells. Moreover, the production
of IL-10 was repressed by functional Nramp1.
Upon infection of macrophages with S. typhimu-
rium pathogen survival was significantly better
controlled by RAW-37 cells, which correlated
with enhanced formation of nitric oxide and
tumor necrosis factor-α ( TNF-α ). Addition of an
anti-IL-10 antibody to RAW-21 cells resulted in
increased nitric oxide / TNF-α production and a
better killing of phagocytosed Salmonellae.
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Furthermore, the excessive IL-10 production
found in RAW-21 cells was modulated by intra-
cellular iron availability. Taken together, Nramp1
mediates effective host defence against intracellu-
lar pathogens by suppression of excessive IL-10
production. This relates to Nramp1-mediated
reduction of cellular iron pools and results in
strengthening of antimicrobial effector mecha-
nisms such as nitric oxide and TNF-α production.

Tryptophan Degradation in Cattle at risk for
Mycobacterium bovis tuberculosis

Fuchs D, Neurauter G, Schoepf K

Institute of Veterinaery Medicine, and Division of
Biological Chemistry, Biocenter, Medical Univer-
sity, Innsbruck, Austria

Bovine tuberculosis remains a significant prob-
lem in certain European countries including some
parts of Austria where infection in cattle with
Mycobacterium caprae (member of the MTB
complex responsible for the tuberculosis inci-
dents in cattle in the Tyrol) was detected recently
as a reemerging disease. Diagnostic assays for
bovine tuberculosis rely on the detection of spe-
cific antibodies against Mycobacterium bovis. In
vitro assays which allow detection of cell mediat-
ed immune (CMI) response such as interferon-γ
production of peripheral blood mononuclear cells
of cattle against specific antigens are in use for
ante mortem diagnosis. In humans with Mycobac-
terium tuberculosis infections, urine and serum
neopterin concentrations are increased, reflect the
severity of infection and declining neopterin le-
vels parallel successful treatment. This is true also
in HIV-seropositive and seronegative adults and
children with M. tuberculosis co-infection (1-3).
However, high output neopterin production is
specific for human and primate macrophages and
dendritic cells stimulated with interferon-γ but
cannot be monitored in cattle. In humans, the
cytokine induced neopterin production is closely
associated with tryptophan degradation by
indoleamine 2,3-dioxygenase, an enzyme which
is induced by the same pro-inflammatory stimuli
like neopterin biosynthesis (4). We therefore won-

dered whether monitoring tryptophan degradation
in serum of cattle might be of any diagnostic
value in cattle at risk for M.bovis infection. 

In 100 cows from high risk M. caprae infection
areas in the Western part of the Austrian Tyrol,
blood specimens were collected for routine diag-
nostics tests including tuberculin skin test results,
pathological scores and  Bovigam test (Prionics
AG, Schlieren-Zurich, Switzerland) result. Six
animals presented with positive pathological find-
ings, 11 were positive in the Bovigam test, and 25
had a positive skin test result. Tryptophan and
kynurenine measurements were done by HPLC
on reversed phase and monitoring the natural
fluorescence of tryptophan (285 nm excitation
and 365 nm emission wavelengths) and kynure-
nine by UV absorption at 360 nm wavelength.
Average serum tryptophan concentrations resul-
ted as 52.4 ± 11.1 µmol/L, kynurenine was 7.7 ±
2.4 µmol/L and the kyn/trp was 157 ± 68.7
µmol/mmol. Thus, tryptophan levels were consi-
derably lower and kynurenine and kyn/trp higher
than the concentrations in healthy humans: tryp-
tophan 73.0 ± 14.9 µmol/L, kynurenine 1.92 ±
0.58 µmol/L, and kyn/trp 26.9 ± 8.10 µmol/mmol
(all p <0.01). There was no correlation between
serum tryptophan and kynurenine concentrations.
When cows were grouped according to the
Bovigam and skin test results and to pathological
findings, positive results and pathological find-
ings generally were associated with lower kynure-
nine concentrations and lower kyn/trp, whereas
tryptophan concentrations did not significantly
differ between groups. Kynurenine concentra-
tions in 6 animals with pathological findings were
6.01 ± 1.65 vs. 7.84 ± 2.45 in pathologically nor-
mal cows. Positive results of Bovigam test were
associated with lower kynurenine concentrations
(6.14 ± 1.27 µmol/L, n = 11) vs. animals with
negative test result (7.70 ± 2.54 µmol/L, n = 76;
U = 7.79, p =0.02). Skin test reactivity was asso-
ciated with lower kynurenine concentrations
(6.68 ± 1.46 µmol/L) vs. 8.07 ± 2.63 µmol/L in
skin test negatives (U = 2.51, p = 0.01). In these
group comparisons kyn/trp behaved similar as
kynurenine concentrations. Finally, kynurenine
levels correlated inversely with skin test scores
(rs = -0.292, p <0.01) and pathological findings
(rs = -0.200, p = 0.01) as did kyn/trp but less
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expressed (skin test: rs = -0.226, p = 0.01; patho-
logical findings: rs = -0.152, p = 0.06). There were
no such correlations between kynurenine or
kyn/trp with Bovigam test results.

We conclude that M. caprae seropositivity/in-
fection is associated with lower kynurenine con-
centrations and thus diminished tryptophan
degradation compared to normal cattle. At the
moment there is no good explanation for that
finding, except that the enhanced nitric oxide pro-
duction in cow with M. caprae  infection may sup-
press IDO activity. Still, the decline of kynurenine
production may support diagnosis of M. caprae
infection in cattle.

References:
1 Fuchs D, et al. Lung 1984;162:337-346.
2 Hosp M, et al. Lung 1997;175:265-275.
3 Horak E, et al. Lung 1998;176:337-344.
4 Schroecksnadel K, et al. Clin Chim Acta

2006;364:82-90.

Neopterin concentrations in breast milk and
maternal Serum and Urine 

Ganglberger H, Kurz-Schroecksnadel K, Fuchs
D, Schroecksnadel H

Department of Gynaecology, Hospital Zams;
Division of Biological Chemistry, Biocenter,
Innsbruck Medical University, Innsbruck, Austria

Activation of indoleamine-2,3 dioxygenase
(IDO), an enzyme converting tryptophan to N-
formyl-kynurenine, was found to be a necessary
requirement for immunotolerance against the
fetus and thus uncomplicated pregnancy. To pro-
tect the fetus from a repulsion reaction, T cells are
inhibited by expression of IDO and tryptophan
degradation on the fetomaternal layer. Postpar-
tum, plasma tryptophan concentrations were
found to increase rapidly (1). In this study, plas-
ma, urine and breast milk from 30 pregnant wo-
men were analyzed: blood and urine samples
were taken three times, the day of delivery, day 1
postpartum and day 3 postpartum, breast milk
samples were taken on day 2 and 3 postpartum.
All patients were selected according to three dif-

ferent modi of delivery - Modus 1: women with
spontaneous labor (n = 19), Modus 2: women
with primary caesarean section (n = 7), Modus 3:
women with secondary Caesarean section (n = 4).
Neopterin was measured by ELISA (BRAHMS,
Hennigsdorf/Berlin), tryptophan and kynurenine
concentration were measured by reverse-phase
high-performance liquid chromatography. Kynu-
renine to tryptophan ratio (kyn/trp) was calculat-
ed by relating concentrations of kynurenine
(µmol/L) to tryptophan (mmol/L) allowing an
estimate of IDO activity. The inflammation para-
meter C-reactive protein (CRP) was measured as
well as leukocyte counts and hemoglobin levels.
On day of delivery labor, parameters investigated
did not differ in patients with spontaneous deliv-
ery or sections. However significant differences
were observed after delivery. Patients who deliv-
ered spontaneously had significant higher trypto-
phan concentrations (p = 0.001) and leukocyte
counts (p = 0.001) than women with primary or
secondary caesarean section, on day 1 postpar-
tum. Leukocyte counts increased on day 1 and
decreased on day 3 postpartum, while hemoglo-
bin levels dropped, in all groups. Neopterin plas-
ma and breast milk concentrations did not differ
between groups of delivery in longitudinal analy-
ses. However, neopterin was detectable in breast
milk while kynurenine, the first measurable prod-
uct of immune-mediated tryptophan degradation
could not be detected in breast milk. Tryptophan
concentration in breast milk was lower on day 3
postpartum than on day 2 in patients with sponta-
neous delivery and secondary Caesarean section.
After delivery, increasing CRP and leukocyte
courses were indicative for an enhanced acute
phase response, while rather stable neopterin le-
vels indicated only a modest degree of cellular
immune activation after delivery. In consequence
also tryptophan degradation by IDO was only
slightly activated. Interestingly no correlations
existed between tryptophan concentrations in
plasma and breast milk. In conclusion, our results
do not indicate that enhanced immune mediated
tryptophan degradation might influence trypto-
phan availability in the breast milk.

References:
1 Schroecksnadel K, et al. Life Sciences 2003;
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Distribution of Biomarkers of Oxidation and
Macrophage Activation in Human pus and
Atherosclerotic Plaques

Gieseg SP, Baird SK, Crone E, Firth CA, Flavall
E, Genet R, Laing AD, Pearson J, Roake J 

Free Radical Biochemistry Laboratory, School of
Biological Sciences, University of Canterbury,
and Department of Radiology and Department of
Surgery, Christchurch Hospital, Christchurch,
New Zealand

Plasma neopterin has been used as a key bio-
marker of inflammation in a number of disease
pathologies (1). To date though very little analy-
sis has been conducted on the actual site of
inflammation. Our research has been investigat-
ing a number of different disease pathologies to
measure the concentration of neopterin within
inflammation sites as well as measuring markers
of reactive oxygen species. We examined pus
drainage fluid and atherosclerotic plaques remo-
ved during femoral and carotid endarterectomy.

Pus was removed by needle aspiration from 19
patients and examined for total neopterin, protein-
bound DOPA, dityrosine, α-tocopherol, lipid oxi-
dation and protein carbonyls (2). Total neopterin
was detected between 50 nM and 1.2 mM, with an
average concentration of 0.51 µM. Significant
quantities of oxidised proteins and lipids were
detected. α-Tocopherol concentrations positively
correlate with total neopterin levels. 

Within the 16 atherosclerotic plaques analysed
neopterin was found in micromolar concentra-
tions suggesting that 7,8-DNP may significantly
alter rates of extracellular lipoprotein oxidation
within the plaque. The neopterin concentrations
were significantly higher within the pre- and post-
bifurcation region while the lipid oxidation mark-
er, TBARS tended to be lower in these regions.
The data to date shows a wide range of plaque
profiles reflecting the varying levels of calcifica-
tion or the presence of thrombosis. 

This investigation shows that sites of inflam-
mation could be the source of the plasma

neopterin and that the tissue concentrations may
be high enough to either inhibit or promote apop-
tosis in different cells (1). The implications of
these findings will be discussed.

References:
1 Gieseg SP, et al., Br J Pharmacol 2008;

153:627-35.
2 Firth CA, et al., Clin Biochem 2008;41:1078-

83.

Inhibition of OxLDL Mediated Macrophage
Necrosis by down Regulation of OxLDL
Uptake, CD36 Expression and Iintracellular
Oxidant Production by 7,8-dihydroneopterin

Gieseg SP, Amit, Z, Yang T, Katouah H

Free Radical Biochemistry Laboratory, School of
Biological Sciences, University of Canterbury,
Christchurch, New Zealand.

The oxidation of low density lipoprotein (LDL)
and the cytotoxicity of the resulting oxidised LDL
(oxLDL) on macrophages, is considered a key
part of the chronic inflammatory events leading to
the formation of advanced atherosclerotic
plaques. Our laboratory has shown 7,8-DNP has
potent antioxidant activity in vitro which can
inhibit both oxLDL formation and peroxyl radical
damage to macrophage cells (2, 3). Neopterin, an
oxidation product of 7,8-dihydroneopterin (7,8
DNP) is elevated in the plasma of patients with
vascular disease and is present in atherosclerotic
plaques at micro molar concentrations (1, 2). In
this study we have examined the protective effect
of 7,8-DNP on oxLDL induced cell death in
human macrophages.

Human monocytes were isolated from blood by
centrifugation with Lymphoprep and differentiat-
ed into macrophages over 14 days in RPMI-1640
containing 10% human serum. OxLDL was pre-
pared by copper oxidation from LDL prepared by
ultracentrifugation of human plasma.

OxLDL induced cell death in human
macrophages was inhibited by the addition of
between 100 and 200 uM 7,8 DNP. OxLDL did
not trigger caspase activation but did cause a
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rapid loss of cellular glutathione which was inhib-
ited by 7,8-DNP. OxLDL induced intracellular
superoxide release was found to be greatly
reduced in the presence of 7,8-DNP. Analysis of
oxLDL uptake using fluorescent DiI labeled
oxLDL showed 7,8-DNP causing a significant
reduction in oxLDL uptake over a 20 hour period.
Immunoblot analyses showed there was no
change in SCR-A receptor levels in the presence
of 7,8-DNP but CD-36 levels were significantly
reduced. 

The results suggest 7,8 DNP protects human
macrophages by both inhibiting oxLDL depend-
ent generation of superoxide and macrophage
oxLDL uptake. The presence of 7,8-DNP in ath-
erosclerotic plaques may be a significant factor
controlling plaque stability and growth through
slowing necrotic core development.

References:
1 Gieseg SP et al., Br J Pharmacol 2008; 153:

627-635.
2 Firth C.A. et al., Biochim Biophys Acta 2008;

1783: 1095-1101.
3 Gieseg SP et al., Free Radic Res 2001; 35:

311-318.

Tryptophan Degradation and Neopterin
Levels in Breast Tumor Patients 

Girgin G, Sahin TT, Fuchs D, Yüksel O, Tekin E,
Baydar T

Department of Toxicology, Faculty of Pharmacy,
Hacettepe University; Department of Surgery,
Faculty of Medicine, Gazi University, Ankara,
Turkey; Division of Biological Chemistry,
Biocenter, Innsbruck Medical University,
Innsbruck, Austria

Indolamine 2,3-dioxygenase (IDO) is an
enzyme that metabolizes tryptophan (Trp) and is
expressed in a variety of cells including mono-
cytes, macrophages and dendritic cells. IDO
degrades the tryptophan to N-formyl-kynurenine
which is subsequently converted to niacin as the
rate limiting step in the Trp metabolism. Trp
metabolism is currently under extensive investi-

gation as a possible mechanism underlying the
resistance of tumor cells against cell mediated
immune response. Neopterin is a worldwide
accepted marker for activated cellular immune
response and indirectly shows interferon gamma
activated immune response. It has been detected
that elevated neopterin levels or enhanced trypto-
phan degradation in body fluids is highly corre-
lated with the severity of the diseases or survival
data of the patients. There is not much informa-
tion concerning the clinical relevance of trypto-
phan degradation in breast cancer patients. In our
previous study we showed a significant difference
in urinary neopterin levels between malignant and
benign breast tumors (1). The study pointed out
that neopterin levels seem to be an important and
useful biomarker in diagnosis of breast tumors in
clinical practice, especially in distinguishing
tumor types. As a follow up study, the aim of this
study was to evaluate tryptophan degradation as
IDO activity and serum neopterin status in benign
and malignant breast tumors. According to the
results, neopterin level in the patients with malig-
nant breast disease (n = 30) was significantly
higher than benign breast patients (n = 27;
p = 0.02). IDO activity did not differ significant-
ly between malignant and benign breast disease
groups, but there was a tendency towards
increased activity in malignant breast disease.
IDO activity significantly changed according to
the grade being highest in grade III tumors
(p = 0.004). Since IDO activity changes with the
grade of the disease, the data indicates that IDO
seems to reflect the aggressiveness of the tumor.

References:
1 Yuksel O, et al. Neopterin, catalase and super-

oxide dismutase in females with benign and
malignant breast tumors. Pteridines
2007;18:132-138

Associations Between TIM-1-polymorphisms
and Serum Neopterin Levels in Tyrolean Blood
Donors

Grabmer C, Muehlbacher A, Mayersbach P,
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Immunology, University Hospital, Innsbruck,
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The TIM gene family which are found in both
human and mice encodes receptors on T-cells that
regulate Th1- and Th2-cell-mediated immunity.
The human gene family consists of three different
genes: TIM-1, TIM-3 and TIM-4. A six-amino-
acid insertion at residue 157, termed
157insMTTTVP (18bp insertion in exon 4) which
is located at the centre of an extracellular mucin
like region of TIM-1 was described to play a po-
tential role in allergic diseases, in association with
hepatitis A virus infection. The purpose of this
study was to analyse potential associations
between serum neopterin levels and certain geno-
types of TIM-1.

Several "bi-specific" PCR using sequence spe-
cific priming (PCR-SSPs) were developed to
definitively type all 4 hypothetically present hap-
lotypes defined by 2 neighboured SNPs. Tyrolean
blood donors (n = 170) were genotyped for 4
SNPs (rs1553316, rs1553318, rs12522248,
rs2279804). Two coding SNPs were selected in
exon 4. Another 2 SNPs were located in intron 4.
Above mentioned selection of "bi-specific" PCR-
SSPs allowed unambiguous detection of the 18 bp
insertion in all genotypically possible combina-
tions confirmed by direct DNA-sequencing. Four
haplotypes could be identified in exon 4 of TIM-
1 which resulted in 10 different genotypes. 

Serum neopterin levels of 1645 blood dona-
tions in mean 9.7 donations/donor (3 - 11) were
measured due to mandatory neopterin screening

of blood donations. Neopterin screening was per-
formed with an Elisa test. (Elitest Neopterin, Fa.
Brahms).

The results of serum neopterin levels were
divided into three groups, below 4.8 nmol/L
(25%ile) above 6.2 nmol/L (75%ile) and between
4.8 to 6.2 nmol/L. Distribution in accordance to
genotypes of TIM1 is shown in the table below.

First data show that there might be some influ-
ence of certain TIM1 genotypes on serum
neopterin levels, but further investigations are
needed.

Increased Macrophage Activation as Indicated
by Neopterin Levels is Associated with Poorer
long-term Prognosis for Renal Aallograft
Recipients

Grebe Scott O, Vogl Dominik, Kuhlmann Uwe,
Mueller Thomas F

Division of Nephrology, Department of
Medicine, Helios-Kliniken Wuppertal, University
of Witten-Herdecke, Germany, Division of
Nephrology, Department of Medicine, Philipps-
University, Marburg, Germany and Division of
Nephrology and Immunology, Department of
Medicine, University of Alberta, Edmonton,
Canada

The main determinants of long term graft and
patient survival are chronic allograft dysfunction
(CAD) and cardiovascular disease (CVD), dis-
ease entities characterised by inflammation and
atherosclerosis. In this prospective study we ana-
lyzed the post-transplant inflammatory burden, as
reflected by acute phase response and
macrophage activation, in relation to long-term
outcome in renal transplant patients.  

In 144 (96 male, 48 female) consecutive kidney
recipients the acute phase reactants serum amy-
loid A (SAA) and serum C-reactive protein
(SCRP), the macrophage activation product
neopterin in serum and urine (S/UNEOP), and
SCREA were measured daily during the immedi-
ate postoperative course. 

The mean period of follow up was 16 years
(± 19 months). 71 patients died with a functioning
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<4.8   4.8 - 6.2   >6.2   Genotype 

TIM-1 
all 

number % number % number % 

1,1 140 34 24.3 81 57.9 25 17.9 

1,2 269 56 20.8 153 56.9 60 22.3 

1,4 186 66 35.5 98 52.7 22 11.8 

1,3 271 65 24.0 137 50.6 69 25.5 

2,2 143 37 25.9 63 44.1 43 30.1 

2,4 145 63 43.4 48 33.1 34 23.4 

2,3 206 65 31.6 93 45.1 48 23.3 

4,4 100 8 8.0 34 34.0 58 58.0 

3,4 92 18 19.6 54 58.7 20 21.7 

3,3 93 23 24.7 51 54.8 19 20.4 

all 1645 435 26.4 812 49.4 398 24.2 



graft, in the majority due to cardiovascular dis-
ease (n = 42). In 19 patients the transplant failed
and they returned to dialysis. The 1-, 5-, and 10
year graft survival rates were 90, 70, and 51%, the
patient survival rates were 97, 77, and 59%,
respectively. The mean levels of SAA, SCRP, and
S/UNEOP were elevated, indicating an increased
post-transplant inflammatory burden. Post-trans-
plant SNEOP levels were significantly higher in
patients with graft loss due to return to dialysis or
patient death (p = 0.0195). SNEOP and UNEOP
were significantly associated with graft
(p = 0.0403 and p = 0.0209, resp.) and patient sur-
vival (p = 0.0350 and p = 0.0222, resp.), whereas
SAA, SCRP, and SCREA did not achieve statisti-
cal significance.    

Early post-transplant macrophage activation,
indicated by increased neopterin levels, is associ-
ated with poorer long-term graft and patient sur-
vival.

Central Nervous System Immune Activation is
still Present after > 4 Years of Effective
Antiretroviral Treatment for HIV Infection

Hagberg L, Edén A, Price RW, Spudich S, Fuchs
D, Gisslén M

University of Gothenburg, Sweden; Innsbruck
Medical University, Austria; University of San
Francisco, California, USA

HIV-1 invades the central nervous system
(CNS) early in the infectious course, with
detectable virus in cerebrospinal fluid (CSF). It
establishes a chronic process with signs of
intrathecal immunoactivation as well as
detectable HIV RNA persisting in CSF, with Aids
dementia as an end-stage outcome. The
immunoactivation triggered by HIV can be meas-
ured as increased levels of CSF white blood cell
count, neopterin and β2-microglobulin, as well as
increased intrathecal immunoglobulin produc-
tion.

Highly active antiretroviral therapy (HAART)
has led to a significant decline in HIV associated
morbidity and mortality as well as in the inci-
dence of neurologic complications. HAART

decreases signs of CSF immunoactivation
markedly, but still slight ongoing intrathecal
immunoactivation albeit on a lower level has been
shown to be present despite otherwise effective
treatment after 1-2 years. To evaluate how long
time this phenomena last, we measured CSF
neopterin and immunoglobulin levels in 15 viro-
logically well treated patients for >4 years.

The median CSF neopterin concentration was
17.4 (6.7-55.3) nmol/L before treatment and 6.3
(3.7-10.7) nmol/L, and after >4 years of HAART.
9/15 patients (60 %) still had CSF neopterin lev-
els above the upper normal reference value (5.8
nmol/L) and elevated Ig-index after >4 years of
treatment. In serum the median neopterin concen-
tration was 14.6 (8.3-37.1) before treatment and
8.0 (2.8-21.6) after >4 years treatment. 

When nowadays the mortality in Aids-defining
diseases almost has disappeared in parts of the
world where effective treatment is available, the
role of chronic inflammation in HIV infection has
raised concern whether other diseases affected by
inflammation such as ageing, cardiovascular dis-
orders, dementia and non-Aids defining malig-
nancies is a threat to long life expectancy. The
clinical role of slight elevated CSF inflammation
measured as CSF neopterin concentrations needs
to be determined.

Urinary Neopterin Concentrations Show a
Marked Concentration Bias Between a
Commercially Available Radioimmunoassay
and the HPLC Method

Hammerer-Lercher A, Putzer G, Schobersberger
W, Fuchs D, Benzer A, Griesmacher A

Central Institute for Medical and Chemical
Laboratory Diagnosis, University Hospital;
Clinical Division for Neurological Anaesthesia,
and Division of Biological Chemistry, Biocenter,
Medical University, Innsbruck; and Institute for
Leisure-, Travel- and Alpine Medicine,
University for Health Sciences, Medical
Informatics and Technology (UMIT), Hall,
Austria

The first established urinary neopterin assay
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was based on a high performance liquid chro-
matography (HPLC) method and since then rou-
tinely used in Innsbruck. The aim was to compare
the HPLC method with a commercially available
assay in our central laboratory.

Neopterin and creatinine concentrations were
measured in the urine of 20 healthy, male volun-
teers (25 - 35y) sampled at 16 given time points
during three days. Neopterin and creatinine were
simultaneously determined by the HPLC method
and also by a radioimmunoassay (Brahms) and
the Jaffé method (Roche). Also neopterin to crea-
tinine ratios were calculated. Assays were com-
pared with Bland-Altmann-Plots and Passing-
Bablok regression analysis using MedCalc soft-
ware package. 

Neopterin concentrations ranged from 47 -
2696 nmol/L (HPLC) and 49 -1787 nmol/L
(radioimmunoassay) and creatinine concentra-
tions from 0.35 - 20.71 mmol/L (HPLC) and 0.30
- 27.52 mmol/L (Jaffé). Absolute concentrations
of neopterin measured by HPLC were on average
169 nmol/L higher than by radioimmunoassay,
with an average bias of 29% between both assays.
The regression analysis revealed a slope of 0.78
and an intercept of -8.6. In contrast, absolute cre-
atinine concentrations were slightly lower (1.4
mmol/L) by the HPLC method than by the Jaffé
method, with an average bias of 20%. Neopterin
to creatinine ratios were on average 48% higher
using the HPLC method compared to the methods
of the central laboratory. 

There is a marked neopterin concentration bias
between the HPLC method and the used radioim-
munoassay which has to be considered for follow-
up of patients.

IDO - the Last Servant of Interferon-γγ

Heitger A

Transplantation Immunology, Children's Cancer
Research Institute, Vienna, Austria

Interferon-γ (IFN-γ) has been appreciated as a
prototypic pro-inflammatory cytokine linking
innate and adaptive immune responses. It serves
multiple biological functions mainly driving pro-

tective immune responses by augmenting the
recognition and killing efficacy of phagocytosed
microbes by the orchestrated actions of macro-
phages, natural killer cells and T lymphocytes.
However, more recent evidence convincingly pro-
vides evidence, that IFN-γ has immune down-
modulating effects, e.g. it protects susceptible
mice from type I diabetes or experimental autoim-
mune encephalomyelitis (EAE). In our studies of
the immune regulatory effects of the tryptophan-
metabolizing enzyme indoleamine 2,3-dioxyge-
nase (IDO) after human HSCT we made the unex-
pected observation that highly activated mono-
cytes (high neopterin secretion) also are highly
sensitive to respond to stimulation with even low
doses of IFN-γ by high IDO activity, thus turning
into suppressor monocytes. As presented last year
we generated a model in which we showed that
IFN-γ initiated pro-inflammatory and anti-inflam-
matory activities in human dendritic cells (DCs)
in a timely coordinated fashion and that IFN-γ
mediated IDO induction was a signature of its
anti-inflammatory properties. In brief, human
lipopolysaccharide (LPS)-matured DCs were
exposed to IFN-γ for either a limited (4 hours) or
a prolonged (48 hours) period of time, and were
subsequently used as stimulators of allogeneic T
cells. While, when using cell-culture conditions
optimized for proliferation, DCs generated by
either activation strategy stimulated a similar pro-
liferation of allogeneic T cells, LPS/ IFN-γ 4-hour
activated DCs were capable of secreting pro-
inflammatory cytokines, but were IDO incompe-
tent. In contrast, LPS/IFN-γ 48-hour activated
DCs were exhausted for cytokine secretion but
displayed significant and continuing IDO compe-
tence. Strikingly, the CD4+CD25+ T cells retrie-
ved from co-cultures with these DCs having been
exposed to LPS/IFN-γ for a prolonged time
acquired potent suppressor activity. Thus, the
anti-inflammatory effect of IFN-γ, of which IDO
activity may be a signature, and which induces
regulatory activity in T cells, becomes apparent
only after the IFN-γ-stimulated production of pro-
inflammatory cytokines has ceased. This is per-
fectly compatible with viewing the induction of
IDO competence in DCs as a feed-back loop to
limit potential hazardous immune reactions.
Future studies will attempt to profoundly eluci-
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date the mechanism underlying this timely coor-
dinated differential effect, studying IFN-γR1 and
IFN-γR2 expression and intracellular signalling.

Impact of Light on Circadian Rrhythm in an
Experimental Night Shift Setup: Neopterin,
Sulphatoxymelatonin, Personal Mood and
Levels of Performance

Hoffmann G, Leichtfried V, Bartenbach C, and
Schobersberger W

Institute for Leisure, Travel, and Alpine
Medicine; University for Health Sciences,
Medical Informatics, and Technology, Eduard
Wallnoefer-Zentrum 1, A-6060 Hall, Austria,
Bartenbach LichtLabor, Aldrans, Austria

Shift work is a known risk factor for the devel-
opment of chronic diseases like cardiovascular
disorders or depression. Moreover, the constant
alterations of physiological circadian patterns
results in decreased quality of work, increased
accident rates and absenteeism. The 24-h rhythm
in our body is known to be affected by visible
light especially in the short wavelength range. In
our study we investigated the effects of two dif-
ferent lighting environments on parameters of cir-
cadian rhythm, subjective mood, and perform-
ance: Light with reduced short wavelength com-
ponents (1700 K at eye level) was compared to
unfiltered bright light with a higher color temper-
ature (6300 K at eye level). For both workplaces,
urinary neopterin and sulphatoxymelatonin excre-
tion were analyzed. In addition, productivity tests
and mood rating inventories were performed and
the collected data was referred to the respective
illumination. While nocturnal increases in aMT6-
s concentrations were significantly more pro-
nounced at night 1 and 3 of the study in the room
with filtered light as compared to the room with
unfiltered bright light, we could not detect any
influence of the lighting environment on urinary
neopterin excretion. Reducing the short wave-
length components did not affect arousal, atten-
tiveness, cognitive speed, vigilance, or subjective
mood, although we could find a correlation
between neopterin and the mood rating parame-

ters indicative for vigour and fatigue in the room
with filtered light. The maintenance of a normal
nocturnal rhythm of aMT6-s without a loss in the
employee´s general performance may represent a
benefit for employees working night shifts in
office accomodations with correspondingly
adapted illumination. 

Urinary Neopterin During Therapy with
Sorafenib

Holecková P, Melichar B, Kalábová H, Krcmová
L, Kašparová M, Solichová D

Institute of Radiation Oncology and Charles
University First Medical School, Prague,
Department of Analytical Chemistry, Charles
University School of Pharmacy, Department of
Gerontology and Metabolic Care, Charles
University Medical School Teaching Hospital,
and Department of Oncology, Palacky University
Medical School and Teaching Hospital

Renal cell carcinoma (RCC) is resistant to most
cytotoxic agents. The cytokines interferon-alpha
and interleukin-2 have only a moderate effect on
the natural course of metastatic RCC. Targeted
agents (multiple tyrosine kinase inhibitors suni-
tinib and sorafenib and anti-VEGF antibody
bevacizumab) were first introduced as second line
agents in patients failing cytokine therapy, but
have now also significant role in the first line set-
ting. The inhibition of tyrosine kinases involve in
signal transduction may have a profound effect on
immune response. We evaluated daily neopterin
concentrations in patients treated with sorafenib.
Urinary neopterin exhibited a correlation with
disease scores.

Urinary Neopterin in Patients with Head and
Neck Carcinoma Treated with Radiation

Holecková P, Melichar B, Mašek M, Krcmová L,
Kašparová M, Solichová D

Institute of Radiation Oncology and Charles
University First Medical School, Prague,
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Department of Analytical Chemistry, Charles
University School of Pharmacy, Department of
Gerontology and Metabolic Care, Charles
University Medical School Teaching Hospital,
and Department of Oncology, Palacký University
Medical School and Teaching Hospital, Hradec
Kralove, Czech Republic 

Locally advanced head and neck (HN) carci-
momas can be treated in curative intent with
external beam radiation (RT) alone or combined
with systemic therapy (chemotherapy or biologi-
cal therapy). Most of these carcinomas are histo-
logically spinocellular carcinomas (SCC).
Despite of different ways of action of oncological
treatment modalities we can expect not only pos-
itive effect for the patient but also many adverse
effects. The spectrum of adverse effects of radio-
therapy differs from spectrum of adverse effects
(AE) of chemotherapy or of biological therapy.
Combination of radiotherapy with systemic thera-
py shows higher toxicity as single radiotherapy.
We can observe acute toxicity (in the course of
radiotherapy and minimal 3 month after radio-
therapy) and late toxicity. High numbers of
patients has severe treatment toxicity which low-
ers their quality of life not only in course of radio-
therapy but also in their next life and very often in
many years. Most common acute toxicity is - oral
mucositis, radiodermatitis, xerostomy, upper gas-
trointestinal toxicity (dysphagia), anorhexia, loss
of weight, oedema of larynx etc. And late toxicity
is xerostomia and fibrosis. Neopterin as a product
of macrophages can serve as a marker of cellular
immune system activation. Vitamin A and E are
free radical scavangers and play important role in
pathogenesis of oxidative stress, but they can
decrease the efficacy of radiotherapy on both
tumors and health tissues. Twelve patients were
studied during the course of therapy. The number
of urine samples ranged from 37 to 56. We corre-
lated the level of neopterin and vitamins with tox-
icity of treatment. 

Neopterin Production Correlates with Nuclear
Factor-κκB Expression in LPS-induced THP-1
Blue Cells

Jenny M, Klieber M, Ledjeff E, Ueberall F, 
Fuchs D 

Division of Biological Chemistry, and Division of
Medical Biochemistry, Biocenter, Innsbruck
Medical University, and Division of Clinical
Nutrition, Department of Internal Medicine,
University Hospital Innsbruck, Innsbruck, Austria

Neopterin is a well established immune activa-
tion marker and useful in several diseases associ-
ated with a Th1-type immune activation such as
infections, cancer or autoimmune syndromes. In
vitro, a close correlation exists between interfe-
ron-γ (IFN-γ) activity, the release of reactive oxy-
gen species (ROS) and the secretion of neopterin
in human monocyte-derived macrophages and
dendritic cells. Therefore, increased neopterin
concentrations within a pro-inflammatory respon-
se are often associated with overwhelming release
of ROS and the development of oxidative stress.
In parallel, IFN-γ induced expression of
indoleamine 2,3-dioxygenase (IDO) is one of its
antiproliferative strategies which is indicated by
degradation of tryptophan (trp) to kynurenine
(kyn). Therefore, in patients usually a close asso-
ciation exists between neopterin concentrations
and kyn/trp, an estimate of IDO activity. The
induction of signal transduction element nuclear
factor kB (NF-κB) is closely related to pro-oxida-
tive stimuli and the translocation of NF-κB can be
regarded as a sensitive indicator of the inflamma-
tory response. As a consequence, NF-κB is deeply
involved in the pro-inflammatory cascade which
finally leads to the release of specific cytokines
such as tumor necrosis factor-α (TNF-α). There-
fore, an association between NF-κB expression
and the production of neopterin and degradation
of tryptophan can be assumed. 

In the present study, we tested for a possible
correlation between lipopolysaccharide (LPS)-
induced NF-κB expression and the formation of
neopterin and the degradation of tryptophan in
monocytic cells. For this purpose, we applied the
human myelomonocytic cell line THP-1-blue
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which expresses a NF-κB inducible reporter sys-
tem to study NF-κB activation. In cells stimulat-
ed with LPS, a significant induction of NF-κB
was observed and this was paralleled by an
increase of kynurenine and neopterin concentra-
tions and a decline of tryptophan. Accordingly
kyn/trp increased. The effects were strictly
depending on the dose of LPS and on the time of
incubation, higher LPS concentrations and longer
incubation of cells were associated with higher
activities measured. Significant correlations exist-
ed between the different biological read outs (all
p <0.001).

We conclude that there is some evidence for a
parallel induction of NF-κB, neopterin formation
and tryptophan degradation in monocytic THP-1
cells stimulated with LPS.

Crinum latifolium L. Extracts Suppress Tryp-
tophan Degradation in Mitogen-stimulated
Peripheral Blood Mononuclear Cells

Jenny M, Tram NT, Zvetkova E, Culig Z, Phi Phi
PT, Schennach H, Ueberall F, Fuchs D

Division of Biological Chemistry and Division of
Medical Biochemistry, Biocenter, and
Department of Urology, Innsbruck Medical
University, and Central Institute of Blood
Transfusion and Immunology, University
Hospital Innsbruck, Innsbruck, Austria; Institute
of Experimental Morphology and Anthropology
with Museum, Bulgarian Academy of Sciences,
Sofia, Bulgaria; Department of Immunology and
immunopathology, Medical University, Hanoi,
and Thien duoc, Ho Chi Minh City, Vietnam

The plants of the genus Crinum (Amary-
llidaceae) are widely used in folk medicine in dif-
ferent geographical regions around the world. The
Indian species Crinum latifolium (L.) was tradi-
tionally used to treat rheumatism, fistula,
tumours, earaches, rubefacient, tubercle and whit-
low. In Vietnamese and Chinese traditional medi-
cine hot aqueous extracts of C. latifolium (L.) are
used until nowadays because of their antiviral and
antitumoral activities, especially to treat prostate
hyperplasia and cancer. Aqueous extracts of C.

latifolium (L.) were shown to exert significant
suppressive effects on neopterin production in
mitogen-stimulated peripheral blood mononu-
clear cells (PBMC) in vitro (1). In PBMC,
neopterin production and tryptophan degradation
by enzyme indoleamine 2,3-dioxygenase (IDO)
are induced in parallel, and IDO was recently
identified as an important antitumoral and
immunoregulatory mechanism in activated mono-
cyte-derived macrophages and dendritic cells (2). 

In this study, we investigated the in vitro influ-
ence of CRILA-capsules and plant fractions C1-
C3, H1, extracted from Vietnamese Crinum lati-
folium (L.), on neopterin production an trypto-
phan degradation in freshly isolated human
PBMC. We observed significant dose-dependent
effects of all five different C. latifolium prepara-
tions to suppress tryptophan degradation, in rest-
ing and in mitogen-stimulated PBMC. By con-
trast, the extracts significantly suppressed
neopterin formation in stimulated cells, whereas
an enhancing effect was seen in unstimulated
cells. When comparing the effects of the different
extracts, the extract of whole leaves always had
the strongest effect on the immunobiological
effects monitored. The suppression of IDO activ-
ity could represent an important aspect in the anti-
tumoral and immunomodulatory properties of C.
latifolium preparations in patients. It may
improve the immunosuppressed state in cancer
patients that seems to be closely related to the
immunoregulatory role of IDO, which was found
to induce regulatory T-cells. The induction of
neopterin release in unstimulated cells may corre-
spond with stimulatory effects of lectins on lym-
phoid and monocyte-macrophageal cell prolifera-
tion, observed earlier. In addition, direct cytotox-
ic effect of C. latifolium (L.) on tumor cells will
be important, as it was demonstrated in Graffi
myeloid tumor cells. Further studies are needed to
characterize the effects of C. latifolium (L.)
extracts in humans.

References:
1 Zvetkova E, et al. Intern Immunopharmacol

2001;1:2143-2150.
2 Brandacher G, et al. Current Drug Metabol

2007;8:273-282.
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Recombinant Expression and Purification of
Fatty aldehyde dehydrogenase  

Keller MA, Watschinger K, Hermetter A,
Golderer G, Werner-Felmayer G, Werner ER

Division of Biological Chemistry, Biocenter,
Innsbruck Medical University, Innsbruck,
Austria; Institute of Biochemistry, Graz
University of Technology, Graz, Austria

The orphan enzyme glyceryl ether monooxyge-
nase (alkyl glycerol monooxygenase, EC
1.14.16.5) cleaves a wide range of glyceryl ethers
into glycerol and a long chain fatty aldehyde in a
tetrahydrobiopterin dependent reaction. The inter-
mediate product of this reaction, the fatty alde-
hyde, is then further metabolised into the corre-
sponding acid by the long chain fatty aldehyde
dehydrogenase (EC 1.2.1.48). Missense muta-
tions in the gene coding for fatty aldehyde dehy-
drogenase can cause a severe disorder, the
Sjögren-Larsson syndrome. Affected patients
usually display less than 10% residual fatty alde-
hyde dehydrogenase activity compared to healthy
controls. Typical Sjögren-Larsson symptoms such
as ichthyosis, mental retardation and spasticity
are thought to be caused by the formation of
Schiff base adducts of the accumulating aldehy-
des with lipids or proteins containing primary
amino groups. 

Because of the toxic effects of fatty aldehydes,
it can be assumed that glyceryl ether monooxyge-
nase, whose sequence we aim to identify, and
fatty aldehyde dehydrogenase act in close vicini-
ty in the cell. To investigate this issue, we started
to recombinantly express and purify fatty alde-
hyde dehydrogenase. The pure form of the protein
will then allow us to gain further insight into the
biochemical interplay between the two enzymes
which would also help us in our goal to finally
assign a sequence to glyceryl ether monooxyge-
nase.

Fatty aldehyde dehydrogenase was expressed
in E.coli after amplification of the correct
sequence from a rat liver cDNA and subsequent
cloning into a Strep-tag fusion vector. Bacterial
microsomes were prepared by differential cen-
trifugation followed by solubilisation of the mem-

brane-bound enzymes with 20% (v/v) glycerol
and 0.5% (w/v) sodium cholate in order to gain an
enriched raw material, which was then purified by
affinity chromatography either with the combina-
tion of Strep-tag affinity and AMP sepharose col-
umn or with the combination of aminohexyl
sepharose and Strep-tag affinity column. These
protocols yielded 4.7% and 0.5%, respectively, of
initially expressed fatty aldehyde dehydrogenase
protein with an overall purification factor of
24,000 and 58,100, respectively, and a specific
enzymatic activity of 27 and 54 µmol/(mg*min),
respectively.

Supported by the Austrian Research Funds
"zur Förderung der wissenschaftlichen For-
schung" P19764 and by the "Tiroler Wissen-
schaftsfonds" UNI0404-58.

Altered Immune Responses During Septi-
caemia in Patients Suffering from Hemato-
logical Malignancies 

Kurz K, Garimorth K, Joannidis M, Nachbaur D,
Fuchs D, Weiss G

Department of Internal Medicine I, Infectious
Diseases and Immunology, Department of
Hematology and Oncology, and  Department of
Biological Chemistry, Biocenter, Medical
University of Innsbruck

Sepsis is a life-threatning complication in
patients with hematological malignancies, espe-
cially in those undergoing chemotherapy. Bioche-
mical pathways involved in the development of
septicemia and/or sepsis are only partly under-
stood, decreased levels of mannose binding lectin
(MBL) were proposed to be associated with a
worse outcome in septic patients with hematolo-
gical malignancies. A recent study in trauma
patients on the other hand could show enhanced
tryptophan degradation in non-survivors com-
pared to survivors, indicating that over-whelming
activation of the tryptophan-catabolizing enzyme
indoleamine 2,3-dioxygenase might impair pa-
tients' outcome. In this study, we analysed mar-
kers of inflammation/immune activation inclu-
ding tryptophan catabolism as is reflected by the
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kynurenine to tryptophan ratio (kyn/trp) and man-
nose binding lectin (MBL) levels towards their
prognostic significance in septicemic patients suf-
fering from hematological malignancies and
"non-hematological" diseases (intensive care unit
patients). 

Concentrations of C-reactive protein (CRP),
interleukin-6 (IL-6), MBL, neopterin, tryptophan
and kynurenine were measured in sera of patients
with hematological malignancies (n = 28, 36
episodes of febrile neutropenia) and in patients
with sepsis on the basis of another underlying dis-
ease (n = 8) at baseline, at the onset of sepsis (as
defined by high grade fever, clinical signs of sys-
temic infection or hemodynamic instability) and
during follow up. 

Concentrations of CRP, IL-6 and neopterin
increased significantly from baseline levels to day
1 and 3 of sepsis and decreased by day 7, while
tryptophan levels decreased significantly after the
onset of sepsis in patients with hematological
malignancies. In "non-hematological"-septicae-
mic patients inflammation markers CRP, neopte-
rin and IL-6 as well as tryptophan degradation
were highest on day 1, and decreased afterwards.
"Hematological patients" presented with signifi-
cantly lower concentrations of neopterin and CRP
on day 1, furthermore also IDO-activation as
reflected by kyn/trp was lower. On the other hand,
MBL levels were significantly higher in this
group as compared to subjects suffering from
"non-hematological" disease. Concentrations of
inflammation/immune activation markers were
correlated with each other, enhanced tryptophan
degradation coincided with immune activation
cascades. In patients suffering from hematologi-
cal malignancies significantly lower MBL con-
centrations on day 1 and 3 were observed in
patients who died. 

Conclusively, septicaemic patients with hema-
tological malignancies had an impaired pro-
inflammatory immune response as compared to
patients with non-hematological diseases.

sRANKL in Patients with HIV-1 Infection
Before and During Treatment with HAART

Schroecksnadel K, Sarcletti M, Weiss G, Zangerle
R, Fuchs D

Departments of Internal Medicine and of
Venerology and Dermatology, and Division of
Biological Chemistry, Biocenter, Innsbruck
Medical University, Austria 

Cardiovascular risk is increased in HIV sero-
positive patients on highly active antiretroviral
therapy (HAART) but the background of this phe-
nomenon is not yet understood. Receptor Activa-
tor for Nuclear Factor-κB Ligand (RANKL) is an
inflammation-induced molecule which is impor-
tant in bone metabolism. RANKL activates osteo-
clasts and overproduction of RANKL is implicat-
ed in a variety of degenerative bone diseases,
such as rheumatoid arthritis. RANKL is also
expressed on T helper cells and appears to be
involved in dendritic cell maturation and in the
regulation of T cell-dependent immune response.
T cell activation was reported to induce expres-
sion of the RANKL gene and lead to an increase
of osteoclastogenesis and bone loss. Serum con-
centrations of soluble RANKL (sRANKL) are not
associated with carotid atherosclerosis but predict
vascular risk (1), independently of classic vascu-
lar risk factors, like C-reactive protein or severity
of carotid atherosclerosis.  

In 103 patients with HIV infection (56 with
AIDS), serum concentrations of RANKL were
measured retrospectively by ELISA (Biomedica,
Vienna, Austria) before and 12 month after
HAART. Results were compared with CD4+ cell
counts, HIV load, urine and serum neopterin con-
centrations and tryptophan degradation (kynure-
nine to tryptophan ratio). At baseline sRANKL
concentrations were 0.208 ± 0.258 pmol/L, 31%
of patients presenting with sRANKL concentra-
tions below the detection limit of the assay used.
sRANKL concentrations were slightly lower in
AIDS as compared to non-AIDS patients (not sig-
nificant). There existed significant inverse corre-
lations between concentrations of sRANKL and
virus load, urine and serum neopterin and kyn/trp
(all p <0.01). HAART slightly increased
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sRANKL concentrations (not significant). In par-
allel, CD4+ cell counts increased and HIV-load,
neopterin concentrations and kyn/trp decreased.
sRANKL concentrations at baseline correlated
significantly with levels obtained during the fol-
low-up (rs = 0.407, p <0.001).

Our data show that a significant percentage of
individuals with HIV infection presents with
undetectable sRANKL, and sRANKL concentra-
tions correlated inversely with HIV-load and sev-
eral immune activation markers, probably indica-
ting down-regulation of sRANKL during HIV
infection or chronic immune activation. Whereas
HIV-load and immune activation markers signifi-
cantly declined during HAART, HAART seemed
to increase sRANKL production in HIV seroposi-
tive individuals, albeit not significant. In HIV
negative patients, higher concentrations of
sRANKL were found to increase the risk of car-
diovascular events (1). As angiographic data of
our HIV-infected patients were unfortunately not
available, it is unclear, whether presence of
sRANKL may relate to plaque destabilization and
rupture in HIV seropositive patients on HAART.
Further studies are needed to investigate whether
detectable sRANKL during HAART may indicate
an increased risk of myocardial infarction.

References:
1 Kiechl S, et al. Circulation 2007;116:385-91.

ApoE Genotype and Neopterin Concentrations
in Patients with Dementia

Leblhuber F, Beran M, Schroecksnadel K,
Brunschuetz D, Fuchs D

Department of Gerontology, Landesnervenklinik
Wagner Jauregg, Linz Austria; Department of
Neurology, Wien-Lainz, Austria; Division of
Biological Chemistry Biocenter, Innsbruck
Medical University, Innsbruck, Austria

Apolipoprotein E (ApoE) polymorphisms are
associated with an increase risk of Alzheimer's
disease (AD). ApoE4 promotes amyloid-β depo-
sition and plaque formation in AD and ApoE4
allele was found to be associated with cognitive

decline and it may exert detectable effects early in
the course of AD and other dementias. Earlier we
have described increased serum concentrations of
immune activation markers like neopterin, trypto-
phan degradation by indoleamine 2,3-dioxyge-
nase (IDO) and 75kDa soluble receptor of tumor
necrosis factor-α (sTNF-R75) in patients with
progressed AD and other forms of dementias (1,
2). In this study, we measured concentrations of
amyloid-β and of tau-protein by ELISA in CSF of
94 patients (46 females, aged 72 ± 9.6 years) with
mild cognitive impairment or with dementias.
Concentrations were compared to ApoE3 and
ApoE4 polymorphisms and to serum concentra-
tions of neopterin (measured by ELISA,
BRAHMS, Hennigsdorf, Germany). 

Most patients (n = 46) presented with ApoE3/3,
18 with ApoE3/2, 30 patients had ApoE4/2-4.
Between the subgroups with different ApoE alle-
les, no significant difference in age was recorded,
but age correlated with tau-protein (rs = 0.268,
p = 0.01) concentrations and with CSF neopterin
concentrations (rs = 0.296, p <0.01). CSF but not
serum neopterin correlated with tau-protein (rs =

0.611, p <0.001). Mini mental scores and tau-pro-
tein concentrations did not differ significantly
between ApoE3 and ApoE4 carriers, whereas
CSF concentrations of amyloid-β (p <0.05) and
neopterin (p <0.01) as well as serum concentra-
tions of neopterin (p <0.01), kynurenine (p <
0.001), interleukin-6 (p < 0.05) and isoprostane-8
(p = 0.08) were lower in patients with ApoE4.

Our study shows that AD patients with ApoE4
present with lower neopterin concentrations and
lower concentrations of other immune activation
markers. Results confirm and extend our earlier
results. On the one hand, this is a quite surprising
finding because both these parameters have been
found to be themselves closely related with patho-
genesis of AD and other forms of dementias. On
the other hand, data agree well with earlier obser-
vations by others (1) that C-reactive protein con-
centrations are decreased rather than increased in
patients with ApoE4 allele. Our findings suggest
that immune activation is another aspect which is
involved in pathogenesis of dementias but is
rather independent from ApoE polymorphism.
Thus, immune activation appears as a risk factor
for development of dementias which is rather
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independent from ApoE polymorphisms.
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Pharmacological Modification of Iron Homeo-
stasis by Nifedipine Affects the Course of
Salmonella typhimurium Infection

Mair SM, Nairz M, Schroll A, Sonnweber T,
Weiss G

Department of Internal Medicine I, Clinical
Immunology and Infectious Diseases, Medical
University of Innsbruck, Austria

Iron overload aggravates the clinical course of
infections by negatively affecting cell mediated
immune mechanisms of macrophages and T
helper cell type 1 effector pathways. Recently, we
have shown that the calcium antagonist nifedipine
enhances DMT1 mediated iron transport in vitro
and causes subsequent depletion from liver and
the circulation in iron overloaded mice. Herein,
we thus investigated whether nifedipine may
impact on the clinical course of an invasive infec-
tion.

Mice were fed with a control diet or iron
enriched diet for three weeks, infected intraperi-
toneally with Salmonella thyphimurium and treat-
ed with solvent control or nifedipine for three
consecutive days. Twentyfour hours later mice
were sacrificed, the bacterial loads were quanti-
fied in the liver and the spleen, and the expression
of iron and innate immunity genes were deter-
mined by means of RT-PCR and Western blots. 

Nifedipine treated mice, independently of
dietary iron overload, showed an improved sur-
vival and presented with reduced numbers of
Salmonella in the liver and the spleen as com-
pared to solvent injected animals. Even though
these effects were more pronounced in the iron
diet fed group. This was paralleled by reduced

iron content and decreased ferritin expression in
the liver in the nifedipine treated group.
Interestingly, we did not observe differences in
the expression of a panel of pro- and anti-inflam-
matory cytokines according to nifedipine treat-
ment. 

Although, detrimental effects of nifedipine
could have been anticipated in this sepsis model,
our data provide evidence that nifedipine has a
beneficial effect and may be a promising adjunct
therapy by mobilizing iron and decreasing the
availability of this essential nutrient for bacteria. 

Neopterin as a Marker of Immune System
Activation after Administration of Contrast
Agent in Computed Tomography

Mašek M, Holeckova P, Krcmová L, Kašparová
M, Solichová D, Melichar B

Institute of Radiation Oncology and Charles
University First Medical School, Prague,
Department of Analytical Chemistry, Charles
University School of Pharmacy, Department of
Gerontology and Metabolic Care, Charles
University Medical School Teaching Hospital,
and Department of Oncology, Palacky University
Medical School and Teaching Hospital 

Computed tomography (CT) is one of the most
widely used and important diagnostic methods.
The CT examinations are done in three phases; a
native examination, arterial contrast phase and
portal - venous contrast phase. Contrast agent is
an iodine solution which is administered intra-
venously that helps in demarking blood vessels
and soft tissues, pelvic abdominal and chest
organs and pathological formations, e.g. malig-
nant tumors.  The contrast medium can cause an
allergic reaction from skin changes to anaphylac-
tic reaction. Because of allergic reactions, all
patients must be pre-medicated with antihista-
mine agent. 
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Homocysteine Concentrations in Patients with
Metastatic Colorectal Carcinoma During
Combined Therapy with Bevacizumab,
Oxaliplatin, 5-fluorouracil and Leucovorin

Melichar B, Kalábová H, Melicharová K,
Krcmová L, Kašparová M, Solichová D 

Department of Oncology, Palacký University
Medical School and Teaching Hospital,
Department of Analytical Chemistry, Charles
University School of Pharmacy, and Department
of Gerontology and Metabolic Care, Charles
University Medical School Teaching Hospital 

The prognosis of metastatic colorectal carcino-
ma has improved substantially during the last
decade as a result of introduction of new effective
cytotoxic agents and, more recently, biological
agents, the monoclonal antibodies cetuximab and
bevacizumab. It has been demonstrated that com-
bination of 5-fluorouracil with either irinotecan or
oxaliplatin is, in terms of efficacy, superior to 5-
fluorouracil alone. The addition of bevacizumab,
monoclonal antibody against vascular endothelial
growth factor (VEGF), to combination chemo-
therapy has been shown to increase survival both
in the first line as well as in the second line set-
ting. Although the therapy with bevacizumab is
usually well tolerated, the drug has a peculiar tox-
icity profile with the principal side effects includ-
ing proteinuria, hypertension and thrombosis.
These toxicities may be of concern in long-term
survivors because they are associated with
increased risk of atherosclerosis. In addition,
VEGF is an endothelial growth factor and VEGF
blockade leads to endothelial cell dysfunction.

Homocysteine is an intermediate in the metab-
olism of methionin. Increased serum concentra-
tion of homocysteine is, in most cases, caused by
a deficiency of folate or vitamin B12.
Hyperhomocysteinemia has been amply docu-
mented in patients with vascular disorders, and
increase homocysteine concentrations are a well
defined risk factor of atherosclerosis and throm-
bosis. Hyperhomocysteinemia has also been doc-
umented in cancer patients. The aim of the pres-
ent study was to evaluate the effect of combina-
tion therapy with bevacizumab, oxaliplatin, 5-flu-

orouracil and leucovorin on serum homocystein
in patients with metastatic colorectal carcinoma.

Effect of Therapy with Aromatase Inhibitors
on Urinary Neopterin, Serum Homocysteine
and C-reactive Protein in Patients with Breast
Carcinoma

Melicharová K, Kalábová H, Melicharová K,
Krcmová L, Kašparová M, Solichová D, Melichar
B

Department of Gerontology and Metabolic Care,
Charles University Medical School Teaching
Hospital, Department of Analytical Chemistry,
Charles University School of Pharmacy, and
Department of Oncology, Palacký University
Medical School and Teaching Hospital

Aromatase inhibitors are effective hormonal
therapy in patients with early or advanced/me-
tastatic breast carcinoma. By suppressing endoge-
nous estrogens aromatase inhibitors may affect
lipid metabolism, inflammatory response and
antioxidant balance. One-hundred-eighty six
post-menopausal patients with histologically ver-
ified breast carcinoma were studied immediately
before as well as 2 and 4 months after the start of
therapy with aromatase inhibitors. A significant
increase in C-reactive protein was observed 2 and
4 months after the start of therapy with aromatase
inhibitors, but no change in neopterin or homo-
cysteine was noted. Patients treated with tamox-
ifen had also lower serum C-reactive protein and
urinary neopterin levels.

Asymmetric dimethylarginine and Antioxi-
dants in Patients with and without Angio-
graphic Coronary Artery Disease

Murr C, Meinitzer A, Grammer T, Schroecks-
nadel K, Boehm BO, März W, Fuchs D 

Innsbruck & Graz, Austria; Heidelberg & Ulm,
Germany

Asymmetric dimethylarginine (ADMA), a

Pteridines/Vol. 20/No. 1

25Abstracts: 28th International Winter-Workshop  on Clinical, Chemical, and Biochemical Aspects of Pteridines



competitive inhibitor of the nitric oxide synthas-
es, is produced by methylation of arginine
residues in intracellular proteins by the enzyme
arginine N-methyltransferase. Elevation of circu-
lating ADMA levels leads to an increased vascu-
lar tone and blood pressure and plays a pivotal
role in endothelial dysfunction and thus seems to
be important in the pathogenesis of cardiovascu-
lar disease (1, 2).

In order to investigate ADMA metabolism, in
a cross-sectional approach, blood concentrations
of ADMA, antioxidants, homocysteine, neopte-
rin, folic acid and vitamins B6 and B12 were
compared in 1477 patients, which were recruited
within the LUdwigshafen RIsk and Cardiovascu-
lar Health (LURIC) study. 

ADMA concentrations were not significantly
different in patients with coronary artery disease
(mean ± SD: 0.81 ± 0.14 µmol/L) and controls
(0.81 ± 0.15 µmol/L; Welch's t test: p = n.s.). On
the other hand, there were significantly lower
concentrations of γ-tocopherol, ascorbic acid, α-
carotene, β-carotene, lycopene and lutein/zeaxan-
thin (all p <0.05) but not of α-tocopherol in coro-
nary artery disease. Patients with coronary artery
disease had higher homocysteine (mean ± SD:
13.9 ± 6.1 µmol/L) and neopterin (8.7 ± 7.2
nmol/L) concentrations compared to controls
(homocysteine: 12.7 ± 5.3 µmol/L; neopterin: 7.4
± 5.0 nmol/L; both p <0.001, Welch's t test).
There were significant inverse correlations
between ADMA concentrations and levels of vita-
min B6 (rs = -0.183; p <0.0001), and levels of
antioxidant compounds α-tocopherol (rs = -0.068,
p <0.01), ascorbic acid (rs = -0.061, p <0.05),
α-carotene (rs = -0.113), lycopene (rs = -0.180),
and lutein/zeaxanthin (rs = -0.107, all p <0.0001).
Finally, ADMA correlated positively with homo-
cysteine (rs = 0.226) and neopterin concentrations
(rs = 0.286; both p <0.0001). In a multiple regres-
sion analysis the variables, α-tocopherol and
lycopene significantly contributed to the model
indicating the independent influence of these vari-
ables on ADMA concentrations.

Data show an association of higher ADMA
production with a decline of antioxidant com-
pounds and vitamins and a concomitant increase
of homocysteine and neopterin production in
patients at risk for atherosclerosis. The inverse

relationship between diminished concentrations
of antioxidant compounds and ADMA implies an
influence of oxidative stress to increase ADMA
levels most probable by a reduced activity of
dimethylarginine dimethylaminohydrolase (DD-
AH). This enzyme cleaves ADMA to form
dimethylamine and citrulline and its expression is
supposed to be down-regulated by oxidative
stress (2). Data would be in line with the assump-
tion that the increase of ADMA is secondary to
the chronic inflammation and immune activation
which is associated with cardiovascular disease. It
corresponds with the significant correlation found
between ADMA and neopterin concentrations and
these with the fact that an increased ADMA pro-
duction is also found in stimulated peripheral
blood mononuclear cells (3).
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The hemochromatosis-associated Hfe muta-
tion protects mice from Salmonella typhimuri-
um infection via induction of lipocalin 2 

Nairz M, Theurl I, Schroll A, Theurl M, Fritsche
G, Lindner E, Mair SM, Sonnweber T, Hantke K,
Akira S, Weiss G

Department of Internal Medicine I, Clinical
Immunology and Infectious Diseases, Medical
University of Innsbruck, Innsbruck, Austria;
Department of Microbiology/Membrane Physio-
logy, University of Tübingen, Tübingen,
Germany; Department of Host Defense, Osaka
University, and Exploratory Research for
Advanced Technology (ERATO), Japan; Science
and Technology Corporation, Osaka, Japan

Mutations in HFE predispose to hereditary
hemochromatosis type I, a frequent genetic disor-
der characterized by progressive parenchymal
iron deposition and eventual organ failure. Since
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HFE mutations are associated with reduced iron
levels within mononuclear phagocytes, we
hypothesized that Hfe deficiency may be benefi-
cial in infections with intramacrophage
pathogens.

Using Hfe+/+, Hfe+/- and Hfe-/- mice in a model of
typhoid fever, we found that animals lacking one
or both Hfe alleles are protected from systemic
infection with Salmonella typhimurium, display-
ing prolonged survival and improved bacterial
control. This increased resistance can be referred
to an enhanced production of the siderophore-
binding peptide lipocalin 2 and the reduced avail-
ability of iron for Salmonella engulfed by Hfe
deficient macrophages. This effect is mediated via
stimulation of lipocalin 2-dependent iron export
from infected cells since Hfe-/- macrophages con-
currently knocked out for lipocalin 2 are unable to
efficiently control the infection or to withhold
iron from intracellular Salmonella. Correspon-
dingly, infection of Hfe+/+ and Hfe-/- mice with
siderophore deficient Salmonella abolishes the
protection conferred by the Hfe defect.

Thus, by inducing the formation of the iron-
capturing peptide lipocalin 2, the Hfe mutation
harbors a genetically determined immunological
advantage towards infections with intracellular
pathogens such as Salmonella.

Serum Phenylalanine Concentrations in
Patients post Trauma and Burn Correlate to
Neopterin Concentrations

Neurauter G, Zedler S, Faist E, Fuchs D 

Department of General Surgery, Ludwig
Maximilians University, Munich, Germany; and
Division of Biological Chemistry, Biocenter,
Innsbruck Medical University, Innsbruck, Austria

Aromatic amino acid phenylalanine (Phe) is
essential for humans and precursor for tyrosine
(Tyr), which is another important amino acid
within the biosynthesis of hormones and neuro-
transmitters like DOPA and catecholamines
dopamine, epinephrine and norepinephrine (1).
Increased blood levels of Phe have been already
reported earlier in patients with HIV infection,

cancer, trauma, sepsis and burn (2-4). All these
clinical conditions are known to be linked with
inflammation and immune activation and with
increased concentrations of neopterin. In a small
number of patients after trauma, a correlation
between neopterin and Phe concentrations and
Phe to Tyr ratio (Phe/Tyr) was described recently
(5).

In this study, Phe, Tyr and neopterin concentra-
tions were measured in 20 patients post trauma, in
31 burned patients and in 30 healthy controls.
Patients' sera were collected during one week of
follow-up. Phe and Tyr concentrations were
measured simultaneously by fluorescence detec-
tion after reversed phase HPLC and neopterin
concentrations by ELISA (BRAHMS, Hennigs-
dorf, Germany). At the begin, Phe and Tyr were
subnormal in both patients' groups, but during fol-
low-up, average concentrations of Phe and
neopterin and Phe/Tyr were increased in patients
post-trauma and burns compared to healthy con-
trols, Tyr concentrations were decreased. A sig-
nificant correlation existed between neopterin and
Phe concentrations and Phe/Tyr in the trauma and
in burned patients. 

All the patients received parenteral nutrition,
so a different dietary intake of Phe or Tyr cannot
underlie differences in the increases of Phe and
Phe/Tyr between patients during follow-up.
Rather a biochemical alteration in the conversa-
tion rate of Phe to Tyr by enzyme phenylalanine-
4-hydroxylase (PAH) seems to be involved. An
impaired PAH activity could be due to insufficient
supply with cofactor 5,6,7,8-tetrahydrobiopterin
(H4Bip) which is required as a hydrogen donator
within the enzymatic hydroxylation reaction (1).
H4Bip is very sensitive to oxidative stress and in
conditions of cellular immune activation, when
oxidative stress develops, H4Bip can be depleted
and PAH activity declines because of insufficient
cofactor supply. Thus, the correlation found
between increased Phe and Phe/Tyr and neopterin
concentrations in trauma and burned patients
implies that the activated cellular immune system
is involved in the reduced hydroxylation of Phe.
However, in our study we found such a significant
correlation relationship even in 30 healthy con-
trols (neopterin vs. Phe: rs = 0.415; p <0.01; vs.
Phe/Tyr: rs = 0.465; p <0.01). This finding sug-
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gests a rather general association between dimin-
ished PAH activity and immune activation.
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Cofactor Rather than Antioxidative Activity of
Tetrahydrobiopterin Prevents Ischemia Re-
perfusion Injury Following Murine Pancreas
Transplantation
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Pathology, St. Vinzenz KH, Zams, Austria

Tetrahydrobiopterin (H4B) is both, an essential
cofactor of nitric oxide synthases (NOS), and thus
a critical determinant of nitric oxide (NO) pro-
duction, and a strong antioxidant. Here we com-
pare the recently shown protective effect of H4B
on ischemia reperfusion injury (IRI) following
murine pancreas transplantation with tetrahydro-
neopterin (H4N), a pteridin analogue with similar
chemical redox behaviour but no cofactor activi-
ty, and with the antioxidant vitamine C (VitC) in
order to evaluate the importance of the antioxida-
tive activity.

Male syngeneic C57BL6 mice were used as
size-matched donor and recipient pairs. Cervical
heterotopic vascularized pancreas transplantation
was performed with a modified no-touch tech-
nique. Pancreatic grafts were subjected to 16h
prolonged cold ischemia time (CIT) as well as 45
minutes warm ischemia time (WIT) and different
treatment regiments: untreated animals (I), H4B

50mg/kg b.w. i.m. prior to organ retrieval (II),
H4N 50mg/kg b.w. i.m. prior to organ retrieval
(III) and VitC 350mg/kg b.w. i.m. prior to organ
retrieval (IV). Non transplanted animals served as
controls (V). After 2h of reperfusion intravital flu-
orescence microscopy was used for analysis of
graft microcirculation by means of functional
capillary density (FCD). Quantitative assessment
of parenchymal damage was analyzed by histol-
ogy (H&E) and by performing nitrotyrosine-
immunostaining to determine peroxynitrite for-
mation. 

Following prolonged CIT only pancreatic
grafts treated with H4B prior to retrieval (II) dis-
played markedly higher values of FCD compared
to non treated animals (I) (p <0.01). In contrast,
neither pre-treatment of donor animals with H4N
(III) nor with VitC (IV) did improve FCD.
Compared to non treated animals application of
both pteridin analogues as well as VitC signifi-
cantly attenuated parenchymal damage as well as
peroxynitrite formation (p <0.05). However,
reduction of early parenchymal damage in pan-
creatic grafts was clearly more pronounced by
H4B pre-treatment compared to the other two
treatment groups (p <0.05). 

The protective effect of H4B on ischemia reper-
fusion injury relies on its NOS cofactor activity
rather than on its antioxidative capacity and pro-
vides a new therapeutic target in the prevention of
IRI following solid organ transplantation. 

Oxidative Modified Human Serum Aalbumin:
New Aaspects of a well Known Molecule

Oettl K, Greilberger J, Lamprecht M, Stadlbauer
V, Stauber RE, Frank S, Marsche G

Institute of Physiological Chemistry, Department
of Internal Medicine, Institute of Molecular
Biology and Biochemistry, and Institute of
Experimental and Clinical Pharmacology,
Medical University of Graz, and Styrian Health
Association, Graz, Austria 

Human serum albumin is the main protein in
plasma and has a number of functions, predomi-
nantly transport of endogenous and exogenous
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compounds. During its average lifetime of 27
days albumin is prone to a number of modifica-
tions. These include reactions with glucose,
hydrogen peroxide or hypochlorous acid.
Modification of albumin may be determined in
different ways: The redox state of cysteine-34
which is not involved in an intramolecular disul-
fide bond, the content of carbonyl groups in the
molecule and the content of advanced oxidation
protein products were the parameters of our
choice.

We found that during exercise the thiol form of
cysteine-34 in albumin was decreased, depending
on exercise intensity. This effect was significant
and reversible. Supplementation with fruit and
vegetable extract had no effect. In liver disease
albumin is severely oxidized indicated by an
increase in carbonyl groups as well as an oxida-
tion of cysteine-34. In parallel, the binding prop-
erties of albumin for bilirubin and dansylsarco-
sine are impaired in liver disease patients. In vitro
oxidation of albumin by hypochlorous acid leads
to an increase in carbonyl groups and advanced
oxidation protein products on albumin. In addi-
tion, oxidation converts albumin to a potent lig-
and of the hepatic scavenger receptor BI.
Albumin oxidized by HOCl inhibited binding of
HDL to its receptor in vitro and decreased clear-
ance of HDL in vivo. Albumin isolated from
hemodialysis patients showed the same effects
while albumin from healthy donors did not. 

Oxidative modification of albumin results in an
impairment of its physiological functions and in
addition in the occurrence of new, pathophysio-
logically relevant properties.

Tryptophan Degradation, Neopterin and
Nitrite/Nitrate Concentrations in Serum of
Children with Malignant Diseases

Parrak V, Puskacova J, Secnik P, Behulova D,
Laluhova-Striezencova Z, Mistrik M, Fuchs D 

St. Cyril and Methods University Hospital,
Bratislava, University Children Hospital
Bratislava, Slovakia; SK-Lab, Lucenec, Slovakia;
Division of Biological Chemistry, Biocenter,
Innsbruck Medical University, Innsbruck, Austria

Neopterin represents a sensitive indicator of
cellular (=Th1-type) immune response. The deter-
mination of neopterin was demonstrated to be
useful for predicting prognosis in HIV-1 infec-
tions and in coronary artery diseases and also in
various types of cancer. However, it is interesting
to note that in more than 400 papers published on
neopterin in cancer up to now, there is only one
article on neopterin as a laboratory diagnostic tool
in childhood cancer (1). In adult patients with
cancer, usually a close correlation is found
between neopterin production and tryptophan
degradation by indoleamine 2,3-dioxygenase
(IDO) (2), the kynurenine to tryptophan ratio
(kyn/trp) allowing an estimate of IDO activity.

This pilot study investigates 9 children (2
females) with cancer (average age 9.0 y, range: 2-
18 y; 2 females; 4 patients with leukemia, 1 non-
Hodgkin lymphoma, 4 solid tumors at diagnosis
and during several weeks of follow-up. In addi-
tion, 10 controls (average age 9.7 y, range: 2-18 y;
5 benign tumors, 5 malignancies in remission, 2-
4 y after therapy) were investigated. Serum
neopterin concentrations were measured by
ELISA (BRAHMS, Hennigsdorf, Germany), and
in addition tryptophan and kynurenine were deter-
mined by HPLC, nitrite/nitrate by Griess reaction,
and procalcitonin (PCT) (Kryptor, BRAHMS).

Serum neopterin concentrations were higher in
children with malignant diseases (p <0.05), this
was especially true in the children with leukemia
and lymphoma (p <0.01). Also tryptophan degra-
dation was increased in children with malignant
disease, tryptophan levels were significantly low-
ered (p <0.05), whereas the variation of nitrite/ni-
trate and PCT concentrations was too wide for a
statistically significant result in group compa-
risons. During follow-up, higher neopterin con-
centrations and kyn/trp were observed preferen-
tially in non-survivors as compared with sur-
vivors. The significant correlation between
kyn/trp and neopterin (rs = 0.757, p <0.001; cal-
culating all data including follow-up) indicates
parallel activation of neopterin production and
tryptophan degradation by IDO in the children
with cancer. Also PCT levels correlated with
kyn/trp and neopterin, but to a lesser degree
(kyn/trp: rs = 0.437, neopterin: rs = 0.369; both p
<0.001). Inverse associations existed between ni-
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trite/nitrate and neopterin (rs = -0.296) and kyn/trp
(-0.356, both p <0.001). The latter data would
agree with an inhibitory effect of NO production
on IDO expression and activity.

Results of this pilot study indicate that moni-
toring of neopterin production and tryptophan
degradation in children with cancer may reveal
useful information for diagnosis and prognosis.
However, due to the so far small number of
patients studied, further studies are needed to con-
firm this conclusion.
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Anti-inflammatory Effects of Colostrum 

Pedersen NR, Hidayat BJ, Jenny M, Fuchs D

Division of Biological Chemistry, Biocenter,
Innsbruck Medical University, 6020 Innsbruck,
Austria; Institute of Physics and Nanotechnology,
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Bovine colostrum is the thick yellow fluid,
which a lactating cow gives to a suckling calf dur-
ing its first days of life. Bovine colostrum is rich
in growth factors, immunoglobulins, and antimi-
crobial factors and also contains abundant nutri-
ents such as carbohydrates, fat, vitamins and min-
erals. The biological function of colostrum is to
support the growth of the calf and prevent gas-
trointestinal infections until the calf has synthe-
sized its own active immune defense system. The
immune system of the newborn is stimulated by
colostrum, which increases the rate of maturation
of B-lymphocytes. Colostrum contains 1.5-5 g/L
lactoferrin, an 80 K protein that has been shown
to transport essential iron to haematopoietic cells
and to prevent harmful viruses and bacteria from
getting the iron they need for growth. Besides the
antimicrobial activity of lactoferrin, lactoferrin
may play an important role in iron uptake in the
intestine and in the activation of phagocytes and
immune responses. Although colostrum has only

received widespread attention as a dietary supple-
ment since the late 1990s, it has a long history of
medicinal use. Colostrum is currently also used in
a topical cream for immunorelated skin problems
like atopic dermatitis or psoriasis. However,
despite a large amount of literature concerning the
properties of human or bovine colostrum, there is
only sparse data on the effects of colostrum on the
human immune system.

In an approach to evaluate the effects of bovine
colostrum on the T-cell/macrophage interplay, we
investigated the capacity of various colostrum
nanoparticle preparations to modulate tryptophan
degradation and formation of neopterin in unstim-
ulated and phytohaemagglutinin (PHA)-stimulat-
ed human peripheral blood mononuclear cells
(PBMC). The results were compared with the
effects of lactoferrin and the globally accepted
cosmetic preservative Euxyl 9010, which was
used in creams to preserve the colostrum ingredi-
ents. 

In unstimulated PBMC, all colostrum prepara-
tions stimulated tryptophan degradation and for-
mation of neopterin. By contrast colostrum sup-
pressed these biochemical activities in PHA-
induced PBMC. There was no influence of lac-
tose content on the activity of colostrum, but pure
lactoferrin suppressed IDO activity and induced
only a slight increase of neopterin in the super-
natant of unstimulated cells. Lactoferrin sup-
pressed both these pathways in PHA-treated cells.
Euxyl enhanced the suppressive activity of
colostrum and attenuated the stimulatory poten-
tial.

The finding that colostrum stimulates neopterin
production and tryptophan degradation in unstim-
ulated PBMC implies that it is able to stimulate
Th1-type immune response and thereby may
slow-down Th2-type immune activation which
could relate to beneficial effects of colostrum to
treat atopic dermatitis: However, colostrum was
also found to counteract activation cascades in
mitogen-stimulated PBMC, and these activities
might rather relate to the therapeutic effects seen
in patients with psoriasis. Also lactoferrin had
similar potential as colostrum to suppress PBMC
stimulation, albeit the effect is much smaller at
even higher concentration. Lactose content only
slightly modulated activity of colostrum. Euxyl
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was found to enhance the suppressive activity of
colostrum on PBMC and it slows-down its stimu-
latory potential, however only at much higher
concentrations than those present in the colostrum
preparations used in this study. Overall, data show
significant immunomodulatory effects of
colostrum preparations which might relate to at
least some of its therapeutic usefulness. Effects
appear to be independent from lactoferrin or lac-
tose content.

Inflammation, Mood Disorders and Suicide

Postolache TT, Lapidus M, Langenberg P, Cabassa
JB, Stiller JW, Scrandis DA, Postolache B, Fuchs
D, Tonelli LH

Mood and Anxiety Program, University of
Maryland School of Medicine, Baltimore, MD,
USA; Division of Biological Chemistry,
Biocenter, Innsbruck Medical University, Austria 

Certain Th1-type cytokines activate and certain
Th2-type cytokines inhibit indoleamine 2,3-
dioxygenase (IDO) which shifts tryptophan
metabolism from serotonin synthesis toward the
kynurenine pathway tryptophan availability is the
rate-limiting step in the synthesis of serotonin,
and its reduced availability is associated with the
induction of a depressive relapse in vulnerable
patients. Serotonin abnormalities have been
implicated in recurrent depression, anxiety,
impulsivity, suicidality and completed suicide (1).
It has been consistently shown in patients with
cancer and hepatitis, treatment with interferon-?
or interleukin-2 is associated with syndromes
depression, significant decreases in tryptophan,
increases in kynurenine, and decreases in the
kynurenine/tryptophan ratios (2). Moreover, the
decrease in tryptophan, the increase in kynure-
nine, and the decrease in tryptophan/kynurenine
ratio have been correlated with the severity of
depression (3). Antidepressant treatment attenu-
ates interferon-γ induced depressive symptoms
(4). We will briefly review the literature and pres-
ent our own results associating airway inflamma-
tion (predominantly Th1 or Th2), symptoms in
recurrent mood disorders, suicide risk factors and

completed suicide. In one study recently complet-
ed, although kynurenine/tryptophan levels at
baseline predicted emergence of suicidal ideation
in patients with mood disorders exposed to envi-
ronmental levels of tree pollen, the association
between changes in kynurenine/tryptophan and
suicide ideation was negative rather than positive.
This is consistent with a previously reported
lower, rather than higher activity of IDO activity
in atopic individuals (5), and suggests that activa-
tion of IDO does not mediate the association
between allergy and affective/behavioral abnor-
malities. There is a need for multilevel inquiry
(epidemiological, clinical, animal, imaging, post-
mortem) to advance the emerging field of affec-
tive neuroimmunology, and uncover novel thera-
peutic targets in mood disorders and suicide pre-
vention. 
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Purification and Characterization of Unex-
plored Enzyme Pterin Deaminase from Native
Isolate Micrococcus luteus BI252

Priyadharshini U, Angayarkanni J, Sabarathinam
S, Palaniswamy M

Cancer Therapeutics Laboratory, Department of
Microbial Biotechnology, School of Bio-
technology and Genetic Engineering, Bharathiar
University, and Department of Microbiology,
Karpagam Arts and Science, Deemed University,
Coimbatore, Tamil Nadu, India

Antifolates are class of antimetabolite drugs
widely used in cancer therapy. Asparaginase is an
anti-neoplastic agent, used in lymphoblastic
leukemia chemotherapy. Similarly, the most
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unexplored and possibly a potent drug is the
enzyme pterin deaminase, which deaminates folic
acid to products 2-hydroxy-2-deamino pteroyl
glutamic acid and ammonia. The deaminated
product could not be utilized for the DNA synthe-
sis as it differs structurally which results in folate
deficiency, thus reduces the proliferation of can-
cerous cells. In January 1976, U.S.Patent No.
3,930,955 was awarded to Kusakabe et al. for the
process of producing pterin deaminase having
antitumour activity.

Inspite of the patent and exploration of the pre-
liminary antitumour property of enzyme pterin
deaminase and its various roles in prokaryotes
and eukaryotes, very few works has been carried
out in elucidating the biochemical properties of
the enzyme. The reasons behind the lack of work
are unclear currently and this tempted us to spec-
ulate and investigate the properties of pterin
deaminase from Micrococcus luteus BI252. 

In the present study, we have isolated and char-
acterized the enzyme pterin deaminase from
native isolate Micrococcus luteus BI252 (Acces-
sion number: EU176162). The enzyme was par-
tially purified in a sequence by precipitation and
ion-exchange chromatography. The purification
of the purified pterin deaminase increased 15 fold
over that of crude and exhibited maximum activ-
ity of 3.280U/mL at the optimal conditions (pH
8.5 and temperature 30°C). Km and Vmax respec-
tively were found to be 24 mM and 3.175U/mg
against substrate folic acid. On SDS PAGE, the
molecular weight of enzyme was found to be 40
KDa. Product analysis and activity staining of the
purified enzyme was confirmed respectively on
thin layer chromatography and Native PAGE
based on the fluorescence property of product.
The enzyme does not exist in isoform and has iso-
electric point of 6.3. Among various inhibitors
tested for their effect on enzyme activity lumazine
at 1µM concentration was found to inhibit almost
completely having residual activity of 0.2%. The
antitumour property of the enzyme was studied on
two human breast cancer cell lines MCF-7 and
MDAB231. Cell death induced by apoptosis was
observed in MCF-7 cell lines were as no such
effect was observed in MDAB231 cell lines. At
350µg/mL enzyme concentration 50% inhibition
was observed in MCF-7 cell lines.          

Thus the present work renovate the basic study
of characterizing the enzyme pterin deaminase
which would lay a foundation and fling light for
further exploration for cancer therapy. 

Biological Implications of Unexplored Enzyme
Ppterin Deaminase 

Priyadharshini U, Sabarathinam S, Angayarkanni
J, Palaniswamy M

Cancer Therapeutics Laboratory, Department of
Microbial Biotechnology, School of Biotech-
nology and Genetic Engineering, Bharathiar
University, and Department of Microbiology,
Karpagam University, Coimbatore, Tamil Nadu,
India 

Antifolates are widely used drugs in cancer
therapy that inhibit folate dependent enzymes and
exert a powerful impact on folate dependent cell
division resulting in inhibition of proliferation
leading to cell death. Numerous studies have
demonstrated that despite targeting multiple
metabolic pathways, antifolates ultimately kill
cells by induction of biochemical cascades asso-
ciated with apoptosis. The molecular mechanisms
that connect folate metabolism and induction of
apoptosis are not clear at present. Most antifolates
kill cells in S phase of the cell cycle as duplication
in the cellular genome is a highly critical event
during which cells are extremely susceptible to
agents that disturbs the tightly regulated synthesis
and utilization of DNA precursors.

The enzyme has been reported to have antitu-
mour activity by Kusakabe et al. in the year 1979
and the enzyme has been partially characterized.
Later on detailed characterization and exploration
of the enzyme for its antitumour property was not
observed. The reasons are unclear at present and
this tempted us to speculate and investigate the
biological properties of pterin deaminase.  Thus
the study lay a foundation and fling light for fur-
ther exploration for cancer therapy.

In the present study, the biological implications
of pterin deaminase from Micrococcus luteus
BI252 and rat liver were studied on human lym-
phocyte culture, two human breast cancer cell
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lines MCF-7 and MDAB231, and on HEp-2 cell
lines. Cell death induced by apoptosis was
observed in MCF-7 cell lines where as no such
effect was observed in MDAB231 cell lines. At
350µg/mL enzyme concentration 50% inhibition
was observed in MCF-7 cell lines. Cytopathic
effect of pterin deaminase was observed on HEp-
2 cell lines.

Pterin deaminase - Unexplored Enzyme from
Rat Liver Exhibiting Antitumour Activity

Sabarathinam S, Priyadharshini U, Angayarkanni
J, Palaniswamy M

Department of Microbial Biotechnology, School
of Biotechnology and Genetic Engineering,
Bharathiar University; and Department of
Microbiology, Karpagam Arts and Science
College (Autonomous), Coimbatore, Tamil Nadu,
India

Antifolates a class of antimetabolite drugs
widely used in cancer therapy inhibit folate
dependent enzymes and exert a powerful impact
on folate dependent cell division resulting in inhi-
bition of proliferation leading to cell death.

Asparaginase is an anti-neoplastic agent, used
in lymphoblastic leukemia chemotherapy. Si-
milarly, the most unexplored and possibly a
potent drug is the enzyme pterin deaminase (E.C.
3.5.4.11), which deaminates folic acid to products
2-hydroxy-2-deamino pteroyl glutamic acid and
ammonia. The deaminated product could not be
utilized for the DNA synthesis as it differs struc-
turally which results in folate deficiency, thus
reduces the proliferation of cancerous cells. In
January 1976, U.S.Patent No. 3,930,955 was
awarded to Kusakabe et al. for the process of pro-
ducing pterin deaminase having antitumour activ-
ity. This enzyme holds much promise in cancer
therapy because its action is independent of the
level of DHFR. This enzyme was able to inhibit
the growth of L5117Y mouse leukemic cells in
vitro and Walker 256 carcinoma in vivo. 

In our study, pterin deaminase enzyme was iso-
lated from rat liver with enzyme activity of 9.08
IU/mg. The enzyme was sequentially purified

using Ion-exchange and G-75 Gel Filtration col-
umn chromatography which yielded an enzyme
activity of 14.796 IU/mg and 52.272 IU/mg
respectively. The purification of pterin deaminase
from rat liver was obtained as 6-fold purity with
respect to the crude. The purified enzyme was
characterized for its optimum pH, optimum tem-
perature, temperature stability, kinetic properties
and the inhibitors effect on pterin deaminase.

Inspite of the patent and exploration of the pre-
liminary antitumour property of enzyme pterin
deaminase and its various roles in prokaryotes
and eukaryotes, very few works has been carried
out in elucidating the properties of the enzyme.
The reasons behind the lack of work are unclear
currently and this tempted us to speculate and
investigate the properties of pterin deaminase
from rat liver. Since the enzyme is present in rat
liver, we believe that the enzyme would be there
in human with an unknown function. Thus the
present work renovate the basic study of charac-
terizing the enzyme pterin deaminase which
would lay a foundation and fling light for further
exploration for cancer therapy.

Phenylalanine and Tyrosine Measurements
Using HPLC with either UV or Fluorescence
Detection

Scholl-Bürgi S, Neurauter G, Karall D, Eichinger-
Öttl U, Ertl C, Fuchs D 

Department for Pediatrics, and Division of
Biological Chemistry, Biocenter, Medical
University Innsbruck, Austria

Phenylalanine (4)-hydroxylase converts
phenylalanine (Phe) to tyrosine (Tyr) concentra-
tions and represents the first step in the biosyn-
thesis of important neurotransmitters like DOPA,
dopamine, adrenaline and noradrenaline. An
altered Phe to Tyr ratio (Phe/tyr) is indicative for
a disturbed hydroxylation reaction which can be
detected by parallel measurements of Phe and Tyr
(1). Concentrations of the two amino acids can be
determined with different laboratory methods,
whereby ion exchange chromatography (HPLC)
with ninhydrin derivatisation is up to now the
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most frequently used (2). However, these meth-
ods usually are devoted to measure several amino
acids and are therefore quite time consuming,
analysis time of one single run often exceeding 60
min. Recently a new HPLC-method on reversed
phase using specific fluorescence detection was
developed, which allows measurement of one
specimen within less than 7 minutes (3, 4). 

In this study, we compared both these methods
investigating 20 random plasma samples includ-
ing patients with overt phenylalanine (4)-hydrox-
ylase abnormalities. Phe and Tyr concentrations
were determined using ion exchange chromatog-
raphy with ninhydrin detection (method 1; Ref. 2)
and HPLC with fluorescence detection at 210 nm
excitation and 302 nm emission wavelengths
(method 2; Ref 3, 4). Average Phe concentrations
were lower with method 1 (128 µmol/L) as com-
pared with method 2 (141 µmol/L = 110% of
method 1), whereas average Tyr concentrations
were slightly higher with method 1 (56.0 µmol/L)
as compared with method 2 (54.8 µmol/L =

97.8% of method 1). Strong correlations existed
between the concentrations measured by the two
methods (Phe: R2 = 0.996, Tyr: R2 = 0.968,
Phe/Tyr: R2 = 0.996, all p <0.0001)

Results show that both methods gave compara-
ble results for the determination of Phe and Tyr
concentrations in human serum specimens, albeit
with a significantly shorter run time with the flu-
orescence detection method after reversed phase
chromatography.
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Influence of Immunosuppressive Agents on
Neopterin Production and Tryptophan Degra-
dation in Human Peripheral Blood Mononu-
clear Cells

Schroecksnadel S, Sucher M, Schroecksnadel K,

Sucher R, Brandacher G, Margreiter R, Fuchs D

Division of Biological Chemistry, Department of
General and Transplant Surgery, Innsbruck
Medical University, Innsbruck, Austria

Several potent immunosuppressive drugs are
currently available to prevent acute rejection fol-
lowing solid organ transplantation. However,
most of these agents are quite unspecific and
exhibit serious side effects. There is a current
need to search for more defined approaches to
inhibit the alloimmune response such as the use of
monoclonal antibodies. In experimental models
novel agents like the costimulatory blocker
CTLA4-Ig have been shown to inhibit T-cell acti-
vation and to induce donor antigen-specific toler-
ance. Recently, tryptophan degrading enzyme
indoleamine 2,3-dioxygenase (IDO) has been
demonstrated as a crucial mediator of CTLA4Ig-
induced tolerance. Like IDO also neopterin pro-
duction is induced in human monocyte-derived
macrophages and dendritic cells upon stimulation
with Th1-type cytokine interferon-γ. However, a
possible interaction between IDO activity and
conventional immunosuppressive agents has not
been investigated yet. This study examined the
influence of conventioanl immunsuppressants
tacrolimus (FK506, Prograf), cyclosporin A (CsA,
Sandimmune), mycophenolate-mofetil (MMF,
CellCept), sirolimus (Rapamune), prednisolon
and  methylprednisolon (Urbason) on stimulated
and unstimulated freshly isolated human periph-
eral blood mononuclear cells (PBMC) from
healthy donors. 106 cells/ml unstimulated PBMC
were exposed to increasing concentrations (0.005
- 10 µg/ml) of compounds and then after 30 min.
either stimulated or not with 10 µg/ml phyto-
haemagglutinin (PHA). After 48 hours of incuba-
tion, neopterin, tryptophan and kynurenine con-
centrations in cell culture supernatants were ana-
lyzed by high performance liquid chromatogra-
phy (HPLC). Kynurenine to tryptophan ratios
(kyn/trp) were calculated as an indirect estimate
of functional IDO activity.  

In PBMC, PHA significantly induced neopterin
production and tryptophan degradation in a dose-
dependent manner. With the exception of MMF,
all compounds significantly diminished sponta-
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neous neopterin production and tryptophan degra-
dation in PBMC at the lowest concentrations
applied, however sirolimus inhibited kyn/trp only
at a concentration >1 µg/ml. PHA-induced
neopterin production and tryptophan degradation
was significantly inhibited by FK506, CsA and
sirolimus at >0.1 µg/ml concentration, for MMF,
prednisolon and methylprednisolon concentration
higher than 10 µg/ml was required to achieve a
significant reduction of kyn/trp. These latter com-
pounds had higher capacity to inhibit neopterin
production than tryptophan degradation. 

Results of this study provide further evidence
that the effects of various immunosuppressants
like CsA, FK506 and sirolimus on IDO activity
may differ which may relate to their capacity to
either inhibit, or synergize with tolerance induc-
tion, when used in combination with T-cell cos-
timulatory blocking agents.

Tim-3 Blockade Aggravates Anti-GBM
Glomerulonephritis in a Th2 Mouse Model

Schroll A, Hochegger K, Theurl I, Huber J,
Sonnweber T, Seifert M, Nairz M, Theurl M, Mair
S, Martinz V, Rosenkranz A, Weiss G

General Internal Medicine, and Nephrology and
Hypertension, Department of Internal Medicine,
Innsbruck Medical University, Innsbruck, Austria

T cell immunoglobulin and mucin protein
(Tim-3) attracts attention as important cell surface
protein that negatively regulates Th1-type
responses. Blockade of Tim-3 has been shown to
aggravate Th1-dependent disease models, such as
experimental allergic encephalomyelitis and
autoimmune induced diabetes mellitus type I.

To elucidate the role of Tim-3 in the TH-1
dependent autologous phase of anti-glomerular
basement membrane (GBM) glomerulonephritis
(GN), we first evaluated Tim-3 expression in
mice after induction of anti-GBM GN.
Furthermore, mice were treated with a Tim-3
blocking monoclonal antibody or an isotype con-
trol, anti-GBM GN was induced and mice were
followed for 7 days. 

Significantly increased Tim-3 expression was

found in kidneys, but not in lymph nodes, 4 and 8
weeks after induction of anti-GBM GN. Tim-3
expression correlated with the expression of the
master switch gene of Th1-type cells t-bet.
Administration of anti-Tim-3 antibody aggravat-
ed anti-GBM GN as shown by significantly
increased albuminuria, histological changes,
lipocalin-2 and IL-18 levels. Significantly
increased numbers of macrophages were detected
to infiltrate kidneys of mice after anti-Tim3 anti-
body treatment. T cell infiltration and Th1-type
cytokine expression in kidneys was marginally
affected by Tim-3 blockade. In contrast, no dif-
ference in immune regulation was found in sec-
ondary lymphoid organs.

Thus, Tim-3 is a key inhibitory signal on dif-
ferentiated Th1-type cells infiltrating kidneys
after induction of anti-GBM GN thereby limiting
local macrophage infiltration and/or proliferation. 

Everyday Dynamics of IL-6 and Neopterin
Levels in a Breast Cancer Patient with Cancer-
related Fatigue

Schubert C, Fritzsche K, Burbaum C, Geser W,
Fuchs D

Clinical Deptartment of Medical Psychology and
Division of Biological Chemistry, Biocenter,
Innsbruck Medical University, and Institute of
Psychology, University Innsbruck, Innsbruck,
Austria; Clinical Department of Psychosomatic
Medicine and Psychotherapy, University Hospital
Freiburg, Freiburg, Germany 

While neopterin has clearly been shown to be a
pro-inflammatory marker of immune activity in
cancer, interleukin-6 (IL-6) lacks consistent evi-
dence regarding either Th1 or Th2 affiliation. In
this integrative single-case study on a 49-year-old
female patient with breast cancer (diagnosis 5
years ago, pT2, pN1biv, cM0, G3, HER2+/neu+)
and cancer-related fatigue we studied the func-
tional dynamics of IL-6 and neopterin levels
under real-life conditions. For this purpose, the
patient collected her whole urine over a period of
27 days, divided into 12-hour portions. Moreover,
she filled in questionnaires on emotional state,
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daily routine, subjective illness activity and daily
occurrences. Weekly, the patient was clinically
checked and interviewed in order to get informa-
tion on the past week's emotionally negative and
positive everyday incidents. Urinary neopterin
was measured by HPLC, urinary IL-6 by ELISA.
Intensity and emotional valence of incidents were
rated via consensus rating. Time series analysis
consisted of ARMA modelling and cross-correla-
tional analysis. This study showed sharp contrast-
ing biphasic patterns in neopterin and IL-6 irre-
spective whether negative or positive incidents
were used as triggers of the stress system.
Preliminary analysis revealed that negative inci-
dents were initially followed by increases in IL-6
within 12 h after the occurrence of stressors (lag0:
+0.228; n.s.) and then by decreases after a total of
132 h (lag11: -0.326; p <0.05). Positive incidents,
moreover, were followed first by decreases in
IL-6 after 12 h (lag1: -0.332; p <0.05) and then by
increases a total of 144h later (lag12: +0.303;
p <0.05). Neopterin, in turn, first decreased 12 h
after the occurrence of stressors (lag1: -0.352;
p <0.05) and then increased after a total of 96 h
(lag8: +0.308; p <0.05). In response to positive
incidents, however, neopterin first increased after
36 h (lag3: +0.289; p <0.05) and then decreased
after a total of 84 h (lag7: -0.255; p <0.05). This
study showed for the first time sharply contrasting
dynamic response patterns of neopterin and IL-6
under real-life conditions suggesting that IL-6
could be an indicator of anti-inflammatory mark-
er of immune activity in breast cancer. Further
integrative single-case studies have to be done in
order to generalize findings on this topic.

Impact of Iron Treatment on the Immune
Effector Function of Macrophages in Dialysed
Patients

Sonnweber T, Theurl I, Schroll A, Nairz M, Mair
S, Seifert M, Theurl M, Eder S, Mayer G, Weiss G
Department of Internal Medicine I, Clinical
Immunology and Infectious Diseases, and
Department of Internal Medicine IV, Nephrology,
Innsbruck Medical University, Innsbruck, Austria

Anemia in dialysis patients is multifactorial

and can be partly referred to erythropoietin defi-
ciency which is often associated with an impaired
iron availability for erythropoiesis due to chronic
inflammation. Thus, anemia is treated with
recombinant human erythropoietin (rhEPO) often
in combination with iron. However, iron therapy
may harbour some detrimental effects as it can
serve as a nutrient for invading pathogens, modu-
late innate immune effector pathways of
macrophages and promote intravascular radical
formation.

We investigated a total of 24 patients on chron-
ic hemodialysis who were withheld from treat-
ment with iron for two weeks before study entry.
The study was approved by the local ethical com-
mittee and written informed consent was obtained
from all patients. While the intervention group
(n = 16) received a single parenteral dose of 100
mg iron gluconate at day 0, control patients
(n = 8) received the same volume of saline. Blood
was drawn before iron injection at day 0 and after
48 hours and one week, immediately before dial-
ysis. Monocytes were isolated for investigation of
immune response and cellular iron homeostasis
ex vivo.

Following iron administration we noticed a sig-
nificant increase of iron, transferrin saturation and
ferritin concentration in serum after 48 hours
while hepcidin concentrations decreased. In par-
allel, iron application resulted in increased intra-
cellular ferritin concentrations and a reduced
transferrin receptor mRNA expression within
blood monocytes. When monocytes were stimu-
lated ex vivo with LPS or interferon-gamma we
found that high circulating ferritin concentrations
at study entry were associated with a decreased
expression of pro-inflammatory cytokines such as
interleukin-6 (IL-6) and tumor necrosis factor-α
(TNF-α). In contrast, 48 hours after iron applica-
tion we observed a transient increase of TNF-α
and IL-6 formation in monocytes of patients with
low circulating ferritin levels at study entry as
compared to monocytes from dialysis patients not
receiving iron therapy.

Iron therapy in chronic dialysis patients affects
the immune function of monocytes/macrophages.
Prolonged iron therapy with systemic iron over-
load as reflected by increased circulating ferritin
levels is associated with impaired secretion of
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macrophage derived cytokines like IL-6 and
TNF-α which may cause an increased suscepti-
bility to infections. Thus, accurate monitoring of
body iron status as well as new diagnostic tools to
clearly assess iron availability in the circulation
are urgently needed.

Compounds Found in Exhaled Breath of
Patients Suffering from Lung Cancer

Sponring A, Filipiak W, Bajtarevic A, Ager C,
Schwarz K, Pienz M, Klieber M, Denz H, Fiegl
M, Hilbe W, Weiss W, Lukas P, Jamnig H, Hackl
M, Troppmair J, Amann A

Department for Anesthesia and General Intensive
Care; Daniel-Swarovski-Research Laboratory,
Department of General and Transplant Surgery,
Innsbruck Medical University, Innsbruck;
Institute of Ions Physics and Applied Physics,
Leopold Franzens University of Innsbruck,
Innsbruck; ; Division of Internal Medicine/Onco-
logy, Landeskrankenhaus, Natters; Breath
Research Unit of the Austrian Academy of
Sciences, Dornbirn, Austria

Analysis of exhaled breath with respect to con-
centrations of volatile organic compounds bears
fascinating possibilities for medical diagnosis and
therapeutic monitoring. Here we make an attempt
to determine VOCs in exhaled breath of lung can-
cer patients. We restrict ourselves to compounds
which show at least 15% higher concentrations in
exhaled breath as compared to inhaled air.

The exhaled breath and inhaled room air sam-
ples from 65 lung cancer patients in different dis-
ease stages and different treatment regimes and
31 healthy controls have been analysed.
Expiratory and indoor air samples were collected.
Gas chromatography with mass spectrometric
detection (GC-MS) and proton transfer reaction
mass spectrometry (PTR-MS) were used.

Altogether 103 compounds showing at least
15% higher concentration in exhaled breath than
in inhaled air were detected. All results reported
here refer to concentrations being 15% higher in
exhaled breath as compared with inhaled air.
Among the 103 compounds detected, 84 were

confirmed by determination of the GC-MS reten-
tion time using pure compounds. Around one
third of the compounds detected were hydrocar-
bons. We found hydrocarbons, alcohols, aldehy-
des, ketones, esters, ethers, sulfur compounds,
nitrogen-containing compounds and halogenated
compounds. Acetonitrile and benzene were
among 11 compounds which correlated with
smoking behaviour.

As a particular example for age and gender
effects, we investigated the concentration of iso-
prene in 205 adult volunteers by PTR-MS: there
was no statistically significant difference between
mean isoprene levels in the breath of males and
females (GM 105.4 and 95.5 ppb, corresponding-
ly). Aging caused decrease of the concentrations
of the investigated VOC in men with an estimat-
ed slope of the regression line for the log-trans-
formed isoprene concentrations of -0.0049, but
did not influence isoprene level in women. PTR-
MS analysis is very easy to be performed and
therefore was used for studies including many
volunteers.

A comparison of the results of cancer patients
with those of 31 healthy volunteers revealed dif-
ferences in the concentration patterns. Sensitivity
for detection of lung cancer patients depends on
the number of compounds used. Based on 8 dif-
ferent compounds (or 12 or 54 different com-
pounds, respectively) not arising in exhaled
breath of healthy volunteers the sensitivity was
51% (or 78% or 86%, respectively), the specifici-
ty always being 100%. Potential marker com-
pounds are 1-propanol, 2-butanone, 3-butyn-2-ol,
benzaldehyde, 2-methyl-pentane, 3-methyl-pen-
tane, n-pentane and n-hexane.

This research was supported by the European
Commission (Project BAMOD, project no LSHC-
CT-2005-019031) We greatly appreciate the gen-
erous support of the Member of the Tyrolean
regional government Dr. Erwin Koler and the
Director of the University Clinic of Innsbruck
(TILAK) Mag. Andreas Steiner.
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The Release and Uptake of Volatile Organic
Compounds (VOCs) from Different Lung
Cancer Cell Lines in vitro 

Sponring A, Filipiak W, Mikoviny T, Ager C,
Schubert J, Miekisch W, Amann A, Troppmair J

Department of Operative Medicine, and Daniel-
Swarovski Research Laboratory, Division for
General- and Transplantation Surgery, Innsbruck
Medical University; Breath Research Unit of the
Austrian Academy of Sciences; Institute for Ion
Physics, Leopold-Franzens University of
Innsbruck, Innsbruck, Austria; and University of
Rostock, Department of Anaesthesiology and
Intensive Care, Rostock, Germany

Analysis of exhaled breath for the detection of
human diseases like lung cancer offers the possi-
bility of non-invasive diagnosis. Little is known
about the underlying metabolic mechanisms lead-
ing to the production of volatile organic com-
pounds (VOCs). Furthermore, tumours are com-
plex and heterogenous systems, and tumorous and
non-tumorous components like immune cells and
possibly also microorganisms could contribute to
the spectrum of VOCs detected. The aim of this
work was to confirm the existence of tumor-
derived VOCs by analyzing various lung cancer
cell lines 

So far, four lung cell lines have been investi-
gated for the release or consumption of VOCs by
GC-MS after thermal desorption. Cells were
trypsinized and up to100 x 106 cells were incubat-
ed in a sealed fermenter. Prior to gas chromatog-
raphy mass spectrometry (GC-MS) analyses sam-
ples from the headspace of the culture vessel were
collected with simultaneous preconcentration by
adsorption on solid sorbents and then VOCs were
thermodesorbed for analysis by GC-MS. 

The results showed a clear increase compared
to medium only controls in the concentrations of
different branched hydrocarbons and partly also
of alcohols and ketones in the case of NCI-
H2087, CALU-1 and A549 cells. However, the
patterns differed among these cell lines, although
chemically similar branched hydrocarbons, for
instance 2,3,4-trimethylpentane and 2,3,3-
trimethylpentane, were found to be released.

Moreover, in all tested lung cancer cell lines test-
ed, and also in NCI-H1666 cells, decreased con-
centrations of VOCs compared to controls could
be demonstrated. Especially different aldehydes
and the ester n-butyl acetate were consumed in all
cell lines. Amongst the aldehydes, 3-methylbu-
tanal was decreased in all cell lines, methacrolein
in all cell lines except NCI-H2087 cells, 2-
methylpropanal in all cell lines except NCI-
H1666 and hexanal in all tested cell lines but not
in A549 cells. For additional VOCs that decreased
in concentration the compounds were restricted to
the individual investigated cell line.

In summary, our findings confirm that several
VOCs like unsaturated hydrocarbons and oxygen-
containing compounds are released, while differ-
ent aldehydes and the ester n-butyl acetate are
consumed or metabolized by the cell lines studied
here.

This research was supported by the European
Commission (Project BAMOD, project no LSHC-
CT-2005-019031) We greatly appreciate the gen-
erous support of the Member of the Tyrolean
regional government Dr. Erwin Koler and the
Director of the University Clinic of Innsbruck
(TILAK) Mag. Andreas Steiner.

Novel Antioxidative Effects of Folic Acid and
Betaine in Humans.

Stanger O, Wonisch W, Aigner I, Paulweber B,
Ueland PM

Cardiac Surgery, Metabolic Research, and
Endocrinology, General Hospital, Salzburg,
Austria; Department of Biochemistry, Medical
University, Graz, Austria; and LOCUS for
Homocysteine and Related Vitamins, Pharma-
cology, University of Bergen, Bergen, Norway

Experimental evidence indicates that the
homocysteine-induced damaging effects on vari-
ous cell function and structures are mediated, in
part, by increased generation of reactive oxygen
species (ROS). Indeed, in vitro, most effects of
homocysteine can be prevented by preincubation
with antioxidants. Homocysteine -lowering treat-
ment with folic acid and betaine (trimethyl-
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glycine) has been effective in reducing cardiovas-
cular in patients with homocystinuria and also in
adults in absence of hyperhomocysteinemia.
Thus, we investigated the potential pro-oxidant
effects of folic acid and betaine in vivo in three
independent investigations (A-C).

A: 27 male CAD-patients (46-56 years) were
treated in a cross-over trial with folic acid
(5mg/d) for 6 weeks. B: 67 healthy volunteers
(mean 52 years) were randomized in 5 groups
receiving placebo, 0.4mg, 1.2mg, 2.5mg or 5mg
of folic acid/d for 8 weeks. C: 24 healthy male
subjects (54 years) were randomized to receive
either 2.5mg folic acid or 3g betaine per day for 2
weeks. We measured peroxides, peroxidase-activ-
ity, total antioxidant capacity (TAC), antibodies
(IgM) against malondialdehyde (MDA) and
against oxidized LDL-cholesterol (oLAB),
Protein-Ox, Lipid-Ox in serum at various time
points. 

The main results can be summarized that FA
(5.0 mg) significantly added TAC to serum and
increased NO bioavailibility (after 4 weeks) in
healthy subjects and also in CAD-patients. FA
(0.4 - 5.0mg) significantly protects lipids and pro-
teins from oxidative modification as early as after
2 hours (as measured with lipidox and proteinox
tests). Betaine intake had a rapid Hcy-lowering
effect (-8.2% within 2h) and the baseline concen-
tration (40%) increased nearly 17-fold. Betaine
significantly increased peroxidase-activity (48%
after 4h) and lowered peroxide levels (-18% after
6h; both p <0.05). 

Our findings suggest antioxidative effects of
folic acid and betaine, complimentary to homo-
cysteine-lowering. These effects were observed in
vivo and may explain beneficial treatment effects
on the cardiovascular system observed in various
clinical conditions.

Structural Insights into the Evolutionary
History of Phenylalanine Hydroxylase

Teigen K, Flydal MI, Martinez  A

Department of Biomedicine, University of
Bergen, Norway

Phenylalanine hydroxylase (PAH) is a tetrame-

ric enzyme which in mammals is mainly present
in the liver where it converts phenylalanine to
tyrosine. In order to transform phenylalanine into
tyrosine the enzyme is dependent on tetrahydro-
biopterin as electron donor in the catalyzed reac-
tion. Proper regulation of the mammalian enzyme
is very important to maintain the appropriate level
of phenyalanine to (i) avoid the disease phenylke-
tonuria (PKU) characterised by mental retarda-
tion and (ii) provide a continuous supply of tyro-
sine for protein synthesis. One important regula-
tory mechanism is the cooperative response to
phenylalanine binding in the active sites of the
four subunits. The biopterin cofactor has an
inhibitory effect on PAH activity and at the same
time protects the enzyme from degradation.

We have compared PAH isolated from the
nematode Caenorhabditis elegans (cePAH) with
the human form of the enzyme (hPAH). Work
done in our lab suggests that the main function of
cePAH is anabolic using phenylalanine as a pre-
cursor of melanin. Although tetrameric in struc-
ture it lacks the sophisticated regulatory mecha-
nisms found in the mammalian enzyme. This
implies that the importance of proper regulation
and prompt response of the enzyme to elevated
substrate level have evolved with the complexity
of the nervous system and the need for protection
against neurotoxic phenylalanine levels.

We have constructed structural models of the
full length hPAH and cePAH based on crystal
structures of truncated forms and homology mod-
elling. Molecular dynamics simulations have
been applied to these models to get insight into
the conformational changes related to regulation
by both the substrate and biopterin cofactor at an
atomic level.

This work has identified several amino acid
residues important for regulating the mammalian
enzyme. It has also provided insights into the
basis for the evolution of sophisticated regulatory
mechanisms in an important metabolic enzyme.
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Diagnostic Procedures and Treatment in Renal
Transplant Patients with Polyoma (BK) Virus
Infection

Tenschert W, Thaiss F, Zöllner B, Feucht H

Medical Clinic III and Institute for Microbiology
and Immunology, University Hospital Hamburg
Eppendorf, Hamburg, Germany

After the first description of a new papovavirus
by Gardener (1971), it took nearly 25 years to
learn about the impact of modern immunosup-
pressive therapy on the outcome of polyoma virus
infection after renal transplantation. About 80 %
of the general population have detectable antibod-
ies to BK virus, the prevalence of BK viruria,
viremia and nephritis is 30, 13, and 8%, respec-
tively. Diagnosis in renal transplant patients can
be made by finding Decoy-cells in urine, or by
polyoma virus specific PCR in urine or blood. We
report on diagnostic procedures for BK virus
infection in our transplant patients and the follow-
up results of BK infected patients in our clinic
since 2001. Treatment of BK virus nephropathy
was performed by reducing the immunosuppres-
sive therapy and guided by intensive monitoring
of infectious relapse or rejection episodes. When
graft function was impaired by inflammation, we
observed no progression after viral clearance. No
patient with BK virus nephropathy lost his graft.
However, we learnt that for efficient disease man-
agement an early diagnosis, robust differentiation
between viral infection and rejection and avoid-
ance of excessive immunosuppression are key. In
this respect non-invasive markers such as
neopterin might be of great diagnostic impor-
tance.

Regulation of Iron Homeostasis in Anemia of
Chronic Disease and Iron Deficiency Anemia.
Diagnostic and Therapeutic Implications

Theurl I, Aigner E, Theurl M, Nairz M, Seifert M,
Schroll A, Sonnweber T, Eberwein L, Witcher
DR, Murphy AT, Wroblewski VJ, Wurz E, Datz
C, Weiss G

Department of Internal Medicine I, Clinical
Immunology and Infectious Diseases, Medical
University of Innsbruck, Austria; General
Hospital Oberndorf, Department of Internal
Medicine, Oberndorf, Austria;  Biotechnology
Discovery Research, Lilly Research Laboratories,
Lilly Corporate Center, Indianapolis, USA;
Department of Ophthalmology, Medical
University of Innsbruck, Austria 

Anemia of chronic disease (ACD), also termed
anemia of inflammation (AI), is characterized by
macrophage iron retention induced by cytokines
and the master regulator hepcidin, which controls
cellular iron efflux upon binding to the iron
export protein ferroportin. Many patients, howev-
er, present with a combination of ACD and true
iron deficiency (ACD/IDA) secondary to chronic
bleeding, which is challenging to diagnose.

To study the different underlying regulatory
pathways, we used a rat model of chronic arthritis
developing persistent ACD, and mimicked
ACD/IDA by phlebotomies. Iron retention during
inflammation occurred in macrophages and the
spleen, but not in the liver. In rats and humans
suffering from ACD, serum hepcidin concentra-
tions were elevated, which was paralleled by
reduced duodenal and macrophage expression of
ferroportin. Importantly, individuals suffering
from ACD/IDA had significantly lower hepcidin
levels than ACD subjects, and ACD/IDA individ-
uals in contrast to ACD subjects were able to
absorb dietary iron from the gut and to mobilize
iron from macrophages. 

Circulating hepcidin levels affect iron traffic in
ACD and ACD/ IDA and are rather regulated by
the erythropoietic needs for iron than by inflam-
mation. Hepcidin determination can differentiate
between ACD and ACD/IDA, which will help cli-
nicians to select the appropriate therapy for these
patients.  
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Properties of Glyceryl ether monooxygenase

Watschinger K, Keller M, Golderer G, Hermetter
A, Maglione M, Prast H, Werner-Felmayer G,
Werner ER

Division of Biological Chemistry, Biocentre,
Innsbruck Medical University, Innsbruck,
Austria; Institute of Biochemistry, Graz
University of Technology, Graz, Austria; Center
of Operative Medicine, Department of Visceral,
Transplant and Thoracic Surgery, Innsbruck
Medical University, Innsbruck, Austria, and
Division of Pharmacology and Toxicology,
Institute of Pharmacy, Leopold-Franzens
University of Innsbruck, Innsbruck, Austria 

Besides the four well characterised tetrahydro-
biopterin-dependent enzymes, the nitric oxide
synthases and the aromatic amino acid hydroxy-
lases, there still remains a fifth but less well
described enzyme, the glyceryl ether monooxyge-
nase (alkyl glycerol monooxygenase, EC
1.16.14.5). Although increasing information
about this protein is accessible, no sequence has
been identified and therefore it belongs to the cat-
egory of orphan enzymes. It has been shown that
this enzyme critically depends on tetrahydro-
biopterin as cofactor for intact catalytic activity
while common reductants are not able to substi-
tute for the pterin cofactor and needs a non-heme
bound metal ion for its catalytic function.
Therefore, glyceryl ether monooxygenase is more
closely related to the family of aromatic amino
acid hydroxylases (using a non-heme iron) than to
the nitric oxide synthases which fulfil their cat-
alytic activity via a heme iron. In addition, it has
been shown that this enzyme is a membrane-
bound protein with highest activity levels detect-
ed in male rat livers.

In order to increase the understanding about the
physiological role of glyceryl ether monooxyge-
nase and possible regulators we investigated the
expression levels in various mice tissues.
Measurable amounts of glyceryl ether monooxy-
genase activity (higher than 1 pmol/(mg*min))
were detected in subcutaneous and visceral fat tis-
sue, stomach, testis, adrenal gland, lung and kid-
ney. Less than 1 pmol/(mg*min) was measured in

spleen, intestine, brain, skeletal muscle, ovary and
heart. This expression pattern resembles the
results obtained in rats with a single exception,
the liver, where expression was strongly
decreased while rats always displayed very high
levels of glyceryl ether monooxygenase in this
organ (18.0 pmol/(mg*min) in mice versus
1253.5 pmol/(mg*min) in rats). 

These results now encourage us to analyse
glyceryl ether monooxygenase activity in livers
from mice harbouring engineered genetic defects
in general lipid regulators like the peroxisome
proliferator-activated receptor a.  

Supported by the Austrian Research Funds
"zur Förderung der wissenschaftlichen For-
schung" P19764.

Motifs for Tetrahydrobiopterin Binding in
Mammalian Enzymes

Werner ER, Watschinger K, Keller M, Golderer
G, Werner-Felmayer G 

Division of Biological Chemistry, Innsbruck
Medical University, Innsbruck, Austria 

Of the five tetrahydrobiopterin dependent
enzyme reactions known in mammals, four have
clearly defined sequences and genes, and struc-
tures are known. These are the aromatic amino
acid hydroxylases phenylalanine hydroxylase
(gene symbol PAH), tyrosine hydroxylase (gene
symbol TH), and the two tryptophan hydroxy-
lases (THP1 and TPH2). Another group is formed
by the nitric oxide synthases (gene symbols
NOS1, NOS2 and NOS3 for the neuronal,
macrophage and endothelial isoform, respective-
ly). The fifth is alkylglycerol monooxygenase
(glyceryl ether monooxygenase), an enzyme with
unknown sequence. To enable a search for candi-
date sequences for this enzyme in protein data-
bases, we compared features that are required for
tetrahydrobiopterin binding and utilisation in aro-
matic amino acid hydroxylases and nitric oxide
synthases. 

Aromatic amino acid hydroxylases bind
tetrahydrobiopterin with 14 amino acid residues,
7 of which are conserved. They are distributed
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over a region of approximately 80 amino acids,
and come all from the same peptide chain. Nitric
oxide synthase oxygenase domains, in contrast,
use residues from two different peptide chains of
the dimer to bind tetrahydrobiopterin. Ten
residues are close to tetrahydrobiopterin, 5 of
which are conserved. They are distributed over a
region of approximately 360 amino acids.
Together with the lacking amino acid sequence
homology between aromatic amino acid hydroxy-
lases and nitric oxide synthases, and the funda-
mentally different biochemistry of cofactor usage
by theses two enzyme classes, this suggests that
aromatic amino acid hydroxylases and nitric
oxide synthases evolved as separate classes of
tetrahydrobiopterin utilising enzymes.

Alkyl glycerol monooxygenase resembles the
aromatic amino acid hydroxylases rather than the
nitric oxide synthases with respect to handling of
the tetrahydrobiopterin cofactor, while the chem-
istry of the substrate hydroxylation is different to
both, aromatic amino acid hydroxylases and nitric
oxide synthases. In alkyl glycerol monooxyge-
nase, a saturated aliphatic carbon is hydroxylated,
wheres the aromatic amino acid hydroxylases
hydroxylate a carbon of an aromatic ring, and
nitric oxide synthases hydroxylate a nitrogen of
the guanidino group of arginine. In the mam-
malian proteomes, no significant primary
sequence homologue to aromatic amino acid
hydroxylases can be found by various methods.
To look for alkyl glycerol monooxygenase candi-
date genes, we therefore plan to search for pro-
teins with structural similarities to aromatic
amino acid hydroxylases, hoping that these struc-
tural similarities may reflect the similarity in
tetrahydrobiopterin cofactor utilisation. 

Supported by the Austrian Research Funds
"zur Förderung der wissenschaftlichen For-
schung" P19764.

Circulating NT-proCNP in Patients after (mul-
tiple) Trauma or Burns

Zedler S, Woloszczuk W, Fuchs D, Faist E

Department of  Surgery, Ludwig Maximilians
University, Munich, Germany; Biomedica

Medizinprodukte GmbH & Co KG, Vienna,
Austria; Division of Biological Chemistry,
Biocenter, Innsbruck Medical University,
Innsbruck, Austria

Atrial, brain and C-type natriuretic peptides
(ANP, BNP and CNP, respectively) are the known
members of the mammalian natriuretic peptide
system. The biological properties of CNP differ
notably from those of ANP and BNP. In contrast
to these cardiac peptides, CNP is primarily
expressed in non-cardiac tissues like the central
nervous system or the vascular endothelium
exhibiting various local paracrine or autocrine
functions and thus usually not being considered
an endocrine hormone. Indeed, the function of
CNP, first isolated from porcine brain, is still
being elucidated. In humans the transcription of
the gene is regulated by factors such as TNF-α.
All natriuretic peptides are produced as propep-
tides, which are subsequently cleaved into the
biologically active C-terminal hormone and the
N-terminal fragment. Since those N-terminal
fragments are much more stable, and circulate in
higher amounts than the active peptides, they are
easier and more reliable detectable in serum or
plasma. We examined the pathophysiological sig-
nificance of plasma NT-proCNP levels following
different qualities of traumatic injury with rela-
tionship to injury severity and outcome employ-
ing a sandwich immunoassay using antibodies
directed against amino acids 1-19 and 30-50
(Biomedica, Vienna, Austria). In this study 4
cohorts were included comprising 30 patients suf-
fering from severe multiple injuries (T), 31 burns
(B), 41 patients who underwent elective abdomi-
nal surgery, and 30 healthy volunteers. Systemic
NT-proCNP levels were assayed on admission
(accidental trauma) or pre-op (elective surgery),
respectively, and on consecutive days d1, d3, d5
and d7. Differences in the experimental means
were considered to be significant if p <0.05, as
determined by ANOVA and adequate post hoc
procedures for multiple comparisons, where
appropriate. Injury severity was assessed with the
Injury Severity Score (ISS) in T and % burned
total body surface area (%TBSA) in B.

Plasma NT-proCNP was significantly dimin-
ished in burns on admission and day 1 postburn
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compared to controls, but in the further course on
days 3 and 5 higher than on day 1. Peak levels
were detectable on day 5 postburn. Different from
burns NT-proCNP levels remained on control
level after severe multiple injury. In contrast, NT-
proCNP gradually increased following elective
surgery showing highest levels on day 7 com-
pared to pre-op and day 1 post surgery. Moreover,
NT-proCNP levels were significantly higher in
patients developing septic complications after
elective surgery. In burns no correlation was
found with inhalation injury or percentage of
burned body surface. But, it is noteworthy that
NT-proCNP values were significantly lower in
survivors compared to controls, whereas levels in

non-survivors remained unchanged. In polytrau-
matized patients, however, NT-proCNP levels
increased with injury severity. Finally, in burns a
preliminary correlation analysis revealed signifi-
cant relationships of NT-proCNP to neopterin
(rs = 0.452, p <0.001), C-reactive protein (rs =

0.334; p <0.001) and TNF-α (rs = 0.543;
p <0.001), but to a lesser extent with the develop-
ment of organ dysfunction (SOFA). Even if NT-
proCNP levels are obviously associated with
markers of immune activation and inflammation,
their posttraumatic implications and especially
their prognostic value for the development of sep-
tic complications remain questionable and require
further investigations.
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