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Abstract
Objectives

To determine TCR excision circle (TREC) levels, a marker of recent thymic emigrants, in the peripheral lymphocyte pool of 
rheumatoid factor-negative (RF∅) polyarticular juvenile idiopathic arthritis (JIA) children.

Materials and methods
We studied TREC levels in peripheral blood mononuclear cells (PBMC) in 30 RF∅ polyarticular JIA children with active 

disease and in 30 age- and gender-matched healthy controls. Signal-joint TREC concentration was determined by real-time 
quantitative-PCR as the number of TREC copies/μg PBMC DNA gauged by a standard curve with known number of 

TREC-containing plasmids.

Results
TREC levels in PBMC were significantly lower in JIA (4.90±3.86 x 104 TRECs/μg DNA) as compared to controls 

(10.45±8.45 x 104 TRECs/μg DNA, p=0.001). There was an inverse correlation between age and TREC levels in healthy 
children (r=-0.438, p=0.016) but not in JIA. No clinical association was observed between TREC levels and disease 

activity and use of oral steroids and methotrexate.

Conclusions
The finding of decreased PBMC TREC levels in RF∅ polyarticular JIA children is consistent with a low proportion 

of recent thymus emigrants. This may interfere with the equilibrium between populations of polyclonal and naïve T cells 
versus oligoclonal memory auto-reactive T cells and, therefore, may hinder the maintenance of immune tolerance in       

this disease.

Key words
Juvenile idiopathic arthritis, T lymphocyte, thymus, TREC, recent thymus emigrants



349

Thymus emigrant number in JIA / D. Horvath et al.

Daniela Horvath, BSc
Cristiane Kayser, MD, PhD
Clovis Artur A. Silva, MD, PhD
Maria Tereza Terreri, MD, PhD
Maria Odete E. Hilário, MD, PhD
Luís Eduardo Coelho Andrade, MD, PhD
This studt was supported by The State of 
São Paulo Research Foundation (FAPESP 
grant 04/14795-6), and the Brazilian 
Society of Rheumatology Research Agency.
Please address correspondence 
and reprint requests to: 
Dr Luís Eduardo Coelho Andrade, 
Rua Botucatu 740, 3° andar, 
Disciplina de Reumatologia, 
São Paulo, 
SP 04023-062, Brazil.
E-mail: luis.andrade@unifesp.br
Received on March 19, 2009; accepted in 
revised form on December 17, 2009.
© Copyright CLINICAL AND 
EXPERIMENTAL RHEUMATOLOGY 2010.

Competing interests: none declared.

Introduction
Juvenile idiopathic arthritis (JIA) des-
ignates a group of chronic systemic 
inflammatory diseases with unknown 
etiology and with different onset types, 
affecting children up to 16 years old 
(1). Several lines of evidence suggest 
that T cells play a prominent role in 
the pathogenesis of JIA. These include 
oligoclonal expansion of T cells in the 
synovial fluid in patients with polyartic-
ular and olygoarticular JIA, expression 
of activation markers such as CD25, 
CD45RO, CD69, MHC class II anti-
gens on CD4+ and CD8+ T cells, and the 
predominance of Th1 type cytokines in 
the synovium (2-5). In addition, JIA has 
been associated with multiple human 
leukocyte antigen (HLA) class I and II 
alleles as well as with some non-HLA 
gene polymorphisms (6-9). Altogether, 
this supports the concept of an ongoing 
antigen-driven immune response with a 
central role for autoreactive T cells in 
the pathogenesis of JIA (5).
The thymus is the primary site of T 
lymphocyte differentiation and devel-
opment. It is fully functional at birth 
and undergoes progressive involution 
along the ageing process. The persist-
ent influx of T cells from the thymus to 
the periphery is an important mecha-
nism to regulate T cell homeostasis, to 
maintain T cell diversity, and to control 
the expansion of auto-reactive T cells 
(10, 11). The amount of recent thymic 
emigrants in the peripheral blood can 
be estimated by the measurement of T 
cell receptor excision circles (TRECs) 
in peripheral T cells. TRECs are circu-
lar episomal DNA fragments generated 
during T-cell receptor rearrangement 
in the thymus. TRECs are stable, do 
not duplicate during cell division, and 
therefore are diluted along cell prolif-
eration (12). TREC levels are high in 
cord blood cells and in healthy new-
borns (13). Throughout infancy there 
is a slight and progressive decrease in 
TREC counts and this decline becomes 
steeper with the beginning of puberty 
or early adulthood; the decay in TREC 
counts progresses throughout life and 
elderly people present very low TREC 
counts (13-15). These findings are in 
accordance with histological stud-
ies showing a gradual decrease in the 

size of the thymus, especially after the 
beginning of puberty, mostly due to a 
decrease in the thymic epithelial tissue 
(16, 17). Decreased TREC counts were 
reported in adult rheumatoid arthritis 
(18, 19), and in other autoimmune dis-
eases, such as systemic lupus erythema-
tosus, multiple sclerosis, and myasthe-
nia gravis (20-23). Interestingly, this 
issue has not been appropriately stud-
ied in autoimmune diseases in children, 
which are in a developmental stage 
in which thymopoiesis is expected to 
be prominent. In the present study we 
evaluated TREC counts in peripheral 
blood mononuclear cells of rheumatoid 
factor-negative (RF∅) polyarticular 
JIA children with active disease and in 
healthy controls matched for age and 
gender.

Materials and methods
Patients and healthy controls
Patients with diagnosis of RF∅ poly-
articular JIA, according to the Inter-
national League of Associations for 
Rheumatology (ILAR) criteria (24), 
and with active disease were consecu-
tively selected from the pediatric rheu-
matology outpatient clinic at the Feder-
al University of São Paulo (UNIFESP) 
Medical School Hospital and the Chil-
dren’s Institute, University of São Pau-
lo. Patients should have active disease 
at the time of sample collection defined 
by: (1) presence of two or more swol-
len and tender joints and (2) serum 
C-reactive protein (CRP) higher than 
0.5mg/dL and/or erythrocyte sedimen-
tation rate (ESR) higher than 15mm at 
the first hour. Children Health Assess-
ment Questionnaire (CHAQ) (25), was 
performed for all JIA patients at the 
moment of blood sampling. Controls 
were gender- and age-matched healthy 
first-degree relatives of the Rheumatol-
ogy Unit personnel at UNIFESP.
Patients and controls were excluded if 
previously subjected to thymectomy 
or if positive for the presence of cur-
rent or previous signs and symptoms of 
autoimmune or chronic inflammatory 
diseases such as systemic lupus ery-
thematosus, inflammatory bowel dis-
eases, myasthenia gravis, autoimmune 
thyroiditis, chronic hepatitis, acute or 
chronic infectious diseases and thymo-
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ma. The study was conducted in com-
pliance with the Helsinki Declaration 
and was approved by the ethics com-
mittee at the Federal University of São 
Paulo and the University of São Paulo. 
Written informed consent was obtained 
from the parents or legal guardians of 
the children. 

Quantification of TRECs by real-time 
polymerase chain reaction (PCR)
Peripheral blood mononuclear cells 
(PBMC) were isolated from 5mL EDTA 
blood by density-gradient centrifuga-
tion using Ficoll-Paque Plus (Amer-
sham Bioscience, Uppsala, Sweden). 
Genomic DNA was extracted using 
the GFXTM Genomic Blood DNA pu-
rification kit (Amersham, Piscataway, 
NJ) according to the manufacturer’s 
instructions. DNA concentration in all 
samples was determined by ultravio-
let spectrophotometry at a wavelength 
of 260nm. Quantification of signal-
joint TREC in isolated PBMCs was 
performed by real-time quantitative 
PCR on a Rotor-geneTM 3000 system 
(Corbett-Research, Sydney, Australia) 
using the intercalating agent SYBR 
Green (Applied Biosystems, Foster 
City, CA). The PCR protocol was per-
formed as previously established (20). 
Briefly, each 25μL-reaction mixture 
contained 100ng DNA, 500nM prim-
ers (sense 5’-CCCTTTCAACCAT-
GCTGACA-3’ and anti-sense 5’-AG-
GTGCCTATGCATCACCGT-3’), and 
12.5μL SYBR Green PCR Master Mix 
reagent (Applied Biosystems, Foster 
City, CA). The PCR protocol included 
an initial run at 95oC for 10 minutes, 
followed by 45 cycles with 95oC for 
30 seconds, 59oC for 30 seconds, and 
72oC for 30 seconds. Each DNA sam-
ple was run in duplicate. In the same 
reaction each DNA sample was also 
tested in duplicate for β-actin (400nM 
for each primer and 50ng DNA) as an 
amplification control. The PCR prim-
ers for β-actin were as follows: sense 
5‘-AAGATGACCCAGGTGAGTGG-
3’ and anti-sense 5’-AACGGCAGAA-
GAGAGAACCA-3’. A standard curve 
was included in every PCR reaction for 
absolute quantification of sjTREC/μg 
DNA in each sample. The TREC stand-
ard curve was established with seven 

10-fold-dilution solutions ranging from 
108 to 102 copies/μL of plasmids con-
taining a sjTREC fragment. The deter-
mination of TREC copy count in each 
sample was derived by interpolation of 
the PCR cycle at which fluorescence 
was first significantly elevated above 
background (the Ct or threshold cycle) 
into the standard curve.

Statistical analysis
Descriptive analysis is presented as 
figures and tables with isolated data, 
means, standard deviation and medi-
ans. Differences among groups were 
analysed by Student’s t- and Mann-
Whitney tests. Spearman’s linear re-
gression was used to correlate TREC 
counts with age and clinical variables. 
P<0.05 was considered significant.
 
Results
Clinical and demographic data of pa-
tients and controls are depicted in Table 
I. Thirty RF∅ polyarticular JIA patients 
and 30 controls were included, with no 
statistically significant difference in 
gender and age distribution (p=0.426, 
p=0.592, respectively). The age ranged 
from 3 to 18 years old in JIA patients 
and from 1 to 17 years old in controls. 
Disease duration in JIA patients ranged 
from 2 months to 12 years. ESR at the 
first hour ranged from 2 to 121mm and 
CRP ranged from 0.01 to 18.10mg/dL. 
The number of inflamed (swollen and 

tender) joints ranged from 2 to 29. 
Six patients (20%) had positive anti-
nuclear antibodies (ANA), five with a 
fine speckled pattern (titer range 1/160-
1/640) and one with a homogeneous 
pattern at 1/160. Most patients (n=25) 
were under methotrexate, with a mean 
dose of 17.9 mg/week (ranging from 
7.5 to 35 mg/week). Oral prednisone 
was used by nine patients (mean dose of 
4.6mg/day, ranging from 2 to 5mg/day). 
Five patients were under indomethacin 
and 16 were using naproxen.  
TREC counts in PBMC were signifi-
cantly lower in JIA (4.90±3.86 x 104 

TRECs/μg DNA) as compared to 
controls (10.45±8.45 x 104 TRECs/μg 
DNA, p=0.001) (Fig. 1). As shown in 
Fig. 2, a moderate inverse correlation 
was observed between age and TREC 
counts in PBMC in normal children (r=-
0.438, p=0.016), in conformity with the 
previously reported age-related decay in 
thymus function (14, 15). In contrast no 
significant correlation was observed be-
tween age and TREC counts in PBMC 
in JIA patients (r=-0.281, p=0.133). 
TREC counts showed no correla-
tion with ESR (r=-0.15, p=0.46), CRP 
(r=-0.27, p=0.285), CHAQ (r=0.066, 
p=0.74), number of inflamed joints 
(r=0.255, p=0.173), and disease dura-
tion (r=-0.126, p=0.51) in the 30 JIA pa-
tients. There was no difference in TREC 
counts between 4 patients with recent 
disease onset (less than 12 months) and 

Table I. Demographic and clinical characteristics of patients with juvenile idiopathic         
arthritis (JIA) and controls.
 
 JIA (n=30) Controls (n=30)

Female / male 18 / 12   20 /10
Current age (years) (mean±SD) 10.8 ± 4.0 9.9 ± 4.6
Age at disease onset (years) (mean±SD) 6.8 ± 3.7 –
Disease duration in years (mean±SD) 4.9 ± 3.7 –
ESR (mm at first hour) (mean±SD) 45 ± 30 –
CRP levels (mg/dL) (mean±SD) 5.11 ± 5.08 –
CHAQ (mean±SD) 1.01 ± 0.92 –

Medications  
   Methotrexate 25 (73.3 %) –
   NSAIDs (naproxen and indomethacin) 21 (70 %) –
   Chloroquine diphosphate 1 (3.3 %) –
   Oral glucocorticosteroids 9 (30 %) –
   Cyclosporine 1 (3.3 %) –
   Azathioprin 1 (3.3%) –
   Leflunomide 1 (3.3 %) –

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; CHAQ: Child Health Assessment 
Questionnaire; NSAID: non-steroidal anti-inflammatory drug.
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12 patients with long lasting disease 
(more than 5 years) (3.92±2.14 x 104 
vs. 5.44±4.68 x 104 TRECs/μg DNA, 
respectively, p=0.142). There was no 
difference in TREC counts between pa-
tients under steroids and those not using 
steroids (4.82±3.81 x 104 vs. 4.93±3.97 
x 104 TRECs/μg DNA, respectively, 
p=0.859) and between patients under 
methotrexate and those not using meth-
otrexate (5.05±4.25 x 104 vs. 4.50±2.64 
x 104 TRECs/μg DNA, respectively, 
p=0.945). Within the group of patients 

under methotrexate there was no corre-
lation between TREC counts and metho-
trexate dose (r=-0.355; p=0.105) or cu-
mulative methotrexate dose (r=-0.27; 
p=0.236). There were only nine patients 
under steroids and the doses were low 
(maximal 5mg/day prednisone) and ho-
mogenous so that we could not perform 
statistical analysis between steroid dose 
and TREC counts.

Discussion
The present study has examined the 

proportion of recent thymic emigrants 
in the peripheral blood T cell pool in 
children with active RF∅ polyarticular 
type JIA by quantifying TREC levels 
in peripheral blood mononuclear cells. 
Peripheral blood TREC counts were 
significantly decreased in RF∅ polyar-
ticular JIA children with active disease 
as compared to healthy age- and gender-
matched controls. A moderate decrease 
in TREC levels with age was observed 
in healthy children, in agreement with 
the previously reported age-dependent 
TREC count decrease (12, 15). In con-
trast, no age-related TREC count decay 
was observed in JIA children. No cor-
relation was observed between TREC 
counts and disease activity markers, 
disease duration, use of oral steroids, 
and methotrexate therapy. 
Decreased TREC counts have been pre-
viously demonstrated in several adult 
autoimmune diseases (18-20; 26), sug-
gesting that the disturbance in TREC 
dynamics is a common component in 
the pathophysiology of autoimmune 
diseases. However, the subject has been 
largely unexplored in children with au-
toimmune diseases. Recently, two stud-
ies have analysed recent thymus emi-
grants in JIA (27, 28). Prelog et al. stud-
ied 22 JIA patients with inactive disease 
(with oligoarticular, polyarticular, and 
systemic type) and observed reduced 
frequency of TREC in CD4+ CD45RA+ 
naive T cells as compared to controls 
(27). In addition these patients also pre-
sented increased telomeric erosion and 
increased frequency of Ki67-positive 
cells among the CD4+ CD45RA+ naive 
T cell population. Lorenzi et al. have 
undertaken a comprehensive explora-
tion of recent thymus emigrants in JIA 
patients (8 systemic, 10 RF⊕ polyartic-
ular, 12 RF∅ polyarticular, 27 persist-
ent oligoarticular, 7 extended oligoar-
ticular, 4 psoriatic, and 2 enthesitis) 
with disease activity status not stated 
(28). The authors have observed no dif-
ference in whole blood TREC counts 
between JIA patients and healthy con-
trols. Although apparently discordant, 
these two studies and the present report 
provide important complementary in-
formation for the understanding of T 
cell pathophysiology in JIA, since they 
address distinct cell populations (whole 

Fig. 1. Box-plot graph showing the distribution of TREC counts in peripheral blood mononuclear cells 
in juvenile idiopathic arthritis (JIA) patients and in age-and gender-matched healthy controls. 
Footnote. Box-Plot graph: Rectangles depict 50% of the sample; thick horizontal bar corresponds to 
median. The symbol (*) represents outliers. 

Fig. 2. Distribution of juvenile idiopathic arthritis (JIA) patients and age- and gender-matched healthy 
controls according to age and the number of TREC/μg DNA in peripheral blood mononuclear cells. 
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blood, PBMC, and CD4+ CD45RA+ 
naive T cells) and distinct disease sub-
sets. In fact the term JIA encompasses 
several disorders with distinct patho-
physiologic features and with striking 
differences in severity, and outcome. 
Aiming to study a relatively homoge-
neous group of patients, we have se-
lected exclusively children in active 
stage of RF∅ polyarticular type JIA, 
a frequent subtype and consistently as-
sociated with T cell abnormalities. Our 
results confirm Prelog’s previous find-
ings of decreased TREC counts in JIA 
children and extend this observation to 
the active stage of the disease. The dif-
ference in results obtained by Lorenzi 
et al. may be related to the highly het-
erogeneous patient composition in that 
study, in which several subtypes of JIA 
were included. Taken together, the data 
on TREC counts presented here and in 
the literature reinforce the concept that 
JIA is a heterogeneous disorder also 
with respect to pathophysiology.
In infants, the thymus is a relatively 
large organ with 90% of its volume be-
ing represented by the thymic epithelial 
tissue (29). The measurement of TREC 
counts in peripheral lymphocytes has 
been introduced as a valuable index of 
the proportion of recent thymic emi-
grants in the peripheral blood T cell 
pool, and provides an indirect estima-
tion of thymic T cell output. Healthy 
children present high levels of TREC 
counts in peripheral blood and, geneti-
cally athymic children with DiGeorge’s 
Syndrome and children with severe 
combined immunodeficiency (SCID) 
present undetectable or very low TREC 
levels (30, 31). After transplantation 
of thymus tissue in children with Di-
George’s syndrome and following stem 
cell or bone marrow transplantion in 
SCID, there is a gradual increase in 
TREC levels in the peripheral blood, 
associated with a gradual reconstitution 
of the immune system (30-32).
The observed low TREC counts in RF∅ 
polyarticular JIA may be indicative of 
premature thymic involution in this 
disease. Premature thymic atrophy has 
been described in several autoimmune 
diseases and may result in considerable 
alteration in T cell homeostasis (33, 
34). The use of immunosuppressive 

drugs and glucocorticosteroids is also 
known to be able to induce thymus at-
rophy and to inhibit lymphopoiesis and 
could presumably have contributed to 
the decreased TREC levels found in the 
present study (35). Among the 30 JIA 
patients herein investigated, no signifi-
cant correlation was observed between 
TREC counts and the use of methotrex-
ate or glucocorticosteroids. Similar 
findings were reported by Lorenzi et al. 
(28). Nonetheless, it should be noted 
that several factors apart from thymic 
output, are able to affect TREC levels 
in peripheral mononuclear cells, such 
as peripheral T cell proliferation, pe-
ripheral T cell death, and T cell redis-
tribution (36). Accelerated peripheral 
T cell turnover can dilute out TREC+ 
cells vis-à-vis the T cell pool. In fact 
increased telomeric erosion and Ki67 
expression have been reported in pe-
ripheral blood T cells in JIA (27). It is 
conceivable, thus, that the observed 
decreased proportion of TREC+ cells in 
JIA could be determined by more than 
one of the above mentioned factors. 
Regardless of the underlying mecha-
nisms, the decreased TREC counts 
observed in RF∅ polyarticular JIA 
children is a relevant finding per se be-
cause it indicates a low proportion of 
recent thymus emigrants in the periph-
eral T cell pool. The size and diversity 
of the peripheral T cell pool are home-
ostatically regulated and remain rela-
tively stable over ageing mainly due to 
two mechanisms: the influx of recent 
thymic emigrants and the homeostatic 
peripheral proliferation of mature T 
cells (37). Peripheral T cell pool main-
tenance in the presence of low thymic 
export would cause gradual loss of di-
versity, through the attrition of naïve T 
cells and the expansion of the memory 
cell compartment. The low proportion 
of TREC cells herein demonstrated 
in RF∅ polyarticular JIA patients is 
consistent with a disequilibrium in the 
composition of the peripheral T cell 
pool and can further indicate decreased 
T cell diversity and tendency towards 
oligoclonal proliferation. As previous-
ly demonstrated, several autoimmune 
conditions including JIA are associ-
ated with T cell oligoclonality at the 
involved tissues (38, 39).

In conclusion, our study originally 
demonstrated decreased TREC counts 
in children with active RF∅ polyartic-
ular JIA. This finding is in agreement 
with previous similar studies in sev-
eral autoimmune conditions in adults. 
In all these conditions, the finding of 
decreased TREC counts is consistent 
with a low proportion of recent thymus 
emigrants in the peripheral T cell pool, 
what may in turn interfere with the 
maintenance of immune tolerance and 
with the suppression of auto-reactive 
T cell clones. This preliminary finding 
must be further explored in additional 
studies in order to formally verify the 
behavior of recent thymic emigrants in 
other JIA subtypes, possible correlation 
with disease activity, and possible ef-
fect of immunosuppressive therapy. 
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