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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 (RFQ) polyarticular juvenile idiopathic arthritis (JIA) children.

Materials and methods
We studied TREC levels in peripheral blood mononuclear cells (PBMC) in 30 RFQD 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/ug 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 10 TRECs/ug DNA) as compared to controls
(1045+8.45 x 10 TRECs/ug DNA, p=0.001). There was an inverse correlation between age and TREC levels in healthy
children (r=-0438, 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 RFQD polyarticular JIA children is consistent with a low proportion
of recent thymus emigrants. This may interfere with the equilibrium between populations of polyclonal and naive T cells
versus oligoclonal memory auto-reactive T cells and, therefore, may hinder the maintenance of immune tolerance in
this disease.
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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,
CD45R0O, CD69, MHC class II anti-
gens on CD4* and CD8* T cells, and the
predominance of Thl type cytokines in
the synovium (2-5). In addition, JIA has
been associated with multiple human
leukocyte antigen (HLA) class I and 11
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
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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 (RFJ) 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 RFJ poly-
articular JTA, 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 Sao Paulo (UNIFESP)
Medical School Hospital and the Chil-
dren’s Institute, University of Sao 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 Sao
Paulo and the University of Sdo 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 SmL EDTA
blood by density-gradient centrifuga-
tion using Ficoll-Paque Plus (Amer-
sham Bioscience, Uppsala, Sweden).
Genomic DNA was extracted using
the GFX™ 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-gene™ 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 25ul-reaction mixture
contained 100ng DNA, 500nM prim-
ers (sense 5’-CCCTTTCAACCAT-
GCTGACA-3’ and anti-sense 5’-AG-
GTGCCTATGCATCACCGT-3’), and
12.5uL SYBR Green PCR Master Mix
reagent (Applied Biosystems, Foster
City, CA). The PCR protocol included
an initial run at 95°C for 10 minutes,
followed by 45 cycles with 95°C for
30 seconds, 59°C for 30 seconds, and
72°C for 30 seconds. Each DNA sam-
ple was run in duplicate. In the same
reaction each DNA sample was also
tested in duplicate for -actin (400nM
for each primer and 50ng DNA) as an
amplification control. The PCR prim-
ers for P-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/ug
DNA in each sample. The TREC stand-
ard curve was established with seven

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 99 +4.6
Age at disease onset (years) (mean+SD) 6.8 +3.7 -
Disease duration in years (mean+SD) 49 £37 -

ESR (mm at first hour) (mean+SD) 45 +30 -

CRP levels (mg/dL) (mean+SD) 5.11 £5.08 -
CHAQ (mean+SD) 101 £0.92 -

Medications
Methotrexate
NSAIDs (naproxen and indomethacin)
Chloroquine diphosphate
Oral glucocorticosteroids
Cyclosporine
Azathioprin
Leflunomide

25 (733 %) -
21 (70 %) -
(33 %) -
(30 %) -
(33 %) -
(3.3%) -
(33 %) -

—_

—_ —_ - o

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; CHAQ: Child Health Assessment
Questionnaire; NSAID: non-steroidal anti-inflammatory drug.

10-fold-dilution solutions ranging from
10® to 10? copies/uL 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 7- 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 RFZ 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
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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 Smg/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 10*
TRECs/ug DNA) as compared to
controls (10.45+8.45 x 10* TRECs/ug
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
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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.
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Fig. 2. Distribution of juvenile idiopathic arthritis (JIA) patients and age- and gender-matched healthy
controls according to age and the number of TREC/ug DNA in peripheral blood mononuclear cells.

12 patients with long lasting disease
(more than 5 years) (3.92+2.14 x 10*
vs. 5.44+4.68 x 10* TRECs/ug 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 10* vs. 4.93+3.97
x 10* TRECs/ug DNA, respectively,
p=0.859) and between patients under
methotrexate and those not using meth-
otrexate (5.05+4.25 x 10* vs. 4.50+2.64
x 10* TRECs/ug 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 Smg/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
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proportion of recent thymic emigrants
in the peripheral blood T cell pool in
children with active RFQ polyarticular
type JIA by quantifying TREC levels
in peripheral blood mononuclear cells.
Peripheral blood TREC counts were
significantly decreased in RFJ 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).1In 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 RFOD 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



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

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 RFY 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 RFZ
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 JTA
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-a-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).1t 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 RFY 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 naive T
cells and the expansion of the memory
cell compartment. The low proportion
of TREC cells herein demonstrated
in RFY 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).
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In conclusion, our study originally
demonstrated decreased TREC counts
in children with active RFJ 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.

Acknowledgements
We thank Ephraim P. Hochberg, MD,
Harvard Medical Scholl, Boston, MA,
USA, for providing the plasmid con-
taining TREC DNA.

References

1. KULAS DT, SCHANBERG L: Juvenile idio-
pathic arthritis. Curr Opin Rheumatol 2001;
13:392-8.

2. THOMPSON SD, MURRAY KJ, GROM AA,
PASSO MH, CHOI E, GLASS DN: Comparative
sequence analysis of the human T cell recep-
tor beta chain in juvenile rheumatoid arthritis
and juvenile spondylarthropathies: evidence
for antigenic selection of T cells in the syn-
ovium. Arthritis Rheum 1998; 41: 482-97.

3. FORRE O, THOEN J, DOBLOUG JH et al.:
Detection of T-lymphocyte subpopulation in
the peripheral blood and the synovium of pa-
tients with rheumatoid arthritis and juvenile
rheumatoid arthritis using monoclonal anti-
bodies. Scand J Immunol 1982; 15: 221-6.

4. GROM AA, HIRSCH R: T-cell and T-cell
receptor abnormalities in the immunopatho-
genesis of juvenile rheumatoid arthritis. Curr
Opin Rheumatol 2000; 12: 420-4.

5. BORCHERS AT, SELMI C, CHEEMA G, KEEN
CL, SHOENFELD Y, GERSHWIN ME: Juvenile
idiopathic arthritis. Autoimmun Rev 2006; 5:
279-98.

6. GLASS DN, GIANNINI EH: Juvenile rheu-
matoid arthritis as a complex genetic trait.
Arthritis Rheum 1999; 42: 2261-8.

7. PRAHALAD S,RYAN MH, SHEAR ES, THOMP-
SON SD, GIANNINI EH, GLASS DN: Juvenile
rheumatoid arthritis: linkage to HLA demon-
strated by allele sharing in affected sibpairs.
Arthritis Rheum 2000; 43: 2335-8.

8. PAZAR B, GERGELY P JR, NAGY ZB et al.:
Role of HLA-DRB1 and PTPN22 genes in
susceptibility to juvenile idiopathic arthritis
in Hungarian patients. Clin Exp Rheumatol
2008; 26: 1146-52.



Thymus emigrant number in JIA / D. Horvath et al

9.

12.

13.

15.

16.

17

ROHR P, VEIT TD, SCHEIBEL I et al.: GSTTI,
GSTM1 and GSTP1 polymorphisms and
susceptibility to juvenile idiopathic arthritis.
Clin Exp Rheumatol 2008; 26: 151-5.

. TANCHOT C,ROCHA B: Peripheral selection of

T cell repertoires: the role of continuous thy-
mus output. J Exp Med 1997; 186: 1099-106.

. BERZINS SP, ULDRICH AP, SUTHERLAND JS

et al.: Thymic regeneration: teaching an old
immune system new tricks. Trends Mol Med
2002; 8: 469-76.

DOUEK DC, MCFARLAND RD, KEISER PH
et al.: Changes in thymic function with age
and during the treatment of HIV infection.
Nature 1998; 396: 690-4.

TALVENSAARI K, CLAVE E, DOUAY C et al.:
A broad T-cell repertoire diversity and an ef-
ficient thymic function indicate a favorable
long-term immune reconstitution after cord
blood stem cell transplantation. Blood 2002;
99: 1458-64.

. STEFFENS CM, AL-HARTHI L, SHOTT S, YO-

GEV R, LANDAY A: Evaluation of thymopoi-
esis using T cell repector excision circles
(TRECs): differential correlation between
adult and pediatric TRECs and naive pheno-
types. Clin Immunology 2000; 97: 95-101.
ZHANG L, LEWIN SR, MARKOWITZ M et al.:
Measuring recent thymic emigrants in blood
of normal and HIV-1-infected individuals be-
fore and after effective therapy. J Exp Med
1999; 190: 725-32.

STEINMANN GG, KLAUS B, MULLER-HER-
MELINK HK: The involution of the ageing
thymic epithelium is independent of puberty.
A morphometric study. Scand J Immunol
1985; 22: 563-75.

. STEINMANN GG: Changes in the human thy-

mus during aging. Curr Top Pathol 1986; 75:
43-88.

. KOETZK,BRYLE, SPICKSCHEN K, O’FALLON

WM, GORONZY 1J, WEYAND CM: T cell hom-
eostasis in patients with rheumatoid arthritis.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

Proc Natl Acad Sci USA 2000; 97: 9203-8.

. PONCHEL F, MORGAN AW, BINGHAM SIJ et

al.: Dysregulated lymphocyte proliferation
and differentiation in patients with rheuma-
toid arthritis. Blood 2002; 100: 4550-6.
KAYSER C, ALBERTO FL, SILVA NP, AN-
DRADE LEC: Decreased number of T cells
bearing TCR rearrangement excision circles
(TREC) in active recent onset systemic lupus
erythematosus. Lupus 2004; 13: 906-11.
FREITAS QF, KAYSER C, KALLAS EG, AN-
DRADE LEC: Decreased recent thymus
emigrant number is associated with disease
activity in systemic lupus erythematosus.
J Rheumatol 2008; 35: 1762-7.

SEMPOWSKI G, THOMASCH J, GOODING M
et al.: Effect of thymectomy on human pe-
ripheral blood T cell pools in myasthenia
gravis. J Immunol 2001; 166: 2808-17.

HUG A, KORPORAL M, SCHRODER 1 et al.:
Thymic export function and T cell homeosta-
sis in patients with relapsing remitting multi-
ple sclerosis. J Immunol 2003; 171: 432-7.
PETTY RE, SOUTHWOOD TR, BAUM J et al.:
Revision of the proposed classification crite-
ria for juvenile idiopathic arthritis. Durban,
1997.J Rheumatol 1998; 25: 1991-4.

SINGH G, ATHREYA BH, FRIES JF, GOLD-
SMITH DP: Measurement of health status in
children with juvenile rheumatoid arthritis.
Arthritis Rheum 1994; 37: 1761-9.
THEWISSEN M, SOMERS V, VENKENK et al.:
Analyses of immunosenescent markers in
patients with autoimmune disease. Clin Im-
munol 2007; 123: 209-18.

PRELOG M, SCHWARZENBRUNNER N, SAIL-
ER-HOCK M et al.: Premature aging of the
immune system in children with juvenile
idiopathic arthritis. Arthritis Rheum 2008; 58:
2153-62.

LORENZI AR, MORGAN TA, ANDERSON AE
et al.: Thymic function in juvenile idiopathic
arthritis. Ann Rheum Dis 2009; 68: 983-90.

353

29

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

. GEORGE AJT,RITTER MA: Thymic involution
with ageing: obsolescence or good house-
keeping? Immunol Today 1996; 17: 267-72.
MARKERT ML, ALEXIEFF MJ, LI J et al.
Postnatal thymus transplantation with im-
munosuppression as treatment for DiGeorge
syndrome. Blood 2004; 104: 2574-81.
PATEL DD, GOODING ME, PARROTT RE, CUR-
TIS KM, HAYNES BF, BUCKLEY R: Thymic
function after hematopoietic stem-cell
transplantation for the treatment of severe
combined immunodeficiency. N Engl J Med
2000; 342: 1325-32.

SARZOTTI M, PATEL DD, LI X et al.: T cell
repertoire development in humans with SCID
after nonablative allogeneic marrow trans-
plantation. J Immunol 2003; 170: 2711-8.

. MACSWEEN RNM, ANDERSON JR, MILNE JA:
Histological appearances of the thymus in
systemic lupus erythematosus and rheumatoid
arthritis. J Pathol Bacteriol 1967;93: 611-9.
FUJIMAKI S, KIHARA I, TANAKA R: Systemic
lupus erythematosus and thymus. Acta Medi-
ca et Biologica 1968; 16: 1-15.

KONG FK, CHEN CL, COOPER MD: Revers-
ible disruption of thymic function by steroid
treatment. J Immunol 2002; 168: 6500-5.

YE P, KIRSCHNER DE: Reevaluation of T
cell receptor excision circles as a measure of
human recent thymic emigrants. J Immunol
2002; 168: 4968-79.

ROCHA B, FREITAS AA, COUTINHO AA: Pop-
ulation dynamics of T lymphocytes. Renewal
rate and expansion in the peripheral lymphoid
organs. J Immunol 1983; 131: 2158-64.
MASSENGILL SF, GOODENOW MM, SLEAS-
MAN JW: SLE nephritis is associated with an
oligoclonal expansion of intrarenal T cells.
Am J Kidney Dis 1998; 31: 418-26.

GROM AA, HIRSCH R: T-cell and T-cell
receptor abnormalities in the immunopatho-
genesis of juvenile rheumatoid arthritis. Curr
Opin Rheumatol 2000; 12: 420-4.



