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Thymic Requirement for Clonal Deletion During 
T Cell Development 

During T cell differentiation, self tolerance is established in part by the deletion of self- 
reactive T cells within the thymus (negative selection). The presence of  T cell receptor 
(TCR)--@+ T cells in older athymic (nu/nu) mice indicates that some T cells can also 
mature without thymic influence. Therefore, to determine whether the thymus is 
required for negative selection, TCR VS expression was compared in athymic ndnu 
mice and their congenic normal littermates. T cells expressing Vp3proteins are specific 
for minor lymphocyte stirnulatory (Mls') determinants and are deleted intrathymically 
due to self tolerance in Mlsc+ mouse strains. Here it is shown that Vg3+T cells are 
deleted in Mlsc+ BALB/c nu/+ mice, but not in their RALRIc ndno littermates. Thus, 
the thymus is required for clonal deletion during T cell development. 

TH E  TCR REPERTOlKE IS DETER- 

mined through positive and negative 
selection by self antigens in associa- 

tion with major histocompatibility complex 
(MHC) molecules (1). Studies with TCR- 
ap  transgenic mice (2) indicate that both 
processes occur within the thymus. Similar 
evidence has emerged from experiments 
with monoclonal antibodies (MAb) specific 
for individual rnurine TCR V p  proteins (-3-
6 ) . For example, certain T C R  Vp proteins, 
independent of the other components of  the 
receptor, are specific for sclf antigens (for 
example, Mls) in association with particular 
class I1 M H C  molecules (3, 4, 7). It  has been 
demonstrated that T cells expressing these 
Vp proteins are deleted withitl-the tll~&s in 
mouse strains that express the sclf antigens. 
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Whereas most T cell development takes 
place intrathymicallp, some T cell matura- 
tion can also occur extrathymically (8-10). 
Older athpmic nulnu ~iiice develop TCR- 
a@-bearing T cells that arc capable of both 
MHC-specific cytotoxic function and lym- 
phokine production (10). T o  compare tlie 
TCR repertoire of  inbred athymic (nulnu) 
mice with that of euthymic (nu/ i ) control 
mice, we examined lectin-stimulated T cells 
from aged nu/nu lZALKlc and B10 mice, as 
well as normal BALKIc and 1310 mice, for 
the surface expression of various TCR Vp 
proteins (Fig. 1 ) .  

BAI,lZ/c mice express Mls" determinants 
associated with Vp3 deletion (4, 7), and 
E,"Ep"a molcculcs. V p l  1 ' T cells are 
deleted in mouse strains expressitlg E,,Ep 
gene products in association with currently 
undefined non-MHC self antigens (1 1). 
BA1,13/c mice express no self antigens associ- 
ated with Vp8 deletion. Accordingly, the 
lectin-stimulated lZALB/c T cell populations 
contained numerous V p 8 '  T cells, but al- 
nus st 110 Vp3 ' or  V p l  l. ' cells (Fig. l ) .  In 
contrast, Vp3+ and V p l l i  as well as Vp8 ' 

'r cells wcre found in tlie concanavalin A 
(Con A)-stimulated population (Fig. 1, A 
and B) from BALRlc n d n u  micc. N o  V p  
deletions have been found in B10 mice, and 
as shown in Fig. 1, Vp3+,  Vp8+, and 
V p l l  ' T cells wcrc observed in both tlie 
B10 and 1310 n d n u  lectin-activated T cells. 

Thus, B A L M  nu11iu micc, unlike their 
thymus-bearing littermates, fail to delete 
Vp3+ and Vpl  1' T cells (12). However, tlie 
implications of  this result for autoimmunity 
rest largely on demonstrating whether these 
'r cells can respond to antigen stimulation. 
T o  address this important cluestion, we ex- 
arrlined the ability of ndnu-dcrivcd T cclls 
to respond specifically t o  stimulation with 
superantigenic stapliylococcal enterotoxins 
(SE). SI' stimulation appears t o  be mediated 
through the TCR because SE preferentially 
activate T cells expressing particular Vp pro- 
teins (6, 13, 14). T cclls from liormal and 
athynlic mice wcrc activated with staphylo- 
coccal cntcrotoxin E (SEE), A (SEA), or F, 
(SEE). SEB selectively stimulates Vp3+ and 
Vp8+ T cells ( 6 ) , SEA stimulates Vp3+ and 
V p l l  T cells ( h ) ,  and SEE stimulates 
V p l l +  T cells. T micecells from n ~ ~ / n u  
mounted a Vp-specific proliferative response 
when stimulated with SE. SEB-stimulated 
I310 and I310 nu/nu, as well as BALB/c 
liulliu T cell populations were enriched for 
Vp3+ and Vp8+ cells (Fig. 2). However, ever1 
after SEB activation, tlie n o m d  BALBlc 
population, which was highly enriched for 
Vp8 T cells, failed to  express Vp3. 

Analogo~~sresults were obtained on  acti- 
vation with SEA (Fig. 3A). In the experi- 
rrlclit shown, Vp3+ T cclls constituted 36% 
of the SEA-stimulated B A L M  nu/nu TCR- 
ap+ T cclls (15). SEA-activated normal 
BALBIc T cells wcre 1 9 8 %  TCR-(UP+ (Fig. 
3A), but i7ery few wcre Vp3+ (<2%). The 
distinction in V p l l  expression bcnvecn 
BALBIc nu/nu and nu/+ T cells seen after 
Icctin stimulation (Fig. 1 )  was n o  longer 
apparent after SE activation, such that many 
SEE-responsive normal Vp 1 1 + lZA1,Rlc T 
cells were found (Fig. 3R). However, this 
result is consistent with the fact that V p l l  
deletion is often incomplete in E,,Eb mouse 
strains (1I) ,  and SEE activation presumably 
produced a dramatic expansion of tlie resid- 
ual V p l  1 + BALBIc T cells. Noncthclcss, 
V B l l i  T cells from BALKIc nu/nu micc, 
like Vp3+ cclls, also respond spccifically to  
SE. 

In normal mice, clonal deletion appears to  
occur among immature C1>4 ' C1>8+ (dou- 
ble positive) cells (5, 6).TCK-aj3 ' C114 ' or  
C1>8+ nuinu T cells expressing Vp that are 
deletcd in their nu/+ counterparts might 
therefore develop directly from 
C1>4-CD8- precursors. Alternatively, they 
could arisc from CD4 ' C D 8  ' cells. but tllc 
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Fig. 1. (A) Flow cytometry analys~s of TCR 
Vp expression ~n lect~n-st~mulated pcr~phcral 

A 
nu/+ 

T cells from BALBlc nulnu, BALBlc, B10 
n~dnu, and B10 mlce Inbred ndnu  mlce 
greater than 6 months of age were obtalned 
from the Nat~onal Inst~tutes of Health, con 
trol mlce were purchased from the Jackson 
Laboratory (Top) BALBIc ndnu  and normal 
T cells, (bottom) B10 nulnu and normal T 
cells T cells were pur~fied from the lymph 

$ 
E, 

Z 
2 

BALBlc ConA 
T cells 

nodes and spleen of SIX mlce In each group by B10 ConA 
passage over nylon wool columns and then 
cultured In complete med~um for 4 days w ~ t h  

T cells 

Con A (2 5 ~ g l m l )  and recomb~nant human 
mterleulun-2 (50 Ulml, Cetus) V~able T cell 
blasts were ~solated after centr~fugat~on over 
Lympholyte-M (Cedarlane Labs ), sta~ned B 

log,, green fluorescence 

wlth e~thcr 
(F1TC)-labeled 

fluorescc~n ~soth~ocyanate 
KJ16-133 [antl-Vp8 1 + Stram VB 

Percentage of T cells 
nu/nu nu/+ 

Vp8 2 (24)], RR3-15 [antl-Vpll (ZZ)], or BALBIc 3 9 2 0 5 
supernatant from the KJ25 hybr~doma [am-  
Vp3 (4)1, and then wlth FITC-labeled goat 

8
11 

19 1
3 0 

3 2  2 
0 8 

antlbod~esto hamster ~mmunoglobul~n (Cap-
pel). Flow cytometry analys~s was performed 
on a B-D Dual Laser 440 Interfaced to a PllP 

B10 3 
8

11 

4 3 
4 1
1 7  

6 7 
23 0
8 1 

11124 computer Data were collected on 
50,000 v~able cells (25) Dashed l~nes represent stalnlng w ~ t h  ~rrelcvant control MAb (6)Percentage of 
T cells expressing ~ n d ~ v ~ d u a lTCR Vp protelns relatlve to the total number of CD3+ cells exam~ned The 
percentage of Vp+ cells In relat~on to total TCR-a@+ cells 1s somewhat underpresented for the ndnu  
relative to the nu/+ cell populat~ons because a hlgher percentage of Cll3+ nulnu T cells are TCR-(UP 
negatlve 

negative selection of double positive T cells 
might require an appropriate thymic envi- 
ronment. 

The maturation of self-reactive VB-ex- 
pressing T cells has also been observed after 
the administration of cyclosporine A (CSA) 
to developing T cells in vivo (Ih), or after 
neonatal thymectomy (NTX) (17). Thus, by 
several independent approaches it appears 

nulnu n u l t  

log,, green fluorescence 

Fig. 2. Expression of Vp3 and Vp8 by SEB- 
stimulated T cells from nu/nu and nu/+ mice. In 
this and subsequent experiments, the nu/+ litter- 
mates of the nulnu mice were used as the control 
euthymic animals. (Top) BALBlc nu/nu and 
nu/+ T cclls; (bottom) B10 nu/nu and nu/+ T 
cells. T cells were stained with MAbs to Vp3 or 
Vp8. Dashed lines indicate staining with ir-
relevant MAb. Approximately 2 x 107 nylon 
wool purified splenic and lymph node T cells from 
six mice in each group were cultured for 4 days 
with SEB (10 pglml; Sigma) plus 3 x 10' irradi- 
ated (2000 rad) T cell-depleted syngeneic spleen 
cells in a total volume of 50 ml. Cells were then 
further expanded in fresh medium with interleu- 
kin-2 (100 Ulml) for an additional 3 days. Viable 
T cell blasts wcre isolated and stained as in Fig. 1. 

that the disruption of normal thymic func- 
tion interferes with the induction of self 
tolerance by clonal deletion. Because both 
CSA-treated and NTX mice frequently de- 
velop autoimmune disease (16, 37), it has 
been inferred that the nondeleted Vp-ex- 
pressing T cells have a causal role. However, 
the filnctional reactivity of the potentially 
autoreactive Vp+ T cells has not yet been 
assessed directly (16, 17). 

Hodes and colleagues (18) similarly re- 
port that T cells from nu/nu mice express 
potentially self-reactive TCR Vp. However, 
in contrast to our observation that a prepon- 
derance of these cells are CD4-CD8+ (for 
example, >80% of the Vp3i SEA-stimulat- 
ed BALBic ndnu  T cells are CD4-CD8' 
(Fig. 3A) (19), they find an equal distribu- 
tion of the undeleted Vp3+ and V p l l +  T 
cells among the CD4+CD8- and 
CD4-CD8 cell subsets. It may be relevant 
that Hodes ct al. examined freshlv harvested 
lymphocytes, whereas our analyses were per- 
formed on lectin or SE-stimulated T cell 
populations. Therefore, the differences in 
the data could reflect the preferential activa- 
tion of CD4-CD8 T cells by lectin and SE, 
or alternativelv the fact that CD4+CD8- 
ndnu T cells are relatively insensitive to 
rnitogenic signaling (20). T o  address this 
latter cluestion, we examined more closely 
the response of CD4' CD8- ndnu  T cells 
to SE (Fig. 4). After SE stimulation of 
ndnu T cell populations, we consistently 
find that 5 to 20% of the responding cells 
that stain brightly for TCR-aP are 
CD4+CD8- (Figs. 3 and 4) (21). More- 

* 
 SEA SEE 

Fig. 3. Two-color flow cytometry analysis of SE- 
stimulated T cells from BALBIc nulnu and nu/+ 
mice. (A) T cells from eight mice were prepared as 
in Fig. 2, except stimulation was performed with 
SEA (1 pglml) (Toxin Technologies). The cells 
wcre stained first with FITC-conjugated MAb to 
TCR-(UP, or MAb to Vp3 followed by FITC- 
conjugated goat antibodies to hamster immuno- 
globulin. After washing, cells wcre stained with 
biotinylated MAb to murine CD8 (Ab 2.43; 
ATCC), and thcn allophycocyanin-labekd avidin 
(Caltag). (8) Analysis of cells stimulated with 
SEE (1 ~ g l m l ) ;  (Toxin Technologies). The cells 
were stained with FITC-conjugated MAbs to 
TCR-ap or Vpl  1, washed, and then stained with 
biotinylated MAb to murine CD4 (GK1.5, 27) 
and allophycocyanin-labeled avidin. 

SEB SEA SEE 

"p8 

Fig. 4. TCR-aP expression in CD4+ BALBlc 
nulnu T cells. Cells from seven mice were stimu- 
lated with either SEB, SEA, or SEE and then 
examined for TCR-ap, Vp8, and CD4 expres- 
sion. Cells were stained with FITC-labeled MAb 
to TCR-ap or Vp8, washed, and then stained 
with biotinylated MAb to CD4 and allophyco- 
cyanin-labeled avidin. 

over, although roughly equal numbers of 
CD4 ' TCR-aP T cells were generated 
after activation of BALBic ndnu  cells with 
SEB, SEA, or SEE, only the SEB-activated 
CD4+ cells were enriched for Vp8 (Fig. 4). 
We have also found that SEA-activated 
CD4+ B10 ndnu  T cells are enriched for 
V p l l  (21). Thus, at least relative to 
CD4-CD8+ nulnu T cells, CD4 tCD8- 
nulnu T cells can respond specifically to SE 
and appear to be functional. 

Another possibility is that because CD4+ 
Vp3+ cells would be predominantly respon- 
sible for Mlsc-specific self-reactivity in 
BALBic ndnu  mice (22), and these mice 
display no obvious signs of autoreactivity, it 
is possible that the CD4+ Vp3 ' cells have 
been selectively inactivated. Functional inac- 
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tivation of T cells without clonal deletion 
has heen demonstrated recently as a mecha- 
nism for establishing peripheral T cell toler- 
ance in vivo (2.3).Thus, during T cell devel- -
opnluit, cells with high-affinity self-reactive 
TCR that escape clonal deletion in the thy- 
t~ius might nevertheless be tolerized periph- 
erally hy the induction of clon~l energy. 
~xperirnents with Va-specific activating 
antibodies would directly address this possi- 
bility. 
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identified as a principal target of a plant alkaloid 20(S)-camptothecin. Significantly 
increased concentrations of this enzyme, compared to that in normal colonic mucosa, 
were found in advanced stages of human colon adenocarcinoma and in xenografts of 
colon cancer carried by immunodeficient mice. Several synthetic analogs of campto- 
thecin, selected by tests with the purified enzyme and tissue-cultore screens, were 
evaluated in the xenograft model. Unlike other anticancer drugs tested, 20(RS)-9- 
anlino-camptothecin (9-AC) induced disease-free remissions. The overall drug toxicity 
was low and allowed for repeated courses of treatment. 

THE ANTITUMOR ACTIVITY OF 2 0 ( q -
cunptothecin, a plant alkaloid isolat- 
ed from Cavnptotheca actrminata ( I ) ,  

was studied in the early 1970s (2).Its water- 
soluble sodium salt, substantially less ett'ec- 
tive than the lactone fort11 (.?), was briefly 
tested in phase I clinical trials. Leukopenia 
was the dose-limiting toxic effect, and hem- 
orrhagic cystitis was the most prominent 
nonhematological coniplication. Since the 
purpose of phase I trials is to establish drug 
toxicity, therapeutic responses were evaluat- 
ed only in some patients. Partial remissions 
were noted in patients with advanced gas- 
trointestinal cancer, which had been refrac- 
tory to other treatments. Further develop- 
ment of camptothecins was hampered by the 

H.  (:. C;io\r.lnella .lnd J. S. Stchlin, 'l'hr Stehlln Fo~lndd- 
tion fix C.lnccr Research, St. Joseph Hospital, Houston, 
' 1 %..7700), , . . . . -. 
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unavailability of compounds with better 
antitumor etFicacy and by the lack of under- 
standing of its mechanism of action. The 
recent demonstration that DNA topoiso- 
merase I is the main, if not exclusive, r-arget 
of camptothecin (4) has revived interest in 
research on catnptothecin ailalogs as anti- 
cancer drugs. Human topoisomerase I, a 
monomeric protein of 100 kl) (5 ) ,acts by 
relaxing supercoiled DNA. Its activity is 
likely to be important for semiconservative 
replication of double-helical DNA and for 
other DNA functions such as traiscription, 
recombination, and chromoson~al decon- 
densation (6).The 20(S)-camptothecin in- 
terferes with the DNA breakage-reunion 
reaction catalyzed by topoisot~lerasesI, by 
trapping a key covalent enzyme-DNA inter- 
mediate termed the "cleavable cornplex" (4, 
7) .  ~~~~i~~~~~~~~I levels are lower in 
normal cells than in cells of chronic Ivm~ho-  

2	 . 


CYtic leukenlia as well as in several types of 
1ymphon:a ( 8 ) .. & 

Hunlarl cancer was selected as a 
school nlodel for solid tumors of epithelial origin, R. Silbcr. .lnd M. PotlursiI, York u ~ ~ ~ ~ . ~ ~ ~ ~ ~ J T  

of Mcdicine, I>ep<~ruments of Medicine and li.~iiiology, becatLse colonic cancer is a major problem in 
.ind Kapldn C.lnce~- Crntcr, Nrw York, NY 10016. clinical oncolohy. One of 25 Americans will 
*To \~ l i o~ i i  shoul~l he .~ddrrsrcd develop thib disease during their ltfetinle (9).cor~erpondrn~c 

SCIENCE, VOL. 246 

http:Uc\,.ln

