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Abstract

Background: Chronic fatigue syndrome (CFS) is an illness of unknown origin that may have 

familial risks. Low natural killer (NK) lymphocyte activity was proposed as a risk for familial CFS 

in 1998. Since then, there have been many studies of NK lymphocytes in CFS in general 

populations but few in familial CFS. Antibody-dependent cell-mediated cytotoxicity (ADCC) by 

NK lymphocytes helps control viral infections. ADCC is affected by variant CD16A receptors for 

antibody that are genetically encoded by FCGR3A.

Methods: This report characterizes ADCC effector NK cell numbers, ADCC activities, and 

FCGR3A variants of five families each with 2–5 CFS patients, their family members without CFS 

and unrelated controls. The patients met the Fukuda diagnostic criteria. We determined: 

CD16Apositive blood NK cell counts; EC50s for NK cell recognition of antibody; ADCC lytic 

capacity; FCGR3A alleles encoding CD16A variants, ROC tests for biomarkers, and synergistic 

risks.

Results: CFS patients and their family members had fewer CD16Apositive NK cells, required 

more antibody, and had ADCC that was lower than the unrelated controls. CFS family members 

were predominantly genetically CD16A F/F s for the variant with low affinity for antibodies. ROC 

tests indicated unsuitability of ADCC as a biomarker for CFS because of the low ADCC of family 

members without CFS. Familial synergistic risk vs. controls was evident for the combination of 

CD16Apositive NK cell counts with ADCC capacity.

Conclusions: low ADCC may be a risk factor for familial CFS. Furthermore, characterization of 

familial CFS represents an opportunity to identify pathogenic mechanisms of CFS.
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Introduction

Myalgic encephalomyelitis (ME)/chronic fatigue syndrome (CFS) is disease of unknown 

etiology. Its nomenclature is still unresolved [1] despite concerted efforts [2]. ‘ME’ and 

‘CFS’ are often used interchangeably; CFS will be used in this article. The disease is 

identified by debilitating chronic fatigue and diagnostic criteria, well-defined by the Centers 

for Disease Control USA in 1994 [3] and further delineated by the National Academy of 

Medicine USA in 2015 [1]. CFS affects 800,000 to 2.5 million adults in the USA and ~0.4% 

of the population worldwide [2]. Symptoms include severe fatigue for more than six months, 

long-lasting post-exertional malaise, un-refreshing sleep, ‘brain fog’ in the form of loss of 

memory and/or lessened ability to think, and chronic pain [3]. There are no known causes 

for most cases; however, CFS-like pathology can follow severe viral or bacterial infections 

[4]. CFS is receiving renewed attention as a distinct disease [5, 6] with high costs to society 

[7].

Subgroups of CFS patients [8, 9], have been proposed based on symptoms, candidate 

etiologies and potential disease-promoting mechanisms [10]. Familial CFS, defined by the 

occurrence of two or more CFS patients who are first-degree relatives within a family, 

represents a subgroup of CFS. Familial CFS was first reported in a 1998 study of natural 
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killer (NK) lymphocytes of one family with 8 CFS patients [11]. A 2001 report found that 

6/25 unrelated CFS patients (24%) had first-degree relatives with CFS [12]. Of these six 

patients, two had two other CFS-affected family members and four had one other CFS-

affected family member (personal communication from author [12] Nor Zainal, Ph.D.) Both 

1998 and 2001 reports used the Fukuda CDC 1994 diagnostic criteria for CFS. Two Studies 

of concordant twins add further evidence for familial CFS, reviewed [12]. The family 

described in 1998 with CFS patients with impaired NK activity also had non-CFS first 

degree relatives with low NK activity. NK activity has been reported to be low in many but 

not all studies of NK lymphocytes in non-familial CFS (reviewed, [13]). To our knowledge, 

the study of NK-mediated antibody-dependent cell-mediated cytotoxicity (ADCC) reported 

here is the first study of immunity in familial CFS since 1998.

NK cells use both ‘natural cytotoxicity’ and ADCC to kill virally infected cells and tumor 

cells. ‘Natural cytotoxicity’ involves recognition of stress or other ligands present in ‘target’ 

cells and occurs in the absence of antibodies (reviewed, [14]). ADCC occurs only when 

specific antibodies are bound to infected cells or tumor cells. The NK cell receptor required 

for ADCC is CD16A which binds to antibodies and is present on most but not all NK cells. 

As a result of different recognition systems for natural cytotoxicity and ADCC, it is 

reasonable to postulate that ADCC activity could be altered without affecting natural 

cytotoxic activity. There are two common allelic variants of the gene FCGR3A that encode 

single amino acid differences in CD16A, with either phenylalanine (F) or valine (V) at 

AA158, that could affect ADCC. The V158 CD16A has twice the affinity for IgG antibody 

and higher cellular expression than the F158 CD16A [15, 16]. We postulated that low 

ADCC and the homozygous F/F form of CD16A could be familial CFS risk factors.

ADCC is an attractive consideration for CFS because NK cell-mediated ADCC helps control 

chronic herpes viral infections. Consideration of viral etiologies for CFS began in 1984 [17]. 

Viruses that have been proposed include the chronic herpes viruses Epstein Barr virus [18], 

human cytomegalovirus [19], herpes zoster [20], human herpes virus 6 (HHV6) [21], and a 

different DNA virus, parvovirus B19 [22]. The fatigue of CFS resembles the fatigue induced 

by gamma interferon during viral infections [23]. Elevated gamma interferon is detectable in 

the blood of patients with severe CFS [24]. In the face of rigorous research attempts and the 

high incidences of herpes viruses in the general population, proving that herpes viral 

infections are universally linked with CFS disease has been challenging and the issue 

remains unresolved [25].

The pilot study of ADCC in familial CFS reported here encompasses in vivo availability of 

NK cells that can mediate ADCC, ADCC functions assayed in vitro, and genetics of 

CD16A. We addressed: a) counts of NK cells with CD16A receptors; b) EC50s for the 

amount of antibody required for ADCC; c) NK cell ADCC capacity; and d) FCGR3A 
alleles. Two methods were developed: TruCount® bead enumeration of CD16A-

positive(pos) NK cells and an assay to detect ADCC cytotoxic capacity regardless of 

FCGR3A genotypes [26]. The report focuses on five CFS families. The common genetic 

backgrounds within each family promote detection of specific alleles that might be 

preferentially inherited by CFS patients compared to their non-CFS siblings. Familial 

environments may direct environmentally stimulated subgroups of NK cells [27] and a 
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background of similar NK development could favor detection of changes in ADCC specific 

to the CFS patients.

This study reports several novel observations. (1) CD16Apos NK cell counts of both CFS 

patients and their family members were lower than those of unrelated healthy controls. (2) 

There was lower ADCC for CFS patients compared to unrelated controls. (3) There was also 
lower ADCC of the family members without CFS compared to unrelated controls. (4) CFS 

family members (with or without the disease) were more likely to have a combination of low 

ADCC activity with low CD16A NK cell counts than the unrelated controls. (5) The CFS 

families were predominantly FCGR3A homozygous for CD16A F/F. Based on these 

observations, we suggest that low ADCC may be a risk factor for the familial form of CFS.

Methods

CFS patients, family members and unrelated healthy donors.

Five families were selected from many families afflicted with CFS. The patients were 

diagnosed at the Bateman Horne Center in Salt Lake City, UT, and met the Fukuda criteria 

[3] when first diagnosed. Selection was for families with several CFS patients and 

unaffected siblings of patients. Selection was also influenced by family members’ 

geographic availability to donate blood. The families had a total of 13 CFS patients with 2 to 

5 CFS patients per family. Figure 1 illustrates the family pedigrees; participants in the study 

are indicated by their CD16A genotypes. Eleven CFS patients and 22 family members 

without CFS participated. Sixteen of the participating family members were first degree 

relatives of the patients and had 50% of all genes in common with a CFS patient in the 

family. Four non-CFS family members were the 2nd degree relatives and shared 25% genes 

with a CFS patient. The remaining two non-CFS family members were fathers of children 

included in the study and unrelated to the patients. Sixteen unrelated healthy control donors 

were matched by race, sex and age to the CFS patients. Healthy was defined as HIV-

negative, without overt infections at the time of blood donation, and without CFS. All 

participants were Caucasian.

Research with human subjects was approved by institutional review boards for the Bateman 

Horne Center and for the University of Nevada, Reno School of Medicine, IRB #2014B016. 

Written informed consent was obtained from the blood donors.

Questionnaires.

Patients and their family members without CFS answered the Rand-36 [28] (Rand Health 

Care, Santa Monica, CA) and Fibromyalgia Impact [29] (American Academy of Family 

Physicians, Leakwood, KS) questionnaires within weeks before blood donation. The timing 

of the questionnaires assured that symptoms reported were current with the evaluations of 

ADCC immunity.

Preparation of peripheral blood mononuclear cells (PBMCs).

Blood was drawn in Salt Lake City between 8–10 AM. Most overnight shipments to Reno, 

NV, contained blood from multiple CFS family members and two unrelated healthy controls. 
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Blood samples were coded in Salt Lake City. The blood CD16A NK cell counts, EC50 

assays, ADCC, and CD16A genotypes were run as coded samples and decoded after 

completion of the experiments.

For ADCC assays, PBMCs were isolated from 24 ml of blood by ficoll-hypaque density 

gradient centrifugation. The PBMCs were cultured overnight to ensure ADCC activity [30], 

at 1–2 x 106 cells/ml in complete assay media, 90% Dulbecco’ s media containing 4.5 g/L 

glucose and L-glutamine (Corning), 10% fetal calf serum (Atlanta Biologicals), 10 mM 

hepes (Sigma-Aldrich, St. Louis, MO), and 1% penicillin-streptomycin (Sigma-Aldrich). 

Culture and assay conditions were standardized using one lot of fetal calf serum and one lot 

of tissue culture flasks (Biolite, Thermo Scientific).

TruCounts® of CD16Apos NK cells

CD16Apos NK cells per µl blood—Fifty µl aliquots of blood were labeled on arrival 

with a panel of antibodies designed for no-wash analyses with TruCount® beads (Becton 

Dickenson no. 340334 [31]), The antibody panel contained FITC-anti-CD3e (clone 

UCHT1); PerCP-anti-CD16A (3G8); PacBlue anti-CD45 (clone HI30); and FITC-anti-

CD91 (2MR-alpha), all purchased from BioLegend (San Diego, CA) except for anti-CD91 

from Becton Dickenson. The flow cytometric gating is illustrated in supplement Figure S1. 

The ADCC effector cells were CD3negCD16posCD45posCD91neg.

CD16Apos NK cells per µl PBMCs—Fifty µl aliquots of PBMCs were labeled with a 

similar panel of antibodies in tubes with TruCount® beads, with the substitution of PE-Cy7 

anti-CD33 (clone P67.6) for CD91 and inclusion of FITC-anti-CD7 (clone CD7–6B7) and 

APC-Cy7 anti-CD56 (clone HCD56). The NK ADCC effector cells were 

CD3negCD7posCD16posCD33negCD45posCD56variable. Anti-CD7 was critical to 

discriminate CD16AposCD7posCD56neg NK cells [32] from CD16AposCD56neg 
monocytes (that are all CD7neg and largely CD33pos) [33].

Cytometry for TruCounts®—Cells were analyzed with a BD Biosciences Special Order 

Research Product LSR II analytical flow cytometer. Analyses were with FlowJo software 

(FlowJo, LLC, Ashland, OR) to determine the CD16Apos NK cells and TruCount® beads in 

order to calculate the number of CD16Apos NK cells in the solutions [26].

ADCC assays

EC50 assay for antibody recognition by NK cells—The EC50s, effective 

concentrations of antibody needed for 50% of maximal ADCC [34], were determined with 

4-fold dilutions of obinutuzumab that ranged from 0.04 to 625 ng/ml in the 51Cr assays 

described below. ADCC was determined at 4 hours, with duplicate or triplicate wells for 

each antibody concentration. The yields of PBMCs supported EC50 determinations for 

most, but not all, donors.

ADCC cell capacity and cooperativity—The ADCC assay has three critical features. 

1) MHC class I-negative Daudi cells were used as ‘targets’ to avoid inter-donor variations 

caused by MHC I-dependent KIR inhibition The Daudi cells from the ATCC (Manassas, 
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VA, catalog # CCL-213) were routinely tested and negative for mycoplasma. 2) A type 2 

anti-CD20 monoclonal antibody obinutuzumab [35] was selected because it is poorly 

cleared from the membranes of B cells compared to type 1 anti-CD20 antibodies. Non-

fucosylated obinutuzumab was obtained from the Roche Innovation Center, Zurich, 

Switzerland. 3) The persistence of the bound antibody on washed Daudi cells allowed use of 

unfractionated CD16A NK cells within PBMCs as effectors and avoided killing of normal B 

cells in PBMCs, thereby maximizing usage of the patients’ cells [26].

ADCC was measured by 51Cr-release [26]. Daudi cells were labeled with Na51CrO4 (Perkin 

Elmer, Waltham, MA), pretreated with 1 µg/ml obinutuzumab for 0.5 hour at room 

temperature and washed 5 times to remove unbound antibody and unincorporated 

chromium. The PBMC solutions containing the CD16A NK cells were diluted 2-fold 

serially in V-bottom plates (Costar 3894, 96 well) in 0.1 ml to create six CD16Apos 

NK:Daudi target cell (effector:target, E:T) ratios, 4 wells per ratio. Daudi cells, with or 

without mAb, 1 x 104 per well in 0.1 ml, were added, for ADCC or NK background 

activities, respectively. Plates were centrifuged for 3 minutes at 1000 rpm and incubated for 

4 hours at 5% CO2 and 37oC. After incubation, plates were centrifuged for 10 minutes at 

1200 rpm and 0.1 ml of cell-free supernatants were removed and counted in a Packard Cobre 

II gamma counter. The percent specific release (SR) was calculated using the formula

% SR = [(Experimental counts - Spontaneous Release)/(Max - Spontaneous Release)] x 100.

Spontaneous release was the leak rate of targets without PBMCs and the Max was the 

radioactivity released by targets lysed with 1% SDS. There was negligible ‘natural 

cytotoxicity’ in the absence of antibody for all donors.

We report separately the lytic slopes (CX-slope) and ADCC capacities used to compare 

patients with the two other groups of donors. This distinction was necessary because there 

were intra-donor differences in lytic slopes. These differences prevented application of lytic 

units to compare ADCC activities. CX1:1 [26] measurement of ADCC capacity is the % of 

the targets killed at a CD16Apos NK cells to Daudi ratio of 1:1. It was calculated as follows. 

Percentages of ADCC from the assay were plotted as linear cytotoxicity with y = % specific 
51Cr release vs. x = the log10 of the 6 CD16Apos NK cells (in the PBMCs) to Daudi ratios. 

The linear cytotoxicity was used to determine y = mx + b, with the CX-lytic slope = m, x = 

log10 of the E:T and b = the y intercept. The P values for linear fit were <0.05, with R2s 

>0.8. To determine CX1:1, y was calculated with x =1 and log10(1) = 0.

FCGR3A Genotyping

Genotyping by DNA sequences.—The FCGR3A genotypes encoding CD16A at 

AA158 were determined by PCR and DNA sequence analysis at the Frederick National 

Laboratory for Cancer Research, Frederick, MD, by Stephen K. Anderson, Ph.D. Amplicons 

specific for the FCGR3A gene and that exclude the FCGR3B gene (which encodes 

neutrophil CD16B) were generated with forward and reverse PCR primers, (5’ to 3’) for 

FCGR3A (TCCTACTTCTGCAGGGGGCTTGT) and 

(CCAACTCAACTTCCCAGTGTGATTG), respectively. The amplicons were directly 

sequenced using Sanger methodology.

Sung et al. Page 6

Fatigue. Author manuscript; available in PMC 2021 March 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Genotyping by flow cytometry.—This genotyping was done for all donors and was the 

sole method used for a few of the control donors. The homozygous F/F genotype was 

distinguished from F/V & V/V genotypes using the MEM-154 clone of anti-CD16 mAb 

(PE-labeled, Pierce Chemical Co, Rockford, IL). MEM154 reacts with the CD16A 158 V 

but not the 158 F [36). PBMCs were labeled with: FITC-anti-CD3e (cloneOKT3); PE-anti-

CD16A (3G8) or PE anti-CD16A 158V selective-(MEM154); BV605-anti-CD19 
(HIB19.11); PacBlue anti-CD45 (HI30); FITC-anti-CD91 (2MR-alpha) and APC-Cy7-anti-

CD56 (HCD56), purchased from BioLegend (San Diego, CA) with the exception of 

MEM154. CD16A F/F cells were negative with clone MEM154 and positive with clone 

3G8.

Health and Safety.

BSL level 2 laboratory safety procedures were maintained throughout the experiments.

Statistical analyses

Cytotoxic activities were determined with the Excel Analysis Tool Pack, using best fit for 

linear regressions. Student’s t-tests were used to compare the different groups of subjects. 

Excel and GraphPad Prism 7 (San Diego, CA) were used for illustrations. The UCSF 

website http://www.sample-size.net/sample-size-proportions/ was used to determine the 95% 

confidence limits for Table 4 (calculation: ‘CI for Proportion’). The quadrants for the 

analyses of synergy were divided by the median values of the variables CX1:1 or CX-slope 

vs. CD16Apos NK cell counts. Logistic regression using interaction terms was applied for 

comparisons of distributions in quadrants. Results were expressed as the odds of being in the 

low-low quadrant for CFS patients & family members vs. unrelated healthy controls, 

determined with SAS software (version 9.2 Institute Inc., Cary, NC, USA). Biomarkers were 

evaluated using receiver operating characteristics (ROC) analyses [37] with SAS version 9.4. 

P values were determined by maximum likelihood tests for difference of AUCs from 0.5. For 

Table 4, P values for the frequencies of CD16A F/F parents were determined using the 

Appendix to Chapter 5: Exact Binomial Probability Calculator available at http://

vassarstats.net/textbook/ch5apx.html. Unavailability of the flow cytometer impacted data 

collection for a few donors. As a result, there are more measurements of CX-slopes available 

for statistical comparison than CX1:1s, as the CX1:1s are dependent on TruCount®s.

Results

Study participants

The study participants were divided into 3 groups: CFS patients; their family members 

without CFS; and unrelated healthy controls. The pedigrees of the 5 families are illustrated 

in Figure 1. Each family had 2 to 5 CFS patients. Eleven of the 13 patients (85%) 

participated. Six of the 13 patients (46%) were second-generation CFS and four participated, 

so 36% of the CFS patients in the study were children of CFS patients. The participating 

CFS patients were 82% female, with a mean age of 23.4 years at first diagnosis and mean 

duration of illness of 22 years. Twenty-two of 27 (81%) of the eligible family members 

without CFS participated. The participants are indicated by the FCGR3 genotypes in Figure 

1. The controls matched the CFS patients by gender and age. Table 1 indicates the age and 
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gender distributions of the three groups. The patients and controls were gender-matched and 

predominantly female as is the disease CFS but there were only slightly more women than 

men among the non-CFS family members. Overall, the three groups share dominant gender, 

average age, and Caucasian race.

The CFS patients and their non-CFS family members differed in the symptoms used to 

diagnose CFS (Table 2). Information excerpted from Rand36 Questionnaires, Fibromyalgia 

Impact Questionnaires, and Bateman Horne Center medical histories indicates that the 

patients were ‘moderately’ affected. They were able to walk and lift groceries. All 

experienced post-exertional malaise. The differences between the patients and their non-CFS 

family members were significant (P>0.05) for all the CFS diagnostic symptoms.

Comparisons of CD16Apos NK blood cell counts

An individual’s in vivo ADCC will be affected by the number of available CD16Apos NK 

cells and by the activity of the individual’s killer cells. Only the CD16Apos set of NK cells 

mediates ADCC and most of these CD16Apos NK cells are located in blood. Tissue NK 

cells lack CD16A (38). In this section we compare CD16Apos NK blood cell counts and in 

the following sections we compare the ADCC functions of these cells.

Counts of CD16Apos NK cells per ul of blood for the 3 groups of donors are illustrated in 

Figure 2A. The counts were lower (74%) for CFS patients vs. unrelated healthy controls. 

However, the counts were indistinguishable between CFS patients and their family members 

without CFS, 74% and 78% of controls, respectively. These results are suggestive of a 

family trait rather than a feature specific for CFS patients. The lower counts of each of the 

two family groups were statistically insignificant compared to the controls but, when the 

family members were combined, the CD16Apos NK cells were 77% of controls and the 

family-wide difference was statistically significant P <0.05 by one-tailed analysis. Within 

each family, the CD16Apos NK cell counts of CFS patients and non-CFS family members 

were evenly distributed (high and low) (supplement Figure S2A), also consistent with a trait 

that affected all family members rather than CFS patients preferentially. Three of four 

families evaluated had low CD16Apos NK counts. One family (#3 which included four 2nd 

degree relatives) was similar to the unrelated healthy controls. Thus, there is a difference in 

CD16Apos NK ADCC cell counts between several CFS families and healthy controls. The 

difference is of unknown cause though it is compatible with genetic inheritance.

EC50 NK cell recognition of antibodies

ADCC function is affected by an initial step of NK cell recognition of antibodies and by a 

subsequent step, the extent of killing that occurs after recognition. EC50s measure the first 

step. EC50s are the concentrations of antibody needed to support 50% of the maximal 

ADCC that the lymphocytes can effect. The lower the EC50, the better the NK cells 

recognize antibody bound to target cells.

High EC50s were required by the CFS patients and by their family members (Figure 2B). 

Average EC50s were 4.0 +/− 4.0 and 2.6 +/− 3.8 ng/ml obinutuzumab, respectively. The 

average unrelated control EC50 was 0.39 +/− 0.35 ng/ml (P<0.05 for differences from the 
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CFS groups). The EC50s of the CFS family members were bimodal, with a lower mode 

greater than the unimodal unrelated controls.

Interpretation of the high EC50s is complicated by differences in FCGR3A genotypes 

between the families and the controls. To assess if high EC50s are CFS-associated, it is 

appropriate to compare EC50s of donors with the same FCGR3A genotypes, since the 

FCGR3A V allele encodes high affinity CD16A which is associated with low EC50s. The 

CFS family members were 82% CD16A F/F while 80.2% of the unrelated controls had a V 

allele, data presented later in the results. Only three unrelated controls were F/F, with 

average EC50s of 0.6 ng/ml, but there were too few unrelated donors to support inter-group 

statistical comparisons of only F/F genotypes. The high EC50s were common to both CFS 

patients and non-CFS family members and, as a consequence, disqualify EC50s as a CFS-

specific biomarker.

ADCC capacities

ADCC capacity was evaluated using CX1:1and CX-slopes that are illustrated in supplement 

Figure S3. In contrast to the EC50s, these assessments of ADCC capacity were made with 

excess concentrations of antibody (625 ng/ml), a concentration that saturated both low and 

high affinity CD16A receptors. Both CX1:1 and CX-slope are unaffected by CD16A 

genotypes under these experimental conditions [26]. CX1:1 measures the percentage of 

‘target’ cells that are killed at a 1:1 ratio of CD16Apos NK cells to target cells. It measures 

net capacity: not every cell with CD16A receptors will kill while a few cells are capable of 

killing more than one target. CX-slope indicates cellular cooperativity when several 

lymphocytes attack a single target cell.

CX1:1 and CX-slopes were significantly lower for the CFS patients compared to controls 

(Figure 2C&D). These measurements were lower for both the patients and their non-CFS 

family members compared to controls: 66% & 82% of controls for CX1:1 and 71% & 78% 

for CX-slopes, respectively. When all the family members were combined into one group, 

there was statistically significant lower ADCC compared to the unrelated healthy controls 

(P<0.01). When each family was considered separately, the lower ADCC occurred in all five 

families (supplement Figure S2B & C). The CFS patients ran the gamut from high to low 

ADCC activities within each family. In aggregate, the data are consistent with low ADCC as 

a potential risk factor for CFS families.

ROC assessment of biomarker potential

We used receiver operating characteristic (ROC) plots to test the validity of low ADCC as a 

biomarker for CFS. The CFS patients were the true positives. The true negatives were either: 

non-CFS family members; unrelated controls; or these two groups combined to represent all 

donors without CFS. Figure 3 illustrates the ROCs. Table 3 indicates the areas under the 

curves (AUCs). For both CX1:1 and CX-slope tests, AUCs were large and test validity was 

good for unrelated healthy controls (Ps = 0.06 & 0.02, respectively). However, the AUCs 

were also greater than 0.5 for the family members without CFS. These AUCs indicate that 

ADCC is unsuitable as a CFS biomarker when applied to family members without CFS: 

some of these family members would test false positive for CFS. Ps for test validity for this 
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group of true negatives were insignificant, 0.29 & 0.92 for CX1:1 and CX-slope, 

respectively). When all donors without CFS were combined into a true negative group with a 

larger sample number, the ROC test indicated non-validity. Overall, the ROC tests indicate 

that low ADCC may be a risk factor but is unsuitable as a diagnostic biomarker for CFS, 

particularly for close relatives of CFS patients.

Synergistic risk of low ADCC plus low CD16Apos NK cell numbers

The combination of low CD16Apos NK blood cell counts plus low ADCC capacity could 

represent familial synergistic risk for CFS. Quadrant analyses offer a simple means to 

determine if a group of subjects is over-represented within the quadrant with combined low 

activities for two variables compared to the other 3 quadrants. First, we assessed if ADCC 

and the cell counts varied independently, which would affect synergy. Even though there 

were positive correlations of the CX1:1s and the CX-slopes with the cell counts (not 

illustrated), the R2s for linearity were low, consistent with independence. Figure 4A 

indicates that CFS patients and family members were over-represented in the low-low 

quadrant for low CX1:1 combined with low CD16Apos NK blood cell counts. These group 

of all family members together was 24-fold more likely than unrelated healthy donors to be 

in this low-low quadrant (P = 0.02). All family members together were also 12.5-fold more 

likely than controls to be in the low-low quadrant for CX-slope vs. cell counts (Figure 4B, 

P<0.05). Overall, the quadrant analyses indicate that synergistic risks may exist for all 

members of a family that includes multiple CFS patients.

FCGR3A genetics

To qualify the FCGR3A F/F genotype as a risk factor for CFS, this genotype would have to 

be significantly greater for patients or families than what would occur randomly. 

Qualification is problematic because the F allele has high frequency. The Utah population of 

this family study is of non-Finnish northern European descent [39] with an expected 41.9% 

F/F frequency [40]. The frequency of F/F was 91% for the CFS patients and 82% for the 

family members without CFS, while the unrelated healthy controls were 18.8% F/F (Table 

4). Interpretation of these data is impacted by the fact that F/F by F/F parents will produce 

only F/F offspring. This scenario of homozygous F/F parents applied to the families of this 

study (Figure 1). To make matters more challenging to interpret, 3 parents were deceased. 

The genotypes of the 7 living parents were 5 F/F and 2 F/V. The deceased parents were 

either F/F or F/V, and not V/V as determined from the genes inherited by their progeny. Two 

estimates (for the highest and lowest possible F/F frequencies) were used to assess the 

significance of the parental F/F homozygosity families, see Table 4. The highest estimate of 

8 (80%) F/F parents was statistically significantly different from northern European controls 

(P = 0.02). The lowest estimate of 5 (50%) F/F parents was insignificant (P = 0.42). These 

results indicate that F/F homozygosity could affect CFS families but may not. The results are 

simply inconclusive.

Discussion

This pilot report provides five findings that indicate that low ADCC may be of importance in 

familial CFS. (1) The CD16Apos NK cell blood counts were lower for all family members 
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vs. unrelated healthy controls. Family members, both patients and non-CFS, had ~75% of 

cytotoxic cells compared to the unrelated healthy controls. (2) Patients and family members 
required high amounts of antibody (EC50s) for NK cell recognition of cells bound with 
antibodies. This finding suggests that family members might need to produce more 

antibodies than controls in order to control infections. (3) ADCC capacity of CFS patients 
and their family members without CFS was lower than that of unrelated controls. The 

modest reduction, to ~75% of unrelated control ADCC, may be of unexpected importance 

because NK cells lose their CD16A receptors during killing. After only a few rounds of 

killing [41), the NK cells’ ability to mediate ADCC is lost. Re-synthesis of receptors is 

insufficient to rapidly replenish a depleted supply of CD16Apos NK cells. (4) Synergistic 
combinations of low CD16A NK cell numbers and low ADCC occurred in the CFS families. 
Simplistically, a multiplier combination of two reductions, ~0.75 times ~0.75, could 

potentially decrease the ADCC component of immunity for some individuals to ~0.56 of 

controls. (5) Parents in the CFS-affected families had a high incidence of homozygous low 
affinity CD16A F/F antibody receptors. The low sample number contributed to a lack of 

statistical significance. However, if familial CFS were to have multiple genetic risks, CD16A 

F/F homozygosity would be a candidate for future investigation.

The findings above resemble and contrast with previous studies. The similar low ADCC of 

the patients and their unaffected family members resembles observations reported by Dr. 

Paul Levine et al. [11]. Their study monitored antibody-independent natural killing towards 

K562 tumor cells. They reported a lack of difference in NK activities (P=0.38) for 8 family 

members with CFS compared to 12 unaffected family members. The rank order of NK 

activity was lowest for CFS patients, intermediate for non-CFS family members and greatest 

for controls. We observed the same rankings for ADCC. For perspective, the low ADCC 

may apply only to familial CFS. An early report found low ADCC in unrelated CFS patients 

[42]. However, the ADCC of unrelated CFS patients in Stockholm was lower than healthy 

controls [43] but statistically insignificant. The investigators of the Scandinavian study used 

CD107A expression by effector NK lymphocytes rather than cytotoxicity to monitor ADCC, 

which is a less sensitive way to monitor ADCC and may have affected detection of low 

ADCC. The issue of low ADCC in unrelated CFS patients (and their family members) 

warrants further attention. Thus, the present report considerably extends research concerning 

the role of ADCC in CFS, including consideration of FCGR3A genetics for the first time, 

and raises new questions.

The synergistic ADCC risks applied to all the CFS family members. Individuals with 

combined risks could have prolonged clearance times for viral infections while cytotoxic T 

cells may exert secondary control of viral infections. As observed with type 1A autoimmune 

diabetes [44], multiple immunological risk factors can predispose individuals to a disease 

without causing the disease.

This report has several limitations: numbers of families and donors, inclusion of only 

familial CFS (with the exclusion of families with only one case of CFS), only a single blood 

sample per donor; one race; one geographic location; and CFS patients with only moderate 

rather than severe disease. The effects of low ADCC in CFS for other locations, races and in 

extreme CFS disease are un-addressed. The continuation of research presents opportunities 
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to address these limitations and to benefit the patients by guiding therapies. Identification of 

CFS patients with low NK and/or low ADCC may indicate those patients most likely to 

respond to immunomodulatory therapies such as poly(I:C) [45] that promotes NK cell 

cytotoxic functions. In summary, this report supports a role for low ADCC as a risk factor 

for familial CFS and suggests aspects of immunology that may also apply to other 

subgroups of CFS patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CD cluster of differentiation
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ADCC
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NK natural killer lymphocyte

PBMC peripheral blood mononuclear cells

ROC receiver-operating characteristic plot

UHC unrelated healthy control subject
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Figure 1. CFS family pedigrees.
Red symbols indicate CFS patients and closed symbols indicate the 11 patients who 

participated. Study participants are indicated by their CD16A genotypes. The deceased 

parents are indicated with gray symbols. The 3 fathers of the 3rd generation were unrelated 

to the patients and are indicated with black bold squares. The genotypes marked F/V* were 

determined by flow cytometry and allelic inheritance.
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Figure 2. ADCC by CFS patients, family members without CFS, and unrelated healthy controls.
Mean values with standard deviations are indicated. Single asterisks above the brackets 

indicate Ps<0.05, two asterisks Ps <0.01, for two-tailed T-tests. A hashtag indicates P<0.05 

for one-tailed T tests. Unbracketed mean values indicate the absence of statistical 

significance compared with other means within the data set. A. CD16Apos NK cells per ul 
blood. B. EC50s (effective concentrations of antibody to support 50% of maximal 
lysis). CD16A F/F donors are represented separately from the F/V and V/V donors in order 

to compare genotypes with and without high affinity CD16A V receptors. The statistically 

significant differences (P<0.05) between CFS patients or CFS family members and controls, 

are not illustrated because of biases in comparisons of predominantly F/F groups with a 

predominantly F/V control group. C. ADCC CX1:1s (Cells killed by ADCC at a 
CD16Apos NK to target cell ratio of 1:1). The CX1:1 data are from families #3, 10 & 28. 
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D. ADCC CX-slopes. CX-slopes are the % increase in dead cells per 10-fold increase in 

CD16A NK cells. The data are from families #3, 10, 20, 22 & 28.
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Figure 3. ROC tests of ADCC to diagnose CFS.
The areas under the curve (AUC) indicate suitability of a test. For the ROC analyses, the true 

positives were defined as the CFS patients. The true negatives were defined as either: 1) 

family members without CFS; 2) the unrelated healthy controls; or 3) all donors without 

CFS, the unrelated donors and the family members without CFS combined. The diagonal 

line marks an AUC of 0.5 that indicates a test without the ability to distinguish true positives 

from true negatives.
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Figure 4. Assessment of synergistic risks for CFS.
Synergy was evaluated for low CD16A NK effector cell counts combined with low ADCC 

capacities. CFS family members, with CFS and without CFS, were compared to unrelated 

controls. Division of the quadrants was based on the median values of each variable. A. 
CX1:1. Data are from families #3, 10 & 28. B. CX-slopes. Data are from families #3, 10, 22 

& 28. Ps <0.05 for family members in the low-low quadrants.
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Table 3.

ROC Assessments of Low ADCC as a Biomarker for CFS

True vs. False Test Groups ADCC Area Under Curve P

CFS patients vs. Family w/o CFS CX1:1 0.69 0.29

CFS patients vs. All Donors w/o CFS CX1:1 0.72 0.09

CFS patients vs. Unrelated Healthy Donors CX1:1 0.76 0.06

CFS patients vs. Family w/o CFS CX-slope 0.45 0.92

CFS patients vs. All Donors w/o CFS CX-slope 0.69 0.08

CFS patients vs. Unrelated Healthy Donors CX-slope 0.77 0.02
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Table 4.

Frequencies of CD16A F/F homozygosity

Populations
Number donors

% F/F 95% confidence limits
+

F/F F/V or V/V All

CFS patients 10 1 11 90.9 58.7–99.8%

Non-CFS family members 18 4 22 81.8 59.7 –94.8%

Unrelated healthy donors 3 13 16 18.8 4–45.6%

CFS family parents, highest possible %F/F# 8 2 10 80
@ 44.4–97.5%

CFS family parents, lowest possible %F/F# 5 5 10 50.0 18.7–81.3%

Reference Group: Northern European origin^ 385 534 919 41.9 38.7–45.2%

+
Binomial “exact” calculations of the confidence intervals for proportions

#
Ten CFS family parents: living 5 F/F, 2 F/V, and 0 V/V; 3 deceased.

@
P <0.05, for 8 or more F/F, calculated with 0.419 as the probability that a parent will be F/F.

^
From reference (40); the FCGR3A allele encoding V158 CD16A had a frequency of 0.363.
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