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Summary 

1-2% of adult mouse thymocytes express the T cell receptor ~ /B (TCtL-oe/B) together with 
the interleukin (IL) 2P, g (p70), but not the o~ (p 55) chain. We show that the previously described 
ol/~/-TCR + C D 4 - 8 -  and the partially overlapping Ly6C + thymocytes are contained within this 
subset. Most IL-2R~ + ol/B-TCR + cells have a mature and activated (heat stable antigen 
[HSA]-, thymic shared antigen 1 [TSA-1]-, CD44hig h, CD69 +) phenotype. Overrepresentation 
of V~8.2 in both C D 4 - 8 -  and CD4 and/or CD8 + IL-2RB + thymocytes suggests that IL-2RB 
expression is induced by a TCR-mediated activation event. In mice transgenic for an H-2K b- 
specific TCR, IL-21~ + ceils were abundant under conditions of mainstream negative selection, 
i.e., in the presence of K b, but absent under conditions of mainstream positive selection or in a 
nonselecting environment. Together, these results show that in addition to clonal deletion, self- 
recognition by immature thymoeytes leads to phenotypic maturation of a small subset of thymocytes 
expressing IL-2R~. IL-2-deficient mice contain normal numbers of IL-2R~ + oe/B-TCR + 
thymocytes, indicating that like mainstream T cell development, this minor pathway of positive 
selection does not depend on IL-2. However, in the absence of IL-2, the CD4/CD8 subset 
composition of IL-2RB + thymocytes is skewed towards CD4-8  +, mostly at the expense of 
C D 4 - 8 - .  A possible relevance of this finding for the development of the immune pathology 
of IL-2-deficient mice is discussed. 

I n resting mature T lymphocytes, engagement of the TCR 
results in the expression of both the c~ (p55, CD25) and 

the B (p70, CD122) chain of the IL-2R, allowing IL-2 to 
exert its growth and differentiation-promoting activities on 
antigen-triggered T cells (for a review see reference 1). IL- 
2R are also found on freshly isolated mouse thymocytes, but 
neither the inductive stimuli leading to their expression nor 
their functional role, if any, are presently understood. Indeed, 
whereas CD25 expression is an important means of defining 
a subset of C D 3 - 4 - 8 -  thymocytes (2-4), the functional 
significance of this IL-2R which lacks the ~/chain (5) re- 
quired for signal transduction (6) remains obscure. In addi- 
tion, the intrathymic generation of normal numbers of CD4 
and CD8 T cells expressing the TCR-ot/~ in IL-2-deficient 
mice indicates that this cytokine is dispensable for mainstream 
T cell devdopment (7). 

The ~/chain of the IL-2R, which together with the con- 
stitutively expressed 3, chain forms a functional IL-2R (8), 
has recently been detected by Takeushi et al. (5) on a major 
subset of fetal and adult 3'/6 thymocytes and on a very small 
fraction (1-2%) of adult thymocytes that express the TCR- 
cr/~ at a level between that of immature CD4 + 8 + and ma- 

ture CD4 § 8- or CD4- 8 + cells. These "ot/~-TCtk int'' cells, 
which make up '~90% of adult IL-2R/3 + thymocytes, do 
not express the IL-2Rot chain (5). In the rat, we recently 
found that in vitro stimulation of immature CD4,8 double 
positive cells with mAb to the TCR induces IL-2R/3, but 
not ot m R N A  and conveys IL-2 reactivity (9). Accordingly, 
we hypothesize that the IL-2RB +ot//3-TCR + cells described 
by Takeushi et al. (5) had acquired the IL-21kot-/5 + pheno- 
type as a result of self-recognition during positive and/or nega- 
tive selection of the TCR repertoire. 

In the present report, this hypothesis was tested by analyzing 
the cell surface phenotype and TCR-a/13 repertoire of IL- 
21ka-/3 + thymocytes from normal mice and from TCR- 
transgenic mice undergoing positive or negative selection. 
In addition, it was tested if this subset is normally represented 
in IL-2-deficient mice. 

Materials and Methods 
Animals. BALB/c, C57B1/6, C3H/HeJ, and DBA/2 mice were 

bred at the Institute of Virology and Immunobiology, University 
of Wiirzburg from offspring of pregnant females obtained from 
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Iffa Credo (Domaine des Oncins, France). Ib2-deficient mice were 
the third generation backcross of the IL-2-deficient C57BL/6 x 
129 line originally derived by Schorle et al. (7) with the C3H/HeJ 
strain, H-2 d, H-2 d~k and H-2 bxk mice on the C57BL/10 back- 
ground transgenic for the H-2Kb-specific KB5.C20 TCR (10, 11) 
were the kind gift of Dr. B. Arnold (Deutsches Krebsforschung- 
szentrum, Heidelberg, Germany). 

Antibodies. mAb TM-/~I to the mouse IL-2R 1~/chain (12) was 
the kind gift ofDrs. T. Tanaka and M. Miyasaka (Tokyo Metropol- 
itan Institute of Medical Science, Tokyo, Japan). mAb Desir6e-1 
(13) specific for the transgenic TCR KB5.C20, was kindly provided 
by Dr. A.-M. Schmitt-Verhulst (Centre d'Immunologie, Marseille- 
Luminy, France) mAb F23.2 recognizing the TCR-V~8.2 gene seg- 
ment (14) was the kind gift of Dr. U. Staerz (University of Colorado, 
Denver, CO). mAbs to CD25, CD44, CD69, Ly6C, thymic shared 
antigen (TSA-1) 1, heat stable antigen (HSA), and TCR-cff/8 were 
purchased from Pharmingen (San Diego, CA); anti-CD4 mAbs 
were from Becton Dickinson & Co. (San Jose, CA) or Medac (Ham- 
burg, Germany); and anti-CD8 mAbs were from Boehringer Mann- 
helm (Mannheim, Germany). 

Immunofluorescence and Flow Cytometry. For two- or three-color 
FACS | analysis (Becton Dickinson & Co.), 2 x 106 nylon- 
wool-passaged thymocytes or lymph node ceils from 4-8-wk-old 
mice were stained with saturating amounts of the respective anti- 
bodies. First-step unconjugated anti-IL-2RB mAb TM-~I was 
visualized with donkey anti-rat-Ig-PE (Medac) and after blocking 
with normal rat Ig (Sigma Chemical Co., St. Louis, MO), bi- 
otinylated and FITC-conjugated mAb to the other markers were 
added. Finally, biotinylated mAbs were developed with streptavidin- 
RED 67~ (GIBCO, Eggenstein, Germany). Alternatively, mAb 
F23.2 to VB8.2 or mAb Desir6e-1 were stained indirectly with 
donkey anti-mouse Ig-PE (Jackson ImmunoResearch, distributed 
through Dianova, Hamburg, Germany) or rabbit anti-mouse Ig- 
FITC prepared at the Institute for Virology and Immunology, 
W~irzburg, blocked with normal mouse Ig (Sigma Chemical Co.), 
and stained with biotinylated TM-/~I and directly PE- or FITC- 
conjugated mAb to the markers indicated. Where necessary, prein- 
cubation with anti-Fc-receptor mAb 24G2 (15) preceded staining 
with biotinylated mAb TM-/81. All immunofluorescence stainings 
were performed on ice in PBS containing 0.1% BSA and 0.02% 
sodium azide with reactions washed once after each step and twice 
after incubation with biotinylated mAb. Flow cytometry was per- 
formed with a FACScan | flow cytometer (Becton Dickinson & 
Co.) and data were analyzed using the LYSYS II software. Rou- 
tinely, 10,000 events were analyzed. Results are shown as log10 
fluorescence intensities on a four-decade scale displayed as dot plots 
or histograms. 

TCR. int, i.e., they express the T C R  at a level between that 
of most immature CD4§ + and mature CD4 § or CD8 + 
thymocytes. We also confirmed that these cells do not ex- 
press the IL-2Rot chain. Adult IL-2RB + thymocytes are of 
the size of  mature lymphocytes, and 80-90% express low 
to undetectable amounts of  HSA and TSA-1, both of  which 
mark immature thymocytes (16, 17). IL-2RB + thymocytes 
are uniformly CD44 +, expressing this marker at the highest 
level found on any thymocyte subset. In mature T cells, this 
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Resul t s  

Phenotype of IL-2Rce-~+ Thymocytes from Normal Mice. 
1-2% of thymocytes from 4-8-wk-old mice react with the 
anti-IL-2P43 mAb TM431 (12). The phenotype of this small 
subset was analysed in BALB/c, C57BL/6,  C3H/HeJ ,  and 
DBA/2 mice. The marker profile shown in Fig. 1 for IL- 
2R13 § thymocytes from C3H/HeJ  mice is representative for 
the four stains tested. As reported by Takeuchi et al. (5), most 
("~90%) of  IL-2RI3 § ceils in the adult thymus are odt3- 

1 Abbreviations used in this paper: FTOC, fetal thymic organ culture; HSA, 
heat stable antigen; TSA-1, thymic shared antigen 1. 

CD69 
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Figure 1. Cell surface phenotype of IL-2RI8 + thymocytes. Nylon- 
wool-passaged thymocytes of C3H/HeJ mice were stained with anti-IL- 
2R/8 mAb TM-~I and with the mAb indicated as described in Materials 
and Methods. (Left) Marker profiles for all living thymocytes; (right) marker 
profiles for cells gated for expression of TM-B1. Numbers display the per- 
centage of Ib2RB + thymocytes showing higher expression of the marker 
than indicated by the bars. Histograms represent log10 fluorescence inten- 
sities on a four-decade scale. 
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Table 1. CD4/CD8 Subset Composition of lL-2Rfl + Thymocytes 
from Inbred Mouse Strains 

C57B1/6 C3H/HeJ BALB/c DBA/2 

X $ X S X S X S 

CD4+CD8 - 29.0 3.6 27.9 1.7 21.6 7.9 13.5 0.6 
CD4-CD8 § 8.9 1.5 7.0 2.5 10.3 4.3 57.6 2.1 
CD4§ + 10.4 3.8 7.5 0.2 5.5 2.6 8.2 3.1 
CD4-CD8- 51.8 2.1 57.6 3.6 62.6 2.9 20.7 3.1 

Numbers given are mean percentage values (x) and standard deviations 
(s) from three animals. 

CD44 high phenotype marks antigen-experienced cells (18, 
19). Finally, the activation marker CD69 is found on the 
majority of IL-2R3 + thymocytes. 

IL-2R/3 + Thymocytes Contain the CD4-8-  oe/fl-TCR + 
Subset in Addition to other CD4, 8 phenotypes. IL-2Rfl + 
thymocytes contain a high frequency (50-60%) of CD4-8 -  
ceils (5, and Table 1). The three other subsets defined by CD4 
and CD8 expression are, however, also represented, although 
at lower frequencies (20-30% CD4+8 -, 7-11% CD4-8 +, 
and 5-10% CD4+8+). An exception is the DBA/2 strain, 
in which about half of IL-2P,3 + thymocytes are CD4-8  + 
cells. The IL-2Rfl + CD4+8 + population is HSA + , since the 
frequencies of CD4+HSA +, CD8+HSA + , and CD4 + and/or 
CD8 + HSA + cells among IL-2R3 + thymocytes were indis- 
tinguishable (data not shown). 

Overrepresentation of Vf18.2 in Subsets of lL-2Rfl + Tbyrno- 
cytes. To probe whether the composition of the TCI~ reper- 
toire would point to a TCR-mediated activation event respon- 

sible for the induction of the IL-2R/~ + phenotype, the 
contribution of V3 6, 8.1, 8.2, 8.3, 11, and 14 to the reper- 
toire of IL-2RB + thymocytes and peripheral T cells was ana- 
lyzed. A clear-cut skewing of V3 usage was only observed 
with regard to V/~8.2 (Fig. 2), which is expressed at several- 
fold higher frequencies in IL-2R3 + thymocytes than in pe- 
ripheral lymph node T cells. The increased frequency of 
V/38.2 + cells was observed both in the major C D 4 - 8 -  
subset and in IL-2R3 + cells expressing CD4 and/or CD8. 
The only exception was the unusually large subset of CD8 + 
IL-2R[3 + thymocytes from DBA/2 mice. 

IL-2Rfl + Thymocytes Include the ce/fl-TCR + CD4-8-  
and Ly6C + Subsets. Earlier studies have shown that in 
ot/3-TCR + C D 4 - 8 -  (20-22) and the partially overlapping 
Ly6C + (23) subsets, up to 50% of thymocytes express V38 
family members, primarily V38.2 (23-25). Since about half 
of IL-2R.fl + thymocytes are a / B - T C R .  + C D 4 - 8 -  (Table 1), 
and Ly6C + thymocytes also contain CD4- and/or CD8-ex- 
pressing cells, the overlap of these two subsets with IL-2R/3 + 
cells was examined. As shown in Fig. 3 A for C57BL/6 mice, 
virtually all ot//3-TCR+CD4-8 - and '~90% of the Ly6C + 
thymocytes express IL-2Rfl. However, "~20% of IL-2R/3 + 
thymocytes express CD4 and/or CD8 but not Ly6C (Fig. 
3 B), indicating that IL-2R/3 marks some additional cells not 
contained within these two previously defined subsets. 

Generation of lL-2Rfl + Thymocytes in TCR Transgenic Mice 
Undergoing Positive or Negative Selection. The possibility that 
IL-2RB expression is the result of TCR stimulation during 
positive and/or negative repertoire selection was analyzed in 
transgenic mice with a Kb-spedfic TCR (KB5.C20) (11) that 
is identified by the anti-idiotypic mAb Desir6e-1 (13). As 
shown in Fig. 4, virtually no idiotype-positive IL-21~ + 
thymocytes were detected in Desir6e-l-transgenic mice with 
a nonselecting H-2 haplotype (H-2d), or in a positively 
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Figure 2. V38.2 expression in 
lymph node T cells and IL-2R/3 + 
thymocytes. Nylon-wool-passaged 
cells from mice of the indicated 
strains were stained indirectly with  
pan-ant i -TCK-~/3 or anti-V/~8.2, 
with biotinylated anti-IL-2R~ mAb 
TM-B1, and fluorochrome-conju- 
gated anti-CD4 or CD8 mAb. Bars 
show the relative frequencies and 
standard deviations of V38.2 + cells 
(n = 3) among all TCR + ceils ex- 
pressing or lacking CD4 and/or 
CD8. 
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Figure 3. IL-2R/~ + thymocytes 
contain T C R + C D 4 - C D 8  - thy- 
mocytes, Ly6C + cells and others. 
(A) expression by Ly6C § IL-2Rfl 
(top) and by TCR + C D 4 - 8 -  
(bottom) C57B1/6 thymocytes. (B) 
Ly6C vs CD4 and/or CD8 profile 
of ID2R~ + thymocytes. Histo- 
grams and dot plots display log~0 
fluorescence intensities on a four- 
decade scale. 
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selecting (H-2 axk) thymus. In contrast, most idiotype-positive 
thymocytes present in negatively selecting H-2 bxk animals 
expressed the IL-2R3, but not ot chain. Although the thy- 
muses of such negatively selecting animals are much smaller 
than those expressing only positively selecting H-2 antigens, 
there was an absolute (at least 10-fold) increase in the total 
number of idiotype-positive, IL-2R3 + thymocytes from a 
negatively selecting as compared to a nonselecting thymus. 
In fact, the few idiotype-positive IL-2R3 + events recorded 
in the thymus of positively selecting animals are likely to be due 
to nonspecific background staining (data not shown). As 
also shown in Fig. 4 and confirming earlier results (26), the 
IL-2R3 § cells that survived negative selection were mostly 
CD4-8 - ,  but also contained a small but well-defined CD4 + 
8 + subset. C D 4 - 8 -  cells also constitute the major popula- 
tion of idiotype-positive cells in the periphery of H-2 bxk 
KB5.C20 TCP,-transgenic mice (11). As in the thymus, these 
cells express IL-2R3 without ot (data not shown). In sum- 
mary, self-recognition in this TCR-transgenic model leads 
to an accumulation of IL-2Rot-3 + C D 4 - 8 -  thymocytes 
that escaped negative selection, whereas in the absence of the 
cognate antigen, IL-2R3 § thymocytes with the transgenic 
TCR are absent. 

IL-2 Is Not Required for the In Vivo Generation of lL-2P, fl  + 
oe/fl -TCR i"' Thymocytes. The functional relevance of IL- 
2R.a-3 + expression on thymocytes with self-specific TCR- 

Figure 4. IL-2Rfl expression on thymocytes from mice expressing a 
H-2Kb-specific transgenic TCR. Thymocytes from mice expressing the 
transgenic TCR KB5.C20 in a neutral (H-2d/d), positively selecting (H- 
2 a/k) or negatively selecting (H-2 b/k) thymus were stained for expression 
of the markers indicated. Total cell numbers are given on top of each column. 
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Figure 5. Generation of IL-2R~ + thymocytes in IL-2-deficient mice. 
Representative stainings of IL-2P,/5 vs TCP,-od3 (left) and IL-2Rfl vs CD25 
(right) are shown for thymocytes from IL-2-deficient mice (bottom) and 
their wild-type littermates (top). 3.2 +- 1.8 million IL-2RB + cells (n = 
6) were contained within thymuses of control mice. Thymuses from 
IL-2-deficient mice contained 4.4 _+ 1.7 million (n = 7) IL-2RB + thy- 
mocytes. 

cUB is unclear. To investigate the possibility that an IL-2-medi- 
ated signal delivered through this receptor is required for the 
generation of these cells, we compared their frequency in mice 
with an inactivated IL-2 gene and their wild-type littermates. 
As shown in Fig. 5, both IL-2 +/+ and IL-2-/-  mice con- 
tained approximately the same frequency of IL-2R~ + or//3 
-TCP,. int cells. Therefore, IL-2 is not required for the gener- 
ation of this subset. Also, IL-2R/3 + cells from IL-2-deficient 
mice were indistinguishable from those of their wild-type 
littermates with regard to lack of CD25 expression (Fig. 5), 
uniformly high expression of CD44, and the distribution of 

Ly6C and CD69 (data not shown). Analysis of the CD4/8 
subset distribution among IL-2RB + thymocytes did, how- 
ever reveal a two- to threefold skewing towards the 
CD4-8 + subset, mostly at the expense of CD4-8-  cells 
(Fig. 6). Like all CD8 + IL-2P, B + thymocytes, this expanded 
CD4-8 + population expressed both the CDSot and ~ chains 
(data not shown). To date, the distorted subset composition 
of IL-2R45 + cells is the first abnormality in thymocyte 
subset distribution we have observed in IL-2 -/- mice. 

D i s c u s s i o n  

The present findings indicate that in contrast to IL-2Ro~ 
found on immature CD3-4-8- thymocytes, IL-2RB expres- 
sion on adult thymocytes of the cz/~ TCR lineage is not 
part of a developmental program but rather is induced by 
self-recognition. This is most dearly seen in mice with a trans- 
genic H-2Kb-specific TCR in which no I L - 2 R o t - f l  + idio- 
type-positive thymocytes were detected in the absence of K b, 
whereas in its presence, the idiotype-positive thymocytes are 
IL-2Rcr-fl +. In the normal mice analyzed, skewing of the 
repertoire towards V~8.2 also indicates an antigen-specific 
selection or activation event in the generation of IL-2P..cx-~ + 
thymocytes. Skewing towards V~8, and mostly towards 
V~8.2, has previously been reported for the CD4-8-ot/f l-  
TCR + and for the partially overlapping Ly6C § (20-25) 
thymocyte subsets. We show here that both are contained 
within the 1-2% of IL-2Rot-13 + cells of the adult mouse 
thymus which, as described for Ly6C + thymocytes (23), can 
be further subdivided into the four subsets defined by CD4 
and CDS. The major contribution of CD4+8 - cells (•25%) 
of the IL-2Rot-fl + population along with the striking over- 
representation of Vfl8.2 in their repertoire raises the possibility 
that the recently described Thy0 thymocytes, defined by the 
absence of the 3Gll determinant on a subset of CD4 § 8- 
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Figure 6. (A) Representative 
CD4/CD8 subset composition of 
IL-2P,~ + thymocytes from control 
(top) or IL-2-deficient (bottom) mice. 
(/3) CD4/CD8 distribution among 
IL-2R~ + thymocytes from wild- 
type (n = 6, solid bars) or IL-2- 
deficient (n = 7, hatched bars) mice. 
Bars indicate mean values and stan- 
dard deviations. 
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cells and enriched in V38 usage (27), also express IL-2R3. 
Finally, C D 4 - 8 -  (28) and CD4+8 - (29) NKI.1 + CD44hig h 
thymocytes with a V38-dominated TCR repertoire have been 
described. These ceils are at least partially included within the 
IL-2R3 + population (5, and own unpublished observations). 

The self-antigen responsible for the generation of IL- 
2R3 + double negative cells in the TCR-transgenic situation 
analyzed is obviously KL Additional proof for this conclu- 
sion was obtained in H-2 a~k mice transgenic for both the 
Kb-specific TCR and K b (under the control of the mouse 
CD2 promoter) in which the IL-2R3 + C D 4 - 8 -  popula- 
tion was similarly prominent (data not shown). C D 4 - 8 -  
and CD4-8  l~ TCR-transgenic thymocytes and peripheral 
T cells have also been observed in other TCR-transgenic 
models in negatively selecting situations (30-32), although 
IL-2R3 expression was not investigated. In nontransgenic 
mice, V38.2 overselection in CD4-8-oe/3-TCR + thymo- 
cytes (shown here to express IL-2R3) has recently been shown 
by Bix et al. (33) to depend on M H C  class I expression on 
cells of hematopoietic origin. Together, these findings sug- 
gest that self-antigen recognition, which leads to negative 
selection in mainstream intrathymic T cell maturation, is the 
common trigger that induces IL-2R3 expression in thymo- 
cytes of the TCR-oe/3 lineage, and that V38.2 overselection 
represents a special case of a V3-specific interaction with a 
self-antigen. The antigen dependence of IL-2R3 + thymo- 
cyte selection is reminiscent of the recently described "posi- 
tive selection" of intraepithelial lymphocytes with a trans- 
genic HY + Db-specific TCR, which, unlike mainstream 
intrathymic repertoire selection, requires expression of both, 
the MHC restriction element and the antigenic peptide (34). 

At which stage along the maturation pathway of IL- 
2 R B + o e / 3  - T cells is IL-2R3 expression induced? The het- 
erogeneous phenotype of IL-2R3 + cells suggests that this 
may happen at more than one stage. With regard to the 
CD4-  8- subset, demethylation of the CD8oe gene has been 
taken as evidence for prior CD8 expression at an immature 
CD4-8  + stage or at the subsequent CD4+8 + stage (35). 
This would fit with the previous description of CD4+8 + 
thymocytes within the Ly6C subset and our present findings 
that ~o 10% of IL-2Roe- 3 + thymocytes are TSA-1 + HSA + 
CD4 + 8 + cells. It is also in line with the rapid induction of 
IL-2R3, but not oe mRNA, and concomitant downregula- 
tion of CD4 and CD8 molecules after in vitro cross-linking 
of the TCR-oL/3 on rat CD4 +8 § thymocytes (9, 36). On 
the other hand, direct in vitro differentiation of TCR + 
CD4-  8-  cells from HSA + CD3-  4- 8- precursors via an 
HSA + CD3 + 4- 8 - intermediate without transitional expres- 
sion of CD4 or CD8 has recently been demonstrated (37). 
In support of this scheme, we observed that about one third 
of ot/B-TCR+HSA+IL-2R3 + thymocytes in C57BI/6 mice 
express neither CD4 nor CD8 and may thus be the in vitro 
correlate to this CD4-  8- intermediate stage described (data 
not shown). 

The functional importance of IL-2R3 expression on thy- 
mocytes with self-specific receptors remains unresolved. 
Clearly, as shown by the presence of equivalent numbers of 
IL-2R3 + thymocytes in IL-2-deficient mice and their wild- 
type littermates, IL-2 is not required for their generation. 
This is in line with the observation by Takeushi et al. (5) 
that blocking anti-IL-2R3 mAb did not prevent the appear- 
ance of TCR-a/3+IL-2R3 + thymocytes both in fetal thymic 
organ culture (FTOC) and in vivo. On the other hand, these 
authors observed an expansion of this subset when IL-2 was 
included in FTOC, suggesting that the I L - 2 R  expressed are 
functional. Since in suspension culture, IL-2 per se does not 
have this effect (our own unpublished observations), TCR 
stimulation by a ligand present in the intact thymus but not 
available in suspension culture may be required for IL-2-driven 
expansion of IL-2R3 + thymocytes in FTOC. The possi- 
bility that IL-23 + thymocytes are, in fact, stimulated in vivo 
is supported by the expression of the activation markers CD44 
and CD69. It seems very unlikely, however, that antigen plus 
IL-2-driven clonal expansion of T C R - o t / 3 + I L - 2 R 3  § 

thymocytes is operative in vivo because: (a) their numeric 
representation is not affected by IL-2 deficiency; (b) their 
major component, the TCR-ot /3+CD4-8 - (20, 24, 38) 
and Ly6C § (23) subsets accumulate slowly with age; and (c) 
at least mature C D 4 - 8 -  thymocytes are virtually devoid of 
cycling cells (39). 

Functional competence of I L - 2 R 3  + thymocytes has been 
demonstrated at least for its T C R - o t / 3 - C D 4 - 8 -  subset, 
which can be stimulated to proliferate (20, 40), produce IL-4 
(41), and exert cytotoxic function (40). It remains to be seen, 
however, if these cells also have a physiological role in the 
control of immune responses. It is important to note that 
I L - 2 R 3  + C D 4 - 8 -  T cells are abundant in the periphery of 
the H-2 kxb mice presently investigated that express a trans- 
genic Kb-specific TCR (data not shown). Since neonatal 
thymectomy prevents their accumulation (42), it appears that 
these cells can migrate to the periphery. If, as we assume, 
such IL-2R3 + thymocytes with self-specific receptors are 
also retained in the immune system of normal mice, their 
subsequent activation could lead to autoimmune disease. Al- 
ternatively, their function could be to suppress anti-self re- 
sponses of T cells having undergone mainstream repertoire 
selection. Either scenario could be of relevance to the im- 
munopathology that develops with age in IL-2-deficient mice. 
The unchecked lymphoproliferation (43, 44) and massive 
inflammation of the colon along with the formation of au- 
toantibodies (44) points to a malfunctioning of counter- 
regulatory mechanisms in these animals. The abnormal pheno- 
typic composition of IL-2R3 + thymocytes in IL-2-deficient 
animals, i.e., the increased production of CD4-CD8c~/3 + 
at the expense of C D 4 - 8 -  cells may thus contribute to the 
development bf the lymphoproliferative syndrome of IL- 
2 - / -  mice. 

1634 Selection of I1-2R3 + Thymocytes 



We thank Dr. I. Horak for IL-2 - / -  mice; Drs. B. Arnold and A.-M. Schmitt-Verhulst for TCR- 
transgenic mice and the Desir6e-1 mAb; and Drs. Tanaka and Miyasaka for mAb TM-/31. 

This work was supported by grant Hu 295/4-2 from the Deutsche Forschungsgemeinschaft, by the Human 
Frontiers of Science Project Organisation (HSFPO), and by Fonds der Chemischen Industrie. 

Address correspondence to Dr. T. H~nig, Institute of Virology and Immunobiology, University of W/irz- 
burg, D-97078 Wiirzburg, Germany. 

Received for publication 28 April 1994 and in revised form 27 June 1994. 

References 
1. Tanignchi, T., and Y. Minami. 1993. The IL-2/IL-2 receptor 

system: a current overview. Cell. 73:5. 
2. Takacs, L., H. Osawa, and T. Diamantstein. 1984. Detection 

and localization by the monoclonal anti-interleukin 2 receptor 
antibody AMT-13 of Ib2 receptor bearing cells in the developing 
thymus of the mouse embryo and in the thymus of cortisone 
treated mice. Eur. J. ImmunoL 14:1152. 

3. Raulet, D.H. 1985. Expression and function of interleukin-2 
receptors in immature thymocytes. Nature (Lond.). 314:101. 

4. Ceredic, R., J.W. Lowenthal, M. Nabholtz, and H.R. Mac- 
Donald. 1985. Expression of interleukin-2 receptors as a 
differentiation marker on intrathymic stem cells. Nature (Lond.). 
314:98. 

5. Takeuchi, Y., T. Tanaka, K. Hamamura, T. Sugimoto, M. 
Miyasaka, H. Yagita, and K. Okomura. 1992. Expression and 
role of interleukin-2 receptor B chain on CD4-8-  T cell 
receptor c~/~/+ cells. Eur. J. Immunol. 22:2929. 

6. Hatakeyama, M., H. Mori, T. Doi, and T. Taniguchi. 1989. 
A restricted cytoplasmic region of IL-2 receptor ~ chain is es- 
sential for growth signal transduction but not for ligand binding 
and internalization. Cell. 59:837. 

7. Schorle, H., T. Holtschke, T. Hfinig, A. Schimpl, and I. Horak. 
1991. Development and function of T cells in mice rendered 
interleukin-2 deficient by gene targeting. Nature (Lond.). 352:621. 

8. Takeshita, T., H. Asao, K. Ohtani, N. Ishii, S. Kumani, N. 
Tanaka, H. Munakata, M. Nakamura, and K. Sugamura. 
Cloning of the 3/chain of the human IL-2 receptor. Science 
(Wash. DC). 257:379. 

9. Park, J.-H., Ik. Mitnacht, N. Torres-Nagel, and T. H~inig. 1993. 
T cell receptor ligation induces interleukin (IL) 2R/3 chain 
expression in rat CD4,8 double positive thymocytes, initiating 
an IL-2-dependent differentiation pathway of CD8~ +/B- T 
cells. J. Exp. Med. 177:541. 

10. Gabert, J., C. Langlet, R. Zamoyska, J.R. Parnes, A.-M. 
Schmitt-Verhulst, and B. Malissen. 1987. Reconstitution of 
MHC class I specificity by transfer of the T cell receptor and 
Lyt-2 genes. Cell. 50:545. 

11. Auphan, N., G. Sch6nrich, M. Malissen, M. Barad, G. H~im- 
merling, B. Arnold, B. Malissen, and A.-M. Schmitt-Verhulst. 
1992. Influence of antigen density on degree of clonal deletion 
in T cell receptor transgenic mice. Int. Immunol. 4:541. 

12. Tanaka, T., M. Tsudo, H. Karasuyama, F. Kitamura, T. Kono, 
M. Hatakeyama, T. Tanignchi, and M. Miyasaka. 1991. A novel 
monoclonal antibody against routine IL-2 receptor ~/-chain. 
Characterization of receptor expression in normal lymphoid 
cells and EL-4 cells, j. Immunol. 147:2222. 

13. Hua, C., C. Boyer, M. Buferne, and A.-M. SchmittoVerhulst. 
1986. Monoclonal antibodies against an H-2K b specific cyto- 

toxic T cell clone detect several clone-specific molecules.J. Im- 
munol. 144:1937. 

14. Staerz, U.D., H.-G. Rammensee, J.D. Benedetto, and M.J. 
Bevan. 1985. Characterization of a murine monoclonal anti- 
body specific for an allotypic determinant on T cell antigen 
receptor. J. Immunol. 134:3994. 

15. Unkeless, J.C. 1979. Characterization of a monoclonal anti- 
body directed against mouse macrophage and lymphocyte Fc 
receptors. J. Exp. Med. 150:580. 

16. Crispe, N., and M.J. Bevan. 1987. Expression and functional 
significance of the J11d marker on mouse thymocytes, j. Ira- 
munol. 138:2013. 

17. Godfrey, D., M. Masciantonio, C.L. Tucek, M.A. Malin, R.L. 
Boyd, and P. Hugo. 1992. Thymic shared antigen-1. A novel 
thymocyte marker discriminating immature from mature thy- 
mocyte subsets. J. Immunol. 148:2006. 

18. Budd, R.C., J.C. Cerottini, and H.R. MacDonald. 1987. Selec- 
tively increased production of interferon-gamma by subsets of 
Lyt-2 § and L3T4 § T cells defined by expression of Pgp-1. J. 
Immunol. 138:3583. 

19. Swain, S.L., A.D. Weinberg, and M. English. 1990. CD4 § 
T cell subsets. Lymphokine secretion of memory and of effector 
cells that develop from precursors in vitro.J. Immunol. 144:1788. 

20. Fowlkes, B.J., A.M. Kruisbeek, H. Ton-That, M.A. Weston, 
J.E. Coligan, R.H. Schwartz, and D.M. Pardoll. 1987. A novel 
population of T-cell receptor c~-bearing thymocytes which 
predominantly express a single V~ gene family. Nature (Lond.). 
329:251. 

21. Budd, R.C., G.C. Miescher, R.C. Howe, R.K. Lees, C. Bron, 
and H.R. MacDonald. 1987. Developmentally regulated ex- 
pression of T cell receptor/3 chain variable domains in imma- 
ture thymocytes. J. Exit Med. 166:577. 

22. Wilson, A., T. Ewing, T. Owens, R. ScoUay, and K. Shortman. 
1988. T cell antigen receptor expression by subsets of Ly- 
2-L3T4- (CD4-CDS-) thymocytes. J. Immunol. 140:1470. 

23. Takahama, Y., S.O. Sharrow, and A. Singer. 1991. Expression 
of an unusual T cell receptor (TCR)-V~ repertoire by Ly-6C § 
subpopulations of CD4 + and/or CD8 + thymocytes. Evidence 
for a developmental relationship between Ly-6C § thymocytes 
and CD4-CD8-TCtLc~ § thymocytes.J. Immunol. 147:2883. 

24. Takahama, Y., A. Kosugi, and A. Singer. 1991. Phenotype, 
ontogeny, and repertoire of CD4- CD8- T cell receptor cg~ + 
thymocytes. Variable influence of self-antigens on T cell receptor 
VB usage. J. Immunol. 146:1134. 

25. Shortman, K., A. Wilson, M. Pearse, P. Gallagher, and R. 
Scollay. 1988. Mouse strain differences in subset distribution 
and T cell antigen receptor expression among CD4-CD8- 
thymocytes. Immunol. Cell Biol. 66:423. 

1635 Hanke et al. 



26. Auphan, N., A. J6zo-Br6mond, G. Sch6nrich, G. H~mmer- 
ling, B. Arnold, B. Malissen, and A.-M. Schmitt-Verhulst. 1992. 
Threshold tolerance in H-2Kb-specific TCR transgenic mice 
expressing mutant H-2Kb: conversion of helper-independent 
to helper-dependent CTL. Int. Immunol. 4:1419. 

27. Hayakawa, K., B.T. Lin, and R.R. Hardy. 1992. Murine thymic 
CD4 + T cell subsets: a subset (Thy0) that secretes diverse 
cytokines and overexpresses the V/~8 T cell receptor gene family. 
J. Exp. Med. 176:269. 

28. Ballas, Z.K., and W. Rasmussen. 1990. NKI.1 + thymocytes. 
Adult murine CD4-,  CD8- thymocytes contain an NKI.I+, 
CD3 +, CD5 hi, CD44 hi, TCR-V beta 8 + subset. J. Immunol. 
145:1039. 

29. Bendelac, A., N. Killeen, D.R. Littman, and R.H. Schwartz. 
1994. A subset of CD4 § thymocytes selected by MHC I mol- 
ecules. Science (Wash. DC). 263:1774. 

30. Kisielow, P., H. BRithmann, U.D. Staerz, M. Steinmetz, and 
H. von Boehmer. 1988. Tolerance in T-cell receptor transgenic 
mice involves deletion of nonmature CD4+8 § thymocytes. 
Nature (Lond.). 333:742. 

31. von Boehmer, H.,J.  Kirberg, and B. Rocha. 1991. An unusual 
lineage of c~/3 T cells that contains autoreactive cells.J. Exp. 
Med. 174:1001. 

32. Sha, W.C., C.A. Nelson, R.D. Newberry, D.M. Kranz, J.H. 
Russell, and D.Y. Loh. 1988. Positive and negative selection 
of an antigen receptor on T cells in transgenic mice. Nature 
(Lond.). 336:73. 

33. Bix, M., M. Coles, and D. Raulet. 1993. Positive selection 
of V38 § thymocytes by class I molecules expressed by hema- 
topoietic cells. J. Exp. Med. 178:901. 

34. Rocha, B., H. von Boehmer, and D. Guy-Grand. 1992. Selec- 
tion of intraepithelial lymphocytes with CD8 c~/a co-receptors 
by self-antigen in the murine gut. Proc. Natl. Acad. Sci. USA. 
89:5336. 

35. Wu, L., M. Pearse, M. Egerton, H. Petrie, and R. Scollay. 

1990. CD4-8-  thymocytes that express the T cell receptor 
may have previously used CD8. Int. Immunol. 2:51. 

36. Htinig, T., and R. Mitnacht. 1991. T cell receptor-mediated 
selection of functional rat CD8 T cells from defined immature 
thymocyte precursors in short-term suspension culture.J. Exp. 
Med. 173:561. 

37. Suda, T., and A. Zlotnik. 1993. Origin, differentiation, and 
repertoire selection of CD3+CD4-CD8 - thymocytes beating 
either ol3 or ",/r T cell receptors. J. Immunol. 150:447. 

38. Egerton, M., and R. Scollay. 1990. Intrathymic selection of 
murine TCR o~3 + CD4-CD8-  thymocytes. Int. Immunol. 
2:157. 

39. Egerton, M., K. Shortman, and R. Scollay. 1990. The kinetics 
of immature murine thymocyte development in vivo. Int. Im- 
munol. 2:501. 

40. Howe, R., T. Peddrazzini, and H.R. MacDonald. 1989. Func- 
tional responsiveness in vitro and in vivo ofer T cell receptors 
expressed by the B2A2 (JllD)- subset of CD4-8-  thymo- 
cytes. Eur. J. Immunol. 19:25. 

41. Zlotnik, A., D. Godfrey, M. Fischer, and T. Suda. 1992. 
Cytokine production by mature and immature CD4-8-  T 
cells: alpha/beta T cell receptor + CD4-8-  T cells produce 
IL-4. J. Immunol. 149:1211. 

42. Sch6nrich, G., J. Alferink, A. Klevenz, G. Ktiblbeck, N. Au- 
phan, A.-M. Schmitt-Verhulst, G.J. H~immerling, and B. Ar- 
nold. 1994. Tolerance as a muhi-step process. Eur.J. Immunol. 
24:285. 

43. Schimpl, A., H. Schorle, T. Htinig, I. Berberich, and I. Horak. 
1992. Lymphocyte subsets and immunoreactivity in II,-2 
deficient mice. In New Advances on Cytokines, Vol. 92. S. 
Romagnani, T.R.. Mosman, and A.K. Abbas, editors. Raven 
Press, New York. 87-95. 

44. Sadlack, B., H. Merz, H. Schorle, A. Schimpl, A. Feller, and 
I. Horak. 1993. Ulcerative colitis-like disease in mice with a 
disrupted interleukin-2 gene. Cell. 75:253. 

1636 Selection of I1-2R/~ + Thymocytes 


