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 Introduction 

 n–3 and n–6 polyunsaturated fatty acids (PUFAs) are 
essential lipids for human health  [1] . Various plant-de-
rived oils contain linoleic acid (LA, 18:   2 n–6), which is the 
primary member of the n–6 family and a precursor of 
arachidonic acid (AA, 20:   4 n–6). α-Linolenic acid (ALA, 
18:   3 n–3) found in plant oils is the essential fatty acid of 
the n–3 family and is also a limited precursor of the n–3 
PUFAs eicosapentaenoic acid (EPA, 20:   5 n–3) and doco-
sahexaenoic acid (DHA, 22:   6 n–3). Marine oils such as 
fish oil are important sources of EPA and DHA  [2] . AA 
and EPA are the precursors of various bioactive substanc-
es known as eicosanoids/docosanoids. These include 
prostaglandins, thromboxanes and leukotrienes  [3] , re-
spectively lipoxins, protectins and resolvins  [4] . Eico-
sanoids are pivotal to health due to their role in modulat-
ing immune responses and inflammation. AA-derived 
eicosanoids have been shown to elicit mainly pro-inflam-

 Key Words 

 Atopic dermatitis · Lipid enzymes · n–3 polyunsaturated 
fatty acids · n–6 polyunsaturated fatty acids · 
Fatty acid desaturase 2 

 Abstract 

 Fatty acid concentrations, in particular n–3 and n–6 polyun-
saturated fatty acids (PUFAs), have been described to be dys-
regulated in atopic dermatitis (AD) patients. The role of ge-
netic polymorphisms of fatty acid enzymes in AD is contro-
versial. We determined in a Hungarian cohort of healthy 
volunteers (n  = 20) and AD patients (n  = 20) triglyceride-, 
sterol- and phospholipid-bound fatty acids in the plasma, 
mRNA expression of fatty acid desaturase 2 (FADS2) and 
stearoyl-coenzyme A desaturase 1 in peripheral blood 
mononuclear cells (PBMCs) and FADS2 concentrations in 
plasma. We observed higher levels of monounsaturated fat-
ty acids, 16:   1 versus 16:   0 ratios in phospholipids, triglycer-
ides and sterol esters in patients compared to healthy sub-
jects. In addition higher levels of the FADS2-derived n–6 
 PUFAs γ-linolenic acid and dihomo-γ-linolenic acid were ob-
served in PBMCs of patients as well as lower levels of n–3 
PUFAs. We conclude that the increased expression of FADS2 
in PBMCs, as a representative tissue accessible from human 
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matory effects, while EPA-derived eicosanoids are main-
ly anti-inflammatory/pro-resolving derivatives  [5] .

  Several epidemiological studies have shown that al-
tered dietary intake of n–3 PUFAs is associated with an 
increased prevalence of atopic diseases  [6] . Therefore, it 
has been hypothesized that altering PUFA profiles by di-
etary supplementation may be beneficial in established 
allergic diseases, such as asthma and atopic dermatitis 
(AD)  [7, 8] . Thus, supplementation with EPA and DHA 
in human clinical trials of established autoimmune-relat-
ed diseases has shown beneficial effects by reducing in-
flammatory responses  [9–11] . Furthermore, our own 
supplementation studies in adults with atopic diseases 
 [12]  and the work of others in children with atopic dis-
eases  [13]  and in pregnant women  [14]  have shown that 
n–3 PUFAs are molecules which transit/mediate anti-in-
flammatory effects. Nevertheless, there is still controversy 
on how effective dietary manipulation is as some studies 
have shown little or no effect of n–3 supplementation in 
asthma  [15]  and AD  [16] . Thus, the response to supple-
mentation may be susceptible to individual variations 
which may be linked to a specific genetic makeup. 

  AD is a chronically relapsing eczematous disorder of 
the skin associated with cutaneous hyperreactivity to en-
vironmental triggers. It appears in patients at all ages, but 
it is predominantly present in infancy and childhood 
 [17] . Genetic susceptibility is generally a condition for the 
development of AD. Polymorphisms in enzymes respon-
sible for PUFA metabolism may be involved in the devel-
opment of AD  [18] . 

  Fatty acid desaturase 2 (FADS2) plays an important 
role in the biosynthesis of PUFAs, since it catalyzes the 
desaturation of LA and ALA which is needed for the bio-
synthesis of longer PUFAs  [19] . FADS2 polymorphisms 
have been identified as genetic contributors to PUFA 
concentrations in several population-based studies  [20, 
21]  in adults. Furthermore, adult carriers of the minor al-
leles of nucleotide polymorphisms proved to have a low-
er prevalence of allergic diseases  [22] . However, cohort 
studies in children carrying FADS2 alleles are contradic-
tory as they confirm the association between FADS2 and 
PUFA concentrations but weak or no associations be-
tween PUFA and eczema  [23] .

  Stearoyl-coenzyme A desaturase 1 (SCD1) catalyzes 
the Δ9 desaturation of saturated fatty acyl-coenzymes A, 
and these monounsaturated fatty acids (MUFAs) are the 
substrates for the synthesis of triglycerides, sterol esters 
and phospholipids  [24, 25] . Animal studies have shown 
that suppression of SCD1 expression is associated with 
increased inflammatory responses. These may be linked 

to the accumulation of saturated fatty acids (SFAs) ob-
served during deletion or inhibition of SCD1  [26] . Little 
is known about the role of SCD1 during atopy in humans.

  The role of FADS2 genetic expression on PUFA com-
position has been well established but the link to atopic 
disease is still controversial. This may be due to genetic 
differences in population subgroups. Thus, it is important 
to determine PUFA profiles and genetic variants in differ-
ent population cohorts, in particular in groups with estab-
lished atopic disease. Furthermore, the expression of both 
SCD1 and FADS2 in atopic patients needs to be explored. 

  The aim of the study was to compare the plasma com-
position of various triglyceride-, sterol- and phospholip-
id-bound PUFAs and mRNA expression of the SCD1 and 
FADS2 enzymes in peripheral blood mononuclear cells 
(PBMCs) in a cohort of healthy volunteers and AD pa-
tients. 

  Materials and Methods  

 Subjects and Sample Collection 
 Subjects were recruited from the Department of Dermatology, 

University of Debrecen, Hungary. Healthy volunteers did not have 
a personal or family history of atopic disease.  Table 1  presents the 
clinical and demographic data of the healthy volunteers and pa-
tients involved in the study. Ethical approval was granted by the 
Ethical Committee of the University of Debrecen and followed the 
guidelines of the Declaration of Helsinki. Informed consent was 
obtained prior to the participation in the research. Blood samples 
were drawn by a trained phlebotomist from 20 patients with AD 
and from 20 healthy volunteers.

  Measurement of Plasma IgE Level and SCORAD 
 Patients were tested for plasma total IgE by ELISA (ADALTIS 

Italia S.p.A., Casalecchio di Reno, Italy) according to the manufac-
turer’s instructions. The severity of the disease was determined 
with the SCORAD index  [27] .

 Table 1.  Clinical and basic demographic data of healthy volunteers 
and AD patients

Healthy volunteers AD patients p value

Age, years 21±1 20±5 –
Gender female, % 70 60 –
SCORAD 0±0 35.2±16.9 <0.05
Total IgE, kU/l 32±9.2 2,941±1,134 <0.05
EOS, % 2.5±0 7.3±1.2 <0.05

 SCORAD = Scoring atopic dermatitis; total IgE = serum total 
immunoglobulin E level; EOS = the number of eosinophils in per-
centage in comparison to all white blood cells in peripheral blood, 
normal values are 1–4%.
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  FADS2 Enzyme-Linked Immunosorbent Assay 
 FADS2 concentrations were analyzed in the Plasma of AD pa-

tients (n = 20) and healthy volunteers (n = 20) according to the 
manufacturers’ instructions using a human FADS2 ELISA kit 
(Cloud-Clone Corp., Houston, Tex., USA). 

  Eosinophil Cell Count 
 The rate count of eosinophils as in whole blood was determined 

by Advia 120 hematology analyzer (Siemens, Deerfield, Ill., USA), as 
part of the routine clinical investigation of the patients and calcu-
lated as percentage. The eosinophils in the analyzer were identified 
based on their scatter properties and myeloperoxidase positivity.

  PBMC Preparation 
 Blood samples were immediately transferred into a 15-ml Fal-

con tube after collection and centrifuged at room temperature, 
2,500 rpm for 15 min. After centrifuging plasma was removed and 
kept at –80   °   C. PBMCs were isolated from anticoagulant-treated 
blood using Ficoll-Paque TM  Plus centrifugation according to the 
manufacturer’s instructions (GE Healthcare, Uppsala, Sweden). 
Shortly, the cell/plasma suspension was slowly slid down on the 
top of 5–10 ml Ficoll-Paque and centrifuged carefully at room tem-
perature, 2,500 rpm for 20 min. White blood cells were removed 
and washed with physiological salt solution. Another centrifuging 
was performed at room temperature, 1,800 rpm for 10 min, the 
supernatant was discarded and this step was repeated twice more, 
with 7-min centrifuging at the given conditions. The cell pellet was 
suspended in 500 μl physiological salt solution and transferred into 
a 1.5-ml Eppendorf tube, centrifuged at room temperature, 13,000 
rpm for 6 min, and the physiological salt solution was removed 
from the top in order to dry the pellet. The PMBC pellets were kept 
at –80   °   C until analysis. 

  Analysis of mRNA Expression  
 PBMC pellets were homogenized in Tri ®  reagent solution, and 

total RNA was isolated according to the manufacturer’s guidelines 
(Sigma-Aldrich, Hungary). A total of 15 PBMC samples were used 
in both experimental groups, due to the low amount of recovered 
samples. The concentration and purity of RNA were measured us-
ing a NanoDrop spectrophotometer (Thermo Scientific, Hungary). 
For real-time quantitative PCR (QRT-PCR), total RNA was reverse 
transcribed into cDNA using a High Capacity Reverse Transcrip-
tion kit (Life Technologies, Hungary). QRT-PCR was carried out 
in triplicate using predesigned MGB assays (Life Technologies) on 
an ABI Prism 7900 (Life Technologies). Relative mRNA levels were 
calculated using the comparative C T  method normalized to cy-
clophilin A mRNA  [28] . Sequence Detector Software (version 2.1) 
was utilized for data analysis and relative n-fold induction was de-
termined by the comparative threshold cycle method. 

  Fatty Acid Analysis 
 For the analysis of plasma fatty acid profiles, frozen plasma 

samples were thawed, and then the 3 internal standards (dipen-
tadecanoylphosphatidylcholine, cholesterylpentadecanoate and 
tripentadecanoate) were added. Lipids were extracted by the addi-
tion of 3 ml chloroform and 1 ml methanol according to the meth-
od of Folch et al.  [29] . The mixture was vortexed at 2,000 rpm for 
10 min, and then the lower layer was aspirated into vials and evap-
orated under a nitrogen stream. Lipid extracts were reconstituted 
in 70 μl chloroform, and lipid classes were separated by thin layer 

chromatography. The solvents for thin layer chromatography of 
plasma lipids were as follows: hexane:diethylether:chloroform:ace
tic acid (21:   6:3:   1, by vol.) followed by chloroform:methanol:water 
(65:   25:   4, by vol.). The bands were stained with dichlorofluores-
cein, removed by scraping and transesterified in 3  N  HCl-methanol 
solution at 84   °   C for 45 min.

  Fatty acids were analyzed by high-resolution capillary gas chro-
matography using a Finnigan 9001 gas chromatograph (Finnigan/
Tremetrics Inc., Austin, Tex., USA) with split injection (ratio: 
1:   25), automatic sampler (A200SE, CTC Analytic, Switzerland) 
and a flame ionization detector with a DB-23 cyanopropyl column 
of 40 m length (J & W Scientific, Folsom, Calif., USA). The tem-
perature program was the following: temperature of injector at 
80   °   C for 0.1 min, temperature increase by 180   °   C/min up to 280   °   C, 
temperature of detector at 280   °   C, temperature of column area at 
60   °   C for 0.2 min, temperature increase by 40   °   C/min up to 180   °   C, 
5-min isotherm period, temperature increase by 1.5   °   C/min up to 
200   °   C, 8.5-min isotherm period, temperature increase by 40   °   C/
min up to 240   °   C and 13-min isotherm period. The constant linear 
velocity was 0.3 m/s (referred to 100   °   C). Peak identification was 
verified by comparison with authentic standards. Fatty acid results 
were expressed as percentages (weight by weight) of fatty acids de-
tected with a chain length between 12 and 24 carbon atoms.

  Statistics 
 Data are shown as mean and standard error of mean values of 

3 measurements per data point. Statistical analysis was per-
formed using the program SPSS 16.0. A p value of less than 0.05 
was considered significant using the Student t test for indepen-
dent samples.

  Results 

 The fatty acid composition of plasma sterols, triglycer-
ides and phospholipids of healthy and AD patients is 
shown in  table 2 .

  SFA Composition of Sterols, Triglycerides and 
Phospholipids  
 The sum of the SFA content of sterols was significant-

ly higher in AD patients compared to healthy subjects. 
Both levels of 18:   0 and 20:   0 were higher in the plasma of 
AD patients. On the other hand, for triglycerides, the sum 
of SFAs was significantly lower in the plasma of AD pa-
tients compared to healthy subjects with significant lower 
SFA 16:   0 and 20:   0 levels. There were no significant chang-
es in the sum of separate SFAs in the phospholipid com-
ponent in the plasma of AD patients in comparison to 
healthy volunteers.

  MUFA Composition of Sterols, Triglycerides and 
Phospholipids  
 There were no significant differences in the sum of 

MUFAs in any of the lipid classes in both groups. For in-
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dividual MUFAs, significantly higher levels were ob-
served for 16:   1 n–7 in sterols and triglycerols in AD pa-
tients compared to healthy subjects. No differences in 
MUFA levels in the phospholipid component could be 
observed. 

  The SCD1 ratio, which is the MUFA/SFA ratio in this 
case the 16:   1 n–7/16:   0 ratio, was significantly decreased 
in all components (sterols, triglycerides and phospholip-
ids) in the plasma of AD patients.

  n–6 PUFA Composition of Sterols, Triglycerides and 
Phospholipids  
 The sum of n–6 PUFAs in sterols was significantly 

higher in the plasma of AD patients in comparison to 
healthy volunteers. A slight, but not significant increase 
in triglycerides and phospholipids of AD patients versus 
healthy volunteers was also observed. LA levels in sterols 
were lower in the plasma of AD patients. No differences 
in the levels of AA in triglycerides and phospholipids 

were observed. γ-Linolenic acid (GLA) and dihomo-GLA 
(DHGLA) are of potential interest in the dietary therapy 
of AD. There was a trend for an increase in GLA levels in 
all lipid classes in the plasma of AD patients. A similar 
trend was also observed in DHGLA levels in sterols 
whereas DHGLA levels were significantly higher in tri-
glycerides and phospholipids in the plasma of AD pa-
tients compared to healthy volunteers. AA is the precur-
sor PUFA in the production of n–6-derived eicosanoids, 
and the plasma levels of AD patients showed a nonsig-
nificant decrease in comparison to healthy volunteers in 
sterols and phospholipids whereas a trend for higher lev-
els in the triglyceride component was also observed. 

  n–3 PUFA Composition of Sterols, Triglycerides and 
Phospholipids  
 The sum of n–3 PUFAs was significantly lower in plas-

ma triglycerides of atopic patients compared to healthy 
volunteers while it was lower but not significant in sterols 

 Table 2.  Fatty acid composition of plasma sterols, triglycerides and phospholipids in healthy volunteers and AD patients (n = 20)

 Sterols Triglycerides Phospholipids

heal thy
volunteers 

diseased
patients

p
value

healthy 
volunteers

diseased
patients

p
value

healthy
volunteers

diseased
patients

p
value

Sum SFA 16.8±2.41 19.0±4.57 0.03 9.9±4.42 34.1±9.23 0.01 49.7±1.88 49.7±1.72 0.48
16:0 13.2±1.58 14.1±2.68 0.13 29.2±3.13 27.4±2.87 0.05 29.7±2.0 29.8±2.37 0.45
18:0 2.65±0.91 3.81±2.50 0.02 7.73±2.61 6.65±3.43 0.12 16.0±1.32 16.3±1.67 0.33
20:0 0.03±0.02 0.05±0.03 0.02 0.14±0.07 0.08±0.03 0.01 0.48±0.12 0.44±0.09 0.12

Sum MUFA 20.1±2.69 21.3±3.54 0.11 37.7±2.69 38.8±4.91 0.11 11.8±1.20 12.1±1.79 0.27
16:1 n–7 1.80±0.45 2.54±0.86 <0.01 2.10±0.62 2.65±0.86 0.03 0.44±0.13 0.45±0.12 0.43
18:1 n–9 17.0±2.41 17.5±2.78 0.26 33.4±2.77 33.6±4.07 0.30 7.51±0.91 7.71±1.45 0.31

Sum n–6 61.9±4.58 58.5±6.48 0.04 20.5±1.74 22.9±5.78 0.08 35.7±1.86 35.5±1.97 0.37
LA (18:2 n–6) 54.7±4.25 51.5±5.93 0.04 18.8±3.66 21.0±5.16 0.08 22.4±2.25 21.5±2.96 0.19
GLA (18:3 n–6) 0.58±0.20 0.74±0.29 0.06 0.24±0.10 0.29±0.11 0.10 0.06±0.02 0.08±0.03 0.09
DHGLA (20:3 n–6) 0.61±0.15 0.67±0.20 0.13 0.29±0.10 0.41±0.14 <0.01 2.44±0.47 3.02±0.91 0.01
AA (20:4 n–6) 5.91±1.64 5.47±1.53 0.19 1.16±0.36 1.20±0.37 0.41 9.65±2.07 9.51±1.74 0.42

Sum n–3 0.77±0.19 0.70±0.19 0.11 0.14±0.04 0.17±0.06 0.02 2.55±0.61 2.33±0.41 0.10
ALA (18:3 n–3) 0.22±0.06 0.22±0.09 0.43 0.41±0.15 0.36±0.13 0.12 0.08±0.03 0.08±0.04 0.18
EPA (20:5 n–3) 0.15±0.06 0.13±0.05 0.09 0.15±0.06 0.16±0.06 0.45 0.19±0.10 0.18±0.09 0.35
DHA (22:6 n–3) 0.23±0.07 0.20±0.07 0.07 0.19±0.10 0.18±0.07 0.45 1.78±0.49 1.59±0.28 0.07

FADS2 ratio 
GLA/LA 0.011±0.004 0.015±0.007 0.04 0.01±<0.01 0.01±0.01 0.24 0.003±0.001 0.004±0.002 0.10
DHGLA/LA 0.011±0.003 0.013±0.004 0.05 0.020±0.006 0.015±0.003 0.01 0.11±0.02 0.14±0.05 0.01
EPA/ALA 0.69±0.20 0.60±0.26 0.12 0.10±0.05 0.09±0.05 0.39 2.87±1.42 2.37±1.05 0.12
DHA/ALA 1.10±0.29 0.97±0.34 0.12 0.53±0.28 0.50±0.22 0.20 28.1±14.3 21.9±7.90 0.05

n–3/n–6 ratio
EPA/AA 0.03±0.01 0.02±0.01 0.10 0.03±0.02 0.03±0.01 0.15 0.02±0.01 0.02±0.01 0.30

SCD1 ratios 
16:1 n–7/16:0 0.14±0.03 0.18±0.06 <0.01 0.07±0.02 0.07±0.03 0.01 0.01±<0.01 0.02±<0.01 <0.01

 Values are means and standard deviations of weight percentages.
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and phospholipids. There was no difference between 
groups in ALA levels in sterols and phospholipids, while 
in triglycerides a slight, but non-significant lower level 
could be observed in the AD patients. EPA (20:   5 n–3) and 
DHA (22:   6 n–3) levels were nonsignificantly lower in ste-
rols and phospholipids in AD patients. EPA levels in tri-
glycerides of AD patients were higher compared to 
healthy subjects but these did not reach significance while 
DHA levels were similar between both groups.

  Ratios between Various PUFAs 
  n–3/n–6 PUFA Ratios.  A trend towards lower levels of 

n–3 PUFA EPA/n–6 PUFA AA ratios in AD patients ver-
sus healthy subjects in all lipid classes were observed; 
however, these did not reach significance. In contrast, the 
n–3 PUFA GLA/n–6 PUFA LA ratio was significantly 
higher in the sterols of atopic patients compared to 
healthy subjects. This ratio was also slightly higher in 
phospholipids of AD patients. The level of triglycerides 
was similar between both groups. 

   n–3/n–3 PUFA and n–6/n–6 PUFA Ratios Depending 
on FADS2 Metabolism . The n–6 PUFA DHGLA versus 
n–6 PUFA LA ratios were significantly higher in all lipid 
classes in the plasma of AD patients compared to healthy 
subjects. There was a trend towards lower EPA/ALA ra-
tios in all lipid classes of AD patients but these were not 
significant. Furthermore DHA/ALA ratios in sterols and 
triglycerides in AD patients were also lower without 
reaching significance and a significant lower DHA/ALA 
ratio was observed in phospholipids of AD patients.

  Expression of FADS2 and SCD1 in the PBMCs of AD 
Patients 
 The mRNA expression of the FADS2 enzyme in 

PBMCs was significantly higher in AD patients in com-
parison to healthy volunteers. Furthermore, SCD1, a key 
enzyme in fatty acid metabolism, responsible for the pro-
duction of the MUFA oleic acid from the SFA stearic acid 
was higher in AD patients than healthy volunteers, but 
this was not significant ( fig. 1 ).

  Serum Protein Concentration of FADS2 
 The protein concentration of FADS2 in the serum of 

AD patients (5.9 ± 3.2 ng/ml) was similar to that of healthy 
volunteers (5.8 ± 3.3 ng/ml).

  Discussion 

 Fatty acids are known to be important nutrients ( fig. 2 ) 
mainly bound to other lipids in the diet as well as in the 
human organism  [1] . They are important precursors of 
various bioactive derivatives, the eicosanoids and doco-
sanoids being pro- and anti-inflammatory derivatives 
 [30] . The role of FADS2 polymorphisms on PUFA con-
centrations has been well established but the link to atop-
ic disease remains unclear, therefore we determined the 
concentration of fatty acids like SFAs, MUFAs and  PUFAs 
bound to sterols, triglycerides and phospholipids in 
healthy subjects and AD patients. Additionally the FADS2 
ratios and SCD1 ratios, respectively the n–3/n–6 ratios, 
were measured.

  SFA levels were in general higher in AD patients to-
gether with higher individual MUFA levels. This was con-
firmed by higher ratios of MUFA/SFA in AD patients es-
pecially for 16:   1 n–7/16:   0 which suggest increased forma-
tion of SCD1-derived metabolites in AD patients, while 
higher mRNA expression of SCD1 in PBMCs from hu-
man AD patients was not observed. The Δ9-desaturase 
SCD1 enzyme is known to mainly metabolize the SFAs 
16:   0 and 18:   0 to 16:   1 and 18:   1 in various organs including 
the skin and several cells of the immune system  [24, 31, 
32] ; however, the exact function of SCD1 during atopy 
and allergic sensitization remains unknown  [22, 33] . 

  Another important fatty acid desaturase, the Δ6-
desaturase FADS2, is known to play an important role in 
the metabolism of n–3 and n–6 PUFAs  [34] . FADS2 me-
tabolizes the n–6 PUFA LA to GLA and further to AA but 
also the n–3 PUFA ALA to stearidonic acid (18:   4 n–3) and 
eicosatetraenoic acid (20:   4 n–3) and further to EPA and 
DHA  [8] . FADS2 dysfunctional polymorphisms were 
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  Fig. 1.  Relative gene expression levels of the 
two fatty acid-metabolizing enzymes SCD1 
( a ) and FADS2 ( b ) from human PBMCs 
(n = 15) by QRT-PCR analysis. H = Healthy 
volunteers; D  = diseased patients;  *   p  < 
0.05. 
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 usually found to be associated with an atopic phenotype 
 [35] . In our study an increased expression of FADS2 
mRNA expression was found in the PBMCs of AD pa-
tients. A significant higher concentration of FADS2 in se-
rum of AD patients was not confirmed, maybe because 
FADS2 is mainly a cell-based enzyme  [36]  and its tissue 
and cell specific regulation in humans cannot be examined 
conclusively. FADS2 is related to an increased production 
of AA-derived pro-inflammatory eicosanoids  [37] . We 
observed higher ratios of n–6 PUFA-derived FADS2 me-
tabolites and lower n–3 PUFA-derived FADS2 metabo-
lites which partly confirmed the findings of Zouboulis et 
al.  [37] . The n–6 PUFA-derived FADS2 metabolites are 
the precursors of highly bioactive pro-inflammatory eico-
sanoids like prostaglandins, leukotrienes and thrombox-
anes while n–3 PUFA-derived FADS2 metabolites are 
mainly precursors of potent pro-resolving eicosanoids 
and docosanoids like resolvins, protectins and maresins 
 [30] . This phenomenon might be one important reason 
why the chronic inflammatory status in various atopic dis-
eases does not improve and is kept stable. 

  In conclusion, we found that specific plasma fatty acid 
and especially PUFA concentrations correlate with PBMC 
expression of the fatty acid-metabolizing enzyme FADS2. 
An increased expression of FADS2 in PBMCs and at the 
same time an increase in the FADS2 n–6 PUFA AA and 
decreased FADS2 n–3 PUFA EPA or DHA was observed; 

however, protein concentrations of FADS in serum were 
not increased in atopic patients. This phenomenon may 
be an important factor for the chronic nature of this skin 
disorder and our findings suggest that during chronic 
atopic dermatitis less pro-resolving metabolites mainly 
originating from n–3 PUFAs and more pro-inflammato-
ry metabolites mainly from n–6 PUFAs were produced 
which may contribute to maintain the inflammatory sta-
tus in chronic atopic dermatitis. We speculate that this 
novel knowledge may be of importance to find a system-
ic approach for the prevention and therapy of chronic 
AD. 
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  Fig. 2.   a  Summary findings based on sig-
nificant values obtained from our analyti-
cal data.  b  Schematic outline of FADS2 me-
tabolism.  
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