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Abstract

Background/Aims: An immune shift towards Th2-type im-
munity seems to be critical in the pathogenesis of allergic
asthma and rhinitis. In a previous study, we found higher se-
rum tryptophan concentrations in patients with seasonal
tree or grass pollen rhinoconjunctivitis who underwent spe-
cific immunotherapy (SCIT) than in controls, and those with
the highest levels at baseline responded less well to SCIT. In
the present study, we examined whether ‘booster immuno-
therapy’ after cessation of SCIT had any influence on trypto-
phan metabolism during follow-up. Methods: Serum con-
centrations of tryptophan, kynurenine and neopterin were
assayed in 19 patients (mean age: 26.2 years; 6 females) al-
lergic to grass and/or tree pollen before and after they had
received a booster immunotherapy with 4 injections of an
allergoid vaccine (Pollinex Quattro; Bencard Vienna, Austria)
over 8 * 3 months outside the pollen season. Results: Se-
rum tryptophan and kynurenine concentrations decreased
after boosterimmunotherapy (mean *+ SD, before immuno-
therapy: 81.1 £ 14.2 umol/l, after immunotherapy: 61.4 +
20.9 pmol/l and before immunotherapy: 2.25 + 0.44, after

immunotherapy: 1.69 * 0.70 wmol/l, respectively; both p <
0.01); this was especially true in those responders who also
tended to have lower baseline kynurenine concentrations as
compared with nonresponders (p = 0.05). Finally, a correla-
tion between changes in tryptophan metabolism and neop-
terin concentrations was observed after immunotherapy.
Conclusions: The decrease in tryptophan and kynurenine
concentrations following booster immunotherapy in hay fe-
ver patients strengthens the hypothesis that tryptophan
metabolism might be involved in the course of allergic re-
sponses. However, it is still unclear whether the abnormal
tryptophan metabolism in pollinosis patients is related to in-
doleamine 2,3-dioxygenase and/or to a specific cytokine
background. Copyright © 2012 S. Karger AG, Basel

Introduction

An immune shift towards Th2-type immunity is con-
sidered to be critical in the pathogenesis of allergic asth-
ma and rhinitis. Th2-type cytokines such as interleukin
(IL)-4, IL-13 and others are upregulated and suppress
Thl-type immune response and Thl-type cytokines such
as interferon-y (IFN-vy) [1, 2]. The latter is a strong in-
ducer of indoleamine 2,3-dioxygenase (IDO), an enzyme
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which degrades the essential amino acid tryptophan as
part of the antiproliferative strategy of immunocompe-
tent cells to halt the growth of infected and malignant
cells within Thl-type immune responses [3, 4]. IDO was
also demonstrated to be an important immunoregulato-
ry enzyme that is capable of inducing immunotolerance
via the induction of regulatory T cells [5, 6], and IDO has
been also suggested to play a role in the pathogenesis of
allergic diseases [7-10].

Enhanced IDO activity as is reflected by a decline of
tryptophan and an increased ratio of kynurenine to
tryptophan(Kyn/Trp) has been documented in a variety
of clinical conditions, including infections, autoimmune
syndromes and malignant processes [11-13]. Such diseas-
es are characterized by chronic stimulation of the T cell/
macrophage system, and during Thl-type immune re-
sponse, IDO is induced preferentially in monocytes/mac-
rophages and dendritic cells [6, 14, 15]. In these cells, an
increased Kyn/Trp is associated with elevated concentra-
tions of neopterin, which, like IDO, is preferentially re-
leased in Thl-type immune response [14-17]. By con-
trast, a lower Kyn/Trp was described in atopic versus
nonatopic subjects [18], and an earlier study by von Bub-
noff et al. [19] suggests that in allergen-sensitized indi-
viduals a higher IDO activity might inhibit allergic reac-
tions. Finally, expression of the IDO gene INDO in nasal
polyps was found to characterize susceptibility to aspi-
rin-intolerant asthma [20].

We have recently described higher serum tryptophan
concentrations in patients with pollinosis compared with
blood donors [21]. This finding was confirmed in an in-
dependent study reporting higher serum tryptophan
concentrations in patients suffering from allergic rhinitis
than in controls, and tryptophan concentrations were
found to be higher outside the pollen season than in the
season [22]. Higher baseline tryptophan concentrations
were preferentially observed in nonresponders to specific
immunotherapy (SCIT) as compared with responders
[21]. However, only tryptophan concentrations but not
Kyn/Trp and kynurenine concentrations were of statisti-
cal significance, and the changes in tryptophan metabo-
lism were independent of neopterin concentrations [21].

In order to clarify the role of tryptophan as a predictor
of response to immunotherapy in patients with pollino-
sis, we compared serum tryptophan, kynurenine and ne-
opterin concentrations in patients with confirmed grass
and birch pollen allergy shortly before and after booster
immunotherapy. Booster immunization was introduced
for the first time in 1958 [23]. It was applied as a scratch
test to reactivate the effects of earlier SCIT. As concerns
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SCIT, it is postulated that aside from the Th1/Th2 shift,
the blocking effects of IgG antibodies also achieve this
goal [24]. For that reason, Pollinex, an allergoid adsorbed
to tyrosine, is used with monophosphoryl lipid A as an
adjuvant that induces a strong IgG antibody production.

Patients and Methods

Patients

Tryptophan, kynurenine and neopterin concentrations were
determined retrospectively in 19 allergic patients (6 females, 13
males; mean age 26.2 years; 6 were allergic to grass pollen, 10 to
grass/birch, 2 to birch, 1 to plantain). Only patients displaying a
clinical response to the booster immunotherapy were included in
this analysis. All patients had a history of tree and/or grass pollen
allergy of several years and had undergone a 3-year perennial clas-
sic SCIT with specific pollen extracts (Alutard SQ, ALK-Abello,
Horsholm, Denmark). Patients who responded to SCIT, but whose
symptoms of pollinosis recurred after 3 or 4 years of follow-up
were asked to participate in a booster immunotherapy study. Pa-
tients who interrupted immunotherapy during follow-up were ex-
cluded from this analysis as well as patients suffering from in-
flammatory conditions or any other overt disease. All patients
were offered local and oral H, antihistamines for symptomatic
relief. If they reported obstructive allergic rhinitis, nasal steroids
(mometasonefuroate 1-2 sprays into each nostril once a day) were
prescribed. After the study, patients were grouped according to
the symptoms, which were recorded as: totally disappeared or
much better (= responder), unchanged or worse, or new bronchi-
al asthma during booster immunotherapy corresponding to the
responsible pollen allergen (nonresponder). Ten patients (3 fe-
males and 7 males) were thus classified as responders, and 9 pa-
tients as nonresponders.

Serum specimens were obtained before and after the booster
immunotherapy (4 injections, days 1, 14, 28 and 56 incremental
doses from 300 to 2,000 SU) with the Pollinex Quattro (Bencard)
allergoid vaccine. The study was in accordance with the Helsinki
Declaration, and patients gave informed consent that parts of
their blood specimens obtained during routine procedures were
anonymously used for additional analyses within this study.

Specimen Collection and Assay Methods

Tryptophan and kynurenine concentrations of all the speci-
mens were determined by HPLC on the same day using a re-
versed-phase C;g column, 0.015 mol/l acetic acid/sodium acetate
buffer and a flow-rate of 1 ml/min as described earlier [25, 26].
Tryptophan was monitored by its native fluorescence at 285 nm
excitation and 360 nm emission wavelengths, kynurenine was de-
termined by UV absorption detection at 360 nm wavelength,
Kyn/Trp was calculated. Serum neopterin concentrations were
measured using a competitive ELISA with a sensitivity of 2 nmol/l
(Brahms, Hennigsdorf, Germany).

Patient tryptophan, kynurenine and neopterin concentrations
were compared with those measured in 38 serum specimens from
healthy blood donors (23 males and 15 females; 23-42 years) as
reported earlier [21]. These individuals were voluntary blood do-
nors and their health status was assessed, but neither total nor
specific IgE antibodies were determined. However, they were
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Fig. 1. Changes of tryptophan (a; U = 2.82, 3.0 7
p<0.01), kynurenine (b; U =2.66, p<0.01)
and neopterin (d; n.s.) concentrations and 0 . o
Kyn/Trp; S n.s.) in patients before (base- C Baseline After BIT d Baseline After BIT
line) and after booster immunotherapy
(BIT).

asked to fill in a questionnaire concerning previous diseases, in-
cluding allergies, and individuals taking antihistamines or ste-
roids to suppress acute allergic symptoms, like sneezing, rhinor-
rhea or obstructive rhinitis and conjunctivitis were not accepted.

Statistical Analyses

Results are presented as means * SD. As not all the data were
normally distributed, the nonparametric Wilcoxon test was used
for comparison of grouped data, and associations between vari-
ables were calculated with the Spearman rank correlation coef-
ficient (ry). The Statistical Package for the Social Sciences (SPSS
17.0, Chicago, Ill., USA) was used. p values <0.05 were considered
to indicate significant differences.

Results

Patients’ baseline tryptophan concentrations (mean
+ SD) were 81.1 * 14.2 pmol/l were higher than those
of healthy controls [21] (57.9 £ 1.21 pmol/l; U = 6.45,
p < 0.001). Kynurenine concentrations were 2.25 * 0.44
pwmol/l (controls: 1.40 % 0.057 pmol/l; U = 2.66, p <
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0.01), and Kyn/Trp was 28.6 * 7.4 pwmol/mmol (controls:
28.0 £ 8.3 wmol/mmol; n.s.). Neopterin concentrations
at baseline were 6.8 = 3.6 nmol/l (controls: 5.3 * 0.16
nmol/l; n.s.), 5 of 19 patients (26%) had neopterin concen-
trations outside the normal range (95th percentile is 8.7
nmol/l [17]). Neopterin concentrations correlated with
age (r; = 0.480, p < 0.05), none of the other parameters
showed such a relationship. At baseline, there was no sig-
nificant correlation between the markers of tryptophan
metabolism and neopterin concentrations.

Serum tryptophan concentrations after booster im-
munotherapy (61.4 * 20.9 pmol/l) were significantly
lower compared with baseline (U = 2.82, p < 0.01; fig. 1)
and were no longer statistically different from the levels
observed in controls. After booster immunotherapy,
kynurenine concentrations were lower as well (1.69 *
0.70 wmol/1) than at baseline (U = 2.66, p < 0.01); accord-
ingly, Kyn/Trp after immunotherapy was 28.0 * 8.3 and
thus had not significantly changed (p = n.s.). Neopterin
concentrations remained unchanged as well (after immu-
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notherapy: 6.4 = 2.6 nmol/l; fig. 1), after immunothera-
py, only 2 patients (11%) presented with elevated neop-
terin concentrations.

After booster immunotherapy, there was a rather
strong association between tryptophan and kynurenine
levels (r; = 0.754, p < 0.001). Neopterin concentrations
correlated with kynurenine (ry = 0.478, p < 0.05) but not
with tryptophan concentrations (r; = 0.319) or with Kyn/
Trp (rs = 0.353); neither correlation was statistically sig-
nificant).

When patients were grouped according to their clini-
cal responses, the baseline kynurenine concentrations in
nonresponders (2.42 £ 0.46 pmol/l) strongly tended to
be higher than those of responders (2.07 £ 0.34 wmol/l;
U = 1.96, p = 0.05). None of the other variables showed
any significant difference between the two groups. In the
responder group, the kynurenine concentrations dropped
significantly after the booster immunotherapy (2.07 +
0.34 vs. 1.68 £ 0.63 pmol/l; U = 2.19, p < 0.03), and in
the nonresponders, tryptophan concentrations also de-
creased after the booster immunotherapy (77.6 = 9.9
pmol/l) as compared with baseline values (63.0 * 24.0
pmol/l; U = 2.31, p < 0.03). The alterations in Kyn/Trp
and neopterin concentrations were not significant in any
of the groups compared.

Discussion

Our study reports high tryptophan and kynurenine
concentrations in patients with seasonal rhinoconjuncti-
vitis caused by tree or grass pollen, but in the absence of
allergen exposure, the levels declined towards the normal
range when patients underwent successful booster im-
munotherapy. These results confirm and extend our ear-
lier findings [22] and those of others [19], and further
strengthen the hypothesis that tryptophan metabolism
is involved in the pathogenesis of allergic responses
and symptoms. Consequently, tryptophan concentrations
may serve as a simple monitoring parameter for success-
ful immuno. Moreover, significant relationships also ex-
isted between the responses to immunotherapy and tryp-
tophan metabolism in this independent collection of
specimens: in fact, the decline in kynurenine concentra-
tions before and after immunotherapy was significant
only in the responders. However, this result has to be re-
garded with some caution because the number of patients
was very small for such an analysis of subgroups.

The observed decline in tryptophan concentrations
under booster immunotherapy may be due to an influ-
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ence on specific cytokine cascades and, as a consequence,
the activity of tryptophan-degrading enzyme IDO may
change. Allergic asthma and rhinitis are related to a pre-
ponderance of Th2-type immunity that is exaggerated
upon exposure to an allergen, Th2-type cytokines like
IL-4 and IL-13 are predominantly produced and induce
a hyperproduction of IgE [1, 26]. In parallel, during an
allergic response, the Thl-type immune response is
thought to be suppressed by the same cytokines [1, 2]. As
a consequence, the production of the Thl-type cytokine
IFN-v, the main inducer of IDO, declines, and a de-
creased expression of IFN-y receptor and an attenuated
IFN-vy response by dendritic cells was reported in pa-
tients with atopic dermatitis [29]. Thus, under such cir-
cumstances the activation of IDO and of neopterin pro-
duction is likely to become suppressed, which would ex-
plain the rise in tryptophan concentrations in atopic
subjects. However, to address this issue properly, it would
be necessary to measure both the concentrations of Th2
cytokines like IL-4 and/or IL-13 in the sera of treated pa-
tients and IDO induction in patients’ peripheral blood
monocytes or in specific nasal secretions before and after
SCIT. Unfortunately, such data were not accessible in our
study. Moreover, in our patients the mean serum neop-
terin concentrations, another indicator of Thl-type im-
munity, measured before booster immunotherapy was
even slightly higher than those found in larger popula-
tions of blood donors and healthy controls [17, 30]; ap-
proximately one quarter of our patients presented with
neopterin concentrations clearly above the upper limit of
the normal range in healthy controls (>8.7 nmol/l). Kyn-
urenine concentrations were high too and, consequently,
Kyn/Trp was not subnormal before booster immunother-
apy; in addition, neopterin and Kyn/Trp did not change
during immunotherapy, and the difference of kynuren-
ine levels before and after treatment, albeit significant,
was rather small in absolute terms, which is comparable
to that observed in our first report, where the difference
was not significant, however. Accumulation of kynuren-
ine might occur when vitamin B, the necessary cofactor
of converting enzyme, is deficient [31]. However, such in-
formation was not available from our patients.

A seasonal influence on our results can be widely
ruled out because all specimens were collected before and
after the specific booster immunotherapy that was initi-
ated in the symptom-free interval in late autumn. So the
therapeutic protocol itself appears to be involved in the
decline in tryptophan concentrations, and this decline
does not necessarily depend on the modulation of cyto-
kine cascades, at least not those that are important for
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regulating tryptophan degradation and neopterin pro-
duction.

Tryptophan breakdown and neopterin production
were induced in parallel both in vivo and in vitro and
were found to correlate strongly in several groups of pa-
tients with, e.g. infections, autoimmune syndromes or
malignancies [13]. There was no correlation between
changes in neopterin and tryptophan metabolism in our
patients before treatment: neopterin and kynurenine
concentrations correlated significantly only after booster
immunotherapy. As no seasonal influence on neopterin
concentrations was observed in thousands of blood dona-
tions collected over more than 1 year [30], it seems that
the absence of any correlation between neopterin and
Kyn/Trp in atopic subjects is due to an abnormal trypto-
phan metabolism outside the pollen season, which, how-
ever, seems to be independent of a specific cytokine back-
ground and returns to normal during allergen exposure
in the pollen season. Corresponding changes of neopter-
in concentrations were only minor as compared with
tryptophan levels. These results are in good agreement
with our earlier findings in two independent groups of
patients with pollinosis [21, 22]; a slight increase in neop-
terin was observed but still there is no good explanation
for the divergent development of neopterin and Kyn/Trp
in the population of atopic subjects. Any increase in tryp-
tophan concentrations in our patients could only have
persisted as a result of immunoregulatory events that oc-
curred in the pollen season and a slowed down IDO ac-
tivity outside the season, persisting throughout the rest of
the year when exposure has ceased.

A specific interaction between nitric oxide (NO) and
IDO could play a particular role in the development of
higher tryptophan concentrations in patients with aller-
gic rhinitis. Enhanced NO synthesis has been reported in
patients with asthma and allergic rhinitis [32]. Exhaled-
breath NO is increased in asthmatics versus healthy con-
trols [33] and serum nitrite concentrations were found to
be higher in allergic patients outside the pollen season
than in the season [34]. Likewise, it is well documented
that NO slows down the expression and activity of the
heme enzyme IDO [35]. Thus, our observation is in line
with the view that NO might suppress IDO activity and
lead to increased tryptophan concentrations. Notably, no
such effect of NO is known for GTP-cyclohydrolase I, the
key enzyme for neopterin production [36]. Thus, this
background corresponds well with the independent de-
velopment of Kyn/Trp and neopterin concentrations in
patients with allergic rhinitis when, e.g. mast cells would
begin to produce IFN-v [37] and stimulate neopterin pro-
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duction but not IDO activity, which is arrested by NO.
Von Bubnoff et al. [19] showed that higher IDO activity
should be able to suppress the allergic response. Accord-
ingly, inhibitors of inducible NO synthase (iNOS) are
candidates for antiallergic therapy that may decrease the
production of NO and thus abrogate the arrest of IDO
[38]. However, selective iNOS did not achieve any mea-
surable effect on allergen challenge in asthma [39]. Based
on those observations and our own observations, it will
be very important to decide when to treat patients with
iNOS inhibitors, a treatment that should be effective in
reducing tryptophan concentrations in patients outside
the pollen season but not so much in the season, when
tryptophan declines endogenously.

In conclusion, our study confirms high serum trypto-
phan concentrations in atopic subjects out of the pollen
season. Like allergen exposure in the pollen season,
booster immunotherapy slows down tryptophan concen-
trations. The background for this observation is still un-
clear, but it seems to be related to the interaction between
Thl- and Th2-type cytokines and their immunobio-
chemical consequences, such as enhanced NO produc-
tion, which may selectively downregulate IDO, thereby
strengthening the response to allergens. However, our
study population was small and thus the findings can
only be regarded as preliminary. Clearly, a large popula-
tion of patients is necessary to assess the value of trypto-
phan measurements during SCIT.
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