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Abstract

Background: Alterations in the naive T cell subpopulations have been demonstrated in patients with T cell mediated
autoimmune disorders, reminiscent of immunological changes found in the elderly during immunosenescence,
including the switch from CD45RA + to CD45RO + T cells and decreased thymic function with increased compensatory
proliferative mechanisms, partly associated with latent Cytomegalovirus (CMV) infection. The present study was
aimed to investigate proportions of lymphocytes, their relation to CMV-seropositivity and the replicative history of
CD45RA + expressing T cells in Hashimoto’s thyroiditis (HT, n = 18) and healthy controls (HC, n = 70).

Methods: Proportions of peripheral T cells were investigated by flow cytometry. The replicative history was assessed by
T cell receptor excision circles (TRECs) and relative telomere length (RTL). Expression of CD62L was analyzed by
immunohistochemistry in thyroid sections. The role of CMV was assessed by serology, ELISPOT assay and in situ
hybridization.

Results: Our results demonstrated a significant increase of CD28-negative T cells, associated with CMV-seropositivity in
HT patients. HT showed abundant CD45RO + T cells with peripheral loss of CD62L-expressing CD8 + CD45RA + T cells,
the latter mainly depending on disease duration. CD62L was expressed in thyroid lymphocyte infiltrations. The
diagnosis of HT and within the HT group CMV-seropositivity were the main determinants for the loss of CD28
expression. RTL was not different between HC and HT. HT showed significantly lower TRECs in CD4 + CD45RA + T cells
compared to HC.

Conclusions: Patients with HT display a peripheral T cell phenotype reminiscent of findings in elderly persons or other
autoimmune disorders. Whether these mechanisms are primary or secondary to the immunological alterations of
autoimmune conditions should be investigated in longitudinal studies which may open research on new therapeutic
regimes for treatment of HT and associated autoimmune diseases.
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Background
Naive T cell subpopulations are significantly altered in pa-
tients at the onset of T cell mediated autoimmune disorders,
such as diabetes mellitus type 1 and juvenile idiopathic arth-
ritis (JIA) [1,2]. These alterations are reminiscent of im-
munological changes found in the elderly during the aging
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of the immune system (immunosenescence), such as the
switch from the CD45RA+ to the CD45RO+T cell pheno-
type and a decrease in thymic function with increased com-
pensatory mechanisms [3,4]. Patients with rheumatoid
arthritis and JIA demonstrated increased CD28-negative T
cells, an erosion of telomere length as a marker of replicative
senescence and a loss of T cell receptor excision circles
(TRECs) as a parameter of thymic function and peripheral
proliferation of naive T cells [4]. TRECs are stable circular
DNA fragments that are created during T cell receptor re-
arrangement in the thymus [5,6] and have been described to
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be an indicator of thymic production. TRECs are not repli-
cating during mitosis. Therefore, TREC numbers are as
much influenced by peripheral cell turnover as by the influx
of newly generated TREC-positive T cells from the thymus.
Latent Cytomegalovirus (CMV) infection was shown to

be a driving factor for T cell differentiation [7]. The major-
ity of CMV-specific T cells are included within the CD28-
negative T cell subpopulation. CMV-seropositive healthy
individuals demonstrated accelerated loss of CD28 expres-
sion [8], which was not seen in CMV-seropositive JIA
patients [9].
Hashimoto’s thyroiditis (HT) is an organ-specific auto-

immune disorder of the thyroid gland associated with dif-
fuse lymphoid infiltration, inflammatory destruction of
follicular cells and auto-antibodies against thyroid-specific
self-antigens [10-12]. However, the etiopathogenesis of HT
is far from being clearly understood [13]. Previous studies
have shown significant alterations of the peripheral B and
T cell subpopulations in HT [14] with a restricted T-cell
-receptor repertoire [15] and a suggested role of CD25+
regulatory T cells in balancing immune tolerance [16-20].
Thus, the present study was aimed to assess whether pa-

tients with HT show proportional alterations of the per-
ipheral T cell subpopulations as found in other T cell-
mediated autoimmune diseases. In order to investigate the
different T cell subpopulations, T cells were characterized
by expression of CD3 and either CD4 or CD8, B cells by
CD19 and natural killer (NK) cells by CD3-CD16/56+.
HLA-DR was used as an activation marker of T cells.
CD28 is a co-stimulatory molecule, which is lost through
differentiation of T cells. CD45RO mainly defines the
memory T cell subset, expression of CD45RA activated
naive T cells expressing the CD62L lymphocyte homing
factor [21]. High expression of CD25 in combination with
CD62L is characteristic for regulatory CD4+ T cells, and
in low amounts also for naive T cells.
A further aim was to investigate the replicative history

of CD45RA + expressing T cells by assessment of TRECs
and relative telomere length (RTL) and the association
with CMV-seropositivity. In our study, dilution of TRECs
was used to estimate the thymus output and the periph-
eral proliferative history of the CD45RA-expressing T cell
pool, which contains recent thymic emigrants (usually
high TREC numbers), pre-existing peripheral, naive T cells
(usually low TREC numbers due to peripheral replication
and dilution of TRECs) and a small amount of differenti-
ated effector T cells (usually TREC-negative).

Methods
Study population
Peripheral blood mononuclear cells (PBMCs) and sero-
logical samples were obtained from 18 patients with HT
and 70 healthy controls (HC) (Table 1). Diagnosis of HT
was based on clinical, serologic and ultrasound findings
according to the definitions of the American Thyroid As-
sociation. Within the HT group, 6 patients were newly di-
agnosed (disease duration <6 months). Those otherwise
healthy patients presented with either fatigue, hair loss or
weight gain and were advised to visit our outpatient
Department by their physician. HT patients with other
autoimmune diseases (e. g. diabetes type 1), other endocri-
nological diseases, malignancies, treatments known to in-
fluence immunological parameters (e. g. glucocorticoids),
immunodeficiency, pregnancy, acute infection in the last
two weeks, severe allergies needing local or systemic ther-
apies or administration of vaccines within the last four
weeks were not included into the study. Patients were
recruited from outpatient clinics at the Departments of
Pediatrics, Surgery or Nuclear Medicine, Medical Univer-
sity Innsbruck, Vienna and Wuerzburg in the study period
2011 to 2012. Immunologically healthy HC scheduled for
elective surgery (e. g. hernia or plastic surgery) without
any therapy, autoimmune disorders, endocrinologic dis-
eases, cancer or other immunological impairments were
recruited at the outpatient clinics at the Departments of
Pediatrics or Surgery, Medical University Innsbruck.
Serological measurements of thyroid-stimulating hor-

mone (TSH) (normal range: 0.35-3.50 μU/ml), free tri-
iodothyronine (fT3) (3.10-6.50 pmol/l), free thyroxine
(fT4) (10.30-21.90 pmol/l), thyroid peroxidase antibody
(TPOAb), thyrotropin-receptor antibody (TRAb), and
Tg antibodies (TgAb) were performed by ELISA (Roche
Diagnostics, Vienna, Austria) according to standard la-
boratory procedures at the Central Laboratory, Univer-
sity Hospital Innsbruck.
As CMV is well known to drive T cell differentiation

and alter proportions of peripheral lymphocyte subpopu-
lations [7-9], HC and HT were separated into CMV IgG
seropositive and seronegative subgroups. Anti-CMV IgG
and IgM were measured by ELISA (Enzygnost, Dade
Behring, Vienna, Austria) according to standard labora-
tory procedures at the Department of Hygiene and Med-
ical Microbiology, Medical University Innsbruck.
Fourteen HT patients had treatment with levothyroxine

(dosage 75–150 μg/day). Thyroidectomy was performed in
7 HT patients due to large nodular goiter in 2 cases and
suspect inactive nodules in 5 cases. These 7 patients had
been treated with levothyroxine in the last 6 months pre-
ceding blood sampling.
All patients or their legal guardians gave their written

informed consent to participate in the study. The study
was performed according to the Declaration of Helsinki
and was approved by the local ethical committee of the
Medical University Innsbruck.

Lymphocyte separation
PBMCs were isolated by using LymphoPrep™ (Axis
Shield, Oslo, Norway) according to manufacturer’s ins-



Table 1 Characteristics of the study populations

Groups (number;
male/female)

Age (years) Duration of
disease (years)

TSH (μU/ml) fT3 (pmol/l) fT4 (pmol/l) TPOAb/TRAb/TgAb
positive (number)

CMV IgG positive/
negative (number)

HC (70; 27/43) 13.7 ± 4.0
(14.6; 5.0 – 28.5)

n. a. 0.9 ± 0.3
(0.8; 0.7 – 1.2)

5.4 ± 1.0
(4.9; 4.7 – 6.6)

14.6 ± 1.9
(15.5; 12.3 – 15.9)

0/0/1 21/49

HT (18; 4/14) 14.1 ± 5.8
(13.6; 4.2 – 34.3)

3.1 ± 2.5
(3.3; 0.3-7.3)

6.9 ± 12.2
(2.1; 0.2 – 50.4) *

5.9 ± 1.2
(5.9; 4.1 – 8.8)

14.34 ± 3.1
(15.0; 8.4 – 19.1)

18/17/18 5/13

Values are given in mean ± standard deviation (median; range).
Abbreviations: Healthy controls (HC); Hashimoto’s thyroiditis (HT); thyroid peroxidase antibody (TPOAb); thyrotropin-receptor antibody (TRAb); Tg antibody (TgAb);
not applicable (n. a.).
Difference between HT and HC: * p < 0.05.
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tructions as described previously [2]. CD4+CD45RA+

(naive) T cells were separated by negative selection using
a naive CD4+ T cell isolation kit (Miltenyi Biotec,
Teterow, Germany), magnetic beads and Auto MACS
system with sterile columns (Miltenyi Biotec). Purity of
separated CD4+CD45RA+ T cells was checked using
4-colour flow cytometry (FACS-Calibur flow cytometer;
Becton Dickinson, Oxford, United Kingdom) and ranged
from 97 to 99%.

Lymphocyte phenotypes
Lymphocytes were characterized by staining with mono-
clonal mouse antibodies (mAbs) specific for CD4, CD8,
CD45RA, CD45RO, CD28, CD25 and CD62L labeled
with fluorochromes Fluoresceinisothiocyanat (FITC),
Phycoerythrin (PE), Peridinin-Chlorophyll (PerCP) or
Allophycocyanin (APC) (all antibodies were purchased
from BD Pharmingen, San Jose, California, USA) for 20
min at room temperature in the dark as described previ-
ously [2]. Results were expressed as percentage of gated
lymphocytes.

Quantification of TREC numbers
DNA was extracted from separated CD4+CD45RA+ T
cells using QIAamp DNA Mini Kit (Qiagen, Chatsworth,
California, USA). In order to remove contaminations,
which would interfere with polymerase chain reaction
(PCR), DNA was purified by ethanol-precipitation using
0.4M LiCl2 and 2.5-fold the volume 100% ethanol at
−20°C for 30 min. After centrifugation, the pellet was
washed twice with 70% ethanol to remove remaining
salts. The pellet was dissolved in nuclease-free water [2].
Signal-joint TREC concentrations were determined by

quantitative SYBR-green real-time PCR based on the
coding TREC sequence using an iCycler quantitative
RT-PCR system (BioRad Laboratories, Hercules, Canada)
and log2 dilutions of an internal standard as described
previously [2,6]. We designed primers to amplify a DNA
fragment 82 bp across the remaining recombination se-
quence δrec/ψalpha (5′-CAC ATC CCT TTC AAC
CAT GCT-3′ and 5′-GCC AGC TGC AGG GTT TAG
G-3′) (MWG Biotech AG, Ebersberg, Germany). PCR
reaction was run with 0.5 μg DNA, primers (12.5 μM/25
μl) and 12.5 μl SYBR™ Green Supermix (Bio-Rad Labora-
tories, Hercules, Canada) in a final volume of 25 μl. Each
experiment was performed in duplicates. The thermal
cycling profile started with 4 minutes at 95°C. Repeating
cycles were performed 40 times at 95°C for 30 seconds
followed by 62°C for 30 seconds and 72°C for 30 sec-
onds. The process was followed by 1 cycle at 72°C for 30
seconds and finished with 70 cycles at 60°C for 10 sec-
onds. To identify the TREC quantification end products,
gelelectrophoresis of amplified TRECs was perfor-
med including the plasmid as positive control and a
TREC-negative control. To avoid bias by different num-
bers of naive T cells, TRECs were calculated in relation
to CD4 + CD45RA + T cell numbers [22].

Telomere length analysis
Determination of relative telomere length (RTL) was
performed to estimate the individual replicative history
of CD45RA-expressing T cells by calculating the ratio of
a quantitative PCR reaction product from the same sam-
ple using specific primers for telomeres and a single
copy gene as described previously [23,24]. Quantitative
PCR is the method of choice for determining telomere
length in small extractable quantities of DNA, as is the
case in our study. Due to limited sample size not all la-
boratory investigations regarding quantification of lym-
phocytes, RTL or TRECs could be performed in all
patients. In brief, separate PCR experiments were
performed for telomere (T) and 36B4 (a single copy
gene, S) in 96 well optical reaction plates with 20 μl of
each sample. A serially diluted standard was added to
each plate. The primer pair sequences for T were: tel1b
5′-CGG TTT GTT TGG GTT TGG GTT TGG GTT
TGG GTT TGG GTT-3′ and tel2b 5′-GGC TTG CCT
TAC CCT TAC CCT TAC CCT TAC CCT TAC
CCT-3′. Sequences for 36B4 were: 36B4 forward 5′-
CAG CAA GTG GGA AGG TGT AAT CC-3′ and 36B4
reverse 5′-CCC ATT CTA TCA TCA ACG GGT ACA
A-3′. Reagent mixture composition shared by T and S
PCR was 15 mM Tris–HCl (pH 8.0), 50 mM KCl, 200 μM
dNTP, 1% DMSO, 2.5 mM DTT, SYBR-Green I. Compos-
ition specific for the T PCR was 1.5 mM MgCl2, 1.5 Units
AmpliTaq Gold DNA polymerase and 450 nM of each
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telomere specific primer. Composition specific for the S
PCR was 3.5 mM MgCl2, 0.75 Units AmpliTaq Gold
DNA polymerase, 300 nM 36B4 primer and 500 nM
36B4rev primer. Experiments were carried out on an ABI
Prism 7500 Sequence Detector. The thermal cycling pro-
file started with 15 minutes at 93°C to activate polymerase
for T PCR and 10 minutes at 95°C to activate polymerase
for the S PCR. Repeating cycles were performed 25 (T)
and 40 (S) times at 95°C for 15 seconds followed by 56°C
for 1 minute [1].

Immunohistochemistry
CD62L-expressing lymphocytes were identified after fix-
ation of thyroid tissue samples from the 7 thyroidecto-
mized HT patients with 4% neutral-puffered formalin by
staining with mouse-anti-human-CD62L antibody (MIB-1
clone; DAKO, Glostrup, Denmark) using an automated
immunostainer (Nexes, Ventana Medical Systems, Tucson,
AZ, USA) with 3,3-diaminobenzidine tetrahydrochloride
(DAB) A chromogen and counterstaining with Hema-
toxylin and Bluing Reagent. Slides were evaluated semi-
quantitatively by two independent investigators (MP and
AB) counting the number of CD62L + lymphocytes/100
lymphocytes/high power field (HPF) in at least 5 HPFs of
inflammatory hot spots. Healthy thyroid tissue sections of
5 donors without HT who were thyroidectomized due to
suspect inactive nodules were used as negative controls.

CMV in situ hybridization
Of the 7 thyroidectomized HT patients, 3 had a positive
serology for CMV. Paraffin-embedded samples from HT
patients were cut into 3 μm thick sections. Viral DNA was
detected using a Fluorescein-conjugated CMV probe
(34816 CMV probe) and Novocastra in situ hybridization
ISH detection kit (both from Leica Microsystems, London,
UK). Hybridization and detection of CMV was performed
according to the manufacturer’s recommendations. Slides
were counterstained with Mayers Hemalaun. A CMV-
infected colon tissue served as a positive control. The 4
CMV-seronegative HT patients served as negative controls.

CMV ELISPOT
CMV-specific reactivity of lymphocytes was determined in
three of the recently diagnosed and two other CMV-
seropositive HT patients and five CMV-seropositive HC
by using an Interferon-gamma (IFN-γ) ELISPOT analysis,
as described previously [25]. In brief, PBMCs were thawed
at 5 × 105 cells/well and stimulated with 0.5 μg/ml
peptivator CMV pp65 antigen (Miltenyi Biotec, Bergisch-
Gladbach, Germany), medium or phytohemagglutinin
(PHA) (3 μg/mL; Sigma, Taufkirchen, Germany) in anti-
human IFN-γ-precoated silent-screen 96-wells plates
(Mabtech) for 18 hours, developed and quantified using C.
T.L. ELISPOT reader software (Bonn, Germany). CMV-
seronegative donors were used as negative controls. Re-
sults of CMV-specific IFN-γ-producing lymphocytes were
expressed in spot forming units/106 cells.

Statistics
The Kolmogorov-Smirnov test was applied to evaluate
the normality of distribution of different parameters.
Non-parametric Mann–Whitney U test was used to
compare HT and HC (SPSS, Version 19.0, Chicago, IL).
For multiple comparisons, Bonferroni’s correction was
applied. X2 test was used to compare dichotome vari-
ables between HT and HC, such as sex (male or female)
or CMV (IgG seropositive or seronegative). Spearman
Rank’s correlation coefficient was used to analyze corre-
lations of T cell subpopulations and age of subjects. To
identify independent factors for alterations in T cell pro-
portions, age, disease duration, CMV-seropositivity, sex
and HT disease were entered into a multivariate linear
regression model. A p < 0.05 was defined statistically
significant.

Results
Patients
No significant differences were present between the
groups regarding age (Table 1). There was no significant
age difference between 6 newly diagnosed HT patients
(mean 12.3 ± 1.9 years) and the other HT patients (mean
age 14.9 ± 7.2 years). In HT, 77.8% were female com-
pared to 61.4% in HC.
There was no significant difference between HT

(27.8%) and HC (30.0%) regarding frequency of individ-
uals positive for CMV-specific IgG (Table 1). One HT
patient and three HC were concomitantly positive for
CMV-specific IgM. Three of 6 newly diagnosed HT pa-
tients were CMV IgG positive (IgM negative).
Significantly higher TSH concentrations were found in

patients with HT compared to HC. Six HT patients had
TSH concentrations (5.4 to 50.4 μU/ml) above the nor-
mal range for age three of them belonged to the newly
diagnosed HT group. No differences were seen in free
serum thyroid hormones (Table 1). Five of 6 hypothyroid
HT patients were CMV-seronegative.

Lymphocyte subpopulations
Absolute lymphocyte counts were significantly lower in
HT patients compared to HC (Table 2). In HC, absolute
counts of lymphocytes (R = −0.679; p < 0.0001) and pro-
portions (R = −0.556; p < 0.001) negatively correlated with
age. These correlations were not seen in HT patients.
HT patients showed significantly lower proportions of

CD8+ T cells than HC, higher proportions of CD28-
negative CD8+ T cells (Figure 1A) and higher propor-
tions of CD45RO + T cells in both CD4+ and CD8+ T
cells (Figure 1B) (Table 2). Newly diagnosed HT patients



Table 2 Comparison of lymphocyte subpopulations in HT and HC

Lymphocyte subpopulation Healthy control (HC) Hashimoto’s thyroiditis (HT)

Number Mean ± standard deviation
(median; range)

Number Mean ± standard deviation
(median; range)

Lymphocytes absolute per μl 70 2508 ± 763 (2550; 960 – 4200) 18 1917 ± 659 (1794; 665 – 3264)***

Lymphocytes (% of white blood cells) 70 33.6 ± 10.9 (33.3; 15.0 – 62.0) 18 33.1 ± 12.5 (34.5; 15.0 – 54.0)

CD3+ (% of total lymphocytes) 66 68.3 ± 6.9 (68.0; 47.8 – 82.5) 18 68.8 ± 8.5 (69.2; 43.8 – 80.8)

CD4+ (% of total lymphocytes) 66 39.1 ± 6.9 (39.6; 25.8 – 51.1) 18 38.9 ± 7.1 (40.1; 21.5 – 51.6)

CD8+ (% of total lymphocytes) 66 27.8 ± 6.4 (26.5; 13.7 – 44.3) 18 24.1 ± 6.2 (23.3; 14.5 – 38.5)***

CD19+ (% of total lymphocytes) 66 16.1 ± 4.3 (15.3; 9.2 – 25.9) 18 18.6 ± 8.2 (16.1; 10.0 – 44.4)

CD3-CD16/56+ (% of total lymphocytes) 66 10.9 ± 5.9 (9.7; 3.8 – 33.7) 17 7.3 ± 3.5 (6.4; 3.3 – 15.0)

HLA-DR + (% of CD3+) 66 5.9 ± 2.8 (5.2; 1.8 – 12.4) 18 6.1 ± 2.5 (5.4; 2.4 – 11.3)

CD28- (% of CD4+) 65 1.5 ± 1.3 (1.3; 0.09 – 8.4) 16 1.1 ± 0.9 (0.9; 0.1 – 2.7)

CD28- (% of CD8+) 66 11.1 ± 13.7 (3.9; 0.15 – 61.7) 17 19.8 ± 13.3 (14.5; 4.8 – 52.3)***

CD45RO + (% of CD4+) 31 35.9 ± 12.9 (36.4; 1.4 – 59.4) 17 46.2 ± 12.9 (47.3; 23.2 – 74.7)**

CD45RO + (% of CD8+) 31 19.7 ± 10.6 (17.8; 0.07 – 48.3) 17 29.1 ± 13.2 (27.7; 11.9 – 57.8)***

CD45RA + CD62L + (% of CD4+) 64 61.1 ± 14.4 (60.9; 9.9 – 88.2) 17 54.4 ± 18.5 (53.6; 10.6 – 85.3)

CD45RA + CD62L + (% of CD8+) 63 61.6 ± 14.9 (64.2; 16.7 – 93.3) 17 51.9 ± 14.9 (55.3; 26.5 – 72.5)**

CD25 + CD62L + (% of CD4+) 64 22.8 ± 11.8 (20.8; 4.5 – 78.1) 17 23.6 ± 7.3 (21.5; 14.2 – 39.4)

Difference between HT and HC: *** p < 0.01, ** p < 0.02. Numbers of investigated samples from HC and HT are given in separate columns. For technical reasons
not all parameters were investigated in all HC and HT.
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showed higher proportions of CD8 + CD28- T cells than
the other HT patients (p < 0.05) (Figure 1A). Proportions
of CD45RA + CD62L + were lower in HT within the
CD8+ T cell pool compared to HC (Figure 1C). Newly
diagnosed HT patients had significantly lower propor-
tions of CD8 + CD45RA + CD62L + than the other HT
patients (p < 0.001) (Figure 1C).
Proportions of CD4 +CD25 +CD62L +T cells correlated

with age in HC (R = 0.278; p < 0.05) and HT (R = 0.529;
p < 0.05). No correlations between lymphocyte subpopula-
tions and hormone levels or thyroid hormone substitution
were seen. We could not find any significant differences be-
tween hypo- and euthyroid HT patients (Figure 1A-C).
CMV-seropositive HC showed higher proportions of

CD4 + CD28- T cells compared to CMV-seronegative
HC (Table 3). CMV-seropositive HT patients had signifi-
cantly higher proportions of CD8 + CD28- T cells com-
pared to CMV-negative HT and CMV-seropositive HC
(Table 3, Figure 2).
Including HT and HC, age, sex, disease duration and

CMV-seropositivity into a linear regression model, the
absolute lymphocyte counts (R = 0.493; p < 0.01) and the
CD28-negative T cell subpopulations (CD4+: R = 0.504;
p < 0.01; CD8+: R = 0.469; p < 0.01) were only influenced
by having HT. In the HT group, regression analysis re-
vealed an independent influence of disease duration
for lower CD8 + CD45RA + CD62L + T cells (R = 0.809;
p < 0.01). CMV-seropositivity was an independent factor
for higher proportions of CD28-negative CD8+ T cells
(R = 0.744; p < 0.01).
RTL and TRECs
Relative telomere length was not different between HC
and HT (Table 4). Physiological shortening of telomeres
with advancing age, as found in HC (R = −0.513;
p < 0.0001), was not observed in HT patients. HT
showed significantly lower TRECs in CD4 + CD45RA +
T cells compared to HC (Table 4).

CMV-specific lymphocytes
In ELISPOT assay, CMV-seropositive HT patients and
HC showed similar numbers of IFN-γ-producing SFU
after unspecific stimulation with PHA (Figure 3A,C) or
CMV pp65 (Figure 3B,C). CMV in situ hybridization in
thyroid tissue of CMV-seropositive HT or HC did not
reveal any positive staining for CMV (Figure 4).

Expression of CD62L in thyroid glands of HT patients
Staining of CD62L in the thyroid tissue was positive in 5
of 7 HT patients, with a mean of 1.28 cells/100 cells/HPF,
2.56 cells/100 cells/HPF, 0.36 cells/100 cells/HPF, 1.8 cells/
100 cells/HPF and 0.08 cells/100 cells/HPF (Figure 5). No
difference regarding proportions of peripheral blood T cell
subpopulations was found between patients with high or
low CD62L + or CD62L-negative staining.

Discussion
Although it was suggested that HT may mainly result
from local autoimmune mechanisms in the thyroid gland
[12,13], changes in the peripheral T cell distribution were
detected in our study. Our results demonstrated a
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Figure 1 Percentages of CD28-negative (A), CD45RO + (B) and CD45RA + CD62L + (C) CD8+ T cells patients with Hashimoto’s Thyroiditis
(HT) and healthy controls (HC). Newly diagnosed HT patients are indicated as full circles. Hypothyroid patients are indicated by arrows.
Horizontal lines indicate the median. Differences between HT and HC: ** p < 0.02, *** p < 0.01.

Table 3 Comparison of proportions of lymphocyte subpopulations in CMV-seropositive HC and HT
Lymphocyte subpopulation Healthy controls (HC) Hashimoto’s thyroiditis (HT)

CMV negative (n = 33) CMV positive (n = 21) CMV negative (n = 12) CMV positive (n = 5)

CD28- (% of CD4+) 1.0 ± 0.8 (0.8; 0.1-3.0) 1.9 ± 1.6 (1.9; 0.2-8.4)## 1.0 ± 0.7 (0.9; 0.3-2.7) 1.4 ± 1.4 (1.4; 0.1-2.6)

CD28- (% of CD8+) 9.0 ± 9.4 (5.3; 0.5-32.2) 7.8 ± 14.1 (2.2; 0.2-61.7) 14.5 ± 6.1 (13.3; 4.8-26.4)*** 32.6 ± 17.7 (31.4; 12.3-52.3)** #

CD45RO + (% of CD4+) 32.5 ± 12.1 (31.5; 4.7-59.4) 30.7 ± 16.9 (38.4; 1.4-41.9) 44.2 ± 14.1 (43.6; 23.2-74.7)*** 50.9 ± 9.2 (47.5; 43.4-66.0)**

CD45RO + (% of CD8+) 18.7 ± 10.4 (15.7; 0.5-48.3) 14.3 ± 8.6 (15.7; 0.07-21.6) 28.5 ± 15.3 (25.6; 11.9-57.8)*** 30.5 ± 6.6 (27.7; 24.8-40.1)*

CD45RA + CD62L + (% of CD4+) 61.8 ± 17.6 (65.8; 9.9-88.2) 62.3 ± 12.6 (62.4; 27.5-80.8) 54.8 ± 20.2 (53.3; 10.6-85.3) 53.6 ± 15.5 (60.9; 27.3-66.0)

CD45RA + CD62L + (% of CD8+) 64.2 ± 15.0 (68.5; 16.7-83.6) 61.9 ± 15.5 (61.8; 32.2-93.3) 55.1 ± 14.69 (60.1; 26.5-72.5) 43.9 ± 13.9 (39.2; 31.4-61.8)

CD25 + CD62L + (% of CD4+) 22.4 ± 11.8 (20.5; 4.5-75.5) 23.7 ± 14.5 (19.7; 10.8-78.1) 25.8 ± 7.5 (24.3; 14.2-39.4) 18.4 ± 2.8 (19.4; 14.7-21.1) #

Values are given in mean ± standard deviation (median; range). Numbers (n) of investigated samples from HC and HT are given in brackets. For technical reasons,
lymphocyte populations were not investigated in all HC and HT.
Difference between HT and HC in the CMV-positive or CMV-negative groups: *** p < 0.01, ** p < 0.02, * p < 0.05.
Difference between CMV-positive and CMV-negative individuals in the HC or HT groups: ## p < 0.02, # p < 0.05.
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significant increase of CD28-negative T cells in HT patients,
associated with CMV-seropositivity within the CD8+ T cell
subpopulation. A role of CD8+ T cells in thyroid inflamma-
tion, particularly in HT, was also clearly shown by others
[15,26-28]. Our results on CD28 expression differ from a
study in 35 children with autoimmune thyroiditis in whom
baseline CD28 expression was similar to healthy controls
[29]. However, after unspecific stimulation in vitro, CD28
expression decreased in autoimmune thyroiditis patients to
a much higher extend as seen in controls in that study [29],
which may underline the characteristic down-regulation of
CD28 seen in HT patients.
CMV is known to accelerate the increase of CD28-

negative T cells [8]. A similar association was also seen
in our HT group. These findings support the hypothesis
of accelerated differentiation of T cells with latent CMV
infections and an association with signs of prema-
ture immunosenescence known from patients with auto-
immune disorders [4,9,30,31]. Loss of CD28 is also seen
as a marker of replicative senescence of the immune
system [32]. However, the specificity of CD28-negative
Table 4 Relative telomere length (RTL) and T cell receptor ex

Parameter Healthy control (HC)

Number Mean ± standard deviation (m

RTL in CD4 + CD45RA+ 59 1.5 ± 0.9 (1.0; 0.03 – 4

RTL in CD8 + CD45RA+ 20 1.4 ± 0.6 (1.4; 0.6 – 2.

TRECs/ 1000 CD4 + CD45RA+ 11 2299 ± 205 (2278; 2105 –

TRECs/ 1000 CD8 + CD45RA+ 16 1206 ± 1633 (541; 164 –

Numbers of investigated samples from HC and HT are given in separate columns. For t
Difference between HT and HC: *** p < 0.01.
CD8+ T cell subpopulations for CMV has to be demon-
strated in HT patients, as abundance of CMV-specific
CD8+ T cells has been so far shown only for healthy eld-
erly people [33]. In our study, HT patients demonstrated
similar CMV-specific lymphocyte reactivity compared
to healthy controls. Thus, causality between CMV and
loss of CD28-expression cannot be answered by our
study, although regression analysis revealed CMV-
seropositivity as an independent factor for higher pro-
portions of CD28-negative T cells within the HT group.
A primary role of CMV in induction of HT seems un-
likely, as a similar prevalence of CMV-specific serum
IgG was demonstrated for HT and HC and no expres-
sion of CMV-specific DNA was shown in histological
sections of CMV-seropositive HT patients. This was in
agreement with other studies [34,35] which could not
detect DNA of CMV in thyroid specimen of patients
with autoimmune thyroid diseases and showed a similar
CMV IgG seroprevalance in children with autoimmune
thyroid diseases [36]. It seems that CMV is rather in-
volved in a bystander activation of an already altered T
cell differentiation which is caused by in part unknown
autoimmune mechanisms [37]. Since both HT and CMV
are known to be related to immune dysfunction, it is
likely that in subjects affected by both conditions the
signs of immunological dysregulation are worse than
in others.
Regulatory T cells, mostly defined as CD4+ with high

expression of CD25, usually increase with age, but obvi-
ously have less suppressive function on inflammatory
mechanisms in some autoimmune diseases [31]. In our
cohort, age was the driving factor for enhancing CD25 +
CD62L + T cells. The role of CD25+ T cells in HT has
been discussed controversially [38,39]. An increased pro-
portion of CD4 + CD25+ cells was also found in patients
with autoimmune thyroiditis irrespective of age [38]. In
another study, the proportion of CD4 + CD25+ T cells
was not different between newly diagnosed and un-
treated autoimmune thyroiditis patients compared to
HC [39]. In those studies [15,38,39], HT patients
appeared to be heterogeneous regarding age, disease ac-
tivity and thyroid hormone production which makes
comparability difficult. In our cohort, the regulatory role
cision circles (TRECs)

Hashimoto’s thyroiditis (HT)

edian; range) Number Mean ± standard deviation (median; range)

.3) 17 1.2 ± 0.4 (1.1; 0.7 – 2.0)

9) 12 1.8 ± 2.9 (1.1; 0.08 – 9.4)

2514) 5 554 ± 248 (397; 133 – 730)***

2615) 4 333 ± 140 (360; 90 – 575)

echnical reasons, lymphocyte populations were not investigated in all HC and HT.
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of these CD25 + CD62L + T cell fraction is unclear as the
use of these markers, CD25 and CD62L, cover both the
regulatory and the naive T cell phenotypes.
HT patients demonstrated peripheral loss of CD62L-

expressing CD8 + CD45RA + T cells, which was highly
significant in newly diagnosed HT patients. In order to
further explore the role of CD62L in our HT patients,
the expression of CD62L was investigated in histological
sections of seven HT patients who underwent surgery.
Five HT patients displayed significant CD62L expression
in follicular nodules within the afflicted thyroid gland,
suggesting a role of CD62L in homing of lymphocytes.
To measure peripheral turn-over of CD45RA-expressing

T cells, RTL and TRECs were assessed in some patients in
whom DNA of separated CD4 +CD45RA+ and CD8 +
CD45RA +T cells was available. HT showed lower TREC
numbers in CD4 +CD45RA+T cells, with an additional
trend towards lower TREC numbers in CD8 +CD45RA +
T cells and shorter telomere length in CD8 +CD45RA+T
cells. TRECs are influenced by thymic output of recent
thymic emigrants and peripheral dilution by proliferation
of naive T cells [22]. Since the peripheral CD45RA +T cell
pool consists of predominantly naive T cells but also small
proportions of differentiated CD28-negative T cells [2], re-
duction of TRECs may be mostly caused by peripheral rep-
lication of CD4 +CD45RA+T cells. However, these
findings together with a trend to shorter RTLs and abun-
dance of CD28-negative T cells may support the hypothesis
of increased peripheral T cell turn-over and differentiation
of peripheral T cells in HT. Whether other mechanisms,



A B 

Figure 4 CMV in situ hybridization in thyroid sections of Hashimoto‘s thyroiditis (HT) patients. Characteristic infiltrate in a patient with HT
with oxyphilic follicular epithelium and surrounding lymphocytes without evidence of CMV DNA (A) compared to a positive control of CMV-
induced colitis (B). Examples of CMV positive cells are indicated by arrows.

A B

C D

Figure 5 CD62L-expression in thyroid sections of Hashimoto‘s thyroiditis (HT) patients. Representative example of CD62L +mononuclear
cell infiltrate in the thyroid gland of a patient with HT (A) compared to the thyroid gland of a healthy control (B) (20× magnification).
Representative example of CD62L-expression within a characteristic lymphoid follicle in the thyroid gland of a patient with HT (10×
magnification) (C). 40× magnification (D). Arrows indicate examples of CD62L +mononuclear cells.
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such as accelerated switching from CD45RA + to
CD45RO+, apoptosis of CD45RA +T cells or distribution
of specific T cell subpopulations to secondary lymphatic
organs or the thyroid gland (e. g. mediated by homing fac-
tors such as CD62L), play a role in diminishing TRECs
and in causing accumulation of CD45RO +memory and
effector T cells in the periphery remains to be investigated.

Conclusions
Patients with HT display a peripheral T cell phenotype
reminiscent of findings in elderly persons or other auto-
immune disorders, such as rheumatoid arthritis [3,40] or
JIA [4,31], with increased CD45RO +memory and CD28-
negative T cells, increased peripheral replication and al-
tered distribution of T cell proportions, such as CD62L-
expressing T cells with accumulation of CD62L + lympho-
cytes in the thyroid gland. CMV seems to accelerate T cell
differentiation by influencing CD28-negative T cell pro-
portions. Whether these mechanisms are primary or sec-
ondary to the immunological alterations of autoimmune
conditions should be investigated in longitudinal studies
which may open research on new therapeutic regimes for
treatment of HT and associated autoimmune diseases.

Competing interests
There are no competing interests.

Authors’ contributions
MP designed the study and wrote the manuscript. JS recruited the patients,
prepared the lymphocytes and performed the flow cytometry analysis. RW
performed the CMV ELISAs and interpreted the CMV data. CK performed the
telomere length analysis and interpreted the relative telomere length data. GA
performed the interpretation of the flow cytometry data and the CMV ELISPOT
assays. AB performed the immunhistochemistry, the CMV in situ hybridization
and the interpretation of immunhistochemical data. MG interpreted the data
and critically discussed the manuscript. RP was involved in patient recruitment
and performed the thyreoidectomies. GH performed the recruitment of patients
at the University of Vienna and helped in interpretation of clinical data. KK
recruited patients and helped in interpretation of clinical data. WH designed the
study, interpreted the data and critically discussed the manuscript. All authors
read and approved the final manuscript.

Acknowledgements
We like to thank Prof. Dr. Moncayo, Department of Nuclear Medicine,
Medical University Innsbruck, for recruitment of patients, and PD Dr.
Hammerer-Lercher, Central Laboratory, University Hospital Innsbruck, for
providing data on TSH, fT3, fT4 and auto-antibodies.
This publication was funded by the German Research Foundation (DFG) and the
University of Wuerzburg in the funding programme Open Access Publishing.

Author details
1Department of Pediatrics, University of Würzburg, Josef-Schneider-Str. 2,
Würzburg, Germany. 2Department of Pediatrics, Medical University Innsbruck,
Anichstr. 35, Innsbruck, Austria. 3Department of Hygiene and Medical
Microbiology, Medical University Innsbruck, Fritz-Pregl-Str. 3, Innsbruck,
Austria. 4Department of Internal Medicine, Medical University Innsbruck,
Anichstr. 35, Innsbruck, Austria. 5Department of Pathology, Medical University
Innsbruck, Müllerstr. 44, Innsbruck, Austria. 6Department of Surgery, University
of Würzburg, Oberdürrbacherstr. 6, Würzburg, Germany. 7Department of
Surgery, Medical University Innsbruck, Anichstr. 35, Innsbruck, Austria.
8Department of Pediatrics, Medical University Vienna, Währinger Gürtel 18-20,
Vienna, Austria. 9Department of Endocrinology and Diabetes, Birmingham,
Children’s Hospital, Steelhouse Lane, Birmingham, United Kingdom.
Received: 27 December 2012 Accepted: 3 September 2013
Published: 5 September 2013

References
1. Hofer J, Hofer S, Zlamy M, Jeller V, Koppelstaetter C, Brandstätter A, Kern H,

Köhle J, Zimmerhackl LB, Prelog M: Elevated proportions of recent thymic
emigrants in children and adolescents with type 1 diabetes. Rejuv Res
2009, 12:311–320.

2. Prelog M, Schwarzenbrunner N, Sailer-Höck M, Kern H, Klein-Franke A,
Ausserlechner MJ, Koppelstaetter C, Brunner A, Duftner C, Dejaco C, Strasak
AM, Müller T, Zimmerhackl LB, Brunner J: Premature aging of the immune
system in children with juvenile idiopathic arthritis. Arthritis Rheumat
2008, 58:2153–2162.

3. Prelog M: Aging of the immune system: a risk factor for autoimmunity?
Autoimm Rev 2006, 5:136–139.

4. Mayerl C, Prelog M: Immunosenescence and juvenile idiopathic arthritis.
Autoimm Rev 2012, 11:297–300.

5. Hazenberg MD, Verschuren MC, Hamann D, Miedema F, van Dongen JJ:
T cell receptor excision circles as markers for recent thymic emigrants:
basic aspects, technical approach, and guidelines for interpretation.
J Mol Med 2001, 79:631–640.

6. Douek DC, McFarland RD, Keiser PH, Gage EA, Massey JM, Haynes BF, Polis
MA, Haase AT, Feinberg MB, Sullivan JL, Jamieson BD, Zack JA, Picker LJ,
Koup RA: Changes in thymic function with age and during the treatment
of HIV infection. Nature 1998, 396:690–695.

7. Hohensinner PJ, Goronzy JJ, Weyand CM: Telomere dysfunction,
autoimmunity and aging. Aging Dis 2011, 2:524–537.

8. Almanzar G, Schwaiger S, Jenewein B, Keller M, Herndler-Brandstetter D,
Würzner R, Schönitzer D, Grubeck-Loebenstein B: Long-term cytomegalovirus
infection leads to significant changes in the composition of the CD8+ T-cell
repertoire, which may be the basis for an imbalance in the cytokine
production profile in elderly persons. J Virol 2005, 79:3675–3683.

9. Prelog M, Schwarzenbrunner N, Sailer-Hoeck M, Kern H, Koppelstaetter C,
Wurzner R, Zimmerhackl LB, Brunner J: Indications for a disturbed
peripheral T cell homeostasis in juvenile idiopathic arthritis (JIA): absent
expansion of CD28- T cells and no decrease of naive T cells in
cytomegalovirus-positive JIA patients. J Rheumatol 2008, 35:520–527.

10. Caturegli P, Kimura H, Rocchi R, Rose NR: Autoimmune thyroid disease.
Curr Opin Rheumatol 2007, 19:44–48.

11. Gopalakrishnan S, Marwaha RK: Juvenile autoimmune thyroiditis. J Pediatr
Endocrinol Metabol 2007, 20:961–970.

12. Ehlers M, Thiel A, Bernecker C, Porwol D, Papewalis C, Willenberg HS,
Schinner S, Hautzel H, Scherbaum WA, Schott M: Evidence of a combined
cytotoxic thyroglobulin and thyroperoxidase epitope-specific cellular
immunity in Hashimoto’s Thyroiditis. J Clin Endocrinol Metab 2012,
97:1347–1354.

13. Brown RS: Autoimmune thyroiditis in childhood. J Clin Res Pediatr
Endocrinol 2013, 5:45–49.

14. Bossowski A, Urban M, Stasiak-Barmuta A: Analysis of changes in the
percentages of B (CD19) and T (CD3) lymphocytes, subsets CD4, CD8 and
their memory (CD45RO), and naive (CD45RA) T cells in children with immune
and non-immune thyroid disease. J Pediatr Endocrinol Metabol 2003, 16:63–70.

15. Okajima M, Wada T, Nishida M, Yokoyama T, Nakayama Y, Hashida Y,
Shibata F, Tone Y, Ishizaki A, Shimizu M, Saito T, Ohta K, Toma T, Yachie A:
Analysis of T cell receptor Vb diversity in peripheral CD4+ and CD8+ T
lymphocytes in patients with autoimmune thyroid diseases. Clin Exp
Immunol 2008, 155:166–172.

16. Setoguchi R, Hori S, Takahashi T, Sakaguchi S: Homeostatic maintenance of
natural Foxp3+ CD25 + CD4+ regulatory T cells by interleukin (IL)-2 and
induction of autoimmune disease by IL-2 neutralization. J Exp Med 2005,
201:723–735.

17. McLachlan SM, Nagayama Y, Pichurin PN, Mizutori Y, Chen CR, Misharin A,
Aliesky HA, Rapoport B: The link between Graves’ disease and Hashimoto’s
thyroiditis: a role for regulatory T cells. Endocrinol 2007, 148:5724–5733.

18. Ban Y, Tozaki T, Tobe T, Ban Y, Jacobson EM, Concepcion ES, Tomer Y: The
regulatory T cell gene FOXP3 and genetic susceptibility to thyroid
autoimmunity: An association analysis in Caucasian and Japanese
cohort. J Autoimm 2007, 28:201–207.

19. Kong YM, Morris GP, Brown NK, Yan Y, Flynn JC, David CS: Autoimmune
thyroiditis: A model uniquely suited to probe regulatory T cell function.
J Autoimm 2009, 33:239–246.



Prelog et al. BMC Endocrine Disorders 2013, 13:34 Page 11 of 11
http://www.biomedcentral.com/1472-6823/13/34
20. Morris GP, Brown NK, Kong AM: Naturally-existing CD4 + CD25 + Foxp3+
regulatory T cells are required for tolerance to experimental
autoimmune thyroiditis induced by either exogenous or endogenous
autoantigen. J Autoimm 2009, 33:68–75.

21. Appay V, van Lier RAW, Sallusto F, Roederer M: Phenotype and function of human
T lymphocyte subets: consensus and issues. Cytometry A 2008, 73A:975–983.

22. Harris JM, Hazenberg MD, Poulin JF, Higuera-Alhino D, Schmidt D, Gotway
M, McCune JM: Multiparameter evaluation of human thymic function:
interpretation and caveats. Clin Immunol 2005, 115:138–146.

23. Cawthon RM: Telomere measurement by quantitative PCR. Nucleic Acids
Res 2002, 30:e47.

24. Koppelstaetter C, Jennings P, Hochegger K, Perco P, Ischia R, Karkoszka H,
Mayer G: Effect of tissue fixatives on telomere length determination by
quantitative PCR. Mech Ageing Develop 2005, 126:1331–1333.

25. Prelog M, Schönlaub J, Jeller V, Almanzar G, Höfner K, Gruber S, Eiwegger T,
Würzner R: Reduced varicella-zoster-virus (VZV)-specific lymphocytes and IgG
antibody avidity in solid organ transplant recipients. Vaccine 2013. in press.

26. Ben-Skowronek I, Szewczyk L, Ciechanek R, Korobowicz E: Interactions of
lymphocytes, thyrocytes and fibroblasts in Hashimoto’s thyroiditis: an
immunohistochemical and ultrastructural study. Horm Res Paediatr 2011,
76:335–342.

27. Ben-Skowronek I, Szewczyk L, Kulik-Rechberger B, Korobowicz E: The
differences in T and B cell subsets in thyroid of children with Graves’
disease and Hashimoto’s thyroiditis. World J Pediatr 2013. in press.

28. Zeppa P, Marino G, Lepore M, Troncone G, Lupoli GA, Biondi B, Picardi M,
Pane F, Vetrani A, Palombini L: Flow cytometry phenotypization of thyroid
lymphoid infiltrate and functional status in Hashimoto’s tyhroiditis. Anal
Quant Cytol Histol 2006, 28:148–1456.

29. Kucharska AM, Gorska E, Wasik M, Demkow U: Altered expression of T
lymphocyte surface markers in children with chronic autoimmune
thyroiditis. J Physiol Pharmacol 2008, 59:375–382.

30. Thewissen M, Somers V, Venken K, Linsen L, van Paassen P, Geusens P,
Damoiseaux J, Stinissen P: Analyses of immunosenescence markers in
patients with autoimmune disease. Clin Immunol 2007, 123:209–218.

31. Prelog M: Immune aging and autoimmune diseases in children. Curr
Immunnol Rev 2011, 7:116–123.

32. Effros RB: Loss of CD28 expression on T lymphocytes: a marker of
replicative senescence. Develop Compend Immunol 1997, 21:471–478.

33. Ouyang Q, Wagner WM, Zheng W, Wikby A, Remarque EJ, Pawelec G:
Dysfunctional CMV-specific CD8(+) T cells accumulate in the elderly.
Exper Gerontol 2004, 39:607–613.

34. Al-Zarzour N, Monem F: Are human herpes viruses associated with
autoimmune thyroid disease? J Infect Dev Ctries 2011, 5:890–892.

35. Thomas D, Liakos V, Michou V, Kaltsas G, TSilivakos V, Tsatsoulis A: Detection of
herpes virus DNA in post-operative thyroid tissue specimens of patients with
autoimmune thyroid disease. Exp Clin Endocrinol Diabetes 2008, 116:35–39.

36. Thomas D, Karachaliou F, Kallergi K, Vlachopapadopoulou E, Antonaki G,
Chatzimarkou F, Fotinou A, Kaldrymides P, Michalacos S: Herpes virus
antibodies seroprevalence in children with autoimmune thyroid disease.
Endocr 2008, 33:171–175.

37. Mori K, Yoshida K: Viral infection in induction of Hashimoto’s thyroiditis: a
key player or just a bystander? Curr Opin Endocrinol Diabetes Obesity 2010,
17:418–424.

38. Gessl A, Wilfing A, Agis H, Steiner G, Czernin S, Boltz-Nitulescu G, Vierhapper
H, Waldhäusl W: Activated naive CD4+ peripheral blood T cells in
autoimmune thyroid disease. Thyroid 1995, 5:117–125.

39. Fountoulakis S, Vartholomatos G, Kolaitis N, Frillingos S, Philippou G,
Tsatsoulis A: HLA-DR expressing peripheral T regulatory cells in newly
diagnosed patients with different forms of autoimmune thyroid disease.
Thyroid 2008, 18:1195–1200.

40. Thewissen M, Linsen L, Somers V, Geusens P, Raus J, Stinissen P: Premature
immunosenescence in rheumatoid arthritis and multiple sclerosis
patients. Ann N Y Acad Sci 2005, 1051:255–262.

doi:10.1186/1472-6823-13-34
Cite this article as: Prelog et al.: Lower CD28+ T cell proportions were
associated with CMV-seropositivity in patients with Hashimoto’s
thyroiditis. BMC Endocrine Disorders 2013 13:34.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Lymphocyte separation
	Lymphocyte phenotypes
	Quantification of TREC numbers
	Telomere length analysis
	Immunohistochemistry
	CMV in situ hybridization
	CMV ELISPOT
	Statistics

	Results
	Patients
	Lymphocyte subpopulations
	RTL and TRECs
	CMV-specific lymphocytes
	Expression of CD62L in thyroid glands of HT patients

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


