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A model of chemical thymectomy by inducible Rag ablation was
used to study peripheral T cell homeostasis. Induction of Rag
ablation was efficient and complete, leading to cessation of thymic
T cell production within 3–4 weeks. The decay of peripheral T cells
became apparent with a delay of an additional 2–3 weeks and was
entirely accounted for by loss of naı̈ve T cells, whereas numbers of
memory phenotype and regulatory T cells were not decreased.
Naı̈ve CD4 T cells decayed with an average half-life of 50 days,
whereas naı̈ve CD8 T cells exhibited a considerably longer half-life.
The rapid decay of naı̈ve CD4 T cells was not caused by intrinsic
survival differences compared with naı̈ve CD8 T cells, but was
caused by changes in the lymphopenic environment resulting in
higher microbial load and consequential activation. This finding
suggests that in lymphopenic conditions involving compromised
thymic function replenishment and survival of a naı̈ve CD4 T cell
repertoire may be severely curtailed because of chronic activation.
Such a scenario might play a role in the aging immune system and
chronic viral infection, such as HIV infection, and contribute to loss
of CD4 T cells and impaired immune function. As our data show,
continued replenishment with cells from the thymus seems to be
required to maintain efficient gut mucosal defense.
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T cell homeostasis ensures the maintenance of constant T cell
numbers in the periphery and safeguards independent co-

existence of naı̈ve and memory T cell pools in the periphery (1,
2). One important parameter in maintaining homeostasis in the
face of lymphopenic incidents is the capacity of the thymus to
continuously export new naı̈ve T cells, because naı̈ve T cells
cannot be regenerated by peripheral mechanisms (3–5). How-
ever, there are physiological situations in which thymic export is
compromised such as in old age (6–8) or in chronic infections,
e.g., HIV infection (9–11). Because it appears that in euthymic
mice export of new T cells, rather than proliferation of periph-
eral T cells, corrects homeostasis even after depletion of as much
as 90% of the peripheral T cell pool (12), we chose to address
the consequences of thymus ablation on T cell homeostasis in the
periphery. Here, we have used an approach of ‘‘genetic thymec-
tomy’’ using conditional gene ablation of the recombination
activating gene [Rag2 (13)] to study the decay of peripheral T
cells without exposing mice to surgical trauma. Mice with a
floxed Rag2 allele (Rag2 fl/f l) were crossed with mice expressing
Cre under control of the Mx promoter that is inducible by type
I IFN (14). Injection with polyinosinic-polycytidylic acid
[poly(I:C)] induces Cre expression and consequential Rag2
deletion, blocking T cell development in the thymus.

We found that ablation of the thymus resulted in a decay of
peripheral T cell numbers that was entirely caused by the loss of
naı̈ve T cells, whereas memory T cells and even regulatory T cells
were maintained in constant numbers. Interestingly, naı̈ve CD4
T cells declined more rapidly than naı̈ve CD8 T cells. However,
this event was not caused by intrinsic differences in survival

capacity between CD4 and CD8 T cells, but instead by increased
turnover of CD4 T cells in response to endogenous antigens.
Thus, immune homeostasis in the periphery is compromised
when thymic export is abrogated not only by loss of T cell
production but also by systemic activation of CD4 T cells, an
event that could crucially exacerbate immune pathology in
chronic infections, such as HIV infection, and contribute to
deficient immune responses in old age.

Results
Conditional Inactivation of the Rag2 Gene and Effect on the Thymus.
To terminate generation of T cells and their export from the
thymus we used the inducible ablation of the Rag2 gene in F1
mice carrying a floxed Rag2 allele on a Rag2-deficient back-
ground and a Cre recombinase transgene under control of the
IFN-inducible Mx promoter (MxCre� Rag2 fl/�). The efficiency
of Rag deletion in this system was previously ascertained on the
level of B cells (13). We first determined the effect of poly(I:C)
treatment on thymic cellularity. As shown in Fig. 1a Left the
numbers of double positive (DP) thymocytes decreased from
week 2 after treatment of neonatal mice with type I IFN and
were reduced to background levels 5 weeks after treatment. In
adult mice (aged 8–10 weeks) the deletion proceeded faster and
was complete 4 weeks after treatment with poly(I:C) (Fig. 1a
Right). Younger adults (aged 4–6 weeks) showed intermediate
speed of deletion [supporting information (SI) Fig. S1], which
was complete by 5 weeks similar to neonatal mice. All subse-
quent experiments were done using poly(I:C) treatment of 4–6
week old adult mice.

To assess whether Rag deletion upon poly(I:C) treatment was
complete, we reconstituted Rag-deficient mice with allotype-
marked bone marrow from poly(I:C)-treated or untreated Mx-
Cre� mice. As shown in Fig. 1b, there was no reconstitution of
DP thymocytes in recipients of poly(I:C)-treated MxCre� bone
marrow, although precursors could still be seen in the DN
fraction up to the DN4 stage, where the blockade of develop-
ment occurs in Rag-deficient mice (15). Bone marrow from
untreated MxCre� control mice, on the other hand, fully recon-
stituted the thymus of Rag-deficient hosts.

Poly(I:C) treatment did not induce any deleterious effects that
impacted directly on T cell homeostasis. The total number of
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thymocytes and DP thymocytes was not altered within 2 weeks
after poly(I:C) injection, and no differences in thymocyte num-
bers between poly(I:C)-treated MxCre� Rag2fl/� mice and
untreated Mx1Cre� Rag2 fl/� mice was seen, confirming that
poly(I:C) injection per se does not induce any loss in thymic
cellularity (Fig. S2a). To address whether Cre expression in-
duced after poly(I:C) treatment could exhibit any toxicity (16),
mice expressing Cre, but not a floxed Rag locus (Mx1Cre� Rag
wt/wt) were treated with poly(I:C). We observed no alterations
in total thymocytes or thymocytes subsets between MxCre� and
MxCre� Rag wt/wt mice, confirming that Cre did not exert any
nonspecific toxicity (Fig. S2b).

Furthermore, the peripheral T cell numbers of MxCre�

Ragfl/� or MxCre� Ragfl/� mice showed no significant differ-
ences 2 weeks after the beginning of poly(I:C) treatment, and
numbers of CD4 and CD8 T cells were comparable, whether
naı̈ve, memory, or regulatory T cell subsets were concerned (Fig.
S3a). Subsequent experiments used either untreated MxCre�

Rag2f l/� mice as controls or poly(I:C)-treated MxCre�

Rag2fl/� littermates as they were indistinguishable. Finally,
poly(I:C) treatment did not influence expression of MHC class
II, CD80, and CD86 costimulatory molecules as indicators for
the activation status of dendritic cells (DC) (Fig. S3b). Alto-
gether, our results suggest that the induction of IFN-� produc-
tion caused by poly(I:C) injections on its own does not induce any
significant disturbance of the peripheral T cell compartment.

Effect of Thymus Ablation on Peripheral T Cells. The effect of Rag
deletion and thymus ablation on the peripheral T cell pool was
delayed, but from �6 weeks after poly(I:C) treatment a gradual
decline in peripheral T cell numbers was observed. Whereas for
CD4 T cells an obvious decline in numbers was observed from

�8 weeks after induction of Cre recombinase activity by
poly(I:C) injection (Fig. 2a Left), CD8 T cell numbers remained
constant until about weeks 11–13 before a slight decay could be
detected (Fig. 2a Right). We next analyzed the effect of thymus
ablation on the different T cell subsets within the CD4 and CD8
T cell subsets, defined on the basis of CD25 and/or CD44
expression. FACS profiles obtained 10 weeks after poly(I:C)
treatment showed a shift in the proportion of naı̈ve/memory
(CD44hi CD25�) and regulatory T cells (CD44 intermediate,
CD25�) at the expense of the naı̈ve (CD44low CD25�) CD4 T
cell subset (data not shown). In terms of T cell numbers, the
cellular reduction within the CD4 T cell pool was restricted to the
naı̈ve pool (Fig. 2b Left). In contrast, the absolute number of
memory (Fig. 2c Left) or regulatory (Fig. 2d) CD4 T cells did not
differ between poly(I:C)-treated and untreated mice. Thus,
thymic ablation induces selective loss of naı̈ve T cells without
affecting the pool size of memory and regulatory T cells. This
observation applies also to the CD8 T cell compartment (Fig. 2b
Right), although the reduction of naı̈ve CD8 T cells was less
marked compared with that of naı̈ve CD4 T cells.

To facilitate comparisons of decay rates of each of these
subsets, linear curves from numbers of naı̈ve CD4 and CD8 T
cells were plotted on a single graph representing the percentage
of residual T cells on the y axis to have a common starting point.
T cell numbers 5 weeks after the start of poly(I:C) treatment
were set to 100%. The decay rate of naı̈ve CD4 T cells from
poly(I:C)-treated Mx Cre� Rag2fl/� mice was markedly higher

Fig. 1. Efficiency of the deletion. (a) Absolute cell numbers of DP thymocytes
after type I IFN treatment of 3-day-old MxCre- Rag2 fl/� (open symbols) or
MxCre� Rag2 fl/� (filled symbols) (Left) or after poly(I:C) treatment of 8- to
10-week-old mice (Right). (b and c) Dot plots of gated CD45.2 cells from
thymus of bone marrow chimeras MxCre� Rag2fl/�-treated with poly(I:C) 4
weeks before bone marrow isolation (b) or MxCre� Rag2fl/� untreated bone
marrow (c) injected into 5 Gy irradiated Rag2-deficient B6 CD45.1 hosts. (Left)
Dot plots show CD8 vs. CD4 profiles. (Right) Dot plots show CD25 vs. CD44
profiles of the DN population with stages DN1 to DN4 marked.

Fig. 2. Peripheral T cell survival in the absence of thymic export. Peripheral
T cell numbers were determined in poly(I:C)-treated (E) or untreated (F)
MxCre� Rag2fl/� mice. Numbers of CD4 (Left) and CD8 (Right) peripheral T
cells (a), naı̈ve T cells (b), memory T cells (c), and regulatory CD4 T cells (d) are
shown. Mean values and SDs for three mice per time point are shown. These
data are representative of three experiments using three mice per group for
each experiment.
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than that of naı̈ve CD8 T cells as shown in three independent
experiments (Fig. 3a).

Fig. 3b gives an average of the three experiments together with
decay rates of T cells from untreated Mx Cre� Rag2fl/� mice.
CD4 and CD8 T cells from untreated mice only showed a slight
decay caused by physiological thymic involution over the time
frame of 15 weeks and their decay curves were superimposable,
whereas the decay rates for CD4 and CD8 T cells from poly(I:C)-
treated Mx Cre� Rag2fl/� mice were accelerated because of
abrogation of production of new T cells from the thymus. Based
on these data the half life of naı̈ve CD4 and CD8 T cells after
thymic ablation was 47� 5 days for CD4 T cells and 105 � 13 days
for CD8 T cells.

Higher Decay Rate of Naı̈ve CD4 T Cells Is Determined by the
Environment. The faster decay rate of naı̈ve CD4 compared with
naı̈ve CD8 T cells after thymus ablation suggests that naı̈ve CD4
and CD8 T cells either have different intrinsic half-lives or are
differentially affected by changes in their environment. No
difference in the rate of decay of naı̈ve CD4 and CD8 T cells
from poly(I:C)-treated hosts or WT hosts were seen upon
transfer into untreated WT B6 CD45.1 hosts (data not shown),
allowing us to conclude that naı̈ve CD4 and CD8 T cells do not
have an intrinsic difference in their survival capacity. To inves-
tigate the possibility that CD4 T cells react differently to their
environment, (5,6-carboxyfluorescein diacetate succinimidyl es-
ter) (CFSE)-labeled naı̈ve CD4 or CD8 T cells from WT mice
were transferred into poly(I:C)-treated Mx Cre� or Cre� hosts
20 weeks after poly(I:C) treatment. As expected, transfer of
CFSE-labeled naı̈ve T cells into nonlymphopenic Mx Cre�

Rag2fl/� mice did not induce their proliferation as analyzed 7
or 21 days after transfer (Fig. 4a). Surprisingly, when transferred
into poly(I:C)-treated Mx Cre� Rag2fl/� mice, sorted naı̈ve

CD4 T cells, but not CD8 T cells, proliferated rapidly so that 70%
of CD4 T cells had already lost CFSE 7 days after transfer and
94% were CFSE-negative after 21 days. Furthermore, prolifer-
ating CD4 T cells acquired activation markers, and consequently
the number of recovered naı̈ve CD4 T cells in poly(I:C)-treated
Mx Cre� Rag2fl/� hosts decreased, whereas CD8 T cells did not
change their naı̈ve phenotype as they did not undergo cell
division (Fig. 4b). These results clearly indicate that CD4 T cells
react to a changed environment in poly(I:C)-treated mice,
whereas naı̈ve CD8 T cells do not seem to perceive any envi-
ronmental changes in poly(I:C)-treated hosts and consequently
are not activated.

Loss of Naı̈ve CD4 T Cells Correlates with Higher Microbial Load in the
Periphery. The expansion and activation of adoptively transferred
polyclonal T cells in T cell-deficient hosts was shown to be caused
primarily by stimulation by the gut-derived microbial f lora (17).
The involvement of gut-derived antigens in the activation of
naı̈ve CD4 T cells was suggested by the detection of higher
concentrations of LPS binding protein (LBP) than found in
normal mice (18, 19). To assess whether lymphopenic poly(I:C)-
treated MxCre� Ragfl/� mice show a corresponding change in
the overall antigenic load, we measured the level of LBP in the
sera of poly(I:C)-treated or untreated MxCre� Rag2fl/� mice.
Sera were collected 20 weeks after poly(I:C) treatment (i.e., the
same time point that showed expansion of transferred CD4 T
cells). LBP levels were compared between poly(I:C)-treated
mice, WT mice, and genetically T cell-deficient Rag knockout
mice.

As shown in Fig. 5a, sera from Rag-deficient mice contain
higher levels of LBP than those of WT mice. Although poly(I:C)-
treated mice are only partially lymphopenic, because their
memory and regulatory T cell pool are not significantly de-
creased, the LBP concentrations in the sera of these mice were
similar to those obtained in completely T cell-deficient Rag
knockout mice. The increase in LBP occurred gradually over a
time frame of 12 weeks (Fig. 5b) and reached statistical signif-

Fig. 3. Decay of naı̈ve CD4 and CD8 T cells after thymus ablation. CD4 and
CD8 T cell decay was extrapolated from the numbers of naı̈ve CD4 and CD8 T
cells recovered over a course of 15 weeks after poly(I:C) treatment and plotted
against values obtained from untreated Mx Cre� Rag2fl/� littermates, as
shown in Fig. 2b. Cell numbers obtained 5 weeks after treatment were set as
100% value on the y axis and 0 on the x axis. (a) Trend lines for CD4 (circles) and
CD8 (squares) T cell decay in poly(I:C)-treated Mx Cre� Rag2fl/� mice in three
independent experiments. (b) Average trend lines for CD4 (circles) and CD8
(squares) T cell decay in poly(I:C)-treated (filled symbols) or untreated (open
symbols) Mx Cre� Rag2fl/� mice. Note that naı̈ve CD4 and CD8 T cells from
untreated mice exhibit identical decay and therefore show overlapping trend
lines on the graph. Error bars were omitted from the summary graph in the
interest of visual clarity.

Fig. 4. CD4 T cells, but not CD8 T cells, proliferate in poly(I:C)-treated MxCre�

hosts. (a) Proliferation and recovery of sorted B6 CD45.1 naı̈ve CD4 T cells
(Upper) or naı̈ve CD8 T cells (Lower) after transfer into poly(I:C)-treated Mx
Cre� Rag2fl/� or Mx Cre� Rag2fl/� control mice. CFSE profiles were obtained
7 and 21 days after transfer. (b) Absolute numbers of recovered donor CD4
(open bars) or CD8 T cells (filled bars) with a naı̈ve phenotype 7 and 21 days
after transfer into poly(I:C)-treated Mx Cre� Rag2fl mice. This experiment is
representative of three experiments using three mice per group and per time
point.
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icance 12 weeks after poly(I:C) induction of thymus ablation.
Elevated levels of LBP were not only observed in this particular
experimental system of thymus ablation, but also in mice in
which the thymus atrophied naturally during aging. Mice aged 20
months had significantly higher levels of LBP in their serum
compared with 2-month-old controls. Adoptive transfer of naive
CD4 T cells, but not B cells, into Rag-deficient mice resulted in
a reduction of LBP levels 8 days after transfer (Fig. 5c),
suggesting that naı̈ve CD4 T cells play a role in controlling the
levels of endogenous gut-derived antigens.

Because poly(I:C)-treated MxCre� mice gradually lose their
naı̈ve CD4 T cell pool and simultaneously exhibit an increase of
LBP in their circulation, we reasoned that the residual naı̈ve CD4
population might be depleted of T cell specificities against
environmental antigens so that as a consequence the microbial
load is gradually increasing. To test this hypothesis, we per-
formed adoptive transfer experiments injecting naı̈ve CD4 T
cells from either poly(I:C)-treated (12 weeks after treatment) or
untreated mice into Rag-deficient hosts. Transfer of naı̈ve CD4
T cells devoid of regulatory T cells normally induces immune
pathology, resulting in severe weight loss caused by the activation
and expansion of transferred cells specific for environmental
antigens. Indeed naı̈ve CD4 T cells from nontreated hosts
induced severe weight loss in the adoptive hosts (Fig. 5d).
However, naı̈ve CD4 T cells from poly(I:C)-treated mice did not
induce any weigh loss or other signs of pathology (Fig. 5),

suggesting that indeed residual surviving naı̈ve T cells in these
mice were purged of a repertoire that responds to environmental
antigens.

Discussion
The immune system, like many other biological systems, has
devised ways of controlling overall numbers of cells to safeguard
both the maintenance of a diverse repertoire for control of new
pathogens and an efficient memory response capable of rapid
elimination of previously encountered pathogens. Whereas
memory T cell numbers are homeostatically controlled indepen-
dent of thymic output and will adjust to a given threshold even
after severe lymphopenic incidents (20), naı̈ve T cell numbers
depend strictly on replenishment by the thymus. As thymus
function wanes with old age, the periphery becomes partially
lymphopenic because of the loss of naı̈ve T cells that cannot be
regenerated by homeostatic mechanisms (4, 21–23). To define
what consequences the complete loss of thymic repopulation has
on peripheral T cells, we used a model of induced Rag2 ablation.
This model has the advantage of allowing ablation of T cell
production from the thymus without surgical intervention and
the concurrent trauma and furthermore allowed us to measure
the decay of peripheral T cells starting out with a fully competent
normal peripheral T cell compartment. The deletion efficiency
of the Rag-2fl allele was previously shown to be virtually 100%
in the bone marrow and �90% in the spleen and cells in the
peritoneal cavity as determined by Southern blot analysis (13).
In the thymus, deletion efficiency varies between the subpopu-
lations, but does generally not exceed 60% 2 weeks after the start
of poly(I:C) treatment. Although a reduction in thymocytes was
observed as early as 1 week after Cre induction, it took 3–4 weeks
before T cell production in the thymus was fully ablated as
indicated by complete loss of DP thymocytes. The small residual
activity of T cell differentiation is a direct consequence of the
survival of nonrecombined thymocytes in the DN1 stage in
which thymocytes spend on average �10 days before further
differentiation (24). Because there is a delay of �14 days
between the generation of mature positively selected thymocytes
and their exportation (25), the effect of thymus ablation on the
periphery was not noticeable until 5–6 weeks after Cre induc-
tion. Taken together, this strongly argues for a scenario in which
full cessation of thymic export can be only achieved after the full
replacement of intrathymic T cell progenitors with Rag2-
deficient bone marrow-derived progenitors.

The rapid decay of naı̈ve CD4 T cells does not reflect an
intrinsically different survival capacity compared with CD8 T
cells, but rather a selective reactivity to changes in the environ-
ment that cause their activation. The presence of increased levels
of LBP suggests an increased exposure to microbial antigen,
which may be responsible for this activation step. It appears that
specifically the loss of newly produced naı̈ve T cells from the
thymus is associated with an increase in microbial translocation,
as the mice had unaltered numbers of CD4 T cells with an
activated phenotype. Given that CD8 T cells were not affected
by this activation, we assume that it is extracellular antigens and
predominant access to the class II presentation pathway that
favored recognition by CD4 T cells.

It has previously been demonstrated that the rapid expansion
and activation of polyclonal T cells adoptively transferred into T
cell-deficient Rag KO or nude mice is mainly cased by a response
to the endogenous gut flora (17). Interestingly, this kind of
response was found upon adoptive transfer into genetically
(chronically) immunodeficient hosts, but not sublethally irradi-
ated hosts, in which T cell depletion is acutely induced over a
short time frame so that presumably microbial translocation had
not built up to noticeable levels within the time frames studied
(17). Although one might have predicted that increased micro-
bial load and consequential activation of CD4 T cells could lead

Fig. 5. LBP levels in serum. (a) LBP concentration in the sera of 8-week-old
B6 mice (open bar) and Rag2-deficient mice (black bar) (Left) and LBP con-
centration in serum of poly(I:C)-treated mice (gray bar) or untreated Mx Cre�

Rag2fl/� mice (open bar) 15–20 weeks after treatment (Right). This experi-
ment is representative of two experiments using three to five mice per group.
(b) LBP concentration in sera of poly(I:C)-treated MxCre� Rag2fl/� mice at
different time points after poly(I:C) treatment (Left) and LBP concentration in
sera of B6 mice at 2, 8, and 20 months of age (Right). (c) LPB concentration in
sera of Rag-deficient mice injected with purified B cells or naı̈ve CD4 T cells (5 �
106 per mouse) before cell transfer at day 0 (open bars) or 8 days after cell
transfer (filled bars). (d) Transfer of 1.5 � 106 naı̈ve CD4 T cells isolated from
poly(I:C)-treated (■ ) or untreated (�) Mx Cre� Rag2fl/� mice into Rag-
deficient hosts. The graph shows percentage of weigh loss in the adoptive
hosts. These data are representative of two experiments using at least four
mice per group.
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to pathology at mucosal sites, we did not observe any gut
pathology in our mice. It is conceivable that the presence of
CD103-positive Tregs, which have access to mucosal sites might
be sufficient to prevent pathology at least under steady condi-
tions in a pathogen-free animal house. Finally, we cannot
exclude that thymic export in some way minimizes and corrects
adverse effects of peripheral activation of naı̈ve CD4 T cells by
environmental/gut-derived stimuli. The fact that CD4 T cells acti-
vated in response to environmental antigens do not seem to control
the antigenic load suggests that chronic exposure to environmental
antigen eventually cripples the response of activated CD4 T cells so
that only a new supply of naı̈ve CD4 T cells from the thymus can
guarantee effective control of gut-derived antigens.

With advanced age there is a trend for reduction of the CD4/CD8
T cell ratio in mice and in humans (26, 27). In part this reduction
was attributed to oligoclonal expansion of CD8 T cells (28) and in
humans it often applies to CMV-specific T cell populations (29). In
mice the oligoclonal expansion of CD8 T cells in old age has been
reported, but seems to be less frequent and dependent on the
barrier conditions for animal housing (28). In our experience �5%
of �12-month-old mice showed oligoclonal CD8 expansions. How-
ever, the data presented here provide an alternative explanation for
age-related changes in CD4/CD8 ratios that might be caused by
gradual erosion of naı̈ve CD4 T cells because of environmental
antigen-driven activation once thymic output is compromised. In
support of this assumption we also found increased LBP levels in
mice that had naturally aged in a pathogen-free environment.
Because of the complexity of the T cell repertoire it is not possible
to directly prove the antigen specificity of the cells involved nor is
it feasible to accurately determine the remaining repertoire after
thymic ablation. Nevertheless, our data implicate gut flora in the
decay of naı̈ve T cells and thereby raise important issues for
understanding disease parameters in certain infections that com-
promise mucosal immunity and thymic regeneration, such as HIV
infection, where the association between thymic abrogation and
immune activation is of particular interest. HIV infection in humans
is characterized by severe CD4 T cell depletion, leading to immu-
nodeficiency and opportunistic infections. The loss of peripheral
CD4 T cells is progressive and associated with a chronic state of
peripheral immune activation. However, it is clear that the loss of
peripheral T cells is unlikely to be caused solely by direct cytopathic
effects of the virus and the elimination of uninfected cells. It has
been suggested recently that loss of CD4 T cells occurs first at the
mucosal level with a massive depletion of memory-phenotype CD4
T cells in the gut and higher microbial translocation caused by
disruption of gut mucosal defenses (30–32). Chronic immune
activation has been so far attributed to direct effects of HIV on
mucosal T cell subsets. However, chronic HIV infection also causes
impairment of thymic functions (33–36). As our data show, con-
tinued replenishment with cells from the thymus seems to be
required to maintain efficient gut mucosal defense.

The targeting strategy of the HIV virus, which ensures de-
pletion of cycling CD4 T cells both at the mucosal and thymic
level, may be doubly effective to reinforce its pathogenicity and
exacerbate CD4 T cell loss at the mucosal level, because
compromised thymic function may participate in the chronic
immune activation observed in HIV. Moreover, this chronic
activation will increase the percentage of target cells susceptible
to viral integration. This is compatible with mathematical models
that concluded that HIV infection per se is not sufficient to fully
explain the rate of T cell depletion during chronic HIV infections
(37), nor the tropism for CD4 T cells during depletion (38).

In conclusion, our study demonstrated that production of new
naı̈ve T cells by a functional thymus not only ensures the
maintenance of a diverse peripheral repertoire, but also provides
essential protection to chronic immune activation by constant
replenishment of naı̈ve cells. The mechanisms underlying pro-
tection of mucosal integrity and nature of the cells, which are
involved in this process, need to be further investigated. The
increased sensitivity of naı̈ve CD4 T cells to activation caused by
increased microbial translocation provides a rational explana-
tion for alteration of CD4/CD8 ratios in aged mice and humans
and may furthermore provide clues for events that are instru-
mental in initiating the development of gut pathology in HIV
infection or gut disorders such as inflammatory bowel disease or
Crohn’s disease.

Materials and Methods
Mice. Briefly, mice expressing two floxed Rag2 allele (Rag2fl/fl) (13, 39). were
bred with Rag2-deficient mice expressing the Mx Cre transgene, which is
inducible by type I IFN or any IFN inducers, such as poly(I:C). Mx Cre� Rag 2�/�
(H-2b) mice and Rag2 fl/fl (H-2b) mice were crossed to obtain either Mx Cre�

Rag2 fl/� mice or Mx Cre�/� Rag2 fl/� control littermates. C57BL/6 mice
expressing CD45.1 or CD45.2 and B6 Rag2-deficient mice were used as donors
and hosts, respectively. All mice were kept under specific pathogen-free
conditions following institutional guidelines and Home Office regulations.

Induced Deletion of Rag2. To induce Cre expression and subsequent Rag2
deletion, 6- to 8-week-old mice were injected i.p. three times on days 0, 3, and
6 with 400 �g of poly(I:C) (Sigma-Aldrich) or with three doses of 1 � 106 units
of type I IFN given at 2-day intervals from day 3 after birth (13).

Bone Marrow Transfer. For thymus reconstitution assays, single cell suspen-
sions were prepared from bone marrow of MxCre� mice treated 4 weeks
before with poly(I:C) and from control untreated MxCre� donors, followed by
B and T cell depletion by magnetic beads (Miltenyi Biotech). Five million bone
marrow cells were injected i.v. into 5 Gy irradiated Rag2-deficient CD45.1
hosts. Thymus repopulation was assessed 6 weeks after reconstitution.

Cell Suspension, Flow Cytometry, and Cellularity Determinations. Lymph node
and spleen cell suspensions were prepared in Iscove’s modified Dulbecco
medium (IMDM; Sigma). Cells were stained following usual procedures using
allophycocyanin (APC) and phycoerythrin (PE)-CD4 (GK1.5); APC and FITC-TCR
(H57–597); PE-CD44; biotinylated and PE Mel-14 and CD69; APC, PE and
FITC-CD8 (53.6.7); biotinylated and PE-Thy1.2; PE- Thy1.1, APC-IL7Ra and
APC-IgG2a isotype control. Streptavidin-peridinin chlorophyll protein (PerCP)
was used to develop biotinylated antibodies. Antibodies were purchased from
Pharmingen or eBioscience. Flow cytometry was performed with a FACScali-
bur cytometer (Becton Dickinson) and data files were analyzed with FlowJo
software (Tree Star).

Cell sorting was performed on a MoFLO cell sorter (Cytomation) after
negative selection by using biotinylated antibodies against CD11c, CD19,
Ter119, and GR1 (eBioscience) and streptavidin dynabeads (Dynal). Naı̈ve T
cells cell were sorted as CD44low and CD25� CD4 or CD8 cells. The total
number of T cells recovered from the peripheral pools was considered equal
to that from spleen and pooled lymph nodes.

CFSE Labeling. Cell division on transferred T cells was assessed by CFSE labeling
(Molecular Probes) using standard methods. Cells were resuspended in PBS in
a concentration of 107/ml and incubated with CFSE at final concentration of
2.5 �M for 10 min at 37°c, followed by two washes in IMDM containing 10%
FCS. Labeled cells were i.v.-injected into syngeneic recipients.

LBP Assay. LBP levels in serum were determined by ELISA (HyCult Biotechnology).

Statistical Analysis. P values were obtained by using Mann–Whitney’s two-
tailed T test.
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