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Abstract 

Background: Chronic fatigue syndrome (CFS) is considered as a neuroimmunological disease but the etiology 
and pathophysiology is poorly understood. Patients suffer from sustained exhaustion, cognitive impairment and an 
increased sensitivity to pain and sensory stimuli. A subset of patients has frequent respiratory tract infections (RRTI). 
Dysregulation of the sympathetic nervous system and an association with genetic variations in the catechol‑O‑meth‑
yltransferase (COMT) and glucocorticoid receptor genes influencing sympathetic and glucocorticoid metabolism 
were reported in CFS. Here, we analyzed the prevalence of SNPs of COMT and glucocorticoid receptor‑associated 
genes in CFS patients and correlated them to immunoglobulin levels and susceptibility to RRTI.

Methods: We analyzed blood cells of 74 CFS patients and 76 healthy controls for polymorphisms in COMT, FKBP5 
and CRHR1 by allelic discrimination PCR. Serum immunoglobulins were determined by immunoturbidimetric tech‑
nique, cortisol levels by ECLIA.

Results: Contrary to previous reports, we found no difference between CFS patients and healthy controls in the 
prevalence of SNPs for COMT, FKBP5 and CRHR1. In patients with the Met/Met variant of COMT rs4680 we observed 
enhanced cortisol levels providing evidence for its functional relevance. Both enhanced IgE and diminished IgG3 lev‑
els and an increased susceptibility to RRTI were observed in CFS patients with the Met/Met variant. Such an associa‑
tion was not observed in 68 non‑CFS patients with RRTI.

Conclusion: Our results indicate a relationship of COMT polymorphism rs4680 with immune dysregulation in CFS 
providing a potential link for the association between stress and infection susceptibility in CFS.
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Background
Chronic fatigue syndrome (CFS) is a severe disease char-
acterized by persistent exhaustion, cognitive dysfunctions 
and flu-like symptoms leading to a substantial reduction 
of quality of life [1]. In a subset of CFS patients there is 
an acute onset of the disease with an infection. Further, a 

subset of patients suffers from recurrent respiratory tract 
infections (RRTI) [2]. A hallmark of CFS is aggravation 
of symptoms by stress [3, 4]. Most patients suffer from 
severe cognitive impairment [5] and increased sensitiv-
ity to pain and sensory stimuli [6]. Dysregulation of auto-
nomic nervous system, an enhanced sensory processing 
in the central nervous system (CNS) and dysfunction of 
the hypothalamic–pituitary–adrenal (HPA) axis are con-
sidered as pathophysiological mechanisms in CFS [7]. 
Enhanced epinephrine and norepinephrine levels were 
found in CFS patients in some [8, 9] but not all studies 
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[10, 11]. Although adrenocorticotropic hormone primar-
ily controls the release of cortisol, also enhanced levels 
of the catecholamine norepinephrine lead to the release 
of cortisol [12]. Diminished and enhanced cortisol lev-
els were reported in CFS patients [13–16]. Further, there 
are studies showing that the regulation of the immune 
function by cortisol and catecholamines is dysregulated 
in CFS patients [10, 17]. In particular, an increased sen-
sitivity of glucocorticoid receptors on lymphocytes is 
proposed to induce a Th2 shift in CFS patients [18, 19]. 
A resistance of T cell function to glucocorticoid and 
β2-adrenergic agonists is reported by others [10].

Presently, few small studies show that CFS is associ-
ated with genetic variations in glucocorticoid receptor 
associated genes and the catechol-O-methyltransferase 
(COMT), an enzyme responsible for the inactivation of 
the catecholamines norepinephrine, epinephrine and 
dopamine by methylation [20]. For the A allele of the 
COMT single nucleotide polymorphism (SNP) rs4680 
at codon 158, resulting in a substitution of Val with Met, 
reduced enzyme activity was shown [21]. Higher fre-
quencies of this variant was shown in CFS patients [22, 
23] and in fibromyalgia [24]. In associative studies an 
increased occurrence of stress-related disorders and neu-
ronal stress response including enhanced cortisol levels 
are published for polymorphisms of the corticotropin-
releasing hormone receptor 1 (CRHR1) and FK506 
binding protein 5 (FKBP5) that interacts with corticoid 
receptor complexes [25–28].

Within our study, we investigated the prevalence of the 
SNPs for COMT rs4680, FKBP5 rs1360780 and CRHR1 
rs12944712 in CFS patients

Patients and methods
Human blood samples
Patients were recruited from the outpatient clinic 
for immunodeficiencies at the Institute for Medical 
Immunology at the Charité Universitätsmedizin Berlin 
between 2011 and 2014. CFS patients submitted were 
not preselected for an infection history or immunode-
ficiency. Patients were of Caucasian ethnicity and diag-
nosed with CFS by fulfilling both Canadian and Fukuda 
criteria [29] and exclusion of other medical or neuro-
logical diseases or depression. Patients with chronic 
systemic steroid or immunosuppressant therapy or a 
diagnosis of primary immunodeficiency were excluded 
from this study. Age and sex-matched healthy con-
trols were recruited from staff. Enhanced susceptibility 
to infection was defined as having a history of at least 
four respiratory tract infections per year or a history of 
severe infections (e.g. pneumonia). Reports on history of 
RRTI were assessed by clinical staff and in two patient 
questionnaires. Data was analyzed by an independent 

reviewer. A further group of patients was included who 
suffered from RRTI but had neither CFS nor immunode-
ficiency. IgG3/4 subclass deficiency was not an exclusion 
criterion for recruitment in this study. Immunoglobulin 
and cortisol levels were analyzed in the routine diag-
nostics laboratory of the Charité, Labor Berlin GmbH 
according to their standards, which require immediate 
transport to the laboratory which is usually below 1  h 
and immediate processing. One sample was used to pre-
pare DNA in our research laboratory for the SNP analy-
ses and DNA quality was checked at 260/280 ratio at the 
nanodrop spectrophotometer. The study was approved 
by the Ethics Committee of Charité Universitätsmedizin 
Berlin in accordance with the 1964 Declaration of Hel-
sinki and its later amendments. All patients and healthy 
controls gave informed consent.

Quantification of immunoglobulins and cortisol
Serum immunoglobulins G and E were determined at 
Labor Berlin GmbH by immunological turbidity test 
(Roche Diagnostics). IgG subclasses were measured 
by immunoturbidimetric technique (The Binding Site) 
and cortisol levels by ECLIA (Cobas 8000, Roche). The 
patient’s serum cortisol was measured between 9 am and 
noon depending on the time of visit at our out-patient 
clinic, but we assume equal distribution of blood drawing 
in all haplotype groups.

SNP analysis
Analysis of the SNPs COMT rs4680 and FKBP5 
rs1360780 was performed according to manufacturer’s 
instruction for the Applied Biosystems 7300/7500/7500 
Fast Real-Time PCR System on 10 ng of genomic DNA. 
Probes were purchased from Applied Biosystems.

Statistical analysis
Statistical data analysis was done using the software SPSS 
Statistics 19. Nonparametric statistical methods were 
used. Continuous variables were expressed as median 
and interquartile range (IQR) if not indicated otherwise. 
Univariate comparisons of two independent groups were 
done using the Mann–Whitney-U test or Chi-Square/
Fisher’s exact test. Confirmatory analyses relative to >2 
groups were performed with the Kruskal–Wallis test fol-
lowed by post hoc testing via Mann–Whitney U test with 
Bonferroni adjustment for multiple testing.

Results
Normal prevalence of polymorphisms for COMT, CRHR1 
and FKBP5 in CFS
First, we analyzed 74 CFS patients and 76 healthy con-
trols for their genotypic and allelic frequencies for the 
SNPs rs4680 for COMT, rs1360780 for FKBP5, and 
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rs12944712 for CRHR1, respectively. Characteristics of 
patients including the Bell score as a level of mental and 
physical disability score from 100 (healthy) to 0 (severe 
disease) are described in Table 1 and distribution of SNPs 
in Table 2. We found no difference between CFS patients 
and controls in the prevalence of the COMT SNP rs4680, 
as well as a similar distribution of FKBP5 SNP rs1360780 
and CRHR1 SNP rs12944712, respectively.

Enhanced cortisol levels associated with the 
hypofunctional Met variant of COMT in CFS
To assess the functional relevance of the SNPs, cortisol 
levels were compared in the groups of CFS patients with 
wild type, heterozygous and homozygous variants. We 
found significantly enhanced cortisol levels in the group 
of CFS patients with the Met/Met allele compared to het-
erozygous and Val/Val allele carrying patients (Fig. 1a). In 
contrast no association was found for cortisol levels and 
SNPs for FKBP5 and CRHR1 (Fig. 1b, c).

SNPs for COMT and FKBP5 are associated 
with immunoglobulin levels in CFS
We had observed that a subset of CFS patients has 
diminished IgG3 and IgG4 levels. Due to the known effect 
of stress and cortisol on immunoglobulin levels [30, 31] 
we therefore correlated the haplotypes for the SNPs for 

COMT, FKBP5 and CRHR1 with the patient’s IgG3 and 
IgG4 levels. Interestingly, we found that the homozygous 
and heterozygous Met variant of COMT rs4680 is associ-
ated with significantly lower IgG3 levels in comparison to 
the homozygous Val genotype (Fig. 2a). No difference for 
the other IgG subclasses as well as IgG, IgM, and IgA was 
observed (data not shown). Oppositely, in patients with 
the FKBP5 SNP rs1360780 wild type variant C/C signifi-
cantly lower levels of IgG4 were found compared to the 
C/T or T/T variant, but no differences in the IgG3 levels 
(Fig. 2b). However, the differences in IgG4 were no longer 
significant after Bonferroni correction. No differences 
were found for the CRHR1 SNP rs12944712 (A/A, A/G, 
G/G) and IgG3/4 levels (Fig. 2c).

Furthermore, it had been shown that norepineph-
rine upregulates IgE production [32]. Thus, we com-
pared COMT subgroups in 54 CFS patients whose IgE 
levels had been determined. Indeed, we found that 
all 10 patients with enhanced IgE levels, defined as 
above 100  U/ml, had hetero- or homozygous Met allele 
(n =  10/44, 22.7  %) whereas no patient (n =  0/10) was 
found in the Val/Val group (Fig. 3). Of those 10 patients 
with elevated IgE, 7 patients had reported allergies.

COMT SNP rs4680 is associated with recurrent infections 
in CFS
As a subset of patients with CFS suffers from suscepti-
bility to infections, we analyzed if COMT SNPs are asso-
ciated with infections. 34 of the 74 patients reported 
to suffer from RRTI. The clinical characteristics of 
the patient cohort are shown in Table  3. 47  % of CFS 
patients with RRTI had received antibiotic treatment 
for RRTI. There was no significant difference in median 
ages, gender or Bell score between the two groups with 
and without RRTI. Interestingly, we found that RRTI are 

Table 1 Characteristics of CFS and control group

na not applicable.

Healthy (n = 76) CFS (n = 74)

Age (years) 40 ± 17 40 ± 9

m/f (%) 43/57 37/63

Bell score na 30 ± 10

Table 2 Association of SNPs with CFS

Allelic discrimination PCR was performed for 74 CFS patients and 76 healthy controls.

SNP n Minor −/− Hetero −/+ Major +/+ Genotypic frequencies (%) Allelic  
frequencies (%)

p value

CRHR1 rs12944712 Met/Met Met/Val Val/Val G A

 Healthy 76 26 38 12 0.34 0.50 0.16 0.59 0.41 0.6189

 CFS 74 27 34 13 0.36 0.46 0.18 0.59 0.41

COMT rs4680 G/G G/A A/A G A

 Healthy 76 18 45 13 0.24 0.59 0.17 0.53 0.47 0.7439

 CFS 74 22 37 15 0.30 0.50 0.20 0.55 0.45

FKBP5 rs1360780 T/T T/C C/C T C

 Healthy 76 8 29 39 0.11 0.38 0.51 0.30 0.70 0.6396

 CFS 74 5 33 36 0.07 0.45 0.49 0.29 0.71
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significantly more frequent in the presence of the Met 
variant of SNP rs4680 for COMT in the CFS patients 
(Fig. 4, p = 0.023). While 31 (91 %) of the 34 patients with 
RRTI had Met, 28 of 40 (70 %) patients without RRTI had 
a Met allele. In contrast, no association was observed for 
the SNPs for FKBP5 rs1360780 and CRHR1 rs12944712. 

To study if this association of Met with RRTI was seen 
in non-CFS patients as well we analyzed an additional 
cohort of 68 patients, who had presented due to RRTI 
at our outpatient clinic (patient characteristics shown in 
Table  3) for the prevalence of these COMT variants. In 
this cohort the frequency of the Met variant was similar 
to CFS patients without RRTI (71 %). Further, neither an 

Fig. 1 Cortisol levels in CFS patients. Serum of 55 CFS patients was analyzed for cortisol levels. Patients were grouped in the respective haplotypes 
of the SNPs for a rs4680 for COMT, b rs1360780 for FKBP5, and c rs12944712 for CRHR1. Statistic analysis was performed with the Kruskal–Wallis 
test followed by post hoc testing via two‑tailed Mann–Whitney U test with Bonferroni adjustment for multiple testing with ***p < 0.00033 (0.001/3 
comparisons) as significant, ns not significant.

Fig. 2 IgG3 and IgG4 levels in CFS patients with COMT, FKBP5, and 
CRHR1 SNP. a Levels of immunoglobulin subclasses IgG3 and IgG4 
were determined in serum of CFS patients and grouped according 
to their genotype for rs4680 for COMT, b rs1360780 for FKBP5, and c 
rs12944712 for CRHR1, respectively. Statistic analysis was performed 
with the Kruskal–Wallis test followed by post hoc testing via two‑
tailed Mann–Whitney U test with Bonferroni adjustment for multiple 
testing with *p < 0.017 (0,05/3 comparisons) as significant.

Fig. 3 Correlation of IgE levels with COMT SNP rs4680. Serum of 54 
CFS patients was analyzed for IgE. Patients were group in either Met/
Met, Met/Val, or the wild type variant Val/Val. Enhanced IgE levels are 
defined >100 U/ml (dashed line). Statistic analysis was performed with 
two‑tailed Chi‑Square/Fisher’s exact test with *p < 0.05 between Met/
Met or Met/Val and the variant Val/Val.
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association of COMT variants with IgG3 and IgG4 levels 
(Fig. 5) nor with IgE levels (not shown) was found.

Discussion
In this study, we analyzed polymorphisms of genes regu-
lating the metabolism of neurotransmitters and cortisol 
in CFS patients. We found no difference in the preva-
lence of the SNPs for COMT rs4680, FKBP5 rs1360780 
and CRHR1 rs12944712 in CFS patients compared to 
controls. However, we observed elevated IgE levels, 
diminished IgG3 levels and an enhanced susceptibility to 
RRTI in patients with the hypofunctional Met variant for 
COMT SNP rs4680. Further, diminished IgG4 levels were 
associated with the wild type allele of the SNP rs1360780 
in comparison to the variant of FKBP5.

First of all, our observation of similar frequency of the 
COMT SNP in CFS patients and controls is in contrast to 
previous reports. A study of Sommerfeldt et  al. showed 

a higher prevalence of the COMT SNP rs4680 in adoles-
cent CFS patients [22]. In contrast, our patients fulfilling 
Fukuda and Canadian criteria were at least 18 years old. 
For our healthy control group, we reached allelic frequen-
cies with 0.59 for the G variant and 0.41 for the A variant 
of the COMT SNP that are comparable to data supplied 
by the NCBI dbSNP Short Genetic Variations Database 
that quote 0.64 for the G and 0.36 for the A variant. 
Another study postulated SNPs for COMT and CRHR1, 
identified by a calculation model, as predictive biomark-
ers for CFS [23]. Restrictively, this analysis included five 
different SNPs for COMT and three SNPs for CRHR1, 
with the SNPs rs4680 and rs13060780 that were analyzed 
in our study not present in the study of Goertzel et al.

A focus in our work was set on the analysis of the 
hypofunctional Met variant of COMT that is linked to 

Table 3 Characteristics of  CFS and  non-CFS patients 
with RRTI

na not applicable.

CFS w/o RRTI 
(n = 40)

CFS with RRTI 
(n = 34)

non-CFS RRTI 
(n = 68)

Age (years) 39 ± 10 42 ± 10 38 ± 13

m/f 37/63 % 35/65 % 29/71 %

Bell score 40 ± 10 30 ± 10 n.a.

RRTI (n) 34 (46 %) 68 (100 %)

Lower RRTI (n) 5 (15 %) 30 (44 %)

 Pneumonia 9 % 19 %

 Bronchitis 15 % 31 %

Upper RRTI (n) 34 (100 %) 54 (79 %)

 Sinusitis 79 % 57 %

 Pharyngitis 15 % 16 %

 Tonsilitis 6 % 10 %

Fig. 4 Distribution of variants for COMT rs4680 in 34 CFS patients with RRTI and 40 CFS patients without RRTI. As control 68 non‑CFS patients with 
RRTI were analysed. Statistic analysis was performed with two‑tailed Chi‑Square/Fisher’s exact test with *p < 0.05 between the variant Met/Met and 
Met/Val, and the major variant Val/Val.

Fig. 5 IgG3 and IgG4 levels in 68 non‑CFS patients with RRTI with 
COMT and FKBP5 SNP. Statistic analysis was performed with the 
Kruskal–Wallis test followed by post hoc testing via two‑tailed Mann–
Whitney U test with Bonferroni adjustment for multiple testing.
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a diminished degradation of catecholamines leading to 
enhanced norepinephrine and cortisol. Enhanced cortisol 
levels were previously shown in healthy subjects with the 
hypofunctional Met/Met variant of COMT rs4680 [33–
35]. In line with this, we observed significantly higher 
cortisol levels in CFS patients with the COMT haplotype 
Met/Met compared to the Val haplotypes. Also polymor-
phisms in FKBP5 and CRHR1, both regulating the cor-
tisol response to stress, were associated with changes in 
HPA axis reactivity [27, 36]. However, in these studies the 
genotypes were not correlated to cortisol or norepineph-
rine levels. No significant difference in cortisol was found 
for FKBP5 and CRHR1 in our patients.

Inflammation is regulated by neuroendocrine hor-
mones including glucocorticoids and catecholamines 
[37]. Immune cells are known to express receptors for 
both cortisol and norepinephrine [38, 39]. In COMT defi-
cient mice minor changes mainly in male animals were 
found with total number of T-, and B-cells and T-cell 
proliferative response decreased, but no impact on NK 
cell cytotoxicity, oxygen radical production and immuno-
globulin production [40]. However, the influence of stress 
and infections on the immune function was not stud-
ied in this model. In a comprehensive study of immune 
parameters in CFS patients we had observed diminished 
immunoglobulin subclass levels in 25 % of CFS patients 
predominantly of IgG3 and IgG4 (Guenther et al. unpub-
lished). Further we found an association of IgG3 defi-
ciency and susceptibility to RRTI. Therefore, we were 
interested to see if there is an association of the COMT 
SNP rs4680 Met variant with immunoglobulin levels and 
RRTI. Lower levels of IgG3 but not of the other immu-
noglobulins were found in CFS patients with the Met 
variant. The half-life of IgG is dependent on the neona-
tal FcRn, which recycles and protects IgG from degrada-
tion. IgG3 has a shorter half-life as the other IgGs which 
is due to the lower affinity of IgG3 to FcRn [41]. Steroids 
decrease FcRn expression and function [42]. Thus, due to 
its shorter half-life IgG3 may be more susceptible to the 
suppressive effects of steroids. We could also observe 
that the Met variant is associated with enhanced sus-
ceptibility to RRTI. Interestingly, we found no enhanced 
frequency of Met alleles in a group of patients with RRTI 
without CFS. One possible explanation for this finding is 
that the dysregulation of cortisol production and immune 
cell sensitivity to steroids described in CFS patients [10, 
17–19] makes CFS patients with the Met variant more 
susceptible to the immunosuppressive effect of cortisol.

In line with our data of lower IgG3 levels in CFS patients 
with the Met/Met genotype of COMT in patients with 
fibromyalgia this COMT variant was shown to be associ-
ated with lower salivary IgA concentration [24]. Further, 

in fibromyalgia enhanced pain sensitivity was reported 
for patients with this COMT variant [43]. No association 
with muscle and joint pain or headache or the Bell score 
was found with the Met variant in our CFS patients.

Further we found that CFS patients with the Met vari-
ant had higher IgE levels. As norepinephrine was shown 
to upregulate the production of IgE [32] the assumed 
stress-related diminished degradation of norepinephrine 
in patients with the Met/Met haplotype may result in 
enhanced IgE levels.

FKBP5 expression is induced by steroids [44, 45] 
and the T variant of rs1360780 was shown to result in 
enhanced negative feed-back of the cortisol response as 
shown in the dexamethasone/CRH test [28]. This SNP 
was found to be associated with increased risk for post-
traumatic stress [46] and depression [47]. We could not 
find a correlation of the FKBP5 SNP with cortisol levels. 
We observed, however, that the wild type C allele of the 
FKBP5 SNP that has lower repressive function and may 
thus result in higher cortisol levels is associated with a 
trend of lower IgG4 levels in our patients.

Limitations of the study are the relatively small sample 
size for a SNP analysis and that clinical parameters were 
evaluated retrospectively.

Conclusion
In conclusion, our data provides evidence for an asso-
ciation of the hypofunctional COMT SNP with immune 
function in CFS. Both enhanced catecholamine and cor-
tisol levels may lead to diminished IgG production.

Abbreviations
CFS: chronic fatigue syndrome; CNS: central nervous system; COMT: catechol‑
O‑methyltransferase; CRHR1: corticotropin‑releasing hormone receptor 1; 
FKBP5: FK506 binding protein 5; HPA axis: hypothalamic–pituitary–adrenal axis; 
Ig: immunoglobulin; RRTI: recurrent respiratory tract infections; SNP: single 
nucleotide polymorphism.

Authors’ contributions
ML, HDV and CS conceived and designed the experiments and wrote the 
manuscript. ML and AAM performed the experiments, ML, AAM, SG, SB and CS 
analyzed the data. CM and AL contributed reagents/materials/analysis tools. 
All authors read and approved the final manuscript.

Author details
1 Institute for Medical Immunology, Charité‑Universitätsmedizin Berlin, 
Campus Virchow, Augustenburger Platz 1/Südstraße 2, 13353 Berlin, Germany. 
2 Immunology Department, Labor Berlin GmbH, Charité University Medicine 
Berlin, Campus Virchow, Berlin, Germany. 3 Department of Hematology, Oncol‑
ogy, Charité Campus Benjamin Franklin, Berlin, Germany. 4 Berlin‑Brandenburg 
Center for Regenerative Therapies (BCRT), Charité University Medicine Berlin,  
Berlin, Germany. 

Acknowledgements
This work was supported by European Union EFRE grant 10152750 from 
the Investitionsbank Berlin (IBB). AAM is a scholarship holder of the National 
Agency for Lifelong Learning (OeAD‑GmbH). The funder had no role in study 
design, data collection and analysis, decision to publish, or preparation of the 
manuscript.



Page 7 of 8Löbel et al. J Transl Med  (2015) 13:264 

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests.

Received: 5 January 2015   Accepted: 3 August 2015

References
 1. Carruthers BM, van de Sande MI, De Meirleir KL, Klimas NG, Broderick G, 

Mitchell T et al (2011) Myalgic encephalomyelitis: International Consen‑
sus Criteria. J Intern Med 270:327–338

 2. Faulkner S, Smith A (2008) A longitudinal study of the relationship 
between psychological distress and recurrence of upper respiratory tract 
infections in chronic fatigue syndrome. Br J Health Psychol 13:177–186

 3. Lattie EG, Antoni MH, Fletcher MA, Penedo F, Czaja S, Lopez C et al (2012) 
Stress management skills, neuroimmune processes and fatigue levels in 
persons with chronic fatigue syndrome. Brain Behav Immun 26:849–858

 4. Gur A, Oktayoglu P (2008) Central nervous system abnormalities in fibro‑
myalgia and chronic fatigue syndrome: new concepts in treatment. Curr 
Pharm Des 14:1274–1294

 5. Ocon AJ (2013) Caught in the thickness of brain fog: exploring the cogni‑
tive symptoms of chronic fatigue syndrome. Front Physiol 4:63

 6. Meeus M, Roussel NA, Truijen S, Nijs J (2010) Reduced pressure pain 
thresholds in response to exercise in chronic fatigue syndrome but not in 
chronic low back pain: an experimental study. J Rehabil Med 42:884–890

 7. Tomas C, Newton J, Watson S (2013) A review of hypothalamic‑pituitary‑
adrenal axis function in chronic fatigue syndrome. ISRN Neurosci 
2013:784520

 8. Wyller VB, Godang K, Morkrid L, Saul JP, Thaulow E, Walloe L (2007) Abnor‑
mal thermoregulatory responses in adolescents with chronic fatigue 
syndrome: relation to clinical symptoms. Pediatrics 120:e129–e137

 9. Timmers HJ, Wieling W, Soetekouw PM, Bleijenberg G, Van Der Meer 
JW, Lenders JW (2002) Hemodynamic and neurohumoral responses to 
head‑up tilt in patients with chronic fatigue syndrome. Clin Auton Res 
12:273–280

 10. Kavelaars A, Kuis W, Knook L, Sinnema G, Heijnen CJ (2000) Disturbed 
neuroendocrine‑immune interactions in chronic fatigue syndrome. J Clin 
Endocrinol Metab 85:692–696

 11. Strahler J, Fischer S, Nater UM, Ehlert U, Gaab J (2013) Norepinephrine 
and epinephrine responses to physiological and pharmacological stimu‑
lation in chronic fatigue syndrome. Biol Psychol 94:160–166

 12. Eskandari F, Sternberg EM (2002) Neural‑immune interactions in health 
and disease. Ann N Y Acad Sci 966:20–27

 13. Nater UM, Youngblood LS, Jones JF, Unger ER, Miller AH, Reeves WC et al 
(2008) Alterations in diurnal salivary cortisol rhythm in a population‑
based sample of cases with chronic fatigue syndrome. Psychosom Med 
70:298–305

 14. Nijhof SL, Rutten JM, Uiterwaal CS, Bleijenberg G, Kimpen JL, Putte EM 
(2014) The role of hypocortisolism in chronic fatigue syndrome. Psycho‑
neuroendocrinology 42:199–206

 15. Jerjes WK, Taylor NF, Wood PJ, Cleare AJ (2007) Enhanced feedback 
sensitivity to prednisolone in chronic fatigue syndrome. Psychoneuroen‑
docrinology 32:192–198

 16. Christley Y, Duffy T, Everall IP, Martin CR (2013) The neuropsychiatric and 
neuropsychological features of chronic fatigue syndrome: revisiting the 
enigma. Curr Psychiatry Rep 15:353

 17. Papanicolaou DA, Amsterdam JD, Levine S, McCann SM, Moore RC, 
Newbrand CH et al (2004) Neuroendocrine aspects of chronic fatigue 
syndrome. Neuro Immuno Modulation 11:65–74

 18. Skowera A, Cleare A, Blair D, Bevis L, Wessely SC, Peakman M (2004) High 
levels of type 2 cytokine‑producing cells in chronic fatigue syndrome. 
Clin Exp Immunol 135:294–302

 19. ter Wolbeek M, van Doornen LJ, Schedlowski M, Janssen OE, Kavelaars A, 
Heijnen CJ (2008) Glucocorticoid sensitivity of immune cells in severely 
fatigued adolescent girls: a longitudinal study. Psychoneuroendocrinol‑
ogy 33:375–385

 20. Jiang JL, Qiu YH, Peng YP, Wang JJ (2006) Immunoregulatory role of 
endogenous catecholamines synthesized by immune cells. Sheng Li Xue 
Bao 58:309–317

 21. Lachman HM, Papolos DF, Saito T, Yu YM, Szumlanski CL, Weinshilboum 
RM (1996) Human catechol‑O‑methyltransferase pharmacogenetics: 
description of a functional polymorphism and its potential application to 
neuropsychiatric disorders. Pharmacogenetics 6:243–250

 22. Sommerfeldt L, Portilla H, Jacobsen L, Gjerstad J, Wyller VB (2011) Poly‑
morphisms of adrenergic cardiovascular control genes are associated 
with adolescent chronic fatigue syndrome. Acta Paediatr 100:293–298

 23. Goertzel BN, Pennachin C, de Souza Coelho L, Gurbaxani B, Maloney 
EM, Jones JF (2006) Combinations of single nucleotide polymorphisms 
in neuroendocrine effector and receptor genes predict chronic fatigue 
syndrome. Pharmacogenomics 7:475–483

 24. Fernandez‑de‑las‑Penas C, Penacoba‑Puente C, Cigaran‑Mendez M, 
Diaz‑Rodriguez L, Rubio‑Ruiz B, Arroyo‑Morales M (2014) Has catechol‑
O‑methyltransferase genotype (Val158Met) an influence on endocrine, 
sympathetic nervous and humoral immune systems in women with 
fibromyalgia syndrome? Clin J Pain 30:199–204

 25. Rajeevan MS, Smith AK, Dimulescu I, Unger ER, Vernon SD, Heim C et al 
(2007) Glucocorticoid receptor polymorphisms and haplotypes associ‑
ated with chronic fatigue syndrome. Genes Brain Behav 6:167–176

 26. Ellsworth KA, Moon I, Eckloff BW, Fridley BL, Jenkins GD, Batzler A et al 
(2013) FKBP5 genetic variation: association with selective serotonin 
reuptake inhibitor treatment outcomes in major depressive disorder. 
Pharmacogenet Genomics 23:156–166

 27. Lessard J, Holman EA (2014) FKBP5 and CRHR1 polymorphisms moder‑
ate the Stress‑Physical Health Association in a National Sample. Health 
Psychol 33:1046–1056

 28. Fujii T, Hori H, Ota M, Hattori K, Teraishi T, Sasayama D et al (2014) Effect of 
the common functional FKBP5 variant (rs1360780) on the hypothalamic‑
pituitary‑adrenal axis and peripheral blood gene expression. Psychoneu‑
roendocrinology 42:89–97

 29. Carruthers BM, Jain AK, De Meirleir KL, Peterson DL, Klimas NG, Lerner AM 
et al (2003) Myalgic encephalomyelitis/chronic fatigue syndrome: clinical 
working case definition, diagnostic and treatment protocols. J Chronic 
Fatigue Syndr 11:7–116

 30. Maes M, Hendriks D, Van Gastel A, Demedts P, Wauters A, Neels H et al 
(1997) Effects of psychological stress on serum immunoglobulin, comple‑
ment and acute phase protein concentrations in normal volunteers. 
Psychoneuroendocrinology 22:397–409

 31. Settipane GA, Pudupakkam RK, McGowan JH (1978) Corticosteroid effect 
on immunoglobulins. J Allergy Clin Immunol 62:162–166

 32. Pongratz G, McAlees JW, Conrad DH, Erbe RS, Haas KM, Sanders VM (2006) 
The level of IgE produced by a B cell is regulated by norepinephrine in a 
p38 MAPK‑ and CD23‑dependent manner. J Immunol 177:2926–2938

 33. Armbruster D, Mueller A, Strobel A, Lesch KP, Brocke B, Kirschbaum C 
(2012) Children under stress—COMT genotype and stressful life events 
predict cortisol increase in an acute social stress paradigm. Int J Neu‑
ropsychopharmacol 15:1229–1239

 34. Walder DJ, Trotman HD, Cubells JF, Brasfield J, Tang YL, Walker EF (2010) 
Catechol‑O‑methyltransferase modulation of cortisol secretion in psychi‑
atrically at‑risk and healthy adolescents. Psychiatr Genet 20:166–170

 35. Bouma EM, Riese H, Doornbos B, Ormel J, Oldehinkel AJ (2012) Geneti‑
cally based reduced MAOA and COMT functioning is associated with the 
cortisol stress response: a replication study. Mol Psychiatry 17:119–121

 36. Derijk RH (2009) Single nucleotide polymorphisms related to HPA axis 
reactivity. Neuro Immuno Modulation 16:340–352

 37. Heffner KL (2011) Neuroendocrine effects of stress on immunity in the 
elderly: implications for inflammatory disease. Immunol Allergy Clin 
North Am 31:95–108

 38. Miller AH, Spencer RL, Pearce BD, Pisell TL, Azrieli Y, Tanapat P et al (1998) 
Glucocorticoid receptors are differentially expressed in the cells and tis‑
sues of the immune system. Cell Immunol 186:45–54

 39. Kohm AP, Sanders VM (2001) Norepinephrine and beta 2‑adrenergic 
receptor stimulation regulate CD4+ T and B lymphocyte function in vitro 
and in vivo. Pharmacol Rev 53:487–525

 40. Stubelius A, Wilhelmson AS, Gogos JA, Tivesten A, Islander U, Carlsten H 
(2012) Sexual dimorphisms in the immune system of catechol‑O‑methyl‑
transferase knockout mice. Immunobiology 217:751–760



Page 8 of 8Löbel et al. J Transl Med  (2015) 13:264 

 41. Vidarsson G, Dekkers G, Rispens T (2014) IgG subclasses and allotypes: 
from structure to effector functions. Front Immunol 5:520

 42. Kim KJ, Fandy TE, Lee VH, Ann DK, Borok Z, Crandall ED (2004) Net absorp‑
tion of IgG via FcRn‑mediated transcytosis across rat alveolar epithelial 
cell monolayers. Am J Physiol Lung Cell Mol Physiol 287:L616–L622

 43. Martinez‑Jauand M, Sitges C, Rodriguez V, Picornell A, Ramon M, Buskila D 
et al (2013) Pain sensitivity in fibromyalgia is associated with catechol‑O‑
methyltransferase (COMT) gene. Eur J Pain 17:16–27

 44. Vermeer H, Hendriks‑Stegeman BI, van der Burg B, van Buul‑Offers SC, 
Jansen M (2003) Glucocorticoid‑induced increase in lymphocytic FKBP51 
messenger ribonucleic acid expression: a potential marker for glucocor‑
ticoid sensitivity, potency, and bioavailability. J Clin Endocrinol Metab 
88:277–284

 45. Lao W, Fang M, Yang X (2012) FK506‑binding protein 51 (FKBP5) gene 
polymorphism is not associated with glucocorticoid therapy outcome 
in patients with idiopathic thrombocytopenic purpura. Mol Med Rep 
6:787–790

 46. van Zuiden M, Kavelaars A, Geuze E, Olff M, Heijnen CJ (2013) Predicting 
PTSD: pre‑existing vulnerabilities in glucocorticoid‑signaling and implica‑
tions for preventive interventions. Brain Behav Immun 30:12–21

 47. Velders FP, Kuningas M, Kumari M, Dekker MJ, Uitterlinden AG, Kirsch‑
baum C et al (2011) Genetics of cortisol secretion and depressive 
symptoms: a candidate gene and genome wide association approach. 
Psychoneuroendocrinology 36:1053–1061

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Polymorphism in COMT is associated with IgG3 subclass level and susceptibility to infection in patients with chronic fatigue syndrome
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Patients and methods
	Human blood samples
	Quantification of immunoglobulins and cortisol
	SNP analysis
	Statistical analysis

	Results
	Normal prevalence of polymorphisms for COMT, CRHR1 and FKBP5 in CFS
	Enhanced cortisol levels associated with the hypofunctional Met variant of COMT in CFS
	SNPs for COMT and FKBP5 are associated with immunoglobulin levels in CFS
	COMT SNP rs4680 is associated with recurrent infections in CFS

	Discussion
	Conclusion
	Authors’ contributions
	Received: 5 January 2015   Accepted: 3 August 2015References




