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Abstract

Approximately 25% of subjects with common variable immunodeficiency (CVID) develop 

autoimmune disease. We analyzed Tcell subsets, specifically regulatory Tcells along with B cell 

subsets to determine whether there were changes in regulatory T cells which would correlate with 

the autoimmune disease clinical phenotype in CVID subjects. We hypothesized that regulatory T 

cell (CD4+CD25hiCD127lo) suppressive function would be impaired in CVID subjects with 

autoimmune disease. Using purified, sorted Treg from CVID subjects (n=14) and from healthy 

controls (HC, n=5) in standard suppression assays, we found the suppressive function of Treg from 

CVID subjects with autoimmune disease (CVID w/ AI, n=8) to be significantly attenuated 

compared to CVID subjects with no autoimmune disease (CVID w/o AI, n=6) and to HC (n=5). A 

number of proteins associated with Treg function were decreased in expression as detected 

through immunofluorescent antibody via flow cytometry (mean fluorescence intensity (MFI) of 

FoxP3, Granzyme A, XCL1, pSTAT5, and GITR in Treg was significantly lower (by up to 3 fold) 

in CVID w/ AI compared to CVID w/o AI and HC. Furthermore, a statistically significant 

correlation was found between intracellular MFI of FoxP3, Granzyme A, and pSTAT5 in Treg and 

the degree of Treg dysfunction. These results suggest that attenuation of Treg function is 

associated with autoimmune disease in CVID subjects and may contribute to autoimmune 

pathogenesis.
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Introduction

Common variable immunodeficiency (CVID) is a primary immunodeficiency characterized 

by low levels of serum IgG, IgA, and/or IgM, deficient antigen-specific antibody responses, 

and recurrent infections [1-4]. Approximately 25% of subjects with CVID suffer from 
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autoimmune disease [5,6] which could be the result of immune dysregulation resulting in 

autoantibody formation to a variety of antigens. The autoimmune diseases vary from 

autoimmune hemolytic anemia, immune thrombocytopenia purpura, pernicious anemia, 

vitiligo, psoriasis, vasculitis, rheumatoid arthritis, kerato-conjunctivitis sicca, thyroiditis, to 

chronic autoimmune neutropenia [6-8]. Much research on B cell immunophenotyping has 

led to our understanding that CVID w/ AI is associated with decreased numbers of switched 

memory B cells (CD27+, IgM-, IgD-phenotype) and elevated serum levels of B-cell 

activating factor of the TNF family (BAFF) and a proliferation-inducing ligand (APRIL); 

CVID subjects with transmembrane activator and calcium-modulator and cyclophilin ligand 

interactor (TACI) mutations also have a higher frequency of autoimmunity [8-16]. Recently, 

the CVID registry, established in 1996, divided 334 patients with CVID into 5 clinical 

phenotypes and reported that lower levels of CD8+ cells correlated with autoimmunity [17]. 

However, since CVID is a polygenic disease and since T cells are important to B cell 

development and function, we focused on Tcell phenotyping. In addition, other laboratories 

have found that multiple T cell abnormalities ranging from loss of CD4+ naïve cells, 

disrupted T cell receptor B variable repertoires, to altered cytokine production existing in 

CVID subjects [3,18-20]. Therefore, we designed our studies to test whether a specific 

subtype of T cells, the regulatory T cell, was impaired in CVID patients with autoimmune 

disease.

T regulatory cells (Treg) have been shown to be involved in a number of autoimmune 

diseases, but little research has studied their role in autoimmune disease in CVID. We have 

focused on Treg since their repertoire may be established very early on in life, and has 

implications for the proper suppression of immune dysfunction in childhood and adulthood 

[21]. Immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome (IPEX), 

which is due to a genetic defect in FoxP3 (forkhead box) leading to Treg deficiency, is 

associated with severe autoimmune disease [22-24]. Subjects with active systemic lupus 

erythematosus (SLE) have significantly lower numbers of Treg than subjects with either 

inactive disease or without autoimmunity [25]. In subjects with multiple sclerosis, Treg 

function is decreased [26], while Treg numbers are decreased in subjects with active Crohn’s 

disease compared to those with inactive disease [27].

Recent published work has showed that CVID subjects have lower number of Treg 

compared to healthy controls [20]. A correlation between splenomegaly and Treg numbers 

was also shown, but a comparison between Treg and autoimmune disease was not performed 

in these CVID subjects. Furthermore, the functional characteristics of Treg were not 

analyzed in these subjects.

Published work with Treg cells has revealed a number of proteins that are necessary for the 

development and/or function of these cells. FoxP3 is a transcription factor that is associated 

with Treg development and function [28] and Granzyme A is involved in the granzyme/

perforin pathway by which Treg cells kill target cells [29,30]. XCL1 (lymphotactin) is a 

chemokine that has been previously shown to be directly correlated with Treg function in 

suppression and cytotoxicity [31] and pSTAT5 (phosphorylated signal transducers and 

activator of transcription 5) is an intracellular protein critical for in vivo accumulation of 
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functional Treg [32]. GITR (glucocorticoid-induced TNF receptor) and CTLA-4 have been 

shown to be important for modulating Treg cell function [33-35].

In this study, CVID subjects with and without a diagnosis of autoimmune disease followed 

at Stanford Hospital and Clinics and Lucille Packard Children’s Hospital were evaluated for 

Treg function and phenotype. Healthy control subjects were recruited for comparison 

analysis. Disease controls with X-linked agammaglobulinema (XLA) without autoimmunity 

were also analyzed.

Materials and methods

Human subjects

The study was approved by the Stanford Administrative Panel on Human Subjects in 

Medical Research. All subjects signed informed consent forms before participating in the 

study. Fourteen subjects with CVID were recruited from Stanford Hospital and Clinics and 

Lucile Packard Children’s Hospital, as well as 5 healthy adult controls. Two subjects with 

X-linked agammaglobulinemia (XLA) as identified by Bruton’s tyrosine kinase deficiency 

were enrolled as controls. The study was carried out under the Declaration of Helsinki 

Guidelines. Blood was drawn at least two times during the course of the study from each 

subject to determine reproducibility of phenotyping and function of Treg.

Clinical laboratory testing

Stanford Clinical Laboratories performed most laboratory testing stated in Table 1 except for 

T cell proliferation (antigen and mitogen tests) studies which were performed at FOCUS 

Diagnostic laboratories (Cypress, California). Regulatory T cell (CD4+CD25hiCD127lo and 

CD4+CD25neg cell counts were calculated from complete blood count and total CD3+ 

counts provided by the Stanford Clinical laboratories. Autoantibody testing confirmation 

was performed for each subject prior to the start of immunoglobulin therapy. Autoantibody 

screening occurred for each subject (antineutrophil antibody, anti-thyroglobulin antibody, 

anti-thyroid peroxidase, anti-intrinsic factor, Coombs’ positivity, antinuclear antibody, and 

rheumatoid factor).

Antibodies

FITC-conjugated anti-CD25 (ACT-1) antibody used in sorting was purchased from 

DakoCytomation (Chicago, IL). The following antibodies and cognate isotypes were 

purchased from the indicated sources and used as per manufacturer’s instructions: Live/

Dead, CD3, GITR, CD4, CD25, CD45RO, CD45RA, CD28, CD127, CD19, pSTAT5, 

CTLA4, CD19, CD27, IgM and IgD (BD Biosciences). Granzyme A (PE-conjugated, 

Caltag), FoxP3 (BioLegend clone 259D-Alexa Fluor 488), and XCL1 (R&D Systems).

Cell purification

CD4+ T cells were first isolated from whole blood with CD4+ Rosette Kit (Stemcell 

Technologies). CD4+ T cells were incubated with anti-CD127-APC and anti-CD25-PE and 

anti CD4-FITC antibodies (BD Biosciences) and sorted by flow cytometry using a FACS 

Aria (BD Biosciences) into CD4+CD25hiCD127lo/− Treg and CD4+CD25- responder T cells.
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T-cell suppression assay

Suppression assays were performed in round-bottom 96-well microtiter plates. 3.75 × 103 

CD4+CD25neg responder T cells, 3.75 × 103 autologous Treg (except in described mixing 

studies), 3.75 × 104 allogeneic irradiated CD3-depleted PBMCs were added. All wells were 

supplemented with anti-CD3 (clone HIT3a at 5.0 μg/ml). T cells were cultured for 7 days at 

37 °C in RPMI 1640 medium supplemented with 10% fetal bovine serum. Sixteen hours 

before the end of the incubation, 1.0 μCi of 3H-thymidine was added to each well. Plates 

were harvested using a Tomtec cell harvester and 3H-thymidine incorporation determined 

using a Perkin Elmer scintillation counter. Antigen-presenting cells (APC) consisted of 

PBMC depleted of T cells using StemSep human CD3+ T cell depletion (StemCell 

Technologies) followed by 40 Gy of irradiation.

Stimulation for phospho-STAT5 analysis

Treg were stimulated with anti-CD3 and anti-CD28 conditions and then stained with Live/

Dead Red viability dye (Invitrogen), and surface markers CD4, CD25, and CD127. Cells 

were then fixed in the Lyze/Fix PhosFlow buffer®, and then permeabilized in denaturing 

Permbuffer III® (BD Biosciences). They were then stained with antibodies against phospho-

STAT5 according to manufacturer’s instructions.

Flow cytometric analysis

Blood samples from CVID patients were freshly collected, peripheral blood mononuclear 

cells (PBMCs) were prepared as described previously [36]. PBMCs were stained for 20 min 

at 4 °C with a mixture of antibodies at optimal concentrations. Acquisition occurred was 

performed via LSR II (BD Biosciences). Data were analyzed with FlowJo analysis software 

(Tree Star, Inc. Ashland, OR).

Statistical analysis

Statistical analysis was performed using GraphPad Prism software. Comparisons between 

two groups were made by using the two-tailed, unpaired Student’s t-test. Comparisons 

between three groups were made by using 1-way ANOVA. p values less than 0.05 were 

considered significant (two-tailed). Correlation between two groups were determined to be 

statistically significant via the Spearman coefficient if the r value was greater than 0.7 or less 

than −0.7.

Results

Description of subjects

From 2005 to 2008, 14 CVID subjects were enrolled in our study. All these subjects were 

under longitudinal medical care by a Clinical Immunologist at Stanford Medical Center. 

Healthy controls (n = 5) and XLA subjects (n = 2) were assessed, determined not to have 

autoimmune disease by history and chart review and every attempt to sex-match and age-

match was done (Table 1). The CVID subjects ranged from 6 years to 67 years of age with a 

mean age of 32 years of age. 53% were male and 47% were female. Of the 14 CVID 

subjects, 8 had autoimmune disease (as diagnosed with standard laboratory tests and as per 
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medical history and physical exam findings), while 6 did not. Three subjects had 

autoimmune thyroiditis, 2 had autoimmune neutropenia, 2 had autoimmune anemia and 

inflammatory bowel disease (without protein losing enteropathy), and 1 had autoimmune 

hepatitis. Four of the CVID subjects had T cell proliferation responses which were below 

those of normal calibrated responses (FOCUS Diagnostic laboratories, standard mitogen and 

antigen proliferative response assays) (Table 1). None of the subjects had lymphadenopathy, 

splenomegaly or granulomas as determined by physical exam and/or abdominal ultrasound. 

All CVID and XLA subjects are currently alive and all currently receive immunoglobulin 

therapy. None of the patients were on immunosuppressive therapy (i.e. antiproliferatives or 

steroids) or any drug that could cause hypogammaglobulinemia (i.e. sulfasalazine, 

phenytoin, gold salts, and antimalarial drugs) at the time of the blood draw.

Since many groups established the importance of classifying CVID subjects by phenotyping 

of B cell subpopulations [8,17,37] and a recent study showed, after evaluating 105 CVID 

subjects, that reduced numbers of switched memory B cells (≤ to 0.55% of B cells) were an 

independent risk factor of autoimmune diseases [16], we performed CD27, IgD and IgM 

classifications on B cells in the CVID and HC subjects (XLA subjects had no B cells) 

(Supplementary Fig. 1 for B cell gating, Table 2). In addition, we also enumerated Treg and 

CD4+ T cells (Table 2).

Decreased number of switched memory B cells in CVID subjects with autoimmune disease

Our data demonstrated that CVID w/ AI subjects had lower levels of switched memory B 

cells. Differences between males and females were not statistically significant. Treg 

numbers differed significantly between CVID w/ AI vs CVID w/o AI, HC, XLA groups 

(p≤0.05) (Table 2). Blood was drawn from subjects at least two times during the course of 

our study (with time intervals of the second blood draw being 6 months to 12 months from 

the first blood draw). All results (excluding autoantibody testing which was done before 

immunoglobulin therapy was initiated) were reproducible in each subject. We did not detect 

significant variability in Treg function/phenotyping or variability in B cell phenotype 

numbers over the time period between blood draws in each subject.

Functional suppression by Treg is significantly decreased in CVID subjects with 
autoimmune disease

Standard Treg function tests for suppression were performed and representative subjects are 

shown (Fig. 1a). Responder T cells and Treg were mixed at 1:1 ratios. Healthy Control (HC) 

Treg suppressed the proliferation of activated responder T cells but Treg from CVID subjects 

with autoimmune disease had impaired capacity to suppress activated T cells. Treg from 

XLA subjects worked effectively to suppress autologous responder T cell proliferation.

To summarize the data with all the subjects tested, we graphed the 3H Thymidine 

proliferation (counts per minute or cpm) for each autologous Treg:Teff co culture for each 

subject. CVID subjects with autoimmune disease have a 4 to 6 times greater fold Treg 

dysfunction compared to healthy controls (p≤0.01) (Fig. 1b). Furthermore, CVID subjects 

with autoimmune disease have a statistically significant greater fold difference in Treg 

dysfunction compared to CVID subjects without autoimmune disease (p≤0.01). In contrast, 
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CVID subjects without autoimmune disease have a 1 to 1.5 greater fold Treg dysfunction 

compared to healthy controls, which is not statistically significant (p>0.05). With limited 

numbers of subjects, there were no trends for differences in Treg dysfunction in subtypes of 

autoimmune disease in the CVID subjects.

Next, we tested whether the defect in Treg suppressive function was due to overactivity of 

responder T cells (Tresp) or impaired Treg in CVID subjects. Therefore, we mixed Treg 

derived from CVID w/ AI with Tresp from CVID w/o AI in a 1:1 ratio (Mix 1), Treg derived 

from CVID w/o AI with Tresp from CVID w/ AI (Mix 2), Treg derived from HC with Tresp 

from CVID w/ AI (Mix 3), Treg derived from CVID w/ AI with Tresp from HC (Mix 4) and 

Treg derived from XLA with Tresp from HC (Mix 5). A representative pair for each mixing 

experiment is shown in Figure 1c. The Treg purified from the subjects who had decreased 

Tcell responses to mitogens and antigens were independently dysfunctional in mixing 

assays.

From this analysis, the data suggest that it is the Treg, not Tresp, from CVID w/ AI which 

lead to the attenuation of suppressive function. In addition to Treg numbers being decreased 

in peripheral blood cells from CVID w/ AI subjects, Treg from these same subjects were 

dysfunctional compared to HC, CVID, and XLA subjects.

Protein expression associated with Treg function is significantly lower in CVID subjects 
with autoimmune disease

Because Treg appeared to be dysfunctional in CVID subjects with autoimmune disease, we 

evaluated the expression of proteins associated with Treg function in these subjects. 

Specifically, we examined levels of FoxP3, Granzyme A, XCL1 (lymphotactin), pSTAT5, 

and GITR [28,29,31–33] via flow cytometry analysis of directly conjugated 

immunofluorescent labeled antibodies. Treg (CD4+CD25hiCD127lo) were gated as shown 

(Fig. 2) and co stained independently with antibodies for the above markers. The percentage 

and mean fluorescence intensity (MFI) of FoxP3 in Treg were significantly lower in CVID 

subjects with autoimmune disease compared to healthy controls (p ≤ 0.001) (Fig. 3a). The 

percentage and intracellular MFI of Granzyme A in Treg were also significantly lower in 

CVID subjects with autoimmune disease compared to healthy controls (p ≤ 0.001) (Fig. 3b). 

However, no statistically significant differences were found between the percentage of 

Granzyme A-expressing Treg or the MFI of Granzyme A in Treg between CVID subjects 

with autoimmune disease compared to those without autoimmune disease. The percentage of 

XCL1-expressing Treg and the MFI of XCL1 in Treg was significantly lower in CVID 

subjects with autoimmune disease compared to healthy controls (p ≤0.001) (Fig. 3c). The 

percentage and the MFI of pSTAT5 in Treg was significantly lower in CVID subjects with 

autoimmune disease compared to healthy controls (p ≤ 0.001 and p ≤ 0.01 respectively) (Fig. 

3d). The percentage of pSTAT5-expressing Treg was also significantly decreased in CVID 

subjects with autoimmune disease compared to those without autoimmune disease (p≤0.05). 

The percentage and the MFI of GITR in Treg was significantly lower in CVID subjects with 

autoimmune disease compared to healthy controls (p ≤ 0.001) (Fig. 3e). However, the 

percentage of GITR-expressing Treg and the MFI of GITR in Treg was not statistically 

different in CVID subjects with autoimmune disease compared to those without autoimmune 
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disease (p > 0.05) or healthy controls (p > 0.05). We also examined CTLA-4 levels in Treg 

from CVID subjects with and without autoimmune disease vs. HC and no differences were 

detected (data not shown).

To test whether lower expression of GITR, XCL1, Granzyme A, and pSTAT5 was associated 

with lower expression of FoxP3 in CVID w/ AI subjects, we found that the decreases in MFI 

of XCL1 and of pSTAT5 correlated with decreases in MFI of FoxP3 but that decreases in 

MFI of Granzyme A and of GITR were independent of FoxP3 MFI expression levels 

(representative correlation studies of pSTAT5 and Granzyme A with FoxP3 are shown in 

Figures 4a and 4b, respectively).

We also evaluated if pSTAT5 decreases correlated with CD25 expression changes on the 

surface of Treg since we have previously found that pSTAT5b homozygote deficiency leads 

to CD25 decreases [32]. Over the time course of the pSTAT5 stimulation experiment, we did 

not detect any changes in CD25 expression on Treg (data not shown).

Correlation between protein expression associated with Treg function and amount of Treg 
dysfunction in CVID subjects with autoimmune disease

We analyzed if Treg dysfunction correlated with the expression of proteins involved in Treg 

function in CVID subjects with autoimmune disease. We found statistically significant 

correlations between the percentage of FoxP3, Granzyme A, and pSTAT5 expression on 

Treg and Treg dysfunction (Figs. 5a,b,d). However, we did not find a statistically significant 

correlation between the percentage of XCL1 and GITR expression in Treg and Treg 

dysfunction in CVID subjects with autoimmune disease (Figs. 5c, e).

CD45RO expression in Treg is significantly increased in CVID subjects with autoimmune 
disease

Memory T cells are often distinguished by the CD45RO marker, and Treg activity is 

reported to involve both the memory and naïve T cells from the CD4+CD25hiCD127lo 

fraction of PBMC in healthy controls [30,38]. Treg (CD4+CD25hiCD127lo) were gated as 

shown (Fig. 2a) and co stained with antibodies for CD45RO and RA (Figs. 6a–c). We 

discovered that the percentage of memory CD45RO+-expressing Treg was significantly 

increased in CVID subjects with autoimmune disease compared to CVID subjects without 

autoimmune disease (p≤0.001) (Fig. 7a), even with the younger subjects in whom a higher 

amount of CD45RA+ cells would be expected. The percentage of CD45RA+-expressing 

Treg is significantly lower in CVID subjects with autoimmune disease compared to CVID 

subjects without autoimmune disease (p≤0.001) (Fig. 7b). Since we had examined 

percentages of switched memory B cell percentages (Table 2), we then tested whether there 

was a correlation with percentages of CD45RO+ Treg. Our data demonstrates that increases 

in CD45RO+ Treg are associated with decreases in switched memory B cells (Fig. 8).

Discussion

We have shown that CD4+CD25hiCD127lo Treg in CVID subjects with autoimmune 

disease are lower in number in the peripheral blood and have a significantly reduced ability 

to suppress proliferation of autologous CD4+ effector cells and allogenic CD4+ effector 
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cells compared to subjects with CVID without autoimmune disease, healthy controls and 

XLA. This inability to suppress potentially autoreactive T cells suggests that dysfunctional 

Treg may play a role in autoimmune disease in CVID. The main primary 

immunodeficiencies that have been described involving reduced or absent Treg are IPEX 

syndrome and CVID.

The cellular studies of the immune system in CVID subjects to date have shown numerical 

and functional defects in B, T, natural killer cells, macrophages and monocytes [39–44]. T 

cell functional abnormalities are common (20% of CVID subjects) [4,45] with defects in 

cytokine production, T helper function, and T cell signaling [19,46–52]. Our series of 

subjects, however, is the first in the literature to show that Treg are decreased in number and 

function in CVID subjects with autoimmune disease.

To investigate the underlying mechanism, we looked at the expression of some of the key 

proteins involved in the function of Treg, including FoxP3, Granzyme A, XCL1 

(lymphotactin), pSTAT5, and GITR. CVID subjects with autoimmune disease show 

statistically significant decreases in expression of all these proteins compared to healthy 

controls. Correlation between protein expression and Treg dysfunction was statistically 

significant for FoxP3, Granzyme A, and pSTAT5. This suggests that these may be the key 

proteins in Treg-mediated autoimmunity in CVID subjects. This is further supported by the 

evidence that mutations in FoxP3 cause lethal autoimmunity in the scurfy mouse and in 

humans suffering from IPEX syndrome. Granzyme A also is a key protein by which Treg 

likely kill target cells, including potentially autoreactive Tcells, and pSTAT5 is an 

intracellular protein critical for in vivo accumulation of functional Treg. In our studies, lower 

levels of FoxP3 expression correlated with pSTAT5 and XCL1 expression levels, but not 

with Granzyme A or GITR levels. This would suggest that Granzyme A and GITR are 

separately affected in the overall Treg defect mechanisms associated with CVID with 

autoimmune diseases.

We examined switched memory B cell percentages based on classifications in the literature 

[8,16,17] and tested whether there was a correlation with CD45RO+ Treg since we found 

that increases in CD45RO+ Treg in CVID with AI. Our data demonstrates that increases in 

CD45RO+ Treg are associated with decreases in switched memory B cells (p≤0.001) (Table 

2 and Fig. 8). CD45RO+ Treg have been found to be less suppressive and produce less IL-10 

compared to CD45RA+ Treg [53]. It is of interest to note that ICOS-deficient subjects 

produce low levels of IL-10 and this could be associated with defective B cell memory due 

to impairment of germinal center formation [54]. Therefore increased CD45RO+ Treg could 

lead to the decreased switched memory B cell phenotype in CVID subjects with 

autoimmunity. Further studies are needed to address this hypothesis.

To perform rigorous statistics, we performed ANOVA analysis with intergroup comparisons 

of CVID subjects with autoimmune disease, CVID subjects without autoimmune disease, 

XLA, and healthy controls, rather than Student’s t-test analysis on CVID subjects with 

autoimmune disease vs. CVID subjects without autoimmune disease. There were many 

trends for Treg phenotypic differences in CVID subjects with autoimmune disease and 

CVID subjects without autoimmune disease. It is possible that specific genetic causes of 
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CVID will lead to differential outcomes of Treg function and phenotype. Stratifying the 

subject population for each particular autoimmune disease may also be important; we will 

continue to enroll larger subject numbers for this analysis working with cooperative 

networks. This will also enable our laboratory to study Treg enumeration, phenotype, and 

function in subjects with other clinical categories in CVID subjects: splenomegaly, 

lymphoproliferative disorders, and granulomas [8,16,17]. Some of the CVID subjects 

without autoimmune disease may develop autoimmune disease in the future and, as such, we 

plan on following all our subjects with CVID longitudinally.

In conclusion, we show for the first time that Treg from CVID subjects with autoimmune 

disease are decreased in the peripheral blood and have a significantly decreased ability to 

suppress CD4+ effector cells. Treg dysfunction may play an important role in autoimmunity 

in CVID. Furthermore, the examination of FoxP3, Granzyme A, pSTAT5, and CD45RO may 

be important in phenotyping Treg in CVID subjects with autoimmune disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(a) Treg suppression assay in a representative CVID subject with and a representative CVID 

without autoimmune disease (AI) and representative healthy controls (HC) and 

representative XLA subject. The x-axis shows responder cells (activated autologous CD4+ 

effector Tcells) alone in the black bar and natural regulatory T cells alone in the gray bar 

(shown for confirmation of anergy) which were then mixed at 1:1 ratio as shown in the white 

bar. The y-axis shows proliferation as measured by uptake of 3H-thymidine (in cpm or 

counts per minute) The bars represent the standard deviation from the mean. (b) Treg 
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suppression assay results displayed for all subjects (as calculated by autologous 

Tsuppression assay with Treg:Tresp as a 1:1 ratio) in CVID subjects with and without 

autoimmune disease compared to healthy controls and XLA subjects. The y-axis shows the 

numerical quantity of Treg dysfunction as uptake of 3H-thymidine (in cpm or counts per 

minute). Each dot represents an individual subject. (c) Mixing experiments of Treg and 

Tresp cells from different patients at 1:1 ratios. Treg derived from CVID w/ AI with Tresp 

from CVID w/o AI (Mix 1), Treg derived from CVID w/o AI with Tresp from CVID w/ AI 

(Mix 2), Treg derived from HC with Tresp from CVID w/ AI (Mix 3), Treg derived from 

CVID w/ AI with Tresp from HC (Mix 4) and Treg derived from XLA with Tresp from HC 

(Mix 5). A representative pair for each mixing experiment is shown. The y-axis shows the 

numerical quantity of Treg dysfunction as uptake of 3H-thymidine (in cpm or counts per 

minute).
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Figure 2. 
(a) Representative HC sample for Treg gating strategy. PBMC (peripheral blood 

mononuclear cells) were stained for LiveDead Stain (Invitrogen), CD4+, CD25hi, CD127lo. 

They were then gated by Live/Dead, then SSC and FSC for the lymphocyte gate, then 

CD4+, then CD127lo/CD25hi cells. This gating strategy was used to gate for all Treg. Using 

this Treg gating, additional markers were then assessed as in panel b. (b) Representative HC 

sample for gating strategies for the additional markers co stained with the Treg population 

(panel a).
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Figure 3. 
Percentages and MFI (mean fluorescence intensity) of FoxP3 (a), Granzyme A (b), XCL1 

(c), pSTAT5 (d), and GITR (e) in Treg of CVID subjects with and without autoimmune 

disease and healthy controls. Each dot represents an individual subject. The bar represents 

the mean value and p values ≤ 0.05 were considered significant (two-tailed).
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Figure 4. 
Correlation studies of MFI of Foxp3 and pSTAT5 MFI (a) and of Foxp3 and Granzyme A 

MFI (b) in Treg from CVID w/ AI subjects. Each dot represents an individual subject. r 
value>0.7 was considered significant (two-tailed).

Yu et al. Page 18

Clin Immunol. Author manuscript; available in PMC 2016 December 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Correlation studies of % positive for FoxP3 (a), Granzyme A (b), XCL1 (c), pSTAT5 (d), 

and GITR (e) in Treg of CVID w/ AI subjects. Each dot represents an individual subject. r 
value<−0.7 was considered significant (two-tailed).
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Figure 6. 
Gating strategy shown for CD45RA+ and CD45RO+ co stains of Treg of representative 

CVID w/o AI (a), CVID w/ AI (b) and HC (c).
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Figure 7. 
Percentage of CD45RO+ (a) and CD45RA+ (b) expressing Treg of CVID subjects with 

autoimmune disease, CVID without autoimmune disease, and healthy controls. Each dot 

represents an individual subject. The bar represents the mean value and p values ≤ 0.05 were 

considered significant (two-tailed).
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Figure 8. 
Correlation studies of % CD45RO+ Treg and % CD19+CD27+IgM-IgD- switched memory 

B cells in all CVID subjects. Each dot represents an individual subject. r value<−0.7 was 

considered significant (two-tailed).
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Table 2

Cell counts of CVID patients with and without autoimmune disease

Patient % Memory/switched B cell phenotype 
(CD19+CD27+IgM−IgD−)

% CD45RO Treg 
phenotype

Absolute # CD4+ T 
cells (×103 per mL)

Absolute number 
CD4+CD25hi Tregs (×103 

per mL)

1 0.5 80 431 6

2 0.7 70 247 3

3 1.2 64 378 4

4 0.6 73 469 7

5 1.3 60 362 4

6 0.9 56 435 7

7 1.0 64 394 6

8 0.4 89 429 5

9 3.1 32 254 13

10 2.1 36 391 16

11 3.5 30 462 22

12 2.9 35 395 20

13 3.3 30 304 15

14 2.8 26 283 13

15 0 45 460 19

16 0 44 327 15
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