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The immune system is equipped with an extremely large spectrum
of structurally diverse receptors to recognize all potential antigens.
This fundamental principle of receptor diversity is no longer upheld
in patients with rheumatoid arthritis (RA), who have a marked
contraction of the T cell receptor repertoire. In this study, the ability
of RA patients to produce T cells and to maintain T cell homeostasis
was examined. CD4 T cells containing T cell receptor rearrange-
ment excision circles (TREC) were substantially reduced in RA
patients; TREC levels in young adult patients matched those of
controls 20 years older. Increased self-replication of T cells in RA
was indicated by age-inappropriate erosion of telomeres in circu-
lating T cells with almost complete attrition of telomeric reserves
in patients 20–30 yr of age. The degree of telomere loss was not
related to disease duration or the use of disease-modifying med-
ication and was most pronounced in CD41CD45ROnull (naive) T
cells. The loss of TREC-positive T cells could be a consequence of a
primary defect in peripheral T cell homeostasis. Alternatively, RA
patients may have impaired thymic function with the increased
turnover of peripheral T cells being a secondary compensatory
event.

Rheumatoid arthritis (RA) is a chronic inflammatory disease
that manifests in the synovial membrane and eventually

causes irreversible destruction of tendons, cartilage, and bone. It
has been suspected that the inflammatory lesions result from an
autoimmune response to joint-specific antigens (1–3). Recent
data, however, suggest that the immune abnormalities are not
limited to the activation and clonal expansion of synovium-
infiltrating lymphocytes, but involve the majority of circulating
T cells. Analysis of the frequency of arbitrarily selected T cell
receptors (TCR) derived from CD4 T cells demonstrated a sharp
contraction in the diversity of T cells (4). In RA patients, the
majority of T cells is clonally expanded. Some T cells have grown
up to a large clonal size and have lost the expression of the CD28
molecule (5, 6). This contraction of TCR diversity is not re-
stricted to CD4 memory T cells; it is even more prominent in the
subset of naive CD4 T cells that lack previous antigenic expe-
rience. Diversity of naive T cells is generally maintained by the
influx of new thymic emigrants (7). Loss of T cell diversity,
oligoclonal proliferation, and emergence of CD28null T cells are
typical features of the immune dysfunction in the elderly (8–12),
which has in part been attributed to the demise of thymic
function. The similarities in the abnormalities of the senescent
and the RA immune system led us to hypothesize that RA
patients have premature immunosenescence. Contraction of the
repertoire of naive T cells, therefore, raises the question whether
patients with RA have a defect in generating new T cells.

The current study has addressed whether mechanisms of T cell
generation are intact and age-appropriate in patients with RA.
Thymic output of T lymphocytes can be estimated by exploiting
an intrinsic feature of the TCR rearrangement process (13–15).
Episomal products of the TCR rearrangement, TCR rearrange-
ment excision circles (TREC), can be detected in recent thymic
emigrants populating the periphery. A decrease in influx of
newly generated T cells will not only result in a decline of
TREC-containing T cells, but will force the system to restore
equilibrium by replicating available mature T cells (16, 17). The

need for self-renewal imposes replicative stress on peripheral T
cells that can be measured by determining the length of telo-
meric DNA repeats (18). Telomeres are highly specialized ends
of chromosomes that have a direct role in DNA duplication and
are shortened with cell proliferation. Therefore, consumption of
telomeric DNA can be used to estimate the replicative history of
cells in the T cell compartment.

Materials and Methods
Study Population. This study was reviewed and approved by the
Mayo Clinic Internal Review Board, and all study participants
signed informed consent. Peripheral blood mononuclear cells
(PBMC) were obtained from 51 patients who fulfilled the 1987
American College of Rheumatology criteria for the diagnosis of
RA (13- to 80-yr-old) and 47 healthy controls (18- to 77-yr-old)
(19). Clinical data were obtained by retrospective chart review.
Disease duration ranged from 3 mo to 22 yr; 84% of the patients
had a positive rheumatoid factor (RF). Control individuals did
not have a personal or family history of inflammatory disease.

Purification of Lymphocyte Subsets. PBMC were incubated with
antibody-coated magnetic beads (Miltenyi Biotec, Auburn, CA),
and CD4 and CD8 T cells were separated in a magnetic cell
separator (VarioMACS, Miltenyi Biotec). In selected experi-
ments, CD8 T cell-depleted PBMC were subsequently separated
by using anti-CD45RO mAb-coated magnetic beads to enrich for
CD41CD45RO1 (memory) and CD41CD45ROnull (naive) T
cells. Purity of separated T cell subsets was 90–95%.

Telomere Length Analysis. DNA was extracted from purified T cell
subsets using the QIAamp Blood Kit (Qiagen, Chatsworth, CA)
followed by the removal of excess salt (NAP-10 column, Amer-
sham Pharmacia Biotech, Arlington Heights, IL). DNA (5 mgy20
ml) was digested with HinfI and RsaI (Roche Molecular Bio-
chemicals–Boehringer Mannheim, Indianapolis, IN) overnight
at 37°C and was separated on a 0.5% agarose gel. The gels were
dried at 60°C for 20 min, denatured in 103 sodium hydroxide
buffer, neutralized in 23 SSC buffer, and then prehybridized in
203 SSC buffer, 103 Denhardt’s solution, and 0.1 M dibasic
sodium phosphate for 2 h. The hybridization was performed with
a telomere repeat-specific 32P-end-labeled (CCCTAA)3 probe at
37°C overnight. After five washings (0.53 SSC buffer), the gels
were scanned with a PhosphorImager and analyzed (Molecular
AnalystyMacintosh, Bio-Rad). Telomere terminal restriction
fragment (TRF) length was calculated relative to a 33P-end-

This paper was submitted directly (Track II) to the PNAS office.

Abbreviations: PBMC, peripheral blood mononuclear cells; RA, rheumatoid arthritis; RF,
rheumatoid factor; TCR, T cell receptor; TREC, T cell receptor rearrangement excision circles;
TRF, terminal restriction fragment.

‡To whom reprint requests should be addressed. E-mail: weyand.cornelia@mayo.edu.

The publication costs of this article were defrayed in part by page charge payment. This
article must therefore be hereby marked “advertisement” in accordance with 18 U.S.C.
§1734 solely to indicate this fact.

PNAS u August 1, 2000 u vol. 97 u no. 16 u 9203–9208

M
ED

IC
A

L
SC

IE
N

CE
S



labeled HindIII ladder that was run in each gel. Results are given
as the median TRF length.

Quantification of TREC. Signal-joint TREC concentrations were
determined by competitive PCR using primers and the internal
standard recently described (14). PCR reactions were performed
with 0.1 mg of DNA, 2.6 units of DNA polymerase (Expand High
Fidelity PCR System, Roche Molecular Biochemicals–
Boehringer Mannheim), 1.5 mM MgCl2, 0.2 mM dNTPs, and 0.6
mM of each primer in 25 ml under the following conditions: 95°C
for 5 min followed by 95°C, 60°C, and 72°C for 30 sec each for
35 cycles. To each PCR reaction was added 104, 103, or 102

molecules of signal-joint standard (kindly provided by D. C.
Douek, Dallas, TX). PCR products were separated on polyacryl-
amide gels, stained with SYBR-Gold Nucleic Acid Stain (Mo-
lecular Probes), and imaged and analyzed using STORM 840 and
IMAGEQUANT software (Molecular Dynamics).

Cell Culture. CD41CD45ROnull and CD41CD45RO1 T cells (1 3
106yml) were stimulated with anti-CD3 mAb (10 ngyml, OKT3,
CRL 8001, American Type Culture Collection, Manassas, VA)
and phorbol 12-myristate 13-acetate (0.5 ngyml) and maintained
in 20 unitsyml IL-2 (Proleukin, Chiron, Emeryville, CA) at 2 3
105 to 1 3 106 cellsyml. At each stimulation, 1 3 105yml of
irradiated adherent cells of an unrelated donor were added.
Cultures were restimulated with anti-CD3 mAb and phorbol
12-myristate 13-acetate every 10 days. Cell recovery was deter-
mined every 3 days, and the mean population doublings were
calculated as ln(cell number at day nycell number at day 0)yln2.

Statistical Analysis. The median TRF lengths and the number of
TRECymg DNA of CD4 T cells were correlated with age by
regression analysis (SIGMAPLOT, SPSS, Chicago). ANOVA was
used to compare RA patients and control individuals. Multivar-
iate regression analysis was used to analyze the contribution of
age, gender, RF status, current or previous treatment with
methotrexate and prednisone, and disease duration to the TRF
length in RA patients. TRF length in T cell subsets of age-
matched controls and RA patients were compared by t test
(SIGMASTAT, SPSS). Results of the in vitro mean population
doublings in RA patients and age-matched controls were com-
pared by one-way ANOVA (SIGMASTAT, SPSS).

Results
Reduced Numbers of Recent Thymic Emigrants in Patients with RA.
Thymic function of patients with RA was assessed by measuring
the frequencies of TREC-containing CD4 T cells in the periph-
eral blood of RA patients and age-matched controls. In healthy
individuals, the concentrations of TREC in CD4 T cells declined
exponentially with age (Fig. 1). Between the ages of 20 and 70
yr, the numbers of TREC dropped by '1.5–2.0 logs with a slope
of 20.035 TRECyyr (r2 5 0.77). TREC-containing CD4 T cells
did not totally disappear in elderly individuals. Even in donors
between 60 and 70 yr, .100 TRECymg DNA were detected. RA
patients had significantly lower levels of TREC in CD4 T cells
than age-matched control donors (P , 0.0001). TREC concen-
trations were already markedly reduced in RA patients at the age
of 20 yr; all of the 20- to 30-yr-old patients had values below the
normal 10th percentile. The age-dependent decline in the num-
ber of TREC-containing CD4 T cells was not different (slope of
20.034 TRECyyr, r2 5 0.43) in the RA patients; however, the
curves were shifted by approximately 20 yr toward a younger age.
Only two of the control individuals had ,90 TRECymg DNA,
and both donors were older than 60 yr of age. In contrast, TREC
levels were ,100 TRECymg DNA in 26% of the patients.

Increased Replicative History of Peripheral T Cells in RA. TREC
concentrations are influenced by two parameters, the output of

newly generated thymic T cells and the dilution of TREC-
positive T cells through replication of peripheral T cells. The
reduction of TREC in RA patients could indicate impaired
thymic T cell production, which would induce compensatory
growth of mature T cells. Age-inappropriate decline of TREC
also could result from a primary dysregulation of peripheral T
cell expansion. In either case, CD4 T cells of RA patients should
have undergone increased replication. To provide an estimate of
the replicative history, telomeric sequences of peripheral CD4 T
cells were examined (Fig. 2). In normal individuals, TRF length
declined progressively with age (r2 5 0.56, P 5 0.0001). The rate
of telomere erosion was not constant over a lifetime as assumed
in previous studies (18, 20). The median TRF length remained
essentially stable until age 40, entered a phase of accelerated
reduction, and reached a new plateau at age 65. Between the ages
of 40 and 65, control individuals lost an average of 76 bpyyr. In
RA patients, TRF length was no longer significantly related to
age (P 5 0.5) and the distributions of TRF lengths in control
donors and patients were different (P 5 0.005). In the cohort
,40 yr old, patients had an average TRF length of '6,300 bp,
which was 1,400 bp shorter than in the age-matched control
individuals. Between 40 and 65 yr of age, corresponding to the
phase of accelerated telomere loss in controls, RA patients only
experienced an average loss of 20 bpyyr. In the age group .65
yr old, patients and normal individuals were indistinguishable
and reached the same plateau.

Erosion of telomeres in CD4 T cells was correlated with the
decline in TREC, suggesting that the phenomena were mecha-
nistically linked (r2 5 0.53, P 5 0.05). Premature telomere
erosion was not limited to CD4 T cells but also involved CD8 T
cells. CD4 and CD8 T cells from PBMC of RA patients younger
than 40 yr and age-matched controls were analyzed in parallel
(Fig. 3). Telomeric sequences in both CD4 and CD8 T cell
subsets were shortened significantly in the RA patients when
compared to normal controls (P 5 0.015 for CD4 T cells, P 5
0.022 for CD8 T cells).

Telomere Shortening of Naive T Cells in RA. TREC-containing cells
are found nearly exclusively in the compartment of naive T cells
(21). However, the decline in TREC in RA patients is not
associated with a decrease in size of the naive compartment; the
frequency of CD45ROnull T cells in RA patients is similar to that

Fig. 1. Decreased number of TREC-expressing CD4 T cells in RA patients.
Signal joint TREC in peripheral CD4 T cells of control donors (circles) and RA
patients (triangles) were quantified by competitive PCR as a marker of recent
thymic emigrants. RA patients had a significantly lower number of TREC,
suggesting reduced thymic activity. Regression lines of normals (dashed line)
and patients (solid line) differed significantly (P 5 0.0001). This difference was
already apparent during early adulthood.
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in age-matched control donors (data not shown). To examine
whether the increased telomere erosion involved the
CD45ROnull T cells, TRF lengths were compared in memory and

naive CD4 T cells from age-matched patients and control donors
(Fig. 4). TRF lengths in naive CD4 T cells averaged 7.4 kb in the
control individuals but were 1.5 kb shorter in the RA patients
(P 5 0.01). Consistent with their status of memory cells,
CD41CD45RO1 T cells had lost telomeric sequences (P 5 0.004
for control donors, P 5 0.02 for patients). Memory populations
of control donors and patients differed by 1.0 kb, which did not
approach statistical significance (P 5 0.2). Thus, age-
inappropriate erosion of telomeres in T lymphocytes of RA
patients was mainly introduced by telomere shortening in naive
T cells.

Telomere Erosion and Clinical Variables. Multivariate analysis iden-
tified RF positivity as the only clinical variable correlating with
telomere erosion in the RA cohort (P 5 0.02). There was a trend
for methotrexate-treated patients to have shorter telomeres (P 5
0.06) but this group was biased for RF-positive patients with
more severe disease and the trend was lost after correcting for
RF positivity (P 5 0.2). Exposure to corticosteroids had no
apparent influence on telomere erosion (Fig. 5). Other disease-
remitting agents were used too infrequently in the study popu-
lation to have an impact. There also was no correlation between
disease duration and TRF length (r2 5 0.0001, P 5 0.44),

Fig. 2. Premature telomere erosion in CD4 cells of patients with RA. TRF
length analysis was performed by using purified peripheral CD4 T cells of 42
control donors (Upper) and 51 RA patients (Lower). In control donors, TRF
progressively shortened with age (r2 5 0.56, P 5 0.0001), with an accelerated
loss between the ages of 40 and 65 yr. In RA patients, TRF length did not
correlate with age (r2 5 0.09, P 5 0.5). Patients ,40 yr already had nearly
reached the plateau of aged control individuals (.65 yr). Regression lines for
normals and patients differed significantly (P 5 0.005).

Fig. 3. Premature telomere shortening in RA patients affects CD4 and CD8
T cells. CD4 and CD8 T cells were purified from 16 RA patients and 14 control
donors, all between the ages of 25 and 40 yr, and the TRF lengths were
determined. Results are shown as box plots displaying medians, 25th and 75th

percentiles as boxes, and 10th and 90th percentiles as whiskers. RA patients had
significantly shorter telomeres in CD4 (P 5 0.015) and CD8 T cells (P 5 0.022).

Fig. 4. Shortened telomeres in naive T cells from RA patients. CD4 T cells
were separated into naive and memory T cells. Results from six RA patients and
six age-matched controls are shown as box plots. Patients and control indi-
viduals differed in naive T cells (P 5 0.01) but not in memory cells (P 5 0.2).

Fig. 5. Clinical correlative of telomere shortening. Results of telomere
length analysis were evaluated by mutivariate regression analysis to deter-
mine the influence of clinical variables, including RF status and previous or
current treatment. RF positivity showed a positive association that was inde-
pendent of disease duration and age (P 5 0.02). There was a trend for patients
on methotrexate to have shorter telomeres (P 5 0.06); however, this trend was
lost after correction for RF-positivity. Data are expressed as the difference
from the age-expected TRF and are shown as box plots.
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suggesting that telomere erosion was not a sequela of the chronic
inflammatory state. Disease duration ranged from 3 mo to 22 yr
(Fig. 6). Telomere loss was present in the patients during the very
early period of disease with no evidence for progressive short-
ening over time.

Impaired Replicative Potential of CD4 T Cells in RA. Replication and
progressive telomeric erosion eventually limits the ability of a
cell to divide. To explore whether the shortening of telomeric
sequences in T cells of RA patients had functional consequences,
the in vitro replicative capacity of CD4 T cells was determined.
CD4 T cells were separated into CD45ROnull and CD45RO1 T
cells, and T cell lines were established by polyclonal activation
and maintained in IL-2. The mean population doublings were
estimated in parallel samples from patients and age-matched
control donors. Naive CD4 T cells from control individuals
proliferated at a faster rate than naive T cells from RA patients
(Fig. 7). Mean population doublings were 13.9 in the normal T
cells compared to 10.3 in the RA T cells (P , 0.001). From these
data, it was calculated that a naive T cell from an RA patient
could be stimulated to grow to a clonal size of 1,261 cells. Under
similar conditions, a naive T cell from a control individual would
expand to 15,287 cells. Memory CD4 T cells from patients and
control donors proliferated at similar rates (P 5 0.95). In the
memory populations, replicative senescence was reached after
nine mean population doublings.

Discussion
This study demonstrates that T cell dynamics in RA patients are
fundamentally altered. Frequencies of TREC-expressing periph-
eral T cells, a measure for the output of newly generated T cells
from the thymus, were age-inappropriately decreased with 20- to
30-yr-old patients having TREC levels equivalent to those of 50-
to 60-yr-old healthy individuals. Lack of TREC-positive cells
could result from acceleration of peripheral T cell turnover,
possibly related to the disease process. However, abnormalities
in T cell homeostasis were evident very early in disease with no
progression over the course of the disease, suggesting a primary
defect in T cell generation as an alternative explanation. In this
model, a lack of thymic T cell production would impose prolif-
erative demands on the peripheral T cells to fill the void and an
increased self-replication of CD41CD45ROnull T cells would
lead to premature telomere erosion. Deficiency of T cell gen-
eration and the resulting abnormalities in maintaining a T cell
pool need to be considered when designing therapies for RA
patients.

Maintaining equilibrium in the T cell compartment is complex
because the immune system is in constant turnover and the
demands for lymphocyte replenishment are high (22, 23). T cells
respond to antigenic challenge by clonal burst and mature
effector cells are consumed in immune responses, in part by
activation-induced apoptosis. The total size of the system is
controlled, requiring a fine balance between influx of new T
cells, eff lux by consumption and death, and self-replication
within the existing pool of lymphocytes. The thymus is critical in
the generation of new T cells. With deficient influx, the system
would have to respond by expanding mature T cells, leading to
increased proliferative turnover and telomere shortening.

In the absence of phenotypic markers of recent thymic emi-
grants, measurements of TREC levels have been recently intro-
duced as a valuable index of newly generated T cells entering the
peripheral pool (13). TREC concentrations decrease with age,
but TREC-expressing cells are not completely lost in the elderly.
It is presently unclear how long TRECs persist in individual cells
(24, 25). They are lost with cell division and a decline in TRECs
could therefore be a reflection of increased peripheral turnover.
Estimates of peripheral T cell turnover are not available in RA
patients. Recent studies in healthy individuals and in HIV-
infected patients using deuterium-labeled glucose have esti-
mated the half-life of a peripheral T lymphocyte to be '100 days
(26). Conversely, a recent study described that TRECs rapidly
disappear after thymectomy in chickens with a half-life of only
14 days (15), suggesting that thymic activity is more important
than peripheral turnover in determining TREC levels. The
finding of TREC-positive cells in the elderly would then indicate
some residual thymic function (21). Indeed, TREC concentra-

Fig. 6. Telomere erosion and disease duration. TRF lengths in CD4 T cells
from RA patients are expressed as the distance in kilobases from the age-
appropriate point on the regression line for the normal population (Fig. 2).
There was no correlation between the duration of RA and telomere loss. The
results were unchanged when patients older than 50 yr were excluded from
the analysis (data not shown).

Fig. 7. Reduced replicative capacity in naive T cells from RA patients. Naive
(Upper) and memory (Lower) T cells were purified from RA patients (shaded
bars) and age-matched control donors (open bars) and stimulated in vitro. Cell
recovery from parallel cultures was assessed every third day, and mean pop-
ulation doublings were calculated. Results are shown as box plots displaying
medians, 25th and 75th percentiles as boxes, and 10th and 90th percentiles as
whiskers. Growth rates and maximal clonal expansion were reduced in naive
T cells from RA patients (P 5 0.001).
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tions can increase in adult patients with HIV infection on
appropriate therapy (14).

Given that the number of TREC-containing CD4 T cells
declines with cell division and that there are no data on the
length of TREC persistence in mammalian cells, it is possible
that increased T cell turnover and not defective T cell gener-
ation is the primary defect underlying the abnormalities in the
RA patients. Ongoing antigenic stimulation in the inf lamma-
tory lesions should induce increased turnover of antigen-
reactive cells, resulting in telomere erosion. In this model,
memory cells would expand, compromise the size of the naive
T cell compartment, and compete with the inf lux of new T cells
and the survival of naive cells. Eventually, the entire T cell pool
should be composed of antigen-expanded T cells at the
expense of naive T cells. The invasion of the naive compart-
ment by antigen-driven T cells would result in a loss of
TREC-positive cells. The ability to generate immune re-
sponses to new antigens would be severely compromised and
disease-relevant T cells would have replaced disease-unrelated
T cells. To examine whether naive CD41 T cells have been
replaced by memory cells, we have used the CD45RO marker
to distinguish between the T cell populations (27, 28). Com-
pared to control individuals, CD41CD45ROnull T cells are not
decreased in RA patients. These data are consistent with the
concept that the sizes of naive and memory compartments are
independently controlled and suggest that the reduction in
TREC-positive cells and telomere erosion does not necessarily
ref lect an expansion of the memory compartment (22). How-
ever, it has been shown in vivo and in vitro that memory T cells
can resume the phenotype of a naive T cell, including the loss
of the CD45RO molecule and the reexpression of CD45RA
and CD62-ligand (29–33). It is unknown how frequently such
phenotype conversions occur in vivo. Usefulness of the
CD45RO marker in distinguishing T cell subsets with naive
and memory characteristic is suggested by the finding that
CD45RO1 and CD45ROnull T cells differ in TRF length and
TCR diversity in RA patients and healthy individuals (4, 13,
18, 34).

Obviously, the two models of thymic dysfunction and high T
cell turnover are not mutually exclusive. In fact, the observa-
tions in RA patients are reminiscent of the T cell dynamics in
a murine experimental system. In this model, naive T cells,
when resident in a T cell-depleted environment, started to
proliferate vigorously to fill the space (16, 17). A memory
phenotype was transiently acquired and many cells switched
back to the naive phenotype. Proliferation of naive T cells can,
however, occur without a change to the memory phenotype, as
demonstrated in a minor lymphocyte-stimulating (MIs)-
antigen driven system (35).

Disease-induced T cell proliferation should lead to progressive
telomere loss as the disease process continues. In the current
study, there was no correlation of telomere shortening with
disease duration, arguing against a direct effect of chronic
persistent RA on T cell homeostasis in the naive compartment.

On the contrary, RA patients had a reduced number of TREC-
expressing T cells even at age 20–25 yr. The slope of the
age-dependent decline in TREC concentrations in RA patients
was maintained compared to the control population, suggesting
a normal turnover and an appropriate decline with advancing
age and progressive disease duration. The curve was, however,
shifted by '20 yr. Frequencies of TREC-positive cells are known
to sharply decline between age 15 and 20 yr, corresponding to the
time of thymic involution. One possible explanation is that
thymic involution is accelerated in RA patients and occurs
already at an earlier age. There is circumstantial evidence for a
premature decline of lymphopoiesis in RA patients. Difficulties
of RA patients to generate new T cells can be inferred from the
results of clinical trials using T cell-depleting agents. RA patients
treated with anti-T cell antibody frequently developed long-
lasting lymphopenia, and the compartment of peripheral T cells
contained large clonal populations (36, 37). Possible mecha-
nisms of a premature thymic involution include age-
inappropriate degeneration of thymic epithelium, required to
support the differentiation of precursor cells into mature T cells
(38). It also is possible that stem cells or thymocyte precursor
cells are prematurely aged, impairing T cell generation (39).

Regardless of whether the reduced thymic output and the
increased self-replication of peripheral lymphocytes in RA
patients is an intrinsic feature of RA or a consequence of the
autoimmune process, our data demonstrate that the loss of
telomeres has functional consequences that may explain the
increased susceptibility of RA patients to develop infections
(40). Primary immune responses are characterized by a burst of
T cell proliferation after antigenic stimulation and antigen-
specific T cells expand to a large clonal size. Immunocompetence
is critically determined by this ability to clonally expand. In terms
of proliferation in response to TCR-triggering, naive T cells from
RA patients were significantly impaired, with a maximal clonal
expansion amounting to only one-tenth of that in control
individuals.

These findings predict that the ability of RA patients to react
to novel antigens, such as during infection, is compromised.
Finally, the dysfunction of RA patients in reconstituting the T
cell compartment should be considered when exploring new
therapeutic strategies, particularly stem cell transplantation.
Following bone marrow transplantation, RA patients might have
major difficulties in recreating a diverse T cell pool, forcing them
to use surviving memory T cells to rebuild the T cell compart-
ment. If that were the case, the opportunity for reeducating the
immune system, the underlying assumption in employing stem
cell transplantation, could not be achieved without restoring the
immune system’s ability to generate new T cells.
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