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Abstract
Objective: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) is a disabling illness, characterised 

by persistent, debilitating fatigue and a multitude of symptoms. Immunological alterations are prominent in CFS/ME 
cases, however little is known about the relationship between CFS/ME severity and the extent of immunological 
dysfunction. The purpose of this study was to assess innate and adaptive immune cell phenotypes and function of 
two groups of CFS/ME patients, bedridden (severe) and mobile (moderate).

Methods: CFS/ME participants were defined using the Centres for Disease Prevention and Control (1994 
CDC) Criteria for CFS/ME. Participants were grouped into healthy controls (n=22, age=40.14 ± 2.38), moderate/
mobile (n=23; age=42.52 ± 2.63) and severe/bedridden (n=18; age=39.56 ± 1.51) CFS/ME patients. Flow cytometric 
protocols were used to examine neutrophil, monocyte, dendritic cells (DCs), iNKT, Treg, B, γδ and CD8+ T cell 
phenotypes, NK cytotoxic activity and receptors.

Results: The present data found that CFS/ME patients demonstrated significant decreases in NK cytotoxic 
activity, transitional and regulatory B cells, γδ1T cells, KIR2DL1/DS1, CD94+ and KIR2DL2/L3. Significant increases 
in CD56-CD16+NKs, CD56dimCD16- and CD56brightCD16-/dim NKs, DCs, iNKT phenotypes, memory and naive B cells 
were also shown in CFS/ME participants. Severe CFS/ME patients demonstrated increased CD14-CD16+ DCs, 
memory and naïve B cells, total iNKT, iNKT cell and NK phenotypes compared to moderate CFS/ME patients.

Conclusion: This study is the first to determine alterations in NK, iNKT, B, DC and γδ T cell phenotypes in 
both moderate and severe CFS/ME patients. Immunological alterations are present in innate and adaptive immune 
cells and sometimes, immune deregulation appears worse in CFS/ME patients with more severe symptoms. It may 
be appropriate for CFS/ME patient severity subgroups to be distinguished in both clinical and research settings to 
extricate further immunological pathologies that may not have been previously reported.
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Introduction
Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME) 

is a severe physically and cognitively incapacitating illness diagnosed 
by symptom-specific criteria [1-3]. CFS/ME presents as a multifactorial 
illness that varies greatly in the nature of onset and severity of symptom 
presentation [1,2,4,5]. A key characteristic is debilitating fatigue that 
lasts for a period of 6 or more months that has a critical effect on a 
patient’s daily activities are critically affected [1-3,6].The severity of 
symptoms can vary greatly in CFS/ME. For example patients with 
moderate symptoms are able to maintain some normal daily activities 
with slight reduced mobility while those severely affected by CFS/
ME experience high levels of daily fatigue and are therefore typically 
housebound [7].

Currently, there is no known cause for CFS/ME although 
research has demonstrated consistent immunological dysfunction 
associated with the illness [8-12]. We have previously been the only 
research group to have examined Natural Killer (NK) cell function, 
phenotype and receptors in housebound severe patients in comparison 
to a healthy control group [13]. Housebound severe patients had 
significantly reduced NK cell cytotoxic activity when compared with 
the moderately affected patients and there was an increase in the Killer 
Immunoglobulin-like Receptor (KIRs) KIR3DL1 in the moderate 

patients, highlighting that differing levels of severity may also have 
varying levels of immune perturbation [13].

The most consistent immunological finding in CFS/ME is 
significantly reduced NK cell cytotoxic activity [10,13-15]. This study 
is one of the first to assess those housebound and severe CFS/ME 
patients in comparison to a moderate and mobile CFS/ME patient 
subgroup. Segregation of patients into moderate/mobile and severe/
houseboundCFS/MEsubgroups may elucidate further immunological 
markers that may explain the pathomechanism of the illness. Hence, 
the purpose of this study was to investigate phenotypic and functional 
parameters of innate (NK cells, neutrophils, monocytes, dendritic cells 
(DCs)) and adaptive (gamma delta (γδ), iNKT, CD8+T cells, B cells) 
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immune cells to compare moderate and severe CFS/ME patients. 

Methods
Ethical clearance

Ethical approval for this research was granted after review by the 
Griffith University Human Research Ethics Committee (GU Ref No: 
MSC/23/12/HREC).

Participant recruitment

Participants were recruited from Queensland and New South 
Wales areas of Australia through CFS/ME support groups, email 
advertisements and social media. All participants were between 20 and 
65 years old. All CFS/ME patients had the illness for a period of at least 
6 months prior to the study and questionnaires were used to define 
CFS/ME using the Centre for Disease Prevention and Control (CDC) 
criteria for CFS. The 1994 CDC was used for CFS/ME in the absence 
of a biomarker or diagnostic test for CFS/ME. After CFS/ME patients 
were identified as either mobile or housebound, their ‘moderate’ and 
‘severe’ status was confirmed using the 1994 CDC in conjunction with 
an extensive questionnaire to assess symptomology, health status, 
quality of life, severity and mobility in all participants.

Participants were excluded if they were previously diagnosed 
with an autoimmune disorder, psychosis, heart disease or thyroid-
related disorders or if they were pregnant, breast feeding, a smoker, or 
experiencing symptoms of CFS/ME that did not conform to the CDC 
criteria for CFS/ME. 

A total of 63participants were initially recruited for the study. 
Participants (n=63) included in the study were either moderately (n=23) 
or severely (n=22) affected by CFS/ME as well as a non-fatigued control 
group (n=18). Those in the severe CFS/ME group were housebound 
and displayed significantly worsened symptoms. The Fatigue Severity 
Scale (FSS), Dr Bell’s Disability Scale, the FibroFatigue Scale and the 
Karnofsky Performance Scale (KPS), were used in the questionnaire as 
a determinant of severity.

Sample preparation and routine measures

A non-fasting blood sample of 50 mL was collected from 
the antecubital vein of participants into lithium heparinised and 
ethylenediamine tetraacetic acid (EDTA) tubes. Blood was collected 
between 8:30 am and 11:30 am and samples were analysed within 12 
hours of collection. Initial full blood count assessment was undertaken 
by Pathology Queensland to determine levels of white blood cell and 
red blood cell markers.

Natural killer cell cytotoxic activity analysis

NK cell cytotoxic activity was performed as described previously 
[9,13]. Density gradient centrifugation using Ficoll-hypaque (Sigma, 
St Louis, MO) was used to isolate peripheral blood mononuclear cells 
(PBMCs) from whole blood. Isolated PBMCs were labelled with 0.4% 
PKH-26 (Sigma, St Louis, MO) and incubated with K562 cells for 4 
hours at the following effector (NK cell) to target (K562) ratios, 12.5:1, 
25:1 and 50:1. Cell death was analysed using Annexin-V-FITC and 
7-AAD reagents (BD Biosciences, San Diego, CA) and the ability of 
NK cells to lyse target K562 cells was measured on the flow cytometer 
(Becton Dickinson Immunocytometry Systems).

Intracellular analysis

Density gradient centrifugation using Ficoll-hypaque (Sigma, 

St Louis, MO) was used to isolate PBMCs from EDTA whole blood. 
PBMCs were adjusted to 1×107 cells/mL and stained with monoclonal 
antibodies for Tregulatory cell (Treg) phenotypes, NK lytic proteins 
and CD8 lytic proteins as described [9,13] (Supplementary Table 1). 
The Treg phenotypes were assessed as PBMCs were permeablised 
and fixed with buffers containing diethylene glycol and formaldehyde 
before being stained with FOXP3. After washing with Phosphate 
Buffered Saline (PBS) (GibcoBiocult, Scotland), cells were analysed 
on the flow cytometer (Becton Dickinson Immunocytometry 
Systems) where the expression of FOXP3+Tregs was determined on 
CD4+CD25+CD127lowT cells [9]. NK and CD8 T cell lytic proteins 
were assessed as previously described [9]. Cells were incubated for 30 
mins in Cytofix then permwash was added. Perforin, granzyme A and 
granzyme B monoclonal antibodies were added to cells and incubated 
for 30 minutes in the dark at room temperature. Cells were washed 
and analysed on the flow cytometer where perforin, granzyme A and 
granzyme B expression was measured in NK and CD8 T cells.

NK phenotype and KIR analysis

NK cells were isolated from whole blood cells using a negative 
selection system RosetteSep Human Natural Killer Cell Enrichment 
Cocktail (StemCell Technologies, Vancouver, BC). Isolated NK cells 
were labelled with CD56, CD16, CD3 (BD Biosciences, San Diego, CA) 
and monoclonal antibodies for KIR receptors (Supplementary Table 1) 
(MiltenyiBiotec). Cells were analysed on the flow cytometer (Becton 
Dickinson Immunocytometry Systems). NK lymphocytes were gated 
using CD56, CD16 and CD3 and KIR receptors were analysed based 
on their appropriate antibodies (Supplementary Table 1) [13]. NK 
cell phenotypes CD56dimCD16+, CD56-CD16+, CD56dimCD16- and 
CD56brightCD16-/dim were assessed (Supplementary Figure 4).

Whole blood analysis

Appropriate antibodies (Supplementary Table 1) were added to 
whole blood samples and incubated for 30 minutes. Following which 
cells were lysed, washed, fixed and analysed on the flow cytometer. 
Neutrophil, monocyte, DC, B cell and γδ T cell phenotypes were 
assessed using appropriate antibodies (Supplementary Table 1) and 
gating strategies on the flow cytometer (Supplementary Figures 1, 2 
and 5).

iNKT phenotype analysis

PBMCs were isolated using density gradient centrifugation as 
described above. PBMCs were labelled with monoclonal antibodies to 
assess expression of 6B11, CD3, CD4, CD8, CD8a, CD45RO, CD28, 
CCR7 (C-chemokine receptor type 7), SLAM (signalling lymphocytic 
activation molecule), CD56 and CD16 (Supplementary Table) (BD 
Biosciences, San Diego, CA). Cells were fixed with stabilising fixative 
(BD Biosciences, San Diego, CA) for analysis on the flow cytometer 
(Becton Dickinson Immunocytometry Systems) (Supplementary 
Figure 3) [16].

Data and statistical analysis

Statistical analysis was performed using SPSS statistical software 
version 21.0. All experimental data represented in this study are 
reported as plus/minus the standard error of the mean (± SEM). 
Comparative assessments among the three participant groups (control, 
moderate CFS/ME and severe CFS/ME) were performed with the 
analysis of variance test (ANOVA). The LSD Post Hoc test was used 
to determine p values of significance and statistical significance was set 
at an alpha criterion at p<0.05. Pearsons correlation was conducted on 
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significant parameters to determine correlates where significance was 
accepted as p<0.01. Outliers were identified using a boxplot technique 
on SPSS whereas extreme outliers were highlighted based on lying 
beyond the plot’s whiskers [17]. Outliers were handled by eliminating 
particular data points from the analysis [17].

Results
Participants

Data were available for a total of 63 participants (22 control, 23 

moderate CFS/ME and 18 severe CFS/ME). The mean ages for the 
control, moderate CFS/ME and severe CFS/ME were 40.14 ± 2.38, 
42.52 ± 2.63 and 39.56 ± 1.51 respectively. There was no statistical 
difference for age between participant groups. All CFS/ME participants 
from the moderate and severe CFS/ME participant groups satisfied the 
CDC criteria for CFS/ME. The severe participant group demonstrated 
significantly worsened scores for symptoms in the FSS, Dr Bell’s 
Disability Scale, the FibroFatigue Scale and the KPS (data not shown) 
when compared with the moderate CFS/ME group. Participant groups 
were also age and gender matched and there were no significant 
(p<0.05) differences between these parameters (Table 1). The three 
participant groups consisted of predominantly females with the 
control, moderate CFS/ME and severe CFS/ME having 64%, 70% and 
83% female participants and this was not statistically different between 
groups (Table 1).

Blood pressure, pulse, temperature and routine full blood counts 
were measured in all participants (Table 2). There were no statistically 
significant differences in any clinical or routine full blood count 
parameters between the participant groups. 

Reduced NK cytotoxic activity

In all three effector cell target ratios (12.5:1, 25:1, 50:1), there was 

Figure 1: The profile of NK cells in control, moderate and severe CFS/ME. (A)K cell cytotoxic activity was measured at 12.5:1, 25:1 and 50:1 effector 
to target cell ratios. Data is presented as percentage of K562 target cells lysed by NK cells. (B) NK cell phenotypes (CD56-CD16+, CD56dimCD16- 
and CD56brightCD16-/dim) presented as a percentage of total NK cells. (C) NK cell phenotype CD56dimCD16+presented as a percentage of total NK 
cells. (D) CD56brightCD16-/dim NK cells expressing KIR receptors CD94+, KIR2DL2/DL3 and KIR2DL1/DS1are represented as a percentage of total 
CD56brightCD16-/dim NK cells. (E) CD56dimCD16- NK cells expressing the KIR receptors KIR2DL2/DL3 and KIR2DL1/DS1 are represented as a percentage 
of CD56dimCD16- NK cells. (F) CD56dimCD16- NK cells expressing the KIR receptor CD94+ represented as a percentage of CD56dimCD16- NK cells. All 
data is represented as mean ± SEM. *represents results that were significantly different where p<0.05. NK: Natural Killer; KIR: Killer Immunoglobulin-
like Receptor; CFS/ME: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; SEM: Standard Error of the Mean.

Parameter Control (n=22) Moderate (n=23) Severe (n=18) p value
Age in years 
(Mean ± SEM)

40.14 ± 2.38 42.52 ± 2.63 39.56 ± 1.51 0.631

Gender 
Female, Male

14, 8 16, 7 15, 3 0.391

Age data is represented as Mean ± SEM in control (n=22), moderate CFS/ME 
(n=23) and severe CFS/ME (n=18). *signifies p<0.05 between participant groups. 
There were no significant differences in age or gender within the research groups. 
CFS/ME: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; Standard Error 
of the Mean. 
Table 1: Participant characteristics and comparisons of the age (mean ± standard 
deviation) and gender distribution of each participant group (control, moderate and 
severe).
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a significant reduction in cytotoxic activity of NK cells in moderate 
(p=0.001, 0.000, 0.017) and severe CFS/ME participants (p=0.000, 
0.000, 0.001) (Figure 1A). Cytotoxic activity was further reduced in 
the severe CFS/ME group for all three ratios although there was no 
statistical significance between the moderate and severe CFS/ME 
groups (Figure 1A). NK cytotoxic activity at with a target cell ratio of 
12.5:1 was positively correlated with the target cell ratios of 25:1 and 
50:1 and the 25:1 ratio was also positively correlated to the ratio of 50:1 
(p<0.01) (Supplementary Table 3). 

No differences to lytic proteins in CD8+ T cells and NK cells

NK and CD8+ T cell Granzyme A, Granzyme B and perforin as well 
as CD25+CD127lowCD4+FOXP3+Tregs were not significantly different 
between the groups (Data not shown).

Increased NK phenotypes and reduced KIR receptors in CFS/
ME

There was a significant increase in the number of 
CD56brightCD16-/dim and CD56-CD16+ NK cells in severe CFS/ME 
compared with moderate (p=0.023, 0.049) and CD56dimCD16- NK 
cells were significantly increased in moderate CFS/ME compared with 
controls (p=0.045) (Figures 1B and 1C). There was also a significant 
reduction in the percentage of CD56brightCD16-/dimCD158b+ NK cells in 
the severe CFS/ME group compared with the moderate CFS/ME group 
(p=0.027) (Figure 1D). Moderate CFS/ME patients had significantly 
reduced CD56dimCD16-CD158a/h+ NK cell expression compared 
with the control group (p=0.003, 0.004). There was also a significant 
increase in the expression of CD94+ on CD56dimCD16- NK cells in both 

Figure 2: Alterations in DC, B and γδ1 T cell phenotypes in control, moderate and severe CFS/ME participant groups. (A) DC phenotypes, including 
pDs, mDCs and CD14-CD16+ DCs where data is represented as the total number of cells (cells/μL). (B) B cell phenotypes (memory, plasma, naive, 
transitional and regulatory B cells) in control, moderate and severe CFS/ME groups represented as total number of cells (cells/μL). (C) γδ1 T cell 
CD45RA+CD27- and CD45RA+CD27+ phenotypes are represented as total number of cells (cells/μL). (D) γδ1 T cell phenotypes CD45RA-CD27- and 
CD45RA-CD27+ are represented as total number of cells (cells/μL). Data are represented as mean ± SEM. *represents results that were significantly 
different where p<0.05. DC: Dendritic Cell; CFS/ME: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; pDC: Plasmacytoid Dendritic Cell; mDC: 
Myeloid Dendritic Cells; SEM: Standard Error of the Mean.

Parameter Control 
(n=22)

Moderate 
(n=23)

Severe 
(n=18)

p value 

Blood Pressure 
(Systolic)

119.32 ± 3.97 114.13 ± 2.86 111.39 ± 3.57 0.281

Blood Pressure 
(Diastolic)

76.36 ± 2.01 71.52 ± 1.15 74.44 ± 2.88 0.214

Pulse bpm 66.00 ± 1.73 70.56 ± 1.80 67.28 ± 1.64 0.152
Temperature (oC) 36.43 ± 0.09 36.33 ± 0.08 36.55 ± 0.12 0.291
Haemoglobin g/L 138.81 ± 3.52 140.52± 2.71 137.00 ± 3.80 0.763
White Cell Count 
(x109/L)

5.73 ± 0.26 6.17 ± 0.36 6.60 ± 0.52 0.289

Platelets (x109/L) 237.91 ± 10.34 250.57± 9.72 248.17 ± 18.16 0.741
Haematocrit (x109/L) 2.17 ± 1.75 0.41 ± 0.01 0.40 ± 0.01 0.398
Red Cell Count 
(x109/L)

4.64 ± 0.09 4.66 ± 0.09 4.39 ± 0.10 0.110

MCV (fL) 89.23 ± 0.92 89.13 ± 0.58 90.94 ± 1.25 0.320
Neutrophils (×109/L) 3.31 ± 0.22 3.58 ± 0.27 3.88 ± 0.32 0.351
Lymphocytes 
(×109/L)

1.86 ± 0.12 2.05 ± 0.13 11.87 ± 9.72 0.277

Monocytes (×109/L) 0.40 ± 0.2 0.35 ± 0.02 0.40 ± 0.04 0.371
Eosinophils(×109/L) 0.14 ± 0.02 0.16 ± 0.02 0.16 ± 0.03 0.754
Basophils (×109/L) 0.02 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.430
ESR (mm/Hr) 7.32 ± 0.66 8.39 ± 1.69 10.28 ± 1.46 0.325
Sodium (mmol/L) 138.62 ± 0.43 138.48 ± 0.40 137.56 ± 0.88 0.392
C-Reactive Protein 
(mg/L)

3.07 ± 0.49 3.29 ± 0.79 4.00 ± 0.97 0.688

All data is represented as Mean ± SEM in control (n=22), moderate CFS/ME (n=23) 
and severe CFS/ME (n=18). *signifies p<0.05 between participant groups. CFS/
ME: Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; Standard Error of the 
Mean. 
Table2: Clinical and full blood count results for the control, moderate and severe 
CFS/ME participant groups.
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moderate (p=0.042) and severe (p=0.007) CFS/ME patients (Figures 1E 
and 1F). CD56dimCD16-CD158a/h+ was positively correlated to plasma 
B cell and naïve B cell phenotypes and CD56brightCD16-/dim NK cells were 
positively correlated to memory B cells (p<0.01) (Supplementary 
Table 2).

Whole blood phenotypes

Plasmacytoid DCs (pDCs) were significantly higher in the moderate 
CFS/ME group (p=0.002). Myeloid DCs (mDCs) were not statistically 
different between any of the groups and CD14-CD16+ DCs were higher 

in the severe CFS/ME group compared with the moderate CFS/ME 
(p=0.000) and control group (p=0.000) (Figure 2A). The number of 
memory and naïve B cells (cells/µL) was significantly increased in the 
severe CFS/ME group compared with the moderate CFS/ME group 
(p=0.025, 0.026). There was also a significantly reduced number of 
transitional B cells and B regulatory cells (Bregs) in the severe CFS/ME 
participants compared with the control CFS/ME participants (p=0.047, 
0.041) (Figure 2B). There was a significant reduction in the number 
of γδ1 T cells (cells/µL) with the phenotype CD45RA+CD27- in the 
moderate and severe CFS/ME groups (p=0.007 and 0.018). γδ1 T cells 

Figure 3: Perturbations in iNKT cell phenotypes and receptors in control, moderate and severe CFS/ME. (A) Total iNKT cell numbers are represented 
as a total number of cells (cells/μL) in control, moderate and severe CFS/ME groups. (B) CD8 and CD4 iNKT cell phenotypes represented as total 
number of cells (cells/μL). (C) CD8a and CD4 iNKT cell phenotypes are represented as total number of cells (cells/μL). (D) CD56 and CD16 iNKT 
cell phenotypesare represented as total number of cells (cells/μL). (E) CCR7 and SLAM iNKT cell receptor expression (CCR7+SLAM-, CCR7+SLAM+ 
and CCR7-SLAM+) is shown as total number of cells (cells/μL). (F) CCR7 and SLAM iNKT cell receptor expression (CCR7+SLAM-) is represented as 
total number of cells (cells/μL). All data is represented as mean ± SEM. *represents results that were significantly different where p<0.05 CFS/ME: 
Chronic Fatigue Syndrome/Myalgic Encephalomyelitis; CCR7: C Chemokine Receptor Type 7; SLAM: Signaling Lymphocytic Activation Molecule; 
SEM: Standard Error of the Mean.
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(cells/µL) with the phenotype CD45RA-CD27- were also significantly 
reduced in the moderate CFS/ME group (p=0.0142) (Figures 2C and 
2D). γδ2 T cells (cells/µL) were not significantly different between the 
groups (Data not shown).

No significant differences in total neutrophil numbers, CD177bright or 
CD177dim neutrophils, true monocytes, proinflammatory, intermediate 
or classical monocytes, total CD8+ T cells or CD8+ T cell phenotypes 
(cells/µL) between the control, moderate CFS/ME or severe CFS/ME 
groups were found (p>0.05) (Data not shown).

iNKT Phenotypes

Total iNKT numbers (cells/µL) were significantly increased in 
severe CFS/ME compared with controls (p=0.012) and moderate CFS/
ME (p=0.004) (Figure 3A). There was a significantly reduced number of 
6B11+CD3+CD8-CD4-, 6B11+CD3+CD8a-CD4- and 6B11+CD3+CD8a-

CD4+iNKT cells (cells/µL) in the moderate CFS/ME group (p=0.031, 
0.026, 0.047) (Figures 3B and 3C). 6B11+CD3+CD56+CD16+, 
6B11+CD3+CD56-CD16- and 6B11+CD3+CD56-CD16+iNKT cells were 
significantly increased in the severe CFS/ME group compared with 
the control (p=0.045, 0.009, 0.025) and moderate groups, (p=0.014, 
0.005, 0.031) (Figure 3D). 6B11+CD3+CCR7-SLAM-iNKT cells were 
significantly higher in the severe group compared with the moderate 
and control groups (p=0.012, 0.011) and 6B11+CD3+CCR7-SLAM+ 
iNKT cells were also significantly increased in the severe CFS/ME 
group compared with controls (p=0.012) (Figures 3E and 3F). iNKT 
cell markers were significantly correlated in a positive manner with 
subsequent iNKT cell markers and subsets (p<0.01) (Supplementary 
Table 3).

Discussion
This is the first study to examine monocytes, neutrophils, DCs, 

CD8 T cells, γδ T cells, iNKT cells, Tregs and B cells in moderate CFS/
ME patients compared to severe CFS/ME patients and this is the first 
study to assess iNKT cells in CFS/ME. Previous literature has assessed 
immunological function in CFS/ME patients in relation to NK cells, 
monocytes, neutrophils, DCs, CD8 T cells, γδT cells, Tregs and B cells 
[13-15,18-21] however only one other study has examined immune 
parameters in moderate and severe CFS/ME patients [13]. 

This investigation confirmed previous findings that NK cell 
cytotoxic activity is consistently reduced in CFS/ME patients [12-14,20]. 
Reductions in cytotoxic activity may be associated with differential 
levels of cytotoxic molecules, including perforin, granzyme A and 
granzyme B which  have been shown to be varied in cytotoxic NK cells 
and CD8+ T cells in CFS/ME [22,23]. NK cell cytotoxic activity can also 
be regulated by CD56bright and CD56dimNK cell phenotypes which have 
equivocal levels in CFS/ME patients [24-26]. This study also confirmed 
increases CD56brightCD16-/dim and CD56-CD16+NK cells in CFS/ME 
[25,26]. CD56dim and CD56bright NK cell phenotypes are primarily 
responsible for cytotoxic activity and cytokine release respectively. 
[27]. CD56bright NK cells secrete immunoregulatory cytokines, such as 
IFN-γ, TNF-β, IL-10, IL-13 and GM-CSF which initiate an immune 
response and cytotoxic activities in other cells, including NK cells, 
B cells and DCs. CD56bright NK cells also exhibit potent lymphokine-
activated killer (LAK) activity which stimulates other lymphocytes to 
kill target cells, while CD56dim NK cells are predominantly responsible 
for cytotoxic activity and antibody-dependent cellular cytotoxicity 
[27]. The increase in CD56bright NK cells may serve as a regulatory 
mechanism to improve the reduced NK cytotoxic activity in CFS/
ME. This study has shown that NK cell dysfunction may vary between 

CFS/ME patient subgroups, with significant differences between the 
moderate and severe CFS/ME patients. The mechanism causing the 
reduced NK cytotoxic activity and increased NK phenotypes in CFS/
ME patients is unknown although potential genetic defects may affect 
NK cell function in CFS/ME [28]. 

KIR2DS1 is an activating NK cell receptor which promotes 
NK cytotoxic activity in a human leukocyte antigen (HLA) class-1 
dependent manner [29]. In psoriasis, the KIR2DS1 gene is a strong 
predictor of disease where psoriasis patients demonstrate reduced 
KIR2DS1 genetic frequency [30]. This study was the first to find 
reduced expression of the KIR2DS1 in moderate and severe CFS/ME 
patients. This may be associated with the reduced ability of NK cells 
to successfully lyse target cells [24,29-31]. Similarly, reductions in the 
corresponding inhibitory receptors KIR2DL1 and KIR2DL2/DL3 in 
CFS/ME may trigger reduced alloreactive KIR NK cell cytotoxic activity 
[29,30,32-34]. Thus, changes in KIR receptors may be an important 
component in the CFS/ME illness mechanism. In our previous studies 
KIR3DL1 was increased in CFS/ME patients, however we were unable 
to confirm this finding and this may be related to the heterogeneity of 
CFS/ME [13].

CD94 is a cytokine induced receptor complex on NK cells which 
can also either activate or inhibit cell-mediated cytotoxicity in NK 
cells, dependent on NKG2 protein association which recruits SHP-1 
tyrosine phosphatase and couples to tyrosine kinase [35]. CD94 NK 
receptors recognise HLA-E which presents HLA class 1 molecule-
derived peptides and inhibits NK cell-mediated lysis [36]. An increase 
in CD94 expression in CD56dimCD16- NK cells of both moderate and 
severe CFS/ME may be associated with an upregulated expression 
of HLA-E, which protects target cells from NK cell lysis and hence 
possibly reducing overall NK cell cytotoxic activity [24,37].

iNKT cells regulate disease conditions including type I diabetes 
and cancer via communication with a number of innate and adaptive 
immune cells [38,39]. Cellular interaction with iNKT cells results in 
the release of IL-10, causing reduced IL-12 in DCs and self-destructive 
ability in both T and B cells [38]. An increased number of iNKT cells in 
the severe CFS/ME participants may indicate the further promotion of 
iNKT cell proliferation in the bone marrow [40] and maybe related to an 
enhanced cell-mediated regulation of immunity in these patients [38]. 
The CD4+and CD8a+iNKT cell subsets provide immunoregulation by 
releasing cytokines including IL-4, IL-5, IL-13, TNF-α and IFN-γ while 
the CD8-CD4-iNKT subset produces only IL-9 and IL-10 and induce 
cytotoxic activity [38,41-43]. Reduced CD8-CD4-, CD8a-CD4- and 
CD8a-CD4+iNKT subsets in CFS/ME may reduce cytokine secretion 
required for maturation and activation of NK cells, DCs, B and T cells 
[42].

Increases in the CCR7-iNKT cells in CFS/ME may affect the 
trafficking of B and T cell trafficking to secondary lymphoid organs, as 
CCR7 plays a role in immunosurveillance [44,45]. SLAM is a surface 
receptor essential for iNKT cell development and the production of 
cytokines, particularly IFN-γ [46-48]. Increased iNKTCCR7-SLAM- 
and reduced CCR7-SLAM+ expression in both moderate and severe 
CFS/ME compared to controls may be associated with a reduced ability 
of iNKT cells to interact and activate DC and T cells during an immune 
response [46]. Circulating iNKT cells also have a variable expression of 
the NK markers, CD56 and CD16, although little is known about the 
functional significance of these markers on the surface of iNKT cells 
[16]. Increases in CD56 and CD16 iNKT cell phenotypes in CFS/ME 
patients may be related to the altered expression of CD56 and CD16 
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NK cell phenotypes in the illness as iNKT cells are often dependent on 
NK cells, which are dysfunctional in CFS/ME. Similarly to NK cells, 
the alterations in iNKT cell markers displayed between moderate and 
severe CFS/ME patients may be due to NK or iNKT gene influencing 
an individual’s susceptibility and extent of dysfunction [49].

pDCs are also responsible for modulating NK, T and B cell immune 
responses through antigen presentation and the release of cytokines 
and chemokines [50]. pDCs are particularly important in modulating 
and activating NK cell cytotoxic activity in response to a host viral 
infection through their secretion of IFN-α [51]. Increased pDCs in the 
moderate CFS/ME patients may be associated with increased NK cell 
activation and effector cell functioning. Increased pDCs in conjunction 
with reduced NK cytotoxic activity may highlight a reduced efficiency 
in cell-cell crosstalk and immune dysregulation in CFS/ME [51]. 
Elevated pDCs may also be linked to pDCs having an increased ability 
to become readily infected than mDCs, as found in HIV. This could 
potentially explain why there was no significant difference between 
mDC phenotypes in controls, moderate or severe CFS/ME [52]. 
Another DC phenotype, cytokine-producing CD14-CD16+ DCs were 
also significantly increased in the severe CFS/ME patients compared 
to both controls and the moderate CFS/ME subgroup, potentially 
suggesting dysfunction in the secretion of inflammatory cytokines. 
This supports studies which have shown IL4, IL-10 and IL-12, primarily 
produced by CD14-CD16+ DCs are found to be increased in CFS/ME 
[53-57]. These cytokines are important in the neutralisation of the Th1/
Th2 cytokine shift which is also altered in CFS/ME patients [56,57].

γδ T cells are sentinel cytotoxic cells involved in the elimination 
of bacterial infection, delayed-type hypersensitivity reactions, wound 
repair, antigen presentation and immunoregulation [58]. Effector 
memory γδT cells are responsible for cell migration to sites of 
inflammation and demonstrate NK-like functions such as the detection 
of abnormal MHC expression. Effector memory γδT cells also have 
potential for greater cytotoxic activity, tissue homing and rapid innate-
like target recognition than central memory and naïve γδ T cell subsets 
[58]. Reduced γδ1 effector memory in both moderate and severe CFS/
ME and reduced γδ1 naive phenotypes in moderate CFS/ME may 
potentially be a reflection of the consistently reduced NK cytotoxic 
activity in the illness as these cells are similar to NK cytotoxic cells. 

It has been previously suggested that B cell activation may be 
increased in CFS/ME [59]. The increased naïve and memory B cells 
shown in severe CFS/ME compared to moderate CFS/ME patients may 
be consistent with amplified B cell activation, particularly as B cells 
are regulated by T and NK cells which also demonstrate dysfunction 
in CFS/ME. The increased naïve and memory B cells were shown in 
only the severe CFS/ME group, potentially highlighting a significant 
difference between CFS/ME severity subgroups. This confirms 
previous studies where CFS/ME patients have demonstrated increased 
numbers of naive and transitional memory B cells [60]. The generation 
of memory B cells from naïve B cells is promoted by IL-4, IL-5, IL-
13 and IL-10, secreted from CD4+ T cells. This suggests that potential 
increases in these cytokines, previously found in CFS/ME, may be 
triggering the increase in these B phenotypes [61]. Interestingly, 
transitional B cells are reduced in CFS/ME, indicating that the T cell-
mediated extrinsic signals that drive B cell progression into transitional 
B cells may be abnormal [62,63]. Reduced Bregs are associated with 
reduced interactions with pathogenic T cells via cell-cell contact which 
are important in suppressing inflammatory T cells as well as regulatory 
cytokines (such as IL-10, TGF-β) [64,65]. The anti-inflammatory 
cytokine IL-10 in particular, has been reported as  increased in CFS/

ME patients and is often related to enhanced production and survival 
of B cells [66].

Overall, immunological dysfunction in CFS/ME patients occurs 
as a consequence of changes in cytotoxic activity, NK cell phenotypes, 
KIR receptors, iNKT, DCs, γδ T cells and B cell phenotypes. The severe 
CFS/ME subgroup of patients also experienced further immunological 
function in some instances. These findings suggest that immune 
perturbations may be further persistent in CFS/ME patients who 
experience more severe CFS/ME symptoms and hence may potentially 
dictate illness severity, as occurs in other diseases, such as rheumatoid 
arthritis (RA) [67-69].

Conclusion
This study is the first to assess a wide range of innate and adaptive 

immune cells in CFS/ME patients subgrouped by severity. Immune 
dysregulation was found in both moderate and severe patients with a 
consistent reduction in NK cytotoxic activity, alterations in B and iNKT 
cell phenotypes and an increase in CD14-CD16+ DCs. Interestingly, 
CD14-CD16+ DCs, total iNKTs and iNKT cell phenotypes differed 
between the moderate and severe CFS/ME patient subgroups. The 
findings of this study demonstrate that immune dysfunction appears 
to be related to the level of severity experienced by the patient hence 
severity subgroups may be important in identifying a specific disease 
mechanism in CFS/ME. Severity subgrouping of CFS/ME need to be 
considered in future studies as they may have implications for diagnosis 
and developing therapeutic strategies.

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

Acknowledgements

Alison Hunter Memorial Foundation, Mason Foundation [Grant Number 
MA43120] and Queensland Government Department of Science, Information 
Technology, Innovation and the Arts Smart Futures Fund [Grant Number 
216702MRE].

References

1. Carruthers BM, van de Sande MI, De Meirleir KL, Klimas NG, Broderick G, et 
al. (2011) Myalgic encephalomyelitis: International Consensus Criteria. J Intern 
Med 270: 327-338.

2. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, et al. (1994) The 
chronic fatigue syndrome: a comprehensive approach to its definition and 
study. International Chronic Fatigue Syndrome Study Group. Ann Intern Med 
121: 953-959.

3. Jason LA, Corradi K, Torres-Harding S, Taylor RR, King C (2005) Chronic 
fatigue syndrome: the need for subtypes. Neuropsychol Rev 15: 29-58.

4. Baraniuk JN, Adewuyi O, Merck SJ, Ali M, Ravindran MK, et al. (2013) A 
Chronic Fatigue Syndrome (CFS) severity score based on case designation 
criteria. Am J Transl Res 5: 53-68.

5. Zaturenskaya M, Jason LA (2009) Subgrouping in chronic fatigue syndrome 
based on actigraphy and illness severity. Open Biology Journal 2: 20-26. 

6. Carruthers BM, Jain AK, De Meirleir KL, Peterson DL, Klimas NG, et al. (2003) 
Myalgic encephalomyelitis/chronic fatigue syndrome: clinical working case 
definition, diagnostic and treatment protocols. J Chronic Fatigue syndr 11: 
7-115. 

7. Wiborg JF, van der Werf S, Prins JB, Bleijenberg G (2010) Being homebound 
with chronic fatigue syndrome: A multidimensional comparison with outpatients. 
Psychiatry Res 177: 246-249.

8. Barker E, Fujimura SF, Fadem MB, Landay AL, Levy JA (1994) Immunologic 
abnormalities associated with chronic fatigue syndrome. Clin Infect Dis 18: 
S136-141.

9. Brenu EW, van Driel ML, Staines DR, Ashton KJ, Ramos SB, et al. (2011) 

http://dx.doi.org/10.4172/2155-9899.1000190
http://dx.doi.org/10.4172/2155-9899.1000190
http://www.ncbi.nlm.nih.gov/pubmed/21777306
http://www.ncbi.nlm.nih.gov/pubmed/21777306
http://www.ncbi.nlm.nih.gov/pubmed/21777306
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/7978722
http://www.ncbi.nlm.nih.gov/pubmed/15929497
http://www.ncbi.nlm.nih.gov/pubmed/15929497
http://www.ncbi.nlm.nih.gov/pubmed/23390566
http://www.ncbi.nlm.nih.gov/pubmed/23390566
http://www.ncbi.nlm.nih.gov/pubmed/23390566
http://www.allergyliberation.co.uk/index.php?main_page=page&id=115
http://www.allergyliberation.co.uk/index.php?main_page=page&id=115
http://www.ncbi.nlm.nih.gov/nlmcatalog/9442486
http://www.ncbi.nlm.nih.gov/nlmcatalog/9442486
http://www.ncbi.nlm.nih.gov/nlmcatalog/9442486
http://www.ncbi.nlm.nih.gov/nlmcatalog/9442486
http://www.ncbi.nlm.nih.gov/pubmed/20207012
http://www.ncbi.nlm.nih.gov/pubmed/20207012
http://www.ncbi.nlm.nih.gov/pubmed/20207012
http://www.ncbi.nlm.nih.gov/pubmed/8148441
http://www.ncbi.nlm.nih.gov/pubmed/8148441
http://www.ncbi.nlm.nih.gov/pubmed/8148441
http://www.ncbi.nlm.nih.gov/pubmed/21619669


Citation: Hardcastle SL, Brenu E, Johnston S, Nguyen T, Huth T, et al. (2014) Analysis of the Relationship between Immune Dysfunction and Symptom 
Severity in Patients with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME). J Clin Cell Immunol 5: 190. doi:10.4172/2155-
9899.1000190

Page 8 of 9

Volume 5 • Issue 1 • 1000190
J Clin Cell Immunol
ISSN: 2155-9899 JCCI, an open access journal 

Immunological abnormalities as potential biomarkers in Chronic Fatigue 
Syndrome/Myalgic Encephalomyelitis. J Transl Med 9: 81.

10. Klimas NG, Salvato FR, Morgan R, Fletcher MA (1990) Immunologic 
abnormalities in chronic fatigue syndrome. J Clin Microbiol 28: 1403-1410.

11. Lorusso L, Mikhaylova SV, Capelli E, Ferrari D, Ngonga GK, et al. (2009) 
Immunological aspects of chronic fatigue syndrome. Autoimmun Rev 8: 287-
291.

12. Patarca-Montero R, Antoni M, Fletcher MA, Klimas NG (2001) Cytokine and 
other immunologic markers in chronic fatigue syndrome and their relation to 
neuropsychological factors. Appl Neuropsychol 8: 51-64.

13. Brenu EW, Hardcastle SL, Atkinson GM, van Driel ML, Kreijkamp-Kaspers S, et 
al. (2013) Natural killer cells in patients with severe chronic fatigue syndrome. 
Autoimmunity Highlights 4: 1-12. 

14. Brenu EW, van Driel ML, Staines DR, Ashton KJ, Hardcastle SL, et al. (2012) 
Longitudinal investigation of natural killer cells and cytokines in chronic fatigue 
syndrome/myalgic encephalomyelitis. J Transl Med 10: 88.

15. Klimas NG, Koneru AO (2007) Chronic fatigue syndrome: inflammation, 
immune function, and neuroendocrine interactions. Curr Rheumatol Rep 9: 
482-487.

16. Montoya CJ, Pollard D, Martinson J, Kumari K, Wasserfall C, et al. (2007) 
Characterization of human invariant natural killer T subsets in health and 
disease using a novel invariant natural killer T cell-clonotypic monoclonal 
antibody, 6B11. Immunology 122: 1-14.

17. Aguinis H, Gottfredson RK, Joo H (2013) Best-Practice Recommendations for 
Defining, Identifying, and Handling Outliers. Organizational Research Methods 
16: 270-301. 

18. Brenu EW, Staines DR, Baskurt OK, Ashton KJ, Ramos SB, et al. (2010) 
Immune and hemorheological changes in chronic fatigue syndrome. J Transl 
Med 8: 1.

19. Fletcher MA, Zeng XR, Barnes Z, Levis S, Klimas NG (2009) Plasma cytokines 
in women with chronic fatigue syndrome. J Transl Med 7: 96.

20. Klimas NG, Broderick G, Fletcher MA (2012) Biomarkers for chronic fatigue. 
Brain Behav Immun 26: 1202-1210.

21. Lloyd AR, Wakefield D, Boughton CR, Dwyer JM (1989) Immunological 
abnormalities in the chronic fatigue syndrome. Med J Aust 151: 122-124.

22. Maher KJ, Klimas NG, Fletcher MA (2005) Chronic fatigue syndrome is 
associated with diminished intracellular perforin. Clin Exp Immunol 142: 505-
511.

23. Saiki T, Kawai T, Morita K, Ohta M, Saito T, et al. (2008) Identification of marker 
genes for differential diagnosis of chronic fatigue syndrome. Mol Med 14: 599-
607.

24. Lanier LL (2005) NK cell recognition. Annu Rev Immunol 23: 225-274.

25. Morrison LJ, Behan WH, Behan PO (1991) Changes in natural killer cell 
phenotype in patients with post-viral fatigue syndrome. Clin Exp Immunol 83: 
441-446.

26. Tirelli U, Marotta G, Improta S, Pinto A (1994) Immunological abnormalities in 
patients with chronic fatigue syndrome. Scand J Immunol 40: 601-608.

27. Cooper MA, Fehniger TA, Caligiuri MA (2001) The biology of human natural 
killer-cell subsets. Trends Immunol 22: 633-640.

28. Orange JS (2002) Human natural killer cell deficiencies and susceptibility to 
infection. Microbes Infect 4: 1545-1558.

29. Stewart CA, Laugier-Anfossi F, Vély F, Saulquin X, Riedmuller J, et al. 
(2005) Recognition of peptide-MHC class I complexes by activating killer 
immunoglobulin-like receptors. Proc Natl Acad Sci U S A 102: 13224-13229.

30. Ploski R, Luszczek W, Kusnierczyk P, Nockowski P, Cislo M, et al. (2006) A 
role for KIR gene variants other than KIR2DS1 in conferring susceptibility to 
psoriasis. Hum Immunol 67: 521-526.

31. Yen JH, Moore BE, Nakajima T, Scholl D, Schaid DJ, et al. (2001) Major 
histocompatibility complex class I-recognizing receptors are disease risk genes 
in rheumatoid arthritis. J Exp Med 193: 1159-1167.

32. Vitale M, Carlomagno S, Falco M, Pende D, Romeo E, et al. (2004) Isolation of 
a novel KIR2DL3-specific mAb: comparative analysis of the surface distribution 
and function of KIR2DL2, KIR2DL3 and KIR2DS2. Int Immunol 16: 1459-1466.

33. Oliviero B, Varchetta S, Paudice E, Michelone G, Zaramella M, et al. (2009) 
Natural killer cell functional dichotomy in chronic hepatitis B and chronic 
hepatitis C virus infections. Gastroenterology 137: 1151-1160.

34. Kulkarni S, Martin MP, Carrington M (2008) The Yin and Yang of HLA and KIR 
in human disease. Semin Immunol 20: 342-352. 

35. Liao YH, Jee SH, Sheu BC, Huang YL, Tseng MP, et al. (2006) Increased 
expression of the natural killer cell inhibitory receptor CD94/NKG2A and 
CD158b on circulating and lesional T cells in patients with chronic plaque 
psoriasis. Br J Dermatol 155: 318-324.

36. Gumá M, Cabrera C, Erkizia I, Bofill M, Clotet B, et al. (2006) Human 
cytomegalovirus infection is associated with increased proportions of NK cells 
that express the CD94/NKG2C receptor in aviremic HIV-1-positive patients. J 
Infect Dis 194: 38-41.

37. Tomasec P, Braud VM, Rickards C, Powell MB, McSharry BP, et al. (2000) 
Surface expression of HLA-E, an inhibitor of natural killer cells, enhanced by 
human cytomegalovirus gpUL40. Science 287: 1031.

38. Mars LT, Novak J, Liblau RS, Lehuen A (2004) Therapeutic manipulation 
of iNKT cells in autoimmunity: modes of action and potential risks. Trends 
Immunol 25: 471-476.

39. Lee PT, Putnam A, Benlagha K, Teyton L, Gottlieb PA, et al. (2002) Testing the 
NKT cell hypothesis of human IDDM pathogenesis. J Clin Invest 110: 793-800.

40. Godfrey DI, Hammond KJ, Poulton LD, Smyth MJ, Baxter AG (2000) NKT cells: 
facts, functions and fallacies. Immunol Today 21: 573-583.

41. La Cava A, Van Kaer L, Fu-Dong-Shi (2006) CD4+CD25+ Tregs and NKT cells: 
regulators regulating regulators. Trends Immunol 27: 322-327.

42. Yamamura T, Sakuishi K, Illés Z, Miyake S (2007) Understanding the behavior 
of invariant NKT cells in autoimmune diseases. J Neuroimmunol 191: 8-15.

43. Zeng SG, Ghnewa YG, O’Reilly VP, Lyons VG, Atzberger A, et al. (2013) 
Human invariant NKT cell subsets differentially promote differentiation, antibody 
production, and T cell stimulation by B cells in vitro. J Immunol 191: 1666-1676.

44. Campbell JJ, Murphy KE, Kunkel EJ, Brightling CE, Soler D, et al. (2001) CCR7 
expression and memory T cell diversity in humans. J Immunol 166: 877-884.

45. Ohl L, Mohaupt M, Czeloth N, Hintzen G, Kiafard Z, et al. (2004) CCR7 governs 
skin dendritic cell migration under inflammatory and steady-state conditions. 
Immunity 21: 279-288.

46. Baev DV, Caielli S, Ronchi F, Coccia M, Facciotti F, et al. (2008) Impaired 
SLAM-SLAM homotypic interaction between invariant NKT cells and dendritic 
cells affects differentiation of IL-4/IL-10-secreting NKT2 cells in nonobese 
diabetic mice. J Immunol 181: 869-877.

47. Hu T, Gimferrer I, Simmons A, Wiest D, Alberola-Ila J (2011) The Ras/MAPK 
pathway is required for generation of iNKT cells. PLoS One 6: e19890.

48. Quiroga MF, Martínez GJ, Pasquinelli V, Costas MA, Bracco MM, et al. (2004) 
Activation of signaling lymphocytic activation molecule triggers a signaling 
cascade that enhances Th1 responses in human intracellular infection. J 
Immunol 173: 4120-4129.

49. Chen Y, Wei H, Sun R, Dong Z, Zhang J, et al. (2007) Increased susceptibility 
to liver injury in hepatitis B virus transgenic mice involves NKG2D-ligand 
interaction and natural killer cells. Hepatology 46: 706-715.

50. Colonna M, Trinchieri G, Liu YJ (2004) Plasmacytoid dendritic cells in immunity. 
Nat Immunol 5: 1219-1226.

51. Tomescu C, Duh FM, Lanier MA, Kapalko A, Mounzer KC, et al. (2010) Increased 
plasmacytoid dendritic cell maturation and natural killer cell activation in HIV-1 
exposed, uninfected intravenous drug users. AIDS 24: 2151-2160.

52. Patterson S, Rae A, Hockey N, Gilmour J, Gotch F (2001) Plasmacytoid 
dendritic cells are highly susceptible to human immunodeficiency virus type 1 
infection and release infectious virus. J Virol 75: 6710-6713.

53. Nakamura T, Schwander SK, Donnelly R, Ortega F, Togo F, et al. (2010) 
Cytokines across the night in chronic fatigue syndrome with and without 
fibromyalgia. Clin Vaccine Immunol 17: 582-587.

54. Patarca R (2001) Cytokines and chronic fatigue syndrome. Ann N Y Acad Sci 
933: 185-200.

55. Skowera A, Cleare A, Blair D, Bevis L, Wessely SC, et al. (2004) High levels of 
type 2 cytokine-producing cells in chronic fatigue syndrome. Clin Exp Immunol 
135: 294-302.

http://dx.doi.org/10.4172/2155-9899.1000190
http://dx.doi.org/10.4172/2155-9899.1000190
http://www.ncbi.nlm.nih.gov/pubmed/21619669
http://www.ncbi.nlm.nih.gov/pubmed/21619669
http://www.ncbi.nlm.nih.gov/pubmed/2166084
http://www.ncbi.nlm.nih.gov/pubmed/2166084
http://www.ncbi.nlm.nih.gov/pubmed/18801465
http://www.ncbi.nlm.nih.gov/pubmed/18801465
http://www.ncbi.nlm.nih.gov/pubmed/18801465
http://www.ncbi.nlm.nih.gov/pubmed/11388124
http://www.ncbi.nlm.nih.gov/pubmed/11388124
http://www.ncbi.nlm.nih.gov/pubmed/11388124
http://link.springer.com/article/10.1007%2Fs13317-013-0051-x
http://link.springer.com/article/10.1007%2Fs13317-013-0051-x
http://link.springer.com/article/10.1007%2Fs13317-013-0051-x
http://www.ncbi.nlm.nih.gov/pubmed/22571715
http://www.ncbi.nlm.nih.gov/pubmed/22571715
http://www.ncbi.nlm.nih.gov/pubmed/22571715
http://www.ncbi.nlm.nih.gov/pubmed/18177602
http://www.ncbi.nlm.nih.gov/pubmed/18177602
http://www.ncbi.nlm.nih.gov/pubmed/18177602
http://www.ncbi.nlm.nih.gov/pubmed/17662044
http://www.ncbi.nlm.nih.gov/pubmed/17662044
http://www.ncbi.nlm.nih.gov/pubmed/17662044
http://www.ncbi.nlm.nih.gov/pubmed/17662044
http://orm.sagepub.com/content/early/2013/01/11/1094428112470848
http://orm.sagepub.com/content/early/2013/01/11/1094428112470848
http://orm.sagepub.com/content/early/2013/01/11/1094428112470848
http://www.ncbi.nlm.nih.gov/pubmed/20064266
http://www.ncbi.nlm.nih.gov/pubmed/20064266
http://www.ncbi.nlm.nih.gov/pubmed/20064266
http://www.ncbi.nlm.nih.gov/pubmed/19909538
http://www.ncbi.nlm.nih.gov/pubmed/19909538
http://www.ncbi.nlm.nih.gov/pubmed/22732129
http://www.ncbi.nlm.nih.gov/pubmed/22732129
http://www.ncbi.nlm.nih.gov/pubmed/2787888
http://www.ncbi.nlm.nih.gov/pubmed/2787888
http://www.ncbi.nlm.nih.gov/pubmed/16297163
http://www.ncbi.nlm.nih.gov/pubmed/16297163
http://www.ncbi.nlm.nih.gov/pubmed/16297163
http://www.ncbi.nlm.nih.gov/pubmed/18596870
http://www.ncbi.nlm.nih.gov/pubmed/18596870
http://www.ncbi.nlm.nih.gov/pubmed/18596870
http://www.ncbi.nlm.nih.gov/pubmed/15771571
http://www.ncbi.nlm.nih.gov/pubmed/1706238
http://www.ncbi.nlm.nih.gov/pubmed/1706238
http://www.ncbi.nlm.nih.gov/pubmed/1706238
http://www.ncbi.nlm.nih.gov/pubmed/7997849
http://www.ncbi.nlm.nih.gov/pubmed/7997849
http://www.ncbi.nlm.nih.gov/pubmed/11698225
http://www.ncbi.nlm.nih.gov/pubmed/11698225
http://www.ncbi.nlm.nih.gov/pubmed/12505527
http://www.ncbi.nlm.nih.gov/pubmed/12505527
http://www.ncbi.nlm.nih.gov/pubmed/16141329
http://www.ncbi.nlm.nih.gov/pubmed/16141329
http://www.ncbi.nlm.nih.gov/pubmed/16141329
http://www.ncbi.nlm.nih.gov/pubmed/16829306
http://www.ncbi.nlm.nih.gov/pubmed/16829306
http://www.ncbi.nlm.nih.gov/pubmed/16829306
http://www.ncbi.nlm.nih.gov/pubmed/11369787
http://www.ncbi.nlm.nih.gov/pubmed/11369787
http://www.ncbi.nlm.nih.gov/pubmed/11369787
http://www.ncbi.nlm.nih.gov/pubmed/15314042
http://www.ncbi.nlm.nih.gov/pubmed/15314042
http://www.ncbi.nlm.nih.gov/pubmed/15314042
http://www.ncbi.nlm.nih.gov/pubmed/19470388
http://www.ncbi.nlm.nih.gov/pubmed/19470388
http://www.ncbi.nlm.nih.gov/pubmed/19470388
http://www.ncbi.nlm.nih.gov/pubmed/18635379
http://www.ncbi.nlm.nih.gov/pubmed/18635379
http://www.ncbi.nlm.nih.gov/pubmed/16882169
http://www.ncbi.nlm.nih.gov/pubmed/16882169
http://www.ncbi.nlm.nih.gov/pubmed/16882169
http://www.ncbi.nlm.nih.gov/pubmed/16882169
http://www.ncbi.nlm.nih.gov/pubmed/16741880
http://www.ncbi.nlm.nih.gov/pubmed/16741880
http://www.ncbi.nlm.nih.gov/pubmed/16741880
http://www.ncbi.nlm.nih.gov/pubmed/16741880
http://www.ncbi.nlm.nih.gov/pubmed/10669413
http://www.ncbi.nlm.nih.gov/pubmed/10669413
http://www.ncbi.nlm.nih.gov/pubmed/10669413
http://www.ncbi.nlm.nih.gov/pubmed/15324739
http://www.ncbi.nlm.nih.gov/pubmed/15324739
http://www.ncbi.nlm.nih.gov/pubmed/15324739
http://www.ncbi.nlm.nih.gov/pubmed/12235110
http://www.ncbi.nlm.nih.gov/pubmed/12235110
http://www.ncbi.nlm.nih.gov/pubmed/11094262
http://www.ncbi.nlm.nih.gov/pubmed/11094262
http://www.ncbi.nlm.nih.gov/pubmed/16735139
http://www.ncbi.nlm.nih.gov/pubmed/16735139
http://www.ncbi.nlm.nih.gov/pubmed/17905445
http://www.ncbi.nlm.nih.gov/pubmed/17905445
http://www.ncbi.nlm.nih.gov/pubmed/23851681
http://www.ncbi.nlm.nih.gov/pubmed/23851681
http://www.ncbi.nlm.nih.gov/pubmed/23851681
http://www.ncbi.nlm.nih.gov/pubmed/11145663
http://www.ncbi.nlm.nih.gov/pubmed/11145663
http://www.ncbi.nlm.nih.gov/pubmed/15308107
http://www.ncbi.nlm.nih.gov/pubmed/15308107
http://www.ncbi.nlm.nih.gov/pubmed/15308107
http://www.ncbi.nlm.nih.gov/pubmed/18606638
http://www.ncbi.nlm.nih.gov/pubmed/18606638
http://www.ncbi.nlm.nih.gov/pubmed/18606638
http://www.ncbi.nlm.nih.gov/pubmed/18606638
http://www.ncbi.nlm.nih.gov/pubmed/21572967
http://www.ncbi.nlm.nih.gov/pubmed/21572967
http://www.ncbi.nlm.nih.gov/pubmed/15356162
http://www.ncbi.nlm.nih.gov/pubmed/15356162
http://www.ncbi.nlm.nih.gov/pubmed/15356162
http://www.ncbi.nlm.nih.gov/pubmed/15356162
http://www.ncbi.nlm.nih.gov/pubmed/17626270
http://www.ncbi.nlm.nih.gov/pubmed/17626270
http://www.ncbi.nlm.nih.gov/pubmed/17626270
http://www.ncbi.nlm.nih.gov/pubmed/15549123
http://www.ncbi.nlm.nih.gov/pubmed/15549123
http://www.ncbi.nlm.nih.gov/pubmed/20647906
http://www.ncbi.nlm.nih.gov/pubmed/20647906
http://www.ncbi.nlm.nih.gov/pubmed/20647906
http://www.ncbi.nlm.nih.gov/pubmed/11413340
http://www.ncbi.nlm.nih.gov/pubmed/11413340
http://www.ncbi.nlm.nih.gov/pubmed/11413340
http://www.ncbi.nlm.nih.gov/pubmed/20181767
http://www.ncbi.nlm.nih.gov/pubmed/20181767
http://www.ncbi.nlm.nih.gov/pubmed/20181767
http://www.ncbi.nlm.nih.gov/pubmed/12000020
http://www.ncbi.nlm.nih.gov/pubmed/12000020
http://www.ncbi.nlm.nih.gov/pubmed/14738459
http://www.ncbi.nlm.nih.gov/pubmed/14738459
http://www.ncbi.nlm.nih.gov/pubmed/14738459


Citation: Hardcastle SL, Brenu E, Johnston S, Nguyen T, Huth T, et al. (2014) Analysis of the Relationship between Immune Dysfunction and Symptom 
Severity in Patients with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis (CFS/ME). J Clin Cell Immunol 5: 190. doi:10.4172/2155-
9899.1000190

Page 9 of 9

Volume 5 • Issue 1 • 1000190
J Clin Cell Immunol
ISSN: 2155-9899 JCCI, an open access journal 

56. Henriques A, Inês L, Carvalheiro T, Couto M, Andrade A, et al. (2012) Functional 
characterization of peripheral blood dendritic cells and monocytes in systemic 
lupus erythematosus. Rheumatol Int 32: 863-869.

57. Piccioli D, Tavarini S, Borgogni E, Steri V, Nuti S, et al. (2007) Functional 
specialization of human circulating CD16 and CD1c myeloid dendritic-cell 
subsets. Blood 109: 5371-5379.

58. Anane LH, Edwards KM, Burns VE, Zanten JJ, Drayson MT, et al. (2010) 
Phenotypic characterization of gammadelta T cells mobilized in response to 
acute psychological stress. Brain Behav Immun 24: 608-614.

59. Fluge Ø, Bruland O, Risa K, Storstein A, Kristoffersen EK, et al. (2011) Benefit 
from B-lymphocyte depletion using the anti-CD20 antibody rituximab in chronic 
fatigue syndrome. A double-blind and placebo-controlled study. PLoS One 6: 
e26358.

60. Bradley AS, Ford B, Bansal AS (2013) Altered functional B cell subset 
populations in patients with chronic fatigue syndrome compared to healthy 
controls. Clin Exp Immunol 172: 73-80.

61. Hutloff A, Büchner K, Reiter K, Baelde HJ, Odendahl M, et al. (2004) 
Involvement of inducible costimulator in the exaggerated memory B cell and 
plasma cell generation in systemic lupus erythematosus. Arthritis Rheum 50: 
3211-3220.

62. Chung JB, Silverman M, Monroe JG (2003) Transitional B cells: step by step 
towards immune competence. Trends Immunol 24: 343-349.

63. Palanichamy A, Barnard J, Zheng B, Owen T, Quach T, et al. (2009) Novel 
human transitional B cell populations revealed by B cell depletion therapy. J 
Immunol 182: 5982-5993.

64. Agrawal S, Smith SA, Tangye SG, Sewell WA (2013) Transitional B cell subsets 
in human bone marrow. Clin Exp Immunol 174: 53-59.

65. Lemoine S, Morva A, Youinou P, Jamin C (2009) Regulatory B cells in 
autoimmune diseases: how do they work? Ann N Y Acad Sci 1173: 260-267.

66. Visser J, Blauw B, Hinloopen B, Brommer E, de Kloet ER, et al. (1998) CD4 
T lymphocytes from patients with chronic fatigue syndrome have decreased 
interferon-gamma production and increased sensitivity to dexamethasone. J 
Infect Dis 177: 451-454.

67. Baugh JA, Chitnis S, Donnelly SC, Monteiro J, Lin X, et al. (2002) A functional 
promoter polymorphism in the macrophage migration inhibitory factor (MIF) 
gene associated with disease severity in rheumatoid arthritis. Genes Immun 
3: 170-176.

68. Libraty DH, Endy TP, Houng HS, Green S, Kalayanarooj S, et al. (2002) 
Differing influences of virus burden and immune activation on disease severity 
in secondary dengue-3 virus infections. J Infect Dis 185: 1213-1221.

69. Vaughn DW, Green S, Kalayanarooj S, Innis BL, Nimmannitya S, et al. (2000) 
Dengue viremia titer, antibody response pattern, and virus serotype correlate 
with disease severity. J Infect Dis 181: 2-9.

Submit your next manuscript and get advantages of OMICS 
Group submissions 

Unique features:

• User friendly/feasible website-translation of your paper to 50 world’s leading languages
• Audio Version of published paper
• Digital articles to share and explore
Special features:

• 300 Open Access Journals
• 25,000 editorial team
• 21 days rapid review process
• Quality and quick editorial, review and publication processing
• Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
• Sharing Option: Social Networking Enabled
• Authors, Reviewers and Editors rewarded with online Scientific Credits
• Better discount for your subsequent articles

Submit your manuscript at: www.editorialmanager.com/clinicalgroup

Citation: Hardcastle SL, Brenu E, Johnston S, Nguyen T, Huth T, et al. (2014) 
Analysis of the Relationship between Immune Dysfunction and Symptom 
Severity in Patients with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis 
(CFS/ME). J Clin Cell Immunol 5: 190. doi:10.4172/2155-9899.1000190

http://dx.doi.org/10.4172/2155-9899.1000190
http://dx.doi.org/10.4172/2155-9899.1000190
http://www.ncbi.nlm.nih.gov/pubmed/21221593
http://www.ncbi.nlm.nih.gov/pubmed/21221593
http://www.ncbi.nlm.nih.gov/pubmed/21221593
http://www.ncbi.nlm.nih.gov/pubmed/17332250
http://www.ncbi.nlm.nih.gov/pubmed/17332250
http://www.ncbi.nlm.nih.gov/pubmed/17332250
http://www.ncbi.nlm.nih.gov/pubmed/20060888
http://www.ncbi.nlm.nih.gov/pubmed/20060888
http://www.ncbi.nlm.nih.gov/pubmed/20060888
http://www.ncbi.nlm.nih.gov/pubmed/22039471
http://www.ncbi.nlm.nih.gov/pubmed/22039471
http://www.ncbi.nlm.nih.gov/pubmed/22039471
http://www.ncbi.nlm.nih.gov/pubmed/22039471
http://www.ncbi.nlm.nih.gov/pubmed/23480187
http://www.ncbi.nlm.nih.gov/pubmed/23480187
http://www.ncbi.nlm.nih.gov/pubmed/23480187
http://www.ncbi.nlm.nih.gov/pubmed/15476242
http://www.ncbi.nlm.nih.gov/pubmed/15476242
http://www.ncbi.nlm.nih.gov/pubmed/15476242
http://www.ncbi.nlm.nih.gov/pubmed/15476242
http://www.ncbi.nlm.nih.gov/pubmed/12810111
http://www.ncbi.nlm.nih.gov/pubmed/12810111
http://www.ncbi.nlm.nih.gov/pubmed/19414749
http://www.ncbi.nlm.nih.gov/pubmed/19414749
http://www.ncbi.nlm.nih.gov/pubmed/19414749
http://www.ncbi.nlm.nih.gov/pubmed/23731328
http://www.ncbi.nlm.nih.gov/pubmed/23731328
http://www.ncbi.nlm.nih.gov/pubmed/19758160
http://www.ncbi.nlm.nih.gov/pubmed/19758160
http://www.ncbi.nlm.nih.gov/pubmed/9466535
http://www.ncbi.nlm.nih.gov/pubmed/9466535
http://www.ncbi.nlm.nih.gov/pubmed/9466535
http://www.ncbi.nlm.nih.gov/pubmed/9466535
http://www.ncbi.nlm.nih.gov/pubmed/12070782
http://www.ncbi.nlm.nih.gov/pubmed/12070782
http://www.ncbi.nlm.nih.gov/pubmed/12070782
http://www.ncbi.nlm.nih.gov/pubmed/12070782
http://www.ncbi.nlm.nih.gov/pubmed/12001037
http://www.ncbi.nlm.nih.gov/pubmed/12001037
http://www.ncbi.nlm.nih.gov/pubmed/12001037
http://www.ncbi.nlm.nih.gov/pubmed/10608744
http://www.ncbi.nlm.nih.gov/pubmed/10608744
http://www.ncbi.nlm.nih.gov/pubmed/10608744
http://dx.doi.org/10.4172/2155-9899.1000190

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	References 
	Methods
	Ethical clearance 
	Participant recruitment 
	Sample preparation and routine measures 
	Natural killer cell cytotoxic activity analysis 
	Intracellular analysis 
	NK phenotype and KIR analysis 
	Whole blood analysis 
	iNKT phenotype analysis 
	Data and statistical analysis 

	Results
	Participants 
	Reduced NK cytotoxic activity 
	No differences to lytic proteins in CD8+ T cells and NK cells 
	Increased NK phenotypes and reduced KIR receptors in CFS/ME
	Whole blood phenotypes 
	iNKT Phenotypes 

	Discussion 
	Conclusion 
	Competing Interests 
	Acknowledgements 
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	References

