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Decreased Recent Thymus Emigrant Number Is
Associated with Disease Activity in Systemic Lupus
Erythematosus
QUEILA F. VIEIRA, CRISTIANE KAYSER, ESPER G. KALLAS, and LUÍS EDUARDO C. ANDRADE

ABSTRACT. Objective. T cell receptor excision circle (TREC) is produced during T cell maturation within the
thymus, and the number of TREC-bearing cells reflects the proportion of recent thymic emigrants in
the peripheral lymphocyte pool. We studied TREC levels in peripheral CD4+ and CD8+ lympho-
cytes in patients with systemic lupus erythematosus (SLE) with quiescent and with active disease
and in age- and sex-matched healthy volunteers.
Methods. TREC levels in peripheral CD4+ and CD8+ lymphocytes were determined in 29 patients
with quiescent SLE, in 22 with active disease, and in 31 age- and sex-matched healthy volunteers.
The number of TREC/µg DNA was determined by real-time polymerase chain reaction gauged by a
standard curve with known number of TREC-containing plasmids.
Results. TREC levels in CD4+ and CD8+ cells were lower in patients with active SLE (2.27 ± 2.05
× 104 and 4.14 ± 4.06 × 104 TREC/µg DNA, respectively) compared to quiescent SLE (5.83 ± 7.41
× 104 and 11.24 ± 15.06 × 104 TREC/µg DNA; p = 0.03, p = 0.02, respectively). Patients with active
SLE had lower TREC levels in CD4+ T cells than controls (2.27 ± 2.05 × 104 vs 5.64 ± 4.99 × 104
TREC/µg DNA; p = 0.03), but this difference did not reach statistical significance for CD8+ cells
(4.14 ± 4.06 × 104 vs 8.77 ± 8.78 × 104 TREC/µg DNA; p = 0.1). Patients with quiescent SLE pre-
sented TREC levels similar to controls in CD4+ and CD8+ cells (p = 0.49, p = 0.3, respectively).
Conclusion. Our results reveal decreased TREC levels in the peripheral blood of patients with active
but not in patients with quiescent SLE. These data suggest that TREC levels are affected by disease
activity in SLE. (First Release July 15 2008; J Rheumatol 2008;35:1762–7)
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Systemic lupus erythematosus (SLE) is an autoimmune dis-
ease with multiple clinical manifestations, characterized by
exacerbation and remission periods. The immunopathogen-
esis of SLE includes peripheral immune tolerance dysfunc-
tion and hyperactivity of B and T cells resulting in the pro-
duction of pathogenic autoantibodies and deposition of
immune complexes, followed by complement activation,
inflammation, and tissue damage1. Among the immune
abnormalities identified in SLE, a large body of evidence
points to a primary T lymphocyte dysfunction mediating B

cell hyperactivity1,2. Indeed, several alterations in T lym-
phocytes are well characterized in SLE, including decreased
T cell counts, imbalance in CD4 and CD8 T cell subset ratio,
and several functional alterations in peripheral CD4 and
CD8 T cells3-5.
The thymus is the primary site of T cell maturation and

development. The thymopoietic function provides a persist-
ent influx of naive T cells into the periphery, which is con-
sidered to be an important mechanism to regulate T cell
homeostasis and to control the expansion of autoreactive T
cells6,7. Studies in murine SLE models (NZB/W F1, BXSB,
and MRL) and in human SLE have demonstrated thymus
atrophy and other abnormalities in the microenvironment of
the thymus, leading to the hypothesis of a possible involve-
ment of this organ in the disease pathogenesis8-11.
Thymus T cell output can be estimated by the number of

T cell receptor (TCR) recombination excision circle (TREC)
copies in peripheral T cells12,13. TREC are episomal DNA
circles generated during the intrathymus T cell maturation
process by excision rearrangement of TCR genes that results
in contiguous and functional genes responsible for the tran-
scription of functional TCR-αß and TCR-γδ mRNA. A
mandatory step in αß T cell neogenesis is the excision of the
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TCR-δ locus from within the TCR-α locus. This process
results in the generation of 2 episomal DNA fragments, a
signal-joint TREC (sjTREC) and a coding-joint TREC, both
being detected in approximately 70% of αß T cells leaving
the thymus14. Since TREC are relatively stable and do not
duplicate during mitosis, they are diluted out with each cel-
lular division in the peripheral T cell pool15. According to
thymus physiology TREC are found in a relatively high
number of copies in peripheral T cells during the first 2
decades of life and decline progressively thereafter16,17.
We recently showed that TREC counts in peripheral

blood mononuclear cells (PBMC) were significantly lower
in patients with SLE compared to age- and sex-matched
controls18. This finding was in agreement with previous
reports of low TREC counts in other autoimmune diseases,
such as multiple sclerosis, myasthenia gravis, and rheuma-
toid arthritis19-22. That study, however, addressed only SLE
patients with active disease and did not analyze CD4 and
CD8 T cell subsets. In the present study, we aimed to deter-
mine the behavior of TREC counts in CD4 and CD8 T cells
in patients with active and quiescent SLE.

MATERIALS AND METHODS
Patients and controls. Patients meeting the American College of
Rheumatology SLE criteria with disease duration not greater than 3 years
with either active or inactive disease were consecutively selected from the
SLE outpatient clinic at the Federal University of Sao Paulo Medical
School Hospital23. Sex- and age-matched healthy controls were students,
nurses, and physicians at UNIFESP Medical School Hospital. Patients and
controls were excluded if previously subjected to thymectomy or if positive
for the presence of current or previous signs and symptoms of autoimmune
or chronic inflammatory diseases such as connective tissue diseases (except
for SLE), inflammatory bowel diseases, myasthenia gravis, autoimmune
thyroiditis, chronic hepatitis, acute or chronic infectious diseases, and thy-
moma. All patients underwent a thorough rheumatologic examination and
had routine laboratory tests (blood cell count, urinalysis, 24-h proteinuria).
Anti-native DNA antibodies (indirect immunofluorescence on Crithidia
luciliae) and total hemolytic complement (radial immunohemolysis) serum
levels were also determined. Disease was considered active when the SLE
Disease Activity Index (SLEDAI) was ≥ 6 and quiescent when the
SLEDAI score was zero24,25. Written informed consent was obtained from
all study participants.

Cell lymphocyte CD4+ and CD8+ separation. PBMC were separated from
20 ml EDTA blood by density-gradient centrifugation using Ficoll-Paque
Plus (Amersham Bioscience, Uppsala, Sweden). CD3+ T cells were sepa-
rated from PBMC by negative selection (Pan T cell isolation kit II, Miltenyi
Biotec GmbH, Bergisch-Gladbach, Germany) and then CD4+ and CD8+
populations were obtained using magnetic beads (anti-CD4 MicroBeads,
Miltenyi Biotec) according to the manufacturer’s instructions.
Subpopulation purity was checked using 3-color flow cytometry
(FACSCanto™) with Tritest™ (3-color reagents) monoclonal antibodies
(Becton Dickinson, Franklin Lakes, NJ, USA) and ranged from 92% to
99%.

Quantification of TREC by real-time polymerase chain reaction (PCR).
Genomic DNA from CD4+ and CD8+ T cells was extracted using the
GFX™ Genomic Blood DNA purification kit (Amersham, Piscataway, NJ,
USA) according to the manufacturer’s instructions. DNA concentration in
all samples was determined by ultraviolet spectrophotometry at a wave-
length of 260 nm. Quantification of sjTREC in isolated CD4+ and CD8+ T
cells 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, USA). The PCR
primer sequences were as follows: sense 5’-CCC TTT CAA CCA TGC
TGA CA-3’ and anti-sense 5’-AGG TGC CTA TGCATCACC GT-3’. Each
25 µl reaction mixture contained 100 ng DNA, 500 nM each primer, and
12.5 µl SYBR Green PCR Master Mix reagent (Applied Biosystems). The
PCR protocol included an initial run at 95°C for 10 min, followed by 45
cycles with 95°C for 30 s, 59°C for 30 s, and 72°C for 30 s. Each DNA
sample was run in duplicate. In the same reaction each DNA sample was
also tested in duplicate for ß-actin as an amplification control. The PCR
primers for ß-actin were as follows: sense 5’-AAG ATG ACC CAG GTG
AGT GG-3’ and anti-sense 5’-AAC GGC AGA AGA GAG AAC CA-3’.

A standard curve was included in every PCR reaction for absolute quan-
tification of sjTREC in each patient and control DNA sample. To generate
the TREC standard curve, a 376 bp TREC fragment cloned into the pCR II-
TOPO plasmid (Invitrogen, Carlsbad, CA, USA; kindly provided by E.
Hochberg, Harvard Medical School, Boston, MA, USA) was amplified in
DH5a Escherichia coli and the purified plasmid TREC DNA insert was
confirmed by automated DNA sequencing. The TREC standard curve
included seven 10-fold dilutions ranging from 108 to 102 copies/µl. The
determination of TREC copy count in each sample was derived by interpo-
lation of the PCR cycle at which fluorescence was first significantly ele-
vated above background (the Ct or threshold cycle) into the standard curve.

Statistical analysis. Descriptive analysis is presented as graphs and tables
with isolated data, means, standard deviation, and medians. Differences
among 3 groups were analyzed by Kruskal-Wallis method. Comparison of
TREC counts between 2 groups was performed by the Tukey’s and
Dunnett’s tests. Wilcoxon’s test was used to compare TREC counts in
CD4+ and CD8+ cells from the same individual. Mann-Whitney test was
used to compare TREC counts in patients currently exposed and not
exposed to steroids and other immunosuppressive medications. Spearman’s
linear regression and exponential regression analysis were used to correlate
TREC counts with age and clinical variables. p < 0.05 was considered
significant.

RESULTS
Fifty-one patients with SLE, 22 with active disease and 29
with quiescent disease, and 31 sex- and age-matched con-
trols were included, with no statistically significant differ-
ence in sex distribution (p = 0.39). The age of patients with
active SLE [mean 30.8 (range 18–44 yrs)], patients with qui-
escent SLE [mean 30.0 (range 18–57 yrs)], and controls
[mean 32.0 (range 18–57 yrs)] also did not differ statistical-
ly (p = 0.82; Table 1). Disease duration in patients with SLE
ranged from 1 month to 3 years. There was no difference in
the disease duration between patients with active disease
(1.87 ± 1.66 yrs) and patients with quiescent SLE (1.97 ±
1.15 yrs) (p = 0.48; Table 1).
The SLEDAI in the 22 patients with active disease had a

mean and standard deviation of 10.59 ± 3.74 (range 6–21).
As noted, all patients with quiescent SLE had SLEDAI
equal to zero. Table 2 depicts the drugs in use and frequen-
cy of SLEDAI features in patients with active and quiescent
SLE. The most frequent clinical manifestation was kidney
involvement, which occurred in 14/22 patients. Leukopenia
(< 4000 leukocytes/mm3) was observed in only 5 patients
with active disease and in none of the patients with quies-
cent disease. There was no difference in the number of
leukocytes/mm3 between patients with active SLE, quies-
cent SLE, and controls (7226 ± 4360/mm3, 5639 ±
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1405/mm3, and 6497 ± 1738 leukocytes/mm3, respectively;
p = 0.24). The number of lymphocytes in patients with both
active and quiescent SLE (1108 ± 997 lymphocytes/mm3 and
1445 ± 606 lymphocytes/mm3, respectively) was lower than
in healthy controls (2211 ± 613 lymphocytes/mm3) (p <
0.001; p = 0.001, respectively). There was no difference
between lymphocyte counts in patients with active and qui-
escent SLE (p = 0.139). Most patients were taking oral
steroids (68.9% with quiescent SLE and 77.3% with active
SLE), 3 patients were receiving cyclophosphamide pulse
therapy (6%), and 2 patients were receiving combined pulse
therapy of cyclophosphamide and methylprednisolone (4%).
TREC counts in CD4+ T cells were lower in active SLE

(2.27 ± 2.05 × 104 TREC/µg DNA) as compared to patients
with quiescent SLE (5.83 ± 7.41 × 104 TREC/µg DNA; p =
0.03) and to controls (5.64 ± 4.99 × 104 TREC/µg DNA; p =
0.03; Figure 1A). In CD8+ T cells TREC counts were also
lower in patients with active SLE (4.14 ± 4.06 × 104

TREC/µg DNA) as compared to those with quiescent SLE
(11.24 ± 15.06 × 104 TREC/µg DNA; p = 0.02), but not to
controls (8.77 ± 8.78 × 104 TREC/µg DNA; p = 0.13; Figure
1B). Interestingly, patients with quiescent SLE presented
similar TREC levels to controls in both CD4+ and CD8+ T
cells (p = 0.49 and p = 0.32, respectively; Table 3). Among
the 22 patients with active SLE there was a moderate inverse
correlation between SLEDAI and TREC counts in CD8+ T
cells (r = –0.37, p = 0.04), but not in CD4+ T cells (r =
–0.16, p = 0.2).
As shown in Table 3, the intraindividual comparison of

TREC counts in CD4+ versus CD8+ T cells in the 3 groups

of subjects showed significantly lower TREC counts in
CD4+ T cells as compared to CD8+ T cells in all the 3
groups (p = 0.004 for active SLE; p = 0.002 for quiescent
SLE; and p = 0.001 for controls). Nonetheless, there was a
strong correlation between TREC counts in CD4+ and
CD8+ T lymphocytes in patients with active SLE (r = 0.73,
p < 0.001), patients with quiescent SLE (r = 0.69, p <
0.001), and controls (r = 0.77, p < 0.001), indicating a con-
jugated dynamics of the 2 cell subpopulations with respect
to TREC levels.
There was no correlation between the steroid dose and

TREC count in CD4+ (r = –0.06, p = 0.72) and in CD8+
cells (r = 0.16, p = 0.34). Within the subgroup of patients
with quiescent disease, there was no difference in TREC
counts between patients receiving steroids and those not
receiving steroids (6.01 ± 8.46 × 104 vs 5.43 ± 4.64 × 104
TREC/µg DNA, respectively, p = 0.42, for CD4+; and 11.12
± 17.62 × 104 vs 11.51 ± 7.46 × 104 TREC/µg DNA, respec-
tively, p = 0.17, for CD8+). For the subgroup of patients
with active disease, the number of patients not receiving
steroids was too low to allow statistical analysis. The same
was true for the subgroup of patients with quiescent disease
taking immunosuppressive medications. Finally, for patients
with active disease there was no difference in TREC counts
in CD4+ and in CD8+ cells between those taking azathio-
prine and/or cyclophosphamide IV pulse therapy and those
not taking these immunosuppressive medications (2.80 ±
2.31 × 104 vs 1.91 ± 1.84 × 104 TREC/µg DNA for CD4+,
p = 0.97; and 4.76 ± 4.59 × 104 vs 3.71 ± 3.79 × 104

TREC/µg DNA for CD8+, p = 0.97).

Table 1. Demographic characteristics of patients with systemic lupus erythematosus (SLE) and healthy controls.

Active SLE, Quiescent SLE, Controls, p
n = 22 n = 29 n = 31

Age, yrs (mean ± SD) 30.82 ± 8.61 30.0 ± 10.21 31.97 ± 10.80 0.82
Sex, F/M 19/3 25/4 23/8 0.39
Disease duration, yrs 1.87 ± 1.66 1.97 ± 1.15 — 0.48

Table 2. Distribution of patients with systemic lupus erythematosus (SLE) according to the frequency of
SLEDAI measures, and medication in use*.

SLEDAI Measures Active SLE, Quiescent SLE, Medication Active SLE, Quiescent SLE,
n = 22 (%) n = 29 (%) n = 22 (%) n = 29 (%)

Skin lesions 5 (22.7) 0 (0.0) Oral prednisone 17 (77.3) 20 (68.9)**
Arthritis 3 (13.6) 0 (0.0) Chloroquine phosphate 11 (50.0) 23 (79.3)
Vasculitis 4 (18.2) 0 (0.0) Azathioprine 6 (27.3) 4 (13.8)
Kidney involvement 14 (63.6) 0 (0.0) Methotrexate 4 (18.2) 3 (10.3)
Leukopenia 5 (22.7) 0 (0.0) Cyclophosphamide IV pulse 3 (13.6) 0 (0.0)
Anti-DNA antibodies 6 (27.2) 0 (0.0) Methylprednisolone IV pulse 0 (0.0) 0 (0.0)
Hypocomplementemia 7 (31.8) 0 (0.0) Combined IV pulse therapy 2 (9.1) 0 (0.0)

* Values in absolute numbers (frequency percentages). ** Maximum prednisone dose in quiescent SLE was 10
mg/day. SLEDAI: SLE Disease Activity Index; IV: intravenous.
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DISCUSSION
Quantification of TREC levels in circulating lymphocytes
permits an estimation of the proportion of recent thymic
emigrants in the peripheral blood T cell pool12. We evaluat-
ed TREC counts in CD4+ and CD8+ T lymphocytes in SLE
patients with overtly active disease (SLEDAI ≥ 6) and in
SLE patients with no clinical and laboratory evidence of dis-
ease activity (SLEDAI = 0). TREC counts in CD4+ and
CD8+ T cell subsets were lower in SLE patients with active
disease compared to patients with quiescent SLE and
healthy controls. In contrast, patients with quiescent SLE

and controls had comparable TREC counts in both CD4+
and CD8+ T cell subsets. In addition, there was an inverse
correlation between SLEDAI and TREC counts in peripher-
al CD8+ T lymphocytes within the group of patients with
active SLE. These results suggest that TREC levels in the
CD4+ and CD8+ T cell peripheral blood pool can be affect-
ed by disease activity.
Reduced TREC levels in PBMC in patients with SLE

have been demonstrated by our group18 and more recently
by Thewissen, et al26. Other autoimmune diseases, such as
rheumatoid arthritis, myasthenia gravis, drug-induced lupus,

Figure 1. Distribution of patients with active SLE, patients with quiescent SLE, and controls according to the num-
ber of TREC/µg DNA in CD4+ T lymphocytes (A) and in CD8+ T lymphocytes (B) (*outliers).
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and multiple sclerosis have also been shown to be associat-
ed with reduced TREC levels19-22,27. However, none of the
previous studies has addressed the effect of disease activity
over TREC counts in SLE. A great variability in TREC
counts among individuals has been demonstrated in previous
studies and was also observed in our study in all 3 analyzed
groups12. This high degree of interindividual variability
results in partial overlap of the studied groups. However, we
were able to document a less profound variability in patients
with active SLE, indicating the presence of a strong pressure
towards lower TREC counts in this group of patients.
The association of active status SLE with decreased

TREC levels in the peripheral CD4+ and CD8+ T cell pool
suggests that this abnormality is linked to the pathophysiol-
ogy of the disease. However, it has to be clarified whether
the decreased TREC levels represent a primary event or if
they are secondary to other immunologic abnormalities in
this complex autoimmune disease. Indeed it has been shown
that several T cell dysfunctions in SLE are more pronounced
when the disease is active1,28. TREC levels in the peripher-
al T cell pool are largely determined by thymic output and
by peripheral cell proliferation, since TREC DNA does not
duplicate and only 1 daughter cell inherits it. In addition,
cell death and cell redistribution may also modestly con-
tribute to the decreased TREC levels29. It is possible, there-
fore, that the decreased TREC levels in patients with active
SLE could be determined by more than one of the above ele-
ments, although previous evidence of increased peripheral T
cell proliferation in active SLE suggests that this might be a
major contributing factor. Indeed, an increased number of
peripheral T cells expressing activation and differentiation
markers has been noted in patients with active SLE2,30.
Further, significant loss of telomeric DNA and increased
telomerase activity of PBMC have been reported as indirect
evidence of lymphocyte proliferation in patients with active
SLE, but not in those with inactive SLE and normal con-
trols31,32. In addition, dominant T cell clonal expansion has
been observed in SLE patients with active disease but not in
those in remission33. Longitudinal studies examining TREC
levels before and after clinical relapse or remission would be
needed to determine whether TREC levels truly fluctuate in
the same patient.

On the other hand, impairment of thymic function can
also contribute to the low TREC levels observed in SLE.
The thymus is a crucial organ for generation of T lympho-
cytes and some studies have shown conspicuous thymus
alterations in human SLE10,11. Another factor that could pre-
sumably have contributed to the decreased TREC levels
found in patients with active SLE is the use of immunosup-
pressive drugs and glucocorticosteroids, known to induce
thymus atrophy and to inhibit lymphopoiesis34. Among the
22 patients with active SLE, 17 were receiving oral and/or
intravenous glucocorticosteroids and 5 were receiving intra-
venous cyclophosphamide pulse therapy. Although no sig-
nificant correlation was observed between TREC counts and
the use of glucocorticosteroids and immunosuppressive
drugs, it cannot be formally excluded that the association
between disease activity and low TREC counts might have
been partially influenced by the use of steroids and immuno-
suppressive therapy in patients with active disease.
However, it should be noted that our previous study showed
very low TREC levels in 2 patients with active SLE and
receiving no treatment18. Future studies ought to address
this issue specifically by determining TREC counts before
and after steroid administration in patients with SLE as well
as in other disease states.
Regardless of the specific contribution of thymus output,

peripheral cell proliferation, and other factors, the decreased
TREC level observed in CD4+ and CD8+ T lymphocytes in
patients with active SLE is a relevant finding per se. The size
and composition of the peripheral T cell pool are thought to
be homeostatically regulated, and the proportion of recent
thymus emigrants is important for T cell homeostasis by
favoring the maintenance of naive T cell diversity7. A
peripheral T cell pool built or maintained in a shortage of
recent thymus emigrants gradually loses diversity, through
the attrition of naive T cells and the increased proportion of
memory cells biased by self- and non-self antigens7. The
low TREC levels we observed in patients with active SLE is
consistent with a low proportion of recent thymus emigrants
and may, therefore, interfere with the maintenance of
immune tolerance and with the suppression/competition of
autoreactive T cell clones.
Our study demonstrated decreased TREC levels in

Table 3. Number of signal-joint TREC/µg DNA in CD4+ and in CD8+ T lymphocytes of patients with active systemic lupus erythematosus (SLE), patients
with quiescent SLE, and controls (mean ± SD).

Active SLE Quiescent SLE Controls p
(a) (b) (c) a vs b vs c a vs b a vs c b vs c

TREC/µg DNA in CD4 2.27 ± 2.05 × 104 5.83 ± 7.41 × 104 5.64 ± 4.99 × 104 0.01 0.03 0.03 0.49
T cells
TREC/µg DNA in CD8 4.14 ± 4.06 × 104 11.24 ± 15.06 × 104 8.77 ± 8.78 × 104 0.01 0.02 0.13 0.32
T cells

TREC/µg DNA in CD4 vs TREC/µg DNA in CD8 T cell: p = 0.004 for active SLE; p = 0.002 for quiescent SLE; p = 0.001 for controls. TREC: TCR exci-
sion circle.
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peripheral CD4+ and CD8+ T lymphocytes in patients with
active SLE but not in those with quiescent disease. This may
be relevant to SLE pathophysiology, since a low proportion
of recent thymus emigrants may contribute to decreased
diversity, increased oligoclonality, and possibly to an over-
representation of autoreactive T cells in the peripheral T cell
pool in active stages of the disease. Further studies in this
field shall correlate the analysis of TREC counts with mark-
ers of peripheral cell proliferation in different lymphocyte
subtypes in order to better define the pathological signifi-
cance of the current findings.
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