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’byrthe'ability of ljmphoid cells .td’.bind the

ABSTRACT

The ontogeny of the immune tsystem in CBA - nmice was .

studied. in  terms of 'thew_acquiStion of immunological

functions.
" To bypass the technlcal dlfflCUltleS in monltorlng ,the'

fetus ig utero, an experimental model was de51gned in whlch

.51ngle spleen colonles, derlved from 12‘ day fetal llveri

cells, were ft:ansferred‘ 'into irradiated ’.syngeneic

reCipients, . Thus the';lymphopoietie and"‘erythrop01et1c‘

'systems of each'wtecipient‘ would have thelr orlgln from a

single stem'cell.-
ThlS nmodel was used to follew the onset and development'
of antigen recognltlon, humoral immune respons1veness and

ceil mediated GVH react1V1ty in CBA nice.

'Recognltlon,.of a’ T-lndependent antigen PO\, as judged‘

'antigen,
< o )

appeared 'aftet‘ a. perlcl of clonal expan51on from a. 51ngle o

stem cell lastlng 18 to 20 days.,f ThlS suggests that the

complete antlgen recognltlon spectrU",ls exprecsed wlthln 20
/

days of lymphoid development. Homever, recognltlon of a T-

i

dependent antlgen; SRC 2id not develop until ‘days 30- 33 ‘of

.clonal expan51on. H roral ° immune respons}veness to these'

vantlgens as measured by antlbody productlon, appeared after

teoognltlon, and. followed the same sequenee: first to POL p

.and’ then to SRC. . Thé fost 1ike1y explanatlon' fot" this

-

disétepancy is® that T=- cells mature at a slower pace than B-

"y ’ e . ' - iv
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cells. , Consistent with this vieu,. m—cello medlated GVH

‘.react1v1ty and SRC reSpon51veness showed 31m11ar klnetlcs of

dev= lopment.

L Immmme 'Hdefelopmemt of fetal -liver 'stem. celis in
irradiated‘syngemeic hoste bearing gardiac allografts‘ aid
not result ’ in Ntéleramce tomards the grafte ﬁhereae
development in lrradlated Fl hybrld mlce inducedv toleiance‘
agalnst tme' alloantlgens ‘Qf lthe Opposite«'p'fent.f'This
dlscrepancy maY have resulted from “the heart allograft being
a llmlted and lOcallzed source ‘of. antlgen, and therefore not-
easily access;ble‘to ﬁhe developlng lymph01d cells.

'The;'deielopment' of 'reepon51veness 'to_‘antigens ‘was~
fasfer- than that to mltOgens lnllrradlated and bone marrow
reconstl'xted 'mlce,_ The developmencv.of. SRCT andA PﬁAt
' rest on51venessf‘was Shownw tOf-be enfirelj thymus~depemdem£;,”

whereas - that of pWM and POL responsivemeqel ﬁas' partlally
1;nflmenced by' the .thymus.: Neonatal thymectomy of bone
marrow“vdbnorS' 1mpa1red “the development ,of gjcelle” as-
reflected in’ the vpartiel restoration-‘of ‘fme fhumoral
respon51veness to POL, a T—lndependent antlgen. |

The development Of c*lls respon51ve to PHA and PNM was:
accompanied by changes in thelr sedimentation veloc1ty whlch]
is dlrectly related to ce11051ze ‘In the early stages of
demelopmemt, céils mére "larger, ‘and became progreésivelj
~‘smallet“as 'tHEY matured Cells respon51ve\to PHR and PWHM

could not be dlstlngulshed on the ba51s of 512e -diffe;ences-

becauseﬂfthere was\qonsiderable overlap in thefsedimenﬁatiOQF,

o/
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veloc1+y dlstrlbutlon proflles, and T- cells respond to 'both

e e
. - . ] ) , ) ) . \\ O
cmltogens. o . : ) . .\
. PHA responsiveness' was detectable in fractlonated

spleen cells within 50 days of repopulatlon.' To account for

]
thls observatlon, a hypothe51s was proposed that thlS is due

to. the :separatlon of potentlal ‘Teactive cells-' from

.suppressor. cells. ' The presence of the latter may account
'for the hlgh susceptlblllty to. tolerance 1nduct10n of the

: young and the establlshment of self- tolerance.

t .

vie
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-PREFACE |

: - N : : ;vrf :

This dlssertatlon descrrbes an experlmental model whlch , ‘i%

< "; IR

allowst the study ‘of the ontogeny of 1mmunocompetent oells @
per se, and the sppllcatlon of it to follow the development Sy

of some uopects of 1mmunolog1ca1 lunctlons in CBA mice.

Some of . the results in Chapter v have ' been publlshed

PO

» 1n the European Journal of Immunology under the tltle “ﬁ
-"Ontogeny of the murine immune réystem' development g
antigen recognltlon and 1mmune respon51veness"

Part, of the. work _in vChapter VI; namelyv(Tolerance_

@ductlon in the hearta-allograft mc .el'  and *Adoptive

transfer “of tolerance to. galb/c heart allografts> was done

‘Qin collaboratlon with Dr D.W.Jirsch ,‘and ~ br - -N.Kraft'
respectively.‘ : : S _

N

-Studies ‘on  the development of mltogen respon51veness/

descrlbed 1n Chapter VII' were performed in collaboratlon

4

with Dr~G.Tr1dente,

“
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CHAPTER I

vI.NTRO‘DU‘C_‘,’_[; ION {'
The central rheme of tHlS\ chapter is rhe functional
aspect'-of developmen in the immune systenm. The'deneral
characterlstlcs of adap immunity in +terms of ~humoral
antlbody production and. cell-mediated tranSplantatron
o 1mmun1ty, in fefalqrand‘ n;onatal' animals "are_' brlefly
5& reviewed Since lymphoid organs and cells constltute the
immune apparatus, the origin Zf lymphocyteLprecursors,,their
developnment, and the r@le of primary organs durlnq ontogeny
: are topics whlch are con51dered in some detail.‘riThe
lnfluence of the retlculoendothellal sysrem (RES)  on. rhe
o development of 1mmunolog1cal functions is also drscussed
because of the close anat ricel and functlonal relatlonshlp
‘between the immune sfstem and the RES, . -
: ’A. Adaptive Immunity in Fetal and Neonatal Animals
e
1. Actlve Immunltv in Fetal and Neonatal Ag;mals 3
Gh\ It is teohnlcally dlfrlcult to monltor-the fetus in -
\‘A.»\ bl . S : )
~utero, espezially ln small mammals like +the laboratdry
rodents. As a result, 1nvestlgatlons on ‘the development of
1mmunologlcal functlons 'in: smaller’ mammals
reerlcted to}the,postzparrum'perlod
. ”ln“ bfgger
in

have » been_ v
mammals, major expefimentation on the fetus
tero has been pioneered by Schnlckel and Ferguson (1953)
who found that surgical pgnetratlon of the gravid" uterus

o

o

of
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the. sheep .waslﬁpossible qulte early ifn gestatlon w1thout
. N

jeopardlslng the chances of normal - delivery. fﬁey vshowed

‘that 'as ear as 8¢ days post conception, fetal lambs ’wlth

a gestatlon period of 150 days) were already able to reject

skin allogfafts.; Their results' Wwere contlrmed by later.

studies &f. Silverstein, Prendergast and Kraner (1964) .

These workers ~also .looked at the ability of fetal lambs to

produce antibodies against several  antigens. - Fron their”

) o

results, they »concLﬁded that humoral ‘immunity follow1ng

antlgenlo stlmulatlon develops in a stepwise fashion. Thus,

as early as 38 to uo days of gestatlon, fetal lambs could
¢ o ..

/produce antlbodles against bacterlophage ¢x17u but not,

against ferritin ‘or ovalbumin until 66 ¢ and_12Q{Hays of

o
iz
i =

‘gestation respectively '(Silverstein ‘ggd al. 1963;

"Silversteinj Parshall & - Uhr, 1966). " The stepwise

development of humoral 1mmun1ty agalnst different antigens

~dur1ng gestatlon also appears to be true in fetal Rhesus

monkeys (Sllversteln 8 Kraner, 1965) . They interpreted this

phenomenon as probably due to the sequentlal appearance of
,1mmunocompetent .ce&ls ‘ wlth- " different. recognition
specificities.p Immune ontogenr~ studles in utero have also
been performed 1n other spe01es, 1nclud1ng rabblts (Sterzl &
Trpka, 1957,,,Porter, 1960), plgS'(Blnns, 1%67) and cattle
\(Fennestad 8-Borg~PeterSen, 1962) s |

. 3 g . _ .
Compa'~d to other eutherlotlc mammals, marsupials are

: : )
‘born ‘at‘ a relatlvely impature stage and contlnue a fetal-

rd

“like development in a mate nal abdomlnal pouoh. .Accordlnd

£l



io TBlocK?A(196u), the blood and blood forming tissae of an
opossum at birth‘correSponqain development‘to a 10-éay mouse
. embryo. -Thus the’imm%gological coapetence of marsupials can
be‘observed starting -from a?v earlv stage: of ontogeny
Rowlands, 'La Via and Block (106&) showed that as early as 5,
days after birth, opossums can respond to bacterlophage
- stimulation With antibody oroductlon. .LaPlante et ai.
(1969) found that skin allografts survived for at least 80_
days when grafted on . pouch-young less than 12 days after
birth- but were rapldly rejected by older, opossums.'

| Blrds, too, offer a model for studylng the early
ontogenlc events, wlth the addltlonal advantage that uniforn
1nbred strains . of chlckens are’ avallable. Murphy (1913)
'flrst demonstrated that, forelgn graftst of ‘"mampalian ana

: ”ravian‘ttissues;A as <EE¥¥\Las a vargiety of tumors are not .

"'rejectod \%y/?the chick mbryo before the 18to' day of -
1ncubatlon. ‘ Uslng 'the splenomegaly -assay of Simonsen
(1957), Solomon- (1961) showed hat spleen cells from -5 day
%oldy‘chlckens are competent to 1nduce splenomegaly in 8 day
old embryos; Using resmstance to the - 1ndgctlon of
splenomegaly as an 1ndex of 1mmunoco;petence, Isacson (1959)
showed that splenomegaly .was greatest in embryos 1nject°d
with allogenelc cells at . \gays of incubat%on. Thereafter,
a decrease in sPlenomegaly ofoilowihgv cell injection ‘vas
Qbserved in olderﬁemb*'os. One aayaoidichicks vere almost_
?compietely"vresistant, to tﬁe induot&on of sélenomegaly

(Solomonbis- Tucker, 1963). Two day old chicks were able to- -
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reject skin ;llografts ~(Solomon,‘ 1963) .. More rapid

rejection Was observed when the Chickens Were 1njected-
iutravenqusly With allogeneic blood at 19 days of incubation
! .

(2 days before hatchlng) and subseguently challenged With

skin grafts from animals of the Same genotype as ‘the blood:

A‘dohors._ Therefore 1t seems that chlckens can be primed

against alloantlgens before hatchlng although the abi%ity to
Participate ip cell-mediated immunity does not Appear: untijil

shortly after hatchlng As for . humoral_ immunity,‘ Solomon

(1966) has shown 'that 17. and 19, day olga chick embryos

injecteqd w1th 5 to 10 x 109 goat red cells are able to

produce - opson1s1ng antiboq;es at 3 apg 5 days after

cells (SRcy :eached @ maximum in chickens immunizedT_S dafs_

after, hatching (Solomon 1968). Thus as in cell medlated,

fmmunity, the ability of chlckens to produce ’specific

iu-ducks and turkeys (Hraba & Hasek, 1956)
| In the'mouse,-transplanation.immunity as measured by

fejection of skin‘ al;ografts was'demonstrable.in uewborns

(Steiumuller, 1951; Boraker & Hlldeman .1965), although

res1stance to" tumor .growth was low‘(A*tla, Deome & Welss
i ’ . ‘.'.‘ ' ’ ‘.'?*

‘1965 Boraker g - Hildeman, 1965) Slmonsen “r (1957)

demoustrated' that 4 day o014 mice Were re51stant to the
;nduction; of . sﬁienomegaly by allogene*c spleen cells,

Dalmasso. éE al. '(1963) andAArgy:is (1965) found a strain



yariatidn'in the tine of onser .of the ability to indnce
graft - Véégus host (6vH) - responses. 'Similar_ strain
variations were observedv'with respect to the onset'.of_
antibody‘ productionp‘to anrigenic stimulation (Hechtel,
Dishon & Braun, 1966{aP1ayfair, 1968) 'bata afrom ’varions
laborarories“_point’ unanlmously to the fact that at birth,
mice are 1ncapable of produc1ng a humoral response ;g' vivo
agalnst SRC antjigens (Wigzell & Stjernsward, 1966; élayfair;
'i968;- Arrenbrecht, | 1973). A progr9551ve increasev in
i : ' : :
respons1#eness is observed between 7 to 2. yeeks efter birtn.
L The llterature on tue ontogeny of adaptlve 1mhun1tyv
suggests that the development of 1mmunocompetence in birds
.as well as in mammals is 1ndlcated by a prcgre551ve 1ncrease
in the var1Cty and magnltude of immune responses that: rhe
animal can 'exhibit : The - data also suggest that both cell
mediated anad humoral lmmunlty develop at about the same tlme
;(Solomon,r1971) In the majorlty of anlmals 'studled the
ability to part1c1pate in adaptlve lmmune responses develops
sbortly after - birth, although '1n fetal. sheep ané)monkeys
this occurs durlng the flrst half of .gestation (Si}verste@n,’

.

Parshall & Drendergast 1967). . Y :

2.-‘Effectspof Maternal Antibodies .on the_Offsprinq

It is well ,documented hat maternal antlbodles - are

‘transferred into fetal and neonatal animals. This passage

‘may occur viaT the yolk sac, ~the placenta - or through

'colostrum',absorption, _de'endingvon_the‘species.- A summary‘



TABLE 1 Routes of maternal antibody transfer in different speéies

‘Species

ungulateé’

‘dog

rat;.mdﬁse

rabbit, guinea pig,-bird

.primates °

. Routes of tramnsfer

"

colostrum .

colostrum & placenta

cdlostrum & YOlk‘sac»

[

‘yolk.sac‘”

placenta

&
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1969; Porteﬂ,_1969),

' causing unresponsivenesg?

of the routes of transfe: of maternal antibodies in birds

and mammals is given in Table-1, k

There  1is selectivity din the class of immunoglobulins

transmitted via d%iferent'routes in different species. In

primates, which Eeceive'maternal ntibodies entirely through

the placénta,_thy IgG (7Sy is r@@dily transferred (Cann et

\

21-31951? Gitlin et al. 199@). 1hf%irds.thére is selective

discrimination ) against Ig- amongst . ‘the antibodies

transmittéd‘viggghe.y%;kaQC (Malkinson,‘1965); Hoﬁever, in

rabbits, cHe@mi_n.gs ”an&iledes- (1962) showed; that IQM

‘ : o o : ) ,
hemagglutinin is +transmitted in addition to IgG. In rats
ahd_mice; materﬂal antibodies, which are transmitted into

B}

the ybhng through Colostral-intestiﬂgl ébsorption, contain

‘no IgM or IgA (Morris, 1969; Fahey &  E#rth,  1965). - The

colostrum constitutes the sole source of maternal aptibodies

in ungulates *aﬁd‘ 146, ZgM. and IgA ar\ transmitted non-.

discg;minéntly (Halliddy,.j1965f Xlaus, Bennett & ~Jones,

Ay
i

Since. @ntibody 'prbduction does - not begin until sone

-

time after antigenic confrontation =ven. in adult -animals,

» o . L L. S . e
maternal ‘antibodies pAOvide passive immunologic protection -

3

for the neonate during - its immediate extraUterine life.

;However, it has been demonstrated that maternal antibodies

P

can also suppress active antibody production by the mneonate

. joshbrn;_DanciS A Julia; 1952:;Uhr & Baumann, 1961), thereby

s

Piglets provide a useful ﬁbdé; for the study;.of éctiver

/

/ 2

@$ that stage of . development.:

PN
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antibody production in the absence of maternal antibodies

because they. receive maternél antibodies nfirely through

the. coloézg;h and can be‘reared inP™a genm free environment

. on diets free of colostral antlbodlns. Sterzl et al. (1965)

‘)

found that " in - conventlonally reared. plglets, the PFC

response to SRC dld not apuear untll 1u days after blrth,

1 C’
whereas colos+rum deprlved plglats injected w1th SRC 1 day

after birth. were found to have PFC 3 days later.' However, -

, . : A o . : :
studies of Hoerlein (1957) and = Segre (and Kaeberle (1962)

showed fhat,.non-immune colostrum can enhance Bntibody

Ed

production in'colqstrumfdeprived piglefs. This énhancing

»%£%e¢t seens to be due to'the’prqgénce of Igh (Locke, Segre-

lsfﬂyers, 196u). "The»resulté Qf Hoerlein are dlfflcult to

‘interpret' since 4 antigens vere. admlnﬂstefed at the Same

time and *he effec+ of antlgenlc competltlon would ‘reduce
A , A

1

the antlbody responses-vasy- in fact, vas shown by Kinm,

Braéley and Wat%én'( 7). @ c  _ A

,The‘néturé of‘ ihhibitioq by ;materhal .antibodieé’ is
stiil ~ not clear. fwo mechahigms 'havé eé .pr . sed.
Passlvelf admlnlstered antlbodles may opsonlze antlg ns :hus
reducing the 1mmunogen1c stimulus (DlXOH, Jacot Gulllarmod 8
NcConahey, 19¢67; Walker &~ SlSklnd :1968) .. . Alternatlvely,
pa531vely "qdmlnlstered antlbodlos may_ 1nhibit “ant;dey
piéduciion -by a_uféeéback~llke action ~at. the ievei‘ of
immunocdmpetent‘célls kmggler,'1968; Graf & Uhr, 19695.

)

1Al
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animals to,resgond to ‘an altlgenlc stlmulatlon may be due to

L

; , .
3. Tolerance Induction'

Under. certain conditions, antlgen adml- stration does

% .
not lead  ~ to immune 1nduc+1on but to specific
unreSﬁbnsiyeness or. toleranc . Thus the fallure of young

y

the 1nductlon of tolerance./ Bllllngham, Brent and Medawar

(1953) showed in their classical experiment that immunologic

e . . ) . _

tolerance to ograffs in inbred mice'can‘be produced by
' BN

injeétlons'of Cells from the prospectlve donor Strain into

 the prospectlve- graft re01p1ents durlng late. fetal llfe.

Although tdlerance 1nduct10n is not restrlcted to embfyonic
lifre (D1xon & Maurer,.1955; Martinez et al. 1959; Simonsen,

1960) , 'uata from' different. labora*ories» have - prov1ded

evideno¥ that it 1s much ea51er to 1n@2ce tolerance in young

\ &0

animals Mthan‘ln adult anlmals'(HowardHS Michie,’]962§ Brent
: ‘ T .

& Gowland, 1961,,1963).. o

Three explanatlons have been suggested for the ease: of

tolerance 1nductlon_.in the young. Firstly; during immune

maturatlon _the animal may ss fhrOu h a  t'tolerance
— ’ beg?ga L
responsiy period' during which .vencounter with antigens.

vould glve rise to spec1flc unrespons1veness (Bllllngham et

~al. 1959) - Secondly, the ,dose of antlgen regulred for

tolerance" 1ﬁductlon in the young ‘may be lower than that = in

%

the Vadult (Smlth _s Bridges, 1958' Brent § Gouland 1962

Nossal, 1974) . Flnally, the low phagocytic act1v1ty of the

[ v

young may render antlgens less immunogenic (Nossal &
: 5 . : - .

Mitchell,-1gﬁ6;_mitchelli& NossalL J966).; In support of

a .

a.

3=
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© this last point is .the - finding that,{in adults,

sqéceptibi%}ty to tolefénce induction is correlatqg-%ith~the
phagocytic activity 6f- the animél fDas & Leskowitz, &97&)..
It is not known whethe: folerance to self and -Qon-self
“antigens ‘is“ indiced _aﬁd maintained‘by the same mechanisﬁ.
On the basis thaf blood cell chimerism'occuts in éynchorial
cat:le t?ins (Owen, 19u5);ABurﬁet and Fenner (g9u9)%prqposédk
‘that self folerahce  resvited from }geliminafion or
inactivation  of seif-reactive lymphéid - cells upon
encountering  autoantigen§ during = ontogeny. LiKewise,
exfrinsic antigens 'brdught into contécf ﬁith iﬁmatﬁ;e'
1Y.I;1Pho‘3'id4 cells would be regérdéa;as 'self? and thus’ e;{hibit
tblérogenic rather fhan, immunogenic ,_ﬁrgperties. ~ The
aGéilabiiity of tetraparental nice (Miﬁtzm“ 196°)  has
provided an exCelleqt model for tﬁe anal&éis of tplérancelyﬂ
 the_fetusg;wIn a téfrapafental mouse. there existé a Staté
.of~‘mﬁ£ual toierance bef#eenftwo popﬂlatidns of lyméhbcjteé
whiéh ﬁaié'different;histoéompatibility antigens. "Wegmann;
in‘;ﬁéllstromrva?d'Hélystrdm (1971) have shown that the state of
) tolerance iﬁ fetréparenfal nice differs from fhat in‘ F1
hybrids. Théy Jqfound that washéd lymphbcytés._from
tetfaparentél ﬁiﬁé were'able“to;generapgia mixed'_lymphocyté'
reactidnv in :1;359., yy@ﬁhocytés from F1 animals did not
demonstra{e.such reaétivity undef similar conditions;.,fhese
‘results'wefe used ”tov argue that #to ~Tarce in chimeras.
repregénts ‘an écquired staié of ,éuppréssed  r¢gctivity.v

Using - another experimental "~ model,  Triplett. . 52) “has

* .
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'Préviously shown that ‘tolerance to: self (gntigeﬂs is aa'
acquired state. In his experiment,,the'adenohypophys%s was
.:remqﬁed from. frogs at the early 1arval stage, propagated in
'alloéeneic larvae andareiﬁplanted;iﬁto the host_of»oridim at
a 1aterrstage ef maturation. The drgan Wwas rejected_despite.
~,the_ féci ‘that it w;s 'selfz. waever; there. is the
possibility that there may have £§én a carry ever ef tissue
from‘ihe allbgeneic intermediate host thus  elicitin, a
'homoéraft'rejection. rT‘r1plett concluded that self- tolerance
is 155 acquired’ state that suppresses the normal expre551on
ef apti—self activity as it is generated. ‘-Con51stent w1th
:thiS'vviey is the presence’ - in normal_ subjects of cells
capable of binding self antigens (Ada & Cooper;‘ 1971;.'Yun§
et g;.‘1973;ABankhurst, Torrigiani 8.Allison,'1973), as‘weli
‘as of aatoantipodies‘(ﬁhittingham et al. 1969). According
to rheA current ‘consenst, suppressione‘ofg self ,reactire oo
, 1ymphocy%e§ is mediated by'serum blockirg'factorsi(Hellstrom
and Héir%;rbm, 1969) which have been ,suggested " to be
.'antigentantibody Complexes.(r‘aner,_'Feldmann ‘8 Armstrong,
e1971; Sjogrervrgt al. 1971; ﬁaiﬁuin, Price éﬂgpbins,,1972;

Wright et al. 1973).

. 'B,' ﬁevelopment§of Lymphoid Organs. and Cells ~

P .Lymphoid Organs
In Vertebrates, the main lymphoid organs inelude'; he
) tg}mus, the bursa of Fabr1c1as (1n blrds only), 1ymph no&es,

spleen’ and. organlzed lymph01d _tlssue ef. the‘allmentary

Q.7



canalz tonsils, adeno}ds, Peyer’s-parches, appendix and  in
the -rabbit,"sacculus‘ rotunda. bn the besis “of tﬁeir '
functional arrributes, lymphoid organs can be _distinquished
‘into primary”end secondiry.

- Primary organs are hose which exhibit autonomous

;ymphopoiesis and intens antigen independent cellular

proliferetion. In birds, two primary lymphoid orgdns have -
been described: the thymus|and the pursa’of ?abricius; T
. mémmals, the thymus has al.'the characteristics of a primary
organ. - Howeyer; attempts‘to Iocate a bursal-equiyalent in
mammals so far have yleld d equlvocal Tesults.

Studles in anlmals 1nclud1ng chlcken, mouse, hamster,
- rat, . dog amd‘ man. show that the flrst lymph01d development
occurs in the thymus (Solomon,--1971) In the mouse,
;lymphop01et1c act1v1t1es are fé%nd 1n.the thymus by day. 1u'
'of gestatlon while the ‘spleen %nd nodes do‘ not develop'
‘lymph01d structures _untilprefrer _'bir_th~ (BallzﬁvAuerbach,
1960 Raff & owen, 1971a). In chickensy \s ‘days before
'hatching, 'only the thymus and- therbursa of Fabrlc}us have
v»identlflable 1ymph01d tlssue (Papermaster 3 Good, 1962). .
) - In secondary lymph01d organs,_lymphopome51s depends on'
the“ presence of. prlmary organs (Auerbach,<‘1963a)v and
cellular prollferatlve activifies .eré ‘antigen dependent
.resulting in the' productlon of spe51f1c antlbodles and of

‘sens1tlzed lymphocytes.

_)9744.4"
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Ev1dence for the"orlgln of lymphoid cell comes ‘from
cell=marker studies in chimeric animals.. It Eas been shown
that adult mouse bone marrow when injected :imto letmally
1rradiated -syngeneic 'recipients can‘,recomstitute the'
'hemop01et1c and lymph01d compartments. of the latter (Ford et
al 1966) . These cells are referred to as hemop01etlc stem
cells - and they : have been »deflned‘ as a class of
pluripotemrial stem cells Vhaving‘ self .renewal properties
(Batn - 3 Louti_t} 1967).  .Studies by Wu et al. (1968) -
.£Urther: showed that simgle stem cells were able to
differentiate along —lymbhoid, erythroig, granulocyti%‘and
megakaryocytic lines.- y ) a v ;> o

In mice;'the bone-marrow_is nag ‘tme//only rsite ‘where'“'
steml-cells are founa.'.mThe adult spleen and fetal live; .
represemt .rioh sources 'of stem cells; ’ However, '~rhe
'ontogemio .origln of stem cells is the yOlk sac.' = ,ienee'

for thls comes’ from the Hork _of Moore.- and _Owen (1967a)

These workers 1njected yolk sac cells from male chlckens

-into 1rradlated female CthkS at 14 ‘days- of 1ncubat10n.-'
days followlng hatchlng,-chromosome analy51s of host tis mes
showed the presenco of dOnor cells in the‘;thymus,‘ sp een,
bone _marrow and bursa. since cellular exchange oc urred
between parrners of - parablosed chlckens (Moore & Owen 1965,
’1966 1967b), these workers conﬁlu&ed tha+
mlgratlon of stem cells from the yolk sac via ,ood.into“the.

,hemop01et1c tlssues.
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' A has
v%£popu1ate t
lrradlated adult hosts (Tyan, 1968-“ Tyan & Herzenberg, 19683

QN

beem'shown that mouse'?qlk sac cells'can

oid’ and myelold tiSSUQS‘ of lethally

. Moore & Metcalf 1970).‘ Moreover,,cells from yolk sac or .
from fetal 11ver were found to- contaln precursors of cells
‘1nvolved in cell- medlated 1mmun1ty (Tyan & Cole, 1963 1964,
11966 Tyan,‘ Cole = & Nowell,’ 1966), as well as in

1mmunoglobulln productlon (Tyan, Col@} - Herzenbergq, 19675

vTyan & Herzenberg, 1968)

» It has’ been shown that stem® cells in the yolk sac and
liver of fetal mice less than 12 %ays off‘gestatton"differ
vfrom. those found 1n'late fetal liver or adult~bone MaTTOW.
{Whey can be dlfferentlated acCording to size (Haskill g

AMoore,’ 1970),'ﬂden51ty (MoOre,- McNeill',S Haskill, 1970),

prollferatlve act1v1ty (Mlcklem & Loutlt 19663 Kubanek et
- - \\

—

al. '1969), .sen51trv1ty "to gamma 1rrad1atlon (Slmlnov1tch
' Till"s McCulloch, 1965),"2u1c1da1 levels_ Of Atrltlated'g
‘ thymldlne (Becker et al. 1965) and seedlng eff1c1ency ‘to the
spleen (Slllnl, Pons & P0221, 1968° Moore & Metcalf 1970)
Moreover, Hasklll and Moore (1970) showed that stem cells of'
'embryonlc type ‘are absent from adult resting. marrow.’
| Hasklll (1971) has further shown “that early fetal liver stem‘
cells glve rlse to cells wlth characterlstlcs resembllng‘
adult hone marrou stem cells.
XlThe maturatlon of lymph01d cells 1s much 1nfluenced ;by,

,prlmary lymphoid organs, namely the thymus and the bursa of -

'.Fabr1c1us.j' . ,‘ T
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3. Role of Primary Lymphoid Organsvon Lymphocyte Maturation

a. Thymus _ v _ ’ | \

i,  Studies in various species have sShown that +the first —_

lymphoid development accurs in therthymus. Auverbach (1964)
has demonstrated that 'lymphoid differentiation can Pccur

when prelymphoid “thymus’ rudlments from 12 day old mouse

embryos are grown in tissgue culture. Orlglnally this- result

was thoug%} to 1n61cate that lymph01d stem -cells originpte

from the fthymus. Later work 'by Moore'énd'Owen (1967c)

provided ev1dence that stem cells of the thymus Originate

from the large basophlllc cells found in the yolk sac. ft'

is llkery that ST cells of the adult thymus are of bone‘

y marrow orlgln‘ Thv . Mlcklem et l (1966) found bone marrow

thymus of 1rrad1ated mice. N
The‘ fate of thymlc lymphocytes has been followed by in.
s1tu labellng of y ung rat thymus, wlth trltlated -thymidine
}Welssman, 1967). Appre01able numbers lof highly leheled
cells were found(ln the dlffuse cortex ‘of lymph nodes and in
\ - the perlpheral vhlte pulp of the_ spleen,, but no lhbeled
cells_ were found 1n the bone marrow‘or 1ntest1nal nucosa,
"mhe regults suggested that mlgrant' cells from the thymus

comprise a ‘major portlon of the total lymphocyte populatlon

" - in lymph nodes fand spleen.» The contribution of ~thymus

cells ulth a distinct . chromosome marker prollferatlng in’ the‘

lymphocytes +to the developlng 1lymph -nodes and Peyer's

' patches hasﬁbeen demomstrated by the studies of “Raff and -

Qweh' (1971b)., Owen, Hunter and Raff (1971) and Joel, Hess

o e

s v
,on
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and_Cottier-(1971).

Under normal condltlons, or in irradiated 'recipients,
the development of full 1mmunocompetence from ljmphoidw
progenltors is dependent upon- the presence of . the thymus
(Mlller, 19613 Martlnez et al. 1962; Metcalf, 1964). The

-role of the thymus in the de#elopmemt“of 1mmunocompetence

has been deduced by examlnlng the effects of. thymectomy on

- immunological reactivities. Mlller1(1961 1962 1964)' and -

Martinez et al. (1962) have shown that neonatal thymectomy‘

causes severe 1mpa1rment of 1mmunocompetence and the

thymectomized‘ ‘anlmals ’ suffer from ' runtlng - disease,
lymphocytopenla and cellular depletlon in‘_theif secondafx
lymphold_corgans. In wrats, Gouansvand Knightsqﬁ?‘u) have
shown _that neonatal thymectomy reduces the numger,- of

recirculating lymphocytes. Cellular def1c1ency ca sed by‘

neonatal thymectomy has been found to occur in ‘the thymus—'

dependent areas: of per1phera1 lymphold organs, nauely-%héfw

perlarterlolar 'sheaths in the sSpleen ‘and_'the ~3LQCO t1cal7

R areas ~in lymph nodes (Parrott, de Sousa & East 1906)° On ffu'

the other hand germlnal centre formatlon“and eplasma cell
'productlon are not affected by thymectomy'(Patfott r de Sousa
& East, 1966). Similar resulgs were obtalned in chlckens
,(Warner & Szenberg, 1962 Jankov1c & Isakov1c, 1964). The
severlty of the effect of . neonatal thymectomy varies, amongstl
dlfferent species. " This is thought to be . caused by thelr,
different kinetlcs ‘ of lymnh01d , development _ and

peripheralization ~of .lymphocytes (Archer, 'Papermastef &
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Good, 1964). - o | .
The damaging effects of ,thymectbmy" become less

pronounced as the age_at which the operation iS‘performed
inereaSes'kDalmasso et al. 1963) . Thus hice' thfmectohized
in adulthoodb do not manifest def1C1ency in 'iﬁhuneh
responslveness until 6 to 12 weeks after +the operation or
even - later (Taylor, 1965; Metcalf 8'Brumby,_??§§L;,,Ihe~~
effect of adult thymectonmy is best demenstrated in

thymectomlzed - 1irradiateqd mice, which show a harkea
. impalrment’%f lymphoid recovery (Auerbach : 1963b- Mlller,
foak & Cross, 1963)‘ These results 1ndlcate that the thymic
influence on lymphg/01e51s extends 1nto adult llfe.

i Removal 'of’,the thymus affects the developmeﬁt of
;respbnsiVeness in._ceil-mediated lmmunlty (Miiler{t 1961§

C Martinez et al. 1962), as well as humoral antibody

vproduction,to most antlgens (Mlller & Osoba, 1967* Claman &

Chaperon, 1869) ..

r‘_Restoration' of _1mmunocompetence in thymectomlzed mice'

may be aehleved by syngenelc (Mlller, 1962a- East.& Parrott .

Fe

'1964) or allogenelb (Dalmasso et al*' 1963) thymus grafts.

:It is 1nterest1ng to note that these grafts were repopulated

W1th host rather than donor cells (Dukor et al. 1965), jThis_

&%gggests that restoratlon is = not entirely ﬂependentrupon

e,

ijﬁph01d cells .from thymlc grafts but.:that‘ the thymic"

'5 ) . . .
: i ' . . ",
- e eplthellum can. prov1de< the -necessary"env1ronment‘;for_

lymphocyte development.n;

f.‘!‘ . :
Thymus grafts engiqy d in ~cell-impermeable diffusion
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chambers have been found to brlng about restoratlon of

1mmune respon51veness in’ thymectomlzed mice (OsobaJS Miller,

/

1963), and suggests that the thymus may secrete a/ substance

which = promotes 1mmunological. maturation; Results fronm -

various laboratdries support the idea that +the thymus may

exert a humoral influence-“on. the maturation of lymphoid

o
13

cells in perlpheral organs (baw - Agnew, Stuttman,

Lonai et al.

1973). v

b. Bursa of Fabricius
In chickens, the bursa'ostabricius is another primary,
¢ , : !
lymphoid organ '(ACKerman & Knouff-"1959, 1964; Ackernman,

1%52). This organ becomes lymph01d At a later' stgak

idevelopment ‘than the thymus. Chromosome marker studies in

parabiosed chicken embryos. have shown that lymphocytes_
w1th1n the- bursal Folllcles .are derived from mlgrant blood-
borne stem cells of yolk sac orlgln (Moore 8 Owen, 1966) and
may be 1dent1cal to those seeded into- the thymus (Moore &
Owen, 1967c). | b - .\. ~ ;
Glrbk, Changsand 'Jaap._(1956)u first demonstrated an
association_) between tne ‘burSa‘ of Fabricius and the
development jof. immune .responses when they found : that

chlckens surglcally bursectomlzed 12 days after hatchlng had

‘a greatly reduced capacrty to produce agglu+1n1ns agarnstﬂ

"Salmonella typhlmurlum. Hormonal bursectomy by 1nject10n of

testosterone into chlckens on day 5 ol 1ncubatlon ~has been
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1S aﬁn to depress 'the anfiﬁodf forming’ capacity of tﬁe
treated birds‘ (Mueller, #olfe & Meyer, 1960; WaTner,
Szenberg ‘8. Burnet, ‘1962). In contrast to thy@eetomy,
'bursectomy’has:beeﬁ ﬁpund to have noseffect on the,'capacity
ofi chicks to reject skiﬁ homograftsy(ﬂarﬂer et al. 1962;
| Aspiﬁall et al. 1963),>,F: y tﬁe results ef their studies,
Warner and Séenberg (1962) \efined7two fypes &f'lyﬁphocytesf
oﬁe pursa .deriﬁed, (te;med B-cells) and thelother thymus

derived (termed ‘T-cellsf? ‘Studies on the effect  of.

bursectonmy,: especially during * late’ embryogenesis, are
A ¥ v ; , ,
consiStent with the view‘that the bursa is the 51te of

maturatlon of the 1mmunoglobulln produ01ng~cell llne (COOpeI

A

et al. '1969). thtle work has been done on restoratlon of

bursectot

N \

fm“@ blrds w1th bursal grafts although there are
o

reports that the antlbody formlng capac1ty of bursectomrzed

TS

CthkS is restored by bursal homografts (Isakov1c et ‘al;\i
1963) Jor-: bursal grafts .enelosed in cell 1mpe£meab1e
dlffusion chambers (Jankov1c and Leskowltz, 1965) ﬁowever,
Dent &t al. (1968) showed that antlbody formation ‘in these~
testored CthkS mlght be Hans.artlfact. due to bacterlal‘
cor amlnatlon of bursas of newly hatched c 1cks * which 'wete‘
used _fo;» graftlng .s1nce bursas- of 19 day-embrfes, which
presumably were- not contémin§ted,“ faiied to exe:t_vany,
sestorafive effect. . ‘. | |

- The ‘discovary “in fbirds of efsecond priméfy'iyﬁphoid
_organ, the bursa bf'Fahricips, has led to speculafion'?éﬁgat”

a similar organ. in mammals. The study of immunological
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) . - ¢
deficiency diseases in’humans provides comvincing evidence

‘for immunological dlssoc1atlon between thymus dependent T-

Cells ghd ‘those dependent bn‘ot%er central lymphoid tissues

.(

(Janeway et gl;' 1967-” Co“per, “Gabrlelsen & Good, 1967)

,ﬁ&he shown that the intestinal

lympho-epithelial tlssue in rabblts ‘is. necessary for the

'Perey, Cooper and Good (190&

maturatlon of precursors of antlbody formlng cells and they
suggest that it may be a. candldate for 4 mammalian bursal
hequ1valent. Recently, Chapman, Johnson & Cooper (1974) also
found hlstologlcal ev1dence that lymphocytes flrst appear 1n'
the  Peyer's patches oﬁ fetal plgs. However, the 1ntest;nal
lymph01d tlssue reacts to antlgenlc stimulation with‘
germinal centre formation - aycharacteristic of secondary
organs. | -
| 'Regardless of ‘the ‘existence of‘:aqndiscrete Pursal-
eguivalent,. mammals 'also exhlblt a dlchotomy w1th1n the

. ") ,'.‘

lymphocyt;{populatlon whlch is remlnlscent of that descrlbed

—

in chickeys. Dayles t al (1967) found that thymus derlved

e

Y ,
~cells do not produce antibodies. The elegant experlment of
?

Mltchell and Mlller (1968) has prov1ded conclu31ve eV1dencev

that bone ' marrow derlved cells are’ precursors of ‘antlbody

AN

formlng cells. A U51ng chromosone marked cells in the same
'lexperimental & del Nossal et - al. . -(1968b)' further”"
substantlated khls v1ew._ Functlo élly, therefore, bone

marrow derlvedncells in mlce resemble bursa derived B-cells~
Cin chlckens.'ﬂ ‘For convenlence, the - two '‘classes of

. ) o . . ] - . ) ) »
lymphocytes ;ﬁ'mammals have been <referred to -as ‘thymus
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derlved T-cells and bone marrow derlved B- cells (R01tt et al

. 1969). )

B

-~

u, ’Development of Immunocompetept Cells

The tvo classes of lympbocytes, namely T- and B¥cells,
have different ;mmunologlcal functions. T-celas have péeﬁ“
shown  to  be involved mainly in - cell-mediated 'immune

(A

responses_such as delayeqd, hypersensitivity and homograft,

rejection. ,‘B-cells, on ‘the other hand, are respon51ble for
antibody production in humoral  respoases. In  nmost
instances, humoral responsiveness to antigens requires .

collabora+ 1on between T-" and B—cells‘(Miller.s Osoba, 1967;
Claman & Chaperon,,1969)_ "‘~ | | |

Beslde ‘immune functional differenpes, B- and TQEells
-ean be dlstlngulshed by other charaoterisfics 'such' as
surface v antlgenlc markers; | phys1ca1 attrlbutes and
respons1veness to phytomltogen actlvatlon in vitro.. In,.the
followwng sectlons, major studles An . the development of B-;

and T- cells in mice u51ng surface_ markers and functlonal

characternstlcs are rev1ewed

a. Lymﬁhocfte smrfaoefmarkers
Anélgenlc»Amarkers On the. surface of murine lymphocytes
ecan be d1v1ded 1nto tuo categorles._ Flrstly, 'there are
'markers which are‘present on both B- and T cells such as the
major mtstocompatlblll+y ‘antlgens (H-2) and 1mmunoglobu11n.
l'molecul 1S . SeCondly there are other markers whlch are. found‘

etodbe lymphocyte class spec1f1c. The alloantlgen theta (8). -

G
AN



_is: found o. -cells‘and cells from the brain and epithelial

~ tissue but not B- cells (Peif & Alle%, 1964; RAfF, 1969).
" . / .

Another  T-cell™ speCific marker is therthymus leukemiavlTL)
* . . . .

)

antigen‘(old, Boyse & Stockert, 1963)° 'chell specific

markers ' include the "MBLA antigen (for mouse- speCific bone'

a

marrow derived lymphocyte antigen,. Raff Nase & Mitchison,

1971), receptors for antigen- antibody comolement complexes

. (Bianco, Patrick & Nussenzweig, 1970) and receptors for; the’

Fc. fragments of immunoglobulinsw(Basten, Sprent & Miller,

'1972)

Y/

The distribution of surface magiers on B— or T-cells is

~different. Aoki et al. (1969) have 'shown"thatl thymocytes

have fewver H-2 antigens‘on‘*hej’ surface than do”"B=cells.

)

Similar " results - are obtained ii  Tthe case : of surface
immunoglobulin molecules"”Tgaff S berg & Taylor, 1970;
" } N .

' Nossal et él-' ]972). .2Furthermort_ -he distribution of

surface markers also’ varies uith the different stages of

maturation of the lymphocytes (Aoki et al. 1969; oOwen ¢

? -

Raff ] 1970,' SchleSinger.'g Yron,'1970; Raff 8’Owen,»1971a;'

.
N

Takahashi et ‘al. 1971; Ryser 5 Vassalli, 1974)"'It is’ thus

possi\le to * follow the development of B- and’ T—cells using

lymphocyte surface markers.

4

P

b. ExpresSion of surface characteristics during ontogeny
Although .B- cells have a hlgh-'dﬁnSltY' of’ surface

immuhOglobulin, these nsurface markers are either absent or

- present in very low dens/{y ;on bone marrow 'precurSOrs_



Ba=sten -'gt gl. 1971) . Using 1257~ labeled 'anti—mousé‘
immunoglobulin and autoradlography; Nossal and Pike (1972y
have' shown that liver cells of CBA embryos at 12.5 to 13.5
days of géstatlon do not become labeled. This is consistent
nlth the 1nterpretatlon.‘that B-cell precursors have few.
surface 1mmunoglobulln molecules. "By 16.5 "days‘ of
gestatlon, 1mmunoglobulln positive B- cells ‘@ere‘ detectable

\

in the 'spleen and .in circulation, and later also in the

~

"&iver. Purthermore, specific'antiden_ binding ACells‘J(ABC)
uere vfound in the spleens' of 16~ day fetuses. In a nore
detalled study, Spear et al. (1973) have also demonstrated
{_the’ presence of B- cells, T cells and antlgen blndlng cells

, -

. Ffor 3 1ndependent antigens (Src, ,TNP and ' rabbit

'erythrocytesyt in 16ﬂday vfetal spleens of Swiss Lfmlce.
These BBC were round to occur w1th the same rrccuency and
s1mllar, range of av1d1ty as +hose in adult arwnals. These
data suggest that in B- cells, antibody d1vers1f1catlon is-
completed ‘within a period of 16 days - of development.

Slnce more than 50% of the ABC to SRC in normal spleens
“have been .shown to carry the 8- antlgen (Greaves g Moller,'

1970; Bach 8 Dardenne, 1972), 1t is concelvable that the SRC
blndlng cells demonstrated by Spear et al. ’Q1973) in 16-day“
fetal s leens cons1sted of both T-‘anc B- cells. Dwyer and
MacKay (1 70) have found ABC to Salmonella flagellln antlgen
j1n early fuman -fetal thymuses at 2C to 22 ueeks of gestatlon
at a frequency higher than that observed 1n the fetal spleenv

or in adult tlssues. In a later: study,t Dwyer, Warnerkland

i \ .
~s X K o
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MacKay (1972) have shown that ABC are present in the fetal
thymus of *various spec1es. " They suggested that the +thymus
was probably the site 'for~~the‘vgeneration of antibody
specificities "in a non-random, fgenetically programmed
fashion. .

| SchleSinger and Hurvitz; (1969), fand Cwen .and Raff
(1970) studied the differentiation ' of . 'thymus . derived
lymphocytes_ in mice using € and TIL markers. They could not
'find e or TL on cells from yolk sac or liver gt 11 day old
embryos. _ Howemer, by days 16 and 18 of gestation,lfetal,
thhymus cells were shown to be pos1t1v for' 9 and TL; A

similar seguence of. changes was observed in organ cultureS-
“of 1u daf embryonic thynus rudiments 1n51de cell- 1mpermeable

‘millipore chambers vhich were placed onto the  chick
"chorioallant01c membrane (CaM). 'Thus‘the poSsibilitj_t"atve
“and  TL posrtive ceLls in thevthymus are‘migrant.cel;: can
be excludedﬂ The 'resud - also suggeSt " that lT—cell
precursors have few Gior T surface antigens,“or none‘at,ﬁ
all; o \ L

Spear 2t al. (1973) have found Gépositive'cells'“in 16

day fetal spleens ©of Swiss L mice. This is in'accordTWith

the findings that cells from the thymus'seed into peripheral

—

lymph01d organs (Weissman, 1967' Davies;11969; Raff 8 Owen,

1971b)._’ Noki ‘et -al. (1969) compare the guantitative

o

distribution of alloantigens on thymocytes and perlpheral_T—

cells. Their results show that peripheral T-cells have more
H- -2 antlgels, less 8, and ~ho TL - antigens, - Leckband and
{

~—.
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‘ Boyse (1971) have-presented evidence that a hinor popuizigggj—*ﬂ——_a
. ‘. . .

of ~thymocytes uhas an alloantlgen dlstrlbutlon 51mllar to?
that of perlpheral T- cells. This subpopulatlon is found tot
fbe: re51stant to the% effects of cortlcoster01ds\(LeV1ne &
Claman, ’970) and is t;ought to con51st -of mature T-cells"
ready for emlgratlon from the thymus. “The cellsvin this,
subpopulatlon also behave like per. ;eral T—cells in (a) GvH Lo
reactivity (Blomgrenvﬁ.Andefsson,‘1970);“(‘ helper.function
in'the'humotalnresponse‘to;SRc'(Cohen & éia i, 1971), “and
yg&;‘ _EﬁAfv respop51veness.,lfBlohgren 8_‘Svedmyr, 1971)

Therefore, these re ﬁlts are in: agreement with’ ‘the 1dea that5
R \,_,

vT—cell precursors; upon 'entry i“.l [ ymus, und;rgd

'prollferatlon and dlfﬁerehtlatlor as  naiocce 3 Jywsequential;

expre551on ~of in TL = and H=-2 edingu.ls "atﬁfation:‘isk-
accompanlgd by a ‘loss‘ of' TL,f a dec -z of,'e; and  a

'concomltant galn io ﬂH—é.- Studies in réts;bj'OrQer'andj

Waksman (1969) vae also descrlbed the diffe:entiation of
surface amtlgens ong_cells repopulating the irradiated .

thymus. f”fheEVSignificance_;of .these  changes ‘inl_fthei

distribution of surfaCe'rantigens on;lympﬁocytes is‘still"

“anknown.
C. Exprecs10n of 1mmunolog1cal functlons.z

nImmune respon51veness in vivo represents the outcome of "
complex 1nteractlons between dlfferent~~tlssues and cells.

Thus unrespons1veness to Forelgn antlgens in the fetus or

1_neonate may result from 1mmatur1ty of its lymph01d cells or |

- e
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its . failure . to ’provide a' favourable environment for-
functional erpreSSion of immunoeompetent ceIls._ This thesis
has been tested us1ng the adoptlve transfer— of cells into
1rrad1ated hosts. Dlxop and Welgle,(1959) and Harris gﬁ al.
(1962) were able-to show:that‘antiiea stimhlatea\cells from
heonatal rabbits are able to synthesize antibodies(xupon
'transfer‘__into irraaiared“'adulf>Mhosts..-.Makinodah andr
:Peterson (1962); however, foand:rﬁat spleen cells. from one
week old ‘ mice were‘ aeficient - in the Caéaciry‘to produse#
antih +les when transferred _in£o 'irradiared adults;_‘ The~
" ablllty cof a .neonatai environﬁent to.. support antibodf
‘production has alSO.beer investigatea and ‘the resulrsl are
ooﬁsistent with..the_ view that a neonatal env1ronment can
support on- g01ng antlbody synthe51s but not _t@e' 1n1t1at10nf
_V of antlbody productlon (Dixon S,Welgle, 1957;'NoSsa1, 1959;-

Mark & Dlgon, 1963). | ‘
| Since;aaribody produCtion:to host anrigens depends on
rTfB'“cell”'601laboration'.(Milier & Osoba,‘bi967£ Claman &
Chaperoﬁ,_1969),' unresponsireness of 'the young to such

antlgens may result from 1mmatur1ty of either T-'or B- cells.

. Using the adoptlve transfer system, Chlscon and Golub (1972)

n.r

studied efhe ontogeny of murlne B~ .and T- cells in a SYSt°mM

that allowed fetal cells_ to- co-OPerate »wlth. theﬁﬁaddlt'$

.\\‘ .

counterparrs~ in the SRC»response. Thelr results show that
B- cell act1v1ty 1s detectable in the fetal llver at 16 daysl
of gestatlon and in the spleen shortly before birth. 'T-cell

jfunctlon  1n ant;body.productlon to SRC,firSt appears in the

~



A

s

w /YOLK SAC

@ @& PRMITIVE STEM
D oD CEls

THYMUS %‘g PRIMARY or
LYMPHOID ORGAN  \Z/EQUIVALENT
o Dl , b0 8 0o, K@
T-cells ¢ © .° 0 ©° 00088%00 o B—cells
‘e ® P [ L i oooo
%0 %o SECONDARY & o o° .
°.,° . | LYMPHOID ORGAN S 0 6 ©0
o, O -
° o "
. o
° L) 00945 .
®000%° c00°°
- T
Figure 1 Ontogeny of thymus—derlved (T) and

non thymus derived (B) lymphocytes.
‘b»} ' .

AR




A

=

i

thymus 2 days after blrth and not in -the spleen until 4 days

after birth. Studles in tlssue culture by Spear and Edelman

(197&) conflrmed the late appearance of T-cell functlon in

the antlbody response to’SRC Studles on the development of

GvH activity in mice (Cohen et al. 1963; Sos1n, Hllgard &

Martinez, 1966) have demonstrated that cells able to “elicit

a GvH response ‘are present in the thymus at birth but absent

ron ‘the spleen -and liver. These results together wlth

those obtained gsing alloantlgen markers. are in. agreement

with“the 1dea that a subpopulation of mature T-cells flrst,

appears in the thymus and' later in pher1phera1 lymphoid

organs/r(Owen & Raff, 1970* Raff & Owen, 1971b' Joel Hess &

Cottier, 1971). 1In rabblts, Knlght and Ling ,(1969) “have

shown that cells in . the nevborn thymus could respond to

- staphylococcal filtrate by prollferatlon but no  such

activity could be .detected.,ln spleen cells- untll 22 days

afterhbirth{drlt has been- suggested that dlfferentlatlon of

Yunls 8 Good, 1969' Cantor, 1972)

Th=2 maln features in the development of 1mmunocompetent

" cells are summarlzed in Fig.1. The lymphocyte precursors

are derived from some primitive stem_cells of the'yolk sac.

These yolk sac = ‘cells ‘undergo dlfferentlatlon"into

=

hemopoietic stem cells of 51m11ar characterlstlcs .as those

: - - 28

iy

- T- cells may also take place in pherlpheral organs (Stuttman,j

found 1ater in other hemop01etlc tissues.' Lymphoid ¢cells dod

a

not“'foLlow the same pathway of dlfferentlatlon. Instead,

they develop into T~ and Bicells, the maturatlon of whlch 1sl

7.

Ty
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T—dependent and T-lndependent respectlvely In birds, the
maturation. .ofc the B- llneage is bursa dependent. The
development of B- and T- cells is marked by the expresslon of
' cell surface antlgens and the subsequent changes in thelr
dlstrlbutlon . pattern. In mlce, there is ev1dence that both

B- and T-cells appear- at  the sane “time of development

» earlier.

d.'.The -reticuloéndothelial | systemvv (RES) and _immune
ontogenesis L o e
Besides the lymph01d tlssues, an 1mportant component of
the immune system is the- retlculoendothellal .system 'which‘
Hcons1sts of @agocytlc cells - theh macrophages'and.the
reticular dentrltlc Cells. Studies in “adult animals have
shown that antlgens admlnlstered 1n_Vivo may locallze 1n theﬁ

1ymph01d folllcles, medullary macrophages of 1ymph nodes and

- the white pulp of the spleen (Nossal et al, 1966); Detalled'

antigen proce551ng and @resentatlon is an

1mmune 1nduct1on, immaturityuof phagoCytic cells may be one .

of the many factors~ respon51ble for ;the Aabsence of"

«

immunologlcal reactlvlty ‘in fetal -andf‘neonatal animals.

’

Ev1dence 1n support of. thlS contentlon 1s prov1ded ~in . the

Studies by Argyrls (1968 1969), Nossal and Mltchell (1966)

-
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and Bendinelli, Senesi and Falcone (1971) . Studies by Reade
(1968) showed that phagocytosis in fetal‘and neonatal rats

is in par+ a functlon of the level of opsonlns in the serum.
leferent cells in a lymphoid organ_are arranged in a

. special anatomical arrangementt for’ max1mal 'efficiency in
‘ immune»‘induction (Nossal & RAda, 197j). Thus the lack of
immune reactivity in the.young'-may' also result from the
absence of proper anatomical'architectnre‘in;theirilymphoid
organs as suggested by the “work of willians_ andthossal
(1966a, 1966b) in neonatal rats. They reported a close
temporal relatlonShlp betueen the degree of maturataon‘ of
O‘the antlgen trapplng mechanlsm in folllcles of lymph nodes
and‘the anlmal‘s ablllty to” generate an  antibody . response.

ecent studies by -Hardy, AGloberson and Danon (1973) have

also shown that perltoneal ma?rophages from 4-day o0ld nmice .

are 1ncapable .of reconstltutlng the antlbody response to
el

Shlgella in 1rrad1ated adult hosts. These data clearly

demonstrate that the vmaturlty of*”tHé”RES‘Eanfitufes*an‘~—f~——+e

¢

1mportant rate llmltlng factor in the ontogenlc de elopment

r.

of immunological functions.

~C. 'Objectives]in the Thesis Research

A review of present knouledge of immune ontogenesis

shows that a vast amount of 1nformatlon has been collected

on varlous spec1es and stralns by experlments in vivo and in

-v1tro. ,
y, : .
Some: of the problems encountered Wwith experipentation

<



ll’l vivo are:

o

*1) the complexity of the internal environment of
the animal; - -
2) interference by maternal anfibodies;"

,3) technical difficulties in reaching the fetus in v

4) animal variability.
Facrors:1‘ 2, and 4 make’ 1nterpretation of experimental

esultecg difficult For vexample, it .ié Eiffloult to
distingaish ﬁvwhether the~'.fsta;e.  of ,immuhological
unresoonsiveness in aew‘orns is due to a 1ack;of optimal

cooaition5r for functional expre531on £ & :

cells or to their 1mmatur1ty per se. Experimentation o %_?

.fetus in g;g has been carried out 1n sone of the larger
mammals and- marsupials. However, Aunlike the laboratory

rodents, these "models have the disadvanrages of lack of

genetical uniformlty, requirement for spec1allzed

i ———and—hWigh ISt of the animals and their upkeep. A partial

solution has been prov1ded by the availability»'Of' tissue'
cqlture systems, ‘but these do not allow long term studiee
andialso the cooditions in g_g__'are s1gn1ficantly different
from those 1n vivo |

The cbjectives of ‘this +thesis research wvere (a) to

develop ~an experimental model ' which _ would '1allow

'experlmentation on the ontogeny of the 1mmunocompetent cell
pPer se with minimal influence from secondary varj

' as the maturity of the-RES; and (b)'to oy thlS model in



‘the

r »

study of some aspects of immune ontogenesis.

)
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DEVELOPMENT OF THE EXPERIMENTAL MODEL

Lymphocytes constitute the “Rajor componemt of the
immune system. _They not only interact wlth/antigems im . the ;y
\afferent limb of the immune arc (in antigen fecognifion),_
but also participete in the lefferent llmb in antlbody'
pfoducfion | and in celluler ‘ 1mmun1ty. Although the
‘matura*lor of lymphocytes durlng an immune response has been

) ‘
exten51vely studled little 1nFormatlon 'is avallable " on

“
their development, es pec1ally during early embryogene51s.‘ A
major technlcafﬁ“‘p oblem encountéred in the study_ of .
lymphocyte ontogene51s in mice 1s the. small size of ‘tﬁe
fetuses Vthh makes experlmental work ip utero difficult.

Durlng early_ neonatal llfe, the immune system in miceﬁ—
is both 'anatomlcally and fumctionally_‘pooflf developed;x
palfhomgh immunocompetent' cells.‘aré presemt atyfhis‘time
(Speer et.al. 1973) This lack of- immunevre ctivity maj be_
attrlbuteﬁ to any or all of the four factors llsted below:

.-a) the small number of lymphocytes in lymphoid\
tissues in toto ; C_ . : -"" ' ' :‘ ‘ 1 e
br-immaturity‘ofA the',reficuloemdothelial- s&Stem
’(Nossal & Mltc?ell 1966;‘Argyfis,'1968);:
c) the 1ack of oPsonins " or »natural'antibodles
uhich help in antigen localiiatiom, p;odessinq
aud phagocyt051s (Reade, 1968), and

«

d)vfhe‘ deficiency i1 lymphocyte rec1rculat10n dmé %
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'to: poor”'denelopmentv of ‘thev postfcepillerf

venules (Gowansjs Knight, 156&). - ' |
Altnough' the lymphocytes might have 'attained

ilmmunologlcal competence, other env1ronmental factors; ‘could

'1nfluence the expre551on of 1mmune react1V1ty.

To observe the ontogeny of 1mmunocompetent cells Qer

/

. se, 'it is de51rable to place them in an env1ronment whlch

will be optlmal for ‘the full expre551on of thelr 1mm&he
‘capa01ty. © This has been achieved in mart by an';nng;jg
clonizg model in mice first descrlbed by .Trentin and
Fahlberg (1963) based on the knowledge tha g
a) the lymph01d compartment of radlatlon deprlved
: mlce could ﬂme reconstltuted by a graftvvof
syngenelcg hemop01et1c -stem cells (Ford et al.
1966) 3,and" R '
by these stem cells in  the early phase | of
| proliferation‘ can give rise to clones ofrcells
wnich maj be isolated ‘as distinct spleen
colonies'(j{ll Shmcénlloch, 1961) . |
A stetistical 4analysls of _ the results of Till and

McCulIOCh (1961X~has indicated that the dose responsev‘curve

“dia notl'deviate 'Slgnlflcantly from llnearlty, nor was the

)

1ntercept s1gn1f1cantly dlfferent fronm zero, They thereforeu
concluded that thelr results are} compétible with the
'asSumptioni that a 51ngIe ﬁlable cell from the bone marrow
graft gines rise to.one spleen colony. Such a cell has been

referred to as a colony formlna un1t (CFU) This, if cells

B}
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from a “single colony were: 1njected into another irradiated

mouse, they would repopulate the rec1p1ent w1th the progeny
- of a s1ng1e precursor. The formal exper1menta1 ev1dence for

- this was later' presented by Becker,. MuCulioch and Till

'(1963). Wrentln and Fahlberg (1963) then de51gned .a model
to test the- valldlty - of the clonal selectlon theory of

Burnet (1959) whlch postulates that only one or at the most

a few, antlgens should be able to elicit  au antibody

[

_ response from any given clone of 1mmunocompetent cells

' In the1r study (Trentin ¢ Fahlberg, 1963),' Z o oaallys
‘irradiated ;mice were_»repOpulated with fa small number of'
syngeneic bone marrow‘celishin order to, produce separate'and :
discrete spleen colonies. _le~-=p ‘days.'later,h cells from
singie, 1sola+ed spleen colonles Were taken ‘from. 1rrad1ated'
bone marrow re;opulated prlmary hosts and 1n3ected intc

group off lethally 1rrad1ated secondary hosts.‘ The

hemop01et1c and lymph01d tlssues of the secondary’hosfsfiere” e

= . : / et

'assumed, to be entlrely of donor origir.as was previously“

‘%shown by the chromosome aralysis resuits obtained by Fora'

‘@

Ilbery and Loutit (1957) : The bone - marrow and spleen cells

lrecovered from a 51ngle secondary host 28 days 1ater_'were

further l 1n3ected anto’ a group, oﬁ lethal;y1-irradiated

tertiary hosts. Beginning on day szafter icelljbinjection,

. the surviving- :animals of . this group -were immunized
. . , : , . el ) S

‘uentially JIE ‘ 'Veeridifferent' §a1monellai pfeparatiOns .

which _”showed " no _obvious» antigen;g cross>roact1v1ty.

"”.Subsequent antlbody tltratlons shoued that‘ these tertlary

woa ) o <
L ’
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Figure 2 Experimental desvign for in vivo cloning of fetal
liver stem cells in irradiated mice and subsequent
evaluation of ‘immunocompetence. - :
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hosts could}fﬁ“&guce ‘antibodies agalnst each of the group-

"spec1f1c Salmonel&a antlgens.. Slnce thé lymphoid xlssue of

. each tertlary host presumably orlglnated from the same bone

'uarrow’stem cell;‘Trentln and Fahlberg'(1963) concluded that
antibody 'formiug cells were ,pluripotent.‘, In a Q;later
_ ) . , \

. o . "
extension of this .work, Trentin et al. (1967) produced

51m11ar results u51ng 4 to 13 spleen colon1e§ to repopulate

secondary hosrs. Their s argument against +the’ cloualf

selection theory vas based. on “the assumption that the

tertiary hosts were repopulated with the cell progeny of one

precursor. However they did not .take into account the fact
" that mouse 'hemopoietic stem <cells have self ' renewal

properties (Siminovitch, McCulloch & Till, 1963). Thus, the

cells (10;6 x 106 spleen‘cells PLUS.2;1 x‘10§ bone marrou.

cellsy used" to reyopulate the. tertlary hosts in their

5exper1m nt should pe regarded as. progenles— a considerable‘

nunber of, stem cells.

Since immunocompetentfcel}s do not form spleen colonies

(Mekori & Feldman, 1965) the in vivo.cloning'pchedure'of‘

14

Trentin and Fahlberg has prov1ded a model for my study-:on

- the development of 1mmunocompetence from a s1ngle lymph01d .
- precursor. This model (Fig.2) adopts thelr method - for the

production  of seéarate,‘ discrete colonles in 1lethally .

irradiated, . stem" cell repopulated‘ sprimary. : hosts.
< ) . - '

'Thereafter) cells of single spleen colohies_were transferred

into 1lethally irradiated secondary hostsg_and‘the’onset’of

various immunologic functions followed.

‘

s
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As a source of sten cells, yolk sacs and 1livers ' were

obtained from mouse, fetuses between 9 to 12 days of

gestation. Varlous studles (Haskill & Moore, 1970? Moore §
Metcalif, 1970- Hasklll,L 1971) have shown that murine stenm
cells from yolk sac‘or eariy' fetal liver have different
characteristics from thOSe in late fetal liver, spleen or

~dult bone marrow. . It follows from thelr studles that the

2velopment  of immunocompetence  in . _1rrad1ated mice

:epopulated with yolk sac cells should bear the closest

resemblence to that occurring duringlnormal embryogenesis.

In a series of 20 experiments,‘ 170 lethallv irradiated
.primary. recipients' were repopulated wlth doses of yolk sac
wcells (Erom 9 to 13 day embryos) ranglng from 0.1 to M. 0 xd
‘10k cells. Mortallty was hlgh amongst these mice. Only 8

out of 56 prlmary rec1p1ents of 0.1 to 0.5 x 10 yolk sac-

cells 'surv1ved 18 \days after repopulation. ~ When the

)

repopulating doSe‘was increased to 1 x 106 yolk .cells, 79

:out of 114 nmice were stlll alive 14 days after repopulatlon.

Since - the 1r1mary 'r:L'paents were ﬁsed solely to produce

A 5 ? .
spleen colon1es,~the1r fbng term surv1val was not essentlal.v

‘From 19 prlmary rec1p1ents splenectomlzed between days 8 to

11, a total of 10 colonies were obtalned . These colonles
were transferred singly 1nto each of 10 lethally 1rradiated

secondary rec1p1ents,"all-of-whlch-dled w1th1n_10»days after

, repopulation. This suggests ,thatﬂyolk'sac cells have few~

. CFU when compared xlth bone marrow cells whlch ‘have

approximately 1 CFU. per 10‘ cells (Tlll 8 McCulloch 1961).



enhance their . immunogenicity.

' therefore be limited only by
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‘fThis may,be'due to the low spleen seéding eﬁficiencj of yolk@

sac cells, which has been shown by Moore and Metcalf (1970).

- In view of the low spleen repopulatihg potency of yolk sac

cells, 12 day old fetal livers,were used ‘as anfaltefhative*

source of ‘stem cells. .

"Qplike' embrybs, irradiated‘,adult mice have vell °
organized lymphoid tissues, sufficient opsonin concentration .
and a nature reticuloendothelial systenm necessary for

localization, phagocyposis'and “proceésing of antigens to

I

developt . of immune<

)l

‘Teactivity in such irradiated ané zoopulated wmice should

1

maturity of the cloned

flymphocytes.‘v .

The following chapters descr e -the application of . the

experimental model as outlined in Fi§{2'_to- study the

dbyélopmenp of immunological functions, fincludingliantigen

)

7recogdition (antigen binding cells) and the-dapacity,tb

‘exhibit humoral and  cell-mediated réspdnsiVenéss,_ in .CBA
Pt ; R SEEPS . " ot -

¢ A

¥

mice. . ST o . . S

C o,




40

Chaorer IIT

GENERAL METHODS AND MATERIALS

This‘ chapter 'gives an account of the materlals and

routine technlques used throughﬁut the course of the study.
»Spec1al methods are described separately in the pertinent

'chaptérs.

2
. . e L
- - A,y Mice

Mice of stralns CBA/HI and Balb/c amnd' their hybrids

(CBA <X Balb/c) F1 (CBF1y§;,were'db§ained from the Ellerslie

Aninal Farms, University of-Alberta. 7

Male Balb/cJd, 8 to 10 ueeks old and C57Bl/6J oﬁ both_

sexes were obtalned from Jacckson Laboratorles (Bar HanOur,
_ Malne) o . #g 3 ) ' SR j

[ .‘.‘ . : . . . : " - ?‘\

Anlmals were housed 4 to 6 per cage wlth free accegs to'

&, ”

food an water. Irradlated rec1p1ents of cells. from sin-le

_spleen 'colonles were glven subcutaneous lnjectlons )

_\7

% o . . \
-gderramYC1n (2mg per mou’ ) every other day. : ‘ \

B.' Irradiation

)

Mice'ﬁere placed. in a;narfitioned plexiglass c1rcular

contalner and recelved whole body 1rrad1at10n at a dose rate ..

of 114 rad per min from two Ca351um137 _sources in a ‘Gamma

;CQll UO"(Atomlc Energf of Canada Ltd., Ottawa, Ontarlo).
. T :
Balb/c,,CBF1, and C57Bl/6J.m1ce, used in-- GvH' response
Studies wvere giienhrespedtively; 700, 890, and 850 rad whole

—

~

N
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body irradiation.
C. Preparation of single cell suspensions

Cell suspens1ons were prepared- in sterile, cold ﬁisen's'
balanced ‘salts solution - (EBSS) (Eisen eg al. ;l959)
supplementediwith.lo% (v/v)tfetal'calf' serum (FC$Q ‘(Grand
Island Biological éo;, - Grand Islaﬁd,'N.l;), 100 units of
penicillin G and.1OO Hg'of'streptomycinr per ml.b In some
experiments, Lelbow1tz /pedlum (6IBCO, Grand Island N.Y. )'
was used in place of EBSS. S

Fetal Or newborn . tissues and‘ sSpleen colonles ‘wered
gently ,teased 'with fine_ forceps in either 10%FCS- -EBSS or

LelbOHltZ medlum and kept on 1ce.“n'Spleens from adult . or

,perlnatal ERice vere elther forced through a double layered

nylon gauze or minced wlth fine scissors "and then pressed'

through a- metal 51eve (pore size uau) The cell suspension

was asplrated several tlmes ‘through a 23  gauge hypodermic

‘.needle to break cell aggregates, "Large particles'were

allowed to settle out from the suspens1on ung;r)graV1ty,

Y

‘Bone marrow from adult mice was obtalmed by flushing.

N

femur:® shafts with VLeibowitz' medium u51ng a 26 gauge

sy
A

hypodermic needle. Cell aggregates . were ' broken by

aspirafing - the suﬁpen31on several tlmes through a. 26 gauge'

hypodermic needle, ,
. . . &



' gestatlon.

. of medium. Ten daysp later, these ‘mlce were kllled- by

b2
'D. Cell Injection

Mice were placed in a 379C incubator for 30 min before
inﬁection to dilate the tail veins. - Single cell suspensions
Were injected through the lateral tail vein using av26lgauge

nypodermic'needle.‘

E. Preparation of spleen colonies

Male CBA or CBF1, ._7 to 9 weeks of age were nSed;as
re01p1enti of CBA fetal liver cells.

Donors of hemop01et1c 'sten cells .were 12—da§v'old‘
fetuses from CBA or CBA/T6 F1 hybrids: The age of the donorf

was based on the presence of vag;nal plugs post coitus.n‘The-

day when the plug was observed uas*%akén to be &ay zero oF,

o & . . it

. ’ . vl
L V 2
Rt N

Adult CBA or CBF1 nice were glven 950
irradiation followed a' day later by an 1njectlon of 1 -2.x

10S viable 12fday'old CBA fetal Tiver cells in 0. 1 or 0. 2 ml

"

cervical _dislocation and their spleens ‘removed asceptlcally &
ey ),E s

O%FCS—EBSS'or.Le1b0w1tz medlum.'" Only spleensJ ulth

discrete colonles vere used Slngle colonles were dlssected

w1th fine forceps under a stereomlcroscope. Each dlssected

©

colony was placed 1nto a drop of medium in a petrl dish kept

on ice. A 51ngle cell suspen51on. was prepared_ from each

N

colony -in approx1mately 0.4 to 0.7 ml'of_medium.liln some.

"experlments, the cell suspen51on was prepared from pooled

- R



43

spleen colonles.

)
St

F. Cellacount

o

Cell counts"qere done in a hemocytometer and cell

" viability determined:by the eosin dYe exclusion test (Hanks

& Wallate, 1950). -~ S T

G. ThYmectomy
!
Thymectomy was performed in neonates within 24 hr-of

birth or “in 15 -day old anlmals u51ng the method of Miller

(1960, 1961). ' Completeness of thymectomy was confirmed by

gross and microscopic examination of the mediastinal tissue.

. Only results from completely thYmectomized animals are

reported, Thymectomlzed anlmals were used when they were 8
12

to 12 weeks old. ‘ 5;

H. Entigens

. Flagellar H;antigen was' prepared f'from‘ ‘Salmonella

‘adelalde (straln 1338 H-antigeh,bf,g; O-antigen,'35f by the

:method of Rda gt»gl.‘(196u)._(The polymerized'form,.POL,,&as

used for immunizatign.

Sheep 'erythrocytes (SRC) were,ColleCted‘into Alsever's

solution and kept‘at 4oc. Before useq they were washed 3

times in Dulbecco's phosphate buffered sallne (PBS), pH 7 u.'

1l

-



I. Immunizatiop

\ 7

For immunization, each '/ mouse was injected

1ntraper1tonea11y with 25 Ug of POL 'in 0.25 ml PBS followed -

by =~ 0.1 -ml of a lO% (v/v) suspension of washed SRC

(approximately 108 cells) givendvia the same route.

J. Enumeration of dntibody forming cells

3

Antibody forming cells (AFC) o POL were assayed by the
adherence colony method of Dlener (1968), and AFC. to SRC
were 'measured by the method of Cnnnlngham and Szenberg
{(1968) .

_ A .
K. _StatiStical~analysngof data

”

Numerlcal data in groups Were expressed as their mean =

one standard error of the (ean (C'E.)\'_ Gomparlsons Were

made using p-values calculated by tne student's t-test.

Significance was apoeptedyat p(0.0ﬁ;q

» (‘1’3‘» N

~
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CHAPTER IV \
ONTOGENY OF HUMORAL RESPONSIVENESS

A. Introduction

1

Experimental  determination ' of the  ontogeny of

i

.immuno¢ompetent cells »in mice has beeﬁ much impeded by the

technical dlfflcul y of galnlng access to:the edrly fetus in

tero. Thls problem may be overcome u31ng the in vivo

cloning model as 'outlined in'Fig.Z(p.35). Using this, a

: was done on the time course of antigen recognition in
, T s A :

a population-of,lymph0cytes»originating from a single or at
the most a few stem cells.

It is now well established that immune recognition

.involves the | speci%ic binding of antigens . onto.

immunoglobulinflike Treceptors on " the surface bf3

immunocompetent cells (Byrt and Ada, 1959). Zhese Cells'are'

:referrec to as antigen binding'ceils (ABC) . The ontogenic

development Oanntigen recognition can . be determlned by

: ‘ v ‘ . .
- followiag +the sequential appearance of ABC for different

antigens. A 31mplesmethod for detectlng ABC for 'a soluble

. 3 2
protein antigen was flrs+ descrlbed by Naor and Sulltzeanu

(1967) u51ng lZSI-labeled BSA folloued by- autoradiOgraphy.‘

’:

ThlS‘ method allows- .%he" v1sualzzat10n(of ABC and also the-
assessment of thelr frequency in a lymﬁ%ocyte population.

However, the low*_dens1ty of su;face receptors on T cells

s

precludes their'detection Mby thlS( assay (Nossal et al.

: 2

<.
S
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1972) . For particulate antigene llke Xenogeneic

\\'erythrocyres, LBC can be 1dent1f1ed as cells surrounded by a

corona of erythrocytes (Zaalberg, 1964;. McConnell“ %3 al.
1969). Recause of thelrv appearance, eﬁch'ABC are termed -
roeette.fOrming cells (RFC).F The RFC techﬁi@ue' has been
' shown to detect ABC of both B and T‘oell lineages (Bach &
/‘Dardenne, 1972) .
ﬁ"Exfensiye studies ‘hav: been directed ‘towards ’rhe
immunologic' functions of ABC. ABC,have>been shown to be‘
eesentlal for 1mmune’respon51venessias removal fof spec1f1c
ABC by cradlatlon suicidet using- 131I labeled antlgen (Byrt
and Ada,‘1969) or .by@ﬁpassage through én .antlgen-coated
columﬁ"(Wigzell 'ahd'MaKela, 1970)_resu1ts in7rhe abolition
of a. specific‘ humoral reepohse.‘ ‘Using: a flourescence-
activated‘ cell sorter, Jullus, Masuda and Herzenberg (1972)
, have provided dlrect ev1dence that antigen blndlng cells are
precursore of antibody produoing cells. . These ‘studies are
-ggycerned - with antigen binaing B-cells. . It has ‘%%en,)k
observed that ligﬁt ‘chiine are - .present on ﬁ—cells,
(Bank@urst-- Warner7~8 Soient; 1971), and probably form part
~of the antigen blnding. recep+ors. . Evidence for the
1muﬁnolog1dﬁ functlons of antlgen blndlng T-cells is deggred
from the’ abrogatlon of the T—cell medrated GvH response.
'(Mason4'8 Harner,‘ 1970) and tﬁe- hapteh-carrier responee
(Cheers - et rg;.. 19713. followinq i anti-immunoglobuiin‘
treathnr. . S | | » |

AA'lephocyte,:at the time of acquisirioh of itS'antigen;

ok



a

47

ES
binding "capacity' during vontogeny mey not be *dble> to
' participate in an immune responSe upon antigenic challenge.
/Therefore_ it would"be of 1nterest ‘to flnd out if antlgen
recognition;ff end fA immune responsiveness: develop

Simultaneoﬁ’ly.

The

the tlme of onset of recognltlon and- humoral responsiveness
e .

2

to Salmopella flage]lln and SRC in rec1p1ents of 51ngle

spleen colonles der1vad frOm fetal llrer stem cells. o

'-cf .
v
7 . B. Methods

s

1. Chromosome"Knal?sis : e - .
. . [w :

Since the T6 chromosome can only be v1suallzed 1n cells

\

at metaphase, each test anlmal recelved 150 ﬁg mf colCenlde
(GIBCO Grand Island N Y. ) 1ntraper1toneally 3 hr prior to

assayt ThlS wQs to arrest cell division at metapgase. The

._.anlmals were kll’ed by cerv1cal dlslocatlon and cells were

obtained from theo femur and/or the spleen,' Chromosome

preparatlons oo 'carried out by a modification of .the
: rd

A .
: method ‘of Fox and Zelss (1961) and stained with Glemsa.A
( B

LP RN OR ST

» “y : LI .
“2;_ Preparatlon of Radlolodlne -labeled antlgen (1251 MON)

Polymerlzed flagellin, -POL, .Was converted: into the

/ -

_monomeric form,'_MON, 3 Jfore‘iodination'by mixing with- -
: . . : . :i,::’.: s

Coo £y - L : :
1/20th volume of_?ﬁ,HCl a. -oom temperature for 15  @min,

followed by neufralization with an equal volume of 1N NaOH.

IodiﬁatiOn was performed using the' chloramine-T method  of

of the follow1ng experiments is to establlsh‘

. : ) : e

) RN . . L,i R -

(93
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Greenwood, Hunter and Glover (1963). . One hundred g of MON
‘in 0.1 ml were added to 10 mCi (in.‘30-35 pl) of carrier4
“free, radloactlve iodine &251 ‘(New England Nuclear, Bo'ston,
Mass.) , followed by 500 ng of chloramine-T (1% solutlon in
°BS) . The'mlxture was allowed to react at room temperature
for 20 min and the reaction was termlnated by adding 700 ,Ug

of Na25205 (1% solutlon-ln PBS).. The labeled anthen Was

'separated;from'free iodide by chromatography on‘a‘small (§fx

60 mm) column of Seﬁhadex G-25 (Pharmacia, Uppsalaj' whiéh]

" was pretreated with BSA. The specific activity of different

‘preparations of labeled antigen was u049O AUCi/0g Qf”proteih.

3. Assay for>hntigen Bindinc Cells kABCL to 125I¥labeled

The - precedure used tc enumerate\ABGvﬁas that. of Byrt =
;and Ada (1969), except thar DulbecCo's;'mlnimal"eSsential
medium ’v(ﬂEMf was replaced with',10%FCS;EBSS, Before |
incubation with the labeled antigen,  the cells were spun
threugh 1OQ% FCSl tofreﬁove debris. Iﬁ-all instaﬁces;hthe
_“amount of antigen used ranged from SQO t¢,7sp ﬁg proteiﬁ_ in
lO;Z',ml cof ‘medium - containing 'sodium azide . at a ifinal
concentraticn of 1.5 x {O;E_MjfﬂFrcﬁ'Z ro 10 x _106f Cells‘

: " u x &

were incubated‘ with the laDeled antlgen in dan 1ce bath for

30 min. Thereafter, the cells were vashed 3 tlmes in. EBSS.

4

o
The pellet was resuspended in 100% FCS and the . cells smeared

: ontQ gelatln* coated slldes._ These were fixed in methanol—

‘acetic ~acid-water hixture (8021:10) for: BOik-min and
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subsequently washed for 30 @1n in runnlng WHtpr and then-
processed" for autoradiography; Ow1ng to the presence oﬁ
& '

azide, no phagocytlc cells were found to’ be labeled in any

experiment. .. - ol

4, Autoradloqraphy and’ Scorlnq for 1251 MON Blndlnq Cells

The clldes w1th cell smears uere dlpped in Kédak NTB-2

photographlc emu151on and drled° They were stored for 2 to
4 days in the dark at HUC in the presence of a drylng agent
(anhydrous» calc1umb sulphate),»developed 1m Kodak developér

D—19 flxed and’ stalned with Glemsa. "A cell vas considered

‘labeled when the number of gralns a35001ated wlth 1t wvas at
least. 20 times above background ?ollowlng th1§ »crlterlon,
the error probablllty»fof- scorlng a labeled cell uas less

than 0.01%. In cases of heav1ly labeled cells, the \?ralns

in the photographic: emulslon were dlssolved to revedl the

~underlying  cell. ‘only ‘intact- cells - Wwere ‘Qccepted-' as
 positive.: S B :

a \ v
i

,51 Rosette Formlnj Cell (RFC) Technlque

mhlS assay was carried out accordlnq to the method of
} . .\. N . : \. i ) i . . R ‘ . -
Wilson (1971). A mixture of 5 x:106 Viable cells and '5 x°

106 SRC (0. 08m suspen51on in 10%FCS EBSS) in’ 1 ml were spun_:

together for rosette formatlon.c The pellet was 'allowed to

- stand on ice for 5 mln and was_then resuspended., The number

of = rosette forming cells  (RFC) - was counted,-in'la

—hemocytometer;’ Only complete rosettes were scored. = Two
determinations werelmade'for each sample. The total uumber,‘
N , L _ .

Ry
pr



S TABLE 2 Ch:émosomevanalysisldf épleen and bone marrow cells
of secondary recipients '

»

C e

Animal

Cell Cells with

Days after transfer Total
NQL of cloned cells source ~donor T,- cells
v ' chromosom scored
1 ) 20 . 1'spleen 57/62
T2 o 30 " spleep 22/2°
: : . t o
, bone marrow = ° 25/26
3 30 .‘bdne-mérrOW”f 6/6
4 - 30 bone marrow ) 39/42
5 30 bone marrow 1 17/17
'l Single animals from}five Qﬁfferent'ezperimental groups
: were tested - :
| i
. . p
2 ‘
L
N
¢ e
sa ~ \ -
. “

@
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‘Lyon & PhllllpS, 1955) 1dent1f1able in karyotype anal-—siz:,.

taken from a different experlmental group. - More than 92%,09

51~

of 1ym§hocytes sereened ranged fron S;OOO-te ZTUSQO.

:"
-y
i

'C. Results S .

-J

Jf' Cellular Ident;ty of Hemopoietic Tissue 1n Recipients of

Cloned Cells

In exper1ments¢involv1ng the hemop01et1c reconstltutlon.'

‘of irradiated anlmals, there is  the p0551b1119y that the

survival of rec1p1ents may be due to endogenous repopulation

'rather  +han to,lrecbpstitutiri by tk. injected cells.

'Therefore, the origin of divic f eells'in " the, hemopoietic

tissué of  spleen colony recipients 'was determined. For this

ourpose,_ donor cellls were obtaiﬂed from fetal livers of

/

TBR/TE hybrlds ’thh carry the T6 chromosome marker (Cart=r,

Fetal llver cells | fronm CBA/T6 hybrids 'ﬁere allowe tc

,proliferate'for a %riod'_of 10 days in. dirradiated . i

prlmary re01p1entsﬂ‘ Thereafter, single spleen colonles weTe

. transferred 1nto aﬂother group of 1rrad1ated CBA rec1p1ents.

Chromosome:_analysgs vas carrled out as descr bed on spleen
' l

_colony rec1plents 20 and ?O days follow1ng cell transfer.

Table .2 shows the results obtained from 5 anlmals, eacm
-
the metaphase figures examlned revealed the T6 donor cell
marker.' This high proporrlon of donor cells renders 1t\
inconsistent = with extensive en&ogenous Depopulatlon.”

F%rtﬁermore, all of 40 control mlce which wede 1rrad1atedi

with 900 to 950 rad but not glVer cells, falled~ to show:j
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Figure 3 Developmernt of antigen- recognltion in rec1pients of
cloned cells.
The ratio of mice with splenlc ABC (o o) or RFC (o- CD ‘
to the total number tested per group is withln parentheses.
_ Irradiated control mice were exposed to 900- -950 rad but
- not [given cells.  They were kllled on days '3 to 15 post— .
~dirradiation and their spleen cells assayed for’ ABC or RFC
'in he same way as for experlmental anlmals.

R
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spleenl-COIOnies within a period of 8 to ‘15 days after

irradiationQ‘ It was therefore concluded that lymph01d cells
of 1rrad1ated nice. repopulated w1th s1ngle Spleen  colonies

ane of donor orlgln.

v

2. Development of Anthen Recoqnltlon

a. Antlgen recognltlon capablllty of spleen c lonles E

. To. determlne whether . or not 10~ day old-spleen colony

Ay

cells can recognize _antigens,ﬂlcells pooled"

from several
\ .

spleen colonies on the day of transfer were assayed for
thelr ablllty to bind 125T—MON and SRC. The results showa
that less than one ABC per 100 000 or ‘one RFC ‘per 20, OOO

<

lymphocytes was detectable. “This conflrmed the absence of

‘ant1gen~ b;ndlng ‘cells to thesge Mantigens in thefspleen

' colonies at this time of clonal development. e

'b. Antigen recognition in recipients: of singleh spleen. -
4 . o , S I
colonies |

‘_Individnal spleens from lethally 1rrad1ated rec1p1ents
3
of 51ngle Spleen colonles Were tested for thelr contents ofi
- 'L'ﬁ é?,v‘\

. o
ABC. to-!-SI-MON or RFC at various tlmes after repopulatlon.

24
' “ A

The results are shown in Flg 3.

Startlng from 5 to 7 days after the transfer ofv‘suchV
icolonles, the_ number fof 1251 -MON blndlng cells 1ncreased
exponentlally with tine wlth a correlation coeff1c1ent '(r).‘

va 0. 9929.f,*By days '8flO, "the number of ABC was already
s1gn1f1cantly hlgher when compared w1th that- of the prev1ousi

“:.tlme p01nt (p<0 01) . Moreover/‘throughout the - observatlon

. o
T



‘30~ 33 days to develop from a s1ngle stem cell

o : 54

period;'ABC were detectable in more than half of the mice in
each group. Taking into account that the cells had re51ded

for 10, days in the prlmary recipients pr1or to transfer, it

was coucluded that the ablllty of the immune system to -
Tecognize Salmonella flagellln antlgen ¥as establlshed

'between 18- 20 days of development from a sten cell

;ﬁ contrast_ to‘ results obtained with ‘ABC, RFC were

first detected between day 8-10- in spleen colony recipients

Hand remainedfat the same-level throughout the first 13 days

3

of observation. An’ increase in the levelv of RFC was,

N

hovever, observed betueen days 14-16. followlng 51ngle colonyv
transfer. Furthermore, it was observed that the proportlon

of experlmental mice w1th detectable 'splenlc_ RFC was 'low

.throughout :thls'period. By days 20—23 a sharp increase of

RFC had oCcurred reachlng 30% of the normal level- and 54

- out of- 10 nice tested were p051t1ve.’ S1m11ar numbers of RFC,
:were found oin 2 out of 4 m1ce tested on day 30 whlle none

"Was detec+ed in the remalnlng two. - Therefore it appears

that the competence for SRC recognltlon req01red a total of

\

yc.’yRosette formlng cells in recipients of‘ pooled spleen

“colonles
‘iThev;number. of._RFC” wvas assayed "-*;rgaa%ated mice
‘repopulated_ vith;.cellSc pooled fromy aggQ:;fQ . of 4—5

colonieS°.to_ find out if an “increase ' in’ the number of
lymphoid precursors co%ld result 1n »earlierf appearance of

\
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. G
TABLE 3 Rosette forminglcells,(RFC)fin recipients of pooled
= spleenlcolonies '
Days after ‘No. of mice with Total - RFC/spleen in ' f
cell » RFC in spleen No tesfedn‘ positive mice ’
transfer - , ‘ e :
6 SR 0/4° -
8 , ' T 0/4 e EE
- _‘ . I!_ . . .
12 °o - . ' Q/4 ) ' .
15 o o/4 . -
20 L 2/4 10,765 , R
‘ : ' - ' . 21,904 R ’
S T 6
1 CBA mice were irradiated..(900 rad) and repopulated with 4 - 10 x 107

spleen colony cells. At different times_thereg@ter, groups of 4 mice .
were ki%led and- the number of RFC in each spleéﬁfwas}assaygd.'- _ : L

’
q

.
* B Y
G
. N L :
<
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RFC, - :At ‘various times after the transfer of pooled spleeg
colony cells,_individual spleens of these rec1p1ents were
aSsayed for thelr contents of RFC and the results are shown
in Table 3. | | .
As in the case of singlesséleenggolony.lrecipients;  no
RFC were detecfable in the. spleens"pf.'lrradiatea mice
reconstltuted wlth pooled colonieS'np to 15 days.after cell

transfer. On day 20 after cell 1nject10n, 2 out of 4 mice

tested were p051t1ve for spleen RFC

‘3. Development of Humoral.Resp;Eslzeness %b_gCL and_SRC_in

>

Recipiénts of Single Sp¥e€en Colonies v

'To‘determine the develophent of humoral responsiveness,
'gionps of lrradiated ecipients of \single, spleen colonies
were. inmunizedf kith'POL'and SRC”ag various times following -
repopuletion. xFour deys after immnniiation;. these enimalsi
Wvere killed vnnd lndividual spleens ‘were assaYed‘for the
number of antlbody formlng cells {(AFC) to eitner Aentigen;
The_:esults are shown in Fig. 4. AR ST o
An - expomential incnease of AFC “to POL was observed
;a:ﬁing“with; animals’ imnnnized Of9 days‘naftefr colony
‘transfer. nBy days‘10-l9 the level of AFC ‘to PoﬁbaefeésedQ
_was already comparable to thaﬁ in normal control mlce.' Thise
snggests that humoral 1mmune respon51veness te the flagellar'
antlgen was establlshed between  20-29 .days. of development

from a 51ngle stem cell.

- On  the other. hand no appreciable responrse to SRC was

Q
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.Figu{9v4

Development of humoral immune responsiveness in recipients
of cloned cells. S S -

The number. of mice per group is within parentheses.

All mice tested were found to have AFC to POL or

to SRC with the exception of a) group , (0-9) in which

only 2 out of 10 mice'were_positive f@ffHFC to POL; and
.b) group (10-19) in which the ratios of positive/total

mice tested for AFC to POL or to SRC were 7/8 and 7/10

respectively. .Irradiated control mice were exposed to - -

900-950 rad but not given cells. They were immunized
on days '8 to 15 post—irradiation and assayed feor AFC
4 days later. : “

(a) Anti-POL AFC (0-0)

(b) "Anti-SRC AFC (m-m)

58
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observed up to day 19 atter colony transfer. By day 20-29,
the number of AFC to SRC had reached a 51gn1f1cantly higher
level than was observed between day 0-9 ' (p<C.001). From
tben on, a steady 1ncrease‘of respon51veness was observed up
4ro 65 days after colony transfer. At thlS’ tlme the
'nagnitude of the response to'sRC had reaéhed 85.4% of that
,0f normal control valiues. Tt was concluded tharwunder’the
present”experimentai'condirions};tbe capaoity of the ‘immune
Systemv to produce antibodiés to SRC was not detectable

before 30 days of development from a single stem cell.

%

D. Discussion

¢ I

The experlmental model used in thls study is based on
the - observatwop. that a 51ngle hemopoietic spleen colony of
. the nmouse, when transferred' to a lethally 1rrad1ated

i

syngeneic recipient} may restore 1ts lympﬁop01et1c system,

Although the long ternm survival of  such

irec1p1ents_ 1 only 20%

'Qhowed that su surv1val uas 1ndeed due to{
;by donor celIS‘of the blood forming tissue.'-?‘

The study desc 1bed in tnls ~chapter addredggi?
o %7 -

pthe.sequential exprc551on of antlgen recognltlon an 4
immune‘ respons1veness during ontogeny.‘ For
_flagellln, a~period of 18 td'20 daYS - of clonal expansionv
from a fetal stem cell was requlred for the establlshment of
the antlgen -recognltlon pOtential This flgure compares,'

favourably w1th the 20 days estlmate by Jerne (1970) for the

E)
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complete ¢ _raiion o’ & “ige: 2cognition diversity”'in a
lymphoc popu »rion der v d >m a single precersor cell,
on th iss pt on +that cic .« diversity of antigen
recog on res lts from 7 omati mutationu
. . o
‘he nset of 7 gen recognition and that of
humoral .:zu 2 fee,: =7 wens Ln reEipientS“repopulated with
single splee cclo: . compared. The_data eﬁow'that:
a) Antigen Jggnitidn develeped, before immune‘

responsive..ess..

b) Recognitibn 'and _ﬁumoralvimmune responsiveness
against a‘T-independent aﬁtigen, PdL (Diener,
_O'Callaghan 8: Kraft, 1971), éere, expfessed
earlier than those against SRC, - a 'deepeadent
aniigeh'(ﬂiller_s Mitehéll;-1967),

The  results ’en fhe appearance ‘of flagellia;bindiag

cells are compatlble w1th flndlnge of‘Noqsal and ‘Pike . (1972)“

who ehowed that the number of - 1mmunoglobu11n bearing B—cells

'.1ncreases rapldly in the spleen of the CBA" fetus dur*”j the

perlod between 16 days of gestatlon and blrth This was

el

.conflrmed by Spear et al. (1973)> in "Suiss' L mice.  The
present  data show _that a peniedvof 53_aays.of'developmente
.~ was rtequired before a siénificant level.(BC%'of netmalx of
f.RFC was, aeteetable.e ‘This agrees remarkably eell_with the

‘data of Bach et al. (1971) ého showed that in mice, RFC to

SRC did not appear untll 7 to 14 days after blrth, that is.

after o .total of 26 to 233 days -of developmont from

cqnceptidn. However,‘Spear.gi'gl (1973) could detect a low

®

. Fﬁ*‘.
iy
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o S R A

level of RFC to-SRC in the spleens of fetal miceiet 16 days.
. . R ] . . v . 4. , ] ) ) y
of gestatiocn. Since >50% of RFC in® the spleen have been::

shown to be —p051t1ve T- cells (Greaves and Moller, 1§70§“
Bach & Dardenne, 1972y, the dlhcrepancy of results lffom
different . laboratorles may reflect a’ straln varlatlon in‘;—

Cell maturation rate. L
: ‘ o

The .data - show th%yfﬂantigenic. fecognition of | SRC
. developed later.-than thwt of POL. One poss1ble explanatlon

for thls dlscrepancy is the dlfference in sen51t1v1ty of the
tyo assays. Bankhursf and Wilson (1971) have demonstrated
that in the 'ase of chicken globulim;vmoreJABC were detected»
by ‘u51ng 1?55flabeleo chicken globulin. combined ‘with‘
autorédiogrephyﬁ-thén by rosetﬁe_.fofmation .mith-echicken
élobulin#coated~SRC. Sfmilar‘obsermations'have'been“madé bfl
- Langman (1972) with respect to POL.. These authors proposed
cthat there is pc?;ably a spectrum of afflnlty among antlgen
; > ‘ ,

binding cells “%&nd that onlyv cells with 'the most:avld

ra

recebtors form‘:rosettes.‘” Thus the late_ onset of . SRC
recognltlon may reflect a slow 1ncrease of -high afflnlty ABC.
durlng lymph01d maturatlon. In view of the flndlngs that a

O .' a

- large proportlon of RFC is comprlsed of T~cells (Greaves and .
. Moller, 1970;>é;eaves _amd Hogg, ,1971' Bach S Dardenne,-'
»1972), ‘anofher explanatlon for the late app arance of SRC;

.‘_binQing'Cells is-that T-cells develop slower than B- cells.

Since only the soleen uwas examined che%e 1s also ‘the

poSSIblllty of SRC- blndlng T= cells in the thymus waltwng to

' Smlgrate 1nto perlﬁheral organs. Con51stent w1th this-is -
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in the spleen.l ' . B
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the finding " of Fidler (1972)“:., whick ., shows fthat

¢ ‘
1mmunocompetent T- cells appear flrst 1n the thymus and then

e ‘-b

“v
P~ 1 -

¥
,.l

- There 1s now ev1dence .that in the adult ‘mouse, cells

capable of ‘blndlng 1251 labeled antigeh, - as detected by
> v
conventlonal autoradlography, are B—cells ‘(Nossal et al.

1972)~ and that ABC are precursors of antibody formlng cells

(dulius, Masuda & Herzepberg, 1972). Therefore ”ir “is‘

- expected that the 1ncrease' in the number of ABC durlng‘

onto?eny of the immune system should parallel the ,emergenqe

of humoral respon51veness. This is so rn.the~case of POL, a

“

T-lndependent antlgen, although humoral respon iveness towf“

lthls antlgen lagged somewhat behlm the manlfestatlon of
antlgen recognltlon. i,Thls mayvme accomntable to. a 11m1ted

_'mumgng of immmnocempetent L_cellS‘ present-‘-early» .in_
development.  ,a Qu._"f" ' | | |

R
v ' S L

The results ' Show . a "sequehtial' deYelopment of

vresp0nsiveness, flrs+ to . POL and then to SRC similar to_the

flndlngs of Sllversteln et 1. (1963) in. fetal lambs. '-ThiS»'

'may be due to the fact that - humoral respon51veness to SRC 1s i

—dependent (Mlller'87M1tchell 1967) ‘Evidence in suPport

&

B} of +hls view has been prOV1ded by several groups (ChlSCOD ES

Golub 1972- Arrenbrecht,.1973; Spear & Edelman, 19 4)

Abart from T-. and B-cells, a third cell type'- the

‘adherent‘(ij,cell - is essential for immune- responslveness

~ to SRC (M051er, 1967L'Shortman'g§val;j1970),_but'not to PQL‘

. -

»,(Dlener, Shurtman & Russell, 1970).-vTherefore, {he enset Qf_'
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humoral responsiveness ro SRC in _irradiated recipients of
cloned cells_ may be limited by the maturlty of A cells.
Argyrls (1968)  has shown)that the response to SRC in young
mice at least 3 days after blrth can be restored'by
1njectlon of adult ﬁerltoneal macrophages.,b Recent studles

of Hardy, Globerson and Danon (1973) have prov1ded data 1'n

accordance with the idea that perltoneal macorphages in mice

durlng the first 4 - days arter blrth are 1mmature and~

1ncompetent to _partic1pate . ip ~immune . reactions.
Contradictory to these, Fidler, Chiscon' and Golub '(1972)
reporred- that spleen adherent cells from nevborn mice could

co-operare with lymphocytes 1n?the SRC response ;g v1tro .

the ip xi’rg_ act1v1ty of adherent cells (MOS1er, 1967) to
the role of. macropﬁages 1n the antlbody response in v1vo is

-clarlfled o - : ',ﬂ .

W

. Finally, 1t 1s equally llkeyy that the lack of humoral”

responSiven i8S to SRC. in 1rrad1ated and repopulated mlce' is

due éb the 1mmatur1ty of bOuh T- and A cells.
..a | _uvﬁzzzvetewaﬁmx
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" CHAPTER V

-

ONTOGENY OF CﬁLL-MEDIATED'IHMUNITY
v ‘ A, Intrbduction‘\“ RS

In.'celivmédiaﬁed immurity; antigenié stiﬁuiation leads -
to the generarion ofraétivated lymphocytés thch ekert their
cytotoxic effects upon ¢ cect q@ntact Hlth the target Cell..
This Statc of 1mmun1ty can only be adoptlvaly transferred by

imnuned cells. In the followlng study the. ontOgeny of cell-

- mediated 1mmun1ty in 1rrad1a ed micé repopulated vith cloned

~

cdlils was‘_follqu 7 accorcing . to the protgcol ogﬁlinéd in

i

Fig.5. GvH reactivity wuc taken as a criterion to assess

the degrees of immunocompetence.

i . L : ’ . ' .
A GvH reaction occurs wher an  immunologically
incompetent = host receives  an allograft; containing
immunocompetent. lymphéz&tesL Therefore the ability to

elicit syﬁptoms of a GvH r@actlon in appropriate hosrs is an

'1ndlcatlo O f the state of maturlty of lvmph01d cells Der se

T, thus’ excludlng the 1nfluencc of extrinsic factors such as

-

the maturity Qf ‘the RES. B : o

'The_Simonsen\Splehomegaly assay (1957) is commonly used
to assess GvH re ;"bity. This method is baigd on therfagt

“that mature lvmph01d rells uhen 1n39cred into llogenplc or

!

sem logenelc neonatal mice or  chickens cause céllular-

' proliferation and thus3Spleenjehlérgement.,‘ GvH jreaétivity

i3 _expregsgd .as‘ja spieenlindex.which‘is:computed'from the



sp;een tg'body weight ;atio ‘ef experimental‘ anima;s and
Llittermate eontrols. A ﬁinear relationship exXxists between
thed‘spleen -index - and . the logaritnm 1ef the dbse bf
lynphocytes ‘injected ) Recenfly, Bl?mgrenv and Andersson_
(ﬁ972f have devised an dlternatlve method for the assay ef

GVH reactlmltyg gThey observedf that S9Fe. wuptake in the
K

yspleens of. 1rrad1ated mice uhlch were repopulated with
/
'vsyngenelc bone martow could be suppressed by the/presence of

'allogenelc lymph01d cells in the 1noculum.. Fnrﬁéermore, the

kY

dégree of suppre551on of erythr01d cell_growthgwas found to -

be dlreclly prooortlonal to +he dose —%lloaenelc cells,

and 'offers a quantltatlve assay for the react1V1ty of the

grafted cells. Thus thlS method ‘was adooted for the present
v 3 X

study because it requ1res‘°fewei cells than the Slmonsen

.

assay. = R .

‘R, Methods :

r |

PR o e __..__.—____.___-_

—Ee,s._gizs»
flale, 8#12 veeks -old Balb/c mlce vere given 700 :dd
ir radlatlon and u1+n1n 24 hr," groups of 5 or 6 mice"were
’eacn lnjec+ed}1n ravenously wlth 2 x 1Cs Balb/c bone ‘marroy
'cells a?one or toget1er wlﬁh vafylngd?doses.fof 'allogeneic
spleen calls. . SRR _
5even “days af{er ceil lnjection, eech ‘mouse was

1njected 1ntraner1+oneally Uth 0.2 HCl of 59Fe in the -form

of derrgus citrate - (New England Nuclear,;Boston, Mass.).

kl -



-Spégtrometer,uMOdel'3002, Downers Grove, T1:.).

AmCi/mg.
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"

The animals were killed seven - hours later,

‘their ‘spleens
- . r};)' " :

vere removed, = and fixed im Bouin = solution. . The.

radiocactivity ¢® cach spleen in cpm was measured in a well-

typed "écintiilation counter (Packard Tricarb Scin*illation

~

e

 percéhtage of the total amount of radioactivity. injected.

4

This _was recessary as the specific. activities . of the

"differeht batches of 5?Fe‘ used varied 'ffom, 9.8 to 32.6

oy % . . . T
o experiment included 2 control groups:
‘ o=

bone marrow cgqttolr group in'“which eapg
=1b/c host ﬁas given 2 x 10s syngenéib-,hbne
. N ST - 3
CATrow- ce}ls Valope} +he mean percent‘o;\5§Fe:
o>take in this groﬁp wag fé%en to be -100% for
s e déterminafioﬁ of fhe degree of sdﬁgression_
y ¢llogeneic cells . usiqg the following
fofmula: - .
o .- »o. .
%jSUpRFESSiOn =
' .mean %59Fe'qptake of test gp

{1 "-;‘*‘ff;‘f ————— e i T T ) x WOO%V.‘
.mean $S9Fe uptake of b.m.control gp - :

by a ‘hormal control group in which eaéh Balb/c
- host vas given 2 k.i0§ normal»CBArSpleen cells
in gadition 4td 2 ,X: 108 Balb/c bone maf;oﬁ

- cells; theiiupp;éssiog of S9Fe uptake.?iﬁ',tﬁi§

group - was used as fhe~«maximum’.or 100%

i 1

&£
=%

\Qge extent
: . . \ T
of, S9Fe uptake of ach spleen was expressed as the



<

TABLE 4 Erythropoiesis‘in irradiated and repopulated Bélb/c micel

e

Ol

"Treatment _ Number of - - Mean% 59Fe uptake
. mice , + S.E..

700 rad - - 12 - . 0.8 + 0.1
700 rad and _ - S
2 x 10° Balb/¢ bone . 12 o 13.5 + 0.5

marrow cells o T

1 Erythropoiesis was measured in terms of % 59Fe uptake in the
spleen. _Balb/c mice"were exposed to 700 rad irradiation alone
or followed by 2 x 106_Balb/c bone marrow cells given ’
intravenously. 7 days-lﬁ%er, each mouse wag injected with
0.24Ci 2%e in 0.3 ml PBS intrapéritoneally 7 hr before it
was killed. c _ D

A=
&

ke



norgalized acti&ity fdr quantitative comparison

‘of:the activity of the test.lymphocytes;v
The 'p-values were calculatedhby the student's “t-test
using %359Fe ﬁptake as'acpa;ametérl

¢ .
C. Fesults

1. Erythrop01e51s in Irradlated and_Repopulated Balhlc Mice

Balb/c mice exposed to 700 rad 1r1ad1at10n vere used as

hosts in  all experlments. Thé extent’ of erythr01d cell

pLollferaulon in the hosb anlmals was assayed by a 7 hr 59Pe
uptake 7 days after cell injection. As 700 rad was not a
lethal dose of 1rrad1at10n for Balb/c mice, there could have
been endogenous - erythr01d cell "proliferation in 1the
. reqipients:f‘fé fest thisc_ZQ Balb/c .mfés were irradiated

and 12 of 'ﬁhem yere each injected with 2 x 108 syngeneic

bgne marrow, the.other 12 were left uninjécted. Seven days

later, each of the 24 nice was given 0.2 UCi of 59Fe

intraperitoneally and ‘their splenic  incorporaticn of. the
~ isotope dssayed. As shown in rable b, mice irradiated and
v

,repopulated showed an avorage 59Te upta\e > 13, 50 in thelr
, o

spleens whoroas mlce 1rradiated only showed an average S9F

repopulated mice ‘is 17 Eimes?that‘of'unrepopulated nice.
‘Therefore endogenous erythﬁbi

proliferation should

- S PR -
have‘littlevefﬁectson‘ths_rssqL

7'

&
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uptake of 'only Ob8n. " Thus hem0p01etlc ,»actlvrty of”




% SUPPRESSION OF +**Fe UPTAKE *SE
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' -DOSE OF ALLOGENIC CELLS

n s .
bl

Cell dosezresponse curve of:GvH‘reactivity in
normal CBA‘spleen cells. ‘ o

GVH reactivity was assayed by the suppression of
erythropoiesis as measured by O%Fe uptake of Balb/c
bone marrow cells in irradiated Balb/c hosts. Each
irradiated Balb/c mouse was injected with 2 x 106

syngeneic bone marrow cells albne or with CBA spléen
cells. Sevan days later, 0.24UCi of 99Fe were injected
into each test animal which was killed 7 hr later and
its spleen §9Fe‘uptake determined. The -data are from
5 experiments (each represented by a different symbol)
performed under identical conditions. The number of
mice per group is within pParentheses. There were 5
mice in the group not given allogeneic cells in each -
experiment. Originally there were § mice in the group
given & x 10° allogeneic cells in experiment (o), but
4 of them died of severe GvH disease by the time of
Fe injection. ’
}
!

¥ .
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ey

'_2.' Cell Dose—Response Relatlonsnlp of - GvH Act1v1ty 1n

Normal CBA Spleens’"

“To determine. the 'optimal _dosei of . CBA splenic

‘lymphocytes.to be used' in these- studles, a cell doseF

. _ : ' P oo
vresponse curve was construc+ed as shown in Tlg 6 »As.the N

dose of CBA spleen cells vas lncreased from 0. 5 to 2 x 106,

'a,lprogres51ve decrease _in,,splenic,'§9Ee incOrporation in

Balp/c hOsts was-observed' However, the suppress1ve_-effecti‘

produced by 0.5 to 1 5 x 106 CBA spleen cells varled between

experlments. when 2 X 106 cells were used more con51stent‘

resul+s Were. obtawned w1th a suppresslon of Balb/c erythr01d'

cell arowth ranglng from 6C to QSW. A fur her doubllng of

“this cell dose dld not 1ncrease the suppress1ve e fect on-

. ‘ 2 C . .
Balb/c erythroid cell growth although a more :severe GVH

disease was produced and most anlnals Vere dead oy day 7.

!

Therefore 2 x 106 CBA spleen cells ﬂere chosen ~as‘ the‘_

4

fsﬁandard' dose of allogenewc cells ln thls st udy. Plthough;»

the degrre of suppre551on produced by spleen cells could not . -

.K

be quantlta ed as Uell.as reported by Blomgren and Andersson‘«

(1972)»who used normal or' cor+lsone' re51stant '~hymocytes,

the assay -did serve as an 1nd1ca cion of ¢ he relatlve contett'

<

of 1mmunocompetent ;.cells‘3 in "thed'splenlc lymphocyte
 population from the different domors. - - . -

\u

-

D

%
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Figure: 7 Development of GvH reacL1V1ty in CBA recipients

of cloned cells. :

At the time of ' ‘assay, 2 x 106 (0-0) or 5 x lO6 ‘(o= 0)

spleen cells from each CBA donar were injected with
2 x 10% Balb/c bone marrow cells into each of 5 or 6

‘irradiated (700 rad) Balb/¢ test mice. :Seven days later
0.2 uCi 9Fe were injected into each- Balb/c host.

The test animals were killed 7 hr later and the spleen
Fe uptake determined. - The number of Balb/c test mlcé
per group is within parentheses.  Irradiated control

" CBA mice were exposed to 900 rad but not given cells.
They were kLl;ed on day 8 post-irradiation and their
spleen cells were ‘assayed for GvH Treactivity. s'»_g

.0

Results using 2 x 106.or 5 % 106 spleen cells were
“not 51gn1f1cantly different from each other
and were pooled%

. o i 4
Tx Thymectomlzed (15 days 0ld) CBA recipiewas of cloned

cells. ' B : S ‘ e S ﬁz
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3. bDevelopment of GvH Reactivity in_Spleen Colony

£\,In_order to follow the development of immunological

2N

competence over an extended period, thé high mortality of

1

v

anihalé fepopwlated vith single colonies was avoided by -
using several !colonies per recipient. This chaﬁge iﬁ thef
. o . .
experimental procedure was adopted since it wés showni in
Chapter IV. (Table 3) that the patterns of development of SRC
recognitioe between animals repopulated with 7single or
mdltiple (A'to'S) spleen coionies vere Similar.l The use of

irradiated mice .as ®in vivo incubators® for the aeveioping‘»
lymphcidccellSpmade iﬁ necessary £c.determine whether or not
the'ﬁspleens__of lethally irrediated' CBA mice 'coniained
residual‘ radiatidn'iesistahticells capable of participating
'iﬁ a GvH response,‘_Thus coitrolsvwere includeé.to teet fhe
reeidual..GiH reactivity .in CBA mice ?kposed to éOO rad
: i;;adiaticn 8‘days previouely. To‘stﬁdy the ontogeny‘of GvH
’reectivity in recipients of cloned celié;“grOups ‘ofv spleen
coloﬁy : recipientsu ue%e killed vat approximately TO-déy
intervels foliowing;colony'transfer. Each,individuel spleen
wae assayed for its GVH reactivity in 5 or 6. irréaiated
Eaig/c ~ﬁcete and the'fesults are'%ummatizeé in Table 5 and
Fig.7. | ” | |
véloned‘feial liver ceils from the spieens of_irradiatei‘
recipients invthe first 9 -days a ter cell trénsfer shbuéa”ﬁb
CGvH acfivity when. cell doses cf‘2 or 5. x 108 ceils .wete
used. ’ ﬁetween 1O£ﬁ9»'dayS; of_imaturatioh,b5:x;ﬁ06 spleen

AA' . o -

°* : _ | S v\“% Lo



TABLE 5 Development of graft versus host (GvH) act1v1tyl in
irradiated CBA rec1p1ents of cloned cells?

e —

Days after Dose of CBA  No. of No. of mice p-values4 of
transfer of spleen cells mice =~ with positive GvH positive
cloned cells ( x 106 ) tested3 . GvH activity - mice
0-9 (2055 4 o
0-19 - -5 4 0
20 - 29 2 or 5 . 7 o0
30 - 39 2 3 1 <0.05
.5 .3 -3 <0.05
: <0.005
‘ <0.001
40 = 49 2 s 3 - <0.05
g RO ' B - <0.005
. <0.001
50-50 . 2 6 6 $°<0.05
et o R <0.005 in 4
N : . mice
i <0.001
60 = 69 - 2 .3 ’ 3 ° ', <0.001-in
! o . all 3 mice
150 2 3 3 <0.005
T . ' - <0.001
<0.001

1 GVH activity was measurgd as the extent of suppre331on of 59Fe
uptake by allogeneic (CBA) spleen cells in irradiated (700 raﬁ»,
-bone marrow (2 x 106 cells) repopulated Balb/c hosts.

2 Each CBA rec1p1eot was glven 4 - 10 x 10& cells from pooled
© 10-day old spleen colonies derlved from syngenelc fetal liver.:
spem cells. :
-3 From each ;epoﬁulated’CBA'mouse‘Z orvslx 106.spleen cells were
injected into each of 5 or 6 Balb/c test mice.

4 p-values were determined by . the st- -dert's t-test oh comparisons
made between % 59%e uptake in test . rcups and the bone marrow
control group in which irradiated Balb/c test mice rece1ved
bone marrow cells alone. :
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)

cells showed an insignificant'GvH.activityVequivélent to>_af
mean suppression of 26%., Eowever, by days 20-29,-2 ér 5 x.
106 cells cquld 6nly‘produce a mean GvH activity of 9.4%
supéréssion. Thereafter, a progréssive inc?ease ‘in GvH
activity wvas obéerved.iﬂ the séienicl lymphocyte ‘population
of the recipients of cloned_fetal liver cells. .Bj dayS_BOf
39, 2 x 10e spieén cells sﬁéwéd a géén suppréésion\;pf —16%
‘ana 5 x 106 cells weTre able to Vproduce‘g sigﬁificanf
(P(O.Q2) SUPpreséion with a mean‘of U1s4%. ‘Frbm Fhisx time
onwards, a rapid\ and lineér‘inérease of Gvﬁ acéivity‘was
observed reaching a level cémparable to. thd{ gxhibited -5y
ndrmél CBA spleen cellé by day§U60469. .
» : Table 5 shows the number of reC1p1ents of clored fot%

liver celils Hlth 51gn1f1cant {p<0.05) GvH act1v1ty i%a each

of -+ -the groups . tested, at various times - folloﬁin%
A N v . N . “‘r‘ . . \

oG

repdpula{ion, None of tha anlmals tested befdre‘ day;‘3é

2

. . . & |
T, showed 51gn1f1cant Gva%bt1v1ty. "Beginning from days 30-39,

< the proportlop of GvH poswtlve sploens 1ncreaced ulth tlme.;

T4, was’ thus c0ncluded Tthat. cell medla;ed 1mmun1ty- in -

o
rec1pwé i?)qf cl:héﬁ_cells is establlshed betueen u0~u9'days

of 'lymphoidlfaevéiopment startirg From a ‘small number of

 fetal liver stem cells.

4, Influence'of the'Thymus-En Ehe-DeveloEmedt'of-GvH
d React1v1t1 SRR A

N hEdEL VX RN

"\\y _ ’Thymic‘inflﬁehce"oh the development‘}of'-péll—meﬁiated

~ immunity ‘was confirmed in this study s

o

C2 no GVH activity
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AGE IN DAYS'POST COITUS,

| L
Deyelopment of GVH reactivity in fetal and perinatal
CBA mice. ‘ T N - B
At the time of assay, 2 x 106 Liver (o-o0) or spleen

~ . (@-0) or 5 x 106 liver (0o-0) cells prepared from a

pool of mice were tested for their GvH activity as’;\fi
described in legend of Figure 6. There were 6 Balb/c
test mice in each group unless indicated otherwise. .

‘Results from normal and irradiated control "CBA mice
‘were taken from Figure 7. T '

s,

I
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was detected in +hymectom1sed (at 15 days Of age) rec1p1ents

of cloned cells assayé% 65, days after repopulatlon «(Fig.7).

/
- By fhls time of development in no“mal 1rrad1ated rec1p1ents,

. GvH ggactiv;;y was establlshed

3 ! «
]

5. GvH Ac+1v1ty 1n Tetal and Perlnatal CBA Mlce -

In order to establash Af the results obtained from this

,experiﬁental ;model~?we£e> compatlble Hlth‘ those ’obtqidedA
duri%g qo;mdl.developmehﬁp'the ontogeny of GVH. aotivify in’
ufetél and'fpefidafal CBA mice was followed from 15 days of‘
'gestatior to 7 days post partum The. ésults (Flg.8) shoued“
ia wide'var;@xlon in GVH react1v1tv amongst CBA fetuses- and
fperinates. _ Throughout the\‘ ntire perlod of observatioﬁj‘
some deoree of suppresslon: of'“eryehrqld cell growth(}inﬁn

’1rrad1ated Balb/c hosts Was nofed’ln lyMphocytes from either

the o liver ‘.or 'the spleen. However, there uas greaﬁ’
variability in, “the magnltude of" suppre551on as a fudC;lOH/Of'
- \..

age. There vas -a{ general elevatlon 0of " the ._s7ppress1ve

)
s 3 I

'feffect‘ wEen~ a ‘higher dose OL allogenelc cells Has usedl
Thus it was _coﬁoluded that. by day "7 post_ par*um,"GvH

——e -

vreactivity"had not Vet' lly developed in CBﬁ/miCe. 'Thlsdd:

. Co ‘
vas ‘not di ffergnt from the loy- activity 'obtai%%d durlng a

oomparable perdod cof ‘development‘ »Ldt//sbieen colon%-
‘ ' : » . 1 a i
+— . . i

Tecipients.,
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f.The ' aim;jlofgn'this Study . was  to WaSseSs © the-

7.1mmunocompetence of developlné lymphbld cells per se w1thout

the 1nfluencev of other factors sudh as the maturity of the

RESH The data- presented show gmat When normal CBA fetuses‘

4

- and pellnates Wwere tested for GvH act1v1ty, both llver and

g l

-spleen cell samples from donors between 15 to 26 daﬁs of age

b 2

. +
(post c01tus) shoued 0. y a low degree of - 1mmunocompetence.

In the 1nmv1vo clonlng model the recxplents of cloned fetal

2
llver cells aiso showed 1oz GvH act1v1ty dLTng a comparable'

)

perlod - development - The results suggest that the :

establlshment of vH react1v1t1 requires 'HO-HQ"days lof

lymph01d dlfferentlatlon startlng from fetal liver stem'

L

-oells,‘ These data are in accordance with those of: Dalmasso

» ¢

:et .al._ (1963) uhO‘ showed that GvH reactivity was not'A

11) .

manlfested 1n m1ce 2 ueeks after birth. on the other hand
Fldler (1972) found that GvH reacr1v1ty is detectable in the
newborn thymus and ;3‘ days later,y also ip the spleen.

Various workers_ﬁaveﬁalso' demonstratbd :that} cell-medlated

.*transplantation Uimmunity in mlce 7appeared 'W1th1n a week

N,

’-'\

~after birth (Stelnmuller, 1961- Argyrls, 1965- Bortin, Rinmm.-:
and Saltzsteln, 1969)._' Recently, Hofman and Globerson )
o oo EY
(1973) have Shown that york sac cells from 9 day 0ld nmouse
% i : LT

embryos were able to elicit an in V1tro GVH response, ‘The -

dlscrepancy observed is most llk%ﬁy due o " the difEErences
4 .

in experlmental systems, assays ard mouse stralns employed

e

l’/
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L Strain variation in the pgttern of immunolodical maturation

P

o

)een reported b) Playfalr (1q68) and'Hechtel,_Dishon‘and
k ;- Braun, }1965) : |
| GvH activ1ty has beéen shown to be 1n1t1ated‘by[thymus€l
;derlved cells (Dalnasso et al. ,1962,’JOOhen ‘et al. 1963;
Sosin, Hllgard & Martlnez, 1966) Therefore-the kinetics of
ide%%lopment of .GvH ‘react1v1ty should parallel that of %7‘
i.cellsl, Con51stent with this view 1s’ thex flndlng in. this-
study thatt the onset of. GvH react1V1ty (Fig. 7) and that of
humoral respon51veness‘ to a T- dependent hrantlgen, 5’§hc
(Flg.ub), fall within the‘same nerlod ofrdevelopment. Thlsp
suggests that the GvH effector ~ ,ells may.be 1dent1cal nith‘
helper T-cells. Alternatively}' they'~may be .from : tﬂ@
dlfferent T- cell 11neages w1th the 'same rate of maturatlon.v
T In- the llterature§ there is ev1dence both for andd agalnstl
_the flrst pos51b111ty. Gordon and Yu - (1972) showed that
nice whlch have developed cell med1ated 1mmun1?y to”  SRC as
éasnred by ‘1nh1b1tlonx of spleen cell migrationr from
caplllary tubes ip the presence of SRC, are deficient_ ind

helper T-cells ‘requlred for the.production of an‘antibody

-response to SRC: They concluded that the same populatlon of ..

> T “\cells are endowed wlth both helper functlon and react1v1ty

\ 1n cell- medlated 1mmun1ty. This is contrary to. the earller_
1nd1ngs of Segal, Cohen and Feldman {(1972) who showed thatf

hyjrocortisone treatment';g ¥ivo abrogates'helper J~cells in -
_ 3 , R = , g R
. the 1nduct1Qn of a- humoral response to- DNP but has no effect.

A

? \

\

on T*cells needed in a GvH response. This - controversy_ is



wond

-

dlfflcult to resolve in view of the heterogenelty within the

T-cell populatlon (R01tt et al 1969-»Meuw1ssen, Stuttman &

- Good, 1969) and the dlfferent assay systemns used. Although

,the. data -of Segal and~eo—w0rkers (1972) suggest that helper“

\

~T cells ‘are dlfferent fron lfcells involved in- a GvH

_response, they do' not prove tﬁat the effector cell types

performed by ’T—cells going througﬁf'various’ stages' “of

»

: orlglnate from two cell llneages. Raff and Cantor (1971)

" have proposed that dlfferent immunologic functions may be

B

- maturation. \ Studies by Cantor (1972b) Qnd Cantor ’and;'

I3

{Asofsky (1870, 1972) have den onstrated a synergy betneenf<tw0-

. T-cell. subpopulatlons in a cellfmedlated GVH reSponse; A

/

hypothesis uas.put,forward.(Cantor, 1972a) that there'-are’

N

two classes°'of T~cells- ,a_lT1 Cell vhlch is- capable of

blndlng antlgens, is non- rec1rculat1ng and is fonnd malnlyl"

in tnymus and spleen- and a T2 cell whlchuls rec1rculat1ng_

and present - in- crrculatlon and ymph nodes. . It, is

\*xpostulated that‘ the transition from P1 to ‘T2 is driven by

" o e .o

.

antigen, and that T2 cells ‘act as ;aﬁplifiers “whereas ‘' T1

&

cells 'become_nthe yactual effectors -'in the ‘GvH response'

wt

(Cantor, 1972b)}7*T'er data of Spear and Edelman; (1974)

.ﬁavour the 1dea that the pauc1ty of SRC response in igg in

: perlnatal Swlss L mlce is due to the lack of a_ more mature?'

-populatlon vof _T- cells,\ probably corresponding'vto the T2ﬂ

, Cells of Cantor.‘p éfgllar reasons - may . aCCount for the

”

. results of the present study pertalnlng t&-the 0nset of the

‘SRC response anc of GvH react1v1ty

- . . FRN
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“1nally there is the possvblllty that the aeVelopqent

of T- dependent : 1mmunolog1cal functlons Sueh- as GvH

&

y react1v1ty and SRC respon51veness from cloned fetal liver =

rstem cells in the present exper1mental model is llmlted by'

the rate of recovery of the thymus eplthelium‘;from the

e i

effect- . of irradiation. ThlS would account { for the

~

dependenf immuné’ responses. ' ?he"use of = thymus ngraftff
1mplantatlon may clarlfy this point. ' e T
. . s
. o ‘ ‘
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CHA?TER VI

" R .\‘ oA C e - LT
ONTOGENIC STUDIES ON IMMUNOLOGICAL TOLERANCE

R . TO TRANSPLANTATION ANTIGENS
. : S _VA;"Intrqguction o o N
. SR LSRR S
: T
K unlgue featute of the 1mmune sys+em is 1ts ablllty to

dlstlanlSh between self and non self antlienlc entltles and

to refraln from reactlng agalnst SsSelf t ssue components.

- -

ThlS tolerance towardjg 'self' 'is not . due 'to the non-

lmmunogenlc nature of tlssue antlgens they have been

' knovn to. be potent 1mmunogens when admlnlstered 1nto other

1nd1v1duals of dlfferent antlgenlc comp051tlons. o
» Immunol glcal tolerance may also ‘occur. wlth respect to
non- seléﬁ*antlgens both naturaIly, as 1n red cell chlmerlsm'

J . DY )
between\ dx/ygotlc cattle twins (Owen, 19&5) or under~

',exper;mental condltlons, as exempllfled bynchlqk parablonts

S : - _ : _
(Hasek & Hraba, 1955) and tetraparental mlce, (Wegmann,
Hellstrom & Hellstrom, 1971).. Wherefore; the same mechanlsm

may be operatlve, in" both. tolerance to. self and non- self
Qperatd AR

y

antlgens.

Experlmental tolerance is most readlly induced during:

early ontogenecls at’ which -tlme 'the‘ embryo is stillb

.immunologlcally 1mmaturei Bllllngham,. Brent  and ‘Medawar

(1953) have shown that 1n3ectlon of adult allogenelc cells

R

1nto fetuses 1n té‘o at 15 to. 16 days of gestatlon led. to

almost 100% successful tolerance 1nductlon aS'tested by
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‘establishment of selfv tolerance. - Undef ' experimental’

'_studled during the process of immune

Athls system,_ a,

has been usec

P
';_)/f-,

/ b '. ’eut

{ . . . .
’ : . ‘4 ‘ . N ) . ) B .. . »

[

acceptance of skln grafts of donor genotype”when 1nserted Bg

‘days after blrth 'Later experlments by Brent .and GowlaAd

rv

'(1961r‘ showed that “there ‘was aadecrease wlth age L@ thef‘fﬂ

\V

.
ey > N

_1nc1dence of experlmentally 1nduced tolerande 1n newborn and v’;T'

L _ iy
. :

perlnatal mlce._ PR : S rf,'ﬁi'* - -

The fact that self antlgens are Present from the first -

5

1nstance of lymphogene51s may - be of ’1mportance in the. .

-4

i

”COnditions, it - is tec?plcally dlfflcult toaintrodnce an

\,-

' extrinsic antlgen 1nto‘Jthe nouse fetus, 'The irradiated

NS

rec1plents B of’ifsyngeneic .stem cefls have ‘offered an

'experlmental model whereby tuleranci\;:>an allograftfmay be

constltutlon.

va

The ,followlng 1nvest1gat10n has been carrled out u51ng

%

two different experlmental systems{ B Flrstly,_ tolerance

! M. ‘7.

induction was attempted us1ng the 'heart allOgraf+ model;

’flrst 1ntroduced by Jlrsch,‘Kraft and Dlener (197Ua). " In

-tfrom an allogenelc “onor is
1

- Provided

rradlated and injeCted._with

tlon of tolerance to the %eart‘

ud‘,'&—‘)aw" -
- To further

“another experlmental model

<\

Stem cells of a parent-

,j ,
(CﬁA) straln are 1n3ected 1nto 1rradlated CBF1 hybrlds, the

,\ i

of = tolerance durlng"'




12 DAY CBA | | S
* -~ FETALLIVERCELLS S

‘ 1-2x10° . $950r0d
. 7, : ¢

| l 10 DAYS

POOLED SPLEEN
COLONY CELLS

éSS&\SS‘?OOrcrd

R | ~ GVH
D ¥ b—— IRRADIATED
(A o ‘ Balb/c HOSTS -

A4

D

P u
. " Figure:10 _{‘E)’cperin\llenf‘:al‘ protocol for tolerance induction in
e . ~,Ifadi;ation chimeras. v o - :
n Pargh‘tgl.CBA stem cells were injected into lethally
_irradiated (CBA x Balb/c)Fl hybrids (CBF1) in which

S
N

"iu---2':»th’gyzxqe}iqilﬁvo_p'ed in the presence of Balb/c alloantigens.
¢ s The.state of tolerance in these chimeric mice was '
" subsequently assessed by a GvH assay. ’ :

| . i
: T T . ' )
) : Y

Sl T : Coly




.KA .

. X - : .
'grafted cells a-- - 2h.  of. reactlng against the antlgens
inheriteg . T Lo Tental” straln (Balb/c) These‘

) cells' il Lee ‘“?ferate ‘and differentiate . to

‘ Lecons+ . fht' Lome lyar - oid compartments\ Oﬁ;.thev
récipieats. AT on,. os- j,e’l-‘p]:ol’ife‘rati"ou takes 'place
andA a state : T re= _tsg, Thus the CBa lymphocytes
wnich‘mature o T 9ient{must have become tolerant

;fto Balb/cAanti; J PTe 1 on host cells. " This radlatlon

chimera model was adopted in thlS study to 1nduce tolerance

to parental alloantlgens. The optlmal tlme of antigenic’
, 'jxposure durlng lymph01d development for tolerance 1nduct10n'

e

‘was ~ also 1nvest1gated - The experlmental; protocol is

S 3.' summarized ip Flg-10-
‘B. Methods

'ﬁ, GvH Assay and Evaluatlon of Results.

R

Detalls of the GvH ’assay of Blomgren\ and Andersson

(1972) have. already been descrlbed in Chapter VTx' In
. 7y ‘

. - K S
addﬁtion to Balb/c,vC57Bl/6J mice were a{/o used aS‘Ahosts,

and since they/%ere more radlatlon re51stant - the radiation
. N L

'dogexwas 1ncreased to 850 rad The number " CBa Spleen

%z

cells necessary to produce effectlve SUppréess  op of1C57Bl/6J

-ss;\\\\\\erzthrop01es1s »was -5 x '1Q§~compared\t0'2'x‘106‘in‘Balb/c o
' . : ’ R S . .o
‘ hosts?\ﬁ\*rt ‘ C ' ' : : .

[l

_»‘-’p/' ' . ‘ . . . - ) \V

t 2. Cytotoxicity Assay B

The antieBalb/c:antiserum.used has been kindlyusupplied

v



&%

‘dilutions 'startlng-%

‘cell suspen510n.- The -plates. were, 1ncubated - oat room

ftemperature“.for 30 -min ~after whlch S ‘A1 of gdinea'pig

| ' ,, el
by Dr N.Kraft. .Tt was raised by 1mmun121ng adult CBA mice
with. six 1ntraper1toneal ,1n3ectloas of 20 ~x 106 Balb/c
spleen‘cegls every otherlweek;‘ The-mrce;werenbled 10 days
after the 1ast injectioh. This antiserdd wasffound to:cause
>90% Balb/d”spleen cell death at a dllutlon of 1 32.

, o \d . ‘fA .
é@totox1c actlvlty of ‘the ant1~Balb/c serum oé

spleen cells from CBF1. recipieptsc of CBA cells in the

preeence of  guinea ‘pig complement  was assayed using the °

;ﬁ!%hod of Terasakl ,andf McClellahd 11964)Jv’ Mouse spleen
'cells were preparedfvas"described,i quﬁ washed. oace-in.
.Lelbowitz medidm: and ‘resuspended eih“McCoy's .5a medlum
AS_(GIBCO, drand Island, eﬁ.Y.{, _ The cells were tbéﬁ passedb
sthrough a small column (approximately 8 x ‘30 m’# . fine-d

7 élass' beads pretreated wlth a 1% solu+1on of gum arablc 1n

f 2

;delonlzed water (all from Fisher- Sc1ent1f1c,_ Toronto) to :

».remove polymorphonucleated cellg The la@ter take up eosin

non- dlscrlmlnantly and would dlstort the. actual assessment’
of (dead cells., The lymp‘6cytes were eluted from the column -
wlth McCoy's medlum and adjusted to a flnal concentratlon ‘of

2 x 106 cells per nl.

&~

One pl of serum ;h dhlutlon (f1ve two- fold seglalv

’t Serumi Was added ‘to’ each we;ﬁ-

of mlcrotest plates 11ena$ak1 mlcro test plate #303& Flsher

_vLaboratorles,pDon Mllls, Ontarlo) together w1th 1 ﬂl of test

* g

~complement (absorbed for an ‘hour agalnst an equal volume- of °



2
packed normal CBF1’ erythrocytes) were aaded to each well.

'&§ter a further@po min 1ncubat10n at rooﬁ temperature,; 3.3

'pl of e051n (5% solutlon'ln dlstlllea water) were added,::
Flve mlnutes later, the cells were fixed with 8 —Hl1 of -
formaldehyde. Percent cell death was determined‘on the

v ba51s of e051n 1ncorporat10n in trlpllcates for each serum‘;

. g
-dllutlon u51ng an~ 1nverted- phase contrast mlcroscope.

~.

Control sera included a rabblt anti- Balb/c \serum (p051t1ve

_control) and a normal'CBF1 serum\(negatrve control).

3. Cardlac Allograftlng and Subsequent gvaluatlon

. /%alb/c fetal hearts were ob¢alned from embryos at 16~ 18
days .of gestatlon.- Cardlac allograftlng was. performed by au

" modlflcatlon of the technlque of Fulmer, e;" g;.11(1963) as?

[N

descrlbed by Jlrsch' (1973). :The allografts were inserted‘v"

A

~into the anterior aspects of one- €ar of »@he recipients

taccordingﬁto'theoschedhie below: ,
a) w1th1n 6 hr after 1rrad1at10n (950 gad) of CBA
pr mary rec1p1ents prlor}to fetar liver ,stem'
f cell ‘1n3ect10n,"and/or w1tninjv6 hr .after.
. 1rradiationp (900 }rrad)“ 'of_ 'CBA, :secondary
‘rec1p1ents prlzg to 1njectron of spleen colony
- cells; and » 4 | |
5) at 1 to 20 days é;ter/spleen colony ceils were: -
1njecteq 1nto 1rrad1ated ,-CBA_' re01p1ents
(Fig.9). | | | o

> -

Allograft functlon . following transplantation \was,




N s
K " S o Ny

evaluated primariQy by electrocardlography with visual

ccafirmation of graft pulsatlon through the thind»overlYihg

[V

Askln{'of,'thee external ear. Presence of allograft‘cardiac'
ffunctlon was- 1nd1cated by rhYt‘micalf eleétrica; activity.
Electrocardlographs (ECG) of &%llografts were regorded at
.weekly 1ntervals startlng any time between 3 to 7 days after

graftlng. The number of grafts shov1ng cardlac activity at

v o
i e

this time was used as 'the: ba51s, for .calculating ‘the“v’

subsequent pexcent graft surv1val

-'4

In Jlrsch's study (1973), it was found that'miCe _which

K had successfully malntalned an allo@raft foy/12 veeks after f
“ .- . » /

o g;rradlatlon ‘and reconstltutlon would retaln ;the graft

1ndef1n1tely Therefore they were con51dered toleiant\ta SN
,o~the'graft.~ In the present study, a tolerant anlmal was also
deflned by the same crlterlon. - Y7 o A,. ":'VT- .
L _ - _Pm&\ S ; R S S '\_
' ' “\’aw‘ C o ) B
B A .Results @ . . R : ‘ : .

ST Tolerance Inductlon in_the Heart Allograft Model T

f\
4 - I
Jlrsch Kraft and Dlener (1974) haﬁe used a ;ohe\garrowv_m

fractlon enrlched for steu cells w5 reconstltute irradlated

g'_and heart allografted ﬂlCE. : Hozever, the cell separatlon
technlgue used in thelr expe 1ments could not completely

remov bone marrow. 1mmunocompetent cells (Lafleur, Miller . 8

Phllllps, ‘>72).-effe 've in,:allograft rejection whichh_iﬁ

presumably' 1nterfered Wl h tolerance 'inductlon. " This

-

ﬂ/dprompted a study to test if the ..population Of"stem' cells
- : : IR e i S -
' derlved from -hemop01et1c ‘spleen_ colonies. . would ‘be more . g
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‘% GRAFT_ SURVIVAL -

N

.Flgure 11 Survival Jf Balb/c heart grafts in- irradiated CBA mice-
S repopulated with cloned syngereic fetal liwer-'stem cells.

The survival rate of thése'repopulatqd and‘allégrafged o

_ mice was also shdwn.:_The number of animals or e;tablished

- ' heart grafts per group at;the'beginninglof the ‘experiz , .. -

‘ The upper scale of the e

abscissa represents the' time in weeks after® repopulation

' Groups A to, .

.D.difféer in the time interval between fetll liver

TR

\ y LI
50— SR
i o ¥ ‘
! _J .‘ , 4: . o T
0- L5 et \ 1.
I =T —] o L)

v WEEKS AFTER. ALLOGRAFT INSERTION - ,

VR . \

ment is within parentheses.

" of the graft récipigﬂgs with clonec cells.

A -1 to 10 days, ~« .
B . 1l.to=17 days = ' :
C 18 to 25 days P -'M\
D 45 days , L~
- Surviving heart grafts (e=0) g

- cell repopulation and allograft implantation:-

i

Surviving graft récipieﬁi?g(oéb)"'  _‘ :
. : : . “ o \\ © .
. i

Y

stem

N

~S e -

N



" 'by the presence of functiorning grafts.
by P < gra

»

et
susceptible to tolerance'indnction since it has been shown
o - - . B

that wnlike stem cells, immunocompete: cells do not form

spleen colonies (Mekori & Feldman, 1965). If this.is indeed

" the case, there should lave been improved“allograft survival

in recipients  of ¢loned fetal liver sten cells.

0
bl

|
1
i

<Il'da*tu:f:lty of lymphoid cells --and thelr Susceptibility_ to

tolerance 1nduction”\yas'“iﬂves;igated.' For. this purpose,

'Fnrthermore, “in this study, 'fhe? correlation between the

fetal 1iverirepbpulated ~hosts vere\ ginen‘vsingle cardiac

NN

allografrs' at ‘various times ‘after stem  cell -injection

" according to the eiperimental protocol-shown inrrig.9. " The

state of tolérance in these mice was~snbsgguently'measnre@;

&

¢

Fan

Lethally 1rrad1ated, allografted and  fetal llver

reqonstituteé CBA nmice vereA divided 1ntL four . groups:

aécording:to the time span Dbetween lnltl 1 '(in‘ certaln

-cases, the only) allograft lnsertlon and fetal llver stem

cell administration. The results are summarlzed in Figqg. 11.

At thWe end of 10 weeks folloulng allograft insertion, .

functioning Balb/c fetal heart. By, week 14 "cardlac

function  of 1£his-<ellograft was .no longer L\%etec‘cable.

AT - . : :
Therefore no improvement of long term graft; survnrval‘D could

-

be achieved by 'shortenlng the tlme span between allograﬁt

insertion  and - stem ’cell . 1nject10n 1nto glrradlated

'recipients; Furthermore, there was a gradually 1ntens1fy1ng

/C\‘ E

o

% anly 1 -out of 22 allogrgfted nice -in group 2} malntalped a

[:7‘7 .

n’tempo-of rejectlon as the_per;o&’betueen allograft 1nser%;QD\



~due. dlfferences iu._the lymph01&

‘lymph01d developmed&

. 92

" ' >

and 'fetal liver cell injection lengtuened. This effect was

" not due to differeuces in _lympho;d maturity" of the

reoipieqts at  the tine of rejection. For example, 100%
(6/6) graft rejection was observed in grour ® mice 7 ueeks_

after fetal/ﬁilver repopulatlon. In contrast at this sanme
stage of lymph01d maturlty, "about 20% (4/22) of the grafts
. l}f - i

Cim group A were still functlonlngo It  was ‘therefOre

concluded that short term prolongatldn oﬂggraft surv1val was,
aturity {of - the

reci ° nts at the tlme of allograft 1nsertlon.
. B~
Furthermore, on gross examlnatlon, the tempo of- graft

. ‘//\\ —

rejectlon in group D resembled’ that descrlbed for normal

adult“ mlce (Jlrsch Kraft & Diener;r 1974b).1 Thls.vas

- 1nterpreted as 1ndlcat1ng that cell- medlated transplantatlon'

b

4

immanity was most llkely establlshed _around ,45. daysA of

i

As  a "result of being"freguently subjectéd to
anaesthetlzatlon for helectorcardiography, deaths ocourred

w1th1n ‘the, experlmentabw groups' amongst mice both with or -

. S
without establisheﬁ . allografts. T@Qs the observed
‘percentages—-of functloulng allografts ‘are somewhatalower-
. . : ¥
'tﬁan the actual values. _;The/ contrlbutlon of the- host'

death "t " the outconme of_ surv1val time wlthln a group vas
# ' X > :
iifficult to assess. To 1llx)u_ate thls point, the surv1val;

‘rate of host mlce has been plorted alongs;@e wlth the graft

B surv1va125ate (Flg 11 | ' o e
Prev1ous ;studle by Jlrsoh ~Kraft and Diener (1974b)
x o u )
. » -
R
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' Figure 12 'Development of anti-Balb/c activity in spleens of
"CBFl recipir s of cloned CBA cells. ,
ti-Balb/c :ivity was measured by the GvH assay
' %2 described in the legend of Figure 6. The number
f Balb/c test mice pe¥ group is within parenthesées

1
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o
'
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have ‘shown ‘that in lethally irradiated;' bone marrow

repopulateg, and heart allografted mice, no graft was
maintained for . longer than 10 weeks. It is - therefore

concluded that 'sqsceptibility to tolerance induction is
ESimilar for both fetal liver and bone marrow. hemopoietic

-tem cells,
Srem cells.

2. Tole erance Inductlon in the Cell Chlmera Model

It was reasoned that parental lymph01d cells might more

readlly become tolerant  to. alloantigens' of the'oppositef

3

<

;;parent 1f allowed 'to develop in 1ethally 1rrad1ated FT
.hybrids. Thus stem cells from CBA fetal livers (12 days of.
'gestatlon{ were allowed to prollferate and dlfferc -tiate in
‘the contluual presence of Balb/c hlstocompatlblllty antlgens
by plac1ng them ‘in CBF1 hybrlds u51ng the protq ol outllned

in Flg 10.' Again antl-Balbﬁp act1v1ty was: measur

: , : o
‘gassay as descrlbed in Chapter V .The results are- shown in ;//

Fig.12.
} . : . ;
When dlfferentlatlon of CBA fetal llver stem CLllS was /

talloved to take place in lethally 1rrad1ated CBF1 mlce, none;

r,”of the 17 treated mlce tested betvween ua to 127 days after

the '1n3ectlon-ﬂ of cloned cellS' exhlblted anti- Balb/c
‘activity;d In contrast to thls result, CBA feta% llver stea
cells after  a total of 60 days of dlfferentlatlon and
‘maturatlon in 1rrad1ated syngeneic hosts gave rise to 'cells

in the spleen whlch were capable of ellcltlng a GvH responseA
- in 1rrad1ated Balb/c hosts (Flg 7)-;d? -\ |
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TABLE 6 Cytotox1c1ty of CBA anti- Balb/c serum for spleen cells
from CBF1l recipients of cloned CBA cells : :

4
v . . - ' _ )
’ . v A ‘Cytotoxicity value
- S : ‘of cells from
’ ‘ ' - (Each figure represents one well)
Serum : / CBF1 'CBA . Balb/c - test?
(undiluted) . ; : ' B
"uNormal Balb/c !é' Co111. ., 111 111 111
Normal CBA [ 5 S BN & E AT § £ K O k|
A e _ o
" Rabbit antl-Balb/c ;888 888 888 . .888
: . r}'\’\ . . . e - Sl
,Balb/c anti-CBA /// | 888 8ss 111, . 888~
Y" S . : . . ) . '\\_\
CBA antl—Balb/c ; ' 888 . - -111 .

888 111
/ /‘ - . .

i

- P . w.‘/: / 10
© Cytotoxicity value: - cytotoxicity <107% cells .
' ' T - cytotoxicity >107%<25% cells
- cytotoxicity »257%<80% cells

- eytotoxicityf>80% cells

0o H
|

lf\l\\Each CBFl was irradiated (900 rad) and glven 4 - 10- x lO6 cells from
: ».pooled 10~ day old spleen colonies derived from CBA fetal liver stem
cells. ‘ ‘ ‘ » . . _ “

-
K4

. One CBFl recipient of eloned CBA cells was killed 100 days after
repopulation.and its spleen cells were used in this test.

: v L . \ .
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TABLE 7 Cytotox1city of CBA anti- Balb/c serum for spleen cells.
from CBEl reciplents of cloned CBA cells!

v
: 4

-

v

Cytotoxieity value2
.+ in test mige3
(Each figure repres®nts.one well)

.Serum’ ' 1

(dilution)
normal.CBFl . : e
(0) g ~ o111

’rabblt anti—Balb/c

E 3 Four CBFl rec1p1ents of cloned CBA cells were kil
o repopulation and: the spleen cells. from individual
- ayed for sensitivity. to antl—Balb/c serum in the presence gpinea

O v_“wﬁgso
CBA' anti—Balb/c o - :
(0) - o111 -
azy R Thn
wam ‘}l 111
ae o 111
"(1/16)} o _'111
@ . 111v7

1L

'3 4
. h
111 111 111
. 888 880 880
111 111 - 111
111 111 111
114 1 111
o1 111 111
111 o1 11
111 / 111

1, Se€ legend 'l in Table 6.
A ~ :

2 See legend in Table 6.

1Y

pig complement

3

4 Too few cells .

. A

ed 127 days after
animals were assr-
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3. Oriqinvof*Cells'in;CBF1,RecipientS'of klbnéd CBA Cells

A~ anti-Balby/c alloahtise;um”raiséd in CBA mice was .
used to test the.origin of the Iymphoid cells ik the spleens

of CBF1,mice'repopu;agga_cihﬁ CBA cells. . Five épleens' vere

~ tested’ 116~and“137 ddys.aftér'stem cell transfer. Three. of

'Fifstry

‘them gave a cytotoxicity value of 1 (Tables 6 and 7), an

equivaleﬂt of 0 to 10% cell death, following ipéubatioh with

anti—Balb/é serum at dilutions of 0.to 1/32 in the'presence

" of 'guinea pig complement. In two mice, a cytotoxicity value
of 4 was observed -in one of .the triplicates at serum

~dilutions of 1/2 éndv1/8 tespe%tively} LA cyfotoxicity;vaer'

of 1 was observed ihen‘ndnfspeoific target cells or antisera

‘éere uééd. . Therefore it was concluded'that.the‘ddnor CBa -

lymphoid cells pevsicted in the CBF1 radiation chimeras and

that _at. the' most, the hosts dontribu{édg10% of the total

spleen iymbhpid”cells up'tq 137 days bf develdpment.

4."Speci£icity,of Tolerahce invCBFﬁ Radiation Chimeras
qu;diffétehf'mechaniéms,couldvbe'responéible -for the -

lack of anti-Balb/c aétivify in CBF1 radiation chimeras.

it could represent the 'éstabliShment of a . true

state of tole:ancef“spe¢ific_f6r Balb/c histocompatibility .

.antigens. Secondly, it _could result from a state of general

-~

(-]

.lack of transplantation immuqity. " To, distinguish between

these two possibilities, Spécifipiﬁy of tole:mhbe was tested

: uSing a 'third partY"strain, C57Bl/6J.mice as hosts in the

'GVH assay. Results. are shown in Table 8, o

[
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. TABLE 8 Anti-Balb/c and anti~C57B1/6J ahti&ityl‘in CBF1 ggkipients
: of .cloned CBA cells? B S
Days after =~ Spleen * Mean % suppression + S.E.'(No. of Mice)
transfer of ‘' cell dose, ’” ‘ . ‘ ‘ '
cloned cells (x 106) . B . : S
. | Balb/c © C57B1/6J
127 2 . 2.0 + 2.0 (5) 30.3 + 13.2  (6) -
- ' 10 0. (@ 9277 (D3
S (A T N.T. 9.3¢ 5.9 +(5)
- 6 I 73.6 + 7.4 - (5)4
7.5 . .N.T. ' 93.2 + 1.1 * (4)%

-1 This was assayed b& a GvH assay as.déSCribed'in légend’l; Table 5.
2 See legend 1, Table 6. . . S o : -

g : ' : : oo A
- 3 There were originally 6 animals.’in this group but 5 of Uhem“iied
- from severe GVH disease by the time of 59Fe injection.  * !

4. Significant_suppréssion, P<0.001

- N.T.vnot-tested ‘ ' '_ _ S : - =
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Normallj, 2 x 106 CBA spleen lymphocytes are sufficient
. A
to-produce a. significant (p<0.05) - suppression of,;Balb/c

erythropoiesis in 1rrad1ated hosts. Howeyer, as many as 10
‘ o )
x 106 spleen cells régo@ered from a CBF1 radlatlon chimeric

nouse failed to suppress any Balb/c erythrop01e51s although“

-
e

31gn1flcant suppre581on was produced in 1rradiated C5781"

ﬁ@lcea This was .confirmed in another experiment. Therefore,

it was concluded that transplantation immunity remained

intact in the CBA-CBFT radlatlon chlmeras, and that spec1f1c

tolerance -had developed to Balb/c alloantlgens.

5, Adoptlve Transfer of Tolerance to Balb/c Heart

Kll grafts

Tt has been'sh6vn that cells from the CBF1 radiation

vchimeras were non reactlve agalnst Balb/c- alloantlgens.w>To

4
tesﬁ/;ﬁ)spec1flc tolerance could be‘ transferred_ by ‘these

cells, - 6 T x 106 lymph node .cellsi from CB?1'dmice
reconstltuted with CBaA cells were injected into 1rradlated.
(950 rad) CBA rec1p1ents each of which had recelved 2 X 10s
syngeneic bone marrow cells and a Balb/c fe¢al heart graft.

The allografts in these anlmals surv;ved upnto 15'weeks;

thereafter allograft act1v1ty could not be followed due vto’

'-the death of' theNanimals. Slnce in the allograft model a
'lgraft surv1val time'of512'weeks'has been taken Fo be the cut

off point tp ¢ “ineate tolerance - fronm immunity, these

anlmals' veTre ”regarded, asf“%olerant to  the allograftg o

Although 8.2 x 106 normal CBF1 lymph node cells were “found
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Figure, 13 Experimental protocol to study susceptibility to
';Cg : . _ tolerance induction during lymphoid development
: in parent-F1 radiation chimeras towards alloantlgens
of the opp031te parent.
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to have a.similar'effect,'the\degree_of sensitivity ~. anti-

Balb/c»'antlserum"and guinea .pig complement suggests a
N . - . . ) \

- maxihal contamlnatlon of onlyv 10 CBF1. cells in  the

radiation chlmeras. ThlS is compatlble w1th the notlon that
donor ‘cells 1n the reconstltuted CBF1 mlce are reSpons1ble7
for. the adoptlve transfer of tolerance 1n 1rrad1ated ‘CBA_'

anlmals.

/

. 6o Susceptlbllltv to Tolerance Inductlon durlnq Lymph01d

Development

L
4 S

The relatlonshl between immunolo ical"maturit of .
: P : >9 , .Y \

'lYmphoid ‘cells and thelr susceptibility to tolerance

.

%nduction was examined . CBR  fetal liver'cell which.had‘

‘ undergone 1n1t1al dlfferentlatlon in irradiate syngenelc

Fosts for 25 30,‘ 35‘ or— 55 days were expos d to Balb/c

vantlgens upon transfer 1nto 1rradlated CBF1 host (Flg 13).1

The state of tolerance to Balb/c alloantlgens ‘was measured

.by subsequent evaluatlon' of antl-Balb/c actl lty “in the

spleens between '56‘.to' 1&7 days after repopu ation of thei

',CBF1 hosts. The results arer shown in Flg 1% Hheng the "

Vperlod ‘of 1n1t1al development in CBA hosts- was 25, 30 or 35

et

~ days, ‘spleen cells from the flnal CBF1> hosts showed
,signifiCantly (p<0. 001) louer .ant1~Balb/c activity in

-comparlson m;th that observed when CBa mice were ‘used aS the

flnal hosts.‘ These results: suggesf that even after 35 vdays»

of lymph01d development, prolonged exposure to;alloantigens

“can Stlll 1ead to tnrespon51veness.
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Anti-Balb/c act1v1ty of splenlc lymphocytes recovered .

- from irradiated CBFl mice Tepopulated with CBA fetal
" liver derived lymphoid cells which had. undergone the .\3

first 25, 30 or 35 days of dlfferentiation in-
1rrad1ated CBA hosts. B
Anti-Balb/c actlvity ‘was measured by the GNH assay

‘as described in the legend of Figure 6.  Each CBF1l

recipient was reconstltuted with 20 x 106 spleen

cells from CBA mice repopulated previously ‘with cloned
CBA stem cells. The number of Balb/c¢ test mice per
group 1s within parentheses. CBF1l and CBA control mice .
were irradiated and .repopulated with 20 x 10 spleen
cells recovered respectively from irradiated CBF1 and
CBA mice reconstituted with cloned CBA stem cells 30
days before kllling. ' ‘

4
}
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-_1r1ad1ated syngenelc ‘hosts oearlng cardiac 'allografts did S
- . hot result " in -tolerance towards\ the grafts whereas

. ’ | ‘ . -103

'

| WhenWIYmphoid Ceils which had undergone 55 days -of. .

~

development-.in 1rrad1ated CBA hosts were tﬁansferred into

1rrad1ated CBF1 rec1plents, the latter (a total of 12 mice)

“all died Hlthln 18 days after cell injection, presumablj as

2 result fof .a Q,Gng_ response. This suggeéts - that

immnnocompetence'.is estab@ished W1th1n 55 days of lymph01d_‘ =

[y

v

7
v

development and is in agreement wlth results presented  in,"

.can Stlll be 1nduced by day 35 of lymphomd development,'“the

L

o

‘1mmunocompetence during inmune ontogenesis.“

W

D. Discussiopi.

e
RS

Immune development of fetal 1iver stem.‘cells in

development 1n frradlated F‘ hy brld mice induced toleranqé’

N

'the' prev1ous' chapter. Furthermore/ 51nce unrespon51veness'

‘results of thls study are in snpport of the idea that a-

tolerance susceptlble.‘periodl precedes _the  omnset of.

~aga1nst the alloantléens of tqe opp051te parenx.. Varlous'

factors could Contrlbdte to th's dlscrepancy.‘,Firstly, che

v

allograft representsv a'-lbmlted and locallzed sourCe of °

v

(Bllllngham Brent 1959- Brent 8 Gowland 1991), "In.;
contrast, the CBF1 corporal mllleu prov1des an environment5

ﬂlw1th ‘abundant, waé&dy acces51ble ‘Balb/c alioantigens,

conducive~:t0'btolerance - induction. . ‘Secondly, }finitial

¥

antlgen;' Therefore unsuccessfulytolerance 1nductldn in the

allograft model may be expla&ned on the ba51s of dose effect'
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?Q : . ‘ S . ;
prolife: “%“ligand dl%ferentiation of hemopoietic stem'cells
is apparently restricted to_ the 'spleenaland "bone marrow
rather' than' to thea circulatory 'systen (Mlcklem & Loutlt,
1966). In the A'allooraft modei,4‘thls would' render the
encounter between antlgens and the developlng lymph01d cells
;dlfflcdlt and dlfferentlatlon of cloned CBA fetal liver stem“
cells'ttowards 1mmuﬁncompetence mlght not have.occurred.ln

“the presence of . Balb/c ) antlgens.'> fThirdly; - Balb/c‘

hlstocompatlblllty antlgens may have been shed by cells from

the'.heart graft and then' brOUgh¢ -1nto coaﬁact w1th.the

 ddveloping CBA lymphoid. cells via 01rculat10n. This is -

]

supported by the -~vfact.‘ that r,in\._man, . 'soluble”

Ed

¢-histocompatlbility antlgens have ubeen reported ‘‘to  be

released . vffom cells 1nto the serum (Charlton & Zmljewskl,
1970). Therefore CBA lymphocytes mlght have- hecome tolerant

<o Balb/c hlstocompatlb;llty but not to‘ heart tlssue

!

eantigens. Graft Fejectlon' could then be explanned as a -

"result of react1v1ty agalnst hekrt spec1f1 antlgensr' LIt

seems unllkelx that heart allograft .surv1va1u is a more

sens1t1ve method for evaluatlng the state of tolerance nthan‘

Ed 0

is the GVH assay 31nce prel§m1nary data show that lymph node

-

cells 4fron' the chlmerlc CBFJ.mlce (found to»be~tolerant by
the . GVvH. assay) were also ah%e to' adoptlvely transfer

tolerance td Balb/c heart grafts “in 1rrad1ated’CBA mlce
"repopulated wath syngenelb bone marrow. ,T'~;" . ;yaﬂ

N

frequency' observed dn':the

'The
present |study paralleled that reported by Jirsch and co-

Yo

o
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, : 1 : - : e
workers (1974b) in a'similar study using purified stem cells

from adult bone marrow to repopulate lrradlated mice. These

..—/ *
authors reasoned that thereiwere stlll some 1mmnnocompete

£
cells in the stem cell enrlched fractlon of the bone merrow

after separatlon‘ by ve13c1ty sedlmentatlon Whick cav:2d

1

allograft rejectlon. The possibility of cells competent in
allograft rejectlon amongst cloned*fetal llver cells cadnot

be 'excluded.l However, ev1dence to date is compatlble wlth

’

the view that' 1mmunocompetent /cells do‘ not form spleen

corbnles (Mekorl & Feldman, 1965);

," The data presented ‘show that allografts surv1ved better

when they were 1mplanted earlier durlng lymph01d development

. in 1rrad1ated re01p1ents of cloned cells. Cons1stent with

o k]

- this are the data obtained .uslng the cell. chimera modell

o

Wthh- also. suggest that there is a tolerance susceptlble

perlod durlng the development of lymph01d cells prior to-th-

onset of 1mm nocompetence.

g .

The ease of tolerance 1nduct10n ia newborn anlmals has

#

"been attrlbuted to, thelr low- phagoty ic. actvvjty (Nossal 8_

Mitchell, 1966{, In this study, a sl mllar s :uation, "may

0ccur durlng immune development in the 1rrad1ated rec1p1ents

of cloned fetal liver cells. .Indlrect evidence supportlng

o

' the idea that 1rrad1ated mice are def1c1ent in phagocyt051s

has been prbv1ded by Gorczynskl, Mlller and Phllllps (1971).

'

They showed that functlonal ‘adherent cells,, which ‘are .

essentlal in 'a SRC response (Shd&tman et al. 1970), are

.a;sentf\grom\”theesspleens of- 1rrad1ated m1ce’3 days after

al
o
/
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lrradiation. Adherent cells are showr 0 have phagocytic

v

activities and are probably -macrophages (Shortman et al.
.~ 1970). “An equally llk 1y explanatlon for the greater ease

- of -tolerance 1ncht10n durlng early ontogeny is that less

mature lymph01d cells~regu1re a louer dose of antlgens fgr
tolerance ‘1nductlon.' . Studies by Nossal (197&) have shown
that cells from fetal mice were" tolerlzed by a dose of

antigen 10- fold lower .than %hat required to tolerlze adultv
A . :

cells. - -

K T s

b Lymphnnode'cells from‘tolerant,'chimeric animals were

3

‘able to édobtively' transfer tolerance to. Balb/c heart

!

allografts uhen 1n3ected together wWith CBA bone marrow cells
‘into 1rradlated CBA re01p1ents. ThlS is in ‘agreement with

the - results of Q}rsch, Kraft and Dlener (1974b3 u51ng lywph

e

node cells from m1ce tolerant> heart allografts. -These
datal suggest that spegfzzsgsj;kressor cells may be present

1n tolerant anlmals."

4o
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CHAPTER VII
™~ §

DEYELOPMENT OF RESPONSIVENESS TO PHYTOMITOGENS.
INFLUENCE ‘OF THE THYMUS AND'

RELATIONSHIP ‘TO IMMUNOLOGICAL COMPETENCE -

A. Introduction 4

’ \

: L N\ -
- Lymphocytes can bpe induced by'phytomitogens to undergo-

3

blast transformation in vitro. -The gross morphdlogical and

~

Abiochemical charaéteristics of such ‘"a. response resemble
those of specific ahtigeﬁvinduced‘immune reaétions (COuison.
'8 éhdimers,.1964: Chessin et gl; 1966) < Studies ﬁi£h. célls
from individuals with'selective immuﬁologica%impairment;bf
thymicl function = have” sﬁéwn . that ’re:ponsiveneés' téA
phytohemagglutihin (PHA)"~ié'pge60miﬂah£ly a property of’Tf
éell;'(Oppenhéim, i§6é; Pogglas,;Kamin' & vfuﬁéﬁﬁerg, _196§;
Rodey’ 8~ Good,‘i970).‘ Usihg pokeﬁeed'mitpgen_(PHM); othets )
have shown fhat activated ceils deveiép ulfraStructural

charéc{erispiés of plasma. cel;é ig,_gizg Ai@@ péttérn of -
re§poﬂse specific for_B?cellé (bouglas et al. 1967; Bagker;
 Lutanf uaﬁd Farner, - 1969) . Earliér sfédieé:'on7 mouse
lynphocyte responsiveness“to»mitogens in giggg,have led to
‘the conclusion that PHA  is "T-ce11 }spécific whereas‘PHM
_stimuléfeéiﬁ-célis éxclusively 'JéﬂosSy-.&';Gxeaﬁes,_ 1Q71;
Stockman: §3  al. -1971;;. L;te:( Janossy and?@reavés-(1972)
.shdwed ﬂfhét:-Pﬁp »%lso stihulétés Effcélls; Furtﬁérmore,_
G;eér‘s and Bau@ingér (1972)_ﬁave‘démqns‘t.ted that alfhough
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y characterlstlcs of developlng PHA and PWM responsive cells

108

soluble PHA stimulates T-cells only, insoluble PHA (bound to

-

*Sepharose" beads) can'induce DNA synthesisvin both'T; and

. B=-cells,

Although soluble mitogens have select1V1ty for

~different lfmphocyte classes, thelr actlon 1s non-spec1f1c.

- In other words, a. mltogen can stlmulate a large. proportlon_
of 1ymphocytes regardless of their antibody s-ecificities.
»Nevertheless, the lnltlal event in spec1f1c (by anthens) or

‘non=- spec1f1c (by mltogensﬂ lymphocyte actlvatlon involves

the‘ combvnatlon of the stlmulatlng llgand ulth eceptors on

lymphocytes (Byrt & Ada, 1969' Greaves, Baumaner & Janossy,

1972)

Because of the specificityy of phytom1togens~ with

'respect to lymphocyte classes, they may be used to study the

ontogenlc development of T- and B cells. The present study

. compares the development of . mltogen respon51veness w1th that

of 1mmunocompetence in 1rrad1ated b ne marrow - repopulated

mice. ' The role . thymus ~in t ‘elopment of these
characteristics‘vaS»alSo examined. In ‘addition, an attempt»

was made to 1nvest1gate ‘possible changes _in. phy51cal

'u51ng cell separation by veloc1ty sedlmentatlon technlques.

lB; Methods -

1. Cell Separation’ - = ‘ - , .T

’,.At the tlme of assay, groups of 4 to 5 nice were killed

v,

by chloroform ;nhalatlon_and bled from the heart to reduce:

i
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the erfthrocyte‘ content of " the 'spleen. (L'Spleen cell .
suspen51ons were prepared in PBS contalnlng 3% FCS. No'more
than 4 x 108 total cells were placed in the top 1ayer of 45
ml of B%FCS in PBS. of a 960. ml gradlent. Veloq{rz
sedimentation.lseparation was performed using a 'staput'
apparatus according to the method. of ulller and PhllllpS
(19695;' The cells were allowed to sedlment for 2 hr at ugé*
Fractions of '15 ml were collected and cells were counted
using a Coulter’Model“p cell.counter (Coulter' Electronics,
Inc., Hialech, Fla.). . psedimentatlon velocities were
_calculated using a computer program as 4described- y‘ Kraft;
--and Snortman (1972). Where staput fractlonstcontalnedvfew
cells, adjacent fractlons were comblned to prov1de a minimum
number of 1 x 106 cell@ per culture. fhe cell suspen51ons

‘were spun down and the pellets resuspended in culture medlum

and placed inp tlssue culture.

\ -

2. _Mitogeggti . - .
: T . S \ v '
"PHA  was thained' gnv‘powder form\ (HR10,fﬁurroughs,l

Wellcome, England). Pokeweed mitogenf powder_rwas vobtained
;from.‘Grand' Island.ﬁBlological ‘CorPOratién;'lGrénd Islaud,

N-Y.y.‘ Solutlons of mitogens were prepared"as inStructed,

*s&ored at.-200C ahdvused'within~2‘weeks.

3. Tissue Culture o
Spleenhlcells before ‘and after separatlon were cultured
“1n Eagle's mlnlmal essentlal medlum (MEM) supplemented with

10% .heat 1nact1vated FCS and 100 unlts/ml of pen1c1llln G
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L

and 100 vg/ml pf streptOmycin (all fron.GIBCO Grand Island,
N.Y.); The nediunm was gassed with C02 to PH 7 2 before use.
The number of cells per culture ranged from 1 to 4 x 106
suspended in 2.5 nl of medium. Cell suspensions were placed

>
in " sterile, dlsposable glass “tubes (12 X 75 mm) fltted with

. loose tin- f01l caps. Cultures were placed \F a humldlfled”

v.1ngubator at' 370C  and gassed wlth a mlxture of 8% 02, and

~

10% CO02 in nitrogen. The maxlmum culture period was 96 hr.
Triplicate Cultures Vwere' set up in (a) medium alone' (b) .

tedium with 10 Hl/ml of PHA; and (c) medlum With 8 Al/ml of

rTWM; One ﬂCl/ml*trltlated thymldlne (31~ TdR) (New England

-Nuclear, Boston, Mass.) was added for the termlnal 6  hr of

culture. At the termlnatlon of the cultures, they were

placed ‘in an ice bath- agd the cells harvested ﬁor

~determ1nat10n of ghe amount of thymldlne 1ncorporated 1nto

>

pya. T : o Ly

4, ‘Est_%atlon of Thymldlne Incorportlon 1nto DNA

i }4 Cells Were harvested by centrlfugatlon at 330g 'for 10

“min  at uoc, and the supernatant discarded. DNA was

' extracted from the %ell pellet by cold 'acid \preCipitation.

5 ml 'of cold 5% %rlchloroacetlc acdd (TCh) uere:added to

each tube and the contents were m1x d - in a Vortex mlxer.

“-The suspef51ons were allowed to and at 4o0c for -20 mln.

|
The pellet was recovered‘by centrlfugatlon at 660g for 10

' min at. fgoc and dlssolved vinf O 8 ml tetraethylammOnium

,hydroxide;.{10% in-.water, Eastman "Kodak :Co., RocheSter,f'
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(/ : N.Y.) and transferred into scintillation‘counting;yials by
- mixing wlth 10 ml of sc1nt111atlon mlxture (Bach & Voynow,

1966) con51st1ng of4

‘xylene : , - 468 nl
T.dioxane S " . ’w68_ml..
100% ethanolj . “ o 280 nl ?ﬁ
»naphthalene - *i, \N 98.u'g
;2 S-dlphenyloxazole; .a: 6;13‘9-'
d—naphthylphenyloxazole ‘0.0613 g;
Tritium counts ‘were obtalneW 7hing A "Packard:2420
Tricarb Liquid Sc1nt111atlon Speotrometer.'r (Packaruv

Instrumentfco.,'Douners'Grove, I1) .

5. Determination of ‘Humoral Immune Responsiveness
‘esfhave been‘described‘in‘detail in Chapter
k *

" III. At differe 1mes followlng repopulatlon, groups of 3

or;Au- mice were 1mmunlzed wlth POL and SRC. Each test
~.included a normal adult mouse as control. The number of. PFC_

to elther antigen in the spleen was determlned 4 days later.

-9

1 , : ) /— . L
6. Expression of Results
R . . .
a. 3 Humoral immune response .

’/»"))

The number of PFC per\spleen was calculated and_“the=

mean of each group was taken. Th;s number was expresséd as

" the percentage of nqrmal control values ,obtalned_ in 'adult:

“1mmun12ed CBA m{ce.
/o
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b. 'Response to mitogens - - A \

‘The mean 72 ‘hr response (of "’ trlpllcate ;\ltu\es) to
mitogens of unfractlonated spleen cells vas quantltated ‘as:
mean cpm per spleen above background (unstfmulated culture)

- This number was expressed as a percentage of the mean
response observed in a normal spleen. The latter had been
determlned from 25 experlments to be: | - |

PHA: 1,736,223+ 21410 cpn/spleen

éﬁu:' 595,707_¢.21u12.cpm/spleen.

For _fractionated Spleen cells,‘ the response in each\
pool . ractions was expressed as mean: absolute cpm ‘above
backgrounr (unstlmulated) per veloc1ty 1ncrement per spleen.t

- To illustrate how thls value can be derlved let

mean cpm per»stlmulated culture,

a =
b ; mean cpm per unstlmulated culture,
n =n mber of cells per culture, .
'N'= number of cells from the pooled fractlons,”
X = number of spleens used for fractlonatlon,
) .

v = veloc1ty dlfference in mm/hr between the flrst and
»theblast fractlons of thlS pool | .

Then the mean response per culture = ar— b,‘

the mean response per cell (a - b)/n, and

the mean response of,g;e pool = N{(a = b)/n.

o
R
¢
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Therefore the meanr response of the  pool per velocityff

increment per spleen is U

To determine ;hé‘ sedlmentatlon velocity dlstrlbutlon

profile, the mean absolute respo *se per veloc1ty 1ncrement

per spleen ' das determlned for each pool of fractlons and

. plot;ed agalnst the average sedlmentatlon” velocity. 'Tne

t ‘resultlng graphs were normallzed. to the same peak ;eight.y

taken as 1d2§h regardless of the'absolujebnumbers. ‘ - -
- : ) L | | " - B | A ‘ e
B | ' ' C. . Results ' '
In thlS study, the development of mltogen 'and humoral
rmmune respon51veness 1n 1rrad1ated bone marrow repopulated
e o mlceA,was dfollowed accordlng to the experlmental protocol
| .outllned'Ain~ Flg 15. . The role ;ofv the thymus on the
P A development 'of, these act1v1t1es was 1nvestlgated from two
% R ; a;pécts. 'Firstly, the thymlc influence on the precursors of
%SI vcells part1c1pat1ng »in humoral and. m1togen1c~.responses was
'studled . using  bone marrow cells - from | neonatally'
fthymectomized (nTx) donors; Secondly, the thymlc influence
ion_ the development ¢f mitogen and humoral 1mmune/responsive

R Y .
fcells vas examlned u51ng mlce thymectomlzed at 15 days of

d"abe (Tx) 'as. rec1p1ents. Non thymectomlzed‘adult mice (N)

mwere used-’as%&bgge marrow donors or re01pients . for

. . ey g _ ‘ .
-comparison. There' vege 9 marrow-recipient combinations in
" )
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Figure 16 Development of humoral' immune re3pon51veness
- In irradiated, syngenelc bone. mATTOW_ - '
. repopulated CBA mice. . :
Each point repreésents the mean of 2 to 4 mice.
Each assay inclu-ed one normal control mouse s '
Anti-POL AFC A : o ’
Anti-SRC AFC A=A : . !
- NON normal bone marrow into non-thymectomized
' N recipients ' :
nTx*N' bone marrow from neonatally thymectomlzed donors
) into non-thyméctomized recipients .
» N*Tx normal bone marrow into. thymectomized (15 days,
IR ' of age) recipients = - :
- - nTx*Tx bone marrow from neonatally thymectomlzed donors
1nto thymectomized recipients
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Eotal: N~>N;\nTx—>N; N->Tx; and nTx—)Tx. "The results from

these U groups are con51dered en bloc for each crlterlon of -

development studled

-1, Development of Humoral Immune Responsiveness to 'POL and_

.SRC = .

B . 1 . .
The developm at of humoral inmune respon51veness to POL

'and SRC’ was followed in 1rrad1ated bone marrow repopulated

CBA mlce.' At varlous tlmes folloulng repopulatlon, groups

of 3 or 4 mice were 1mmunlzed wlth “POL and SR;“ and the

number of spleen PFC to elther antlgen vas assayed four dayS’

5
~.

later. . The results are c’own in Figqg. 16 -

,,irease on day 20 after bone marrow repopulatlon réaohing

normal levels by day 50. The other three groups of

v

)

lksimilar- pattéru in the recovery of anti- POL respon51veness

¢

although only 75% of the normal control value, was reached by

S F

,day_75 These data suggest that thymectomy of either tHe_

&»
bone marrow donor or the rec1p1ent has an advers effect on

\the rate of restoratlon of humoral respons1veneSs to: POL, a

- T cell 1ndependent antlgen.

of exper1mental anlm{ls for 40 days follow1ng boue marrow
repopulatlon. Thereaften, 1t 1ncreased progress1vely in N->

N and nTx=->N mlce reachlng 100% and SOm of the normal level

. " <
t . :

In -'Ne}N- nice, antl—POL respons1veness started to

<
~

ﬂrepopulated mice:‘-nTx->N, 'N~>Tx;> and nTx >Tx, shoued a. -

Responsiveness to SRC remalned low in. all four groups""

PN

respectlvely by day 75. Thls suggests that neonatal.

\
7

<

.:./'

/
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Fidure 17 Development of respon51Veness to PHA and PWM in
: . irradiated, syngeneic bone marrow repopulated ‘
"CBA mice.
~Each point represents one .experiment performed
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B .o ‘PWM ‘responsiveness o-o
' ONeN, ‘NTx, nTx*N, nTx>Tx represent different
X bqpe marrow-recipient comblnations as described
: in the legend of Flgure 16 R
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thymectomy’ of the bonexmarrow donor can also 1nfluence the’

" recove
groups

was b
y 1

expect

Al

2. De

ry of the ant1 SRC response. In»,the' remalnlng 2
Y .

‘of~mice. N- )Tx and nTx )Tx, the\respon51veness to SRC:

~ .

elow 320% .of the normal value up to day 90 as may\he"’

ed of a T- dependent antlgen.‘ A R L

il By

repopu

; . A
follov1ng Bone ‘marrow repopulatlon u51ng cells pooled from 4 R

or 5 s
tpresen
thymid
" termin
thymid

R

) spleen

anrrow
‘respon
N=>N
compar
level
normal
VTx,and
ZO‘aad

levels

measured"by' asse551ng the 1ncorporatlon of trltlated

velopment of Responsiveness to'PHA'and'PEgg;’
he - responsivéness' of irradiated bone marrow

4

lated nice to PHA and PWM ‘was tested at varlous tlmes‘

A 5

’

pleens. The cells Were -cultured 'alone 'or; in tﬁe

v

ce of elther “PHA or PWM for 72: hr. . Tritiated .

ine was added to. all. cultures 6 hr' prior to the
S = S L%

ation . of cﬁlture» and mltogen responsf?eness . Was:

»

inevinto-DNA. -The resultshare shown 1n Flg 17.»

: S e '
espons1veness ‘tO'_PWH-rwas' flrst ‘detectable in the

s of all experlmental ahlmals by day /15 after' bone

repopulatlon\ Thereafter, th development of PWH.
SlW?neSS dlffered between N and Tx .re01p1ents..- Both
and nTx—éN mice showed a faster rate of”tggovery when,

ed wlth N->Tx and nTx- >Tx mice. -Thus by“day- 50 théP‘

. : . ¥ .
‘of PHM' respon51veneSS' ln N->N ‘mice. was 50% of the

-

value and that in nTx-)N mlce was 65%, whereas 1n N )

nTx-)Tx m;c the respon51veness to PAM by day 50 vas'
3C% respectlvely ofxtheQnormal control value. 'Normal

of respon51veness to Pwm was reached in nTxf>N mice”
\< .

f o . ’ - _.'\ . ¢ . : 1 »
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by pdayv 110. These results suggest that the development ofv

/"
PWM respon51veness was sLower in thymectomlzed rec1p1ents.
)\'
Respon51veness to PHA, a T-cell specific mitogen, ‘was

hegllgible during Athe».first 50 aayé after bone marrow

~

repopulation. Thereafter it 1ncreased progre551vely in non—'

'-thymectomlzed rec1p1ents and by_day 200, the leVelq of PHA

\ ‘ . . B
respon51veness reached the normal control value in nTx->N

mice but wasﬂonly 70% of this vaiue in Na)N animals." Apart.

. from a_low'ievei of'PHA respon51veness by day 20 in nTx- )Tx

'suspension pooled. from 4. or 5 spleens of bone marrovu

-~

mlce, no respons1veness to PHA was detectable in N )Tx or.

.

nTx- )Tx_ mice up {to day 80 or 90 after repopulatlon. fhe

respanse to PHA wvas nov fo “Vwed:beyOnd this‘time point. .

T3, Sedimentatibn’VeloCit" Dis*1: butlon Proflles of PHA and -

.PEM_Responsi Ve Spleen C.11s at leferent Staqes of

tDevelopment )
The cells used in ‘this _study were from the same

» .
Tepopulated mlce prepared for use in experiments described

in the preceedlng sectlon.
. 1

' In order -to_have_at least'106‘cetls per culture, cell

fractions rollected afteri_Separation wvere approprlately _

combined into several pools. Their rosponse to PHRA and PWM

thymidine into DNA. The results are shown in Figs. 18 to

2. Although 'thel% results -for each ,donor—recipient

. 'combination at each time polnt are’ from one experiment, the

e

~

P R

in vitro was asseyed by' the ‘1ncorpoE§t1dn of tritiated.
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artifacts.'

. . TN ‘ " " A ‘ ‘

vreproducibility of the major peaks of mitogen responsive

cells. in JAdifferemes experinents arques against their being

oy

In ’Eormal-; spleens}.',the sedimeptatiOn veldcity”

distribution of ..cells responSive to PHA and PHM formed two -

partially overlapping series of peaks. The major peak of,'

PHA responSive Tells extended over a relatively Wlde range

'Wlth a mean sedimentation veloc1ty value of 4. 4 mm/hr. T@e

major peak of PWM respon31ve _cells Was a narrower band

T‘around a sedimentation veloc1ty value of 3. 9 mm/hr.

{.a,u

~In irradiated bone marrow 'repopulaQQQ?,animals, the
sedimentation veloc1ty distribution profiles of both PHA and
\PWM responSive cells changed as“a function of time. The

general pattérn of change was a shifting of the major ‘peaks

of PHAl-and PHM respon51ve\ cells from regions of- high to

- lower sedimentation veloc1ty. Early after repopulation, PHA

. and. PWM responSive cells Were aistributed over a wide rangeF

of overlapping sedimentation veloc1ties.

ln_ the immediate period (%ay 15) after repopulation,

~ip

.PHA respODSivene§§ in the spleen vas found_ exclus1vely in

r. T

fast sedimenting 'cells. . By day 20, the Eajor'peg§;0f PHA

responders was still ;,av region ~Of"high sedimgntation‘

'rvelocity' (>5mm/hr). j On‘ day 15 after repopulation, the'

”sedimentation velOCity of the major peak of PWM -responSive-

cells in‘ the different experimental groups v’ised- being»6

r.mm/hr in NTx->Tx mice (Fig 21), 4.1 mm/hr; -in' N~ >N mice

(Fig.18), and a froad peak between 5 and 6 mm/hr in nTx-)N
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mice (Eig;19x. By day 20, the major peak of PWM ‘responsive°
cells in all-greups"nad snifted to a regiqn of sedimentation
velobity"_less than Smm/nt. . After 'daj. 30, PHA and Pwn
responsive cells were found mainly in the'region' of 'medium
sedlmentatlon veloc1ty (<5mm/h1) , suggestlng that maturatlon
of mltogen respons1ve cells is accompanied by a decrease in'
cell size. | | ’ N '

Cont;aéy to the results obtalned from unfractioneted
spleen cells, respons1veness to PHA was detectable.in the-
fractionated vspleens from ali four expefinental ‘groups
J‘nithin SQ, days of _repopulation.k‘ This mayrbe_duebto the
enriehment eprHAe‘responsive‘.eelis; in- certain fractions
’after cell separatidn; | ‘ o

Up',to day 20 after repopulation, fest‘sedimenting PHA
responsive cells sere detectabieﬂfiin, spIeens  of . Tx
'fecipients,'"aithough 'thef overéil activity ‘wds low (peak
act1v1ty per spleen was 1.2 x 105 and" 1.6 x 105 cpm/veloc1ty‘

’increment for -N- >Tx and nTx~>Tx anlmals respectlvely).

“herzafter, no PHA respon51veness was detected.

v

u, Summar1 of_Results

The results of.this study shew tne foilowing;vv
:a) Humoral 1mmune respon51veqess to POL and SRC in
; 1rrad1ated bone marrow repopulated mlcen
.recovered faster than respon51veness ‘to PWM and'
,?HA"-- o ., o o L

b)'Thymectomy of bone marrow donors or recipients
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impaired the recovery of the responsiveness to

POL, a'T-indépeﬁdént antigen.
C) Thyméctpmy of bone marrow recipients .prévented
~ the ;recovery- of respoﬁsiveﬁeés to}SFC and to
PHA. The rééponsiveness to Pwﬂ‘was also only
parﬁiall& restoread.
d)‘PHA responsivenessbéouid be detécted within 50
days,of repopulation in fraction;ted but not in
' unfractidnatedlSPléen éeils,f‘ ’ |
" e) There wés én -Qverlhp_ in the sédimentation)
_veloéity' diétribution;-prdfiiés_of PHA and PWMN
reggéhsive éells injnorgal 55 well as vrestored
animals. | |
f)vburiné.vthe-.cdurSei Of"develépment, tﬁe maﬁor
peaks of miﬁogén réséonsive cells shifted fronm
a régioﬁ ‘of‘ high- tdwards> one of lower 
sédimeﬁtat{pn véldci£y; “-

D. “Discussion _ - o

+

‘In this.study, humofélireépoﬁsiveness to a deependent  
~antigen, SRC,ég%}irradidtéd, bone’marrow‘graftéd miéé shéwedf
_? ' slower rate 6f rgcoverygfhan-fhat agéihSt.a Tfindepeﬁdentf
anti§en, POL;  Tﬁis is 'in égreémep# with thé results
‘:'preseﬁted. invchapfer iv using:mice recoﬁstituted with fetai
iiver $temvcells (Fig.3). |

In: N recipie£ts, respopsivenégs to PHA, a T-céll

miﬁogen,’ was ;eétored_ilater than that to PWM which can
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.stimulate both B- and T-cells. "This may be due to the

slower development of T-cells. If +this is so, the

-responsiveness to PYM observed prior to the onset of PHA

responsiveness might  be. due to PWY .responsive,B-cells,

'Alternatively, responsiveness to PRM or PHA may‘ be .

functional characteristics of T-cells at different stages of
maturation; Consistent vithe this is- the finding of Byrd,

‘van Boehmer and Rouse (1973) whlch shows that thymocytes of
newborn mlce can respond to PWHM but not to PHA. The data

“Presented here show that both PwWM and PHA respon51veness

.developed later than - SRC respons1veness in bone marrow

recipients. Slnce respon51veness_ to SRC depends on the

presence of helper Trcells (Miller S'Mitchell,‘1967: hilier

& Osoba,§?;67),_the results suggest that the helper functlon

of T-~ cells develops earller than mltoden respon81veness. |
These results are compatible w1th the poss1b111ty that

there are 3 subpopulatlons of - ce1157 each having PHA

respon31veness, or PWM respons1veness, or helper function;

A 51mpler alternat1ve is that T- cells acgulre dlfferent:

a

functlonal characterlstlcs at varlous stages of maturatlon_

as has been suggested by Raff and Cantor (1971)

. The role  of the thymus gin‘ the development of

a

frespons1veness to antlgens and mitogens. was investigated;

The recovery of 'antl POL respon51veness was 1mpa1red when -

elther bone marrow donors or rec1plents were thymectomlzed
k) .

Thls suggest? that thymectomy may 1nf1uence the development

of B—cells since POL is -a wm—lndependent antlgen ’(Diener,“

-
)

N -
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O'Callaghan & Kraft, 1971). Hoﬁever, it is unclear how this
effect may be bronght'about.~
In Aaccordance w1th studles by other workers\ the data

show that respon51veness to PHA. and the productlon of PFC to

r i
1

SRC are entirely thymus dependeat whereas responsiveqess to

PWM is partially thymus dependent. Thus irradiated,. bone

marrow repopulated Tx mice showed a complete loss of :PHA

',responsiveness‘ as. well as of the abili%yl to producev

~ant1bod1es agalnst SRC.‘.Théir‘PWM'responSivene5s, ‘however,

- was only P@Ftlally abrogated: “In contrast. to these results,

» o

~a low degree of responsiveness +fc PHAéiwas obspfxed An-

certain fractlons of srleens from TX rec1p1e';g

first 20 days follow1ng bone marrow repopulatlon (Plgs,si20

and 21). A1l of these PHA-responsaxgwgells vere found in a

‘_region of’ high osedimentatﬁon' velooity (>5nm/Hr)’_ These |

cells are perhaps PHA respon51ve m—cells present in the bone

‘marrow inoculum as suggested’ by the work of Claman S (1974)°

which shoued "that PH2 respon51ve cells are present in the’

bone marrow of both nude ard neonatally thymectomlzedﬁ'mice

although thelr number ‘.is lower than that found in

vheterozyootes (nude/+) ork sham' tﬁ&meCtomlzed llttermate

controls. ; He concluded that the malntenance of these bone"

marrow T- cells (as deflned by thelr ablllty to. respond to

PHA) is thymus dependent. Consistent with‘this view”are-tne
y . ,

results"of the"presentk studygnvhich,sshow a‘loss-of PHA

'responsiveness} in ‘Tg 'reoipients_ uafter‘t dayd 20? -of

' repopulation,

A}



S . 129

- L- and’ B-cells are functionally - heterogeneous

. _ populations (Roitt et al. 1969;vMeuwissen,‘Stuttman.s ‘Good
196§) Thelr subpopulations have been characterlzed on the;
basis of cell surface antlgenlc comp051t10n (Cerotlnnl &
~Brunner; ‘1967- Roitt et al. 1969; Raff and Owén, 1971a) or
phy51cal propertles such as density (Shortman,' 1968), 51ze_

}m ﬂgﬁler & Phllllps, 1969) and phy51cal adherence differences

(Shortman et al. 1972).  In thls study,usplenlc lymphocytes

at different- stages of development vere characterlzed on the“

’%%,ba51s of size dlfferences and tested for L’,r,espons:\.veness to

'(,

‘{x oia- PHA and PWM. The results suggest that the maturity of
B . ..
spleen cells is reflected by'their,size. less mature cells
-are ' bigger - and - therefore have faster ‘sedimentation

velocities. = _ R

| The data SHow that there is‘ extensive overldppihg‘ in
itﬁe-‘sedlmentatlon veloc1ty dlstrlbutlon proflles of Splenlc
PHA end PWHN respon51ve cells. This could be'lnterpreted ésb

an indlcatlon ‘hat bcth/EHA and PWN responsive cells-heve B
vsimilar size distfibutiohs? ‘Altetnatively, the cells_,found

in the overlapplng reglon of sedlmentatlon veloc1t1es may be
double responders to both PHA and PWHM, ' Shortman et gl..‘

L (1873) have demonstretedAa similar but smaller overlap, ih
the dehsity distribution profiles. of splenic PHAMend’EWM
responsi;e cellsf They also. found identical _ density
distfibutich profiles in thynus cells'respons;We4Zo'PHA and

_PwH, suggesting__that"some cells can respond to both

mitogens. 'lIE seems, therefdre, that better sepatation of
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splenic PHA and PWY responsive cells can be achieved by

density differences.. = . ' J ) :

Contrary to" the results‘obtained from unfraglionated

spleen cells, PHA responsiveness 'Was detectable“ »in \\v\_

fractionated spleens ulthln 50 days of repopulatlon. This
may oe due to the concentratlon of the PHA respon51ve cell\/r

in certaln fractions - as a resul+ of cell separatlon.r An
altérnative p0551b111ty 1s, that there nay, be; suppreSSor
'cellsv» present "in theJ lymphocyte populatlon early' in
developmenti. reby lnhibitinp the }response of potentlal
PHA'réactifggcells; Presumably the suppressoracells and the

Jreactive‘ cells‘ differ in 51ze and would therefore be found

in dlfferent fractlons followlng cell separatlon. In the‘ o
: absence of the suppressor. cells, the'reactive cells_were
'then able to'respond,. Later in development; there‘ may be "
’more potential”’reactiVe cells in proportlon to suppressor
vcells,.thus dllutlng out_ the 1nh1b1tory effect of the.
suppressor cells. Alternatlvely, 'suppressor .cells nay
”res1de “in s1tes other than the spleen.‘_ ThlS hypothe51s,'r
though prOposed to explaln observatlons“on ‘the developmentt’
of respon51veness to mltogens, may also be relevant in the
vdevelopment of respons1veness to antlgens. Ev1dence has }
been presented that in adult anlmals suppressor cells may be
respon51ble for the malntenance of some forms of tolerance
(Gershon et al. 1972). " A high frequency of suppressor cells*
in  the young durlng the early stages of immune ontogene51s.

. may..account "for ' the hlgh susceptlblllty to - tolerance
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. CHAPTER VIIX

. . 7 s . \ .
N A ) . b

. . CORRELATION OF RESULTS AND CONCLUSIONS

In thls study, an experlmental model has been used to

o

1nvest1gate the ontogeny of the murlne 1mmune system baSed_

on"the fact’ that ‘s1ngle hemop01et1c stem f cells ~ can

»

‘reconstitute the cellular components of the lmmune system 1p

-lethally 1rrad1ated nice. Durlng the development of thlS‘
experlmental model, evidence was obtained wh1C4 ndicates
_-that stem cells fron the yolk sac dlffer from t': f-und in

the fetal liver or adult bone marrou of ‘mice. The primany.

vdlfference between tnese sten cells is that yolk ‘sac cells

°

have a lower;spleen color formlng potentlal and thls llmltS

their use for the productlon_ of s1ngle colonles. Since

fetal liver stem cells have a hlgh clonlng capac1t they

[

were* used' in the majorlty of the uork.' The developmental
aspects ~ofr some functlonal parameters;]_of ‘murine

immunocompetent cells were then followed in 1rrad1ated CBA
' IS

mice. 'The functlonal parameters tested 1nclude'- antlgenli

.

@

',humoral immune respon51veness, cell-medlated GvH react1v1ty ﬁ

’

and tolerance 1nduct10n to- transplantatlon antlgensm.
[4

The -antlgens: chosen - to 'stmdy. the onset of antlgen

0

. Tecognition and humoral responsiveneSS‘ were POL,THa’ T-

f N

independeht antigen, and’ SRC, a T dependent antlgen. Thds,

dlfferences 1n the klnetlcs of BJ) and T- *llc development‘

‘could» be observed Immunologlc recognltlon of POL appearedﬁ,

o

. . A . P
v N . . . . . :

o I\ : o . , c e

.

<recbgn1txon -'as ,measured by antlgen blndlng to lymghocytes,- .
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after a period of 18 _to 20 aysdbgﬁglonaljexpaﬁsiou from a

single stem cell;,' This figure is vin keeplng with an’

'estlmate made by Jerne (1970) of the tlme required for the

v

generatlon of a complete antigen- recognltlon spectrum by

somatic mutatlonal events postulated to occur in a feu germ—‘\

; _ o A

llHG structural genes codlng for . antlbodles agalns /

. Q&A

d
hlstocompatlblllty autigens of the spec1es. In contras+ éo

the 18 to‘ 20 ,days regu1red to vexpress the POL blﬁd{ng

-potential,.'more than 30 days elapsed before RFC to S}C were

1
evideut.l leferences in T- cell development relatlve “to the

'ontoéeny of . B= cells may account -for thlS dlscrepancy.

Dlsparltles in the sen51t1v1ty of the two assays used may be
another explanatlgn.

The ablllty to produce a humoral response to POL or to

SRC develOped at a slower rate than the appearance of ABC or

RFC respectlvely. Two p0551b111t1es can be con51dered'(a)

qd‘

‘the small fumbers of ABC or: RFC are 1nsufflclent to generate

i

a, detectagle immune response, or (b) there is a further
maturation phase between the antlgen binding capac1ty and

the ablllty to synthe51ze antlbodles. In- the case o the

‘,antl SPC response, there 1s also a llkellhood that T-cells.

S

'

requlre a longer maturatlon perlod than B-cells. o ’\0

To test _ the pOSSlblllty that T-Cell haturation 1is

“intrinsically slower than‘that of B—cells;:TwCell function

<

was measuredﬂin the'form of GVH react1V1ty. There was a

close correspondence in the rate of aPPearance of GvH and of

ant1 -SRC act1v1ty.- It was - tentatlvely concluded_that'Tf
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cells were respon51ble for the delayed anti- SRC response

—*_*‘“_“*“----l
relative to. the antl POL” response—altngggh it is not certaln

. TTTT——
= .

if helper cells and klller cells mature at the same rate.

An  important feature in immune. ontogenesis is_fhe

: generation of tdleranee in the yeun?i ;This has_beenpstud%ed
using two models: (1) the ‘heart alldgraft, and (2). ‘the
~radiation chimera. ' The fallure. to develop tolerance to-
.Balb/c heart grafts when transplanted into CBA rec1p1ents of'
fcloned tells may have been due to the llmlted and locallzed
usduree of antigens. In thls case, lymph01d development of
the repopulated anlmals may have taken place in the‘ vlrtnal
vabsence ‘of alloantlgens. ~ On the other hand the-internal
env1ronment of the ehlmerlc CBF1 anlmal belng a rich ’and;
acce551ble squrce lof Balb/c antlgens, is mqst condmcive to
t%lerance indnctiqn .for‘?the”ideve sving CBa Cells, Thef
generation.'of ‘toleranceéin ¢he radiation-chimera nodel was‘
measured by the'absence«of anti—Balb/cl aetlvity in a GvH
‘assay based on the ablk1ty of CBA 1mmunocompetent cells to
vlnhlblt erythrop01951s of Balb/c marrow - 1n 1rrad1ated Balb/c
‘hosts. L Te o ST
:It,was fnrtherxsnown',that' thel'success' of tolerance
induction.‘was'.impreVedkﬁhen lymphoid,eells were ex;osed:to
aantigensa earlier in their develdpment, ‘The data are
compat;bge vizth the'.hYpothesis that thererls a tplerande
susceptj e‘peried prior'to tne' onset” of  immdn9¢ompetenCé,t
Quring‘lYmpnoid matqration; |
E The“develepment ~of responsiveness-'to mitogens'iwas

.
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slower than that to antigens  in irradiated, bone marrow

~ , o a3s
repopulated 'miee. This’ probably reflects di%ferences ln
matﬁrity between'theleells respohsive fb_mitogehs.and lthose_‘
responsive fo'~antigegs:- :Ih _comparisph go. the resultS':
obtaiped,from mice whieh‘lwe;e:iirraaiated.‘ahd ,repopulsted:
with cloned cells,‘the‘reeeve:y of humopal”responses to both
POL’ andb SRC’loccurred-'latef in Fbeneb marrow repo?ulated
animals.: This may be due to (a) dlfferent cell doses' used'i
and/or (b) the presence of 1mmunocompetent cells in the bone
marrow: (Lafleur, Mlller & Phllllps,;1972) but not 1n spleen‘
colonles (Mekorl & Feldman, 1965). T@ese cells are found to -
be 1ncapable of glv1ng rise to ‘new lmmuﬁocompetentﬁ cells,
‘thereby «reduc1ng the total number of immuhosompetent eelly
kprecu;sors~in the,orlginal'bqne‘marrow inoculuﬁ; : :

.The role of ‘tﬁe'~thymus ‘ﬁuring':the develdpmené of -
mitogen ﬁeﬁdflantigenf responsiveneSS'was inVestigatedf The
‘résults jcolfirmfkghe {hYm&s' dependence ‘of tPe anti=srC

PN WP . .
“~pon51wegess to PHA ‘and PWM It was also
;} .: ;’ N

’found ‘ that neonatal thymectomy of bone: marrow donors

response and the

”1mpa1red the subsequent ‘expression ’of; B-cell funetion as'
judged ‘by> the ﬁlncomplete/;egforatlon of : both the antl POL
‘and anti-SRC responses. . . ,:_ffle-fffﬂf

_Within the flrst 50 days'of bonev‘méffeﬁ~ febopulation{
'respon51veness to PHA was detectable in certaln fractldns of‘
spleen,4 cells ' after separatlon,.' Thls .observatlon isﬁ'
‘compatlble with the notion ‘that suppressor cells are present"

_1n the spleen durlng the early perlod of ontogeny, and thelrl"
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presence may ;account for tme high susCeptlbility : to
.tolerance 1ndéctlon.of the young. “

' Cells' respondlng 7to~.PHA,and:Pwmrwere shown to change
" their phvsical cnaracterlstics during the.course of lvmphoid‘r
development. Early‘ln‘development;-these Cells hadrwa,Jhlgh'
sedimentation ‘veloc1ty (>5mm/hr), ,and‘ as maturation

proceeded there was a concomitant Shlft towards a reglon‘ of

'lower sedlmentatlon veloc1ty. ‘Thus, ~-itogen respon51ve
cells_became smaller as_tut" ‘matured. Since._considera%le
overlap occurred in the e?;mentation-velocity diStribntion
' proflles of PHA and PHM :,r“onsive'cells,'"size dlfferences

ialone aré probably 1nsr,c1c1ent to phy31cally characterlze
mitogen respon51ve-cells Furthermore, the fact that _both
. PHA~ and PWM can stlmulate T-cells could account for some of

the observed overlap in sedlmentatlon veloc1ty distribution
'_proflles.

Immune ontogenesis “in “CBA mice'gmay be regarded as

. c€c  .sting of - a }sequence‘ 'ofv' events. ' Potentlallyr‘”

immunOcompetent cells are frrst found 1n the yolk sac

13

plurlpotent sten E whlch re51de 1n both fetal as welI'as
. adult hemopoietic LiSsues. These multlpotenklal stem cells

can form spleen colonles 1n 1rrad1ated re01p1ents and they'
—'\‘
'\ '
exhlblt 51m11ar characterlstlcs regardless of - thelr orlgln.-

-

The"next step in development 1nvolves prollferatlon and-

»

dlfferentlatlon of these cells to produce .a _popnlatlon of

‘lymphocytes heterogeneous . in” phy51calth.antigenic ‘dnd.

. A
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functional characteristics, Lymphocyte differenciation can
occur:;along two different pathways. The development of

immunological functions in a populatlon of lymphocytes
begins with antigen' recognitiop.‘ ThlS is followed by»
humoral respon51veness and cell- medlated 1mmune react1v1ty.

‘Since 1mmune responses involve cell 1nteractlons, this order

of ° appearance of 1mmunologlcal functlons reflects . the

: & . v 0 ,
,sequence of maturation of the limiting cell type Ain an
immune response.‘ The results of thlS study are ln agreement

w1th the - cantention ‘that B cells develop at a faster pace

“than T-cells. ' » S

ﬂ : . C e :
rwspec1f1c antlgenlc stlmulatlon.-.Perhaps respon31veness ‘in

N

“oAn i Portant'. aspect in-v the | ;develepmemt of
1mmunocompejent cells; is the: acquisitipn of speclfic’
unrespon51venessw to lself aﬁtigens. ThlS; process seems”“.
llkely -to occur durlng the 1nterval between the development

/ /

‘ agtlgen reﬁognltlon land the ablllty to respond toﬁ

-

§ cmim
i

:‘the youhg ‘is atﬂﬁlrst 1nhlb1ted by suppressor cells, ‘thus

resultlng -in Ha hlgh susceptlblllty to. tolerance induction

and the establlshment of self- tolerance.v

]
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