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T cell survival and homeostatic proliferation in the periphery requires T cell receptor (TCR)
binding to restricting major histocompatability complex (MHC)-encoded molecules, as well
as the availability of certain lymphokines. However, the exact mechanisms by which these
signals interrelate and contribute to homeostasis are not understood. By performing T cell
transfers into TCR transgenic hosts we detected a hierarchical order of homeostatic prolif-
eration for T cells differing in MHC restriction, such that OT1 cells (K® restricted) prolifer-
ated in P14 (D-restricted TCR) recipients, but not vice versa. Using K® mutant mice, we
demonstrated that proliferation of OT1 cells in P14 recipients, as well as the ability of host

OT1 cells to hinder the proliferation of donor P14 cells, were dependent on OT1-TCR
binding to K® molecules. However, interclonal T cell competition was not mediated simply
by competition for physical access to the MHC-bearing cell. This was shown in parabiotic
pairs of OT1 and K® mutant mice in which P14 cells failed to proliferate, even though the
OT1 cells could not interact with half of the APCs in the system. Thus, we conclude that
the interaction between the TCR and restricting MHC molecule influences the ability to
compete for trophic resources not bound to the stimulating APC. This mechanism allows a
local competitiveness that extends beyond a T cell's specificity.

Survival of naive T cells depends on the inter-
action of the TCR with MHC molecules of
the same allele/isotype they were restricted to
in the thymus (1-7). For most T cell speci-
ficities where this was rigorously tested (TCR
transgenic Rag-deficient mice), transfer into
lymphopenic hosts resulted in the expansion of
transferred naive T cells (3, 8-11). This “homeo-
static proliferation” is critically dependent on
the presence of MHC molecules, thus resem-
bling requirements for survival (1, 3, 5, 10,
12—14). More recently, proliferation of trans-
ferred T cells was observed in recipient mice
containing a full complement of T cells, pro-
vided that they were of different TCR specificity
(15, 16). Instead of a pure intraclonal competi-
tion toward their MHC ligand only, subse-
quent work found a “hierarchy” among T cells
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that were restricted to putatively different pep-
tide-MHC molecule complexes (17). Thus,
cells of one specificity proliferated in mice har-
boring T cells of a different specificity, but not
vice versa. However, in these studies, some com-
binations of transfers were not pursued, and
the possibility that peptide-MHC ligands could
be cross-recognized by the given TCRs was
not investigated (18).

Considering these data, homeostatic prolif-
eration is not simply dependent on lymphokine
availability, as interclonal T cell competition
appears to depend on the nature of the TCR.
Yet, it is unclear whether T cells would com-
pete only for specific peptide-MHC molecule
complexes or whether TCR contact with cells
bearing the MHC restriction element would
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Hierarchical competitiveness in homeostatic proliferation of OT1 and P14 T lymphocytes. (A) Equal numbers of CFSE-labeled lympho-

cytes from OT1 Rag-2~/~ and P14 Rag-2~/~ donors were cotransferred into B6.Rag-2~/~ recipient mice. Proliferation of donor CD8* cells expressing the
OT1 or P14-TCR, stained for VB or By, respectively, is shown for the indicated time points after transfer. Two mice were analyzed for each time point
and dose; an independent experiment using OT1 donor cells was also performed. (B) CFSE-labeled lymphocytes from OT1 Rag-2~/~ and P14 Rag-2~/~
Ly-5.1* mice were cotransferred into P14 Rag-2~/~ and B6.Rag-2~/~ (not depicted) recipients. Note that some CD8* non-T cells of the P14 recipient will
be included in the population of VB~ CD8* Ly-5.1 cells used to define OT1 donor T cells. However, division of OT1 cells was clearly evident at all time-
points when focusing on cells that are labeled with CFSE and thus donor derived, or by staining for Vs to positively identify OT1 cells (as VBs+ CD8*
Ly-5.17) as performed from week 2 onward (not depicted). For each time point, two mice per genotype were analyzed. Proliferation of OT1 cells in P14
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determine the T cells” subsequent ability to respond to lym-
phokines and undergo homeostatic proliferation.

We addressed these hypotheses by comparing the prolif-
eration of transferred T cells in recipient mice expressing the
same or different TCRs. We demonstrate a hierarchical com-
petitiveness: OT1 (K restricted) > P14 (DP restricted) > F5
(DP restricted). The ability of transferred OT1 cells to prolif-
erate in P14 recipients was solely caused by OT1 TCR bind-
ing to Kb, as transferred OT1 cells failed to proliferate in K®
mutant P14 recipients. Moreover, transferred P14 cells dem-
onstrate homeostatic proliferation in KP-mutant OT1 recipi-
ents when these had been grafted with KP-expressing thymi
to allow peripheral OT1 cell reconstitution. Interestingly, us-
ing parabiosis of OT1 and K®-mutant mice, we demonstrate
that homeostatic proliferation of P14 cells is offset even when
OTT1 cells cannot interact with all MHC-bearing cells.

Thus, peripheral T cells derive a relative competitiveness
that is apparently defined by the TCR’s affinity toward re-
stricting MHC molecules. Yet, competition does not operate
via direct competition for, or modulation of, the MHC-bear-
ing cell or MHC molecules per se, but by secondary com-
petition for ligands whose availability is restricted both in
quantity and location and that are not bound to the MHC-
bearing cell.

RESULTS AND DISCUSSION

Hierarchical competition across MHC restriction elements
We initially compared the ability of different class I-restricted
TCR transgenic CD8* T cells to proliferate in a lymphope-
nic environment using cells from TCR transgenic Rag™/~
mice. As reported by others (9-11), most class I—restricted
transgenic cells demonstrate homeostatic proliferation under
lymphopenic condition (OT1, 2C, A18, and F5), whereas
others (HY) do not (Fig. 1 A and not depicted). For TCRs
demonstrating homeostatic proliferation, increasing the dose
of transferred cells resulted in a decrease in proliferation (Fig.
1 A). Apparently, when numbers increase, T cells are signaled
to slow or cease proliferation. This could be caused by the
progressive consumption of a soluble factor present in limited
supply, accumulation of an inhibitory factor, and/or by in-
creasing competition for restricting MHC molecules/MHC-
bearing cells.

To distinguish between these possibilities, we cotrans-
ferred CFSE-labeled OT1 and P14 cells into P14 recipients.
OT1 and P14 TCRs differ in the isotype of the restricting
MHC molecule. Initially, this experiment was prompted by
the idea that a separate niche of peptide-MHC complexes
might exist for each clone expressing a given TCR specific-
ity. T cell proliferation within a given niche would be possi-
ble so long as the number of T cells occupying it remained
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low. T cells occupying different niches would not interfere
with each other (15, 16). Indeed, KP-restricted OT1 cells di-
vided in mice that had normal numbers of DP-restricted P14
cells, whereas cotransterred P14 cells did not divide (Fig. 1 B).
Because the only genetic difference between these two T cell
populations is their TCR, proliferation of OT1 cells and lack
of proliferation of P14 cells must be caused by a difference in
TCR signaling. This differential ability to proliferate excludes
the possibilities that proliferation is regulated exclusively by a
factor becoming limiting, or the accumulation of an inhibi-
tory factor acting on a receptor expressed by T cells or the
APCs, as this should affect both populations. If the model
proposing TCR-specific niches was correct, the complemen-
tary experiment should result in a similar outcome: P14 cells
should divide in OT1 hosts. Surprisingly, with a preformed
population of OT1 cells, neither P14 nor OT1 donor cells
divided (Fig. 1 C). Interestingly, both proliferated in an envi-
ronment prefilled with F5 cells (Fig. 1 D).

We interpret these results as showing that homeostatic
proliferation is not a simple issue of TCR-specific niches be-
ing filled. This conclusion relies on the implicit assumption
that the OT1 TCR, selected in the thymus on K® molecules
(19), does not cross-react with D molecules. This will be
addressed experimentally below. However, it is evident that
there is a hierarchy in the ability of T cells to undergo homeo-
static proliferation within the prefilled environment of a re-
cipient differing in TCR specificity in the order OT1 > P14.
Our finding is similar to the hierarchical competition de-
scribed for OT1 and 2C; these TCRs are, however, both re-
stricted to K® (17). Our result is contrary to those reported
by Troy and Shen despite using the same TCRs. However,
these authors used TCR transgenic cells from Rag-proficient
mice in which TCR-a chain rearrangement can occur (16).

We found a significant increase in the number of memory
T cells (CD44M), or recently activated CD62L™ T cells (not
depicted), in OT1 mice compared with P14 or F5 mice (Fig.
2 A). As overrepresentation of memory OT1 cells in the in-
oculum might favor the proliferation of OT1 cells in adop-
tive hosts, we also performed cotransfer experiments with
purified naive OT1 cells (CD4471227). However, this led to
similar results; naive OT1 cells did not proliferate in OT'1 re-
cipients, but they proliferated in P14 mice (Fig. 2 B). We also
determined whether hierarchical competition could be ob-
served between T cell populations that have similar numbers
of naive and memory T cells, i.e., from P14 and F5 mice.
We found that naive P14 cells (CD447) divide in F5 recipi-
ents (Fig. 2 C). However, as for the OT1 and P14 combina-
tion before, the reverse experiment, i.e., the transfer of F5
cells into P14 hosts, did not result in proliferation (Fig. 2 C).
Thus, we found a second case of hierarchical competitiveness

Rag-2~/~ recipients was also detected in further experiments (Fig. 2 B, Fig. 3 A, and Fig. 5, B and C). (C and D) Equal numbers of CFSE-labeled lymphocytes
from OT1 Rag-2~/~ Ly-5.1* and P14 Rag-2~/~ Ly-5.1* mice were cotransferred into OT1 Rag-2~/~ (C), F5 Rag-1~/~ (D), or B6.Rag-2~/~ (not depicted)
recipients. For each time point, two mice per genotype were analyzed. A similar experiment, without the Ly-5 allotype marker, was also performed.

A, B and C and D were derived from independent experiments.
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Hierarchical competitiveness in homeostatic prolifera-

tion of naive OT1, P14, and F5 T lymphocytes. (A) Total lymphocyte
numbers in the same pool of lymph nodes and from spleen of individual
animals of the indicated genotype were determined. The proportion of
CD8* TCR-B* or CD8* CD44* TCR-B~ cells was determined by FACS. Indi-
vidual animals are each indicated by a symbol; the horizontal bar indi-
cates the arithmetic mean. (B) Sorted CD44-122~ naive T cells, or
unseparated cells, from OT1 Rag-2~/~ mice were mixed with cells from
P14 Rag-2~/~ mice, labeled with CFSE, and cotransferred into OT1 Rag-
2-/1=, P14 Rag-2~/~, or B6.Rag-2~/~ recipients. Lymphocytes were ana-
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and extended the order to: OT1 > P14 > F5. The observed
hierarchy is most likely based on the avidity of each TCR for
its restricting MHC molecule loaded with self-/environmental
peptides. Unfortunately, comparative affinity measurements
that would confirm such a notion are not available. In fact,
binding affinities have been determined for a limited number
of TCR and MHC/peptide ligands, but the chosen peptides
may not reflect the full complement of self-/environmental
peptides presented by each MHC molecule as recognized by
a given TCR (20, 21).

Hierarchical competitiveness across MHC isotype

is not caused by TCR cross-reactivity

Because we observed that P14 cells, restricted to DP, failed to
divide in hosts that are prefilled with OT1 cells, nominally re-
stricted to K, one might deduce that the OT1-TCR has
cross-reactivity to DY, This has recently been concluded using
a different experimental setting (18). We decided to deter-
mine whether any presumed cross-reactivity of the OT1-TCR
could account for the observed hierarchical competitiveness.

We first determined whether the OT1-TCR could be
selected on a class I molecule other than K® by breeding OT1
Rag-27/~ mice onto the KP-deficient allele (6, 22). In the
absence of K®, the OT1-TCR was not positively selected in
the thymus and no CD8" cells were present in the periphery
(Fig. S1, A and B, available at http://www .jem.org/cgi/content/
full/jem.20070467/DC1) (19). Thus, in the absence of KP
there is no positive selection of the OT1-TCR by other MHC
isotypes present in H-2" mice. Also, K" is essential for OT1
proliferation in response to Ova,s; 44 (Fig. ST C) (19).

Second, we determined whether division of OT1 cells
in P14 recipients was mediated by K. To this end, we bred
P14 K>/~ Rag-2"/~ mice. These were then used as recipi-
ents for CFSE-labeled OT1 and P14 donor cells. 2 wk after
transfer, OT1 cells showed only limited division in K°-defi-
cient P14 recipients compared with KP-sufficient P14 recipi-
ents (Fig. 3 A).

Third, we wanted to determine whether the competence
of OT1 cells to block division of P14 cells resides in the abil-
ity of the OT1-TCR to bind to K". P14 cells proliferated in
OT1 Rag-2"/~ KP-deficient recipients when these recipients
had previously been transplanted with thymi from KP’-suf-
ficient B6.Rag-27/~ embryos to allow for the reconstitution
of CD8™ cells expressing the OT1-TCR (Fig. 3 B, right).

lyzed 3 wk after transfer as previously described in Fig. 1. Two individual
P14 Rag-2~/~ recipients were analyzed for each of the donor cell mix-
tures. *, there is a predominant CFSE-negative population within the gate
of OT1 T cells that is host derived in OT1 recipients (shaded area) that was
excluded from the calculation of percentages. (C) Sorted CD44~ naive

T cells from P14 Rag-2~/~ Ly-5.1* and F5 Rag-1-/~ mice were labeled with
CFSE and cotransferred into P14 Rag-2~/—, F5 Rag-1-/-, or B6.Rag-2/~
recipients. Analysis was performed after 2 (not depicted) and 4 wk after
transfer as previously described in Fig. 1. % there is a predominant CFSE-
negative population within the gate of F5 cells that is host derived in

F5 recipients.
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We conclude from these experiments that the ability of OT'1
cells to proliferate in P14 recipients and the ability of OT1 cells
to block homeostatic proliferation of P14 cells in OT1 re-
cipients are both mediated by OT1-TCR binding to K
molecules. Thus, there is no functional cross-reactivity of the
OT1-TCR to other MHC isotypes that could account for its
observed hierarchical competitiveness.

Hierarchical competitiveness operates beyond competition
for the MHC-bearing cell

Two hypotheses could explain the data so far. T cells could
compete for the MHC-bearing cell, either by competition
for physical access or by modulation of the ability of this cell
to stimulate homeostatic proliferation. Alternatively, T cells
could derive a graded ability to compete for some (diffusible)
ligands, whereas they transit through the peripheral lymphoid
organs (23). These ligands would be available in limited supply
and would not be bound to the APCs; the level of competi-
tiveness for these ligands would be determined by the affinity
of the TCR toward restricting MHC molecules. It would be
possible to differentiate these possibilities by creating a situ-
ation where T cells of “higher” hierarchy could not interact
with a proportion of the MHC-bearing cells. To generate a
balanced situation in which only some APCs express K®, we
performed parabiosis between KP-mutant or control KP-suf-
ficient mice and OT1 mice. After several weeks of parabiosis,
CFSE-labeled OT1 and P14 cells were transferred into the
animals. Interestingly, P14 donor cells did not divide more
in KP-mutant and OT1 parabiosis pairs compared with con-
trol KP-sufficient and OT1 parabiosis pairs (Fig. 4). Thus,
P14 cells are not able to obtain sufficient signals to allow for
their division, even in the presence of KP-deficient APCs that
OT1 cells cannot interact with (Fig. S2, available at http://
www .jem.org/cgi/content/full/jem.20070467/DC1). Simi-
lar parabiosis experiments with KP-sufficient, KP™!-mutant,
and OT1 mice were also performed, resulting in identical
outcomes (unpublished data).

To determine which factors may rule the level of com-
petitiveness downstream of the TCR, we analyzed cytokine
receptor expression before and after transfer. No differences
were detected before transfer (Fig. S3, available at http://
www .jem.org/cgi/content/full/jem.20070467/DC1). Upon
transfer into a lymphopenic environment, IL-7Ra and -2R 3
receptor expression was similar for OT1 and P14 cells (Fig. 5,
A and B). However, we observed differences between OT1
cells proliferating in T cell-proficient P14 recipients and OT1
or P14 cells undergoing lymphopenia-induced proliferation
in immunodeficient recipients in respect to IL-7Ra down-
modulation and gradual increases in IL-2R 3 expression (Fig. 5,
A and B). Thus, the mechanism of OT1 cell dominance over
P14 cells is different to the lymphopenia induced prolifera-
tion of both TCR specificities in lymphopenic Rag-27/" re-
cipients. Proliferation in the latter may be lymphokine-only
driven, whereas in P14 recipients, lymphokines may not
be as abundant and TCR signaling is, as shown above, essen-
tial for OT1 cells to dominate over P14 cells. Indeed, we also

JEM VOL. 205, November 24, 2008
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observed reduced CD5 expression on OT1 cells in P14
Rag-27/"K®/~ versus P14 Rag-27/" recipients (unpub-
lished data).

To determine if other molecules were regulating this
clonal competition beyond IL-7 (24, 25), we treated recipient
mice with anti—-IL-7Ra antibodies: OT1 cell proliferation in
P14 mice was not affected (Fig. 5 C). This does not exclude
that OT1 cells act as a “sink” for IL-7, thereby hindering P14
cell proliferation in OT1 recipients. Unobstructed prolifera-
tion of OT1 cells despite IL-7R blockage appears to contradict
studies involving IL-7—deficient recipient mice. In contrast to
these results, however, our experiments lasted longer (day 19
vs. day 5 or 7) and another study, using similar IL-7R block-
age, showed limited OT1 cell proliferation on day 6, which
was further diminished when recipient mice were IL-15 defi-
cient (26). Thus, other cytokines may have allowed for later
homeostatic proliferation in our experiments.

Collectively, our results suggest that competition based
on TCR triggering is mediated by ILs, such as IL-7, -2, and/
or -15 as their receptor expression is modulated, yet other
soluble factors (e.g., trophic factors) probably play a role and
remain to be characterized (23).

Concluding remarks

Several important conclusions can be made on basis of our
results. First, hierarchical competitiveness operates beyond
competition for MHC molecules. Thus OT1 cells, whose
TCR is restricted by K®, hinder the homeostatic proliferation
of P14 cells, restricted to DP. A similar conclusion had been
made based on the finding of hierarchical competitiveness
among OT1 and 2C-TCRs (17). However, even though the
antigenic peptides recognized by these KP-restricted TCRs
are distinct, one does not know whether they compete for
overlapping niches of self-peptide-MHC molecules. Based
on our results, we can formally exclude such a mechanism of
competition for the OT1 and P14-TCRs because in the ab-
sence of K® expression the hierarchical dominance of OT1
cells is no longer seen.

Second, we demonstrate that hierarchical competitive-
ness is not caused by the (simple) model of cellular competi-
tion for the MHC-bearing cell, oralternatively, by modulation
of the stimulating ability of this cell. This conclusion is de-
rived from our experiments using parabiotic pairs of KP-defi-
cient and OT1 mice as recipients for OT1 and P14 cells.
Even though in such parabiotic pairs OT1 cells cannot inter-
act with KP-deficient APCs, representing half of the APCs in
the system, these cells were not able to stimulate homeostatic
proliferation of P14 cells. Thus, OT1 cells were still able
to dominate P14 cells in trans. Therefore, TCR binding to
restricting MHC molecules appears only as a primary re-
quirement for homeostatic competitiveness. Here, the TCRs’
affinity toward selt-MHC molecules, as well as the kinetics of
DC interactions, while T cells migrate through the lymphoid
organs, would result in a TCR-characteristic level of signal-
ing within the lymphocyte. The overall signal received in this
way, however, would only define the cells’ relative ability to
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Figure 3. In the absence of restricting K® molecules, OT1 cells cannot compete successfully, resulting in homeostatic proliferation of P14

cells. (A) CFSE-labeled lymphocytes from OT1 Rag-2~/~ and P14 Rag-2~/~ mice were cotransferred into P14 Rag-2~/~, P14 Rag-2~/~ K>~/~, and OT1 Rag-
271~ B6.Rag-2~/—, or K=/~ Rag-27/~ (not depicted) recipients. Lymphocytes were recovered after 15 d and analyzed as in Fig. 1. *, the prominent popula-
tion of recipient P14 cells (shaded) was excluded from the calculation of percentages of cells that had not divided or divided 1-4 times. Results presented
in Fig. 5 (A and B) were obtained from the same mice. Additional experiments comparing P14 Rag-2~/~ (n = 3), P14 Rag-2~/~ K=/~ (n = 3), OT1 Rag-2~/~
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for individual pairs of parabiotic mice is shown in Fig. S2. All parabiotic couples were prepared at the same time and were injected with the same mixture
of donor cells. The experiment was repeated using K®™Rag-2~/~ mice in place of K®~/~Rag-2~/~ mice (in the same order as above: n = 7, 3, 2 parabiotic
pairs, respectively).

secondarﬂy compete for trophic ligands essential for homeo- Ly-5.1) mice were bred at the Basel Institute for Immunology. The line, re-

static proliferation, which are available in limited supply and striction specificity, and source of the TCR transgenic mice is as follows:
not bound to the Stimulating APC OT1 [H-2K?] (27) provided by S. Degermann and E. Palmer (Basel Institute

for Immunology, Basel, Switzerland); P14 [H-2D] (28) provided by
M. Bachmann (Basel Institute for Immunology, Basel, Switzerland) from Ta-

MATERIALS AND METHODS conic or by CDTA (Orleans, France); F5 [H-2D"] Rag-17"" (29) mice were
Mice. B6.Rag2™'A (Rag-27/7) mice were a gift from A. Rolink (Basel In- provided by A. Kruisbeek (The Netherlands Cancer Institute, Amsterdam,
stitute for Immunology, Basel, Switzerland). B6.Rag2™Alptprc* (Rag-2~/~ Netherlands). TCR transgenic mice were bred with Rag-27/~ or Rag-27/~

(n=2), and B6.Rag-2~/~ (n = 2) recipients analyzed donor cell division 2 and 4 wk after transfer. (B) CFSE-labeled lymphocytes from OT1 Rag-2~/~ and
P14 Rag-2~/~ mice were cotransferred into OT1 Rag-2~/~ K®*/~-heterozygote or OT1 Rag-2~/~ K°~/=-homozygote recipients. Of the latter, some mice had
earlier (—1 mo) received 5-10 fetal (day 14.5) thymus lobes of Kb-sufficient origin (B6.Rag-2~/-) to allow for the reconstitution of CD8* peripheral T cells.
As judged upon analysis, reconstitution of host CD8* OT1 cell numbers was up to > 70% compared with host CD8* OT1 cell numbers observed in K°-sufficient
OT1 Rag-2~/~ recipients; the accumulation of host OT1 cells in thymus grafted OT1 Rag-2~/~ K>/~ recipients reduces the relative proportion of donor P14
and OT1 cells (identified as CFSE* cells) to < 19%, similar to their proportion in OT1 Rag-2~/~ K°* recipients, compared with 38% in nongrafted recipients.
Histograms show the CFSE profile of OT1 and P14 donor cells that were gated for as shown in the dot-plots. Mice were analyzed 14 d after cell transfer
(for each group n = 2). A similar experiment was performed using OT1 Ko-lom? mice, not grafted (n = 2) or B6.Rag-2-/~ fetal thymus grafted (n = 2).
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Figure 5. Homeostatic dominance of OT1 cells is controlled by

multiple soluble factors. (A) CFSE-labeled lymphocytes from OT1 Rag-
27/~ mice (filled symbols) and P14 Rag-2~/~ mice (open symbols) were
transferred into B6.Rag-2~/~ (triangle), OT1 Rag-2~/~ (circles), or P14
Rag-2~/~ (squares) recipients. On day 15, lymph node cells were stained
to determine the MFI for CD122 and CD127 on each subpopulation of
donor cells. (B) CD122 expression on proliferating splenic OT1 cells in P14
Rag-2~/~ (left) and B6.Rag-2~/~ (right) recipients. (A and B) Analysis was
performed in individual mice to allow for the direct comparison between
cells, within the same recipient, that had undergone one to five divisions,
as tracked by CFSE dilution; the experiment was conducted twice. (C) Mice
were treated on day —3, 8, and 15 after transfer with 2 mg and on day
—2,0,2,4,6,1,13,and 18 with 1 mg blocking antibodies toward the IL-
7Ra chain (A7R34, CD127) or isotype-matched control antibodies toward
CD23 (B3B4) or metallophilic macrophages (MOMA-1, not depicted) i.p.
OT1 cell proliferation in the spleen was analyzed on day 19 after transfer
asin Fig. 1. Two more experiments, comparing nontreated, control rat
lgG-injected, and A7R34-injected P14 Rag-2~/~ mice that received OT1
cells, gave similar results (two to four mice per experimental group).
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Ly-5.1 mice to obtain TCR transgenic Rag-27/~ Ly-5.2 or TCR trans-
genic Rag-27/~ Ly-5.1/2 mice. K’ Rag-27/~ and K>/~ Rag-2"/" mice
were derived by breeding the MHC donor strain (B6.C-H2K"™! [Jax] or
B6.129P2-H2K ™! [6]) to Rag-27/~ mice. Likewise, K* mutant OT1 or
P14 Rag-27/~ mice were obtained.

Parabiosis of 4-10-wk-old sex-matched mice was performed as previ-
ously described (30). For thymus transplantation, fetal B6.Rag-27/~ thymus
lobes were isolated at day 14.5-15.5 of gestation, and 5-10 lobes were trans-
planted under the kidney capsule of the indicated recipients. Studies on ani-
mals were approved by the Regierungsprisidium Freiburg (regional council
of the federal state of Baden-Wiirttemberg, Germany) and the Comité Local
des Animaleries Institut National de la Santé et de la Recherche Médicale/
CEA with the approval of the Direction Départementale des Services Vété-
rinaire, Grenoble (local committee and regional representative of the Minis-
try of Agriculture, France).

FACS analysis. Single-cell suspensions of pooled lymph nodes and spleen
(RBCs lysed) were each prepared in PBS with 2% FCS. Antibodies were
purchased commercially (BD) or prepared by protein G affinity chromatog-
raphy of tissue culture supernatants, followed by labeling with fluorochrome
or biotin: 104.2.1 (Ly-5.2), A20-1.7 (Ly-5.1), F23.1 (TCR-Vg), MR9-4
(TCR-VBs), RR3-15 (TCR-VB,,), B20.1 (TCR-Va,), Mel-14 (CD62L),
53-6.7 (CD8), RM4-5 (CD4, BD), IM7 (CD44), AF6-88.5.3 (K" specific,
reactive to K1), H57-597 (TCR-B), M1/69 (CD24), 1D3 (CD19), M1/70
(CD11b), A7R34 (CD127), PC61 (CD25), CD122 (BD), CD5 (BD), and
CD69 (BD). 5F1 ascites (K specific, not-reactive to KP™!) was a gift of Na-
thenson (Albert Einstein College of Medicine, Bronx. NY). Biotinylated
mAbs were revealed with streptavidin-allophycocyanin (Invitrogen), -PE
(SouthernBiotech) or -PerCP (BD); others with sheep F(ab), anti-mouse
Ig-FITC (Silenus) or R33-18 (mouse k; R. Griitzmann and K. Rajewsky,
1981, Cologne).

As applicable, cells were incubated with tissue culture supernatant of
2.4G2 (CD16/32) hybridoma cells to block unspecific staining. Cells were
stained with mAbs or 2° reagents at predetermined optimal dilution. Flow
cytometry was done on FACSCalibur and LSRII (BD) instruments, using
CellQuest, Diva (BD), or FlowJo (FlowJo) software. Except where indi-
cated, data shown are from lymph node cells. However, cells from spleen al-
ways gave similar results.

CFSE labeling and adoptive transfers. Cells were obtained from pooled
lymph nodes, washed into PBS, and labeled with CFSE (5 uM CFDA[-SE]
C-1157; Invitrogen) for 8 min at room temperature while mixing. FCS was
added to 20% incubating for an additional 2 min, and cells were washed
into PBS. Except where noted, 1-5 X 10° cells were transferred into various
6—15-wk-old recipient mice i.v.

To block IL-7 cytokine signaling, mice were given multiple injections
of blocking antibodies specific for the IL-7Ra chain (A7R34, CD127) or
isotype-matched control antibodies i.p. (Fig. S4, available at http://www
Jem.org/cgi/content/full/jem.20070467/DC1).

Online supplemental material. Fig. S1 shows lack of positive selec-
tion of OT1 cells in the absence of KP. Fig. S2 shows unobstructed donor
T cell exchange in OT1 Rag-2"/~ and K*~/~ Rag-2"/" parabiotic couples,
as well as DC chimaerism for one exemplary couple. Fig. S3 shows CD127,
CD25, CD5, and CD69 expression on CD8" lymph node cells from B6,
P14 Rag-27/7, P14 Rag-2"/~ K*/7, and OT1 Rag-2"/~ mice. Fig. S4
shows effective blocking of IL-7 cytokine signaling by injecting antibodies
specific for the IL-7Ra chain, resulting in >10-fold decreased thymocyte
numbers and >30-fold reduction in CD19* pre—/pro—B cell percentages in
the bone marrow. Online supplemental material is available at http://www
Jjem.org/cgi/content/full/jem.20070467/DC1.
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de la Santé et de la Recherche Médicale U743. The Basel Institute for Immunology
was founded and supported by F. Hoffmann-La Roche Ltd., Basel, Switzerland.

The authors declare that they have no conflicting financial interests.

Submitted: 6 March 2007
Accepted: 17 October 2008

REFERENCES

1. Beutner, U., and H.R. MacDonald. 1998. TCR-MHC class II interac-
tion is required for peripheral expansion of CD4 cells in a T cell-defi-
cient host. Int. Immunol. 10:305-310.

2. Brocker, T. 1997. Survival of mature CD4 T lymphocytes is dependent
on major histocompatibility complex class II-expressing dendritic cells.
J. Exp. Med. 186:1223-1232.

3. Kirberg, J., A. Berns, and H. von Boehmer. 1997. Peripheral T cell sur-
vival requires continual ligation of the T cell receptor to major histocom-
patibility complex-encoded molecules. J. Exp. Med. 186:1269-1275.

4. Rooke, R., C. Waltzinger, C. Benoist, and D. Mathis. 1997. Targeted

complementation of MHC class II deficiency by intrathymic delivery of
recombinant adenoviruses. Immunity. 7:123—134.

. Takeda, S., H.R. Rodewald, H. Arakawa, H. Bluethmann, and T.
Shimizu. 1996. MHC class II molecules are not required for survival
of newly generated CD4+ T cells, but affect their long-term life span.
Immunity. 5:217-228.

6. Tanchot, C., F.A. Lemonnier, B. Perarnau, A.A. Freitas, and B. Rocha.
1997. Differential requirements for survival and proliferation of CD8
naive or memory T cells. Science. 276:2057-2062.

7. Witherden, D., N. van Oers, C. Waltzinger, A. Weiss, C. Benoist, and
D. Mathis. 2000. Tetracycline-controllable selection of CD4" T cells:
half-life and survival signals in the absence of major histocompatibility
complex class IT molecules. J. Exp. Med. 191:355-364.

8. Bruno, L., H. von Boehmer, and J. Kirberg. 1996. Cell division in the
compartment of naive and memory T lymphocytes. Eur. J. Immunol.
26:3179-3184.

9. Ferreira, C., T. Barthlott, S. Garcia, R. Zamoyska, and B. Stockinger.
2000. Differential survival of naive CD4 and CD8 T cells. J. Immunol.
165:3689-3694.

10. Goldrath, A.W., and M.J. Bevan. 1999. Low-affinity ligands for the
TCR drive proliferation of mature CD8+ T cells in lymphopenic hosts.
Immunity. 11:183-190.

11. Cho, B.K., V.P. Rao, Q. Ge, H.N. Eisen, and J. Chen. 2000.
Homeostasis-stimulated proliferation drives naive T cells to differentiate
directly into memory T cells. J. Exp. Med. 192:549-556.

12. Bender, J., T. Mitchell, J. Kappler, and P. Marrack. 1999. CD4" T cell
division in irradiated mice requires peptides distinct from those respon-
sible for thymic selection. J. Exp. Med. 190:367-374.

13. Ermnst, B., D.S. Lee, J.M. Chang, J. Sprent, and C.D. Surh. 1999. The pep-
tide ligands mediating positive selection in the thymus control T cell survival
and homeostatic proliferation in the periphery. Immunity. 11:173-181.

14. Viret, C., F.S. Wong, and C.A. Janeway. 1999. Designing and main-
taining the mature TCR repertoire: the continuum of self-peptide:self-
MHC complex recognition. Immunity. 10:559-568.

ol

JEM VOL. 205, November 24, 2008

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

BRIEF DEFINITIVE REPORT

. Moses, C.T., K.M. Thorstenson, S.C. Jameson, and A. Khoruts. 2003.

Competition for self ligands restrains homeostatic proliferation of naive
CD4 T cells. Proc. Natl. Acad. Sci. USA. 100:1185-1190.

. Troy, A.E., and H. Shen. 2003. Cutting edge: homeostatic prolifera-

tion of peripheral T lymphocytes is regulated by clonal competition.
J. Immunol. 170:672—676.

Ge, Q., A. Bai, B. Jones, H.N. Eisen, and J. Chen. 2004. Competition
for self~-peptide-MHC complexes and cytokines between naive and
memory CD8+ T cells expressing the same or different T cell receptors.
Proc. Natl. Acad. Sci. USA. 101:3041-3046.

. Hao, Y., N. Legrand, and A.A. Freitas. 2006. The clone size of pe-

ripheral CD8 T cells is regulated by TCR promiscuity. J. Exp. Med.
203:1643-1649.

. Clarke, S.R., M. Barnden, C. Kurts, F.R. Carbone, J.F. Miller, and

‘W.R. Heath. 2000. Characterization of the ovalbumin-specific TCR.
transgenic line OT-I: MHC elements for positive and negative selec-
tion. Immunol. Cell Biol. 78:110-117.

Alam, S.M., PJ. Travers, J.L. Wung, W. Nasholds, S. Redpath, S.C.
Jameson, and N.R. Gascoigne. 1996. T-cell-receptor affinity and thy-
mocyte positive selection. Nature. 381:616—-620.

Holmberg, K., S. Mariathasan, T. Ohteki, P.S. Ohashi, and N.R.
Gascoigne. 2003. TCR binding kinetics measured with MHC class I
tetramers reveal a positive selecting peptide with relatively high affinity
for TCR. J. Immunol. 171:2427-2434.

Vugmeyster, Y., R. Glas, B. Perarnau, F.A. Lemonnier, H. Eisen, and
H. Ploegh. 1998. Major histocompatibility complex (MHC) class I
KbDb—/— deficient mice possess functional CD8+ T cells and natural
killer cells. Proc. Natl. Acad. Sci. USA. 95:12492-12497.

Link, A., T.K. Vogt, S. Favre, M.R.. Britschgi, H. Acha-Orbea, B.
Hinz, ]J.G. Cyster, and S.A. Luther. 2007. Fibroblastic reticular cells
in lymph nodes regulate the homeostasis of naive T cells. Nat. Immunol.
8:1255-1265.

Schluns, K.S., W.C. Kieper, S.C. Jameson, and L. Lefrancois. 2000.
Interleukin-7 mediates the homeostasis of naive and memory CD8 T
cells in vivo. Nat. Immunol. 1:426-432.

Tan, J.T., E. Dudl, E. LeRoy, R. Murray, ]J. Sprent, K.I. Weinberg,
and C.D. Surh. 2001. IL-7 is critical for homeostatic proliferation and
survival of naive T cells. Proc. Natl. Acad. Sci. USA. 98:8732-8737.
Goldrath, A.W., P.V. Sivakumar, M. Glaccum, M.K. Kennedy, M.J.
Bevan, C. Benoist, D. Mathis, and E.A. Butz. 2002. Cytokine require-
ments for acute and Basal homeostatic proliferation of naive and mem-
ory CD8" T cells. J. Exp. Med. 195:1515-1522.

Hogquist, K.A., S.C. Jameson, W.R. Heath, J.L. Howard, M.]. Bevan,
and F.R. Carbone. 1994. T cell receptor antagonist peptides induce
positive selection. Cell. 76:17-27.

Pircher, H., K. Burki, R. Lang, H. Hengartner, and R.M. Zinkernagel.
1989. Tolerance induction in double specific T-cell receptor transgenic
mice varies with antigen. Nature. 342:559-561.

Mamalaki, C., T. Norton, Y. Tanaka, A.R. Townsend, P. Chandler,
E. Simpson, and D. Kioussis. 1992. Thymic depletion and peripheral
activation of class I major histocompatibility complex-restricted T cells
by soluble peptide in T- cell receptor transgenic mice. Proc. Natl. Acad.
Sci. USA. 89:11342-11346.

Agenes, F., M.M. Rosado, and A.A. Freitas. 1997. Independent
homeostatic regulation of B cell compartments. Eur. J. Immunol. 27:
1801-1807.

2743




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (U.S. Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


