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vide a new perspective with which to understand the mech-
anism of and find potential biomarkers of ACD, as well as a 
new reference for personalized treatment. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Allergic contact dermatitis (ACD) is one of the most 
common inflammatory skin diseases induced by expo-
sure to an environmental agent. It is an important occu-
pational disease affecting the general population since 
general skin sensitizers are metals, fragrances, hair dye 
ingredients, and preservatives. In Europe 20–25% of the 
population is sensitive to at least 1 contact allergen. The 
immunologic mechanisms by which contact hypersensi-
tivity occur are complex, involve Th1 and Th2 immune 
responses and are the result of numerous immune cells, 
cytokines, and chemokines. Numerous types of regula-
tory cells control the severity and duration of these reac-
tions and the only available etiologic treatment of ACD is 
elimination of the skin sensitizer  [1, 2] . Complex interac-
tions among genetic, epigenetic and environmental fac-
tors influence ACD. For a better understanding of the 
pathogenesis and treatment of this disease, new systemic 
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 Abstract 

  Background:  Allergic contact dermatitis (ACD) is an inflam-
matory skin disease caused by repeated skin exposure to 
contact allergens. The severity and duration of this disease 
are associated with many different factors. Some of these 
factors may represent markers for monitoring disease activ-
ity and the individual response to an intervention.  Methods:  
We used a targeted metabolomics approach to find such fac-
tors in the serum of individuals with ACD. Metabolomics pro-
files were examined and compared in the acute phase of the 
disease and also in the absence of disease activity.  Results:  
Our study identified a significant remission phase of ACD-
associated systemic biochemical shifts in 2 metabolic path-
ways: tryptophan-kynurenine and phenylalanine-tyrosine. 
 Conclusions:  Although the responsible mechanisms are un-
clear, these results suggest that the remission phase of ACD 
is linked to tryptophan metabolism via kynurenine and phe-
nylalanine-tyrosine pathways. However, further replication 
studies with a larger number of subjects and their subgroups 
are necessary to validate our results. These studies may pro-
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approaches are required. The identification of biochemi-
cal biomarkers enable the the risk of developing the dis-
ease to be determined, along with a prediction of the dis-
ease progression, monitoring of the disease activity, and 
clinical response to an intervention. 

  In order to identify novel biomarkers in biological 
samples, researchers have begun to employ ‘omics’ ap-
proaches in combination with biostatistical methods. 
Metabolomics is the systematic study of the global pro-
files of all metabolites, i.e. small molecules that are in-
volved in the metabolism and are the end points of cel-
lular regulation  [3, 4] . Systematic metabolomics analysis 
at the right time points can provide new molecular in-
sights into the elucidation of metabolic regulations un-
derlying the disease development and improve risk pre-
diction, which is crucial for the advancement of preven-
tion and treatment strategies. Changes in the metabolite 
concentration may also reflect disease progression or pre-
dict responses to drugs. This approach is becoming in-
creasingly popular in clinical studies with the suggestion 
that metabolomics could be a powerful tool for discover-
ing new biomarkers, the characterization of different 
clinical phenotypes, early diagnosis or developing strate-
gies for disease treatment. Metabolomics has been used 
in some allergic diseases, such as atopic dermatitis, to in-
vestigate the relevance of this method as a novel diagnos-
tic tool  [5] .

  The purpose of this pilot study was to identify differ-
ential blood metabolomics profiles in patients with ACD 

compared with healthy individuals. In this study, we em-
ployed a targeted tandem mass spectrometry metabolo-
mics approach to analyze the systemic biochemical shifts 
associated with the course of ACD. Metabolomics pro-
files were also examined and compared in the acute phase 
of the disease and in the absence of disease activity in or-
der to provide a new perspective with which to under-
stand the mechanism associated with disease develop-
ment. 

  Materials and Methods 

 Study Group 
 Sixteen adults (15 females and 1 male, aged 21–54 years, mean 

age 33.1 ± 10.6 years) were consulted for ACD at the Centre of Di-
agnosis and Treatment of Allergic Diseases, Vilnius, Lithuania. 
During the first visit (acute phase of ACD) the blood samples were 
taken and treatment was prescribed to the patients. During the 
second visit (remission phase of ACD), blood samples were col-
lected again from the same individuals. Patch tests were performed 
in both groups – the case and control groups – using European 
standards (S-1000; Chemotechnique Diagnostics, Vellinge, Swe-
den) and suspected allergens in nonirritant concentrations made 
ex tempore. Tests for other allergens were performed according to 
clinical needs. Allergens were applied to the upper back of partici-
pants using the Finn Chambers (SmartPractice, Phoenix, Ariz., 
USA) system for 2 days. Readings according to international crite-
ria were performed on days 2, 3, and 7  [6] . The patch test reactions 
were graded by severity from no reaction (0) to 3+. Importantly, 
patients did not use local and/or systemic corticosteroids for at 
least 1 month, and treatment with antihistamines was stopped for 
4–6 days before patch testing. The control group also consisted of 

2-bromo-2-nitropropane-1,3-diol
Methyldibromo glutaronitnile
Euxyl K400
Paraben mix
Tixocortol-21-privalate
Reflin
Palladium
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Gold
Cobalt chloride
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Cocamidopropyl betaine
Ammonium thioglycolate
4-aminophenol
3-aminophenol
Ammonium persulfate
Lauryl glycoside
Nickel sulfate
Quaternium-15
Cl+ME– isothiazolinone
2-nitro-phenylenediamine
Toluene-2,5-diamine sulfate
4-phenylenediamine
Potassium dichromate
Fragrance mix
Thiomersal
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Benzyl salicylate
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  Fig. 1.  ACD cases and controls and their 
susceptibility to sensitization with different 
allergens. Patch test reactions were graded 
from no reaction (0) to 3+. 
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15 healthy volunteers (14 females and 1 male; aged 21–35 years, 
mean age 26.4 ± 7.8 years) without a previous history of allergic 
disorders. We also collected blood samples twice from these 
healthy volunteers, with a 1-month interval between sampling. 
The study was approved by the Lithuanian Bioethics Committee. 
Written consent was obtained from each participant.

  Metabolomics Analyses 
 Briefly, 10 μl of labeled internal standard mixture was added to 

100 μl of serum sample. Metabolites were extracted by adding 4 
parts of the 100% acetonitrile + 1% formic acid solvent (1:   4, 
sample:extraction solvent). The collected extracts were dispensed 
on an Ostro TM  96-well plate (Waters Corporation, Milford, Conn., 
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  Fig. 2.  Heat map of 76 metabolites in 16 ACD patients and 15 controls. 

Co
lo

r v
er

si
on

 a
va

ila
bl

e 
on

lin
e

D
ow

nl
oa

de
d 

by
: A

. M
ar

i -
 3

12
98

U
ni

ve
rs

ita
 d

eg
li 

S
tu

di
&

#4
4;

 B
ib

l. 
A

re
a 

B
io

m
ed

. T
or

 V
er

ga
ta

16
0.

80
.2

.3
8 

- 
12

/2
0/

20
16

 7
:2

7:
30

 P
M



 Tryptophan and Phenylalanine 
Catabolism in ACD 

Int Arch Allergy Immunol 2016;170:262–268
DOI: 10.1159/000450789

265

USA) and filtered by applying a vacuum at a delta pressure of 300–
400 mbar for 2.5 min. A detailed protocol about the analytical con-
ditions, instrument parameters, and the list of measured metabo-
lites are given elsewhere  [7] .

  Results 

 We recruited 16 patients with a diagnosis of ACD. 
Patch tests confirmed the preliminary diagnosis and 
showed positive reactions to 1 or more sensitizers. There 
were a total of 62 ACD reactions, with the most frequent 
being nickel sulfate and cobalt chloride ( fig. 1 ).

  Serum samples were collected from ACD patients dur-
ing acute and remission phases of the disease, as well as 
from healthy volunteers with a 1-month interval. In total, 
76 metabolites were profiled and we compared the con-
centrations of these metabolites in the serum samples of 
patients and controls ( fig. 2 ). The levels of tryptophan,  L -
kynurenine, tyrosine and phenylalanine were significant-
ly altered in ACD patients in comparison with healthy 
volunteers and differences in the same metabolite levels 
were seen in serum samples collected during the acute 
phase of ACD and during remission ( fig. 3 ).

  Analysis of metabolite levels in the most representative 
patient subgroups revealed that the patients with cobalt 
chloride allergy had significantly increased hydroxypro-
line and hypoxanthine levels in their serum ( table  1 ). 
There were no other differences between initial results 
and results obtained after this subgrouping. Analysis of 
metabolite levels in the most representative patient sub-
groups did not yield any significant association with 
ACD. 

  Discussion 

 Metabolic profiling can be a powerful tool with which 
to gain insight into disease processes. Identification of 
metabolites displaying altered levels and their metabolic 
pathways can help the discovery of the new biomarkers, 
early diagnosis or developing strategies for disease treat-
ment. The aim of this pilot study was with a targeted me-
tabolomics approach to investigate the differences in the 
serum metabolome of ACD patients and to analyze the 
systemic biochemical shifts. We evaluated levels of me-
tabolites in the sera of patients suffering from ACD, as 
well as in healthy controls. The results showed that levels 
of tryptophan,  L -kynurenine and phenylalanine were sig-
nificantly elevated in the remission phase of the patients 
as compared to healthy controls. We also compared me-
tabolite levels in the serum of ACD patients during the 
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  Fig. 3.  Serum levels of tryptophan, L-kynurenine, tyrosine and 
phenylalanine in patients with ACD and healthy controls. 

 Table 1.  Significantly enriched metabolites in the cobalt chloride subgroup (LIMMA test; p < 0.1)

Metabolite Acute phase Remission phase Average expression Fold p Adjusted p

Hydroxyproline –0.06962153 1.0314158 4.728607 9.584622 0.0003515144 0.02706661
Hypoxanthine –1.17669988 –0.9929157 6.369091 7.128930 0.0020837468 0.08022425

 The acute (n = 6), remission (n = 6) and control (n = 30) groups were compared.
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acute and remission phases of the disease. In our study, 
the remission phase of ACD phase was associated with an 
increase in 4 metabolites – tryptophan,  L -kynurenine, 
phenylalanine and tyrosine – as compared to the acute 
phase of the disease. 

  Tryptophan and phenylalanine are essential amino ac-
ids that the human body is incapable of synthesizing. The 
increased serum levels of these amino acids could be re-
lated to an altered catabolism ( fig. 4 ).

  Tryptophan can be metabolized through different 
pathways in the body, but the kynurenine pathway is a 
major route for the nonprotein metabolism of this com-
pound  [8] . Shifts in tryptophan metabolism through the 
kynurenine pathway have been previously reported in 
cancer, asthma, dengue infection, Alzheimer disease, 
AIDS, Huntington disease, schizophrenia and depression 
 [9–14] . There are 3 known enzymes that oxidize trypto-
phan in the kynurenine pathway: tryptophan 2,3-dioxy-
genase (TDO), the predominant enzyme indoleamine 
2,3-dioxygenase 1 (IDO-1) or IDO-2  [15, 16] . IDO is ex-
pressed in certain cells and tissues, particularly in anti-
gen-presenting cells of lymphoid organs. There is a hy-
pothesis that the expression of IDO in antigen-presenting 
cells may control autoreactive T cells  [17] . Enzyme pro-
duction markedly increases during infection or inflam-
mation. In response to inflammatory stimuli, IDO func-
tions as an immune regulator to maintain proinflamma-
tory signaling. The hyperactivation of the IDO can be 
provoked by cytokines, chemokines and inflammation 
mediators  [18] . The most potent inducer of IDO-1 in the 
kynurenine pathway is interferon gamma (IFN-γ). The 
other cytokine, tumor necrosis factor (TNF), stimulates 
and drastically potentiates IFN-γ-induced IDO-1 activity 
 [19] . ACD is a T cell-mediated inflammatory skin disease 
in the pathogenesis involving high levels of IFN-γ and 
TNF-α  [2] . During an immune response activated T cells 

produce IFN-γ, which induces IDO gene expression and 
leads to an increased tryptophan conversion to kynuren-
ines. This tryptophan metabolic pathway is activated by 
proinflammatory stimuli, but metabolites deriving from 
the reactions of the kynurenine pathway induce lympho-
cyte apoptosis  [20] . It has been discovered that kynuren-
ine can enhance polarization of CD4 T cells to a Treg 
phenotype versus Th17 cells  [21, 22] . Stimulation of the 
kynurenine pathway was also shown to create an im-
mune-suppressive milieu in tumor cells through secre-
tion of immunosuppressive tryptophan metabolites that 
lead to the induction of T cell apoptosis and increased 
proliferation of immunosuppressive regulatory T cells 
 [23] . Based on these findings, IDO1 is becoming estab-
lished as a target for drug discovery in cancer  [24] . In our 
study, serum levels of these metabolites were significant-
ly increased during the remission ACD phase in compar-
ison with controls and the acute phase samples. Based on 
these results, we hypothesize that in ACD the role of the 
kynurenine pathway consists in the ability of preventing 
tissue damage due to cytotoxic immune actions. In-
creased serum levels of these metabolites in the remission 
phase may reflect that clinically observed remissions of 
ACD do not match the immunological remission of this 
disease.

  The other tryptophan metabolic route is the so-called 
methoxyindole pathway leading to serotonin formation. 
Serotonin is a neurotransmitter that has been associated 
with a wide variety of behaviors and many disorders, 
such as reward processing, sleep cycles, circadian 
rhythms, etc.  [25, 26] . There is evidence that in the skin 
serotonin exerts proinflammatory actions, modulates 
the immune response and contributes to chronic atopic 
dermatitis by inhibiting the apoptosis of immune cells 
 [27, 28] . The activation of the kynurenine pathway en-
zymes (TDO and IDO) could reduce the serotonin bio-

Formylkynurenine Serotonin

Kynurenine 

Tyrosine 

Phenylalanine 

Tryptophan 

IDO-2
TDO

Tyrosinase

TNF-

IDO-1 5-Hydroxitryptophan
decarboxylase

Dopaquinone

Melanin

  Fig. 4.  Metabolite levels that were elevated 
in patients during the remission phase of 
ACD. 
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synthesis. Additionally, in our study, during the ACD 
remission phase serum levels of phenylalanine were sig-
nificantly increased in comparison with controls and the 
acute phase samples. There is evidence that high phenyl-
alanine levels lead to disturbances in tryptophan metab-
olism since the 5-hydroxytryptophan decarboxylase (the 
enzyme involved in serotonin synthesis) activity is inhib-
ited by the elevated blood levels of phenylalanine, so that 
little or no serotonin is formed  [29] . All these findings 
suggest that the elevated serum tryptophan levels ob-
served in our study may reflect the impairment of tryp-
tophan conversion into serotonin and that tryptophan-
kynurenine pathway activation may provide immuno-
protective action in ACD. 

  In this study, the remission phase of ACD was associ-
ated not only with an increase in tryptophan, kynurenine 
and phenylalanine, but also with a significant increase in 
tyrosine serum levels. Tyrosine is a nonessential amino 
acid that is synthesized from phenylalanine by phenylala-
nine hydroxylase  [30] . Tyrosine is also the precursor to 
melanin which is produced in specialized cell melano-
cytes  [31] . It has been observed that inflammatory derma-
toses are associated with changes in melanocyte function 
and hyperpigmentation is clinically observed in response 
to inflammation  [32] . The first step of the biosynthetic 
pathway for melanin is catalyzed by tyrosinase. Tyrosine 
stimulates tyrosinase activity in a dose-dependent man-
ner. At higher tyrosine concentrations, tyrosinase activity 
decreases and inhibits melanocyte proliferation  [33] . In 
our study the observed increased serum tyrosine level 

during the remission phase of ACD led us to suggest that 
this increase could be related to decreased tyrosinase ac-
tivity to avoid postinflammatory hyperpigmentation of 
the skin. 

  There are multiple pathways through which antigen-
presenting cells modulate extracellular concentrations of 
amino acids to regulate T cell responses. A metabolic pro-
filing approach provides a new perspective with which to 
understand the mechanism of ACD. The aim of this pilot 
study was to investigate metabolic variations in ACD pa-
tients with a targeted metabolomics approach. Metabolic 
differences were observed between ACD patients and 
healthy controls, and between remission and acute phas-
es of the disease. These variations involved significant 
perturbations in tryptophan and phenylalanine metabo-
lism. Although the responsible mechanisms are unclear, 
these results suggest that the remission phase of ACD is 
somehow linked to tryptophan metabolism via kynuren-
ine and phenylalanine-tyrosine pathways. We suggest 
that observed metabolomic shifts reflect the disease prog-
ress or therapeutic response to treatment, and that levels 
of circulating metabolites could be useful for monitoring 
of the disease. Additional studies with larger cohorts will 
be needed to understand the significance of the observed 
amino acid shifts.
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