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Mature CD4™ T Cells Perceive a Positively Selecting Class Il
MHC/Peptide Complex in the Periphery*

Pawel Muranski, Bartosz Chmielowski, and Leszek IgnatowicZ

A repertoire of TCRs is selected in the thymus by interactions with MHC bound to self-derived peptides. Whether self peptides
bound to MHC influence the survival of mature T cells in the periphery remains enigmatic. In this study, we show that the number
of naive CD4* T cells that developed in mice with class Il MHC bound with endogenous peptides (wt) diminished when
transferred into mice with A® covalently bound with a single peptide (REp). Moreover, transfer of a mixture of naive CD4* T
cells derived from APwt and from A°Ep mice into APEp mice resulted in the expansion of the latter and decline of the former. In
contrast, when wild-type activated CD4" T cells were transferred into A°Ep or APwt mice, these cells survived in both recipients
for more than 4 wk, but further expanded in the APwt host. We conclude that to survive, naive CD4 T cells favor peripheral
expression of the class I MHC/peptide complex(es) involved in their thymic selection, whereas some of activated CDRcells may
require them only for expansion. The Journal of Immunology,2000, 164: 3087-3094.

selected via their Ag receptors (TCRs) if engaged by selfcently, mice expressing class Il MHC molecules occupied either

MHC/peptide complexes expressed on thymic stromal cellswvith a dominant peptide or a single peptide were found to be able
(1, 2). Positive selection biases the repertoire of TCRs on thymoto support the development of 15—-40% of the wild-type number of
cytes toward ones that can bind self MHC/peptide ligands with lowCD4" T cells (14-17). Moreover, CD4T cells survive unhin
affinity (3), while negative selection eliminates thymocytes with dered for the life span of these mice, indicating thAtaund with
TCRs that bind self MHC/peptide ligands with high affinity (4). one peptide is competent to condition the prolonged survival of
Thymocytes with TCRs unable to perceive self MHC/peptide com-these CD4 T cells (Ref. 16; P. Muranski, unpublished data). To
plexes die by neglect because they are inherently useless. Matudetermine whether mature CD4T cells perceive the diversity of
thymocytes that successfully pass both selections leave the thgelf-derived peptides bound to MHC, we followed survival of
mus, repopulate the periphery, and can remain quiescent fawild-type CD4" T cells adoptively transferred into a recipient with
weeks, unless challenged with a specific Ag that leads to theino class Il MHC, with class Il MHC bound with one peptide, or
further differentiation into effector and/or memory cells (5-7). Un- with wild-type class Il MHC bound with many peptides. Our re-
solved issue remains as to whether sustained survival of naive $ults show that for prolonged survival, naive CDZ cells require
cells in the periphery also depends on TCR-mediated signals. Bipoth self MHC and peptides that initially were involved in their
analogy to thymic positive selection, it was postulated that interthymic selection. Only a few of the transferred naive CDlcells
actions that extend the survival of naive T cells in the periphery ardrom wild-type mice survived for 4 wk in the periphery of suble-
mediated via TCRs that continuously recognize self MHC/peptidehally irradiated, single class Il MHC/peptide mice or class Il
complexes with a low affinity that is adequate to maintain, but notMHC-deficient mice, while the same CD4T cells rapidly ex
to activate, naive T cells (8). There is considerable experimentgbanded in a wild-type recipient. In contrast, in vitro activated
evidence showing that the prolonged survival of naive C@8d  CD4" T cells derived from wild-type mice persisted unchanged in
CD4" T cells is contingent upon the expression of class | and classhe periphery of single class || MHC/peptide mice for 4 wk, but
Il MHC molecules, respectively (8—12). Moreover, transferred na-expanded better in the presence of wild-type peptides boun8.to A
ive T cells survived longer in sublethally irradiated recipients ex-Therefore, the presence of a diverse range of self peptides bound
pressing MHC alleles identical to ones that originally selectedto MHC molecules is important not only for the efficient selection
these T cells in thymus (8, 13). Thus, it appears that, at least foof thymocytes, but also for the extended survival of mature T cells.
naive T cells, continuous contact with self MHC in the periphery
is prerequisite for their survival. However, whether these low af-
finity interactions involve the recognition of self MHC or also a Materials and Methods

Animals

I n the thymus, immature T cells are positively and negativelyparticular peptide bound to MHC remains to be determined. Re-
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] o . ] ] Mice expressing single %Ep complex with invariant chain (&Epli*)* or
Institute of Molecular Medicine and Genetics, Medical College of Georgia, Augusta,yithout invariant chain (REpli~) and deficient in the expression of wild-

GA 30912 type A° molecules were generated at the National Jewish Medical and
Received for publication September 27, 1999. Accepted for publication JanuanResearch Center (Denver, CO). These animals and MHC class II-deficient
10, 2000. (AP™), APEpli~B,m™, and K (APEpli~ X APwt) mice were further bred in
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C57BL/6 and congenic mice B6.PL-Thy-1a/Ca expressing the CD90.1thymus. It is known that naive CD4T cells continuously sense
Thy-1.1 Ag were purchased from The Jackson Laboratory (Barthe presence of self MHC molecules in the periphery, but whether
Harbor, ME). particular self peptides bound to MHC are also specifically recog-
Radiation bone marrow chimeras nized during these interactions has not been investigated. To ap-

) ) _proach this question, we intended to use, as recipients for adop-
Bone marrow from donor mice was depleted of mature T cells using anti-

Thy-1.2 mAb (HO 13.4.6) and complement and was subsequentlycheckeﬂvely transferred wild-type CD# T cells, mice that lack

for purity by FACS. Recipient mice were lethally irradiated (1100 R) and €ndogenous AB-chain together with an li chain and that are trans
reconstituted within 6 h with 5 10° cells. If not otherwise stated, radi ~ genic for A°8 covalently attached with single peptide: F52—63)

ation chimeras were used for experiments at least 3 wk postreconstitutiofAPEpli~ mice). A potential caveat for using®Epli~ mice in
these experiments is a lower expression of the transgenic single
APEp complex in comparison with the®4ound with endogenous
Single cell suspensions from pooled axillary, inguinal, mesenteric, a”aeptides in wild-type mice (20). Hence, one may be concerned that

paraaortic lymph nodes were prepared and incubated for 30 min at 4° . . -
with cytotoxic mixture prepared from supernatants or with purified Abs e expression level of qu complex may be insufficient for

from the following hybridomas cultured in this laboratory: anti-CD8 (clone CD4" T cells that developed in mice expressing a normal level of
HO 2.2), anti-MHC class Il (clones 25-6-3S and BP107.2.2), anti-CD45AP. Therefore, to test whether lower expression of the transgenic

(clone B220), and antiJ11D (clone J11D.2). Cells were then incubated aA\P will support the survival of wild-type CD4 T cells if bound
37°C with a mixture of rabbit (Sigma, St. Louis, MO) and guinea pig (Life iy endogenous self peptides, we transferred these T cells into

Technologies, Grand Island, NY) complement. After a single washing, . o .
cells were checked by flow cytometry for the presence of cells bearing cpdransgenic REp“ mice. In the A’Ep“ mice, the covalent EEp

or class Il MHC (&). Purity of more than 90% CD4cells was achieved complex is unstable due to an li chain that directs tiEp\to
with no A° cells present. endosomes, where covalent peptide is cleaved and replaced withg
the diverse set of self-derived peptides (21). Because of that, g
APEpli* mice that express the same lower levels of transgeRic A

balanced salt Solition and washed once. Puriied CD&els were cul | o< s Py _ Mmice select and maintain a pigh number of COB

alance . H i H H H
tured in them for 6 days with addition of IL-2 on day 3. C?"s in the thymus and in the perlphery (20). As shown in Fig. 1,
wild-type CD4" T cells labeled with fluorescent dye (CFSE) and

Cell tracking adoptively transferred to sublethally irradiateB&pli* mice or to

For tracking lymphocytes in vivo, a lipophilic succinimidyl ester of car- wild-type mice proliferated with similar kinetics (10 and 30 days

boxyfluorescein diacetate (CFSE) purchased from Molecular Probes (E2fter transfer), indicating that transferred CDZ cells perceive
gene, OR) was used. CFSE passively enters the cytoplasm, where it Both low and high numbers of %Aif bound with many peptides.

rapidly hydrolyzed into a fluorescent hydrophilic metabolite that is unableThijs result indicated that transgeni® Aound to self peptides is
to diffuse out and is readily detectable by FACS. CFSE concentration deg,ficient to support the survival of adoptively transferred CD4
creases with each cell division. . .

cells from mice expressing %vt.

Complement depletion

In vitro stimulation

Adoptive transfers

CD4" gllm;?hocytes, pur(i;ied by compleg?jer:jt dep'eftionl' were suspende? a8yrvival of the naive CD% T cells derived from 2wt mice
5 X 10°/ml in PBS, and CFSE was added to a final concentration of 1 b .
rg/ml and incubated at 37°C for 15 min. Cells were washed, suspended igepends on contact with>Aound to self peptides

PBS, counted, and injected i.v. into recipient animals, which, if not Oth'Next, we sought to determine whether CD7 cells that matured
erwise stated, had been sublethally (600 rad) irradiated. in wild-type mice would survive in the presence of a singRER
Flow cytometry complex. Three different groups of sublethally irradiated recipi-

The biotin-, fluorescein-, or PE-labeled mAbs were prepared in this Iaboents’ differing in the complexity of self peptides bound fo were
ratory or p’urchased frorh PharMingen (San Diego, CA). Cells were susysed' The first group of mice lacked expression of CD4 and had no

pended in blocking solution (50% culture supematant of anti-FcR AbCD4" T cells in the periphery, but expressed intact class Il MHC
2.4G2 and 50% FBS) and incubated (4°C, 30 min) with Abs of interestmolecules (&) loaded with a diverse set of wild-type peptides
washed twice and analyzed using a FACSCalibur flow cytometer (Bectog22). The second group of mice wa$BEpli~ mice with all A°
Dickinson, San Diego, CA). molecules covalently bound with the single peptide (16). The third
Quantitation of total cell number type of recipient mice had no expression dfrolecules and very
Single cell suspensions were prepared from the pooled axillary inguinalfeW peripheral CD4 T cells (23). All these groups of mice were
mesenteric, and paraaortic lymph nodes and spleen (treated V\;ith amm!)mec'[ed with CFSE-labeled wild-type QD4T cells bearing a dif
nium chloride buffer to lyse erythrocytes), and cell numbers were meaferent allele of Thy-1 Ag to follow their fate regardless of CFSE
sured. Percentage of CD4T lymphocytes of interest (depending on-ex label. As shown on théeft panelin Fig. 2A, after 2 days, all
periment: CFSE, CFSE,, Thy-1.1", Thy-1.1") in each animal was detectable CD#4 Thy-1.1" T cells were positive for CFSE in all
evaluated using flow-cytometric analysis. Total number was obtained b¥ecipients Four weeks later, one-third of CD#Fhy-1.1" T cells

adding the number of cells in spleen and twice the number found in lymp . o h
nodes, as described (18, 19). For the purpose of these calculations, all cgt@nSfe”ed to Awt mice were CFSE positive, while 75% and 88%

outside of the clearly negative group were considered to be CFBere ~ remained CFSE positive in the’Bpli~ or A°™ recipients, respec
were lymphocytes with high and low levels of fluorescence among themtively. After 30 days, recipients were sacrificed and the total num-
but no such distinction was made. bers of recovered CD4 Thyl.1" T cells were calculated. We
found that transferred CDA4T cells in wild-type mice significantly
expanded, whereas in the two other types of recipients, the same
transferred cells decayed by more than 70% (F&). Zhe number

of CSFE" T cells was also highest in thePt recipients because
this population included many continuously expanding cells that
The present study was undertaken to determine whether the divelhad not yet completely lost the CSFE staining (FiB).2As shown
sity of self-derived peptides bound to class Il MHC influences thein Fig. 3A, 90% of CD4 T cells isolated from B6.PL mice had a
persistence of CD4 T cells in the periphery as it does in the naive phenotype (CDA2'CD45"9"), but when transferred into
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Results

Wild-type CD4" T cells survive unimpaired if transferred in
sublethally irradiated recipients expressing high or low levels of
AP bound with many self-derived peptides
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syngenic wild-type recipients, the expanding cells up-regulatedro survive, peripheral, naive CO4T cells favor contact with

CD44 and down-regulated CD45RB expression (Fid3 andC). the self Rlpeptide complex encountered during thymic selection

In contrast, in two other types of recipients that expressed a sing|
class Il MHC/peptide complex or had no class II| MHC, the ma
jority of transferred CDZ Thy-1.1" cells decayed after 30 days
with at most an unchanged phenotype. Expression of activatio
markers after adoptive transfer of naive TCR transgenic, CD4

cells into a syngenic irradiated recipient has been previously re- " ) o .
ported (24, 25). These cells sustained elevated expression of CD441S observation could indicate that one of the seﬁp@ptlde
in the absence of Ag for few weeks. Our experiments confirm thiscomplexes that may provide the survival signal to naive CIF4

The fact that the majority of wild-type derived CDAT cells

" quickly disappeared when transferred into the in vivo environment
ﬁ’f class Il MHC preloaded with one peptide contrasted with the
extended survival of naive CD4T cells present in the single class

Il MHC/peptide mice (Ref. 16; P. Muranski, unpublished data).

phenomenon, and additionally show that to survive and to expandiells is the same self-derived peptide(s) that bound to the class Il
naive wild-type CD4 T cells require a diverse set of self-derived MHC that positively selected them in the thymus. To test this
peptides bound to class Il MHC molecules. hypothesis, we have performed two adoptive transfer experiments.

FIGURE 2.
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Naive CD4" lymphocytes selected on wild-type MHC class Il require exposure®ut & the periphery to survive and expand. A total of

3 X 10° B6.PL (Thy-1.1") CD4" T cells were purified, labeled with CFSE, and adoptively transferred into sublethally irradiated recipients with no, or low
numbers of, intrinsic Thy-1.2 CD4* lymphocytes: Awt (CD4~), APEpli—, AP~. A, Example of FACS analysis representative for 10 experiments
performed. Peripheral blood was treated with ammonium chloride buffer and stained with mAbs anti-CD4 biotin and anti-Thy-1.1 PE. As a third color
(FL1), CFSE was used. Contour plots illustrate proliferation of transferred lymphocytes (gated on TI§E41 cells) on days 2 and 3@&, Total numbers

of Thy-1.1" CD4" T lymphocytes recovered after 30 days posttransfer from peripheral lymphatic organs with the proportion of cells retainirig (CFSE
and lacking (CFSE) fluorescent dye. Table provides numeric value (31Grey line shows number of cells transferredq(3.0°). A total of 6—10 animals

per each experimental group were used.
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FIGURE 3. Expression of surface molecules CD44 and CD45RB on Thy-C4" cells recovered after transfer into animals with various MHC class

Il environments. A total of 3x 10° B6.PL (Thy-1.1") CD4" T cells were purified, labeled with CFSE, and adoptively transferred into sublethally irradiated
recipients with no, or low numbers of, intrinsic Thy-1.ZD4" lymphocytes: Awt (CD4 "), APEpli~, A°~. A, Expression of CD44 and CD45 on Cb4

T cells before adoptive transfeB, Expression of CD44 on Thy-1:1CD4" cells recovered from lymph nodes after 30 days postadoptive transfer into 3
sublethally irradiated Awt, APEpli—, and A~ recipients.Left columnshows expression of CD44 on slowly dividing cells that retained fluorescent dye 3
(CFSE" CD4"). Right columndepicts expression of CD44 on all recovered Thy*1QD4" cells.C, Expression of CD45RB on Thy-1:1CD4" T cells
recovered from lymph nodes after 30 days posttrankft.columnshows expression of CD45RB on slowly dividing cells (CFSED4"). Right column
illustrates expression of CD45RB on all recovered Thy:1CD4" lymphocytes.
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In the first experiment, we isolated CD4T cells from B,-mi- found that the CD4 T cells derived from AEpli~ mice expanded
croglobulin-deficient wild-type mice (AvtB,m~) or mice ex several times, while CD2 T cells derived from wild-type mice
pressing only AEp complex (REpli~B,m™), labeled them with  were almost completely extinct (FigB5. In previous experiments,
CSFE, and separately adoptively transferred them into sublethallthe same wild-type CD4 T cells expanded without restraint if
irradiated AEpli~ B,m™ recipients. Two days after transfer, bright transferred into mice expressingw in the periphery (Figs. 2 and
CD4"CSFE" T cells from both types of donors were present at 3), proving that they can proliferate in the appropriate MHC/pep-
significant amounts in recipients expressingEA complex (Fig.  tide environment. Hence, we concluded that to survive and expand,
4). In contrast, 2 wk after transfer, most of CSRED4" T cells naive CD4" T cells favor contact with the MHC/peptide cem
from the A°Epli~B,m~ donors were proliferating and declining plexes that were encountered during their thymic selection.
their CSFE staining, while CD4 T cells from the Awtg,m~

donors divided once or not at all. Four weeks after transfer, mul- . " ) )
tiple divisions of AEpli~B,m -derived CD4 T cells were even Activated CD4 T cells can persist for weeks in the absence of

more pronounced. These results implied that tREp complex the selec_:tir_lg class Il MHC/peptide ligand, but preferentially
supports the expansion of self-selected CO4cells, but is unable expand in its presence
to support survival of CD% T cells that developed in mice ex The survival of naive and Ag-experienced T cells in the periphery
pressing A molecules bound with many self peptides. is regulated differently, and both populations are believed to oc-
In the second experiment, CD4T cells isolated from wild-type  cupy nonoverlapping ecological niches (26). Memory CD8
B6.PL mice (Thy-1.1) and AEpli~8,m™ (Thy-1.1") mice were  cells transferred into host with nonrestricting class | MHC sur-
mixed in equal numbers, labeled with CFSE, and transferred intawived for the extended period of time (19), but decayed in 1 wk in
the recipient mice. In these experiment$, Amice were lethally  DP~K"~g,m™-deficient mice (27), implying that effector/memory
irradiated and reconstituted with bone marrow cells froPEi~ T cells may not tightly depend on the expression of a particular
mice. Such radiation chimeras express a sindlEgAcomplex in  type of MHC. Similarly, it was reported that in vitro generated
the periphery, but have very few CD4T cells because they lack effector CD4 T cells transferred into mice that do not express
expression of A on thymic epithelium. Four weeks after reecon specific Ag survived for several weeks (7, 28). However, whether
stitution, we injected these chimeras with a mixture ok510° activated CD4 T cells require particular self peptides bound to
CFSE-labeled CD4 T cells from wild-type and BEpli~S,m™ MHC to persist, as naive cells do, has not been investigated. To
mice and followed their fate in vivo. As shown in Fig. 5, virtually assess whether self peptides bound fdmiluence the survival of
all CD4" T cells were CFSE positive 2 days after transfer, whereasactivated CD4 T cells, we transferred in vitro activated CD4
on day 9, the majority of transferred cells were already CFSEThy-1.1" T cells into sublethally irradiated recipients that lack A
negative, regardless of their origin. However, in less than 3 wk, ther express & bound with one or with many peptides. The effector
population of transferred CD4Thy-1.1" T cells almost com  CD4" Thy-1.1" T cells were generated from lymph node-derived
pletely lost the CFSE staining due to proliferation, while the ma-naive CD4" T cells during 6 days of incubation in the presence of
jority of CD4"Thy-1.1" T cells remained CFSE positive. When IL-2 and immobilized mAb specific forSTCR. Activated CD4
the total number of transferred CD4T cells was calculated, we Thy-1.1" T cells were then labeled with CFSE, and adoptively
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FIGURE 4. Inthe periphery, the 2Ep complex supports the survival of self-selected naive CD4ells, but not naive CD4 T cells selected on many
AP/self peptide complexes from®tB,m™ mice. A total of 3x 10° CSFE-labeled CD4 T cells isolated either from %Epli~8,m™~ or from APwtB,m™~

mice were separately adoptively transferred into sublethally irradiat&IA 8,m™ recipients, and the number of divisions was detected on days 2, 14,
and 28 after transfer. Histograms show only CD@SFE" cells. The average number of recovered CD@SFE" cells was 4.58x 10° from the
APEpli~B,m™~ donor and 1.17 1C° from the A°wtB,m~ donor.

transferred into sublethally irradiated recipients. As shown in Fig.CD4" Thy-1.1" cells from A°Epli—B,m™~ mice almost doubled,

6A, 2 days after transfer, all CD4Thy-1.1" cells remain CFSE  whereas the wild-type derived effector CD7 cells did not decay,

positive in all groups of recipients. However, when recipients werebut also did not expand. Therefore, we conclude that low affinity

sacrificed 30 days after transfer, the majority of CD#hy-1.1" T contact with self class Il MHC/peptide ligand(s) may be required

cells recovered from wild-type mice were CFSE negative, in con-by some of activated CD4T cells.

trast to two other recipients in which more than one-half of the

transferred cells retained the dye. As shown in Fig. 6B, the number ]

of recovered CD4 Thy-1.1" T cells increased in wild-type e Discussion

cipients concurrent with the staining data, implying that to expand,

wild-type derived effector CD4 T cells may favor expression of During intrathymic development, there is an obligatory require-

multiple endogenous peptides bound t& &Ahe number of CD% ment that all immature T cells have to engage with low affinity self

Thy-1.1" T cells recovered from the two other recipients was closeMHC/peptide complex(es) present on thymic stromal cells to sur-

to the number transferred initially, and one-half of them werevive. There is much experimental evidence to indicate that an enor-

CFSE negative, indicating that at least a portion of transferrednous diversity of the natural repertoire of expressed TCRs re-

effector CD4" T cells expanded regardless of the presence or abquires many self peptides to be involved in the processes of thymic

sence of class || MHC. selection (29-32). Whether a similar demand is mandatory for the
To determine whether %Ep complex can extend survival of sustained survival of peripheral T cells poised for antigenic chal-

self-selected CD# T cells after they have been activated, we-iso lenge remains an open question. Two recent reports showed that

lated CD4" T cells from A’Epli~ B,m~ (Thy-1.1") or from wild- wild-type CD4" T cells with native or transgenic TCRs vanished

type mice (Thy-1.1), activated them in vitro, labeled them with when adoptively transferred into sublethally irradiated H2-DM-

CFSE, and adoptively transferred them into lethally irradiateddeficient (H2-DM") mice expressing Amolecules predominantly

MHC-deficient mice reconstituted with bone marrow from bound with class ll-associated li chain peptide (24, 25). These

APEpli~ mice. These chimeric mice have almost no CDRBcells results implied that naive CD4T cells continue to specifically

and express single %&p complex in the periphery. As shown in recognize self peptides bound t& Mmolecules in wild-type, but

Fig. 7A, 2 days after transfer, Thy-I.land Thy-1.17 CD4" T not in H2-DM~ mice. However, the configuration of°Abound

cells were all CFSE positive. However, on day 9, 31% of trans-with peptides is different in H2-DM and wild-type mice, and

ferred CD4" Thy-1.1" cells, vs 83% of Thy-1.1 T cells, retained CD4" T cells recognize the Ain H2-DM ™~ or wild-type mice

the dye. Similar proportions of CFSE-positive and CFSE-negativadifferently (33). For that reason, CDA4T cells from wild-type

cells were found after 21 days, when recipients were sacrificed anghice may recognize poorly not only few peptides bound farm

the number of recovered cells was calculated (FR). Activated  the absence of H2-DM, but also®Anolecules themselves.
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FIGURE 5. Constant exposure to selecting ligand is required for survival and expansion of adoptively transferred naivlyr@iibcytes in the
periphery A, A°Epli-—MHC ™~ chimeras were injected with a mixture containing equal numbers(2.6°) of CFSE-labeled CD4 lymphocytes selected
on MHC class Il occupied by many peptides from B6.PL (Thy*}.and selected on single MHC Il/peptide complex frorREAli~B,m™~ animals
(Thy-1.17). Adoptively transferred cells could be readily distinguished by FACS analysis on the basis of their Thy-1.1 expBes3ooriour plots depict
divisions in the compartment of cells selected dEA complex (Thy-1.1, left column) and cells selected ot (Thy-1.1%, right column). To illustrate
quantitative differences in survival of transferred cells, data on days 2 and 16 are shown as color dot plots using multicolor gating. Blue dots depict %Ils
from gate CD4 Thy-1.1"; red dots represent events from gate CDPhy-1.1". Results from one of six experiments are sho@nTotal numbers of
CFSE' and CFSE cells in the compartment of Thy-1fland Thy-1.1 cells recovered from peripheral lymphatic organs of animals shown kumeric
value (x106) is shown in tables. Grey lines represent number of cells transferred initially.

[umoQ

In this study, we show that the majority of naive CD7 cells also in the secondary lymphoid organs, where these interactions
selected in wild-type mice and adoptively transferred into micemaintain prolonged survival of the T cells.
expressing a single class Il MHC/peptide complex quickly dimin-  What are the features of the self peptides that uphold viability of
ished, with similar kinetics as reported for CDA cells seeded naive T cells in the periphery and what is their relationship to the
into mice that lack class Il MHC molecules (12). Hence, this resultself peptides that select the same T cells in the thymus? One an-£
implies that CD4 T cells use their TCRs to sense self peptidesswer to this question is that selecting MHC/peptide may be one of S
bound to MHC molecules not only during selection in thymus, butthe MHC/peptide complexes able to maintain the persistence of o
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FIGURE 6. Preactivated CD# cells from APwt donors survive and proliferate regardless of the presence of MHC class Il. However, they actively
expand only if exposed to%vt. Purified CD4 cells from B6.PL (Thy-1.1) donors were incubated with anti-TCR mAb and IL-2 for 6 days, they were
subsequently labeled with CFSE, and adoptively transferred into 600 R irradiated recipients displaying various MHC class Il envirdhm¢8B42),
APEpli—, and A~. A, Contour plots show proliferation of transferred cells on days 2 anB 3Dotal numbers of cells recovered from peripheral lymphatic
organs 30 days after transfer with numeric values (s pfesented in the table. Four to six animals per each group were used. Grey lines visualize number
of cells transferred initially (5< 10°).
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FIGURE 7. Previously activated CD% cells from A°Epli~ mice expand when exposed to selecting MHC ll/peptide complex in the periphery, while
cells selected on At survive in constant numbers and proliferate slowly. Equal numbexsi8°) of in vitro activated CD4 cells from B6.PL (Thy-1.1)

and AEpli~B,m~ (Thy-1.1") donors were transferred into°Bpli-— MHC™ radiation chimeras. Representative results from one of three experiments
are shownA, Contour plots depict proliferation of Thy-1.1(left column) and Thy-1.1 (right column) CD4 lymphocytesB, Total number of Thy-1.1

and Thy-1.T CD4" T cells recovered, with proportion of cells retaining fluorescent dye (CFSEable shows numeric values (X%)0

these T cells in the periphery. The similarity of the MHC/pep- show that naive CD4 T cells require low avidity contacts with
tide(s) ligand responsible for the selection and maintenance of theelf MHC/peptide complexes to survive in the periphery, we trans-
clonotypic TCR has been implicated in several reports, but experferred 3x 10° of naive CD4" T cells and followed their gradual
imental data proving this assumption have not yet been convincexpansion for several weeks. This length of time was required
ingly presented (24, 25, 33, 34). In our experiments, transfebecause naive T cells transferred into their original environment
of naive CD4" T cells from APEpli~ or wild-type mice into le divide slowly.

thally irradiated &~ mice reconstituted with bone marrow from  Expansion of naive CD4 T cells in the suitable in vivo envi
APEpli~ mice resulted in the preferential expansion of only CD4 ronment does not entirely rely on the continuous subtle contacts
T cells from APEpli~ mice. In contrast, wild-type derived naive between TCRs and self MHC/peptide complexes. To survive,
CD4" T cells disappeared at large by 3 wk after transfer, indicat adoptively transferred naive T cells require space prepared by de-
ing that A°Ep complex supports primarily the survival of CD4 pletion of the residual CD4 T cell via irradiation or genetic ma
cells selected by this complex. The kinetics of the decay of wild-nipulation (25). Moreover, some surface and intracellular mole-
type CD4" T cells was slightly accelerated in the presence ofcules have been found differentially expressed in the naive and
CD4" T cells derived from AEpli~ mice, implying that compe  memory peripheral T cells, and the pools of naive and memory T
tition between peripheral T cells may also have some influence orells are independently restrained by unknown homeostatic mech-
their survival. We are currently testing this idea using CDRB anisms (36, 37). Our results imply that activation of peripheral
cells with clonotypic TCRs positively selected by different class Il CD4" T cell via TCR gradually diminishes their requirement for
MHC/peptide complexes. Admittedly, a single class Il MHC/pep- the low avidity interactions with self MHC/peptide complexes, and

tide complex does not match the high expression level'binal- supports the experiments in which produced in vitro CDdem
ecules bound with self peptides present in wild-type mice. Thereory T cells survived in the absence of class || MHC and Ag (7).
fore, one may argue that if the survival signal for naive CD#& It is unknown why the effector CD4 T cells that have already

cells is calibrated by thymic selection, discrepancy in the expresbeen activated via TCR continue to recognize self MHC/peptide
sion level of A encountered by the same T cell in the thymus orligands, but recently it became clear that several divisions of these
periphery may result in its shortened survival (35) However, naivecells are required to convert a portion of them into memory T cells
CD4" Thy-1.1" T cells exposed in vivo to low levels of transgenic (38, 39). In addition, effector CD4T cells can persist in vivo for

AP loaded with endogenous peptides in the presence of li did nothe extended period of time with quantitatively and qualitatively
lead to the extinction of transferred T cells for 4 wk after transfer.distinct pattern of tyrosine phosphorylation (40). Our experiments
Hence, it seems that the low level of transgenftifsufficient to  indicate that the enhanced proliferation of activated COi4cells
maintain the survival of naive wild-type CD4T cells only if occurred in the presence of specific self MHC/peptide complexes
bound with a diverse spectrum of self-derived peptides. Limitedin the periphery. Therefore, the ability of effector CD7 cells to
survival of wild-type CD4 T cells transferred into the %Epli~ recognize self MHC/peptide complexes with low affinity may al-
mice was also not a result of adverse rejection mediated by NKow them to divide and further differentiate, even in the limited
cells, because hosts were compromised by sublethal irradiatioaccess to Ag.

before transfer and some of transferred CFSE-positive T cells re- An experiment in which CD4 T cells selected by 2Ep are
mained detected in %Epli~ mice after 5 wk. Experimental pa transferred into a recipient expressing in the periphery wild-type
rameters such as the dose of irradiation, number of transferred® bound with many self peptides could not be performed because
cells, and duration of the experiment are critical in revealing thethe majority of CD4 T cells from A°Epli~ mice are not tolerant
proliferation of transferred CD4 T cells in recipients expressing to wild-type peptides. However, in the lethally irradiatetEfsli~
class Il MHC bound with low affinity peptide ligand. Hence, the mice reconstituted with fetal liver cells from wild-type mice, after
differences in these settings may be responsible for the distincin initial drop in CD4 T cell number due to extensive negative
conclusion obtained in the similar studies (34). In this study, toselection, a pool of peripheral CD4T cells with TCRs encoding
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various Ag specificities remained unchanged for several monthgo
(41). This result indicated that some of the T cells selected by

APEp complex may cross-react with low affinity to self-derived 5

peptides, subtly enough to avoid negative selection, but adequate
to survive in the periphery.
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