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SUMMARY

 

The aetiology of chronic fatigue syndrome (CFS) is not known. However, it has been suggested that
CFS may be associated with underlying immune activation resulting in a Th2-type response. We mea-
sured intracellular production of interferon (IFN)-

 

g

 

 and interleukin (IL)-2; type 1 cytokines), IL-4
(type 2) and IL-10 (regulatory) by both polyclonally stimulated and non-stimulated CD4 and CD8 lym-
phocytes from patients with CFS and control subjects by flow cytometry. After polyclonal activation we
found evidence of a significant bias towards Th2- and Tc2-type immune responses in CFS compared to
controls. In contrast, levels of IFN-

 

g

 

, IL-2 and IL-10-producing cells were similar in both study groups.
Non-stimulated cultures revealed significantly higher levels of T cells producing IFN-

 

g

 

 or IL-4 in CFS
patients. Concluding, we show evidence for an effector memory cell bias towards type 2 responsiveness
in patients with CFS, as well as ongoing type 0 immune activation in unstimulated cultures of peripheral
blood cells.
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INTRODUCTION

 

Chronic fatigue syndrome (CFS) is an illness characterized by
severe disabling fatigue lasting for at least 6 months and made
worse by minimal physical or mental exertion, for which there is
no adequate medical explanation. There are no key features or
typical symptoms, but a sore throat, depression and myalgia may
all be present [1–3]. Factors causing the condition remain unclear,
although there is some consensus that psychological and social
factors influence outcome. Altered hypothalamus–pituitary–adre-
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response, being both sensitive and cell-specific [21–23]. This
method therefore allows direct enumeration of polarized, cytok-
ine-producing effector cells. Additionally the use of a whole-
blood system avoids potential subtle effects on lymphocyte func-
tion arising from gradient separations [22,24–26], and is also
reported to yield greater cytokine production when compared
with purified peripheral blood mononuclear cell (PBMC) prepa-
rations [27]. The choice of phorbol esters and ionomycin as stim-
ulants that act independently of accessory cells is based on earlier
work [23], showing their superiority in terms of their ability to
induce intracellular cytokine secretion to lectins such as phyto-
haemagglutinin [21].

With these technical issues in mind, in the present study we
examined the frequency of type 1 (interferon (IFN)-

 

g

 

 and IL-2-
producing), type 2 (IL-4) and regulatory (IL-10) CD4 and CD8 T
cells by direct visualization of intracellular cytokine production in
CFS patients and healthy blood donors. Our results demonstrate
an expansion of type 2 effector memory cells in CFS patients.

 

MATERIALS AND METHODS

 

Patients

 

Blood samples in this study were drawn from 35 patients (13
males and 22 females) from our clinic (Table 1), which receives
both secondary and tertiary referrals. In order to recruit patients
fulfilling criteria for CFS, our published experience is that it is
necessary to screen approximately three patients for every two
recruited [28]. The clinic is a well-established assessment and
treatment centre for CFS. It is the only such centre in South Lon-
don, and has published results previously on many aspects of the
illness. Its patients are known to be very typical of CFS patients
seen in specialist care in the United Kingdom, United States and
Australia [29] but, like all specialist clinics, are not typical of
patients seen in primary care [30].

All patients attending the service complete routinely a well-
established group of questionnaires, which we have reported on
previous occasions. For the purpose of this study, the question-
naires that we used were: (1) Chalder Fatigue Scale: a question-
naire measuring subjective physical and mental fatigue and
fatigability [31]; (2) General Health Questionnaire (GHQ): a
scale measuring psychological distress [32]; and (3) Work and
Social Adjustment: a simple visual analysis scale measuring self-
reported functioning in five domains (work, social, domestic, lei-
sure, relationship) [33].

Consecutive referrals were assessed fully using a semistruc-
tured interview [34], and those fulfilling the Center for Diseases
Control (CDC) diagnostic criteria for CFS [1] were asked to pro-
vide blood samples. In keeping with our normal procedures all
patients are also assessed using a semistructured psychiatric inter-
view and checklist, designed to ensure that patients fulfilled the
criteria for the CFS case definition, and to assess the presence of
psychiatric comorbidity [34]. Thus, patients suffering from a
serious psychiatric disorder such as psychosis, eating disorder or
substance dependence were excluded. The presence of other,
non-exclusionary psychiatric conditions such as depression or
anxiety disorders was also assessed. Similarly, organic conditions
that might explain fatigue were ruled out by ensuring there were
no abnormalities on physical examination and relevant investiga-
tion, with a minimum of urinalysis, full blood count, urea and elec-
trolytes, liver function tests, calcium and phosphate, thyroid
function tests, morning cortisol and antigliadin antibodies. Medi-
cation use over the previous 2 months was assessed by patient his-
tory. Patients not meeting the CDC criteria or with concomitant
physical illness were excluded from the study.

As a control group, we obtained blood from 28 healthy hos-
pital/laboratory professionals matching for sex and age.

 

Cell culture and intracellular cytokine staining

 

Flow cytometry was used to measure intracellular cytokine pro-
duction by CD4 and CD8 T lymphocytes. Heparinized venous
whole blood was taken from all subjects at approximately the
same time of day (in the morning) to avoid any effects of diurnal
variation. Blood was mixed with tissue culture medium (TCM;
RPMI-1640, 10% fetal calf serum (FCS), 2 m

 

M

 

 

 

L

 

-glutamine,
100 IU/ml penicillin, 100 

 

m

 

g/ml streptomycin, Life Technologies,
Paisley, Scotland, UK) in the proportion 1 : 3·5 TCM. In prelimi-
nary studies the stimulation and protein secretion blockade con-
ditions were optimized. The following stimuli were tested: M
phorbol 12-myristate 13-acetate (PMA)/ionomycin, anti-CD3/
anti-CD28 and phytohaemagglutinin, each at varying concentra-
tions. In addition we optimized protein secretion blockade, select-
ing from monensin alone, brefeldin A alone and monensin in
combination with brefeldin A. Finally, we optimized the duration
of polyclonal stimulation from 6, 16 and 24 h. Optimal conditions
were  selected  as  those  providing  the  best  overall  performance
for detection of CD4 cells positive for all cytokines, with the
minimum of cell toxicity. Under the selected conditions, 1-ml
aliquots of blood suspension were supplemented either with the

 

Table 1.

 

Demographic data on patients with chronic fatigue syndrome (CFS)

Minimum Maximum Mean s.d.

Age (years) 19 62 39·0 12·4
Duration of CFS

 

1

 

 (years) 1·5 16·0 5·1 4·1
Weight (kg) 44·1 95·0 63·3 13·3
Height (cm) 152·0 183·0 169·8 8·1
Total WSAS

 

2

 

 disability score (max = 40) 5·0 38·0 26·2 8·9
Total GHQ

 

3

 

 score (depression/anxiety; max = 36) 3·0 29·0 16·8 7·7
Total fatigue score (max = 33) 17·0 33·0 26·4 4·5
Physical fatigue score (max = 21) 9·0 21·0 17·3 3·2
Mental fatigue score (max = 12) 4·0 12·0 9·1 2·4

 

1 

 

CFS: chronic fatigue syndrome; 

 

2

 

WSAS: Work and Social Adjustment Scale; 

 

3

 

GHQ: General Health Questionnaire. s.d.: standard deviation.
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polyclonal activators PMA (5 ng/ml final concentration) and ion-
omycin (745 ng/ml; both Sigma Chemical Co, Poole, UK) or left
unstimulated. To improve the sensitivity of intracellular cytokine
detection, two protein secretion inhibitors with different mecha-
nisms of action (brefeldin A at 5 

 

m

 

g/ml and monensin at 2·08 mg/
ml; both Sigma) were added to all cultures and incubated at 37

 

∞

 

C
for 16 h in 5% CO

 

2

 

. Under these conditions, cellular viability
was 

 

≥

 

92% as assessed by trypan blue exclusion and flow cytomet-
ric staining with 7-amino actinomycin-D. In addition, down-
regulation of CD4 after polyclonal stimulation under these
conditions was minimal and non-significant. A representative dot-
plot, showing intact CD4 staining and IL-4 positive cells, is shown
in Fig. 1.

Cells were harvested by gentle agitation with warm medium,
washed and stained with PerCP and fluorescein isothiocyanate
(FITC)-conjugated antihuman CD4 and CD8 monoclonal anti-
bodies (MoAb) (Becton Dickinson, San Jose, CA, USA), respec-
tively, then washed twice with phosphate-buffered saline (PBS)
containing 5% FCS and 0·01% sodium azide and intracellular
cytokine staining carried out according to the manufacturer’s rec-
ommendations (Fix & Perm Permeabilization Kit, Caltag Labo-
ratory, Burlingame, USA). In brief, the cells were fixed with
Reagent A and incubated for 15 min at room temperature in the
dark. After washing twice, permeabilizing Reagent B was added

along with appropriate PE-conjugated anticytokine (IL-2, IFN-

 

g

 

,
IL-4, IL-10) MoAbs or fluorochrome and isotype-matched con-
trol MoAbs (all Becton Dickinson) and incubated in the dark at
4

 

∞

 

C for 30 min. Finally, the stained cells were washed and sus-
pended in 200 

 

m

 

l of phosphate buffered saline (PBS) containing
0·01% sodium azide for flow cytometry analysis, which was always
carried out within 2 h of the end of the staining procedure.

 

Flow cytometry analysis

 

Stained cells were analysed on a FACSCalibur cytometer using
CELLQuest software (Becton Dickinson, San Jose, CA, USA)
and cytokine-positive cells expressed as percentage of positive
total lymphocytes. Lymphocytes were gated on the basis of for-
ward- and side-scatter properties and fluorescent channel dot-plot
quadrant statistics set on the basis of corresponding isotype-
matched control MoAbs to determine the frequencies of CD4
and CD8 T cells producing IL-2, IFN-

 

g

 

, IL-4 and IL-10. Contam-
ination by CD14

 

+

 

 monocytes in the gated CD4 population was
routinely assessed as 

 

<

 

1%.

 

Serum levels of total and allergen specific IgE

 

Serum IgE levels were measured by latex enhanced laser
nephelometry using specific antisera and a Behring Laser
Nephelometer II as recommended by the manufacturers.

 

Fig. 1.

 

Representative flow cytometric plot of cells (lymphocyte gate from forward- and side-scatter plot) stained for CD4 (

 

x

 

-axis) and
either isotype control antibody (a, c) or anti-IL-4 (b, d) after 16 h culture in the absence (upper panels, ‘resting’) or presence (lower panels,
‘polyclonally activated’) of PMA/ionomycin. It is apparent that there is minimal down-regulation of CD4 under these stimulation conditions,
and that the percentage of CD4

 

+

 

 cells remains unchanged after stimulation.
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Allergen specific IgE against a panel of 15 common allergens was
measured by Phadebas radioallergosorbent test (RAST; Pharma-
cia & Upjohn, Uppsala, Sweden).

 

Statistical analysis

 

We determined that all the cytokine data were non-normally dis-
tributed on testing, therefore the non-parametric Mann–Whitney

 

U

 

-test was used to assess differences between the CFS patients
and healthy control subjects. All correlation analyses were carried
out using Spearman’s rank correlation test.

 

RESULTS

 

Types 1 and 2 T cell balance in chronic fatigue syndrome

 

We found evidence of a bias towards Th2- and Tc2-type immune
responses in CFS. The frequency of CD4 and CD8 T cells produc-
ing IL-4 following polyclonal stimulation was significantly higher
in CFS patients compared with healthy control subjects
(

 

P 

 

<

 

 0·0001 for CD4 and 

 

P

 

 

 

<

 

 0·001 for CD8 T cells; Figs 2 and 3).
Because there was a positive correlation between IL-4

 

+

 

 CD4 and
IL-4

 

+

 

 CD8 T cell numbers (

 

r =

 

 0·54, 

 

P

 

 = 0·0016) it can be con-
cluded that in general those CFS patients with elevated levels of
IL-4-secreting Th2 cells tended to also have high levels of Tc2
cells. In contrast, mean levels of IFN-

 

g

 

, IL-2 and IL-10-producing
cells were similar in both study groups. The lack of increase in
IFN-

 

g

 

-producing CD4 and CD8 T cells suggests that the expan-
sion in IL-4 producing cells we observed is attributable to greater
numbers of type 2 rather than type 0 cells that secrete both IFN-

 

g

 

 and IL-4 (Figs 2 and 3). These differences were not attributable
to differences in percentages of CD4

 

+

 

 and CD8

 

+

 

 lymphocytes,
which were similar in the two groups.

Analysis of the mean fluorescence intensity of positive stain-
ing for each of the cytokines tested showed that levels were sim-
ilar in the two study groups, indicating that the differences we

observe reflect changes in numbers of cytokine-producing cells,
but not the quantity secreted.

 

Evidence of ongoing immune activation

 

In parallel with the analysis of cytokine-producing polyclonally
stimulated CD4 and CD8 T cells, which represent polarized cells,
we also measured intracellular cytokine production by CD4 and
CD8 cells that had been cultured for 16 h in the absence of stim-
ulation. Cells producing cytokines under these conditions could
represent circulating cells that were activated 

 

in vivo

 

 just before
the time of blood sampling.

Typically, under such resting conditions, only small numbers
of cytokine-producing cells are detected. Despite this, we found
significantly higher levels of CD4 and CD8 T cells spontaneously
producing IFN-

 

g

 

 or IL-4 in CFS patients compared with healthy
controls (Figs 4 and 5). Levels of CD4 cells producing IFN-

 

g

 

 or
IL-4 were correlated positively with each other among CFS
patients (

 

r =

 

 0·58, 

 

P

 

 = 0·0004), suggesting that they may be pro-
duced by the same subset of cells, or that the stimuli driving their
induction are similar or related. This type of response is typical of
a type 0 response. IL-10 production by non-stimulated CD8

 

+

 

 lym-
phocytes was also significantly higher in CFS patients in compar-
ison to the control group (Fig. 5; 

 

P

 

 

 

<

 

 0·0001).
Changes in levels of IL-4-producing CD4 and CD8 cells after

PMA/ionomycin stimulation were less appreciable than for the
other cytokines. In particular, in control subjects, mean levels of
IL-4

 

+

 

 cells were similar in the unstimulated and stimulated cul-
tures (mean 

 

±

 

 SD; 1·8 

 

±

 

 0·95 and 1·89 

 

±

 

 0·85, respectively, for CD4
and 1·15 

 

±

 

 0·68 and 0·87 

 

±

 

 0·7, respectively, for CD8). In contrast,
mean levels in CFS patients showed an increase after stimulation
compared with unstimulated cultures (mean 

 

±

 

 SD; 2·92 

 

±

 

 1·54 and
4·47 

 

±

 

 2·58 in the unstimulated and stimulated cultures, respec-
tively, for CD4 (

 

P =

 

 0·005) and 2·03 

 

±

 

 1·7 and 2·24 

 

±

 

 1·97 for CD8

 

P

 

 = NS).

 

Fig. 2.

 

Percentage levels of CD4 T cells producing (a) IL-4, (b) IL-10, (c) IFN-

 

g

 

 and (d) IL-2 after polyclonal activation in patients with
CFS and control subjects. There is a significant difference in levels of IL-4-producing CD4 T cells between the groups (

 

P 

 

<

 

 0·0001).
Horizontal bars represent medians.
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IgE levels and type 1 and type 2 cells

 

Because ‘allergy’ is a common subjective complaint in CFS
[35,36], and is itself associated with type 2 T cell responses, we
assessed the presence of objective markers of atopy and allergy by
measuring serum levels of total and allergen-specific IgE. Levels
of serum IgE were not statistically different between CFS patients
and healthy controls (median levels in CFS patients, 76·7 IU/ml

(range 0–493) and in control subjects 43·7 IU/ml (5–205);

 

P

 

 

 

>

 

 0·05) and there was only one significant correlation observed
in the CFS group between IgE levels and cytokine-positive cell
numbers, namely with IL-4 produced by non-stimulated CD4
(

 

r =

 

 0·46; 

 

P

 

 = 0·022). The prevalence of positive RAST tests for
allergen-specific IgE in CFS patients (11/33; 33%) was similar to
that reported in the control subjects (12/28, 42%, 

 

P

 

 

 

>

 

 0·05).

 

Fig. 3.

 

Percentage levels of CD8 T cells producing (a) IL-4, (b) IL-10, (c) IFN-

 

g

 

 and (d) IL-2 after polyclonal activation in patients with
CFS and control subjects. There is a significant difference in levels of IL-4-producing CD8 T cells between the groups (

 

P 

 

<

 

 0·0001).
Horizontal bars represent medians.
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Fig. 4.

 

Percentage levels of CD4 T cells producing (a) IL-4, (Bb IL-10, (c) IFN-

 

g

 

 and (d) IL-2 after overnight culture in the absence of
activation stimuli (unstimulated/resting cells) in patients with CFS and control subjects. There is a significant difference in levels of IL-4
and IFN-

 

g

 

-producing CD4 T cells between the groups (

 

P 

 

<

 

 0·005 and 

 

P

 

 

 

<

 

 0·05, respectively). Horizontal bars represent medians.
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Cytokine production and clinical status

 

We examined whether levels of cytokine-producing cells were
related to clinical status. We found no correlation between non-
stimulated or polyclonally stimulated IFN-

 

g

 

 +

 

, IL-2

 

+

 

 or IL-4

 

+

 

 cell
numbers and fatigue (total, physical and mental), GHQ score (for
psychiatric symptoms), Work and Social Adjustment Scale (for
disability), age, duration of illness and weight. For IL-10-
producing cells we found two weak correlations, between poly-
clonally stimulated IL-10

 

+

 

 cells and age (

 

r =

 

 0·36, 

 

P

 

 = 0·038) and
duration of illness (

 

r =

 

 0·36, 

 

P

 

 = 0·038). These results, however,
may reflect the performance of multiple statistical analyses. There
was no relationship between any of the immune parameters and
age in the control subjects.

Of the CFS patients, 22 had been free from psychotropic drug
use for more than 2 months at the time of blood sampling. There
were no differences in immune parameters between these and
those patients on psychotropic drug therapy. Similarly, 19 patients
had been free from all medication for more than 2 months at the
time of blood sampling, and there were no differences in immune
parameters between these and those patients on medication. Ten
patients had current comorbid psychiatric illness at the time of
blood sampling (depression in eight cases, depression and panic
disorder in one case and agoraphobia in one case) but did not dif-
fer in any of the immune parameters from those patients with
pure CFS. Similarly, when patients were divided according to
those with and without (

 

n

 

 = 15) past or present psychiatric history,
immune parameters were similar in the two groups.

 

DISCUSSION

 

The aim of this study was to examine the hypothesis that CFS is
associated with a type 2 immune response, in which IL-4 produc-
tion by T cells is predominant over IFN-

 

g

 

. We found evidence for
a bias towards type 2 responsiveness in patients with CFS, in
whom there were increased numbers of IL-4-producing T cells

compared with control subjects. We did not measure secretion of
IL-4 and IFN-

 

g simultaneously from the same cell, and cannot
therefore be certain that the increase in levels of IL-4-producing
cells represents an expansion of pure Th2 and Tc2 cells. However,
IL-4-producing cells were expanded as a proportion of both CD4
and CD8 T cells and levels of IL-4-producing cells correlated
between the two T cell subsets but not with IFN-g-producing cells.
The use of polyclonal stimuli is designed to reveal the cytokine
potential of effector memory lymphocytes, whereas naive T cells
do not secrete these polarizing cytokines under these conditions
[37,38]. We therefore interpret these data as indicating a consis-
tent and coordinated bias towards type 2 responsiveness in CFS.
Importantly, however, we were unable to identify any correlation
between the degree of type 2 responsiveness and any clinical mea-
surement of illness severity.

Numerous studies have been carried out to evaluate immune
function in CFS patients, as studies on stress have shown a strong
interrelation between the immune, central nervous and endocrine
systems [39]. Differences in study design, diagnostic criteria, con-
founding physiological and pathological states, including depres-
sion and laboratory factors such as methodology and reagents,
probably account for the fact that this remains a controversial
area of research in which even systematic reviews fail to reveal an
overall pattern [40]. However, some findings have greater consis-
tency than others. For example, an indication of reduced Th1
activity leading towards Th2 bias has been reported previously by
two separate studies [10,41], in both of which reduced IFN-g pro-
duction was reported. Immune activation has been observed fre-
quently, and is reflected mainly in raised/lowered levels of various
cytokines [14,15,42], reduced levels and activity of natural killer
cells [10,18,43,44] and a change in the balance of numbers of
memory and naive T cells [2,45]. Some studies in CFS have
reported increased activation of CD8 T lymphocytes [46,47], a
finding that could be interpreted as being consistent with the pro-
posal that latent viruses have a role in CFS aetiology. The present

Fig. 5. Percentage levels of CD8 T cells producing (a) IL-4, (Bb IL-10, (c) IFN-g and (d) IL-2 after overnight culture in the absence of
activation stimuli (unstimulated/resting cells) in patients with CFS and control subjects. There is a significant difference in levels of IL-4,
IFN-g and IL-10-producing CD8 T cells between the groups (P < 0·05 and P < 0·005, respectively). Horizontal bars represent medians.
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study supports the view that CFS is associated with ongoing
immune activation, as we found evidence of low-grade T cell acti-
vation in non-stimulated cultures of peripheral blood cells, which
had increased levels of both type 1 and type 2 cytokines in CD4
and CD8 T cells (consistent with a type 0 pattern of responsive-
ness). We interpret these findings as indicating that such cells were
activated at the time of blood sampling, although we cannot
exclude the possibility that the cells were activated by the culture
process itself.

A key question arising from our study is the nature of the fac-
tors that drive the immune response towards type 2 commitment
in CFS, and following on from this, what can be offered in terms
of therapy? It is well established that allergic symptoms are a
result of dysregulation in Th1/Th2 immune balance towards a Th2
type of response [48,49]. Although there are studies claiming a
higher prevalence of allergy and delayed type hypersensitivity
[44,50–52] in CFS patients, this is a controversial area of research
[50,53]. We considered it important to examine whether the Th2
bias we detected was associated with evidence of allergy, which
would thus act as a confounder. In the present study we were able
to measure total serum and allergen-specific IgE, neither of which
were associated with high levels of IL-4 producing cells or with
CFS. Future studies will be required to address any possible asso-
ciation using additional formal tests of allergic disease. Another
mechanism through which an expansion in IL-4-producing cells
could be mediated would be pre-existing chronic viral infections
[54,55], which are known to be type 2-associated. Because we did
not test for existence of any viral infections in our CFS patients we
cannot exclude or include this hypothesis. Recent literature also
indicates that Th2 type of responses may accompany autoimmune
disorders. One study [56] has reported the association of CFS with
a novel subtype of antinuclear autoantibody (ANA) that reacts
with nuclear envelope (NE) antigens, but we were not able to
reproduce these results [57]. A final factor that may be relevant is
the status of the hypothalamo–pituitary–adrenal (HPA) axis, as
glucocorticoids are well-known Th2 driving factors [58–60]. A
number of CFS investigators [61–63] have suggested that abnor-
malities in the HPA axis play a crucial role in the pathogenesis of
CFS. On balance, the evidence supports heightened negative
feedback and increased glucocorticoid receptor function [64].
Specifically, the lymphocytes of adult CFS patients are more sen-
sitive to glucocorticoids compared to controls [41,65,66]. Thus,
even though there is little evidence for raised glucocorticoid lev-
els in CFS, if anything there being a slight decrease in circulating
cortisol in some patients [64], the increased sensitivity of lympho-
cytes to glucocorticoids might lead to increased Th2 polarity

Although we demonstrate a significant difference in
immune responsiveness between CFS patients and healthy con-
trols, levels of IL-4-producing CD4 and CD8 T cells, and other
subsets that we measured, showed considerable overlap. More-
over, we were unable to identify clinical correlates with these
immune changes. It is conceivable that such correlates exist but
were not recorded for the current patient cohort. However, our
data imply that the major defining symptom of CFS, namely
fatigue, is neither due to nor responsible for type 2 immune
responsiveness. It is possible that the type 2 immune biasing we
observed is genetically determined, although no genes specifi-
cally associated with CFS have been identified, or that it is a
component of the host susceptibility necessary for the develop-
ment, but not chronicity or severity of the fatigue symptoms.
The fact that we did not observe a correlation between our

immunological findings and clinical parameters supports the
proposal that such immune changes are not suitable for the
development of an objective diagnostic test. The mechanisms
and consequences of type 2 changes remain to be elucidated,
and may require prolonged prospective studies on well-defined
patient cohorts, as well as an examination of the natural history
of such changes as patients improve clinically.
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