Original Article
Diagnostic Immunology

CROSSMARK_logo_3_Test

1/1

Ann Lab Med 2019;39:284-290
https://doi.org/10.3343/alm.2019.39.3.284
ISSN 2234-3806 • eISSN 2234-3814
https://crossmark-cdn.crossref.org/widget/v2.0/logos/CROSSMARK_Color_square.svg 2017-03-16

Neopterin Levels and Indoleamine 2,3-Dioxygenase
Activity as Biomarkers of Immune System Activation
and Childhood Allergic Diseases
Songül Ünüvar , Ph.D.1, Duygu Erge, M.D.2, Bilge Kılıçarslan, M.S.3, Harika Gözde Gözükara Bağ, Ph.D.4,
Ferhat Çatal, M.D.5, Gözde Girgin, Ph.D.3, and Terken Baydar, Ph.D.3
İnönü University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology, Malatya, Turkey; 2Adnan Menderes Üniversitesi, Faculty of Medicine,
Department of Pediatric Allergy & Immunollogy, Aydin, Turkey; 3Hacettepe University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology,
Ankara, Turkey; 4İnönü University, Faculty of Medicine, Department of Biostatistics, Malatya, Turkey; 5İnönü University, TurgutOzal Medical Center,
Department of Pediatric Allergy & Immunology, Malatya, Turkey
1

Background: Although Th2 immune activation is predominant in allergic diseases, neopterinlevels and indoleamine 2,3-dioxygenase (IDO)-1 activity (kynurenine:tryptophan ratio), which reflect Th1 immune activity, increase with interferon-gamma (IFN-γ) stimulation. We investigated neopterin, tryptophan, and kynurenine levels as biomarkersof the
Th1 immune system activation and changes in IDO-1 activityin children with asthma, allergic rhinitis, and atopic dermatitis, as well as the relationship between these biomarkers
and the total IgE level, age, and disease severity.
Methods: We divided 205 children (80 girls and 125 boys, four months to 17 years old)
into four groups: controls, patients with asthma, patients with allergic rhinitis, and patients
with atopic dermatitis. Peripheral venous blood samples were collected. Neopterin levels
were determined by an enzyme immunoassay. Tryptophan and kynurenine levels were
analyzed using HPLC. IDO-1 enzyme activity was calculated using tryptophan and kynurenine levels. IgE levels were measured. The Mann–Whitney U test, Kruskal–Wallis test,
and Conover post-hoc method were used for statistical analysis.
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Results: Neopterin, tryptophan, and kynurenine levels were higher and IgE levels and
IDO-1 enzyme activity were lower in patients with asthma and allergic rhinitis than in controls (P < 0.05). Patients with atopic dermatitis showed higher neopterin, tryptophan, and
kynurenine levels, higher IDO-1 activity, and lower IgE levels thancontrols (P < 0.05).
Conclusions: The Th1/Th2 balance is disrupted in children with allergic diseases, concomitant with increased Th1-mediated immune response activation and reduced IgEproduction, which is promoted by Th2-type cytokines.
Key Words: Allergy, Kynurenine, Neopterin, Tryptophan, Atopic dermatitis, Allergic rhinitis,
Asthma, Th1 immune response, indoleamine 2,3-dioxygenase activity

INTRODUCTION
Allergic diseases, one of the most common chronic conditions
in childhood, include allergic rhinitis, asthma, dermatitis, conjunctivitis, anaphylaxis, and food and drug allergies, and affect
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approximately one in five people globally [1, 2]. Allergies are immune reactions that affect various tissues and organs in many
diseases [3]. Asthma, allergic rhinitis, and atopic dermatitis, also
referred to as atopic diseases, develop from a complex genetic
background, known as atopy [4, 5]. The prevalence of these
https://doi.org/10.3343/alm.2019.39.3.284
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three atopic diseases increases gradually. Although the diseases
in this group occur in different organs, increased total serum
IgE levels are observed in most patients [5].
In patients with atopic dermatitis, cells expressing Th2 cytokines are increased whereas cells expressing Th1 cytokines are
often decreased in the peripheral blood [6]. Langerhans cells
present in the epidermis of patients with allergic dermatitis express receptors with a high affinity for IgE, and their expression
is associated with the severity of allergic dermatitis, asthma, and
allergic rhinitis [3, 7]. Allergic rhinitis poses a risk factor in asthma
since under certain conditions it leads to asthma [3], and under
uncontrolled moderate and severe conditions, it affects asthma
control [8]. The prevalence of asthma increases gradually in Europe (8.2% in adults and 9.4% in children) [9]. It varies worldwide, depending on race, geographic region, and environmental
factors [10].
The cell-mediated immune response typically depends on the
activation of Th1 cells, which produce and release IFN-γ and
interleukin (IL)-2, whereas activation of Th2 cells is characterized by the release of cytokines such as IL-4, IL-5, and IL-10.
Th2 cytokines are responsible for the humoral immune response
and trigger the production of immunoglobulins, such as IgE,
which are involved in allergic diseases. The cross-regulatory interaction between Th1 and Th2 immune responses is reflected
in IgE and neopterin levels [11]. Tryptophan catabolism is firmly
established as a key regulator of innate and adaptive immune
tolerance [12, 13]. The tryptophan to kynurenine metabolic pathway is catalyzed mainly by three enzymes: indoleamine 2,3-dioxygenase (IDO)-1, IDO-2, and tryptophan 2,3-dioxygenase
(TDO) [14, 15]. IDO-1 catalyzes the rate-limiting step in tryptophan degradation in the kynurenine pathway [16]. While IDO-1
is widely expressed in various cells and tissues, TDO is expressed
mainly in the hepatic tissue and is thought to be the main enzyme converting tryptophan to kynurenine in the liver. Thus, the
serum kynurenine: tryptophan ratio reflects IDO-1activity [12, 15].
Th1- and Th2-mediated immune responses downregulate
each other. Th1 cells stimulate human monocytes/macrophages
by producing IFN-γ and IL-2, which results in the production
and release of large amounts of neopterin, which in turn downregulates the humoral IgE-mediated immune response [17].
Hence, we evaluated the cross-regulatory interaction between
Th1- and Th2-mediated immune responses in various important allergic diseases in children. To gain insight into this interaction, the cellular immune system activation biomarkers were
measured and compared with the serum IgE levels, one of the
Th2 cytokines. We investigated the association of Th1 immunity
https://doi.org/10.3343/alm.2019.39.3.284

indicators, including neopterin levels, tryptophan breakdown,
and IDO-1 activity as biomarkers in children with allergic diseases. Further, we evaluated changes in the studied biomarkers
according to age and gender, the relationship between these
biomarkers and disease severity, and the effects of these biomarkers on allergic and non-allergic forms. In addition, we compared Th2 cytokine IgE levels with Th1 immunity indicators.

METHODS
Study population
This prospective study, conducted from February to August 2014,
included 205 children in total: 183 children aged between four
months and 17 years (median: six years) who were admitted to
the Division of Pediatric Allergy and Immunology, Department of
Pediatrics, Inonu University, Faculty of Medicine, Malatya (Turkey), and who were diagnosed with asthma, allergic rhinitis, oratopic dermatitis, and 22 healthy children as controls (median:
eight years; range: 3–16 years). The study was approved by the
Ethics Committee of İnönü University (document number: 2013/
32), and all parents provided written informed consent. Demographic characteristics of the study population are presented in
Table 1.
Patients with medical conditions that may cause Th1 activation (e.g., cancer, autoimmune disease, infections, diabetes,
heart failure, kidney failure, and chronic hepatitis) were excluded.
Both patients, who received medication and those who did not
receive treatment, were included. Some patients received inhaled steroid treatment, and montelukast treatment was applied
when appropriate. An asthma attack was defined as an episode
of progressive increase in shortness of breath, cough, wheezing,
or chest tightness, or a combination of some or all of these symptoms. The diagnosis, severity, and control level of asthma were
assessed according to the guidelines of the Global Initiative for
Asthma (GINA) [18]. According to the severity of asthma, it was
classified as intermittent, mild persistent, moderate persistent,
and severe persistent. The patients were divided into three subTable 1.Demographic data of the study population

Control
N = 22

Asthma
N = 104

Allergic
Atopic
rhinitis dermatitis
N = 54
N = 25

Male/female (N)

15/7

62/42

29/25

19/6

Age (yr), Median
(range)

8 (3–16)

6 (2–17)

11 (2–17)

2 (0–16)

P*
< 0.001

*Kruskal-Wallis test and Conover post-hoc method.
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Table 2.Disease subgroups in asthma patients and atopic dermatitis patients

Asthma severity

N (%)

Asthma
control

Acute
N (%)
N (%)
exacerbation

Intermittent

41 (39.4) Controlled

28 (26.9)

Positive

15 (60)

Mild persistent

40 (38.5) Partially
48 (46.1)
controlled

Negative

10 (40)

Moderate persistent 20 (19.2) Uncontrolled 28 (27)
Severe persistent

3 (2.9)

groups according to the level of asthma: controlled, partly controlled, and uncontrolled asthma. Allergic rhinitis was diagnosed
and classified (as seasonal or perennial, and mild, moderate, or
severe, and allergic or non-allergic) according to the Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines [1, 4]. Atopic
dermatitis was diagnosed according to the Hanifin and Rajka
criteria based on patient history and clinical characteristics [19].
Subgroups of asthma and atopic dermatitis patients are presented in Table 2.

Neopterin, tryptophan, and kynurenine measurements
Peripheral venous blood samples (1–2 mL) were collected early
in the morning from all patients and controls. The samples were
centrifuged at 3,220 × g for 15 minutes at 20–25°C, after which
the sera were separated to measure neopterin, tryptophan, and
kynurenine levels. All samples were stored at -20°C until analysis. Serum neopterin levels were determined by an enzyme immunoassay using a commercially available neopterin assay
(Human Serum Neopterin Assay, EIA-1476, DRG Instruments
GmbH, Marburg, Germany) as per the manufacturer’s instructions. Absorbance was read at 450 nm in a microplate reader.
Serum neopterin levels were expressed in nM, and the lowest
detectable neopterin level was 0.8 nM. Serum tryptophan and
kynurenine levels were measured by the HP Agilent 1100 HPLC
system (Agilent, Vienna, Austria) using a reversed-phase Hichrom C18 column (5 µm, 25 cm × 4.6 mm i.d., Hichrom Ltd.,
Berkshire, UK). The proteins were precipitated with perchloric
acid. Tryptophan level was determined through natural fluorescence detection (G1312A; Agilent) at 285 nm excitation and
360 nm emission wavelengths, whereas kynurenine level was
determined through variable wavelength detection (G1314A;
Agilent) with 360-nm wavelength ultraviolet (UV) absorption [20,
21]. Both tryptophan and kynurenine levels were expressed in
µM/L. IDO-1 enzyme activity was evaluated on the basis of serum tryptophan and kynurenine levels and the kynurenine: tryptophan ratio. IDO-1 activity was expressed in µM/mM.
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Statistical analysis
Categorical variables were summarized as frequencies and percentages, whereas non-normally distributed continuous variables
were summarized as median and range. The Mann–Whitney Utest was used to compare two independent groups, and the Kru
skal–Wallis test and Conover post-hoc method were used to compare more than two groups. Spearman’s rank correlation coefficient was used to evaluate relationships between variables. All
analyses were performed using IBM SPSS Statistics 22.0 (IBM
Corp., Armonk, NY, USA), and P < 0.05 was considered statistically significant.

RESULTS
IDO-1 was higher in the patients with acute asthma exacerbation than in the patients who were not suffering an acute asthma
attack (57.06 vs 46.24 µM/mM; P = 0.028). Tryptophan levels
were higher in the patients with controlled asthma (61.60 µM/L)
than in the patients with partially controlled (55.98 µM/L) and
uncontrolled (49.40 µM/L) asthma (P = 0.025).
Patients with atopic dermatitis were divided into two subgroups
as acute exacerbation positive and acute exacerbation negative.
Kynurenine levels were higher in the patients with acute exacerbation of atopic dermatitis than in those who did not have acute
exacerbation (3.58 vs 2.56 µM/L; P = 0.005). Results forIDO-1
activity were similar to those obtained for kynurenine levels. IDO-1
activity was higher in the patients with acute exacerbation of
atopic dermatitis than in the patients who did not have acute
exacerbation (64.80 vs 45.26 µM/L; P = 0.026). The percentage
of skin affected by atopic dermatitis and the neopterin level were
moderately correlated (r = 0.680; P = 0.001). Parameters did not
significantly differ between the subgroups of allergic rhinitis and
non-allergic rhinitis or by severity of allergic rhinitis. The biomarkers evaluated in the study groups are summarized in Table 3.
The highest neopterin and kynurenine levels and the highest
IDO-1 activity were observed in patients with atopic dermatitis,
and the highest tryptophan levels were observed in patients with
asthma. The lowest total IgE levels were observed in patients
with atopic dermatitis, whereas the lowest IDO-1 activity was observed in patients with allergic rhinitis.
Correlations between biomarkers and age are presented in
Table 4. Gender did not significantly correlate with any biomarker.
Age was weakly correlated with neopterin level and moderately
correlated with IgE level in patients with allergic rhinitis. Age was
weakly correlated with IDO-1 activity in patients with asthma
and allergic rhinitis and was moderately correlated in atopic derhttps://doi.org/10.3343/alm.2019.39.3.284
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Table 3.Parameter measurements in the study groups
Neopterin (nM)
Total Ig E (IU/mL)

Control

Asthma

Allergic rhinitis

Atopic dermatitis

P§

4.58 (2.50–15.68)

4.92 (2.10–17.06)

4.82 (2.04–17.34)

5.23 (3.12–15.84)

0.436

46.70 (3.17–1,277)

0.046

55.77 (34.38–77.90)

0.122

3. 44 (2.04–6.39)

0.001

60.73 (37.12–90.76)

0.024

108 (1.83–2,000)*

147 (3.51–1,842)*

Tryptophan (µM/L)

51.53 (33.76–65.20)

152 (11.20–2,000)*

58.69 (32.42–91.71)

56.58 (30.20–79.06)

Kynurenine (µM/L)

2.44 (1.03–3.62)*

2.75 (1.44–4.61)

2.59 (1.69–5.73)*

IDO-1 activity (µM/mM)

48.32 (17.78–74.63)*

48.30 (23.99–82.97)*

†

44.69 (27.77–83.95)*

*P < 0.05; P < 0.01; The Kruskal-Wallis test and Conover post-hoc method were used.
Data are presented as median (range).
Abbreviation: IDO-1, indoleamine 2,3-dioxygenase-1.
†

§

Table 4.Correlations between age and levelsof biomarkers

Table 5.Correlations between biomarkers in the study groups

Age (yr)

Neopterin (nM)
IgE (IU/mL)
Tryptophan (µM/L)
Kynurenine (µM/L)
IDO-1 activity
(µM/mM)

rs

Control

Asthma

Allergic
rhinitis

Atopic
dermatitis

0.004

-0.185

-0.343

-0.232

P

0.986

0.076

0.017

0.326

rs

-0.058

0.092

0.400

0.177

P

0.807

0.387

0.004

0.419

rs

0.411

0.179

0.195

0.252

P

0.081

0.084

0.174

0.258

rs

0.135

-0.046

-0.204

-0.257

P

0.583

0.657

0.156

0.248

rs

0.004

-0.254

-0.339

-0.427

P

0.986

0.014

0.016

0.047

Abbreviation: IDO-1, indoleamine 2,3-dioxygenase-1.

matitis patient group.
Correlations between biomarkers in the study groups are presented in Table 5. Kynurenine was very weakly correlated with
IgE, neopterin,and tryptophan levels. IDO-1 activity was very
weakly correlated with IgE and tryptophan levels. IDO-1 activity
was weakly correlated with neopterin and was strongly correlated with kynurenine levels.

DISCUSSION
Allergic diseases, such as asthma, rhinitis, and atopic dermatitis, are characterized by Th2-skewed immunity. Th2 cytokines
are upregulated in allergic inflammation, whereas the Th1 immune response and Th1-related cytokines, such as IFN-γ, are
downregulated [22-24]. The biochemical breakdown of tryptophan by IDO-1 is controlled by IFN-γ, which is responsible for
the strongest Th1-mediated immune response against proinflammatory stimuli [22].
https://doi.org/10.3343/alm.2019.39.3.284

Neopterin Ig E Tryptophan Kynurenine
(nM) (IU/mL) (µM/L)
(µM/L)
Neopterin (nM)

IDO-1
activity
(µM/mM)

rs

-0.053

-0.143

0.254

0.320

P

0.480

0.053

0.001

0.001
-0.172

IgE (IU/mL)

rs

0.032

-0.176

P

0.663

0.017

0.019

Tryptophan
(µM/L)

rs

0.364

-0.319

P

0.001

0.001

Kynurenine
(µM/L)

rs

0.712

P

0.001

Abbreviation: IDO-1, indoleamine 2,3-dioxygenase-1.

Neopterin is produced from guanosine triphosphate (GTP) by
monocytes and macrophages that are activated by T-lymphocytes. Neopterin is found in normal quantities in the serum (4.9
nM) and urine (1.58 mM/1.2 L/day) and is removed through renal excretion (clearance; 225 mL/min) [25]. Neopterin has become key in the diagnosis and follow-up of various pathologies,
as it indicates cellular immune activation and can be easily monitored in biological fluids using sensitive assays [17, 26, 27].
Tryptophan, which is related to neopterin, a product of the
pteridine pathway, and kynurenine, which is the main degradation product of tryptophan, are involved in various metabolic disorders, depression, autoimmune diseases, malignancies, and
neurodegenerative diseases [28, 29]. The mechanisms involved
in tryptophan degradation play a role in the regulation of immune
responses in various disorders that develop in response to genetic, environmental, and immunological factors [14, 30]. Furthermore, increased tryptophan degradation has been reported
in patients with various diseases, such as rheumatoid arthritis,
viral infections, and certain malignancies that exhibit poor prognosis [31-35].
Under normal physiological conditions, the kynurenine level is
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related to that of tryptophan. IDO assumes the major role, alth
ough tryptophan 2,3-dioxygenase (TDO) may also play a part in
immune system activation [36].
In our study, total serum IgE levels of the patients with allergic
rhinitis and atopic dermatitis were significantly lower than those
of controls. This finding may be related to the lower mean age
of patients with atopic dermatitis than that in the other groups.
The increase in the total serum IgE level in childhood becomes
more remarkable with age. The highest IgE levels were observed
in patients with allergic rhinitis, who had the highest mean age.
In patients with allergic rhinitis, a moderate correlation between
IgE levels and age was identified. The overall age range among
all diagnostic groups was large. Between five and six years, the
immune system completes maturation, and the levels of various
biomarkers noticeably change [37].
In allergic diseases, increased serum neopterin levels and decreased serum IgE levels can sometimes be noted due to a disruption of the Th1/Th2 balance, although some patients show
decreased serum neopterin levels and increased serum IgE levels [11]. In our study, neopterin levels were higher and IgE levels lower in all the patient groups than in the control group. Similarly, Pinto et al. [17] reported higher neopterin levels in patients
with allergic diseases than in the control group. Among the patient groups, the highest neopterin levels were found in atopic
dermatitis patients, who had the lowest IgE levels, whereas the
lowest neopterin levels were found in allergic rhinitis patients,
who had the highest IgE levels, which may be caused by a disease-related disruption of the Th1/Th2 balance.
Neopterin levels and IDO activity are important indicators of a
Th1 immune response. Enhanced systemic IDO activity may
contribute to the containment of allergic T-cell responses and
the inhibition of specific allergic reactions in allergen-sensitized
individuals without clinically apparent disease [7]. In our study,
similar to neopterin levels, the highest IDO-1 activity was observed in patients with atopic dermatitis, and the lowest IDO-1
activity was observed in patients with allergic rhinitis. A previous
study revealed that atopy was associated with low IDO-1 activity
[38]. In our study groups, IDO-1 activity was inversely correlated
with IgE levels, as was the case for tryptophan levels. The genetic, humoral, and cellular differences between patients with
allergic and non-allergic forms of atopic diseases reflect the presence of a complex immunological network. Local IgE production
in the affected tissue is a common feature in all subtypes of atopic
disease [5]. Elevated IgE usually indicates the atopy underlying
allergic diseases, such as asthma, rhinoconjunctivitis, and eczema, although not all Th2-mediated immune responses are
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characterized by IgE production [22]. It was observed that allergic and non-allergic forms did not affect the biomarkers in patients with allergic rhinitis. All biomarkers except IDO-1 activity,
i.e., tryptophan, kynurenine, and IgE levels, were higher, albeit
not significantly, in allergic than in non-allergic patients.
Neopterin levels and the rate of tryptophan degradation differ
in many immune system-mediated pathologies, and thus, determining the serum neopterin level and the tryptophan degradation rate in pediatric allergic conditions may contribute to the
early detection of immune alterations. Ciprandi et al. [36] reported higher serum tryptophan and kynurenine levels in allergic rhinitis patients than in controls, and they suggested that
IDO and neopterin unexpectedly behave oppositely. Similarly,
Kositz et al. [23] reported higher tryptophan levels in atopics
than in healthy blood donors, and suggested that higher tryptophan levels may result from lower IDO-1 activity in atopics. Serum tryptophan levels are higher in patients with pollen allergy
than in healthy blood donors [22], possibly because of suppression of IDO-1 enzyme activity.
Our preliminary study suggests that Th1 immune activation
biomarkers as an alternative to, or in combination with, IgE levels, could be used as a biomarker in conditions, in which IgE
levels have limited usefulness for diagnosis and follow-up. A predominance of Th2-mediated immunity underlies the immunological basis of asthma, allergic rhinitis, and atopic dermatitis,
and in parallel to this, the Th1-mediated immune response is
suppressed by Th2 cytokines. Tryptophan degradation, neopterin production, and IDO-1 competence are among the biochemical pathways triggered by IFN-γ. However, the present
study revealed opposite effects. Our results suggest that the
Th1/Th2 balance is disrupted in patients with allergic diseases,
concomitant with increased Th1-mediated immune response
activation and reduced IgE production, which is promoted by
Th2-type cytokines. However, decreased IgE levels alone do not
categorically support the suggestion that Th2-mediated immunity is suppressed. Further studies are required to elucidate the
immunological mechanisms of this complex group of disorders.
The most important limitation of this study is that the age range
significantly differed among the study groups, and this is expected
to have affected the biomarker values. Nevertheless, we showed
that the assessment of Th1-mediated immune system parameters in childhood allergic diseases is important. The clinical use
of these cheap and rapidly measurable parameters may contribute to early diagnosis and treatment of allergic diseases.
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