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VARIATIONS IN THYMOCYTE SUSCEPTIBILITY TO CLONAL DELETION
DURING ONTOGENY

Implications for Neonatal Tolerance

CHARLES M. ZACHARCHUK.* MLADEN MERCEP.* CARL -1. JUNE,' ALLAN M. WEISSMAN,, AND
JONATHAN D. ASI'IWELL l*

From the *BlologiLal Response Mod fiers Prog, a1. NUtIonWl CaUILef tn It ulL. A ut tnul Institutes of Health. Bethesda. MD
20892. lImmune Cell Biology Program. Naval Meda.al R scari liitatutc. Bttesdu. MD 20889. and 'Experimental

Immunology Branch. National Cancer Institute. National InstiltutC5 of Hlealth. Bethesda, MD 20892

Activation of immature thymocytes via the TCR for cxtraccllular Ca" and new mRNA and protein syn-
results in programmed cell death and clonal dele- thcss. the dUtofragment .Ltn of nuclear DNA into 180-
tion. We have examined thymocytes from mice of lo 200-bp muitim ild prevention of the process by
different ages and observed that, whereas TCR-me- cyclosporine A I
diated signaling caused deletion of thymocytes from Neonatal tuiLcran eV\ classical model of Ag-specific
newborn and 3-week-old mice, it failed to delete toleranc is induced by injectiun of viable allogeneic cells
thymocytes from mice of 1 week of age. This could intu newborn mice (10). If this is done within the first
not be attributed to differences in cell surface TCR day of life. the recipients fail to reject skin grafts from
expression, TCR-mediated phosphoinositide hydrol- the allUgCneti mite -weeks or even nonths later (i.e., are
ysis or Ca 2 mobilization, or total cellular levels of toltiant). ilioutiton of older mice is progressively less
TCR '- and n-chains. Moreover, thymocytes of all ef fctive. Mui e recent.h. it has been shown that injection
ages were equally susceptible to corticosteroid- and of anti-TCR intibodies into young adult mice results in
Ca 21 ionophore-induced programmed cell death. thymocyte deletion by the process of programmed cell
These data are consistent with the notion that fetal death 19). In the present study. anti-TCR antibodies or
and neonatal thymocytes represent a relatively syn- the SE13 superantigen" were used to activate thymocytes
chronous wave of cells passing through phases in from mice of different ages. in an attempt to integrate
which they are susceptible and then resistant to the two experimental models. Surprisingly. although no
TCR-induced programmed cell death. They also sup- difference in TCR-initiated signal transduction was de-
port the notion that the classical phenomenon of tected. the manifestation of clonal deletion varied in a
neonatal tolerance is due to clonal deletion'and that distinctive fashion as a function of ontogeny. The results
the inability of allogeneic cells to tolerize mice at 1 support the notion that the susceptibility of the "imma-
,week of age is because the thymocytes are refrac- ture" thymocyte subpopulation to clonal deletion changes

ry to TCR-afl-mediated clonal deletion. during the course of development and provide a cellular
model for the phenomenon of neonatal tolerance.

For mature T cells, the predominant outcomes of TCR
occupancy include secretion of lymphokines and entry MATERIALS AND METhODS
into the growth cycle. For many thymocytes, however. AfiLe. Tinied pregnant B6 mice were obtained from the Frederick

Cancer Rescaleh Center (Frederick. MD).receptor occupancy leads to clonal inactivation. This Antibodiecand reagents. HamstcrigG was purchased from Jack-
process, known as negative selection, is fundamental to son ImmunoRecearch Laboratories. Inc. (West Grove. PA). H57 is a

the establishment of immune self-tolerance. Two types hamster anti mouse TCR a/f antibody (11l. F23.1 Is a mouse anti-
of inactivation have been observed. clonal anergy and- V08 antibody (12). RR-4-7 is a rat anti-mouse VP6 antibody (13).

Ind 2011I is a hamster anti-mouse CD3-c antibody (14). and OKT3 isa
clonal deletion. Clonal anergy occurs when potentially mouse anti human CD3-t antibod) t15). FITC-GK 1.5 (anti-CD4) (16)L -- autoreactve cells persist but fail to respond tose4f-Ag by and blotinylatcd 2 43 (anti CD8) (17) were kindly provided by Ada
s e y a Krulsbeck (National Institutes of Health. Bethesda. MD). SEB and
secreting lymphokines and proliferating 1-1-3). CIOnal DEX were purchased from Sigma Chemical Co. (St. Louis. MO).

.. deletion is the active eliminatlon of the autorrative cells lonoimntin was purcdaed from Caibiochem (La Jolla. CA).
and, In several experimental systems using thynicytcs. Thymocyte depletion assays Mice were Injected I.p. with control

--.. a te exerest of program m cee hamster IgG or 1157 antibodies In PBS. using a fixed antibody/mousehas been shownptobe the result of programmed cell death weight ratio in a given experiment. Forty-eight hours later, the mice
(apoptosts) t4-6). Some of the hallmarks of activation- were bacrificed, their thymi were removed and made into single cell
induced T cell p~rogrammed cell death are a requirement suspensionc. and viability was determined by trypan blue exclusion.igaPercentage of recovery was expre.sed as the number of thymocytes

in treated vs control animals:

Received for publication January 14. 1991. Average number of viable thymocytes
Accepted for publication April 15. 1991.
The costs of publication of this article were defrayed in part by tue r 100

payment of page charges. This article must therefore be hereby marked Average number of viable thymocytes
advertisement in accordance with 18 U.S.C. Section 1734 solely to Indi- recovered/hamster IgG-treated mouse
cate this fact.

' Address correspondence and requests for reprints to Juxathan . 'Abbreviations used In this paper. SEB. Staphylococcal enterotoxin B.
Ashwell. Biological Response Modifiers Program. Building 10. Room 1.3N- 56. C57BL/6. H57. H57 597.2CI 1. 145-2C1 1. PI. phosphoinosltide. DE;X.
268. NCI, NIH. Bethesda, MD 20892. dexamethasone: (Ca*'I. Intracellular Cal ' concentration.
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For some experiments. timed. pregnant B6 mice were used.- Day 0 "A.
(fetal day 19. the day of birth) pups were Injected-within 24 h of 1.8
birth. To determine the effects of SEB on Vp expression In vitro.
consisting of DMEM supplemented with 10% FCS. 2 mM glutamine.

10 U/ml penicillin. 100 pg/ml streptomycin. 100 gimil gentamicin. " 1.-

0.11 mg/ml sodium pyruvate. 5 x 10" M 2-ME. and 10 mM HEPES "
(complete medium), with or without SEB (30 pg/ml). The thymic 4 1.2
lobes were then cultured on Nucleopore filters supported by Gelfoar i
gelatin sponges (18). After 24 It. the thymric lobes were removed. 4 .
made into single-cell suspensions, cultured in complete medium for
4 to 8 h at 37 0C as described (19). and then analyzed for Vp expres- o"
sion by flow cytometry. A o Fctaldalg

Flow cytometry. To determine CD3 and Vfl expression. 106 0.6"
thymocytes were stained with FiTC-conjugated 1157 or culture 0.4- pa
supernatants (F23.1 and RR-4-7). followed by FITC-labelcd goat ,o
anti-mousc or FITC-goat anti-rat Ig (Jackson ImmunbRescarch 0.2
Laboratories). and analyzed with a FACScan (Bccton-Dlckinson im-
in unocytometric Systems. Mountain View. CA) by using FACScan 0.0
software. To determine CD3. CD4. and CD8 expresslon. thymocytes 0 30 60 90
were stained with FITC-conjugated 2CI or FITC-GK 1.5 plus bioti-
nylated 2.43. followed by phycoerythr!n-avldln (Calblochcm). Time (Min)

Measurement of phosphatldylinosltol hydrolysis. Thymocytcs
were loaded with myo.[ 3 l1inositol (14 Ci/mmolh NEN. Boston. MA) B.
for 3 It at 3700. as described (20). The cells were thoroughly washed 4.0-
and divided Into duplicate groups. at the indicated numbers. In tubes
containing I01 LK 35.2 cells to provide FcR for antibody cross- 3.5 . paso
linking (211. Activating anti-TCR antibodies were added, and at the "z 7
indicated times the cells were lysed. lipids were extracted, and the . .0 3 weks
water-soluble labeled products of Pl hydrolysis were measured by 0
anion exchange chromatography (20;. The mean cpm achieved for C 2.5

each experimental point was divided by the total cpin Incorporated
bv:he cells (yielding percentage of labeled phospholpld). and then . 2.0'
tie percentage of labelcd phospholipid generated In the absence of
iH57 (background) was subtracted, to yield change in percentage of .2
labeled phosphollpid. .8 1.5"

Measurement of ICa2 "*. Determination of thymocyte [Ca2*1, was I
modified from the procedure of Rabinovitch and June (22). Briefly. * 1.0"
thymocyte suspensions were prepared from B6 mice of the Indicated .0
agesand. after a 3-h culture at 37"C In complete medium. 5 x 106 0.5"
cells/ml were loaded with 1.8 ;jM Indo- I (Molecular Probes. Junction
City. OR). In HBSS without phenol red. for 30 min at 30"C. For each o.o C
sample. either HBSS (control) or 20 jg of H57 antibody were added 0.0 0.2 0.4 0.6 0.8 1.0
to 5 x 105 cells in 0.1 ml of iBSS on Ice for several min: cells were
washed once with HBSS and added to 0.5 ml of prewarmed 37"C 1157 1% Supei-atantl
IIBSS containing 50 pg/ml goat anti-hamster igG (Kirkegaard and
Perrv Laboratories. Galthc;sburg. MD). Cells were then analyzed for Figure 1 Thymo tc i157-induced Pl hydrolysis as a function of age.

b fThymocytes from B6 mice. age fetal day 18. day 0. day 7. or 3 weeks.
violet/blue fluorescence emission ratio (395 am/500 nmi. as de- were loaded with myo-13Hlinositol and divided into duplicate groups of 2
scribed. w 106 cells/point (A) or 3 w I06 cells/point (B). In tubes containing 106 LK

Analysis of thymocyte uabdty byflowcytometry. Thymic lobes 35 2 cells A a 1/50 dilution of H57 supernatant was added to the tubes
from B6 mice were removed on different days after birth and cul- at time 0 and at the indicated times the cells were lyscd. iids were
tured as a single.cell suspension In 5-ml tubes (Falcon no. 2058: extracted. and the water-soluble labeled products of PI hydrolysis were
Becton Dickinson. Lincoln Park. NJ) at 2 X 106/ml. in complete measured by anion exchange chromatography. B. the Indicated concen-
medium, with or without the Indicated reagents. After 15 h. cells trations of 1157 supernatant were used to stimulate the thymocytes for
were analyzed in the presence of propidium Iodide (10 pg/ml) with a 75 min. at which time the cells were handled as In A.
FACScan. by using an excitation wavelength of 488 nm and detcc- .
tion at 585 nm: 10.000 events were collected for each data point.
The cells were easily r4csolved into positive and negative populations, natal day 0. and day 7 thymocytes in the presence of
and electronic gates were set accordingly The data are expressed as LIC12 were simifi' (Fig. 1 A). Furthermore, dose-response
the percentage of analyzed cells that did not stain with propidium analysis of thymocytes from day 0 and day 7 revealed
Iodide (viable). The numbers in parentheses represent (percentage
of unstained cells In ca.h treatment group/percentage of unstained that, if anything. day 7 cells responded a bit better to
cells in cultures with medium alone) x 100. stimulation with H57 (Fig. 1B). PI hydrolysis was slightly

greater with thymocytes from 3-week-old mice (perhaps
RESULTS reflecting the accumulation of single-positive thymo-

TCR mediated signal transduction at different days cytes), although the dose-response curves were Identical.

of development. Inoculation of newborn mice with allo- Second, H57-lnduced Increases In ICa 2 ], were measured.

geneic cells is superior to inoculation of 1-week-old mice Two parameters were quantitated, the time course of the

In terms of the induction of long term tolerance (10). One Increase and the mean Increase In iCa2 "i. Thymocytes
possible explanatloa for this Is that the signal transduc- from day 0. 1 week, and 3 weeks behaved In an identical
tion pathways are quantitatively or qualitatively different manner. The majority of cells In the three groups re-
between thymocytes of varying ages. To test this possi- sponded to H57 and did so with a unimodal increase in
bility. early signal transduction events were assessed In (Ca2

1], (data not shown). All groups responded rapidly and "',
thymocytes from mice of different ages. First, the hy- with equal plateau values (Fig. 2). Thus, no significant,ill'
drolysis of PI to inositol phosphates In response to TCR differences were found In at least these two signal trans-
cross-linking by an anti-TCR-af mAb, 1-157, was exam- duction pathways during ontogeny.
ined In 136 thymocytv., (Fig. 1). The kinetics of total Injection of anti-TCR antibody and thymocyte recov-
Inosltol phosphate production by both fetal day 18, neo- cry. A relatively late event, and one more directly relevant
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a-TCR Stimulation Flow cytometrlc analysis of CD4, CD8, and CD3 expres- -
sion of thymocytes from 3-week-old mice demonstrated

,00 that treatment with 1157 caused preferential deletion of
R00 A I'. the CD4 CD8 (double-positive) TCR 'Ow cells, with rela-

C tive enrichment (1.5- to 2-fold) of the CD4 CD8- (single.
S' - Daoy 0 positive) TCRhgh cells (Fig. 4). Although not demonstrated

+ -D-a 7 well in this experiment, in other experiments CD4- CD8*
Day 21 cells were also enriched by this treatment. Note that, by

& taking absolute cell number into account when compar-
100 ing the experimental and control groups, we found that

,0~ 9- -2a - ,------ . ,anti-TCR treatment predominantely affected the double-0- sec) positive cells. In three independent experiments, treat-ment with 1157 caused a 60% decrease in total cell recov-
Figure2. ThyrnocyteCa 2" riobilizatlon as a function of. gc O)cteruii- cry. In these experiments, there was a 65% decrease in

,nation of thymocyte [Cal, with Indo. I was performed as described in
Materials and Methods. The omt~i-s bahiruirc iwl., depited (ii the ab.- the absolute number of double-positive cells but only a
setssa represents cells that %%crc l,.,ded ith redo I inh t cIt ia uLibtcd 35% decrease in the number of single-positive cells.
with IIBSS. not 1157. before the addition of the goat anti-ianister anti- Given that double-positive cells are the precursors of
body. Thc curves after the gap reflect the [Ca

2 'l, levels measured after
placement of the antibudy treatt-oau+ the liu iytometct mm ia %%as single-positive cells, at least some of the decrease in the
done appiroximately 10 s after tht ,iddiion of de goai ... a i,,mn'-i. latter is likely due to fewer cells being available to enter
antibody). Note that In this short time tliceclls from all groups responded the single-positive population, rather than due to a direct
at near maximallevels. effect of anti-TCR antibody on the survival of single-

TABLF I positive cells. Whether the H57 treatment directly caused
Thymocyte depteton bi ati ,I antibodies after Iirth' the loss-of any single-positive cells is unknown. These

:irrio ,ter .or n results are in agreement with organ culture studies, in
Expt. Day0 Week Jwcck, which anti-CD3 antibodies were also found to primarily

log II) lilt, kill double-positive thymocytes (5). In another fetal organ
1 46(41 89131 NI) culture system. 157 was shown to delete -50% of TCR' ° *
2 56151 110(31 ,M) thymocytes and virtually all TCRh'ih cells (19). The data
3 59(81 83(1 NI)
4 ND N) 37(281 in the present study are consistent-with the notion that
5 ND 104151 68151 TCR"'" cells are actually at least relatively resistant to
6 43(53 104(31 36131 direct deletion but. when antibody is administered early

Mean 51 97 17 in organ culture, their appearance is prevented by dele-
0B6 mice on day 0 (day of birthl or .1t I or 3 weeks .fer tuugh were tion of their TCRIOc ' precursors.

Injected lp with 1157 (lOig/g of mr-use weight in experiments I ; .ind Treatment of thymocytes in organ culture twith SEB.
6: 5 ugfg of mouse weight in experimelts 2. 4. and 51 or equivalent
amounts of hamster IgG rontrol dMAbdy diluted in 111$' Alter *1 h. I was formally possible that the change il the suscepti-
thyml were harvested, and %lable thnmoc)te rec.ucer, b, ti ,t,,ta.,tcd bilityto deletion was not a property intrinsic to the thy-
with trypan blue dye and light microscopy n. number ol mice in each mocytes themselves but was somehow the resul, -of
group. changes in accessibility of the thymocytes ? • -.-
to the process of tolera.ice induction. is the acttlton- (ILe.. across a putative blood-thymus barrier) o tiorp-
Induced clonal deletion of thy mocytes by apuptol, 15j. macokinetics of injected 1157. To avoid the potential com-
To determine how this response might ,ary i,.t fuctil I plications that might be introduced by using antibodies
ofrage, B6 mice were injected with H57 lthich ih, been in vivo. we made use of a "superantgen" that reacts with
shown to delete a subset of ,, immature thn iluttL, i the majority of members of particular V,3 families and
fetal thymic organ culture) (19) or d hamster lgu Lu[Il causes 'hymucytc programmed cell death and clonal dele-
on day 0 (day of birth) or 1 week or 3 weeks after birth. tion (6. P). SEB is recognized by TCR that contain Vfl3.
Thymocytes were collected 48 h later and analyzed for Vt37. or Vi8. exposure of thymocytes to SEB in vivo or in
viable cell recovery (Table 1). Inoculation on the day of vitro specifically deletes thymocytes bearing these TCR
birth reproducibly resulted in about a 50% dc reise in (24). Thymlc lobes from day 0 or day 7 B6 mice were
viable cell yield, whereas inoculation 7 da.s Liter had placed in tissue culture m-the presence or absence of
little effect. Interestingly. and in agreement iuth a prc- SEB. After ocrnight incubation, a cell suspension was
vious report using the anti CD3 antibody 2C 11 j9). at 3 made and expression of V08 or V#6 was assessed by flow
weeks of age the injection of H57 once more rcsulted m cytometry (Fig. 5). SEB caused a substantial decrease In
a substantial reduction In cell yield. In indcperdcit ex- the number of Vf,8" thymocytes when added to day 0
periments, the Injection of similar amounts of ain dnti-li- thymic lobes. As expected, there was a reciprocal In-
2 b mAb had little effect upon thymnoc)te recoery In micc crease in the fraction of SEB-resistant Vi6" thymocytes.
at any of these ages (data not shown). In contrast. SEB had little effect on tile fraction of Vl8+

The difference between the response of day 0 and day cells and caused virtually no Increase in Vfl6* cells in day
7 mice could not be explained on the basis of surface 7 thymlc lobes. These results were reproducible. with
TCR expression, because thymocyte cell surface TCR similar results being obtained In three Independent ex-
levels were similar between these two groups. except for periments (avcrage of 37% reduction of Vfi8* thymocytes
a slightly greater number of TCR 9 ' cells on day 7 (Fig. on day 0 and 6% reduction of V#i8' thymocytes on day 7).
3). Even In young adult mice. the large majority of thy- as well as in experiments In which SEB was Injected into 4
mocytes were TCRW (there was no discernable differen.e BI0.A mice (our unpublished data). These results, gen-
In the TCR staining profiles between 3 and 6 weeks). crated In an In vitro system with a superantigen, together
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Day 0 Day 7 6 Weeks

type as a function of age. Thymocytcsigr3.Tycyeufaepco V
from 836 mice were harvested on day 0.
day 7. or 6 weeks after birth. stained with
either FITC-coupicd OKT3 (anti-human U
C03 .... ) or FITC-coupled 1157 (-). V
and analyzed on a FACScan. too 10' 0 10 30 to' 100 30' 10' 10 3 14 10' 10 , 10' $0 10~ 4

Log Fluorescnce Intensity

A.- Hmter IgG B. 1157

001110 5 9 ~ to I0t I' 10' 2010'30 in"~ to 10vp 10 i vIn'

to 100 20' II0 20 30' i" 10 100 so I

Log Fluorcsence intensity (2C 1) Z-

Q. Hamster 18G D. 1157

10. 10, lo to n o 0

Log Fluioresence intensity

-Figiurc5. Thymoytc Vil expression after expsosure to SEE). Thymic
lobes from 136 mice were harvcsted on day 0 or day 7 after conception

cD4 and cultured Ii complete medium alone I- - -- or complete medium plus
Fgr4.Depletion of immature thymocytes after in vivo treatment SEB at a final concentration of 30 pg/mi (-I After 241 It. thyinocyte cell

wihu115. Thc-ckodB iewr netdwt 0p lhmtrsuspensions werepreparcd.culturcd at 37*Cfor 8 Ittoliow% re ex.pression)
ith (A57 Th Cre-week-od D) ice.ad4 t a hm were inetdreh5 1hmster. of modulated receptors (19). and stained with F23.1 or fR-4 7 culture
mg and Ctor!7 (Bgl i aupnsionsp. and 48 hlaer tbyi flw etr fnore supernatants followed by FITC-goat anti-mouse or FITC goat anti rat Ig.
mdexiptessinlecl (upsos and anlye by flo -. ICOT:- TCytI oery br respectively Control staining was done with the FITC labeld second

and D8 xprssin (CandDl.Not tha H5 an 2C I d no crss-antibody alone The clls were analyzed as in Figure 3. Tile percentage

block one another when used for staining cells (our unpublished obser- ndces l ,8 hmc~sws4%(a ln 7v(a 1 hra
vations). The percentage of total thymocytes in each quadrant is Indi- t7ercpoa nces nV6tymctsws2.(dy0 n %(a
cated. H57 treatment produced a 49% reduction In viable thymolcyte 1
recovery In this experiment. TABLE 11

with the data obtained from the In vivo injection of an Thymnocyie gepletion by reagents that bypass thle TCW'
XV. *vinblechymocytes tlanti-TOR antibody, Indicate that thymocytes are more Treatment Corieentrati n -___________

susceptible to activation-induced clonal deletion on the Day 0 1 Week 3 Weeks

day of birth (and 3 weeks later) than, 1 week after birth. &tedium 57(100%1 74 (100%1 74(100%)
Induction of programmed cell death by TCR-indc- DEX 109 NI 49(86%) 68(92%) 68(92%)

10-9 NI 23(40%) 42 (57%) 39(53%)
pendent reagents. To determine whether susceptibility lo 'M 12 (2M%) 24 (32%) 27(36%)
to clonal deletion is dependent on the type of stimulus. lonomycln 0 1 Uhlt 43 I75%) 62(84%1 65188%)

0,33 pNI 26 (467*) 41 (55%1 44 (59%)
thyinocytes were tested for their response to two reagents 1.0 PM 9 (16%) 10(14%) 12(16%)
that have been shown to cause thymocyte apoptosis. a 'Thymic lobes from 136 mice on day 0 (day of birth) or at I or 3 weeks
corticosterold. DEX. and a Ca 2 4

, lonophore. lonomycln (4. after birth were rci,usved. cultured as a singic-cci 5uspensown for 15 It
5 r2*11 and then analyzed for viability with a FAC~can. as described in Materials5.25). In fact, the elevation of [Ca~i that is caused by and Methods. Thcdata arc exprcsscdaishe percentageoranalyzed cells

either TCR-medlated activation or Ionomycin has been that did inot stain witlh propidium iodide lviabici. I ie numbers in paren-
proposed as a critical event In activatIon-induced cell theses rc1,resent (pent cniage of unstained . cllb Ii caclh treatment group,

death (26). To quantify the survival of these cells after a prctgotnticclsnutrsiltitlmiocx10

15-h culture, viability was determined by using flow tible to killing by DEX and lonomycin. and with similar
cytometry to measure the exclusion of propidlum Iodide dose-response relationships. Analysis of parallel samples
(Table 11). Although thymocytes from day 0 mice were by agarose gel electrophoresis demonstrated that the
somewhat less viable In medium alone, the majority Of treatments that caused increased propidium iodide up-
cells from all groups survived In the absence of any take also resulted In the appearance of the typical DNA
stimulus. Thymocytes from mice of all ages were suscep- fragment -step ladder" that is characteristic of apoptosis
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* (data not shown) Thus, the deletwonally refrac-tory, state other experiments. injection of SEB into young adult mice
of day 7 thymocytes does not appear to refIlc changes does not lead to the acute deletion of VP8* cells. wvhereas
In the endogenous autolytic machinery. beCAUse two wvell incubation of thym from 5-wcck-oild mi(c with SEB in

* defined and Independent means uf inducing apuptosis an organ culture system does (our unpublished obsei-.a-
were equally efficient in-all groups. Lions), supporting the notion that it is the complexity of

Because of the recent obseratiun that antigicI s1.im1- the peripheral mature T cell response that prevents the
ulation of T cell hybridomas that. du nut express the TCR- experimentally induced clona! deletion of thiyimocytcs
; subset was ineffcctive at inducing programmed cell from older mice.

death (27). the examination of TCR-s and -ri expression The question of why the ability of TCR-mediatcd stim-
in neonatal thymocytes uas undertaken. By using either ul to cause clonal deletion varies in an Alternating fash-
SI nuclease protection of mRNA or immunoblotting of ion after birth remains to be answered. An attrat-tive
anti -- precipltable proteins %%ith in anti ' spC-ifIt. anti- hypothesis is that maturing thymocytes go through ai
serum, we were unable to detCt any) miarked differences stage at which they can be easily deleted and that fetal
in TCR- ;, or TCR- q expression bi tw ecn tIm liuc ULtes from and early neonatal thymocytes represent a relatively sy ii-
day 0 and 1 --week- and 3-%%eck Uld mlic (data not shown). c-hronous wave of cells expressing this phenotype. Con-

sistent with this possibility, discontinuous murine thy-
DISCUSSION mocyte growth and accumulation have been noted in the

The pattern Of susCptibilit% of thlymIUcytes to activa- perinatal period (36). By 3 weeks after birth, new thy
tiun induced depletion in early *f( Is [rcmarkably simiilar mocyte precursors have presumably entered thle thyinus
to that for neonatal tolerance I IU. 28. 2 9j and supports and, thereafter, at any given time, there will be asyn-
an Important role fur dlonai dcItaoii III thisphenomenon. Lchronously developing cells. among which a subset %%Ill
In the original studies. indiuidual fetUsesb were injected be susceptible to clonal deletion. Based upon studies iii
with allogeneic clls irn uterudild chllenged b to 8 weeks organ culture, it has been suggested that there arc twou
after birth with allogencL bski grftS. It was found that, populations of aft TCROW thymocytes. one susceptible: to
the earlier thle injction, thle better thle tolerance. In fact, deletion by anti-aft and one resistant (19). If so. then iii
injection Oil or before fetal daib a~ e~ tile best results, the relatively synchroni/ed day 7 thymocytes the sensi
With Iinjction after birth bing. p~rugressitecI less effec- ti'~e population may either have already been deleted or
fivc. Because of tile tCciikIcaa d.1ficultV ol injcting cirn- have matured to the resistant state. Regardless. the data
bryos. the phenomenon of mieoi dtal tolerac has been demonstrate that all -immature- thymocytes (i.e.. TCR -'
studied almost ecl_usviNel iniimc injec-ted within the CD4* CD8*) are not equally sensitive to TCR aj-ediated
first 24 h of life, the relatic Lai o,1-f Cff Icac_ being offset, elonal deletion and that the ratio of those that are sus
by thle i1jctionl of rclati'ccl lar1ge niimbcI~jrs of fclls (jU. ,eptiblc to those that are resistant changes during dc% cl
31). More rec-ently. when Mlb- 1!meicls eeijce opincnt. Additional experiments examining other signal
into Mis-I" mic within 24 ii oh birth, it was found that ing pathways and/or changes in nuclear events will be
cortisone-resistant, or CD8 iiniubth. U.)4 - single-positpej required to elucidate the mechanisms that account fur
V136* thymocytes (i.e.. those recognizing Mis- 14) were de- these phenotypes.
pleted (32-34). In those studies. the relationship be- ween
deletion and developmental stage_ Wc5 nut dletermnined. Acknowledgments. We arc grateful to Juan Zunga-
Thle present study offersac quazititati%. cand direcLtrmeanis Pflueker for help with the isolation of thymocytes. to
of examining the phectnenin uf neonaI.tal tuleranlc at, Ralph Kubo for generously providing the H-57 aiitibudy.
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