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Abstract There is now some evidence that chronic fatigue syndrome is accompanied by an 
activation of the inflammatory response system and by increased oxidative and 
nitrosative stress. Nuclear factor kappa beta (NFκβ) is the major upstream, intracel-
lular mechanism which regulates inflammatory and oxidative stress mediators.
In order to examine the role of NFκβ in the pathophysiology of CFS, this study 
examines the production of NFκβ p50 in unstimulated, 10 ng/mL TNF-α (tumor 
necrosis factor alpha) and 50 ng/mL PMA (phorbolmyristate acetate) stimulated 
peripheral blood lymphocytes of 18 unmedicated patients with CFS and 18 age-sex 
matched controls.
The unstimulated (F=19.4, df=1/34, p=0.0002), TNF-α-(F=14.0, df=1/34, p=0.0009) 
and PMA-(F=7.9, df=1/34, p=0.008) stimulated production of NFκβ were signifi-
cantly higher in CFS patients than in controls. There were significant and positive 
correlations between the production of NFκβ and the severity of illness as measured 
with the FibroFatigue scale and with symptoms, such as aches and pain, muscular 
tension, fatigue, irritability, sadness, and the subjective feeling of infection.
The results show that an intracellular inflammatory response in the white blood 
cells plays an important role in the pathophysiogy of CFS and that previous find-
ings on increased oxidative stress and inflammation in CFS may be attributed to 
an increased production of NFκβ. The results suggest that the symptoms of CFS, 
such as fatigue, muscular tension, depressive symptoms and the feeling of infection 
reflect a genuine inflammatory response in those patients. It is suggested that CFS 
patients should be treated with antioxidants, which inhibit the production of NFκβ, 
such as curcumin, N-Acetyl-Cysteine, quercitin, silimarin, lipoic acid and omega-3 
fatty acids.
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IntroductIon

For decades, CFS patients were (and still are) dismissed 
as lazybones or hypochondriacs. Since 1994, the baffling 
illness has received recognition by the introduction of di-
agnostic criteria [1]. Nevertheless, many medical doctors 
and insurance companies still assert that CFS merely is a 
mental condition. Doctors who treat CFS patients as suf-
fering from a biological disorder and scientists who deal 
with the psycho-neuro-immune pathophysiology of CFS 
are often considered quacks by some of their colleagues, 
insurance companies and anti-quack societies, which are 
sometimes officially supported by governments, e.g. the 
Dutch government, in order to eliminate the scientific 
view that CFS is an organic disorder. The latter obvi-
ously would mean that the national health care system 
is obliged to financially support those patients who now 
are considered hypochondriacs and thus are suspended 
from the national health care systems. In accordance, 
the mainstream, “evidence based” treatment for CFS 
is cognitive behavioural therapy, which means that 
patients with CFS are being treated as having a mental 
illness with “treatments” that do not treat any underlying 
pathophysiology.

There is, however, evidence that CFS is accompanied 
by severe immune disorders, such as activation of the 
inflammatory response system (IRS) and increased oxi-
dative and nitrosative stress with a significant damage to 
membrane lipids and functional proteins [2–4].

Activation of the IRS is shown by the following: a) 
an increased expression of T cell activation markers, 
such as CD26 and CD38 [5]; b) alterations in the pro-
duction of pro-inflammatory cytokines [6–8]; c) signs 
of peripheral inflammation, such as increased plasma 
concentrations of the alpha-2 globulin fraction obtained 
by electrophoresis and decreased serum zinc levels [9]; 
and d) decreased cellular immune responses, such as 
decreased mitogen–induced lymphocyte responses and 
mitogen-induced expression of CD69, an early activation 
marker [3,10,11].

Increased oxidative and nitrosative stress in CFS are 
shown by a) higher LDL thiobarbituric acid reactive 
substances (TBARS) [12]; b) increased isoprostane levels 
and oxidized low density lipoproteins (LDL) [13]; c) 
elevated protein carbonyl levels [14]; and d) increased 
IgM antibody levels directed against fatty acids (oleic 
acid), by-products of lipid peroxidation (MDA and 
azelaic acid), and anti-S-farnesyl-L-cysteine, and NO 
derivates, such as nitro-tyrosine, nitro-phenylalanine, 
nitro-arginine, nitro-tryptophan and nitro-cysteine [4]. 
These findings show that CFS is characterized by an IgM-
mediated immune response directed against neoepitopes, 
which have become immunogenic through a) oxidative 
damage to lipid membrane components and by-products 
of lipid peroxidation; and b) modification of endogenous 
proteins by nitrosative stress (NO and peroxynitrite). 
Moreover, there are some reports showing that CFS is 
accompanied by a decreased antioxidant status in the 

blood, such as a) significantly lower serum levels of zinc, 
a strong antioxidant; and b) lowered plasma levels of 
dehydroepiendrosterone-sulfate, a hormone with strong 
antioxidant properties [9,15].

Both activation of the IRS and the increased oxidative 
and nitrosative stress are probably intertwined phenom-
ena in CFS [4]. Indeed, both phenomena may be caused 
by a same mechanism, such as an intracellular inflam-
mation induced by increased production of nuclear 
factor kappa beta (NFκβ). NFκβ is the major upstream 
mechanism which regulates inflammatory and oxidative 
stress mediators [16]. Upon activation, NFκβ is translo-
cated from the cytoplasma to the nucleus where it binds 
DNA promoter sequences and induces transcriptional 
activation of oxidative and nitrosative stress mediators, 
e.g. cyclo-oxygenase-2 (COX-2) and inducible NO 
synthase (iNOS), and inflammatory mediators, such as 
interleukin-1 (IL-1), IL-6, tumor necrosis factor-alpha 
(TNF-α) [16]. Therefore, we hypothesized that CFS could 
be accompanied by an increased production of NFκβ and 
that in CFS there are significant correlations between an 
increased NFκβ production and CFS symptoms point-
ing toward IRS activation, such as the subjective feeling 
of infection, pain (inflammatory pain) and depression, 
which is known to be related to inflammation [17].

The aims of the present study were to examine whether 
CFS is accompanied by an increased production of NFκβ 
and whether the increased NFκβ production is related to 
specific symptom profiles of CFS indicating IRS activa-
tion.

SuBjEctS And MEthodS 

Subjects
Thirty-six subjects participated in the present study, 

18 patients with CFS and 18 age-sex matched and unre-
lated controls (17 women and 1 man). Patients have been 
admitted to the M-Care4U Outpatient Clinics, Antwerp, 
Belgium. We made the diagnosis of CFS by means of 
the Centers for Disease Control and Prevention (CDC) 
criteria [1], i.e. the patient must have a severe chronic 
fatigue of six months or longer, while there is no other 
known medical condition which can explain the fatigue; 
and the patient must have four or more of the follow-
ing symptoms: substantial impairment in short-term 
memory or concentration, sore throat, tender lymph 
nodes, muscle pain, multi-joint pain without swelling or 
redness, headache of a new type, pattern or severity, un-
refreshing sleep, and post-exertional malaise lasting more 
than 24 hours. The FibroFatigue scale (Fibromyalgia and 
Chronic Fatigue Syndrome Rating Scale) [18] has been 
employed to rate the severity of illness. The total sum 
on the FibroFatigue scale was used to reflect severity of 
CFS and the individual symptoms were used to examine 
the symptom profiles of increased NFκβ production. 
The 12 symptoms are: pain, muscular tension, fatigue, 
concentration difficulties, failing memory, irritability, 
sadness, sleep disturbances, autonomic disturbances, 
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irritable bowel, headache, and subjective experience of 
infection.

We excluded subjects a) with a life-time diagnosis of 
psychiatric DSM-IV disorders, such as organic mental 
disorders, schizophrenia, bipolar disorder, depressive 
disorder, substance use disorders; b) who ever had been 
treated with anti-psychotic drugs, anticonvulsants or 
mood stabilizers; c) who had been taking antidepressants 
during the last year prior to the studies; d) with medical 
illnesses, e.g. essential hypertension, and arteriosclerosis, 
autoimmune disorders, diabetes type 1 or type 2, and 
inflammatory bowel disease; e) who had suffered acute 
inflammatory or allergic reactions the last 2 months prior 
to the studies; f) who had abnormal blood tests, such as 
alanine aminotransferase (ALT), alkaline phosphatase 
(ALP), blood urea nitrogen (BUN), calcium, creatinine, 
electrolytes, thyroid stimulating hormone (TSH), total 
protein, and iron or transferring saturation; and g) 
subjects with serological evidence for EBV or CMV 
infection. Patients and controls gave written informed 
consent after the study protocol was fully explained. The 
study has been approved by the local ethical committee.

Methods
PBMCs were obtained through histopaque-1077 den-

sity gradient centrifugation of peripheral blood samples 
of patients and controls. Isolated cells were resuspended 
in RPMI 1640 medium (Sigma R-0278) supplemented 
with 10% foetal calf serum and cultured overnight 
(18 hours). NFκβ p50 concentrations were determined 
on the cell lysates of unstimulated and 10 ng/mL TNF-α 
(tumor necrosis factor alpha) and 50 ng/mL PMA 
(phorbolmyristate acetate) stimulated mononuclear 
cell isolates. After harvesting the cells and washing with 
PBS/PIB (phosphate inhibitor buffer) cells were lysed 
with Nonidet P-40 and a nuclear cell extract was obtained 
after resuspension of the pellet in complete lysis buffer 
according to the protocol of the TransAM™ NFκβ p50 
Transcription Factor Assay kit (Cat 41`096 & 41596; Ac-
tive Motif, Carlsbad, California). All lysates were stored 
frozen at –80 °C until the measurements were performed 
simultaneously on the complete batch of samples. All re-
sults were measured quantitatively against a calibration 
curve provided by the manufacturer (TransAM™, Actif 
Motif, North America, CA) and expressed in ng/well. The 
analytical intra-assay coefficient of variation were <6.0%.

Statistics
Group mean differences were ascertained by means 

of analysis of variance (ANOVA) and covariance 
(ANCOVA). Differences between the unstimulated, 
PMA- and TNF-α-stimulated NFκβ production were 
examined by means or repeated measure (RM) design 
ANOVA. Relationships between variables were checked 
with Spearman’s rank order correlation coefficients 
and canonical correlation analyses. The diagnostic 
performance of increased NFκβ was checked by means 
of ROC (receiver operating characteristics) analysis with 

computation of the area under the ROC curve, sensitiv-
ity, specificity and predictive value of a positive test result 
(PV+) and with kappa statistics [19]. The significance 
was set at α=0.05 (two tailed).

rESultS

There were no significant differences in age (F=0.01, 
df=1/34, p=0.9) between normal controls (mean age 
±SD=42.7 ± 9.0 years) and CFS patients (43.0 ± 9.2 years). 
There were no significant correlations between age and 
NFκβ (r=–0.12, non significant).

Figure 1 shows the scatter plot for the unstimulated, 
PMA- and TNF-α-stimulated production of NFκβ in 
CFS patients and in the controls. RM design ANOVA 
showed significantly higher production of NFκβ in CFS 
patients than in controls (F=28.3, df=1/102, p=0.00002), 
a significant effect of time (F=3.5, df=2/68, p=0.03) and 
no significant interaction between time × diagnostic 
groups (F=2.9, df=2/68, p=0.06). The Dunn test showed 
a significantly higher NFκβ production after stimulation 
with TNF-α (t=3.00, p=0.004) and PMA (t=2.28, p=0.02) 
than in the unstimulated condition. ANOVA showed 
that the unstimulated (F=19.4, df=1/34, p=0.0002), 
PMA- (F=7.9, df=1/34, p=0.008) and TNF-α-stimulated 
(F=14.0, df=1/34, p=0.0009) production of NFκβ were 
significantly higher in CFS patients than in controls. 
Covarying for age in an ANCOVA did not change this 
result.

ROC analysis performed on the NFκβ values 
showed that the area under the ROC curve (AUC) was 
highly significant for the unstimulated NFκβ production 
(AUC=86.6%) and the TNF-α-stimulated NFκβ produc-
tion (AUC=81.9%), but less for the PMA-stimulated 
NFκβ production (70.01 %). Using a cut off value for the 
unstimulated NFκβ>0.245 ng/well, we found a significant 
discrimination of CFS patients from normal controls 
with a sensitivity of 66.7%, specificity=94.4% and a 
PV+=92.3% (6=0.61, t=4.63, p=0.0002, Y=0.71). Using a 
cut off value for the TNF-α-stimulated NFκβ production 
>0.4 ng/well, we found a significant discrimination of 
CFS patients from normal controls with a sensitivity of 
66.7%, specificity=94.4 % and a PV +=92.3% (6=0.61, 
t=4.63, p=0.0002, Y=0.71). Spearman’s rank order 
correlation analyses showed significant relationships 
between the total score on the FibroFatigue scale and the 
unstimulated (r=0.72, p=0.001) and TNF-α-stimulated 
(r=0.76, p=0.0004) NFκβ production. There was a trend 
towards a significant correlation between the FibroFa-
tigue scale and the PMA-induced NFκβ production 
(r=0.35, p=0.16). The unstimulated production of NFκβ 
was significantly correlated to aches and pain (r=0.56, 
p=0.01), muscular tension (r=0.56, p=0.01), fatigue 
(r=0.78, p=0.0003), concentration difficulties (r=0.50, 
p=0.03) and the subjective experience of infection 
(r=0.84, p=0.0001). Spearman’s rank order correlation 
analyses showed significant relationships between the 
TNF-α-stimulated NFκβ production and muscular 
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Figure 1. Scatter plot with mean (± 1 standard deviation) values of 
the NFκβ p50 concentrations in unstimulated, and tumor necro-
sis factor alpha (TNF-α) and phorbolmyristate acetate (PMA) 
stimulated mononuclear cell isolates of 18 patients with chronic 
fatigue syndrome (CFS) and 18 age-sex matched normal volun-
teers (NV).

tension (r=0.56, p=0.01), fatigue (r=0.83, p=0.0001), ir-
ritability (r=0.61, p=0.005), and a subjective experience 
of infection (r=0.86, p<10–4). Canonical correlation 
analyses with the 12 items of the FibroFatigue scale as 
dependent variables and the unstimulated and TNF-α-
stimulated NFκβ production as explanatory variables 
showed that 32.1% of the variance in the symptoms was 
explained by the regression on the two NFκβ variables. 
Inspection of the loadings showed that aches and pain 
(0.63), muscular tension (0.72), fatigue (0.87), irritability 
(0.56), sadness (0.53), and the subjective feeling of infec-
tion (0.93) were related to the unstimulated (0.90) and 
TNF-α-stimulated (0.97) NFκβ production (shown are 
the significant loadings, i.e. those >0.50).

dIScuSSIon

The major finding of this study is that the production 
of NFκβ is significantly increased in patients with CFS. 
Thus, these results give support to our a priori hypoth-
esis that both IRS activation and oxidative or nitrosative 
stress in CFS (see Introduction) are interrelated phe-
nomena, which are linked to a molecular, intracellular 
mechanism, i.e. an increased NFκβ production. Indeed, 
NFκβ is the major upstream mechanism which regulates 
inflammatory and oxidative stress mediators, such as 
pro-inflammatory cytokines, and COX-2 and iNOS 
production [16,20,21]. It is well established that the 
above pro-inflammatory cytokines are responsible for 
peripheral signs of IRS activation, such as lowered serum 
zinc and increases in the alpha-2 globulin fraction [9,17].

COX-2 is responsible for multiple inflammatory 
actions in the tissues [20,22]. Upon stimulation iNOS 
can generate nitric oxide (NO) which can combine with 
superoxide anions (O2–) to form peroxynitrite (ONOO–), 
a free radical that can cause DNA fragmentation, lipid 
oxidation and tyrosine nitration [23–26]. Thus, the 
increased production of NFκβ in CFS may have caused 
the multivarious changes in the IRS and oxidative stress 
in CFS – which have been reviewed in the Introduction 
– through its effects on the pro-inflammatory cytokines, 
COX-2 and iNOS.

Another question is why CFS is accompanied by an 
increased production of NFκβ which – in turn – may 
have induced IRS activation and oxidative stress. As ex-
plained elsewhere [4], there are many factors which may 
trigger CFS, such as viral infections, bacterial LPS from 
infections and increased gut permeability (leaky gut), 
psychological stress and sustained strenuous exercise. 
Interestingly, all these factors are known to induce the 
production of NFκβ. In fact, NFκβ functions as a “smoke 
sensor” that detects the above threats and acts as a switch 
to turn inflammation on and off and, thus, could trigger 
CFS when the threats are severe or chronic and have 
caused chronic inflammation.

In the following we discuss the above factors, which 
are known to trigger CFS and may activate NFκβ as 
well. Firstly, NFκβ is activated by the presence of viral 
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infections. Indeed, in a subset of patients with CFS, IgM 
serum antibodies to Epstein-Barr virus [27], cytomega-
lovirus [28], herpes VI virus [29] are present, suggesting 
that CFS may be due to a persistent enteroviral infection 
[30]. In the latter study, up to 31% of CFS patients had 
significant titres of enteroviral IgM. Secondly, also LPS 
produced during bacterial infections or acquired by the 
increased translocation of gram negative bacteria may 
induce NFκβ and thus trigger CFS. In this respect, it 
has been reported that a high prevalence of infections 
with gram-negative bacteria may be found among CFS 
patients [31]. We reported that CFS is accompanied by 
increased serum IgA and IgM levels against the LPS of 
gram negative enterobacteria, indicating an increased 
translocation of gram-negative enterobacteria in CFS. 
The latter is probably caused by an increased gut-in-
testinal permeability [32]. A third mechanism revolves 
around the effects of psychological stress. Previously, 
it was shown that psychological stress in humans may 
induce the production of pro-inflammatory cytokines 
[33,34] and may induce oxidative stress [35–38], thus 
supporting the hypothesis that also NFκβ is induced by 
psychological stress. Recently it has been proposed that 
activation of NFκβ evoked by psychosocial stress, may 
directly target various tissues and thus constitutes one 
link between external stress and the body [39]. Interest-
ingly, chronic unpredictable stress in rats can increase 
LPS-induced NFκβ activation in the frontal cortex and 
the hippocampus [40]. Finally, sustained strenuous exer-
cise, which is another established trigger factor for CFS, 
may generate oxidative and nitrosative stress [41,42]. 
Recently, the activation of NFκβ has been observed in 
muscles subjected to intense exercise, a phenomenon 
which may cause muscle inflammation, damage and 
protein breakdown [43].

Another major finding of this study is that the in-
creased production of NFκβ is significantly correlated to 
the key symptoms of CFS, i.e., a) the subjective feeling 
of infection; b) affective symptoms, such as sadness and 
irritability; and c) aches and pain, muscular tension, and 
fatigue. a) Previously, we reported that the subjective ex-
perience of infection is related to another marker of im-
mune activation in CFS, i.e. lowered serum zinc [9]. The 
correlations between the subjective feeling of infection 
and NFκβ production and lowered zinc show that this 
symptom reflects a genuine intracellular inflammatory 
response in CFS. b) There is now a vast literature that in-
flammation is often accompanied by affective symptoms 
and that administration of pro-inflammatory cytokines 
and LPS may induce fatigue and depression [17,44,45]. c) 
Previously, significant correlations were detected between 
signs of oxidative and nitrosative stress and inflamma-
tion and aches and pain, muscular tension and fatigue. 
For example, Vecchiet et al. [12] reported that increased 
oxidative stress and decreased antioxidant defences are 
related to the extent of fatigue in patients with CFS. Ken-
nedy et al. [13] showed that joint pain and postexertional 
malaise correlated well with isoprostane levels. Maes et 

al. [4] found significant correlations between increased 
IgM levels against a phletora of neoepitopes directed 
against lipids and proteins and aches and pain, muscular 
symptoms and fatigue. Other results implicate a causal 
role for oxidative stress in those symptoms. For example, 
Jammes et al. [46] described that the response of CFS 
patients to incremental exercise associates an accentu-
ated oxidative stress together with marked alterations of 
the muscle membrane excitability. Matuszczak et al. [47] 
report that administration of N-acetyl-cysteine (NAC), 
a strong antioxidant, delays muscle fatigue during 
repetitive handgrip exercise, supporting the hypothesis 
that oxidative stress is a causal factor in human muscle 
fatigue. It is well-known that COX-2 is implicated in 
the production of musceloskeletal pain and that COX-2 
inhibitors may alleviate these symptoms [48]. COX-2-
selective inhibition has also a beneficial effect on muscle 
fatigue resistance in elderly patients with inflammation 
of infectious origin [49].

In summary, our results show that an intracellular 
inflammatory response in the white blood cells with 
increased production of NFκβ, the master modulator for 
inflammation and oxidative stress, plays an important 
role in the pathophysiogy of CFS. Thus, previous findings 
reporting increased oxidative stress and activation of the 
IRS in CFS may be explained by an increased production 
of NFκβ. The results suggest that the symptoms of CFS, 
such as fatigue, muscular tension, depressive symptoms 
and the feeling of infection reflect a genuine intracellular 
inflammatory response in those patients. It is suggested 
that CFS patients should be treated with substances that 
inhibit the production of NFκβ, e.g. curcumin, NAC, 
quercitin, lipoic acid, and silimarin [50–55] and with 
omega-3 fatty acids, which are decreased in CFS [55] and 
inhibit the production of NFκβ [56].
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