
Impairment of Regulatory T-Cell Function
in Autoimmune Thyroid Disease

Abigail B. Glick,1 Alaina Wodzinski,2 Pingfu Fu,3 Alan D. Levine,4,* and David N. Wald 2,*

Background: Autoimmune thyroid disease (AITD) pathogenesis may result from a loss of immune tolerance to
thyroid antigens. Regulatory T cells (Tregs) control immune responses, prevent excessive inflammation, and
may be dysfunctional in AITD. We investigated the role of Tregs in Hashimoto’s thyroiditis (HT) and Graves’
disease (GD), complicated by Down syndrome (DS). Our goal was to identify differences in CD4+ CD25high Treg
function or number in patients with GD and HT, compared to healthy controls (HC).
Methods: Treg number was assessed by flow cytometric analysis in samples from 20 AITD patients (seven GD,
13 HT), nine HC, and seven individuals with DS, a genetic disorder associated with multiple autoimmune
disorders including AITD. Treg function was assessed by the inhibition of proliferation (radioactive thymidine
incorporation into DNA) of blood-derived T effector (Teff) cells by Tregs in a coculture. Various methods of
stimulation were contrasted. Cytokine levels were determined in conditioned media from the co-cultures.
Results: No differences were found in the frequency of Tregs as a percentage of CD4+ cells between AITD and
HC. AITD Tregs were less capable of inhibiting the proliferation of Teff cells when compared to HC; however,
the impairment was dependent on the type of stimulation used. DS patients without AITD exhibited normal
Treg function. We observed few differences in cytokine production between HC and AITD patients.
Conclusions: Tregs from AITD patients are partly dysfunctional, possibly explaining their autoimmunity. Future
work will elucidate the diagnostic potential and pathophysiology of Tregs in AITD.

Introduction

Autoimmune thyroid disease (AITD) is a common dis-
order affecting 1%–4% of the overall population (1,2).

AITD is subdivided into two main groups, Graves’ disease
(GD) and Hashimoto’s thyroiditis (HT). Although GD is as-
sociated with hyperthyroidism and patients with HT more
often exhibit hypothyroidism, these two conditions have
significant overlap (3–6). There is frequently a co-occurrence
of both thyroid disorders within a family and transition over
time from one AITD to the other within an individual, sug-
gesting a shared immunoregulatory defect. Individuals with
GD and HT have a significantly increased risk of developing
other autoimmune diseases, with a frequency of approxima-
tely 10% in GD and 14% in HT (7). Autoimmune diseases that
occur with increased prevalence in AITD include type 1 dia-
betes (T1DM), celiac disease, Addison’s disease, vitiligo, and
rheumatoid arthritis (7,8).

Cell-mediated and humoral immunity both play roles in
AITD. In HT and GD there is a loss of tolerance to thyroid
antigens and lymphocyte infiltration into the thyroid gland

(3). In HT, a diffuse lymphocyte infiltration leads to the for-
mation of germinal centers and the destruction of thyrocytes
(9). In GD, lymphocyte infiltration into the gland results in
hypervascularity with a lack of significant thyrocyte de-
struction (3). In both conditions, B cells produce auto-
antibodies against thyroid antigens. Antibodies to thyroid
peroxidase are present in the majority of patients with HT and
GD (10). In GD autoantibodies cause a nonphysiological
activation of the thyrotropin receptor resulting in hyper-
thyroidism (11).

Regulatory T cells (Tregs) are a subset of CD4+ T cells that
have drawn tremendous interest due to their role in main-
taining tolerance by suppressing the immune response and
preventing autoimmune diseases (12). Tregs comprise *5%–
10% of CD4+ T cells and can be identified by the expression of
the transcription factor Foxp3 and high surface expression of
CD25. These cells function through several mechanisms, in-
cluding cell to cell contact (13) and the production of immu-
nosuppressive cytokines, such as transforming growth factor
(TGF)-b and interleukin (IL)-10, which inhibit antigen-specific
T-cell responses (14,15).
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Treg defects are thought to play a role in the development
of numerous autoimmune diseases, including AITD, T1DM,
and multiple sclerosis. Notably, mutations in Foxp3, a tran-
scriptional repressor that is a key modulator of Treg function,
result in IPEX syndrome, a syndrome involving severe
multisystem autoimmune disease (16). A few groups have
investigated Tregs in AITD patients; however, these studies
have yielded conflicting results. In looking at the number of
Tregs in AITD patients, two studies showed no deficit in Treg
number, while another study found that only untreated GD
patients had a significant decrease in the percentage of cir-
culating Tregs (17,18).

Beyond assessing Treg number, limited studies have also
evaluated Treg function in AITD, and these have yielded in-
consistent results. One study showed impaired Treg function
in a small number of individuals with AITD, although the
authors did not differentiate between HT and GD (19). In
contrast, another study found that untreated GD, euthyroid
GD, and euthyroid HT patients had Tregs with similar sup-
pressive function to HC (20).

Due to the limited number of studies reported, lack of
differentiation between GD and HT patients, and conflicting
results, we assessed Treg number and function in GD and HT.
Another limitation of previous studies is that they did not
investigate patients with AITD who have additional inflam-
matory diseases to determine if Treg function is more severely
impaired. The current study focuses on patients with multiple
autoimmune disorders and Down syndrome, a population
with a high propensity for multiple autoimmune diseases
including AITD. It is hoped that through a more complete
understanding of Tregs in AITD we can develop better
screening and prevention strategies for at-risk patients and
improve therapeutic options for AITD and other autoimmune
diseases.

Materials and Methods

Study population

Peripheral blood samples were obtained from 20 patients
with AITD, nine HC, as well as seven individuals with DS
(four of which had AITD). Diagnosis of GD and HT was based
on the presence of anti–thyroid peroxidase antibodies, anti-
thyroglobulin antibodies, and thyroid stimulating immuno-
globulins. HC had no known history of autoimmune disease,
negative anti–thyroid peroxidase and antithyroglobulin an-
tibodies, and negative celiac antibodies. Exclusion criteria
were as follows: steroids or immunosuppressants in the past 6
months, pregnancy, or a T-cell deficiency. Patients were re-
cruited from Rainbow Babies and Children’s Hospital, Uni-
versity Hospitals Case Medical Center, and Your Diabetes
Endocrine Nutrition Group, Inc., Cleveland, Ohio. Blood
samples were obtained with informed consent under In-
stitutional Review Board approved protocols.

Cell isolation and quantification by flow cytometry

Peripheral blood mononuclear cells (PBMCs) were pre-
pared from heparinized venous blood by density-gradient
centrifugation (Ficoll-hypaque, Sigma-Aldrich, St. Louis, MO,
250 g, 25 min) within 3 hours of blood being drawn. Cells
recovered from the gradient interface were washed twice in
phosphate-buffered saline (PBS). A portion of the PMBCs

were removed prior to staining to be used as irradiated, au-
tologous (auto) or allogenic (allo) antigen-presenting cells
(APCs). PMBCs used as APCs were irradiated at 3000 rad
using a 137Cs irradiator ( JL Shepherd, Mark 1 Model 68, San
Fernando, CA).

For cell marker staining and cell sorting, CD4 and CD25
staining was performed on the remaining PBMCs using APC-
conjugated anti-CD4 (Invitrogen, Carlsbad, CA) and phyco-
erythrin (PE)-conjugated anti-CD25 (BD Biosciences, San Jose,
CA). Freshly isolated PBMCs were incubated with appropri-
ate concentrations of antibodies for 30 minutes at 4�C in
the dark. To confirm that CD4+ CD25high T cells were
FoxP3 positive, PE-conjugated antihuman FoxP3, fluorescein
isothiocyanate (FITC)–conjugated anti-CD4, and APC-
conjugated anti-CD25 antibodies were obtained from
eBioscience (San Diego, CA). Cells were permeabilized and
stained according to the manufacturer’s protocol.

Cells were sorted and quantified on a BD Biosciences
FACSAria based on their CD4 and CD25 expression. CD4+

CD25high T cells (Tregs) were gated as the population of
CD25high T cells with slightly lowered expression of CD4 as
previously described (21,22). The CD4 cells that did not have
CD25 bright expression were collected and used as T effector
(Teff) cells. Upon reanalysis by flow cytometry, the purity of
the sorted Teff and Treg cells was >95%.

Proliferation assay

Freshly sorted Teff cells (CD4+ CD25 - ) and Tregs (CD4+

CD25high) were cultured at varying ratios (20,000:0,
20,000:10,000, 20,000:5000, and 20,000:2500) in triplicate in
round-bottomed 96-well plates (BD Biosciences) in complete
RPMI 1640 medium ThermoScientific (Logan, UT), containing
10% fetal bovine serum (Sigma-Aldrich). Plate-bound anti-
CD3 (0.2 lg/well OKT3, Ortho Diagnostic Systems, Roche-
ster, NY), soluble anti-CD28 (0.05 lg/well, Ancell, Bayport,
MN), and irradiated, auto-PBMCs (50,000 cells/well) were
used to stimulate proliferation. In a subset of patients, irra-
diated allo-PBMCs from healthy donors were used alone or
in combination with anti-CD3 and anti-CD28 to stimulate
T cells.

Cells were cultured at 37�C in humidified 5% carbon di-
oxide. On day 4 of culture, media samples were obtained for
cytokine measurements, and 0.5 lCi/well [3H]-thymidine
(New England Nuclear, Boston, MA) was added for an ad-
ditional 15–18 hours. Cell lysates were harvested with a
Unifilter-96 Harvester (Perkin Elmer, Waltham, MA), and
radioactive DNA incorporated into proliferating cells was
measured as counts per minute (cpm) with a 1450 MicroBeta
TriLux scintillation counter (Perkin Elmer, Waltham MA).
Due to donor variability, the percentage of maximal prolif-
eration was compared between groups rather than cpm. The
percentage of proliferation was determined by (cpm incor-
porated in co-culture/cpm of the Teff population alone) · 100.

Cytokine determination

Cytokine production from stimulated cells was measured
on a subset of individuals (four HC and 14 with AITD) using a
commercially available multiplex kit (Mesoscale Discovery,
Gaithersburg, MD). The following cytokines were analyzed:
TGF-b, IL-10, IL-4, IL-17, IL-5, IL-2, and interferon (IFN)-c.
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Statistical analysis

To determine statistical significance, the Mann–Whitney
test was performed for two-group comparisons and a one-
way ANOVA Bonferonni or Tukey test for multiple group
comparisons using GraphPad Prism software (San Diego,
CA); p values less than 0.05 were considered significant.

Results

Patient demographics

Samples were obtained from nine HC, 13 patients with HT,
and seven patients with GD. There was a similar age range
among all groups. More females participated than males in
both the HC and AITD groups, and a similar sex ratio was
maintained. A subset of patients with AITD had multiple
autoimmune or inflammatory diseases. One GD patient had
ulcerative colitis, four HT patients had one additional auto-
immune disease (T1DM, CREST syndrome, systemic lupus
erythematosis), and two HT patients had two additional
autoimmune diseases (T1DM and celiac or pernicious ane-
mia). Data from these patients are summarized in Table 1. We
studied a separate population of patients with DS with and
without AITD. These data are summarized in Table 2. All
patients with HT were being treated with levothyroxine. Of
the GD patients, three who had received radioactive iodine
ablation and four patients who underwent thyroidectomy
were taking levothyroxine. One GD patient went into remis-
sion while receiving antithyroid medications and was not
taking any medication at the time of the study.

CD4+ CD25high cells are Foxp3 +

Tregs were defined during flow cytometric analysis as CD4
positive, CD25 bright cells. Consistent with other studies (23),
the Treg cells exhibited a slightly lower expression of CD4
than the bulk of CD4+ T cells. An example of the gating
strategy used to identify and isolate Tregs is shown in Figure
1A. To confirm that the gated CD4+ CD25high cells exhibited
phenotypic characteristics of Tregs, we stained these cells for
the Treg-associated transcription factor FoxP3. The CD4+

CD25high cells uniformly expressed FoxP3 (Fig. 1B). In con-
trast, the Teff cells (CD4+ CD25 - ) showed no FoxP3 staining

(Fig. 1C). Besides phenotypic properties of Tregs, our sorted
Treg cells also demonstrated functional properties of Tregs as
demonstrated by their potent ability to suppress Teff cell
proliferation in HC (Fig. 2).

Frequency of CD4+ T cells and CD4+ CD25high

Tregs is unchanged in AITD

Some studies have suggested that the frequency of Tregs is
altered in certain autoimmune conditions though it is not clear
whether this occurs in AITD (24,25). Therefore, we sought to
re-examine this question. No significant differences were
found in the frequency of CD4+ CD25high T cells as a per-
centage of CD4+ T cells between AITD patients (6.1% – 0.4%)
and HC (6.5% – 0.4%; p = 0.18). There was also no apparent
difference in the frequency of CD4+ T cells as a percentage of
mononuclear cells between AITD patients (42.1% – 2.1%) and
HC (44.2% – 2.4%; p = 0.1).

The suppressive function of Tregs from AITD
patients is reduced compared to HC

Prior to assessing the function of Tregs in suppressing T-cell
proliferation, we tested the proliferative capacity of CD4+

CD25 - Teff cells isolated from AITD and HC patients. Teff
cells proliferated well in response to plate-bound anti-CD3
antibody, soluble anti-CD28 antibody, and auto-APC stimu-
lation. There was no difference in the level of proliferation
between groups. When Teff cells were cultured without
Tregs (20,000:0) proliferation ranged from 11,604 to 74,419
cpm. The mean cpm for HC, HT, and GD were 33,081 – 5633,
32,093 – 6169, and 38,685 – 8160, respectively ( p = 0.7837). In
agreement with previous reports, Tregs were anergic to
stimulation (cpm < 10,000).

In cocultures of Treg and Teff cells at varying ratios, a sig-
nificant reduction in the level of suppression of proliferation
was observed in patients with AITD as compared to HC. An
example of a single donor from each group is shown in Figure
2A. In aggregate at a 20,000:10,000 ratio, the percent cell pro-
liferation in AITD patients and HC were 75.5% – 5.2% and
31.4% – 7%, respectively (Fig. 2B; p = 0.0001). Treg suppression
was similarly impaired in HT and GD. At a 20,000:10,000 ratio
the percent cell proliferation was 74.0% – 6.3% in HT versus
78.3% – 9.6 in GD (Fig. 2B; p = NS). When each AITD group was
compared to the HC separately, both HT and GD Tregs re-
mained significantly less suppressive (Fig. 2B; p = 0.001 and

Table 1. Characteristics of Healthy Controls

and Individuals with Autoimmune Thyroid Disease

Healthy
controls AITD

Number of patients 9 20
Age, mean (range) 34 (13–46) 32 (10–56)
Female, n (%) 7 (78) 16 (80)
AITD: HT/GD N/A 13/7
Mean duration of

AITD in years (range)
N/A 7 (0–23)

No. with multiple auto-
immune disease (% with
‡3 autoimmune diseases,
% with type 1 diabetes)

N/A 7 (29, 57)

AITD, autoimmune thyroid disease; HT, Hashimoto’s thyroiditis;
GD, Graves’ disease; N/A, not applicable.

Table 2. Characteristics of Individuals

with Down Syndrome With and Without

Autoimmune Thyroid Disease

DS with
AITD

DS without
AITD

Number of patients 4 3
Age, mean (range) 18 (12–23) 11 (10–12)
Female, n (%) 2 (50) 3 (100)
AITD: HT/GD 3/1 N/A
Mean duration of

AITD in years (range)
6 (2–10) N/A

No. with multiple
autoimmune disease

0 N/A

DS, Down syndrome.
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p = 0.001, respectively). Similar significant differences in sup-
pressive capacity in AITD, HT, and GD were seen at the
20,000:5000 ratio (Fig. 2C). There was no apparent relationship
between duration of thyroid disease or sex and Treg suppres-
sion. The percentage proliferation at a 20,000:10,000 ratio was
79.3% – 8.8% (AITD £ 2 years) and 73.9% – 6.5% (AITD > 2
years) and 76.4% – 5.6% (female) and 71.8% – 14.4% (male).

Cytokine profiles were minimally altered in AITD

Cytokine secretion was analyzed in the conditioned me-
dium obtained from cultures with CD4+ CD25- T cells alone
and cocultures of CD4+ CD25- T cells and CD4+ CD25high T
cells. We observed few differences in cytokine production
between HC and patients with AITD. The production of IL-10
from coculture was significantly less in AITD compared to HC
( p = 0.03). In patients with AITD, there was significantly more
IL-17 production and significantly less IL-2 in coculture
compared with CD4+ CD25- T cells alone (Table 3). Though
few differences were observed in cytokine levels, measure-
ments were highly variable between donors as is commonly
found in these assays making it difficult to definitively dem-
onstrate the involvement of particular cytokines in AITD.

Additional autoimmune disease does not compound
Treg dysfunction

Due to the fact that a significant portion of AITD patients
develop multiple autoimmune disorders, it was of interest to
assess if these patients exhibit more profound Treg dysfunc-
tion. Treg function was not found to be more impaired in
individuals with multiple (AITD and at least one additional
autoimmune disease) versus single disease (AITD alone) (Fig.
3A).

Treg activity is not impaired in DS patients
without autoimmune disease

Individuals with DS have an extremely high predisposition
to autoimmune disease, with AITD being the most common.
The reason why DS patients are highly susceptible to auto-
immune disease is not known. We sought to determine if

autoimmune susceptibility in DS is due to an alteration in
Treg function or number. In individuals with DS who did not
have autoimmune disease, Treg number (data not shown) and
function were not deficient. Tregs had similar suppressive
activity in patients with DS without AITD as HC (Fig. 3B).
Treg function was also found to be similarly impaired in DS
individuals with AITD compared with other individuals with
AITD.

Method of stimulation of Teff cells obscures
differences in Treg function between HC and AITD

Impairment in Treg function was found to be dependent on
the type of stimulation. In contrast to a clear Treg impairment
in AITD when auto-PBMCs, anti-CD3, and anti-CD28 anti-
bodies were used as a stimulus, there was no significant dif-
ference in Treg suppression of proliferation between HC and
those with AITD when allo-PBMCs were used in combination
with anti-CD3 and anti-CD28 antibodies or when allo-PBMCs
were used alone (Fig. 4). Due to this unexpected finding, we
also assessed Treg function in a group of patients with T1DM,
an autoimmune disease in which Treg impairment is widely
recognized. When allo-PBMCs were used alone as a stimulus,
there was no significant difference in Treg function between
T1DM and HC (data not shown).

Discussion

Regulatory T cells play a prominent role in the maintenance
of self-tolerance and suppression of excessive immune re-
sponses in health and disease (26,27). Defective Treg activity
is associated with many autoimmune conditions such as
T1DM, multiple sclerosis, and rheumatoid arthritis, but there
are limited and conflicting data on the role of Tregs in AITD
(12,19,20). We demonstrated a defect in Treg function in both
HT and GD, despite the distinct pathophysiology of these
diseases. This suggests there may be a shared immunoregu-
latory defect. Treg function was not affected by multiple
autoimmune disease, which may be attributable to an in-
ability to detect more impairment with the methodology used
in these experiments. It is of particular interest that there was

FIG. 1. Flow cytometric analysis of peripheral blood mononuclear cells (PBMCs). (A) PBMCs were stained with antigen-
presenting cell (APC)-conjugated anti-CD4 (y-axis) and phycoerythrin (PE)-conjugated anti-CD25 (x-axis) and analyzed by
flow cytometry. The CD4 + CD25high cells exhibiting a slightly reduced expression of CD4 were considered regulatory T cells
(Tregs). (B, C) PMBCs were stained either with PE-conjugated antihuman FoxP3 or an isotype control as well as fluorescein
isothiocyanate (FITC)-conjugated anti-CD4 and APC-conjugated anti-CD25 and analyzed by flow cytometry. (B) Histogram
demonstrating FoxP3 expression in gated CD4 + CD25high cells (Tregs). (C) Histogram demonstrating absence of FoxP3
expression in gated CD4 + CD25 - cells (T effector [Teff] cells). ---, FoxP3 stain; —, isotype control.
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no difference in Treg function based on duration of AITD
since patients ranged from newly diagnosed to 23 years du-
ration. This suggests a lifelong alteration in Treg function
versus a transient phenomenon. Interestingly, one patient
with GD went into remission, and this single AITD patient
exhibited Treg function similar to HC, suggesting that re-
covery of the Treg function may correlate with, and possibly
correct, disease status. Longitudinal studies on a larger cohort
will be necessary to investigate this phenomenon and may
possibly impact innovative treatment strategies. The effects of
the type of treatment and treatment duration on Treg function
need to be examined in future studies. In addition, a predic-
tive nature of Treg function in autoimmune diseases has been
found in other diseases such as systemic lupus erythematosus
(SLE). For instance, in vitro suppression of the proliferation of
Teff cells by Tregs isolated from inactive SLE patients was
comparable to that of normal individuals, whereas Tregs
isolated from patients with active SLE poorly suppressed the
proliferation (28).

Since DS patients are highly susceptible to autoimmune
disease, we were surprised to find that Treg function was not
impaired in DS individuals without AITD. This suggests that
DS itself is not associated with Treg dysfunction. However,
given the small number of DS patients in this study, more
patients need to be assessed in order to verify this finding.

We also assessed the number of circulating Tregs in AITD.
No differences in the number of Tregs or total number of
CD4+ T cells were observed between AITD, HT, GD, and HC.
Confirmation of this finding, which has been discrepant be-
tween previous studies (17,18,20), is important because it may
affect future therapeutic approaches. If there is a deficiency in
Treg number, then enhancing that number through cell ther-
apy or drug treatment may be a reasonable strategy. If the
number of Tregs is normal and these cells are dysfunctional, it

FIG. 2. Tregs are immunosuppressive in healthy controls
(HC), but not AITD. (A) Representative T-cell proliferation.
CD4 + T cells from one HC subject, one GD patient, and one HT
patient were activated at various ratios of Teff to Treg. Effector
cell density was maintained at 20,000 cells/well, and Treg
populations were titered from 10,000 to 2500. [3H]-thymidine
was added for the final 15–18 hours of culture, and proliferation
was measured by scintillation counting. (B, C) Percentage
proliferation of activated Teff cells when cocultured with vari-
ous concentrations of Tregs. (B) A 20,000:10,000 ratio of Teff to
Treg. (C) A 20,000:5000 ratio of Teff to Treg. Horizontal bars
show the mean with SEM. A one-way ANOVA Bonferonni test
was used for multiple group comparisons in (B) and (C).

Table 3. Cytokine Production in the Presence

and Absence of Autoimmune Thyroid Disease

Presence
of AITD 20,000:0 20,000:10,000 p

TGF-b - 904 – 374.0 839.5 – 355.4 0.34
+ 947.4 – 105.5 908.6 – 99.41 0.36

IL-10 - 149.4 – 50.65 181 – 63.07a 0.44
+ 94.92 – 27.27 131.4 – 29.66a 0.1253

IL-4 - 38.68 – 24.37 43.73 – 25.47 0.3429
+ 21.02 – 5.65 24.14 – 5.46 0.3962

IL-17 - 331.8 – 142.7 598 – 276.6 0.1833
+ 290.6 – 80.83 912.8 – 254.5 0.0228*

IL-5 - 21.08 – 14.38 38.22 – 13.32 0.2
+ 185.2 – 76.54 299.7 – 105.3 0.2863

IL-2 - 1002 – 683.4 298.4 – 217.7 0.3429
+ 1510 – 418.9 524.5 – 222.2 0.0228*

IFN-c - 34,720 – 18,436 57,694 – 31,612 0.3429
+ 34,046 – 15,544 23,754 – 10,662 0.4361

Conditioned media from Teff cells cultured alone and cocultured
with Tregs at 20,000:10,000 were evaluated at 96 hours. Samples
were obtained from four HC and 14 patients with AITD. Data
represent mean and SEM (pg/mL); p values represent a comparison
of 20,000:0 and 20,000:10,000.

aSignificant decrease in IL-10 production in coculture of AITD
versus HC.

*p value < 0.05.
TGF, transforming growth factor; IL, interleukin; IFN, interferon.
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would likely be necessary for AITD patients to receive either
cellular or molecular stimuli that can reactivate normal Treg
function.

Since Treg function is known to be mediated by cytokine
production and cell-to-cell contact (13–15), we investigated
the potential role of cytokines in Treg dysfunction found in
AITD. Our data suggest that cytokine production is not likely
playing a major role in the Treg dysfunction. Few differences
were observed in cytokines produced during cocultures of
Tregs and Teff cells. The only significant findings included the
production of less IL-2 and more IL-17 in AITD from coculture
experiments. It was recently reported that Tregs can produce
IL-17, and higher IL-17 production by Tregs is associated with
reduced suppressive activity (29,30). Therefore, higher IL-17
levels in our autoimmune patients were associated with their
Treg dysfunction. Since few differences in cytokines were
found in our study, it is likely that defects in cell to cell contact
may be more important in explaining the functional impair-
ment of Tregs from AITD patients.

Our study revealed that the method of stimulation of T-cell
proliferation is critical to appreciate Treg dysfunction in
AITD. In vitro, Teff cells can be induced to proliferate by
various agents, including anti-CD3 and anti-CD28 antibodies
and accessory cells. When allo-PBMCs (instead of auto-
PBMCs) were used as accessory cells to stimulate T-cell pro-
liferation, no impairment in Treg function was apparent in
AITD. This is consistent with our unpublished observations in
T1DM and raises the critical question of how accurately
in vitro proliferation assays truly represent the function of
these cells in vivo. This issue was previously noted by Brusko
et al. (31), who discussed the value and limitations of the
various in vitro assays. These observations suggest an im-
portant role for APCs in AITD as well. While it seems that a
defect in Tregs is contributing to the pathophysiology of
AITD, the pathogenesis is likely to be much more complex
than an issue limited to Tregs alone. In other autoimmune
conditions, APC dysfunction has been linked to impaired
suppression of T cells. Jin et al. (32) studied this question in
T1DM and found that the source of APCs affected Treg-
mediated suppression of Teff cell proliferation. Future studies
are warranted to determine why the source of the APC affects
Treg function in vitro and to better understand how these cells
interact in vivo.

Certain major histocompatibility (MHC) antigens have
been associated with autoimmune diseases, including AITD.
It has been proposed that the MHC phenotype can influence
proliferative responses to mitogens and cytokine generation
(33–35). Thus, differences in MHC may influence Teff cell
proliferation in patients with autoimmune disease. Future
studies are needed to characterize differences in the MHC
profile of APCs from HC and AITD because some defects in
Treg function may only be highlighted by identifying a cor-
responding defect in APCs (32).

FIG. 3. No difference in impairment of Treg suppression in
patients with increased susceptibility to autoimmune dis-
ease. (A) AITD alone versus those with AITD and at least one
additional autoimmune disease. Percentage proliferation of
20,000 activated Teff cells when cocultured with 10,000
Tregs. A one-tailed Mann–Whitney t test was used to com-
pare the groups. (B) Assessment of Treg function in patients
with DS. Percentage proliferation of activated Teff cells when
cocultured with various concentrations of Tregs. A
20,000:5000 ratio of Teff to Treg. A one-way ANOVA Bon-
feronni test was used for multiple group comparisons.

FIG. 4. The method of T-cell stimulation affects the ability
to detect a difference between Treg suppression in HC (�)
versus AITD (:) patients. CD4 + CD25 - T cells and Tregs
were cultured at a 20,000:10,000 ratio. Cells from AITD pa-
tients and HC were stimulated with auto- or allo-PBMCs
plus anti-CD3 and anti-CD28 antibodies or allo-PBMCs
alone. Proliferation was measured by [3H]-thymidine incor-
poration at 4 days. Impairment in suppression of AITD pa-
tients was only observed when auto-PBMCs plus anti-CD3
and anti-CD28 antibodies were used. A two-tailed Mann–
Whitney t test was used to compare the groups.
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Our study provides a partial explanation as to why there
may be many seemingly conflicting results on the function of
Tregs in autoimmune disease, including AITD, because dif-
ferent groups utilize a variety of methods to induce T-cell
proliferation (31). For example, one study on primary Sjög-
ren’s syndrome revealed effective suppression of Teff by
Tregs, with the authors concluding that CD4CD25 high reg-
ulatory T cells are not impaired in these patients (24). The
proliferation assay in that study involved anti-CD3 and anti-
CD28 antibodies as stimulators without the addition of
PBMCs or APCs. It is unclear if the same results would have
been achieved had the authors used auto-APCs. In addition to
the means of stimulation, other variables, such as the duration
of cell culture, the method of measuring proliferation (tritium
uptake by proliferating cells or cell tracking dye), and the
isolation method of the Treg population may affect results.
One advantage of our study was the use of flow cytometric
sorting, which provides a higher purity than using column-
based methods. We therefore recommend exercising caution
when interpreting studies utilizing in vitro cultures, an artifi-
cial environment that can be altered to produce differing
results.

A better understanding of Treg function in AITD is im-
portant for a variety of reasons. For example, it may enable
earlier identification of patients who will develop AITD and
other autoimmune diseases. At this time, it is recommended
that certain high-risk individuals, such as those with T1DM,
Turner syndrome, or DS, have thyroid function studies per-
formed annually or every other year (36–38). This leads to
significant cost, time, and undue anxiety. If we better under-
stand which individuals will develop AITD, such frequent
screening may not be necessary.

An enhanced awareness of the role of Tregs in AITD may
also aid in the development of new therapeutics that work by
improving their function. Treg-based therapies for HT would
be particularly useful in young children who require frequent
lab monitoring and levothyroxine dose adjustments to ensure
proper growth and brain development (39). In GD, current
therapeutic options are limited to antithyroid medications,
radioactive iodine ablation, and surgery, all of which are as-
sociated with significant risks (40).

Ultimately, a predictive gene signature and Treg functional
diagnostic test for AITD along with therapeutics that can
prevent or reverse Treg dysfunction in AITD would have a
tremendous public health and economic impact.
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