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wABSTRACI~

Avian haematopoietic chimaeras have been produced at 4
rdifferent stages of ;ntogenic develdpment between the two
;strains of chicken SC and FP All of the chimaeras produced
by parab1051s at day 12 of embryogene51s and the maJority
. (83%) of the ones produced at day ‘15 by intravenous :
linjection of 15 day old allogeneic stém cells of spleen
origin remain healthy. chimaeric and spec1f1cally tolerant
throughout a long examination period Tolerance was observed,
- at both the cell mediated and humoral level and was
demonstrable at the time of. hatching There was no eVidence'
-that the tolerant state was mediated by actiye suppress1on
These birds appear to be tolerant in a way that is analogous |
to the unrespon51veness displayed by the immune ‘system to
self antigens._Chimaeras_generated at‘day;l7_of
embryogenesis show speoific uhreSponsiveness at'the cell-
mediated level but produce spec1fic anti donor strain
'“Aantibodies which#were detectable in their sera as early as

- the third week after hatching These chimaeras and a |
minority (17%) of the chimaeras generated at day 15 of
'embryogenesis queloped severe antibody mediated autoimmune
.'haemolytic anaemia after the fifth Sonth of age. Theys'
succumbed to massive bursal and other lymphoid tumours by
| the tenth month of age. Tﬁe immunological and pathological

.characteristics of these birds appear to reflect an

“autoimmune state rather than one of tolerance Chimaeras
: 'generated at day 21 of ontogenic deVelopment displayed

' . v
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T.;normal 1evels of GVH veactivity,”These birds were qble to
| feliminate the ch1maeric state and remained healthy until °.

‘delxﬂeratety terminated Cell mediated lmmunocompetence._asf'

o measured by GVH reacttvity, can@firet be- detected at

hatchIng but may actually arise at low levels even eawlier.ﬂ

Chlmaeras generated~at hatchxng behaved qualitatively as {f:'

L'.”.adults, in that they were able to mount an. effect1ve ce11~ :

med1ated immune response and rejected the foreign t1ssue
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, g I Intrgguctton | /} .
1. Historical Introduction

The ma1n purpose of the work presented in th1s thes1s
is to obtain and analyze an exper1mental model of
'1mmunolog1cal unrespons1veness analogous to that displayed
by the 1ndhne system towards self components. In th1s review
of the l4terature I shall descr1be some of the many
experimenta] systems that have been developed with a similar
aim in mind I would 1ike to give a h1stor1ca1 description

-~

of how certa1n chance observations led. to the recognition of
self- nonself-d1scr1m1nat1on as a central‘problem in
immunology. I shall also descr1be how these observations

suggested exper1mental approaches towards solv1ng this
problem. . ' \\ |

N

In 1938 Erick Traub summar1zed his observations and
expen1menta1 results inh which congen1ta1 infection of a
}'mouse colony w1th lymphocytic choripmeningitis virus; over a
period of four years, gave rise to a long lasting l
asymptomat1c infection. In 1945 R.D. Owen made the dLscovery |
that bov1ne dizygotic twins regularly: contained a m1xture of
two types of erythrocyte which usually persisted for life.

These two 1ndependent experimental observations and
part1cu1ar1y the fact that in the bov1ne chimaeras the
genetically wrong- cells persist without eltciting an

, o N o



immune response but appear to be'tolerated as‘self'cells,
led Burnet and Fenner in 1949 to introduce the concept that
there is an acqu1red ability of the 1mmune system to -
discriminate between self and non self antigens At that
timef in their "indirect template theory , they predicted |
that the body’'s components are immunologically innert and

'that the equivalent state of. tolerance to foreign antigens

could be experimentally induced if the!efantigens are

~ introduced at an appropriate‘stage of - embryonic life. To

accourt for the non antigenicity of the body’ s self antigens -

they postulated that they carry a “self marker" which is
detected by a recognition unit” acting at some paint in the
process leading to antibody production Presumably the
introduction of foreign antigens early 1n development

resulted in their acqu1s1tion of the self- marker. It was

'postulated that the 1nteraction bf the recognition unit“

with the selfmarker prevented the Jimmune. system from

responding A1though this theory had already postulated the

~acquired nature of immunological tolerance.vit remained

essentially instructional in its attempts to explain the
production of antibody diversity. - |

"In 1955, Jerne published his theory of "natural
selection“-wheré the concept of differentiation of self from

nonself found a less abstract explanation than that of "self

‘marker" and recognltion unit®. He postulated that naturally

'occuring gamma globulin molecules are true antibodles. and

that there are such antibodies spec1fic»for all foreign



antigens. He: further suggested that autoantibodies are
| el1m1nated dur1ng fetal l1fe and are not ava1lable later for
select1on and mult1pl1cat1on derne d1scarded altogether the
requ1rement of ant1gen1c instruct1on for ant1body product1on
wh1ch had been the central dogma in all theor1es wh1ch :
dom1nated the f1eld up to that per1od (Bre1n and Haurow1tz
1930 Paul1ng and Cambell 1942) w1th the exceptlon of
- Ehrl1ch’s side charn theory Nevertheless denne s ideas
\\jfeta1ned 1nstruct1onal aspects at the molecular level as
‘they fafled to 1ncprporate the already known facts on the
mechan1smﬁdf proteln synthes1s, He postulated that natural
serum antlbody. after 1ts un1on with ant1gen. 1s brought to
a random ant1body producing cell. Th1s part1cular cell was
postulated to be stimulated to produce exact copies of the
or1g1nal natural antlbody In other words, he still
4 enV1saged that a protern can 1nstruct a random cell to

produce that_protern.

-

-

- Two’ years later. in 1957, Talmage pbt together derne S
"natural selection theory and Ehrlich’'s concept of
select1on of ant:bod1es on a cell surface In h1s ploneerlng
proposal 1n 1900 Ehrl1ch assumed that all fore1gn ant1gens,
. especially bacterial tox1ns damage the body s cells by
combinIng w1th side chains on cell surfaces The union .was
assumed to be spec1f1c and 1rrevers1ble and the damage to )
the cell could only be’ overcome by casting off the blocked
"side chain" and replac1ng it w1th a new - one The theory L

clearly 1mpl1ed the ex1stence of cellular patterns .



Y
.-‘.conpl"ementary to all "possible;antigenio' deter.m.ina'nts". :

"' Talmage pointed out that'derneﬁgﬂconcept of ”natural
'V?,selection could find a more satisfactory form if antigenic
. selection occurs as a result of natural affinity between

antigen and cellular receptors as Ehrlich had originally
proposed In that way the 1nformation for spe01f1c -antibody
production would not be carried to the cell from the gut51de
butvwould»be an intrins1c part of the cel}ular unit that is
responsible for antibody formation. The 1nformation would be
'contained in the hered1tary material already known to be the
nucleic acids According to.Talmage, the process of natural
selection-requires the‘multiplicationdof aAfew cells out of
a diverse population He speculated that "ohe of” the
.multiplying units in the. antibody response is the cell
itself. Only those cells are selected for multiplication,b
whose syntheSized product has affinity for the antigen |
inJected“ Talmage s proposal essentially 1ncluded all the
basic elements of a clonal selection principle as the bas1s
of the immune response. Unfortunately. he dld not elaborate

o

his v1ews further

In 1957 Burnet also prepared an 1n1t1al theoretical
proposal that incorporated the main features of: Talmage s
hypothe51s and in addition prov1ded an explanation for two
_sets -of phenomena an understanding of which he had. since
-1949 conSidered to be essential’ features in the process of‘:
ant+body formation These two phenomena were the non- )

antigenicity of the body s components and the existence of



tmmunologiCal "memory” Burnet’s v1ews were extens1vely
stated in<l959 in his "Clonal Select1on theory of Immun1ty”'
”_The theory postulated a random12at1on of pattern amongst
. dqfferenmwating lympho1d cells in. embryon1c lwfd{ so that
" each lymph01d cell in: ‘the body carried one 1mmunolog1cal
pattern expressed e1ther as a receptor or. as the spe01f1c1ty
’of antlbody produced by the cell or 1ts descendants SubJect
to the poss1b1l1ty of mutat1on the: pattern was transm1tted
by somatic - 1nher1tance to all descendants g1v1ng r1se to
large numbers of clones of. cells each w1th a d1stinct B
‘-1mmunologlcal spec1f1c1ty" Thﬂs theory 1ntroduced the bas1c ,
-concept of the 1mmunolog1callygcompetent cell a cell which
is SUSCeptlble to spec1f1c st1mulat1on on contact with: the <i:
uappropr1ate ant1gen1c determlnant Th1s 1nteractlon could -
lead a) to destruct1on of the cell if phys1olog1cally
i1nnature b) to“prollferat1on w1thout chang1ng its character
to what is called a memory cell, and c) to proleerat1oS and'

ant ibody product1on as a clone of~plasma cells ' y

~ The l1terature of experimental embryology is r1ch w1thi
-examples of embryos tolerat1ng grafts of foreign orig1n
Their permanent acceptance 1nto adult l1fe was perhaps first.
;n-demonstrated in 1929 when Danforth and Foster exchanged skin
| grafts between different stra1ns oF‘newly hatched ch1cks |
They made the remarkable observat1on that about 10% of the
'transplanted grafts were accepted permanently They |

o concluded that the host’s enV1ronment (e. 9. hormonesr could

not 1nfluence the color of the donor sk1n but they failed



.t0jmake'any.immuhological”inferenCe.

L

In 1952 Cannon and Longmire studying methods to

graft surv1val between different 1nd1v1duals

.esse tillly repeated Danforth’s experiments w1th s1milar

| . They went further to demonstrate the effect of the
age of the rec1p1ent on graft surv1val They found that 5 -
_10% of the newly hatched grafted CthKS retained the donor
skin permanently The graft surv1val dropped to 1% when the
graft was 1mplanted on the 5th. day post hatching and none |

‘.‘surv1ved ‘when 1mplanted on day 14.

‘ Although the. above observations constitute the first
experimental demonstration of transplantation tolerance :
,induced in immunologically immature animals..the' ,
_immunological basis of the phenomenon and its acqu1red and

"spec1fic nature. were first demonstrated in 1953 by the

) classical experiments of Billingham Brent .and Medawar in
both mice and chickens Pregnant cBA’ mice .were injected in _
'; utero with a variety of lymphoid tissues from adult mice of
strain A, Eight weeks later the litters were grafted with
xstrain A skin and. over 60% of the animals studied accepted
the grafts permanently The same mice: were able to mount a-

v1gorous rejection of AU strain skin grafts It seems that

the apparent lack of GVH reactions in these mice was fn part =

"due to. the low number of adult -lynphmd cells 1n3ected The -
,1noculum given was a mixture of adult tissues including

testis Kidney and spleen Another factor contributing to

l:'
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_the lack of a fataT-GVH.reaction mightmhaveibeen'the 1imi ted
genetic»dispartty between CBA and A strains of mice in the
.'H 2 region. Although their stock of Rhode Island and Wh1te .
Leghorn ch1ckens was non’ 1nbred they also succeeded in
1nduc1ng-transplantat1on tolerance in chickens. Tolerance
was ach1eved by 1nJect1ng 0.2 ml of embryon1c bTood from one
member of one breed of ch1cken into 12-day-old embryos of -
the other breed Tolerance was hvghly spec1f1c in that donor
sk1n was accepted whereas skin -from a second member of the

breedgwas reJected

Earlier attempts to demonstrate toTerance~to
heterologous cells and. prote1ns had fa1led In 1950 Burnet
himself, encouraged by the - earl1er observat1ons of Traub

'_w1th congen1ta1 atyp1ca1 chor1omen1ng1tis and of Owen on

. chimaeric cattle, had tried to experimentally verify h1s
hypothes1s of embryon1ca11y acquired 1mmunolog1cal
‘tolerance. He 1nJec¢ed 12-day-old-ch1cken embryos with
influenza A V1rus. bacter1a] virus C16 and human red cells.
_Although aware that ncne of the three ant1gens sat1sf1ed the
requ1rement of pers1stence he was disappo1nted in failing

to demonstrate acqu1red tolerance to any of them

R The f1rst demonstrat1on of 1mmunologlca1 toTerance to
| antigens other than transplantat1on alloantIQens\;EfJ

' ach1eved in 1954 by Hanan and Oyama They 1n3ected purified
| BSA 1ntravenously 1nto pregnant rabbits The offspr1ng-were

‘unable to form antibodies to BSA,-although'theyuformed'
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ent?bodtes'against eog-aIbumin on ohailengel The continuobs.
presence of the antigen BSA was demonstrated 1n these

rabbits. EXper1ments extend1ng these observations were soon

' reported by C1nader and Dubert and D1xon and Maurer, both v
in 1955.-

In this review* 1 w111 ma1nly cons1der eXper1ments
e
1nvolv1ng anrespons1veness to transplantat1on antigens

induced under cond1t1ons designed to m1m1c those under wh1ch

self tolerance 1s assumed to occur. Some_lmportent

Q)

cons1derat1ons arise, however, when different types of
ant1gens are used. Reference to such systems will be made

when appropr1ate

-



2" lhg Nature of Self Tolerance

The ab1lity of an an1mal to mount a spec1f1c cell
'med1ated and/or humoral immune response aga1nst a w1de .

| var1ety of fore1gn as opposed to self antigens 1s bel1eved
to be due to a regulatory learn1ng mechan1s$‘ The 1nab1l1ty
of F1 an1mals 1n contrast to thewr parents. to respond
aga1nst their own antigens that are un1quely derived either .
maternally or paternally argues conceptually for.a learn1ng
mechan1sm in d1fferent1at1ng 'self from non- self" as opposed
to a genet1cally encoded one. 'In add1t1on the frequent |

- occurence of aut01mmune react1ons provides further ev1dence
that the individual has' the genet1c ability to react aga1nst

self components 1mmunologrcally " —

Y

Although there are several experlmental examplés where
the individual’s immune system acquﬁre%’the ability to
become"tolerant"to foreign antigens, the flrst experimental
' system to demonstrate that self antigens can be reacted to
as though they are fore1gn was developed by Triplett with
_ the tree frog, Hyla Regilla (Triplett, 1962)

-’eXper1ments consisted of remov1ng the buccal component of
the hypophys1s and growing the an1mal and" the gland
seperately When the animals became 1mmunolog1cally mature
the cultured glands were grafted back In most.cases thea-
an1mals reJected the1r oWn‘hypophesis Control exper1ments

excluded the poss1bxl1ty that the 1mmunogen1city of the -
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graft had changed dur1ng culture. The same type of
experiment, that 1s the abol1shment of tolerance due to the
removal of an organ early in ontogeny and its re1ntroduct1on
later was .performed in FP. and SC stra1ns of chlckens, It-
was shown that chickens bursectomlzed dur1ng an early stage
_of embryonlc development were able to recognlze bursal
ant]gens as adults upon immunization with bursal cells Lack
of a response on 1mmun1zat1on with thmeS cells excluded the
p0551b1l1ty that a response to m1nor h1stocompat1b1l1ty

- antigens was responsible for the observed immunity
(Grebeneau et al 1976). ° | ' .

Flnally, strong ev1dence for a learning mechan1sm qame
from the experiments of. Boyse and h1s collegues in mice:
Lethally 1rrad1ated C57 mice were reconstltuted with
(CB7XA)F1 bone marrow and spleen cells. The lymphocytes of
the chimaeras so obta1ned werg of donor or1g1n 100% of
these animals were’ able to reject A stra1n sk1n grafts after
a certain period of t1me The reJectlon was shown to be ’
med1ated through the sk alloant1gen present on epidermal
cells. It was. ¢onc luded that upon transfer to C57 recipients.
the hybrid lymphocytes lost contact w1th the A straln sk
antigen and thus recovered their ab1l1ty to reject A strain

san (Boyse et.al, 1970).

This thesis is concerned W1th the phenomenon of
immunological tolerance, defwned as spec1f1c 1mmunolog1cal

unrespons1veness 1nduced by exposure of the embryo, or the

'
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very young 1nnunolog1cally undeveloped 1nd1v1dua1 to a

given antigen in part1cu}ar to transe)antat1on

a]]oantxgeﬁs By exam1n1ng mechan1sms of phenOmena induced
Ldurlng the deve]opmental perwod of the organwsm a period
dur1nngh1ch non-reactivity to self antigens is acquired,

e ene would hope by extrapolation to explain. the mechanisﬁg\\amﬁ
. underlyiﬁg induction and maintainance of tolerance to eelf '

-

antigens.

The term tolerance was origi=a11y used fe.describe only
those unresponsive states induced undef an iadapti;e" L
developmentad period. Sinée 1959 it'ﬁas frequently been used
in a broader sense to'ihclude all ypes of induced '
1wnuno]og1cal non react1v1ty, 1rre#pect1ve of the state of
development of the host’s immune s*stem at the time of
induction (Chase, 1959): Although there is substantial

evidence that the cellular basis of unrespons;iveness induced

in adults is different from that iﬁduced in an embryo or

young incompetent individual (Chase and Battisto;»}§3§7 Turk
and Humphrey, 1961; Paﬁish and Liew, 1972;'waters(et al,
1979) the relevance of different types of unresponsiveness
.to the.meehenism of self tolerance is~much debated, (see
leter under 5). _Certain requ1rements have to be fulf1lled in
orde? to obtain a valid experimental mode | of self tolerance.

and I shall now d1scuss these

-
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. 3. Requi eme ts Of E Qgrimenta Systems .Used As Models Qi .
. i s f . R r

olerance
A. The time dur1ng ontogenlc development that ant1gen is
adm1n1stered

Immunologtcal tolerance acquired durinb'the

° .

developmental stage of an 1nd1v1dual is a genefkal phenomenon
among vertebrates. Teolerance has been found or experimentaly R
induced in all spec1es of marma 1s and birds 1nvest1gated as
well as in amphib1ans The purpose of th1s sect1on is to
‘discuss the length of the developmental per1od dur1ng whlch

.; tolerance to foretgn antigens is easily 1nduced by the -
adm1n1strat1on of a dose of ant1gen that would evoke a
speb1flc  immune . response in an 1mmunolog1cally mature Y

_1nd1v1dual. (The mechamism by which such tolerance is

established will be discussed under the relevant section).

Tolerance to tranSplantation alloantigens'has.been
found to be §pontaneously$induced asla result of‘natUral
- embryonic parabiosis. In this case &tem cells are exchanged
between fetal partners due fo vascular anastomos1s Such - .4
offspring generally dtsplay cellular ch1maer1sm during the:r
t.whole life and permanently accept skin grafts exchanged
ﬂbetween the former partners. Red cell chlmaeras are a
© frequent finding in cattle (Owen, 1945); Although the

' phenohenontis rare, cellularichinaeras, mutually tolergnt of
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each other s skin, have been descr1bed in tw1n ch1ckens that
ar1se from double yoTked and doubly fert1le eggs (B1llingham
,et al 1956) . Anotheraexample of spontaneously induced
'tolerance most prbbably occurs ‘when fore1gn ant1gens of
matebnaﬁ or1g1n can cross the placenta and gain access to
the Foé%us 1n suff1cqent amounts An example of this type of
. natural[y occur1ng tolerance 1nvolves the allotyp1c antigens
present on 1mmunoglobul1n molecules M1ce born of '
allotypwc;lly d1fferent«parents are tolerant of the maternal
'1gGQa allotype wh1ch thew do not synthes1ze hut have
'received through the plaqenta’(Warner and. Herzenberg, 1970)
Tolerance tp Lymphocyt1c Chor1omen1ng1tis V1rus in m1ce
.(Traub 1939) and to Av1an Leucosis Virus in ch1cKens (Rub1n

et-al ~1962) after congen1tal 1nfect1on~are additional

examples

To def1ne the ontogenic per1od durwng wh1ch tolerance
is eas1ly 4nduced from reports in the l1terature is
d1ff1eult as several 1mportant,parametens are not
systemat1cally varied. Ihformation is available‘concerning
the time duning‘ontogeny when? i) thduction of
unrespons1veness to transplantatton ant1gens can be 1nduced

_by admin1ster1ng allogene1c.cells The. toleranee is assessed
h by acé%ptance of skin grafts of donor or1g1n in the adult
and ii) induct1on of unresponsiveness to purified prote1ns
can be induced upon.the adm1n1strat1on of a given amount of
antlgen The tolerant state is assessed by the absence of

hUmoral ant1bod1es in ‘the serum of the treated animals after
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challenge as adults. It~is difficult to make a comparisbh

between these two Kinds of experiments as both the nature of

the antigen and the system of test1ng tolerance are so-

'd1fferent. In the first case the ontogeny of cell-mediated

immunity is Qf impor tance whereas in thelseCOnd the ontogeny

of the ‘humoral response is relevant. The importance of a

~ system in which tolerance to different types of antigens, at

‘both the cell-mediated and‘humdral level, is evaluated was

recognized and emphasized Tong ago'(HaseK et al, 1961). This
comparati?e tyﬁe of study is rare probably due to the

limitation of test systems available in differént species.

In a series of experiments in miee (Billingham et al,
1956), a standard adult tissue preparation from A strain |
mice.was administered to fetal CBA mice at two stages of
gestation and at birth. The sucCess in inducing tolerance Eo
A strain skin grafts was 43% when tﬁeﬁA strain cells were:
injected early in gestatioh and dﬁbpped fo 23%.and.8% for
the‘later‘injections Although these experiments lack .
precision in that the number, of cells adm1n1stered is not
Known, and are complicated by the fact that the adult A type
lymphoid ce]]s injected are able to mount an immune response
aga1nst the young CBA mice, they are highly 1nd1cat1ve pf
the importance of the time during ontogeny at which:tﬁe
attempt'to induce tolerance'is'made' More eleberate |
experiments performed by the same group conf1rmed the
initial results (B1ll1ngham and Brent, 1959).

o



15

In chickens, the spec1es used in the work descr1bed in
this thes1s, the developmental per1cd durlng wh1ch
acceptance of allografts is successfully 1nduced ends a few
days after hatch1ng This was shown in: the or1g1na]
experiments of Cannon and tongm1relasvdescr1bed in the |
introductory‘secticn (Canncn'and Longmire, 1952).‘Another
set of observations from this thesie sdggestsvthat the
period for successfully inducing unresponsiveness to
antigens responsible for GVH reactions,'another form of cell
mediated immunity, ends before hatchine (see results). |
Hasek, in his ptcneertng studies, attempted to test for
tolerance to an antigen at both the cellular and humoral
levels. These conceptually or1g1nal exper1ments
unfortunately suffered from a lack of definition of the
ant1gen employed. He was able to show that adult blfds,
after successful embryon1c parabiosis, are unable to form
:agglut1n1ns aga1nsﬁ‘each others red cells upon 1mmunizat1on
(Hasek, 1953) These birds are also able to retaln for 1life
skin grafts exchanged between the former partners (Hasek

1854) .

ThesdeVelopmental pericd during which tolerance to
different antigens can be established..and which presumably
reflects‘the leVel of maturity.of the host's immqnevsysten.
Varies among species.'strains and tndividuals Examples ot
th1s variation are the inab1l1ty $o 1nduce transplantatlon
tolerance in rabbits.after the 22nd day of gestatIOn
(Porter, 1960), the full gestat1on period being 31 days, and.
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the difference in sUSceptibility'to.tolerance.inductidnuww__

shown by neonatal mice of various strains (Holan etal,
| y al ou (Holsn e

1978) .

Unrespon51veness at the humoral level to purified
protein antigens was studied thoroughly by Smith and Bridges
in rabbits (Smith and Bridges, 1956 1958). In these
‘experiments the same dose of antigen, 100 BSA, can’ induce
"either tolerance or immunity depending on $ether it is
' given during: the first two weeks,aften~b1rth or-later 100%
‘of the rabbits injected on the first or third.day of life
were specifically tolerant to BSA when challenged at 4

months of age. The- degree of success in 1nduc1ng ‘tolerance

.

dropped as a function of age w1th the result that only about.
- 20% of the animals injected at the 17th day of life were

unrespon51ve.

Tolerance ‘at both the delayed type hypersensitiv1ty and -

humoral level was 1nvestigated s1multaneouely in the

J'_eXperiments of Turk and Humphrey in guinea pigs. Animals

‘1nJected pre or neonatally with BSA or HGG were unable to
form antibodies or display DTH reacf\ons to these antigens
'upon challenge (Turk and Humphrey, 1961) : '

As emphas1zed earlier, 1t seems that valuable :
informatgon could be obtained 1f different types of . antigens
are compared . for the1r ability to 1nduce tolerance at both
the cellular and humoral level at different stages of the

'ontogenic development of the host’s immune system. - Such an
L
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approach would prov1de not only information on whether the
time during which tolerance can be 1nduced is different for
different antigens but might also suggest reasons for the

difficulties encountered in trying to induce tolerance to

- some bacterial antigens

valid model of tolerance ‘ - L

ez

In the next three paragraphs I shall briefly describe
two phenomena which were observed during the course of -
experiments on transplantation tolerance and which exemplify

some of - the complex1t1es that arise 1n attempts to obtain a

- . v

~Partial Tolerance was described 1n1t1ally by Medawar

and his collegues as ‘an intermediate hyporeactive state ‘
between complete tolerance and norma] reactIVity In the1r~
1n1t1al publication they expressed the vView that tolerance
is not an "all or nothing" phenomenon but is quantitative

(Billingham et al ~1953) In terms of allogeneic skin graft

surv1val partial tolerance was defined as a significantly

‘ prolonged retention period of skin grafts which displayed

symptoms of chronic rejection ‘The 1nitial observations were
expanded and confirmed later (Billingham et al 1956)
these experiments they demonstrated that a proportion of

~ animals that carry chronicallyurejected skin g:ifts are ableh

“to vigorously reject a second graft from the same donor

Thls is in contrast ‘to fully tolerant animals which were

| able to- retain a second graft for an 1ndef1nite period of

: time One would anticipate that animals partially tolerant
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1n the above sense must have antigen reactive cells as .

opposed to those that are fully tolerant This type of

3 analy51s was made by Brooks "He showed that administration .

of a limited number of adult (CBAXA)F lymphoxd cells to CBA
newborn mice led to a. partially tolerant state These ’j
animals chronically reJected skin grafts ‘of the donor type

Their spleen cells showed low but significant levels of MLC .

:vreact1v1ty (Brooks, 1975). Similar experiments haVe been
described in rats Rats inJected neonatally with adult F1
‘~lymphocytes could be d1v1ded into three groups, those in

| which complete tolerance was established others that showed

"partial tolerance and others in.which " responsiveness was ’

normal Animals belonging 'to the second category displayed

signs of slow graft reJection and had detectable levels of ;

MLC as well as GVH react1v1ty against antigens of the donor

astrain (Heron 1973). Comparable observations were made by

Bernsteinuet al. (1975) Although the role of spe01fic

P

humoral antibodies Jn these experiments was not well

“‘defined 1t was - found that sera from animals undergoing

graft reJection are able to inhibit the in- vitro MLC '
react1v1ty of normal cells (Brooks 1975) Partial tolerance ;'

has also been descrabed at the humoral level In other

Ewords. animals treated w1th1p given antigen display

decreased but 31gnificant titers of serum antibodies as

.compared‘with untreated control animals Such an example

],occurs 1n the experiments of Simonsen in which chicken -
-‘embryos were inJected}with adult goose blood when the

L3N



S
S 19

hatched chickens were challenged at five or six weeké of age -
‘with goose blood of the original donor. decreased tiﬂers of
v“agglutinins against the donor red cells were observed ’

‘_(Simonsen. 1955)

Sglit Tolergnce refers to- the swtuation inlwhich

complete tolerance to .an antigenic structure of a given

.- complex is 1nduced leav1ng the respon51veness to another

- part of the complex unchanged The phenomenon was first

-decribed in mice (Billingham and Brent 1959) Injection of

h adult (C57xCBA)F cells 1nto newly born A stra1n mice made:
Tffthem tolerent to- CBA but not to Cc57 antigens as judged by K
the acceptance of CBA but not C57 skin grafts The same
experiments were further repeated and extended (Brent and
TCourtenay..1961)

-Althdugh'split'tolerancexisvwell'defihed as tolerance.f
. to a limited part of .a complex antigen the phenomenon is
~,sometimes confused w1th 1mmune dev1gt1 This refers to a

‘.,state of unresponSiyeness at the cell-mediated level that is
.'jassoc1ated with a state of humoral immunity, and vice~versa,,
to the smme antigen There are several examples of immune p'hﬁ

'deViation 1n systems employing protein antigens (Asherson.
1966; Janicki at al., 1970; Parish and Liew. 1912) In terms
of cellular antigens evidence for an inverse relationship

llﬁbetween cellular and humoral dmmonity for the same antigen
| has been described 1n the follOW1ng systems Radiation
'.chimaeras made by reconstituting ‘A mice w1th (BSXA) bone
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3.marrow cells are generally able. to retaln skin grafts of B6
or1g1n wh1ch carries the sk 2 allele Desp1te the sk1n h
,,retent1on alloantibodles agalnst the sk 2 ant1gen are often
found (Scheld et al. | 1972) Uhen mice, that have the Thy-'»

C3H alloantigen are. grafted with sk1n from thelr congen1c
) partner straln that has - the Thy-1 -AKR ant1gen, they
rgenerally retain ‘the grafts,but produce anti- Thy 1 AKR
antlbodles (dohn et al , 1972) F1nally, results from this
thes1s suggest an21nverse relat1onsh1p between cell- mediated
1mmun1ty. as man1fested by GVH react1ons and humoral
» ant1bod1es d1rected agatnst the ‘major h1stocompat1bility
antigens of the chicken ( ee results)

;'B Ant1gen concentrat1on and persﬂstence

E]

Both the 'in'duct'lon' and'duration'of ‘tolerance are Known

"to depend on . the quant1ty and persastenoe of the ant1gen
1nJected Spec1f1c toﬂerance to cell surface aq}igens
admlnisteﬂed in the form of self repllcat1ng,.liv1ng cells
is long last1ng This type of tolerant an1mal is. often a
._cellular chimaera, as demonstrated 1n ‘cattle after natural
’embryonic parab1osis (Owen 1945),.and in chlokens after
'experimental embryon1c parabi051s (B1llingham et al 1956)
Uhen antigens are adm1n1stered in. the form.of non- y
repl1cat1ng cells or.as’ soluble antigens tolerance 1s short-

_ l1ved and depends on the initval amount of antigen injected

<Tolerance in these systems breaks if antigen 1s not present
.'-g'but can be prolonged 1ndef1nitely 1f the ant1gen 1s given

‘,regularly - | | '
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‘The importance of the continuous presence of~antigen as |
a requ1rement for tolerance 1nduct1on and maintenance Qas
probably f1rst shown in ?he exper1ments ‘of Hasek w1th o |
1nterspec1es blood chimaeras made by embryonic parab1osis
(Hasek' 1957) . Hens pacab1osed w1th turkeys contain turkey
red cells in their c1rculat1on for a per10d that somet1mes
extends to 8 weeks post hatching. The above birds were
- unable: to form agglut1n1ns against turkey red cells on |
challenge at this time but responded. when challenged at 6
months of age Another demonstration of 1mmunolog1cal
tolerance requiring the per51stenCe of ant1gen comes from
_thejexper1ments of Mitchison aga1n performed w1th_ch1ckens.
Tolerance tovallogeneic erythrocytes was induced byl
injecting-HEWlY:hatched chicks'with.heated or heavily
irradiated _adult allogeneic blood. Tolerance could be .
' maintained by reinjecting bloodrat intervals or
responsiveness appears by allowing the 1nJect1ons to lapse

(M1tch1son 1959 1962).

5

‘The use of soluble proteins for tolerg:;e 1nduct10n
prov1ded systems in wh1ch both the 1n1t1al concentratlon of
. ant1gen requwred to induce tolerance and the concentratlon .

requ1red to mainta1n it could:be determ1ned i

Sm1th and Br1dges were able to show that the duration

- of tolerance in their experimental system was dlrectly ‘
related to the amount of ant1gen given at birth A single

rdose of 1100 mg of BSA admmstered mtraperitoneally to
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'neonatalvrabbits'produced complete tolerance lasting 135-189

days, 10 mg of BSA produced tolerance last1ng 90-135 days, 1
®

mg of BSA produced tolerance lastlng 70-90 days and fvnally
0.1 mg of protein produced tolerance last1ng 47-65 days

They also establ1shed ‘the minimum dose required to prolong

i tolerance A dose o? 10 mg of protein, adm1nlstered ‘at the

45th day to the group of rabbits that had received 0.1 mg of

'BSA at blPth was able to prolong the unrespons1ve state in

100% of the exper1mental animals for another 4 weeks (Sm1th
1961). Similar observat1ons were made with rats us1ng a
different type of antigen (Nossal 1965) . A~single dose of
100 mg of monomer1c flagell1n from Salmonella adelalda
glven at birth, 1nduced complete ‘tolerance on challenge at

10 weeks of ade. Th1rty mg’ of the same ant1gen induced.

‘part1al tolerance and 10 mg was 1nsuff1c1ent to induce any

state of unrespons1veness In the same study.a total of 3.2
mg of flagell1n adminlstered biweekly over a period of 16
weeks was able to induce tolerance in most of the treated
rats 16 weeks after the last 1n3ect1on A ten fold lower

dose, g1ven under the ‘same reg1men produced tolerance in

- 2/3 of the an1mals when challenged 16 weeks later F1nally.

‘none of the rats that rece1ved a 100 fold lower dose of :

antigen appeared toleranq An even lower amount of antigen
was required to 1nduce tolerance in new- born rabb1ts An the
experlments of Chou et al. Three m1crograms of HSN 1nJected-
at blrth was suffic1ent to 1nduce tolerance in 30% oiglhe-

exper1mental an1mals when challenged 30 days after in3ect1én \

-
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and in 15% when challenged at 75 ‘days. Th1s amount of
ant1gen corresponds to a blood concentrat1on of 5x10“'M 1f
all the antigen given is assumed to be present in half a

liter of blood (Chou et al., 1966). -~ = * o

When the minimal antigen.concentration‘for lnduCino
tolerance in immunologically lmmature animals is estimated,i
it seems that two important factors Should be taken into
. consideration. i) The cataboltc-rate of the antigen in

-qUestion It 1s Known that the catabol1c rate var1es_'

s1gn1f1cantly among d1fferent antigens. Polysachar1des can
{pers1st for" several months' in the t1ssues w1thout being
catabol1zed (Ivany1 and Howard, 1971) On the other hand
serum prote1ns have a half 1ife of the order of one to a few.
days. Relevant to the comparat1ve stud1es of Sm1th in _
rabbits is, the fact that Ea has a shorter half 1ife thah BSA
~and BSA has a shorter hailf 1life than HGG. Equ1valent amounts
of antigen adm1n1stered at birth produce tolerance that
-lasts longest for HGG and shortest for Ea. 11) The route of .
antigen adm1n1stratlon The effect1ve ant1gen concentratlon
depends -on the route of its adm1n1stratlon Intravenous \
injection of antigen facilitates the access of thehantigen.

to;the,primary lymphoid organs ‘compared to'other routes.

From the above stated experlments it seems that the
"molar1ty of antlgen required to- 1nduce tolerance is low.
‘ Nevertheless 1t is natural to assume that there would be

certain self components~whose_concentration is below the

n
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./threshold required for‘tolerance induction, In addition B

there would. be ant1gen1c structures not.normally accessrble
to the 1ympho1d traff1c. such as 1ntracellular components or
ant1gen1c structures present on certa!n “pr1v1leged s1tes
of the body (Barker and Billingham, 1977). The above type of
antigen would not be able to induce tolerance. As a

consequence clones with specificity for some~of:these

.ant1gens should be present in the adult animal and would be

induced under appropr1ate cond1t10ns An example of this is
the format1on of autoant1bod1es against autologous
thyroglobulln when a cross react1ve ant1gen is adm1n1stered
(Ne1gle and Nakamura 1967) or the molecule is mod1f1ed in
order. to maKe 1t more 1mmunogen1c (Weigle, 1965). Finally,

an. example of a crypt1c ant1gen is that present ‘on. corneal

" tissue. The tissue is 1mmunogenic when transplanted

heferotop1cally but not when transplanted orthotopicalily

(Billingham and Boswell, 1953).
Y4
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-, 4. Comparison of the Aollity of Different Antigens to Induce

Tolerance

A. MHC antigens on viable haemopoetic and lymphoid célls

Tolerance to antigens coded by the ma jor
‘histocompatibility oomplex of a specles is.easily '
"established when these antigens are administered: in the form
of viable haematop01etlc or lympho1d stem cells to fetal or
newborn animals. Adult 1mmunocompetent lymphocytes are also
lable to confer tolerance provided that they canrot mount an

immiune response against the host. If they can do so
complications due to GVH reactions arise. Such procedures
are well established (Billingham e"tjé/l., 1956; Bi11ingham,
.1961). Tolerance induced by this yans is generally

Raplotype specffic in that it coéZfs all cellular antiéens
coded by the MHC of the species. This aspect ls particularly /
well documented in mice where the MHC is well characferized.
H-2, the major histocompatibility complex of m1ce is a
géhetic region def1ned as being between two loc1 K and D.
These two loci code for cell membrane antigens that-are ‘
eas1ly recogn1zed serologically. Close to the K end of the
complex is the I reg1on The products of thts reg1on are. o
-chem1callxio/¥ferent from the K and D ant1gens, they are
expressed on the surface membrane aof some lymphocytes ahd
they have also been 1dent1f1ed,serologically The . same

' reg1on that ¢odes for I- associated antigens also cohtrols
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the Jlevel of thevthmune respOnse to a variety of antigens.

Ant1gens coded by the K and I n§g1on are respons1ble
-for graft: re3ect1on Grafts exchanged across D region
'differences are a]so rejected but more slowly Although
antigens coded by the K and D ends ‘can st1mulate MLC
reactiink, I reg1on antigens are’ responSIble for the
'strongest react1v1ty The same holds true for GVH reactions.
A1though $oth K and D end products can stlmulate GVH
‘reactions. the I region products st1muJate the strongest
_ response. A possible in- v1tro analogue of the allograft
'reJect1on is the generat1on of cytotoxic effector T cells
"kKiller cells are eas1ly generated aga1nst K and D products
" but they are less frequent against LPS st1mulated blast-cell
.targets carry1ng I reg1on associated. determ1nants (reviewed

by Klein, 1975):

In the experiments of Beveriy et al., (1973) and Brooks
(1875), the injection of (CBAXA)F1 cells 1ntanewborn CBA
m1ce made‘ﬁhem tolerant as Judged by three criteria:

.1) The indefinite acceptance of donor: type skin graftsi_
ii)xThe-inahility of lymphocytes from tolerant'mice to
“ge.erate cytotoxic cells agalnst the donor type antigens and
.111) the absenoe of MLC reactive cells in the spleens of :

animals ,

-




27

studied recentiy by Holan et al., (1978). Tolerance in' their '
strain combinations was inducedjeasily across D and I region
differences. K region differences seemed to be‘resistant to
tolerance induction. It seems that there is a disparity ‘
Fbetween these results and the ones obtained by Brooks (1976i
" where differences across the I region seened to be the «
strongest barrier for tolerance induction. It is reasonable
‘to assume that the reported discrepancies are. due to the
genetic background and the. immunological maturity of the |
host at the time of antigen administration. In the
experiments by Holan et al., for example, different
background strain comhinations were used when.K] Dor il
region differenCes Qere compared. The importance of-the
host’'s" geneticobackgrOUnd for tolerance 1nduction, -
irrespective of the 1nf1uence of the different regions of
the H-2-comp1ex was shown in: the experiments of Streilein
and Klein (1977). |

[
-

In chickens the first locus, in the“genetic region

) knoqn,today to be!the MHC»of'the:species. was 3dentified in
1948 as coding for erythrocyte antigens (Briles and -
McG'ibbon, 1948) That the B locus was the major

histocompatibility system of the spec1es was demonstrated by ot

Schierman and Nordskog (1961) They exchanged grafts among
1ndiv1duals differing at some of 4 erythrocyte aﬁtigen
systems A, B, D and L. They establishedethe B antigens as_
responsible for. rapid skin rejection Eventually B locus
antigens were identified_as responsible-for‘major GVH--'

4 a.
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splenomegaly react1ons (daffe and McDerm1q, 1962), major
GVH-CAM pock react10ns (Schlerman and Nordskog, 1963) and
mixed Tymphocyte réact1ons (Skop1nka and_SKamene, 1968;
Miggiano‘et al., 1974). In addition the B locus, or a locus *
closely linked to B, controls the GVH competence of donor
lymphocytes (Longenecker et al., 1972). ‘and the Teve] of the
immune responSe to certain syhthet1c antlgens_(Gunther et
al., 1974; Kock and Simonsen, 1977). An allele (B21) of the
B .locus 1s also assocaated with res1stance to Marek’s
d1sease, a herpes virus- 1nduced lymphoma of ch1ckens .
(Longenecker et al., 1976; Briles et al., 1977). The genetic
region around the B locus is regarded as the MHC of the
vspecies} (reviewed by Pazderka et aT.,'1975). Fecently a

-
s too—0

 probable crossing over event inside the B region was
reported (Hala et aT 1976). Accord1ng to the. authors the
T1nher1tance of B ant1gens is governed by two loci, the B F
and B G loci. The B-F Tocus determines the serolog1ca1 and
h1stocompat1b1l1ty ant1gens The B-G locus codes. for -
'ant1gens that are only serologically defined and appear to
have no eftect on reJect1on/Lf skin. The current concept of
the structure of the B complex is described by Pink et al
(19$7) They proposed a three locus model for the maJor
histocompat1b1l1ty system of the ch1cken based on _ i
serolog1cal and blochep1cal analys1s of the reCOmb1nant
: haplotype reported by Hala et al:, and of another ‘_ .
recomb1nant strain .derived from. the same type of crossing

| over event The model proposed suggests that the B-F region’

\.
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1ncludes two loc1. referred to as B and B-L. The models can
be described thus

. (Hala et al., 1976) N

B-F . B-G

(PinE et‘a? % 1977)‘ °e o : ‘ W
~ The B-F region contains the B and B-L antigens responsible
for skin graft rejection,‘MLC and GVH‘reactions. The B
antigens are glycoproteins of ‘40-45,000 M.W. and they are
'present on both lymphocytes and erythrocytes The B-L-

| antigens are present only on lymahocytes and their M. w is “
| around 30 000 The B-G region codes for antigens present
“only on,erythocytes_and they are not involvediin skin
rejection. |

In view of the fact that'the chicken was the species'
nfirst used extens1vely for tolerance 1nduction, 1t is *
surpr1s1ng that there are only a few reports on tolerance to
‘antigens of the. B region using genetically defined strains
Completely inbred strains are not commerCially available and
this is probably partly responSible Highly inbred lines of n
chickens do however exist These are the CB and. CC lines of
a congenic pair differing at the MHC, described by Hasek et

(1966) and the WA and UB lines described by Hala et
al., (1966) Tolerance to B locus antigens, induced o
embryonically, was reported by Droege and ‘Mayor (1975) who -
-used the genetically B region defined strains FP and SC “In
this study tolerant birds were able to retain grafts of the

" donor strain The ability of lymphocytes from the tolerant
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'b1rds to’ 1nduce GVH reactlons was highly reduced provtded )
that tolerance was induced dur1ng embryogenesis Recently an
attempt has .been made to evaluate the role of the different |
3 antlgens of the B reg1on in tolerance 1nduct10n These
results are reported in an abstract of a Sympos1um on .
Laboratory An1mals As such they are ljm1ted in nature and
‘ thus are not def1n1tive (Hartmanova et al. 1977) InJect1on
of RBC .at hatch1ng 1nduced tolerance to red cells in the
.inJected ch1cKs. wh1ch were able . to reJect skin grafts from
the donoﬁ stram In contrast the mJectto'h of wh1te blood
. cells el1c1ted prologatwon of. graft surv1val but d1d not
induce unrespons1veness to red blood cells In ‘addition, f
-.‘tolerant birds bear1ng sk1n gﬁafts had normal GVH
' 'react1v1ty It thus appears that red cells cannot 1nduce
transplantatlon tolerance plthough they carry the B-F
antIQens Th1s result is 1nd1cat1ve of a requ1rement for a.
vlymphocyte as opposed to red cells, to 1nduce tolerance,toM
"askln grafts, although the oppos1te result has also been |
reported, in wh1ch red cells ﬂ@Jected at hatchlng are able )

to 1nduce transplantation tolerance (Kﬂnsky and Mitchlson,

1863) . In v1ew of thws apparent contradict1on, Hartmanova s

observat1ons requ1re conf1rmation or- Kinsky and Mitchlson s."'
*‘1nterpretation requwres 9 re-evaluation.;fg. |
v FEL

B MHC antigens 1n other forms

_ There is considerable ev1dence that\the MHC antigens
.expressed on viable lymphoid cells are_ qualltatlvely
stronger anttgens in elicitmg' strong prlmary cell-‘
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.mediated immune response than the same antigens expressed on
cells other than viable tymphocytes (Lafferty et al., 1974;
-Wagner et al 1875) . These findings have led Lafferty to
propose that allogeneic 1nteractions constitute a novel »
class. of immune react1v1ty in which an alive metabolically
active lymphocyte or macrophage like cell is requ1red to
:prov18e an inductive stiMUlus to the responder cell .
‘additiqp to the antigen- receptor 1nteraction (Lafferty et

al., 1972) An alternative explanation has been proposed by

1Roll1nghoff and Wagner . (1975) . They postulated that mon-
_lymph01d cells bearing alloantigens lack determinants abl'v~

to 1nduce eff1c1ent helper cell populations which in turn

,are necessary to 1nduce non memory precursor cells of cell-
mediated immune responses They explained the ability of nonv/
. lymphotd cells to induce a secondary response by postulating J

| that memory cells are induced in the’ absence of help An |
'_ alternative explanation for the ability of non- lymphoid

cells. to induce secondary as opposed to primary responses is
t'that the 1nduction of memory and virgin cells both requ1re |
help, but that the higher numbers of- helper cells present in

'_,primed cell populations allows non lymphoid cells to induce

'.f a response (Pilarski, 1979) The functional role of uHc ;1-

| antigens on lymphocytes is beyond the scope of this review.f;~
.falthough it seems reasonable to Keep in: mind the possibility
‘;that their observed behavior in eliciting a cell*mediated )
;immune response might parallel their ability to induce cell-l

, | mediated tolerance Uhen non neproducing cells or lymphoid |
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membrane frachﬁons. are used to induce tolerance .
'quantitative con51derations come 1nto the picture There are_; |
”only a few reports show1ng that MHC antigens administered o
.e1§her on cells other than live lymphocytes or as soluble -

antigens. can induce tolerance

Initial attempts .to 1nduce transplantation toleranCe in . -

L new born mice or in newly hatched chicks by administring

ﬂ‘crude cell free extracts failed (Billingham et ‘al. 1958)

.. The same negative results were obtained by Haskova (1959)

both 1n chickens and in ducklings Administration of .
allogeneic red cells, free of lymphocytes to chicken embryos;"
rwas unable to induce tolerance to skin transplants although
it- led to unrespons1veness at the humoral level as Judged by . -
.;the absence of red cell agglutinins in the sera of treated
".blPdS (HaeeR) 1957) More elaborate experiments along this
line have been performed recently 1n mice In these studies
- H-2 antigen from the spleen cells of A/d mice was - ff :57

_3solubilized and partially purified it was. shown that the

preparation contained the - manr H 2 antigenic determinants R

jdetected in §itu Administration of repeated doses of .
'vsoluble H 2 antigen to newborn BiO D2(H*2d) mice prevented

R
#,the production of cytotox1c haemagglutinating and enhancingffi_‘

| iantibodies upon challenge with lymphoid tfssues of donor‘“v
;\origin Nevertheless these mice had normal or. enhanced -
levels of cell mediated immune functions as judged by -
"several criteria. they rejected skin grafts had normal

B levels of MLC and GVH reactivity and their lymphocytes could.y;f
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.l»be 1nduced to produce cytotox1c T cells (Law et al 1971
,1972 1973, 1974) A different result was. obtained ina

' Ff,series of experiments 1n rats Partial transplantation

'ﬂ.tolerance was. 1nduced to ‘the strong H 1 and the less strong

.jnon H 1 histocompatibility antigens that are present 1n the - -

_sera of normal animals By injecting exces51ve amounts of '
allogeneic sera to newborn rats they succeeded in 1nduc1ng
-'specific tolerance to skin transplants when the weak non H 1.

B histocompatibility differences were’ 1nvolved The procedure -

| f'had only limited success w1th strong H 1 differences

o Interestingly enough the experimental animals that rejected

”che transplanted donor type skin were unable to form humoralf )
. anti donor strain antibodies (Hasek et al 1976 Chutna et
Cal., 1977). | o S

”hC;.Othergcellular-antigehs3'

It is most helpﬁu} when studying the mechanisms .
underlying tolerance induction to differentiation antigens
.present on cell surfaces, if polymorphic forms of the

| particular antigen occur within the speCies The alloantigen- i'f"

| sK present On skin cells of mice exists in two allelic
_forms sk 1 and sk 2 In the experiments of Lance et al
_(1971) lethally irradiated CS?BL/G mice, carrying the
_'alloantigen sk-”, were raconstituted with bone marrow.
'(CS7XA)F1 cells A mice carry the sk 2. alloantigen Neithar
'rbone marrou cells nor their progenitors bear the sk

| v.alloaﬂtloen The chimaeras described above were unresponsive RN

=‘,.to the sK- 2 alloantigen for a period:of 5 weeks Reactivity
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'aga1nst the ant1gen sk -2 as measured by sk1n réJect1on was
:progress1vely acqu1red after the Sth week Th1s perlod 1s
' presumably the t1me requ1red to generate suff1c1ent Jew
”precursors cells wath spec1f1c1ty for the sk-2 alloant1gen_
in the new, antigen free env1ronment A s1m1lar ty Iof"“
t; ,result was obta1n%d w1th the l1ver spec1f1c d1fferedt1atlon

‘alloantigen F which ex1sts in two allellc forms 4 and 11

aof

. (Fravi and L1ndenmann.,1968) Mice of type FI were

.‘repopulated with bone marrow cells’ of type FI/11. Tolerance ”
v1n these chlmaeras was ma1nta1ned by weekly 1nJect1ons of
"low concentratlons of ant1gen,.10 mg of F II proteIn
1;(unpubl1shed results of W1nchester, quoted by M1tch1son
.;1978) M1ce are generally tolerant to the exposed part of
vthe self F ant1gen but they can form ant1bod1es d1rected
ma1nly against the 1nvar1ant 1ntracellular part of . the -
gmolecule when’ 1mmun1zed with l1ver homogenates from stra1ns
carrying the alternative allele M1ce can be rendered

3 tolerant to the alloantigen F by neonatal adm1ni§tration of
1 fallogene1c spleeﬁ%cells (Iverson and Lindenmann 19725,

.' \Presumably the F antigen is present on some splendc cell
.ftAnother type of cell surface antigen wh1ch has been used in
'.:stud1es of tolerance inductwn is the H Y antigen The |

_' expression of this antigen occurs onlynon male cells | |

. although 1s not clear uhether it is structurally ooded for,

'7lor its expression is regulated,by, the Y chromosome fa' S
| (Reviewed by Wact tel 1977). Hithin a highly fnbred stratn _‘~ff,

ffemale mtce as a rule reject skin grafts of male origin In'e:j~
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a series of experiments in mice Billingham and Silvers
‘(1958 1960) succeeded in 1nduc1ng tolerance to the H-Y
antigen present on skin by 1ggecting adult C57 male spleen o
cells or bone marrow male cells from three different
strains, to newborn C57 femaJe mice. Interestingly enough
the post birth period during which mice were susceptible to
'tolerance induction w1th this fairly weak transplantation

antigen extends to a period of 17 days after birth

Erythrocyte antigens of allogeneic or xenogeneic‘origin
have been a maJor experimental tool: 1n 1mmunology
.:Erythrocytes carry aﬂwide spectrum of . cell surface antigens
- such as blood group. histocompatibklity and probably several
unidentified spec1es spec1fic and differentiation antigens
The concentration of these differeglrtypes of. antigen on the -
cell surface varies among different spec1es For example
.histocompatibility antigens are poorly expressed on mouse
~ red cells (Klein, 1975), while the same cClass of. antigens
‘are highly expressed on. nucleated chicken erythrocytes ‘
_(Pasderka et al 1975) -Another. source of variation is the .
existence of natural immunity in a given species against '
,antigenic determinants present on- the red cells of another‘“,
species For example natural agglutinins are sometimes |
“present in the sera of normal unimmunised'animals and PFC
'specific for xenogeneic erythrocytes can be ﬁound in the

'spleens of uninjected animals

The preexistence of strong'natural,immunity. the
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.heterbgeneity of'surfaCe anttgenst and the faCt that‘these
cells are non nepllcat1ng should be taken 1nto con51derat1on
when compar1sons are. made between the ab1l1ty of . d1fferent
,types of erythrocyte to 1nduce tolerance These parameters .
:were taken into cons1derat1on by M1tch1son in his studles on
the induction -of tolerance in chickens (M1tch1son,'1959

1962) . Tolerance to erythrocyte alloantlgens, as measured‘by
the ihhibition of agglut1n1n production was 1nduced by
repeated adm1n1strat10n of heav1ly 1rrad1ated (10 000 r)
adult allogene1c blood 1nto embryos or newly hatched chicks.
Complete tolerance 1nduced by thls means could be ma1nta1ned
1ndef1n1tely prov1ded red cells were regularly adm1n1stered
'InJectton of 1rrad1ated adult turKey blood 1nto young
embryos or newly hatched chlcks ‘resulted in a group of
an1mals d1splay1ng varlable degrees of tolerance 1nclud1ng
'complete unrespons1veness as ludged by the lack of Crs1.
labelled red cell“eﬂ1m1nat1on from the c1rculat1on of thé
treated anlmals It was observed dur1ng these experiments -
.that xenogenelc cells could lnduce tolerance 1f given at a
certatn early perlod of lncubatlon The author correlated
'the res1stance in tolerance inductlon with the. presence of
-naturally occuring antibodies. against the turKey cef??{ |
:passlvely transferred from the hen to the egg. Indeed after
~the 14th day of incubat1on turkey red cells are ‘rapidly
el1m1nated from the circulatlon of the embryonic chick as
opposed to allogene1c chicken erythrocytes The time at |
-wh1ch turKey red cells beg1n to be rapldly eliminated

N
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c01nc1des with the time that antibodies 1n3ected into the
yolk pass into the c1rculation (Schechtmay and. Knight,
1955). In addition, naturally occurring haemaglutinins
against turkey red cells are first found in the embryonic
blood at the 16th day of 1ncubation (Ryle 1957) * According
‘to Mitchison {he existence of natural antibodies transferred
from the mother to the embryo is responsible for
"neutralizing the antigen and preventing Jnduction of .
_complete tolerance. An.alternatiVe explanation but along the
same lines is that'helper factors,'passively'transferred
| trom,immune mothers. to fetuses,“allowaan_early-induCtionrof
anti-xenogeneic red cell responses. For example;'Rowley and '
Fitch (1965) were able to detect plaque fornnng cells 1n the
- spleens of 3- day old normal rats. against sheep red cells.
The same findings could also be 1nterpreted as an endogenous I
response to self red cell break down products which’ cross M
react with. sheep red cell antigens 1n analogy to the _
findings in m1ce (Cunningham. 1974) This type of response
does not appear in the mouse, however, until the second week
after birth ‘and reaches adult levels by the end of the th1rd*-
| week (Cunningham, 1976) Another 1nterest1ng feature of the
experiments by Kinsky and Mitchison was the successfull -
1nduction of tranSplantation tolerance by administration of
heav1ly 1rrad1ated adult whole blood Exposure of. cells to
10,000 r did not impair the ability of chicken red cells to.
induce tolerance to skin grafts in chickens The same dose B

largely abolished the capacity of separated lymphocytes to o
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do,so”(Kinsygzand Mitchison, 1963). .
D. Soluble protein antigens. viral antigens, and antigens

present on common pathogenic bacteria o .

Tolerance to different purified soTuble antigens or
pathogens 1nduced during embryogenesis or 1mmed1ately after
birth is an extremely extensive subJect and is beyond the-
scope of this rev1ew Instead an attempt will be made to
give a general description of the observations and to pOint

out some cases”in which induction of tolerance to antigens

'5present on common pathogenic bacteria appears difficult to

- ."achieve. Where poss1ble a comparison will be made among

,I

species w1th reference to a given antigen, \between different
routes by which the antigen is’ administered to the animals,‘
or between different times during ontogenesis that the
'antigen is administered In some cases the 1mportance of

naturally occuring.immUnity to an antigen will be discussed.

Tolerance'ind0ced'by‘soluble serum proteins in embryos
or very young animals has ‘been mainly demonstrated as a
specific inhibition of antibody formation against the
. antigen employed In these studies heterologous serum
albumins and serum immunoglobulins have often been used to
1nduce tolerance in several species Jt is probably
wor thwhi le mentioning here that tolerance to serum proteins,'
in"most of the initial studies was achieved by injection of'
the antigen into pregnant animals or directly into embryos .

The successful transfer of the antigen from the mother to
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the fetus was ascertained"in theée'studjes Humphrey and
Turk, 1961: Tempelis vand'h.lo_l_fe, 1958; (Huﬁphrey 1964)..

Tolerance to protein ant1gens was f1rst demonstrated in
rabbits as- descr1bed earl1er (Hanan and Oyama, 195ll
Subsequent studies 1n ‘this spec1es established the amount of

.’antlgen requ1red and the period after birth-in whlch
tolerance is”easily induced (Sm1tr'and Bridges,- 1958). 10 mg
of BSA, HGG, ovalbum1n or human macroglobulin injected at
bqrth rendered most of the animals tolerant upon challenge
with two intravenous injections of 10 mg of protein between'
9@-120 days‘of age; Tolerance was demonstrated by the

- absence of serum antibodies in the treated animals.

ln mice, %olerance to the serum proteln BSA was first
demonstrated by Terres and Hughesv(l959) as a failure of
the newly born treated animals to develop anaphylact1c
'sensitization to BSA or to form antibodies aga1nst th]ﬂ
antigen. Both the degree and the duration of the tolerant
state depended on the amount of ant1gen given dur1ng the
early post birth per1od In another study spec1f1c tolerance
to BSA, by neonatal admmnistration of d1fferent doses of
ant1gen was character1sed (Sercarz and Coons, 1963) as’
absence of spec1f1c serum antibodies and absence of %cells in
dthe tolerant animals having speclfic1ty’for BSA -Antibody |
co;taln)ng cells were stalned with antigen washed and then
overlaﬂd w1th fluoresc1en labelled anti- BSA serum (Sercarz

and Coons. 1963) Finally the same result was obtained by .

s
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,Dietrich*and Ueigle (1963) In their extenSive studies whioh
~employed 13.dafferent serum proteins. albumins and
“'1mmunoglobulinstfrom 6 B.fferent spec1es, tolerance ‘was
;'produced by a- single 1n3ection of protein 1n newborn C57

. mice. Spec1fic tolerance was assessed by the rate of
' élimination of labelled antigen on challenge at differenb/—\ |
,;times after birth

-

5f'1' SpeCific tolerance at the humoral level was induced. in:

chiokenseupon administration of the same dose of BSA at the.
15th day of embryogenesis or ‘at hatching Eighty percent of

the freated birds were tolerant to d subsequent A
challenge of ‘the antigen and the reﬂaining 20% displayed

o

partial tolerance (Tempelis et al., 1958). D

A th?rough analysis of tolerance to HSA induced in

ﬂnewborn/goats- was per formed by Carter and. Cinader (1960)

In’' f?eir studies they found that most oggthe neonatally

- rtre ed animals developed an antibody against their |
,:~ant7genic preparation ‘when’ challenged as adults. They were"
-table to characterize this antibody as generated against a
' ‘specific 1mpur1ty, haptoglobin present in very small.‘
'amounts in their HSA preparation Uhen challenged with high
‘i;concentrations of this antigen the goats made antibodies
against haptOglobin although it was established that |
- specific anti HSA antibody was not induoed o

&

Long lasting tolerance to HGG and BSA was induced in",va. :
:iat bdrth in guinea pigs The availabilityf.f aasaysgNV
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1n th1s spec1es to detect DTH reactions-made these stud1es
: even more interest1ng It is probably the_firstgprote1n'
nsystem in which specific tolerance to an antigen was )
detected at both the cellular and humoral level”. The treated
animals spec1f1cally failed to el1m1nate the antigen or
produce\ant1body or- have DTH react1v1ty on challenge as
adults w1th these ant1gens in a water in oil emuls1on !
Interestingly enough a group of tolerant animals developed
vant1bod1es aga1n§t HGG when challenged with this ant1gen in
CFA w1thout a detectable phase of DTH react1v1ty. (Humphrey
and Turk 1961 Turk and- Humphrey, 1961) It has recently
been reported that the adm1n1strat1on of HGG ‘BSA or a:
'haptenated synthetac polypept1de to pregnant Balb/c m1ceo
results in unrespons1ve offsprgng only w1th the ant1gen HGG.
These resultSAappear to suggest that tolerance cannot in
‘general be 1nduced 1n mice, as opposed to other spec‘es as
already descr1bed by adm1n1ster1ng soluble ant:gens in- .

utero, (Waters et. al 1979)

It is difficult to induce tolerance to a certain class'
of highly immunogen1c ant1gens present ‘on common pathogenlc ,
m1croorgan1sms by pre- or neonatal exposure of the an1mal
to these antlgens An early and effective immune response
aga1nst these pathogens’is probably of . survival value for .
the species. Clones with specificity for - sane of* these

f,antigens may ar1s ‘ery early in development and occur with

avrelat1vely high .requency In addition, embryos may .
achieve. immunologisal competence to these antigens
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particularly early due to some maternal influence The case
already described and explored by‘Mitchison (1962) us1cg

turKey biood in chlckens could be a. model for this Both the

early administration of the antigen and its concentration'
' may be particularly crucial in these cases for - 1nduc1ng

tolerance Inladdition naturally occur ing hacterial flora,

R which generally colonize the spec1es by the first week after

birth proddce a constant source of antigenio stimulus and
normal animals may regularly display a continuous immune
response w1thout deliberate administration of antigen In §
this context passtvely transferred 1mmune molecules from |
the mother to the fetUs could prevent some antigens from
1nduc1ng tolerance In the next few paragraphs, I'will
discuss a series of experimental systems where both positive
.land negative results were obtained with antigens present on
pathogens, and to examine cases where the above

| con51derat10ns Were tanfnginto account

. Burnet, in his attempt to verify his theory of
embryonicallx acqu1red tolerance failed to do SO with
1nfluenza virus by allantoic 1noculation of chicken embryos
and w1th the bacterial virus C16 by yolk sac inoculation
Six week old chickens. treated in that manner as embryos,,-

' ,Pwere able to respond to these antigens when challenged
;,(Burnet et al.{ 1950) Schwartz et al.. (1964) reported that

‘vinoculation of pregnant guinea pigs or- neuborns with

LA

‘iinfluenza and vaccinia virus resulted in a group of animals .

. Jdiaplaying partial unresponsiveness to the vrruses ln_the

e

T
o



23
'same study, mice - infected at birth w1th influenza virus were
unable to form haemaglutinating or. neutraliZing antibodies
As reported in the historical 1ntroduction tolerance to ‘
another v//ﬁs, LCM -was established in a colony of mice over
a period of 4 years w1th congenitally transmitted virus
‘ (Traub 1939). The same experiments were repeated later
‘.(Seamer 1965l In chickens tolerance to av1an leUCOSis
virus RIF. acqu1red by congenital transmiss10n has been '
described by Rubin. et al , (1962) (Qualtiere and Meyers. v
1979) Chickens that have been exposed to virus by this A
means have. viraemia as’ adults in the absence of humoral .
antibody Control adult birds injected with, RIF show a
”limited degree of viraemia and have humoral antibodies
against the v1rus Tolerance was spec1fic in the sense that
-.RIF v1rus tolerant birds were, able to form antibodies |
,against 1nfluenza virus when 1nJected w1th this agent \\
Tolerance to. certain pesistent but not strongly pathogenic
. viruses is reviewed by Volke;? and Laseu (1965) .

L)

Attempts to induce tolerance to different types of -

. polysacharides have also produced mixed results. Siskind et
al., (1963) were unable to 1nduce tolerance to. type i1 '
’pneumococcal capsular polysacharide in mice Medium doses of
‘antigen induced humoral antibodies in both neuborn and ypung
adult: animal:“#he same high dose of antigen resulted in.

—

- mice of both ages being unresponsive at the humoral level

The . same negative results ‘were: obtained in rabbits Killed

4

'”;pseudomonas NCMB 406 not only failed to induce tolerance

o

A
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";upon 1nJection to newborn rabbits but actually primed theSe f'
' animals The authors observed. a typical secondary response
in their experimental animals when they‘bhallenged them as'
) adults (Gowlané et al ;'1965) Finally. the administrationr~“
of dextran 8135 and levan in newborn mice failed to 1nduce
btolerance (Howard and Hale, 1976). In contrast to this
'*result, Friedman and Gabby (1960a. 1960b) and Friedman
:(1966) reported a series of experiments 1» chickens and mice.
' in which they were able to 1nduce tolerance to a’ |
carbohydrate antigen Administration of killed Shigella -
- paradysenteriae inte chﬁcken embryos led to specific long
lasting bu& not complete tolerance Intravenous inJection of
~V"the antigen between 15 days of embryogenesas and hatching '
‘1nduced tolerance better than 1ntramuscular cr yolk sac .
.inoculation Administration of soluble shigella antigen 50%'
of: which was of carbohydrate nature.vinto newborn mice
'rendered them tolerant at the humoral level as measured by

'the specific absence of PFC 1n the spleens of tolerant mice :

i

I3

'Smith'anderidges (1958) 'in'the samE'series of ‘
_experiments where tolerance to serum proteins was studied
Gexamined whether tolerance to a wide spectrum of antigens .
H‘,.'present on- common. pathogens could be induced, Admnistration‘_:_. |

. of diphtherta toxoid, typhoid paratyphoid Group AL

“streptococcus. tuberculin BCG and bacterial endotoxin, all

. _fifailed to induce tolerance In contrast different results |

“‘yfwere obtained by Buxton (1954) Intravenous administration

xiafof Salmonella pullorum to chicken embryos at the 15th day of f~?v
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* embryogenesis led to 1nhibition of antibody formation upon :
challenge at 80 100 days after hatching Administration of
7'the same antigen at .day: 20 of embryogenesis failed to 1nduce

tolerance It should be p01nted out that high titers of
"anti salmonella agglutinating antibodies passrvely
'grtransferred from the hen are found in the embryonic -

c1rculation after the 16th day of 1ncubation (Buxton

1952) A 51m1lar result was obtained in cattle which were

'unable to form antibodiqs for a long period of t1me to
: Trichomonas fetus when th1s antigen had been , .
"-adminis ered in. re;atively high amoOnts to newborn calves f.
(Kerr and Robertson 1954) AR | -

A very 1nterest1ng study was performed by Ueiss and
,3Ma1n (1952) 1n guinea pigs They attempted to determine o
'v"prec1sely the ‘time %t whieh a pathogen derived antigen must

. - be- administered during embryogenesis in order to 1nduce

tolerance Unfortunately the results are too limited to drawl
'»definite concluswons Gu1nea pig. fetuses were directly R
" injected at different embryonic stages with diptheria toxoid .4.
f‘and 4 weeks after birth were challenged with the pathogen E
'1‘No tolerance was induced if the antigen was administered up
to a period of 15 days before birth One third of the
|  a 8 injected between 19 and.27 days before birth uere
_;Vtolerant The guinea pig has a gestation period of 60 days
‘Tolerance was assessed by the absense of flocculating L
‘antitoxin antibody after sKin testing and immunization

fFinally Nossal et al (1965) were able to induce tolerance yf'ﬂf



. t'ff;to antigens prepared from the flagella of Salmonella
R ﬂgfade1eida in rats Monomeric flagellin. the Main protein

'”“component of flagella was able to 1nduce complete tolerance-?;

L '{upon injection of newborn rats with a single dose of 100 mg :;f

'ieof antigen Tolerance was assessed as absence ef antibodies-V“”

:i,§1n the treated animals after challenge Polymerized

. fflaggel1n resembling structura11y the 1ntact flagella aslf‘

L -well as’ intact flegella,.induced dlfferent degrees.of

"4;.taﬂerance frpm.partial to cemplete depending on_the anb1gen (fl

PR IR



5 Cellular MQQDQDlEEL ELQQQ_QQ to Ex.ljin ﬁi;ﬁrancglt_ Self;\-
‘dﬁ‘Antigens e ' ‘ Lmet el ;

1 shall make an attempt to describe the more central

o Views on the. cellular ba51s\of self non self discrimination N

and~subsequently to provide a description qf the '

H experimental ev1dence which supports the different
'ihypotheses presented EmphaSis w1ll be put on experimental |
;1systems which employ transplantation antigens for tolerance 3y
.'.yinduction 1n the<different species during the pre or- L
¢fneonatal period of their life | o .
VL?‘-A “The Clonal Deletion Hypothesxs

Q .

. .

The hypothesis of elimination of clones w1th _

'jjsp301f”c1ty for self antigens was first introduced by
‘Burnet The basic cpncept 1n the formulation,of this theory KH ,

;;..1s that the physiologically immature lymphocyte is destroyedfi'"

| :_fiwhen it 1nteracts Wlth antigen By physiologically

A'QQ]immature Burnet means a cell bearing few receptor moleculesf*

B 'as cpposed to & mature lymphocyte that bears a higher numberfl"

'i‘and is capable of being induced on-contact with ant{gen.

i‘iproduce antibodyyor become a‘memory cell (Burnet, 1959.

j'}f,for tolerance and immune response induction Acoording to -



'j;this theory,,lymp;__ytes.,during the process of

;_differentiation pass through an 1nit1al stage of 1mmatur1ty h

'“73f{dur1ng which contact w1th antigen leads to 1rrevers1ble

‘:ft‘destruction Lymphocytes maturing to'this stage and

7*7encounter1ng self antigens are destroyed Lymphocytes that
LFdifferentiate further are able to be induced to produce -
. antibodies/ In this theory the distinction between the 5'.'

: -ability of ap antigen to 1nduce tolerance or 1mmun1ty

P .
depends only on the time that the antigen Js 1ntroduced«to
"-'the potential antibody forming cell (Lederberg. 1959)

A particular term.. clonal abortion [ was 1ntroduced by; o
. ;Nossal and Pike (1975) to describe the destruction of the

'7tfimmature lymphocyte on contact wzth antigen in contrast to

'-?the regularly used term clonal deletion Y which refers to
'.%the i"aCt‘Vat‘°“ °f a lymphocyte, 1rrespective of 1ts
”’:‘matur1ty, on contact with antigen ’

A vartation of Lederberg s time)model for tolerance

"1nduction has been proposed recently According to.this ;Tig S

theory IgM surface immunoglobulin receptors appear in the .
..early phases of lymphocyte maturatiOn Interaction of

l:}wjantigen with lymphocytes bearing IgM receptors leads to o
ffjtheir destruction Further maturation of the lymphocyte and 5h;'

| ""receptors (Vitetta and Uhr. 1975)"" '

: ;atquisition of surface receptors of the IgD class allows thef ?r‘
~ “cell to be 1nduced on antigen interacting with the IgD

Different requirements for.paralysis and induction—at f*f*
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K .the level of the mature immunocompetent cell were postulated

by Bretscher and Cohn in a- theoretical analysis of the:

7w-foreign antigen,is 1ts continuous presence which leads th

. problem Their theory was proposed to account for self-:-'
z'nonself discrimination and immune induction 1n view of the
". already known facts of T- B cell coOperation and the hapten-
': carrier effect The theory postulates that the same cell is
tipparalyzable and 1ndu01ble The discr1m1nation is made by the
Tratio of two types of signals that the cell receives
_Paraly51s is mediated by a signal delivered to the cell on
' the 1nteraction of the cell surface 1mmunoglobulin receptors
_.w1th the antigen (Signal 1) I‘uction follows on. the N ,
: delivery of both signals 1 and 2: Signal 2. is mediated via
'fan assoc1at1ve antibody carﬂied by 2 second cell type”

'fl:Tolerance to self antigens is. established by paralysis of -

the. relevant clones as soon as they arise on. contact with

adzigen The property that discriminates a self from a f

‘gparalys1s of both B and T cell clones and diminishes tn?

‘.fpossibility of their accumulation dn sufficient _nhumbers to

fallow cooperation and induction (Bretscher and Cohn. 1870;
. Bretscher 1972)

In the context of the one nonspecific signal theory forffw

B cell inducticn Moller has proposed a model to account for -

. tolerance to self antigens According to this theory. '
'cells are inactivdted by an unspecified mechaniem Self -

| ,“antigens are thymus dependent anq as such they are not able
'5to induce B cells which are cnly activated uhen ‘they -
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: .receive a mitogenic non speCific s1gnal from T cells

Thymus independent antigens deliver their non specific

j 51gnal in. the absence of T cells The discrimination Qgtween
'self and foreign antqgens depends on the ability of T cells

“to be activated by the thymus dependent antigens. In the
”absence of T cells B cells are not. 1nduced ‘and tolerance is
vassured In 51tuations where helper act1V1ty could be T
_generated through cross reactive antigens pr new helper

' determinants tolerance breaks and autoantibodies are formed'Tl
(Moller, 1976). o o

'-B Active Suppress1on Hypothesis .': ; f R ' ‘f "‘4 .//f

/

| The ba51c argument behind an active regu\\Tbry\ ,///

mechanism controlling non react1v1ty to self’ antigens is

L" based on the existence of clones w1th spec1f1¢1ty for"

o healthy individuals (Hegmann et al . 1971) Actively

certain autoantigens in normal animals or on the.
'_demonstration of an ongorng 1mmune reactiv1ty against them
| Although these s1tuations exist ‘the animals appeagﬁ -
'-yclinically normal and aut01mmune reactions occur only after
i'ideliberate manipulation of the/system Perhaps the most _
| serjous challenge to the concept of early deletion of the
~¢g'se1f reactive: clones came from the findings with. allophenic
-mice . These remarkable animals whose chimaeric state is f '
“'established at the eéght-cell staoe (Tarkozoski 1961) uerev‘
'shown in some cases to. contain a class of effector |
lemphocytes able to kill in vitro fibroblasts of either
parental strain althouqh they clinically appeared to be

/



syntheSized 1nh1b1tory molecules and/Or cells are reqmred
‘1n these cases for- controlling the deleterious effects of
'strong cell- mediated autoimmune reactions I W1ll try to
K class1fy the types of 1nh1b1tory mechanisms that have beem
."postulated to explain the way that tolerance to self
antigens is maintained Most of’ the v1ews to be presented
"came ffom studies where tolerance to transplantation .
antigens was established by administering l1v1ng allogeneic x;
lymph01d cells’ to immunologlcally 1mmature animals. The long |
‘lasting unresponsiveness 1n these 1nd1viduals and the |
ifcontinuous presence of the antigen w1thout an obv1ously
'effective ﬁmmune response adginst 1t makes this system a
~ central model For an analySis of the cellular mechanisms SR
vlinvolved in acqu1s1tion and maintalnance of tolerance to
-»self antigens | L .

1)“wct1ve control by-hUmoral'immunity

's V0131n first proposed that in mice long lasting

: tolerance against living cells is mediated by an. active

1_1mmunolog1cal response produ01ng low levels of anti H 2

"facilitating Or synergistic antibodies acting by
f'protecting the target cells from more drasfic forms of
:”1mmunity He considered this class of immune response as'

'-'.disting between del‘ayed hypersensitivity and humoral )

bmmun ty. which produces omplement fixing antibodies N
h~.(Voisin. 1968) In other words he accepted that tolerance

’;5iis mediated by immunological enhancement in- the same way |
© that was: originally defined by Kaliss (1958) as a successful
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establishment'and growth'ofzautumor graft in the'presenCe of -

specific.antibodies djrectedvagainst the graft's antigens.

5 ' ‘ ‘ 0

‘An alternat1ve way in which antlbodles may. act to"
ﬁ1nh1b1t an actlve immune response in vivo was.proposed by-v
the Hellstroms (1971) They suggested that the ant1body
produced combines w1th shed" ant1gen and that the antigen-
ant1body complexes so formed 1nact1vate the 'immune - effector

lymphocytes by block1ng the1r receptors. 1n a w““ a logous

- to that observed in an 1n v1tro system in wh1
lymphocytes to an’ antlgen ant1body compJex o)

'.compos1t1on was able to paralyze the 1mmune acti

exposure .of

ity of the
’CEJeVant,GlQﬂes (Diener and Feldman; 1979)'

A very 1nterest1ng 1nterpretation of the role of
antlbod1es in the' ma1ntenance of neonatally establ1shed

tolerance to transplantatlon antlgens was offered by

Ramseier He suggested that the adutt hybr1d (AxB) spleen o

"'cells. upon InJect1on to newborn (A) mice, are able to

recogn1ze and make anttbodles agatnst ant1-B redepto%s,
present onh some parental but not F1 cells Thls "anti-

.receptor or . ant1-1d1otypic ant1body ls synthestzed

- continuously and’ prevents the parental cells from destroying'\ ';:

"the donor type cells Although this explanat1on was
-suggested to account for how chimaerism and tolerance 1s
fmaintalned in neonatally induced unresponsiveness afte?
inJection of allogene1c hybrid cells 1nto parental type new”
l born mice, the role.of.such antlbodles;asfmediators\of;self

=
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uded on theoretical grounds (Ramseier and

Linde ann,rTQZS). n spite’of this, these results have been

wi ely”interpreted s favouring an,active mechanism >
mediating unresponsi o aptoentigens Vie antibodies .
prdeced agsinst idiotypes present on receptors of cells

" with spec1f1c1ty for self- antigens . o .

i), Active control by suppressor cells

The mechanisms by which suppressor cells may act as
1nh1b1tors of anti-self react1v1ty is usually undpfined
'Their existence is postulated to be necessary if anti self
reactivity is a regular event. The ex1stence of antibody
forming cells (Steele and Cunningham, 1978) and T cell
mediated 1mmun1ty (Ramshaw and Eidinger. 1977) - against
isqﬁogous antibens present on break dcwn products of self
"erythrocytes led to the suggé%tion that an active suppressor

control nechanismlis,necessary (Cunningham, 1976).

The existenc' of a suppressor.cell controlling |
autoimnune reactions against,self'entigens‘present at very
Tow COncentretion,;sqch as thyroglobin, was postulated by
Allison and'Denman’(1976) They suggested that self antigens
existing it low conoentrations could 1nactivate T he Iper '
.cells but not B cells In the absence of helper cells, B.
cells are not induced As helper cells could be easily
generated with a Cross’ reactive antigen autoantibodies in ;
these Situations would be easily induced To avoid.

autoimmune reactivity a suppressor cell would be quuired toa'

s



act as a further controlling element

6. __ns_im_n_x r M_L__.%_Mf" !QLQ_LS_L

"A. vclon'al D'e,l-;et:ion'

. ?,_ The experimental evidence uhich suppcrts the clonal
deletion hypothesis of anti-self reactive clones can be _

. classified under the following categories

'4-., Y

Il) Failure to demonstrate activity of lymphocytes with
specificity for self antigens or for antigens that have been

'introduced ‘under conditions that Mimic those under which
self tolerhnce is believed to be acquired This failure of |
reactivity is shdun either in-vivg or in-vitro as

unresponsiveness to a challenge with the same . antigen which
evokes a strong immune response in untreated animals In
“some systems a funci;ional absence of cell mediated and
hunorai ilmunity is demonstrated and in “6thers only one of |
the above classes is analyzed _ , .
ii) Ihe experimentally produced tolerant state can be broKen
by the adoptive transfer of non’ tolerant syngenic
lymphocytes I T '_ |
-iiiﬁ The non*reactive state is not infectious This is

demonstrated as. inability of cells from toﬁerant anima]s.to

inhibit the response of normal syngeneic l”

oY

=)
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‘clearance of :?lthe-an-tigen 1f normal numbers of ‘precursor

\

lymphocytes with specificity for antigen exist “in an '
inhibited state one would eXpect that the ammal would

acquire normal lever of reacti,,vi 4% once the driving force |
of the. inhibition the antigen : renbved Although this :
.arguhent 1s regularly used in favor o clonal deletion a’

. prolonged unresponsive state is not in ' at‘ible mth an

q..

mhibitory mechanism | . |
V) Support for the clonal Beletion hypothesis comes from _p_
H_\L;I_LLQ eXperiments in which paralysis of both B and T cells |
| as’ been demonstrated when lynphocytes from enbryonic or:
"‘v‘ery young animals are allowed to react with a particular |

~

antigen o o ,

EVidenCe for deletion of clones mth specificity fOr

| ’autoantigens ex1sting at high ooncentrations come from the R

| following types of eXperiment In hunans, antigen binding

"cells wi th specifici ty for. autologous serun albunin are P
:'absent (Bankhur&t et al., 1973). Rabbite: imronized with the
' 'alpha ohain of hunan haemoglobin are unable to form
- | antiies against structures present on their own S
.'_':__haemoglobin (Reichlin,‘1972) mce inllunized with isologous L




56

' neonatally tolerant to the antigen Lymphocytes from: normal
mice and mice made;peonatally tolerant to BSA were analyzed -
for the1r ability to bind heavily iodinated BSA Normal mice
'contained a few cells }6 12/10 000 cells) able to bind BSA.
fln contrast no such cells could'be found in neonatally :
tolerant mice when tested at 38 days of age (Naor and
'Sulitzneau 1967 1969) Reoently. in<a series of studies in
rats and mice, the ability of the hapten fluorescein .
coupled either to isologous or heterolcgous carriers. to
induce- tolerance 1n neonates and adultS'was compared
(Venkataraman and Scott, 1977 Scott et al 1979) No
"antigen binding cells could be detected in both adult and
fneonatally tolerant animals 7 days post antigen |
”'administration Upon reinjection of the antigen however. .
| antigen binding cells were found in animals that had been |
. made" unresponsive ‘as adults at values equal to that of the
controls. In contrast no such cells could be found in the .
’Aneonatally treated animals Furthermore.‘administration of
~ the B cell polycional activator LPS to lymphocytes from the'

_'former animals was able to yield a good PFC. resppnseJ in'

- Iagreement with results obtalned by Moller et al (1976)

.:g"contrast no-such reversal of the unresponsiVe state was

e‘fachievedtin the neonataliy treated animals Deletion of Jf}:}ftyff

iefclones in antmals.made neonatally unresponsive is not always

’f”ffound lnactivation but not deletion was observed in another:;.ﬁff

“tfsystem,.uhere tolerance to the flagellin proteinwfrom:“

?Fhﬂ,salmonella adeleida'was studied in rats Neonatally trea“ ;Q*“*‘*57

S



animals containedﬂige same number of antigen binding cells .
- as control animals but upOn reimmunization the number of
"antigen binding cells remained constant in the unresponsive o
animals in contrast to the dramatic’ increaée in the*number wts
of antigen-binding cells in control animals (Ada..1970 Ada “
. and Cooper 1971) : | | |
T As mentioned earlier, those cases where the ,
,-unresponsive state extends to both humoral and cell medtated
'1mmunity, and where cells or humoral factors cannot be
 detected, are often interpreted as evidence for clenal h
"deletion It is assumed that the lack of reactiv1ty in t'hese
situations must be due to a simple lack of . immunocompetent
'cells In some eXperimental systems of this nature the
Linvestigators did not attempt to. determine whether
:lnhlbltOPy cells or’ serum—factors were present as these had

‘;_not yet been discdvered : o t.” 1, ?“lif T fv Ef-vﬂ ;r
B ChJcKen'chimaeras produced by embryonic parabiosis are
-able to tdlerate skin grafts exchanged between the former

'prartners The same birds shou complete inability to form

- Afagglutinins upon challenge as adults with each other”?blood

. Unfortunately, it is not clear in“these studies 1f the
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. '

"5the DTH level (Humphrey and Turk 1981 Turk and HUMphrey,..
'.'1961) ln contrast. it has been shown that in this spec1es S

L "unresponsivenes/\o pioryl cioride, mduced m adult
-*animals.. for DTH reactwons was acconpaniea by a strong
”"hunoral response agains%the hapten (Chase and Battisto.

' 1959) Parallel experunents were performed in newborn and :
adult rats Acimmstrahon of fragnent A of flage‘llin from
salmonella adelelda to newborn rats produced con'plete ‘

'tolerance for both’ humoral and Cell.mediated immun1ty ;ﬁ
K ,icontrast acimmstrahon of low and hwgh doses to adult rats /i

jmade them unresponsive at the hunoral level with conoomi tant

.--‘DTH reacthnty (Par1sh 1971 Par1sh and Liew 1972)

S There are nunerous exanples of tolerance to
', transplanta'uon ana&ns bemg successféully mduced in
animals early in ontogeny These results requ’ire careful

"class1f1cation since the absenc;,e qf cell-mediated immmty

1n these systems has often been regarded as strcmg evidenoe
‘ '.for clonal deletion’\at least at the T ce”! leve'l It should S

f-,be remembered however,,that n some of these systeMs B
hunorai 1nnuhity has,, been demonstrated This o"bserVa' won |




: -valuable experimental systems for analyzing basic biologica]j R
~problems ﬂn.development and differentiation These -

.-4:

B Tetraparental animals are probably one of the most

individuals are formed by fusing the blastOMeres from two
genetically different embryos in v1tro These double size

| .-.lhblastomeres are transferred to the uterus of pseudo pregnant

| mothers where reduction of the double size to norhal
embryos occurs during inpﬂantation Such animals are healthy
"1nd1v1duals in which two distinct cell populations coexist

- -"m most " tissues for an entire life time (Tarkowski 1961

ssues can vary dramatically If the tw0~stem cell

| ?ntz, 1961) l.'he chimaeric conposition of - the ‘different
k|

B populations differ 1n their rate of proliferation during

7,embryogenesis and/or adult lifé‘ it is natural to expect ';f"

B predominance of one cell type over the other An extreme

',‘example of selective advantage Of one erythropoetic tissue ;

. over ‘the. other occurs with the w/w <--> +/+ mouse chimaeras

where the +/+ red cells preddminate over w/w red cells as’

; w/w haemop01etic precursors are defective (Mints, 1970)

.- fthose of. caH n one ystem (M
'ﬁ‘}ﬁwith time was fouhd n m
7 chimaeras (wegnarin ‘an

e e

ifgo: produced begweenﬁtwo:;j;

&

‘.'i‘fchange i the relative pFOPOPt’°“s °f "‘d cells i" sheep
'~e_{ichimaeras wis. observed during adu]t life sTucher 1974’
'-"'",_Confncting results have,b”" "‘“’"t: .
~'ﬁi.<--> C57 mice in”ﬁhfch, ery

,in tetra-parent l C3H




"t'were produced and analyzed for tolerance to parental
'.transplantation antigens AII €3H (--> C57 chimaeras tested

. Vfghad both red cell types and were tolerant in the sense that

- fthey Spe01fically accepted skin grafts from both parental

;'types ‘over thekr entire life (2 1/2-* 3 years) Chimaeric
‘animals whose skin colour showed that the pigmented ce1ls _Ff"
. ;uere only derived from ohe parent were able to reJect skin
;J,tgrafts from the other type‘ For example C3H <--> C57 _
:;f,chimaeras which had only the black 657 coiour were able to §~

“ff'reJect €3H skin grafts aithough such. an1mals were ‘shown to

'7?jcontain C3H bone marrow ceils, a situation whlch strikif*1¥fi.

N.resembles that studied by Boyse and his eoilegues using}thefrln

i.7;sk alloantigen system and which was\described ear11er (Mintz
“,'and Silvers 1967 Mintz.‘1969) C3H <--> 057 allophenic mice

. whose chimaerism 1ncluded skin colour and '{"_“f ) allotypes had s

' i;lymphocytes which were specificaliy unable to caqse/an"x —

tﬁreaction against both parental cell/zypes‘ Neither cells nor

~,;serum factors were able to inhibit the reactivity-of normal

',,cells from pne parental type against the histocompatibility

‘f°antigens of the other type (Meo et a1.. 1973)

”from.a series of geneticalIy different aﬁiophenic Mice were Thb;

rf‘iunable to cause th reactions agains%#animals havinq thanHc




"ﬁ,ﬁceils Mice that received

et

;”“ﬂtstatus of a human tetragametic individual (Ceppelini 197‘)

¥ Transplantation tolerance induced in newborn mice and ”
LT rats, has been exten81vely anaiyZed In this_“? tion those {?~

'tg,ltransfer of syngeneic lymphoid ceils, ;111 be described

Beverly et al (1973) studied aolerance to MHC

sﬁnantigens in CBA m1¢e which were rejdfred tolerant by
lneonatal administration of 'ary;ng .jsesiof (CBAxA)Fi spleenf,.-“

’Lx1os spieen cells at: birth had_

% no HLC reactive cells in”their spleens and did not ener
',‘_killer cells against A type antigens Sera from these

fiffanimals were also unable to inhibit MLC reactivity of normalg{“~i

‘;QCBA lymphocytes against A stimulator cells In contrast .
"é”mice that received Sxios cells at birth generated cytotoxic f“i
'7ijcells against K type antigens and their sera did not contajnetuf‘tm

'”;any 'tnhibitory. molecules ‘Fina]ly, ‘injection of 12~15x1os &

fspieen cells at bimth resulted in animals- that had ro. kilier_f_;*gf

vf.*cetis but contained in their se'a}factors able’ td\inhibit
:75A§the MLC reactivity of normai CBA lymphocytes.against A

1tfjjhad been rendered'toierant neonatally. was.oriqinaiiy



'demonstrated by the rejection 'of ski"n grafts carrled by the

‘llexperimental animals. Tolerance could also be abrogated by
P arabiosis of the tolerant animals to normal syngeneic i
R {animals (Bdllingham et al 1966 1963) These observations

"f}flwere interpreted as supporting the deletion h¥pothesis for BRI
;_ ;lself tolerance as. the host uas unable to prevent the donor _;_ |
}cells from destroying the skin grafts A very interest""ng ST

}l'dexperiment involving the abolition of tolerance in adult CBA
_~jmicé tolerant to A type antigens by the neonatal T .

| 'nadministratlon of (CBAxA)Fl cells was performed by Lubaroff Jlil'

' fﬁj'and Silvers (1973l Healthy?Amtype qrafts carried by CBA .

y"%.itolerant hosts are reJected'lf C3H lymphocytes. sensittzed -
el{:agaihst A type antigens are injected lnto the'CBA tolerant

arfefhosts The C3H cells admfnistered are rejected by‘the host

l ; as judged by two criteria C3H skin grafts or s'Cr‘ labelled _
'VTﬂylc3H lymphocytes. injected to CBA- mice that had already l~?'~tr p{
;frejected the A grafts uere&also rejected Recoverylof the S
”s;host from the tolerant state takes 6 B-weeks and involves_a fliﬁﬁ.
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‘ cells of a different stratn become tolerant as judged by the

. p.'

acceptance of skin grafts Galls from these ggimals are

';'.specifieally unable to respond 1n MLC reactions against

',*icells of the tolerated strain In addition by the use of

i';:chromosomal markers, 1t was established that cells from

7dftolerant animals are not stimulated to proliferate ‘Spleen Co
- lcells from rate made neonatally tolerant u31ng the same
‘°{fprotocol. are unable to cause GVH reactions. or runt disease :

‘.when inJected into: appropriate hosts (Schwarz. 1968)

'T-lanother set of studies rats made neonatally tolerant show a

speCific absense of lymphocytes able to induce‘GVH
:;reactions This lack of reactivity was:: not associated-With

the presence of either 1nhibitory cells or serum factors

'5.: (Atkins and Ford 1972) Experiments very suggestive of the 2

”f;]cellular basis-of transplantation>tolerance were performed

'“5fspecifically unable to mount 2 GVH reaction against Fihd

';,bykElKins Lymphocytes from adult rats made neonatally
.'tolerant with allogeneic bone marrow cells were :‘ﬁi‘ -

»

.1hosts Neither lymphocytes nor serum factors from the

ikfftolerant animals f

_ff‘;_";'..e able to inhibit the HLC reac’ri ty of'

'5lf‘normal lymphocytes in agreement with the observatiens

- }lalready d'scribed uale ngis.rats tolerant Of LBN

T ko break tolf

‘,l»{.

Fetth’st°°°mpftlbl‘1ty aﬂtlgens and'carryinc healthy“tBN Grafts?iﬁﬁ
::;jwere injected with normal female Lewis cells in,an attemptfl"

nce MOSt?of the graays (90%) were rejecteditf:ﬂh

.
L ‘
- .

o 15-25 days after Gell: ‘transfer. “The' ability of iymphocytes;?uffﬁf¥~7

‘f:7tfrom animals whose grafts wereurejected to mount a GVH



v of female origin 1 e. they were derived from the dono -

| ,,vthe normal female cells. The maJority of the prolife

_-5facto:-s that might be associated with the unres

| ,' ,, R L i ._ 6-4"

”ﬂ reaction on appropriate male hosts was assessed and JT"

. karyotypic analy51s of the proliferating cells performed
?Metaphases of female Lew1s rats are eaSily distingutshed as
'bearing 2 subacrocentric X chromosomes whereas male oL .
%Karyotypes have only one in addition to a distingu\shable o .)
'small Y chromosome Karyotypic analysiskr/ﬁthe cells R
part1c1pat1ng 1n the GVH reaotion showéd that they were only

A' 1

1noculum when examined up to 5 weeks after the inJ ctign o
ting

-cells/examined at later times were of host male origin In

: addition thymectomy of the tolerant qnimals performed soon .
- after the adoptive transfer of syngeneic female lymphocytes
prevented the development of the- recovery of the GVH _
"vreact1v1ty (Elkins, 1973a,.1973bi These observations'

: constitute some of. the " strongest ev1denoe for clonal - '
"1deletion Syngeneic female cells are given to the ."'ﬂ}J f'j
.y unresponSive male hosts 1n sufficient numbers to obtain |
‘-'reJection of the tolerated skin This number s sufficient

-;to overcome any putative suppressor f ceLJs.or

| f*aﬂd hence any hOst precursor cells that are still functional;biwfsﬁ
should be 1nduced However. suoh cells were only seen 5

*_hiweeks after the injection of the female donor cells and

u:,?their presence was prevented by thymectqmw this observationf'ﬁ- :

i7:,3h°WS that the recovered GVH cells are newly derived from f b

'}thhymus ']";“;ft stem cells For a oertain period of time. 4-;
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5 Weeks, ratj\that received syngeneic lymphocytes were able

-serum contained

to reJectga second LBN graft and 'he |
“;cytotoxic antibodies 10 28 days a ter cell transfer (Elkinsan
det al,, 1973) In addition 1& was shos & ymphocytes;
| obtained from the animals 12 days after the in ulation of
.dfemale cells, had’ Tow levels of GVH. or' MLC reactivi y‘and
?were able to inhibit the . ability of normal lymphocytes to -
"mount GVH reactiv1ty (Elkins, 1972) The origin of- these

'fsuppressor cells was not identified although from the

.,i:prev1ously described observations that no leldlng cells of -

_5host origin were detected. 1t appears likely that they were

“'derived from the .donor inoculum

“In most of. the eXperimental systems employing protein

fﬁantigens, for lndUClng tolerance dufing embryogenesis or' |

.,_soon after birth tolerance is demonstrafed as a simple

‘u“absence of reactiv1ty as: already descrlbed In’ °°"t’35t to

. jthe many well analyzed unresponsive states induced by

';ﬁprotein antigens in adult 1mmunocompetent animals very few

studies of a similar nature have been performed during early 3
"stages of immunocompetence T ' '

In one system tolerance to HGG was induced in newborn
B mice which receivehantigen through suckling from their
‘tmothers who had fﬁdﬁq“t' | '

in this system was shoun as absence of humoral immunity for

"ia period of 18 weekdiand was not associated with the

S presence Of sgﬁpressor cells (Benjamin 1977l.j}nxanotheb'-f‘

. . M RN R o s > e
-.-»,» . EOSN . -;,4;.,,‘4- e -'.J- . :



- 86

3

_'system a broader analysis of the tolerant state was -

performed . 1n Balb/c m;ce Tolerance in these animals was
established in utero by transfer of antigen from pregnant
mothers to the g\fspring after the 15th day of gestation

...Tolerance was demonstrated by adoptive cell transfer '

.'experiments in 1rrad1ated syngeneic animals, at both the B

and T helper cell level a not’assoc1ated with the ¥

| presence of suppressor cells Inhibitory T cells were :

present when tolerance was waning after 12 weeks of age by

this time the antigen had almost disappeard (waters et al.

- 1979). These experiments prov1de evidence that tolerance -

1nduced during ontogenesis involves different mephanisms

;from those unresponsive states 1nduced in adult animals lt

:1s Known, for example, that tolerance induction and

maintainance to. the same antigen dHGG may 1nvolve the -

presence of suppressor T cells when humoral unresponsiveness'

.to this antigen 1s induced 1n adult animals (Doyle et al.

. /i:EgG BenJamin 1975)

Evidence that spec1fic B Cells arising from an 1noculum,

'of fetal Jdiver, cells can betparalysed without the d
_concomitant production of suppressor cells was described in__,'f'
.j:: a different'murine system Fetal liver cells are ra sferredfl

;to 1rradiated mice and treated with deaggregated or

1'.‘;aggregated HGG and 15 days later are rechallenged with this

“rantigen. The donors of the fetal liver cells and the

iated*hosts are chosen sc that,they differ genetically :

.iin the“region determining allotype Tolerance-is assessed by:-glgiw



b

.

. the presence or absence‘;;\antibody:in'the serum of the

treated animals Treatment with aHGG was able to induce
toleraﬁce to B cells of fetal liver origin In contrast

dHGG not only failed to induce tolerance but: actually primed

hthe cells. Spieen cells from tolerant animals did not

1nh1bit the response of normal~Cells 4Normal cells were

\,
unable to break the unresponSive state of the tolerant cells

. since all antibodies pnoduced were of the host'

1mmunoglobul1n allotype. (Elson 1977). e | ©

EVidence for clonal deletion. although 1nferential

comes from 1n v«tro experiments where developing cells are

allowed to. interact with antigen and become-spec1fically »

funresponsive after this 1nteraction Unrespon51veness is not

. reversed after removal of antigen and .takes place in the

ce of 1rradiated Shprimed adult cells. which are

unlike y to include spec1f1c suppressor T cells In detail
neon tal spJeen cells or adult anti Thy-i treated bone

rr cells are 1njected to carrier TKLH or Hy)' primed

irradiated mice A day Qater when the donor cells have

'colonized the host‘s spleen this organ is removed divided

in very small pieces and cultured WIth DNP coupled to -

V’several heterologous (non Hy or KLH) carriers such as’ HGG o
’ MGG EGG ova, d GL ahd Lys Pret(eatment of young spleen or‘ o

adult anti Thyi treated bone marrow cells with DNP carriers

Awith. the exceptioqgof DNP Lys) abolishes the ability of .
.v,'fhese cells to respond to DNPzprotein conjugates B cells 1n
"'-this system are tolerizQL by specific receptor-multivalent






-‘-',.'.:‘_;?,"l v‘-spleens of nude m'lce Th1'l_~ oell is able to provide a lethal
'fﬁsignal to the responding cell (Miller and Derry, 1979) e
..B Act‘ive 1nh1b1 twn by specif1c serum factors e s

ot

Vois1n et al (1968 1972) wer-e the first to prospose

4 that ant1 self reactivity is regulated by an‘ actlve imwne
:5}.: response. Inmumty to antigens present on l‘nving cells is

.:'i."'":-'-usually of the cell-mediated class which ig the response
that can effectwely destroy them To ensure the _'

N neutraliZation of cellular inmun'lty the anima] is st:pposed
o '. .':to produce a class of humoral response against .the‘ target _}
apt'igens The non*cytotoxic antlbodﬁes that are: 'formed cover'-,.""‘i‘
the antlgens and prevent their recognition by lynphocytes.
. that mount cell-mediated respanses. Votstn cailed these k.hkf“
/a(ntibodles ' synergu: or "facqlitating and cmsmered them._
as a: class of non conplement f1xing antibodlzes'-_:ooexistipg
m th both a upressed ;_‘ l vlular response and depressed a "
'- production of conplement fixing antlbodtes_‘ ’,fHe' sqported his

SRR |

- views by demonstratlng the existence .of .,;these “fac'l l"‘i’;tatlng

. v.
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The n vivg role of antibodies present 1n allograft

C --j.previous]y described observat mns have been unsuccessful

ﬁ'-Serun from nnce made neonatally toTerant to MHC antigens,.u,.. Q‘

L

o ‘failed to enhance the growth of tunors 1n nonmal mice,

-","};_-;,although hypermmune sera.-whi“ch contamed cytotoxu:

"-"‘.s..-;antibodies were ame to.-_ ‘nhibit the ,in-vv'tro kiﬁmng of

target ceLls by r;e fectar_-:,lynphocytes'as IWeH a.s‘ being able
) tQ enhance the--gr*owth of tunors m“norma i mice (Law et: al
" "',_'}.;-,'1974) y

Th""e ""'e' h°“'°"°"-_sevef‘a1 f'epor,sfzof\antibodies _‘




.simnar basw CBA mice injected at birth witb (CBA X AFL
,.,espleen cells. -and: carrylng A skin grafts as adults,.-

| ef;contalned lymphocytes able to give~small bqt significant

".":-_'.»animals (1 Hellstrom et al

 "Jfﬂwere repeated in rats Theee anrmals made neonatally fiﬁgte??i
n:J?_tolerant were able to caRry healthy donor type grafts as.inyii
“hf;adults Their lymphocytes d1d hot have any detectable MLC ;ii?
_ 'leffeact1v1ty but they oontained a class of effector | ,,,fﬁf:”
':;;;lyﬁphocytes able to Kl]] lung fibroblasts of the donor type
h'in vitro and their sera could 1nh1b1t the k1ll1ng activity
.j_(wright et al 1975) The~most 1Mportant angument for the
tf“ex1stence of humoral blooklng factors 1n an experimental

','situation that mim1csuself tolerance comes from studfﬁs€w1th




ot n. . (1975) "
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f‘iinhibitory'element was a thymus dependent Cé]l. since spleen
‘.“lcelis from tolerant thymectomized mice were net able to o
“;;'gf1nh1bit the immune response (Gershon and Kondo,,1971) | D
Lf:Finally. at the same peried Droege (1971) reported that t”° jE;
._~:;types of cell exist in the thymus ‘of chicKens one showing
i’;d,fihe]pe" actertY by its‘ability to cooperate w1th B: ‘eélls 1n»’
i77‘5kﬁan antibody response, the other being bursa dependent and
i‘;displaying an ability to inhibit the antlbOdy response

‘l~ The rolfuand mode of action of suppressor T cells as

o ”regulators ofjvnti-self immune react1v1ty is unclear As L
f'rgfldescribed in fhe last chapter there s a stronq argument for 1
| *ﬁttheir presence iF autOimmune reSponses occun at a lcw level "H'
| %g i}without leading to deleterious aUtoimmunity (Cunningham,lb.f'”’
;:‘n1976) Indirect eVidence for suppressor cells regulating
tﬁtcﬂerance to self antigens comes from observations 1n which )
'”f;neonatal animals harbcur T cells able to 1nhibit the immune ‘1.f‘

.'wfresponse of normal adult lymphocytes in a non specific :




, .."'et al . 1'975) A class of tbymtc bursa dependent PR
"..1ynphocyte present 1n young chlckens, 1s capable on \ : .,
“'transfer to adu*lt sublethally lrradlated syngene'ic or - |
‘ vallogene1c chlckens of suppressing the ab'llity of these ,,
'blrds 'to regect allogenem grafts, & mount GVH react1ons

.and to produce an antibody response (Droege, 1976) .

. Tolerance to MHC alloant‘lgens,,mduced at an. early B
:"‘-developmental stage by 1n3echon of l'lvmg ]ynphmd cells,
'f'has long been conswdered a model for the 1nduct1on and

'-mamtai'nance of tolerance to self’ antigens The ﬂmber of
"-'4reports on the positlve demonstratlon of specif1c suppressor
'.'"._'cells 1n these systems 1s rather limted and can be div1ded
: """:}into two kqnds In the f'lrst category the ev1dence is ei ther
' -"1nd1rfect br the inhib1 tory act1v1ty,‘ m order to be .

e _~‘revealed, requires the transf'er of tolerant' lyn'phocytes to '_
1rradiated or sublethally 1rrad1ated hosts —for a’ lOng

’ period Experimental systems of th'is nature are the _ |
- following. Mice that have beén rendéred neonatally tolerant
T tes MHC alloantigens and capfy neawthy l'ong lasting g,afts
;...',a"e 3b‘e to r‘eject the grafts when the ax‘illary and e




éssential fon the detection of these suppressor cellih:s,af‘.

.mixture of the suppressor containing population with rmal.

llymphocytes even at a ratio of. 10 1 cannot lnhlblt the

' fability of the normal lymphocytes toaceJeqt ‘the grafts

)
(Dorsch and Roser, 1975; 1977) A long period of in- Vitrg

N iculture or transfer to irradiated\hosts, is requ1red to p S

;gjireveal suppressor cell act1v1ty in another similar system

fdeveloped 3n micq\‘Lymphocytes from mioe made neonatally ‘
tolerant to- MHC alloantigens are cultured for 5 days with
:}iantigen and theB.tested for their ability to inhibit the 5"
pday in- vitro ﬁnduction of cytotoxic T ceﬂls mounted by i'
normal cells The inhibition observed in this system 1s | |
rbelweved to-be exerted by a.puppressor T cell that 1nhib1ts ,'
:the generation of killer cells from cytdtoxic T cell | n
Hprecursors During the same in- vitro CUlture period a second‘

type: of suppressor cell is produced which is capable of

';n'inhibiting the'generation of killer precursor cells from S

5'stem-cells This cell 1s physically seperable from the
‘"“5previous one. and reveals its inhibitqry activity after d S

5ff transfer with normal syngeneic bone:marrow cells to

ta'@ﬂirradiaied-hos; ffor a penjed of 50 days ‘ﬁells taken from




'absencé of antigen This property suggests that their ‘ )
' V;specifim ty: 1s directed agamst the 1didtype present on tHe
‘receptor of - the cytotoxic precursor that has spec1fic1ty f'
,. the al’loantigen (Gocmynski et al -1978 Gorc‘qlnski and '," .
L MacRae 1979a. 1979b) . : e - ’ '

| Direct ev1dence for the existence of spec1f1c " T
| suppressor cells. 1n the spleens of adult mice ‘made | .
‘neonatally to]erant to MHC alloantigens.' 1s prov1ded in the
eXperimental system described by Holau et al., (1978) |
'f-Lymhocyvtes from tolerant mice thch are unable to generate "(
-cytotoxic cells in-v1tro can do so when adherent cel’ls are
removed by passing the cells through a nylon wool colunn -
“The adherer/t populatian does not produce a cytotoxic T cell
.'reaponse 1tself but; on the contrary. can inhibit the "
: -cytotoxm response cf normal lyn'phocytes Suppressor cells
vexisting in. the peripheral bloodpf chickens made ‘_
o ":.ienbryonigcally tolerant to several alloantigens have been ‘!"'

‘described by Rouse and Warner (1975) It js difficult to
evaluate the sigm,ficance of; these experiments’s outbred

o4 v' R oo ‘, o A : ny

:'-f"_-.populations of chickens Were used L f. R

. ’[he work described' n_'this introduction has not led to PO

b .

an aQreement,on the;m re: of: the c" ';-‘” b“i‘ °f se)f




»mechanlsm can lead to the” delet1on of anti self precurs
h0r1g1nally, ¢lonal delet1on was proposed and favored As ’ \\\;\
;more experimental systems of: spec1f1c uprespons1veness were L
‘-developed demonstrat1ng éhe ex1stence of inhibitory T cells
and/or block1ng factors: together with 1nh1b1ted but
;funct1onal precursor cells, the deletion hypothes1s'came
_ under ser jous’ challenge While the cellular nature of self
.toaerance is. unclear, it 1s generally accepted that certa1n
conditions must be met in order for an an1mal to be tolerant
of’ self antigens.. These 1mportant cond1t1ons have .been
d1s¢ussed extens1vely above. They are that self abt1gens be
present at high concentratlon both early in.development
before the immune system'has'developed.and continously~
thereafter throughout the life of the individual” The work
" in this thesis attémpts’ to clarify what. Kinds of
unrespons1ve states m1ght~be analogous to 'self tolerance by
‘ systemat1cally varylng these most 1mportant parameters for
inducing . unrespons1veneSS/to transplantat1on ant1gens and

'exam1n1ng the b)olog1cal characterist1cs of the d1ﬁferent

kinds of unrespons1veness obta1ned
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N 7. Introduction to Research Project

'»antigens From the 1nformat10n presented ;n the 1ntroductory
section 1t is ev1dent that there are t fundamental ‘
shoqu ‘be - 1ntroduced early 1n %he on{ogen1c deve]opment of

| the immune system before the 1ymphopoet1c t1ssue develops

| 1nnunocompetence. and ii) the. ant1gen concentrat1on shoglg/

-be ma1nta1ned at a high level through ontogeny and the post-
hatal life of the 1nd1v1dual Natural unrequn51veness to J"
the maJor1ty of self ant1gens is. generally complete in that .
1t covers all classes of Cimmunity. It is therefore impor tant
to establlsh if the type of unresponsiVeness induced

'experimentally extends to‘dﬁfferent classes of immunity.

The ‘experimental system developed is the induction -of.
specific unrespons1Veness to MHC alloantigens in chickens'
and possesses these two propert1es The ant1gen, in the form
of'embryon1§ erythropoet1c stem cells, 1s 1ntroduced to
allogeneic ch1cken embryos at early stages of embryogenes1s
The self reneWal ability of the stem cel1s ensures the
cont1nuous presence of the ant1gen 1n h1gh concentrat1ons
for the 1ife span of the b1nds Analys1s of the-

: 1mmunolog1cal'properties of these permanantly ch1maer1c o

propert1es that such a system should ssess: i) the, ant1gen_ '
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healthy b1rds shou'ld provide va Jd 1nformat1on concern1ng

~

jthe cellular basws of the unrespon51ve jtate and hence -of

- self’ tolerance . o 4 2 i . ;
: oy . .
Th1s av1an system provides one not only with the un1que

,opportun1ty of/establ1sh1ng a valid model for self tolerance

but also the means of analyz1ng its’ cellular basxs‘ Reagentsv
"have been developed that-allow one to rel1ably ascer | ‘
degree of- erythro1d ch1maer1sm of the adult birds at a
stage of the exper1mental ana]ys1s In ‘addition,

'alloreact1v1ty can be assessed at two d1fferent levels of
1mmune react1v1ty Cell med1ated 1mmun1ty 1s ma1nly stud1ed

by a GVH react1on namely the CAM- POCK assay, wh1ch 1s a.

_ ssay essent1ally<enumerat1ng s1ng]e°alloreact1ve«.
lymphoc‘tes Humoral 1mmun1ty ls~analyzed ei ther. w1th a '
;d1rect or 1nd1rect red cell agglut1natlon assay.’ The
indirect assay has _been shown recently to reveal- h1gh titers
.oﬁ-natural ant1bod1es d1rected aga1nst the ‘MHC encoded

antigens in the sera of normal adult birds, (Longenecker et

alloantlgensgof the spec1es w1th the exception of self

al., 1979) The ease w1th which stem cells can be injected-
.to ch1cken embryos at d1fferent .stages of embry?nqc e
development allowed two additional but relevant studies to
be made i) It was possible to determlne the relationsh1p
between the t1me dur1ng the development of the immune system
jat which ant1gen is admin1stered and ch1maertsm establ!shed
fand the degree and type of unreSpons1veness observed Th1s

type of analys1s led to the f1nd1ng that there are dramatic

> e
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' t"differences.ﬂq the 1mmunological status of the host birds,7
"A:When chimaerism 1s established at different stages ef

g ,embryogenesls 11) It was possible to study the

- inmunological state of birds.:that had bee ' 1njected wi th

allo%enelc stem cells during ontogeny, at ‘thh1ng, whigh is 14 ‘

:'the ear11est t1me that cel]-mediated immu"; t.tence can. be
detected 1n the spieens of normal birds as measurad by GVH

.‘ reactiv1ty

P



1l 'Materials and Methods

- SC and /FP fertilised eggs were purchased from Hy-Line
Internationfl dohnston. Iowa, USA These eggs are hybrids-

betWeen di ferent inbred strains of white Leghorn chickens

{

- The SC and FP birds carry the Bz/B2 and B‘-"/B21 MHC alleles

respectively All, chicks were hatched and raised in the :
"facilities of the UniVerSity of Alberta Fertile eggs from
randomly bred white Leghorn chickens were obtained from the .
U of A poultry research farm Although the frequency of the
"MHC coded alloantigens has not been analyzed in this outbred
"1vpopulation it should be mentioned that in chickens. in |
contrast to mouse and man common alleles are easily o
'identified among unrelated populations (Pazderka et al. N
1975) when available, fertile eggs from B“/B"' B‘5/B15
B"/B" B"/B", and 82‘/82‘ strains were used These |
: strains are maintained in the faCilities of U of A The :.
histocompatibility type of . these birds. “has been determined
serologically In addition, the GVH CAM POCK test has been
used to. confirm the serological identification for these .
1strains (Pazderka et al 1975 B.M. Longenecker pers

comm. | .

R
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2. prog uafss; of chimeras

| | Two d1fferent methods for generat1ng haematopo1et1c 35'
“ch1maeras us1ng the” SC and FP stra1ns were employed 1n th1s
vlstudy REERE S gj- o ';»- i f”'a. o
L_l,Parab1os1s Two 12- day old embryos of  the two dlfferent
' Known genotypes (SC and FP) are jo1ned together through
'the1r chorioallanto1c membranes and sealed w1th paraff1n e
At day 12 of 1ncubatlon w1ndows are. marked on the midpo1nt
of the. long ax1s (as described later for splenomegaly) over o

- a forked ve1n The eggshell and the shell membranes are, thenf.I'"

.removed K-Te) that the chor1oallanto1c membrane 1s fully
f‘uncovered Immedlately thereafter. the two genetlcally _
.”different eggs are Joined together by the1r exposed CAM’
vusvng paraff1n wax, and then returned to the incubator Care,ft

f1s taken to turn the parab1onts at least once da1ly Close
'b‘to the t1me of hatching, the parablonts are put in nylon |
StOCKlﬂgS and separaged from each other w1th masking tape.
‘1n such a way that each. chlck w1ll hatch in different _
: compartments of the nylon stock1ng This allows the birds to L
| rema1n ident1f1ed w1th respect to genotype (F\g 1, A) t; |
- {B) Stem cell- tran:fer The source ‘of the haéﬁatopoietlc o
stem cells is the embryonic spleen e : : N
Routinely, 30 pooled-spleens of 15, 17 or-"211"-day-o3w‘sc-'6r o
FP- embryos are used as the donor cell population Spleens o
"are m1nced carefully in 10 ml of RPMI 1640 serum free medium :



. .recipient were ‘matche
. or 21 of ‘embroygenes 8. by injecting stem ‘cells’ intravenously';

- fourth . type of chimaera was gener;
" ‘cells from 15 day. old embryos to-
{;recjpientS+ K - o
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‘fjgf Production of chimaeric chickens In A two 12 day-x‘
- old. embryos of FP and_SC strains are. joined- together to -

obtain either FP. birds chimaeric with SC or SC.birds

. chimaeric with FP. In B, a stngle cell suspension containing_’
‘stem cells is injected into allogeneic embryos. Details of .-
' the preparation of donor ce)ls are.described in: Materials Sl

and ‘Methods .- In. most: cases “the age of the donor: and the
“Chimaeras were ‘made at: days 15, 17

v
N

(on .day 15 and 17)’ 1ntraper1toneal:

y-lon day 21), A%
. by injecting: stem} e
';y o1d alloqeneic o

-



‘.’.,

";ﬁyf,unt1l single cell su3pensvohs are dbtained : , L
'fféThe cells are thd& alloued to settle for 20 minutes through g
‘*10 m]s of medium 1n 12 ml test tubes The supernatants.'

"‘ithat 1.2 x 107 non-red Spleen cells are 1nJected

'7‘=']number of 17 or 21 day old spleen ceIIs were 1n some L

'¢wh1ch contain the haematopoetic stem cells (Keller et al
'1979), are harvested The celI contentration 1s adjusted so -

' !1ntrav§nously 1nto 15 day old SC or; FP embryos Thé same |

u'expervments also adm1nistered evther lntravenous1y t‘ 17 daydﬂ
3 old 'SC embryos or intraper1toneally to new1y hatchedfsc :Jffi'

_dchlcks (Fig 1 B) v .f..iﬁ.*



“.f.tmmun1zatlons between strains SC. and FP Each b1rd rece1ved

sy E’"—Ml—‘ﬂﬂ m_fant i '--'B'- se rfa_‘ o

B

it

Spec1f1c alloant1sera were produced by reCIprocal oo
. 3 1n3ect1ons each of .2:ml. of c1trated adult who]e blood
”every second day 6. days after the last 1n3ect1on;the
,haemagglut1nat1on t1ter was determ1ned If the t1ter was B
Tower than 1 32 the above 1mmunlzation procedure was - ,
repeated after a 2 week rest per1od As the stratns used are,pii'

) not mbred for all non B loc1 the hyperimmne sera produced

1;1were exten51vely absorbed w1th erythrocytes from many -

“Ldifferent members of the host strain Absorption was carr1ed.-hf

-Li'out at room temparature for 30 m1nutes using equal volumes

- of antvserum and pacKed RBCs The prOCedure was repeated 3
- tlmes F1nally, the serum was separated 1n small vo]umes and-:‘

stored at -30 C



All birds generated by the two methods described "l‘f

prevvously were tested for red blood'cell phimaerism u51ng

the extend of ch1maerism

"A. Red blood cell agglutinatton : f, ks
Red cell aggﬂutinatlon was the assay routinely used for f
a qualitatlve and semi quantitative esthmate of chimaer:sm |
Before typing the. putative chimaeras, the . strength of the
g antiserum was characterized by typing different mixtures of
RBCs from ‘the two stratns used Generally, a 10% chimaerism‘ '
.f was easily detected and a stronqyantiserum could often
detect as little as 5% chimaerism | |

B Cellular radioimmunoassay

Details on this assay have been published recently o
(Longenecker et al 1978) Briefly,xM97 red cells from the ,
‘ putative chtmaeras were 1ncubated WIth 0. 1 ml of specific

alloantiserum for 30 minutes at R. T Then the cells were'

e washed-four times and further incubated with 0. 2 ml of '251-

. rabbit- a'tivchicken immunoglobulin After incubation for 30 o
"’_3“t room temparature, the washing procedure was .

repeated and the cells were harvpsted and counted The

degr 9# chimaerism was estimated by comparing the counts
found with those from art1f1c1al mixtures o
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| Cell mediated respon51veness was analyzed byftwo
J - manifestations‘of GVH react1v1ty, namely the splenomegaly
U't* and the CAM POCK reactions L TR '

e o /:" :vg3)‘v*u.<g , f;mh{'f.; 'lﬁ
A Splenomegaly The reaction 1nvolves spleen ~f'”;' S

i,,venlargement as measured‘ increment 1n weight whyéh resultsffv

from the 1ntravenous (__: ) 1nJection of 1mmunocompetent '
~ 'lymphocytes into 12 day old embryos measured 4 days post-"m,t'ﬁ
| 1njection The assay 1s Known to measure alloreact1v1ty due |

to: major B complex differences (Schierman and Nordskog,
o m) ..

B CAM POCK reaction This 1nv01ves the formation of
pocKs (lesions of characteristic morphology and 51ze) tf}f |
aifolloWing 1noculation of donor immunoobmpetent lymphocytes -
‘4onto the chorioallant01c membrane of 12- day old embryos ,
N differing from .the donor lymphocytes at the B locus Pocksf'

| are enumerated 4 days post 1noculation

’ ‘It should be empha51zed that the time at which spleens
are weighed or. pocks are counted in the above assays is é,"
. important It has/ﬁee shown that the day 4 spleen weight or 7
day 4 pocks are due t reactiv1ty against antigens of the
major B histooompq‘ibilriy region (Longenecker et al |
1970) Any further enlarg

~in number and quality of pocks'at day 5 or 6 are due to o

Ent of the spleen or 1ncrement




vafla) Perwghera g ymg 'yxgﬂ PBle

- -plast1c tubes (4 ml&tube) and centr1fuged at 600 rpm “for 6

"'m1nor h1stocpmpwtib1lity loc1 dlfferences (Longenecker et
| al. 1973) Stnce the:stra1ns used above are only 1nbred
'“,uw1th respect to the B reg1on 1t Is 1mportant tb assay at day
ke T4ﬁ$oravoid complications due to m1nor dr*ferences “5, ‘

C. Donor cell preparat1on

Hepar1n1zed (10

'x:un1ts/ml) per1pheral blood 1s obtalned from appropr1ate
vidonors The blood 1s then dlstrlbuted in 5 ml culture .
The lymphocytewrlch plasma supernatant 1s collected
';whlle av01d1ng any red blood cell contam1nat1on (If the
'?{yleld of cells 1s 1nsufftc1ent, a second centr1fugatlon at
:;ﬁ400 rpm for 3 min. 1s employed This w1ll give another layer
-of lymphocyte r1ch plasMa The lymphdcytes are washed tW1ce
hfn1n RPMI 1640 by centrafugat1on at 1200 rpm for 6 min |
‘h‘_Ftnally, the cells are resuspended and v1able counts are f

. made us1ng trypan blue dye

"-j'b) Sglgg cells Donor spleens are removed under ster1le
o condltions and m1nced in RPMI- 1640 unt1l a s1ngle cell

-suspen51on is" obta1ned Cell clumps are allowed to settle

[

3jout for 15 m1n under grav1ty in. 15 ml cultUre plastic tubes ff

| ",_y(about 10 ml/tube) and the smgle cell containing

e supernatant 1s collected The cells are washed twice and ’

e_counted as before e uwQ_‘]j‘: o E T
D Assays . . | . . . . - .
a) Sgleggmgg y The eggs used as. hosts for splenomegaly are

.1ncubated for 12 days W1th the a1d of a candle lamp a



: af” area 1s d1sinfected with

"”w1ndow is

;pfw1th a tubercul1n syr1nge 0 1 ml of cell suspens1on is

Gif 4 days later the eggs are opened and spleens are removed-,

'";small rectangle 1s marked around J?’arge CAM Ve1n and. th1s

‘ggibdﬁne;in 70% aloohol By means

AR

" of a Dremel tool *'ectr1o c1roular dr1ll) the rectangular

Al_ned'by cutt1ng carefully (without damag1ng the

fgshell ﬁembranes) The edges of the marked rectangle and the

; ¢l1ttle square eggshell 1s removed w1th the a1d of a sharp
' forceps ’ S

- ' o ST SR

' TA drop of paraffin o1l makes the shell membranes

”transparent, reveal1ng the ve1n underneath for 1nJect1on
'-mJected per enbryo and the exposed shell menbranes are 4
‘sealed w1th paraff1n wax For each group, é to 12 embryosj. B
are used as’ rec1pients ‘:*3‘.'a ST . R

‘/

fa"d ”e’ghed D’"ect sbieen we1ght compared to that of B~ "

i matched 1n3ected embryos, represents the magn1tude of | theléfij_:i
:GVH, R R ;.,fv4~a%ff“¥-f——jf"ff7
 b) CAM-POGKS: The eggs used as hosts for CAM-POCKS ‘are. ~ :

"h1ncubated for. 12 _days and candled for fertality as before at

" dthe day of experimentat1on L E_;,Tﬁﬁ'~:_f"r;_:j;*ﬁgrt'ﬂ»77

""?'punctured in two places The first punoture 1s madé‘at the

The assay requ1res d1rect 1noculat1on of lymphocytes onto
.the dropped’ chorioallantoip membrane (CAM)

Y,
egghsell is ~;ﬁ‘
éﬁjﬂ

".t1p of the a1r sac The second one is made on the uppermost]

: fside. m1dway along the long aXls Wh“e the egg is held with3

“'1ts long axis 1n a horizontal pos1t1on The second punctur- S
: is a small sl1t carefully made to avoid touchIng the CQ?/;w¢}:?~?

. -.‘ryn
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B *After,these two punctures are made, the CAM is dropped with-

the aid of a gentﬂe vacuum applied through the first

?ipuncture in order to produce an air space under the second

"fpunctare Then the egg . 1s rotated about 90 on 1ts long .

"aX1s wh11e held hor1zontally Th1s brlngs the a1r sac under
han undamaged part o; the shell The top of . the air Space is
" marked and a window is opened With the aid of the Dreme1

t l The openvng is covered temporar1ly w1th mask1ng tape

- untll the time of 1noculd . 0.1 ml of cell suspension is

inoculated on the top of the CAM by the use of a 0 1 ml

pipette. Finally, the openings are sealed with the masKing

vtape and paraffin wax. Genera]ly, 9 to 12 embryos are used
- as. Fec1pients ‘per exper1mental group. 4 days later, the - eggs

are opened and the 1noculated parts of the CAMs are

.
!

collected .washed and Kept 1n~sal1ne unt1l counts are made

under a stereoscop1c m1croscope ,




E. Haemagglutination assayf 7

a) Diréct,haemagg]utjnation‘

- 0.1 ml of sera were serwa]ly d1]uted two-fold in PBS in
‘U bottqm/m1crot1ter plates and 0.1 ml of 0.5% red cellis were
added to each well. The plates were 1ncubated fon 45 minutes
at R.T.,and red cell agdlutination was d}rectly read through
a mIrror in order to better v1sua11se ‘the haemagglut1nat1on

. b) Ind1rect haemagglut1nat1on

0.1 ml of sera were.seriélly‘diluted twq-fdﬁd-in PBS in
V-bottom micfotiter plates and 0.1 ml of 0.5% Fed'pel]s were
added to each well. Plates wére incubated for ‘45 min and
~washed twiée with 0;2 ml of PBS. TheAcéfls were then fp
transferred to new U-bottom plates and 0.1 ml of developing
horse‘anti_chicken.immunoQIObulih serﬁgwwés,add . Transfer
to new plates was nécessany as chicken immunog! ulin .sticks

to the plastic we]lsaénd causes

isleading agglutination of.
the red cells on the additio 6f rabbit anti-chickén |
iﬁnunoglobulin.'45'minutes Yate red cell é;;?;tination was
direct1y4reéd thfough=a mierr.‘The above reactioné are all

carried out at room temperature.
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In th1s study haematopo1et1c av1an chlmaeras have been o

- produced by adm1n1ster1ng erythropo1et1c stem cells to
'Yallogeneac chicken embryos at dtfferent stages of

;”erogenes1s The results show that the lmmunologlca] and

patholog1cal character1st1cs of these chimaeras d1ffer

drhmat1cally depending on the stage of ontogen1c development
at . whjch they are generated The descr1pt1on of the results
is therefore subd1v1ded 1nto three sect1ons, each desCr1b1ng.{
the immunological and/or patholog1cal propert1es of .

chimaeras generated at d1fferent stages of embryon1c
Lw

development . . o

1. Chimaeras generatedggt ggys ig and 15 of embryonic
development .. T

A, Establishment and estihmtion ot.chimaeriSm ‘

3’: ) . .
Ch1maer1sm was establ1shed at day 12 of embryogenes1s

, by parabtos1s between two embryos of .strains SC and FP as

described in Materlals and Methods (Fig. 1. A) Both types

"of chlmaeras, that 1s SC birds ch1maer1c with FP, and FP

birds chimaeric with SC red cells, were produoed Parablos1s
at day 12 of embryogene51s allows rec1rculation of stem

cells from one embryo to the other for about 9 days This

'_' cont1nuous flow of stem cells results in adult b1rds

d1splay1ng ‘high levels of chimaerism for their ent1re l1fe

| ‘t1me Th1s method ‘'of producing ch1maeras is hampered by the :

87
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11m1ted number of parab1onts one can produce in a glven
‘amount of tlme In addition there is a high mo@tal1ty rate
r1n the first 24 hours after the: operat1on It is a common. E
f1nding that one of the develop1ng chickens of a pair;

a'l though surv1v1ng the Jo1n1ng procedure dies 3 or . 4 days
later. When care is taken that this dead partner is removed‘
before 1ntox1cat1ng the 11ve embryo. a healthy chick is
hatched that.. 1? usually chkmaer1c Somet imes both partners

* survive; in. all sueh cases both birds were: found to be
_chimaeric. £ total of 8 SC and 9 FP chimaeric b1rds were
produced These blPdS were klndly typed by Dr. Pazderkav

. etween 4 and 5 weeks of age.- Through the course of these
studies the same blrds were retyped‘and stable chimaerism
was found to pers1st over a per1od of 4 years Table-1
shows an exper1ment in. wh1ch putat1ve ch1maeras were typed
by the red cell agglut1nat1on assay and demonstrates that

j all 7 birds tested for erythro1d ch1maer1sm at 120 weeks of

\

age were. stil] chlmaer1c

J"Successful chimaerism.was induced at;day 15 of
embryogeneSis by-intravenous-administration of embryonic
stem cells into‘allogeneic‘embryos"as described in Materials ‘

.and~Methods;(Fig. 1,-3); The.embryonic chicken‘spleen has |
. beenzshOWn to‘contain a nohvadherent non aggregating cell
populat1on wh1ch conta1ns the erythroid stem cells These.

: stem cells are easily‘ident1fred in the-spleens-of 15 day
old embryos, reach peak numbers at day 17 and then decline
(Keller et al 1979) .. This‘stem ce]l.fractlon‘1s‘obtained if

-
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R ;the 51ngle cell suspen51oh of embryonic spleen 1s allowed to
: settle for 20 minutes and the supernate 1s collected The |
successful production of red cell chimaeras proves that the
‘-embryonic spleen contains erythro1d stem cells Intravenous i
'administration of 15 day old embryonic spleen cells to 15
,day old allogene1c embryos allows the production of large
;numbers of putative ch1maeras in a short period of time.
| Large numbers of both types of chimaeras Were generated
v USlng thTs method The . 1mmunologlcal characteristics of FP Q
blPdS chimaeric with SC red cells hereafter, referred to as
'FP* were 1dentical with those of SC birds chimaeric w1th FP
(SC*) Therefore some of the studies carried out after the .
v$2nd year of this research 1ncluded only SC* birds A total _
of 91 SC* and 29 FP*'t birds were analyzed for several f -ff-
| different parameters 1ndiv1dually, alﬂ of these b1rds weret
*[fchimaeric Fig 2 shows the results of typing SC* birds made B
",at day 15 of embryogenes1s All 13 birds of this group were
'shown ‘to be chimaeric The degree of success 1n generating
ch:maeras in 3 different groups was 100% (Fig 2),  85% and.
80% (results not shonn) A bird Judged to be chimaeric had |
._at least 5%. of donor type red cells The earliest time at
ewhich it was p0851ble to detect chimaer1sm was the third
week after hatching This rather late time may reflect the |
fact that tests for chimaerism utilised recirculating blood % -
: celis.. 3 weeks may be required for stem kells to mature and
;give rise to red cells in the circulation It does not
.reflect the late appearance of B antigens as the same
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Fig. 2. Quantitative determination.of chimaerism by cellular
. radioimmunoassay.- Open tridngles represent -the number of . =
~counts ‘from 13, ‘8 week old SC* birds made chimaeric at day @
15 of embryogenesis. Closed circles represent the standard

curve generated. by. reacting-artificial mixes of $C.and FP . |

red cells with anti-FP..serum. A.total.of 107 red cells were

used per well. Open circles represent the number of counts . .~

. from. 5 contral SC birds following-incubation of 107 red = = =
~cells with anti =FP serun B e T e e L e
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4 reagents used to type the adult ch1maer1c b1rds are able to‘h
detect spec1f1c alloant1gens on 15 day old embryonic spleen f
B cells < ',“ _ o | , R
B Immunolog1cal and Patholog1cal Propertves
~a. Cell: Medtated Immun1ty | " L Ce ,j

1) Spec1f1c absence of GVH alloreact1ve clones in adult
ﬁphicken chimaeras genera;ed at days 12 and 15 of !
emb%yogenes1s ' ' ' |

| Two manxfestat1ons of GVH react1on were employed to
assess cell med1ated 1mmun1ty These are GVH splenc;egaly,f"
and the. CAM -POCK react1on descr1bed in’ Mater1als and |
Methods Both types of react1ons %!e assayed 4 days after |
admvnistr1ng the cel]sfgnd they are ‘a measure of .i.‘
alloreact1v1ty due to ant1genic drspar1ty at the MHC B -
‘region. AVY exper1mental birds used An these studies have

been typed pos1tively as erythroid chimaeras

L "“ Table 2, shows the results obtained when lymphocyte'
. (ff om 8 FP* b1rds were tested 1nd1v1dually for their abil:

to. cause GVH splenomegaly react1ons In exp #1, lymphocytesia
from 3 14 week old ch1maer1c birds generated at day 12 of
embryogenesis by parabios1s were tested for their abil1ty
to cause splenomegaly when 1nJected 1nto embryos of the !,
donor ‘type straln or 1nto third party embryos In exp #2
lymphocytes from 5 FP* birds'made chimaeric at day 15 of
emoryogenes1s are also examlned for their ability to cause
l splenomegaly As can be seen complete tolerance was 1nduced
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‘Table 2 Graft Versus Host react1v1ty of adult ch1maer1c
C birds, generated. at days 12 and 15 of ‘
embryogenesis, as assayed by splenomegaly"

—-.———--‘-—----—ﬁ’——----b---—-G--—-----‘----——---- -__________,

et ‘Weight of spleens (in mgs) 4 days post
R : 1n3ect1on - _

Source of . & mesres T Outbred Hostssf o
. donor. cells IR (mean+SE) o : ;(mean+SE) :
exp'#1' ;-’ o o |

-—-—.-— - . . B '.;&‘),
FP*Z #1 11.97+0.38(1) 78.5+14.6 . .

FPx2 #2 12.4. +0.6 (i) 58.8+13.4
FP*L;#a - 11.25%0.4 (i) 81.2%16.7
il normal control  70.8 +8.2(i1) 127.8+25.9
expﬁ#Z | - B -
FPa3 #1 10,5 +0.4(i) . 65.8+21.5.
EP*3 #2 105 *0.5(i) . B5.0%50.0
FP%3 #3 11.6 #0.5(i) -~ . 65.6%32.2"-
FP=3 #4° 9.3 70.6(1) o '52.2%13.4
FPss g5 9.1 %0.5(4) - 69.0%24.2
fFPt*normal-controd 74.0 £6.2(1i) 134.0+25.0
SC4. norﬁal control ~$1.2'10 6(iii) 147 o+37 5

---—--_------—-------‘------' ---------------------------------

'. Whole blood was ‘washed tw10e in RPMI - 1640 serum free ' .
' vmed1um 0.1 ml of '1:3 reconstituted whole blood was used '
‘ in both experlments to assay for GVH - splenomegaly. as
"~ . described in Materials and Methods . .
© 2. 3. FP* birds, 20 weeks of age, made chimaeric with s red
- cells at day 12 of embrypgenisus after. parabiosis. '
3. 5 FP* birds, 7 weeks old, made chimaeric with SC. red
.- cells at day 15 of embryogenes1s after stem cel1
v - injection .-
4. FP and SC control that - birds Used in these experiments .
‘- are aged matched birds had been injected at the "15th day
- -of embryogenesis with syngeneic embryonic stem cells.
5. 9-12 ‘host enbryos were used. per experimental group.
. grgugg i) and (11) of ‘exp' #1 and #2 d1ffer significant]y
- P< | .
“Groups () and (111) of exp #2 are not significantly :
"different P )0 R S — -

':,i1n both types of experimental birds The reaction caused by

fﬂthe jnjectlon of lymphocytes from FP* bfrds 1nto SC embryos
s ident%gal with that obt#Gned when sc embryos are injected]'
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w1th adult SC lymphocytes The spec1ficfty of theﬁreaction
- is shown by the ability of lymphocytes from chimaeric birds
-mito cause GVH splenomegaly when 1nJected 1nto outbred 12 day
-old embryos when lymphocytes from normal and tolerant blPdS.‘
"_are compared for their ability to cause GVH react1v1ty on ffb.
'-1nJection 1nto outbred embryos 1t is found that the tolerant‘
_ilymphocytes show a- lower reactivity This 1s most likely to
ibe due- to the 1nduction of cross toleranoe Thls notion is
f’supported by the finding that lymphocytes from tolerant

' birds are able to cause a very strong reaction 1n some of

4

| theiinJected embryos whéreas 1n others only a weak one takes” .\y
-vplace ﬂiﬁis variability 1s reflected 1n the .large standard
error of the spleen weight of- outbred hosts four days after
chey are. inJected w1th lymphocytes from tolerant donors (see
. Table 2). ' | |

b

Table 3 shows the results obtained when lymphocytes :
,///from 8 SC* birds are tested 1ndiv1dually for their ability '
| to cause GVH CAM ‘POCK - reactivity In this table chimaeras ,
generated at day 12 by parab1051s and day 15 after stem cell:l
tinJection are included in 2 different experiments The CAM-

b POCK - assay used 1n these eXperiments enumerates swngle |
e Jalloreactive lymphocytes that are placed onto the .CAM of
;'allogeneic embryos Lesions or pocKs of characteristic
;":morphology and s1ze are formed on the CAM of the embryos
\"within 4 days when the donor immunocompetent lymphocytes .
differ from the embryos at the MHC region The CAM PDCK ytV'ﬁ

. assay is therefore a very sensitive technique in assessing

‘/‘ .,
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Table 3. Graft- Versus Host react1v1ty of adult ch1maer1c n’ {
' blrds generated at days" 12 and 15 of e

--——-_--p——-—----—-----—-d---—-—d&--p,—---d--——-‘-—--——--—----d

--------------------------------------

Source of . = ) FP Hostss - Outbred Hosts"
donor cells - - (mean+SE) ' ImeansSE)
exp #1 N
SCx2 i1 o S0 (7)) 12.0+ 6.6
SCx2-42 B 0 (8) 12.6% 4.2
SCx2 #3 ’ S0 (8) 10.2%.3.4
. SC normal control  22.7+6.4 31.5+ 9.4
exp #2 s | .
. SC*3 #1° 0 (8) (i) "55.0+ 9.6
. SC*3 #2 | 0{7) (i) 22.5% 8.7. .
. SC*3 #3 0 (8)" (1) . 24.8%11.4.
% TsCed g3t - 0 (7) (i)  24.0% 8.8
- SCx3 #5 0 (8) (i)  18.7% 6.5
sc normal. control . 43.5#5.5° (ii) 56.1+15.0

----------------------------------------------------------

-@.
- ‘. Whole blood was washed twlce in RPMI-1640 serum free
- - medium. 0.1 ml of 1:3 (exp #1) or 1:2 (exp #2) " '
S recong'ti tited whole blood was used in both experlments to
assay for GVH CAM-POCK. react1v1ty as descr1bed in-
- Materials and Methods- . :
2, 3 SC birds, 16 wks old, made chimaeric with FP red cells
- . at day 12 of embryogenes1s after paraboisis. -
* 3. 5 SCbirds, 3 wks old, -made—¢ eric with FP red cells.
S at day 15 of . embryogenes1 after stem celi injection.
4..9-12 host embryos were Jected per experimental group.
“The humber of CAMs recovered is given in parenthesis..
Groups (i) and (ii) of exp. #1 and #2 d1ffer
_ s1gn1f1cant1y P <0 001 _

\,'_‘u‘. ‘\ ‘-“/ . é’ P o .
the degree and specifiCity of ierance As can be seen in .
‘Table 3 complete and spec1f1c tolerance was induced in both
types of chimaeras as assayed by th1s GVH reaction

4

. Th1s spec1f1c Tack of GVH reactivrty holds over a w1de
range of lymphocyte doses for both types of assay Although .

.1t 1s known that there are var1at1ons from exper1ment to .

Ea



:‘ per1od of 4 years

't972) it was a regular f1nding 1n these studles
. pocks could not be rel1ably counted 1f more t.‘
. 1gnunocompetent per1pheral blood lymphocy
.'t_‘lonto the CAM‘of allogenelc embryos
‘tdtfferent exper1ments where the a

of lymphocytes to cause GVH-r

'-are 1nocul

'demonstrates an addltvonal property of the chimaeras

s were 1noculated=-

lh,le 4, shows two

.l1ty of d1fferent numbers
ct1v1ty (from 24Sx105 to 105l
from ch1maer10 and norma]

that in both types o ’assay the react1v1ty caused by normal

lymphocytes ince ases when 1ncreas1ng numbers of lymphocytes"

ed onto allogene1c embryos whereas the |

iv ty of hocytes from ch1maer1c b1rds rema1ns

‘ g A total of 91 SC* and 29 Fpx b1rds were generated ‘
and tested 1nd1¥f3ually 1n dlfferent experIments over a-

v

+ .

Complete and spec1f1c tolerance was found to be a

| permanent property of these b1rds wh1ch rama1ned ch1maer1c

" over long per1ods of t1me Th1s is demonstrated in Tables 5

e

- "dand 6 where some of the ch1maeric birds generated at day 12

by embryon1o parablosls rema1n spec1fically tolerant and
chimaer1c at 80 and 200 weeks of age Table 5 also _,-"

"fgenerated after parabiosfs Th1s is - the lack of tolerance to
"m1nor htstocompat1b1lity antigens As emphas1zed under ‘wl

. Materials and Methods both types of GVH reactlons ‘ -
.splenomegaly and the CAM POCK measure reacthities caused

1rds are compared \It can be seen,~'



. ~xu
"tTable'4 Graft Versus Hcst reactiv1ty of ch1maeric bxrds as

.. 1. assayed by splenomegaly and chor1oal1ant01c
membrane pocks‘ -

-------------------------------------------------------------

_ welght of spleens (in mgs) 4

A Ai- - . days post’ 1nject1on o
' ‘_\‘\_‘ L L eeee v'-,‘,--o ----------- '---.--,-:-'f-'-:.-- g
S ... Number . 2 S N o
~ Source -of . o of . FP Hosts2 - .Outbred Hosts2
:.donor cells - cells .« (mean+$E) ) (mean+SE) _
eXp‘#j | ‘t . .
qeormal s 2.5 x 105 43,5+ 6.08 N.T.
L 5.0 x. 105 61.2%11.2 ©LN.T.
o 10.0 x™0% . 100.7%18.5 66.0+ 6.01
scx33 ™ 2.5 x 108 9.1+ 0.4 v INLT.
" 5.0 x 105 9.8+0.6 : N.T.
.. 10.0 x 105 12.1% 0.8 © 36.4+ 7.9
--- a--- 1113 0.7 : | i
| ~ No of: Pocks 4 _days postr
inoculations o
.FP Hoéts? - \Outbred Hosts?
(meanzSE ) - \{mean+5E) .
. '---l- ----------------- miriabaiaiahe N
exp #2 o A .
Normal SC? 2.5 x 105 15.1+ 4.8 NF—
T 5.0 x 105 . 31.4%.4.2 N.T
" ' 10.0°x. 10s - 56.6+10.3 ,35.4+14.5 ‘
scs2 77 2.5 x 1ps 9 10:3+ 2.7
S . 5.0x 198 0. 12.8% 4.8
L 10.0 x 105 - @ e 20.1% 3.3
Normal FP .. . 10.0 x-105 = . 0 SR N.T 3
--- e 0 NT 2

---—----—----a-——--—-----—-—---—--—------—----Q—--—- —————————

'. Dénor PBLs were purified and assayed for GVH. | :
' splenomegaly and CAM-POCK reactivity as described“in"'
. . Materials and Méthods.
2, 9-12 host’ embryos ‘were 1njected or inoculated per~ T
experimental group.

" '3, Both the. 15- -day chimaeric and the control bird were 80

" weeks old. At th1s age ‘the experimental bzrd was 10%
-, chimaeric. = .

¥ Both ‘the 15-day. chimder ic and the control .bird were 48
weeks old. At this age the experimental blrd was 10%

. chlmaeric - i . .

- N.T. Not tested



-in -old chimaeras

Pers1stence of spec1f1c to]erance to MHC ant1gens}'
Presence of .reactivity: to.minor
antigens as measureéd by GVH CAM-POCK assay:in ’
- chimaeras generated

gt day 12 of embryogenesis.

Absence of such reactivity in ch1maeras generated

"at day 15 of embryogenes1s

B i T =

-------------------------------

---—--q———----—--—--p--—-d -----

No of pocks 6 days post 1n3ect1on 
R - EP Hosts? .  SC Hosts? *
S % - - (mean+SE). {mean+SE) .
- ‘Source of Chimae--~  Large - “Smali Earge -Small,
"donor cells ‘rlsm Pocks Pocks - ‘Pocks - Pocks
exp'#1 . S L o
EPes NST o 0 5.1%1.7
SCx3 #1 30-40 0 - 6.2+1.8 °
SC*3 #2 30-40 0 3.0%1.6 A |
exp #2 | _ _
Pt #1 10-20 0. 5.841.3
FPx4 #2 30-40 0 6.5+1.9
------ . _ / e S
Fpas 41 o / 0. 0
. FPxs 42 . { 0 . 0.7,
FP=x5 #3 . "\7 ‘_:0r -0
. . T
FP normal control. 40 3+7 2 - N.C.

-—----—_-——----——----—---—-.---

}Z’Whole blood was washed twice in RPMI-1640 serum. free

medium. 0.1 ml of 1:3 reconstituted v

CE

'le blood was used ;

- in. both experiments to assay for GVH » CAM-POCK - react1y1tyf_'

- in a 6 day assay.

2, 9-12 host embryos ‘used’ per exper1mental group. '
- The number of récovered CAMS is given in parenthesws

3, FP* and SC* birds generated
: at day 12 of embryogenesis,
f.:FP* birds generated at day 1

after embryonic parab1osis
tested at 200 weeks of age
2 of embryogeneis by ; o

 parabiosis tested at 20 weeks of age.

-~ %, FP* birds génerated at day 1
- stem cell 1nject1on tested
N C= Not counteq

at 80 weeks of age

5 of embryogehesis after .

by d1spar1ties at the MHC B region when assayed 4 days afterﬂ;'

.'lymphocyte adminlstratlon The
 d1fferent pocks (smatl without

appearance of qualitat1vely

a necrotlc center) after the :f_5;~

N



. S g

o Sth day of lymphocyte 1noculag1on is due to reaot1v1t1es
’f//f\> caused by d1sparit1es at minor h1stocompat1bil1ty loci. An
‘1nterest1ng observat1on was made when chimaeras geherated

after embryonic parab01s1s and ch1maeras generated after

RS stem cell inJeotion were compared. When lymphocytes from )
chimaeras generated at day 15 of embryogenes1s were assayed
3 for-GVH react1v1ty on the 6th day after lymphocyte
.VSw inoculat1on "the absence of small: pocks due to minor
- ”'hlstocompat:b1l1ty,dwfferences, was a common f1nd1ng, see
.,,.' exp #2 Table 5:, In con&rast when lymphocytes from
. " ch1maeras made by parabros1s were assayed for GVH react1vity

LR

8 days after lymphocyfewadm1HJ§tration bgth types of GVH

° e e

’ assays revealed réact1v1ty Iable 6 shows the sl1ght ‘M" G
Ancrement 1n spleen we1ght caused-when cells from chﬁmaer1c
‘p1rds are«anjected 1nto donor type'embryos and Table 5 U
demonstrates the ex1stence of a. few small pooks on the CAM .
gf donor type embryos Stnce no react1v1ty agalnst.MHC

if”uf dantﬁgens can be seen.1n older b1rds by the pock assay (see'.

b Table 5) 1t seems l1kely that the 1ncrease in spleen we1ghtl
S observed at day 6 in- the splenomegaly”react1on on 1nject1né

2 cells from older ch1maerlc b1rd§w 1s due to: react1vity l

'if:&ga1nst m1nor antigens (See Table 6) These d1fferences.

RN between chlmaeras made after parab1osis and stem cell'

v;,'ﬁ:’1n3ectaon can be, easily expla1ned when. one takes 1nto

i} ”ﬂ account the dlfferences in the ways by wh1ch they are .f

:ncjaaproduced Uhen\éhjmaerism is establ1shed‘by=stem“cell

.At a hundred embryonic donor spleens are
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. Table 6. Persistence of spec1f1c tolerance to-MHC ant1gens
in older chimaeras, generated at day. 12 of
embryogenesis, .and the presence of redct1v1ty to
minor antigens as measured by splenomegaly'

e m - --a-a L T T S YL R

14

---------------------------------------

We1ght of spleens (mean. mgs + SE)
"4 days post inJection‘

-----—-—---—---------—‘--—.---, ----------

.Sdhrce of

donor cells . N Hostszl_ | Outbred Hosts2
exp #1 o | .
SC+2 #1 13.040.8(i) 179.0+28.7
SCx3- #2 1001+1.2(5) 144, 0+49 3.
SCx3 #3 ‘ 10.1+1.3(1) - 75. 1*27 8
SC normal control- - 112 443, 3(11) o "-‘258 0x28. 3"
| ' we1ght of Spleens (mean mgs + SE) .6 days
after 1nJect1on
SC hosts FP hosts B!3/B'3 B1/B13
. Hosts . Hosts
ekp #2 | -
SCes #1 o 23.641.7(1) 83.6+3.2
SQ?‘ #2 E - 32, 5+2 1(1) ‘95.313.93“2
.SC normal - . 1129.55.6(11) 1p0.2+5.4
control . : o o ' I
% : . . } . .
FP*S #1  20.1+1.6(i) " 89.8+3.8 120.4+4.8
FP=S #2 16. 4*1 8(1i)- . . 58,1:1}4 .B81.823.7
FP normal '4110,414.7(ii) - \ 402.014;5 137. o+5 2
’ control ' S ' -

1. Whole blood was’ washed twice in RPMI 1640 serum free med1u
.medium. . 0.1. ‘'ml of 1:3 reconstituted whole blood was used -
in both experiments to assay for GVH- spenomegaly ina 4
© day assay {exp #1) or in a 6 day-assay (exp #2)
2, 9-12 host -embryos were used per: experimentaT grdbp

"3, 3 SC* birds, 16 weeks: old

4, The same birds of Table tested a year later that is
. at 68 weeks of age.

5.‘Thez§ame birds’ of Td?:ezg testedfa yéar later that ;s
. at weeks of age weeks of -age - no sp enomega y

¢. could be detected in a day .4 assay (see Table 2).

. Groups (1), and- (ii) of exp #1 and #2 differ
s1gnificantly P>0 001, ‘ e e

SO
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pooled Thls exper1mental protocol leads not only to
tolerance to MHC encoded B antigens but also to those coded
for by m1nor h1stocompat1bwl1ty loc1 In contrast ch1Maeras
rmade by parab1os1s of two s1ngle d1fferent embryos leads '
only to tolerance to MHC B reg1on encoded ant1gens and to
;mxnor h1stocompat1b1lity antwgens that these part1cular~
embryos happen ‘to carry. ' _
i) Ontogeny of GVH. imwnocmpetence
1) Spec1f1c absence of GVH alloreact1ve clones in

newly hatched birds 1nJected w1th allogene1c stem
cells at day. 15 of embryogenes1s

~

It s clear from the above results that cell med1ated )
1mmun1ty, as assayed by two GVH react1ons, is specifically
absent in adult stable ch1maeras generated at days 12 and 15
of embryogenes1s In ‘addition to this type of analys1s the
onhtogeny of cell med1ated 1mmunocompetemce as measured by .
the GVH CAM POCK assay, ‘was followed in norma | b1rds and in
birds 1nJected with allogene1c stem cells at day 15 of
' embryon1c development Th1s 1mportant early phase of |
1mmunolog1cal react1v1ty, during wh1ch tolerance is 1nduced
is the least stud1ed phase 1n most 51m1lar exper1mental
’systems It was found that as early as day 2 post hatchlng . :
‘normal ch1cken spleen cells conta1n pock forming cells and
;the1r number 1ncreases with age 1 contrast,'spleen cellS'u
from young ch1cks 1n3ected as embryos w1th allogenelc stemf
cells fa1l to show any react1vity against the tolerance .

1nduc1ng ant1gen Tolerance was shown to be specific as S

=]
. s, .

y’
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: spleen cells from these b1rds were reactive aga1nst th1rd

- party embryos (see F1g 3)

P An‘additional second apprbach was'employed'to'followl
the ontogeny of lymphocytes respond1ng to MHC encoded o .
alloant1gens Thls 1nvolved a combination of an in- vitro and

in-vivo assay Fetal spleen cells (day 18), and spleen cells

from 0 day (hatch1ng) and 2 day old ch1cks were cultured 1n-
vitro. for 48. hours in the ‘presence. of the T cell .mi togen
phytohaemagglut1njn_jn RPMI-164O serum free med1um:‘the1r
ability to form'pccks'was subsequently teSted by -
1nnoculat1ng them onto. allogene1c embryos The data’ (see
vTable 7, exp #1) show that fetal spleen cells are. not able :
to form pocks even “in the presence of PHA. Spleen cells -
taken from ch1cks at the day of hatch1ng, however. show a.
dramatic 1ncrease in the1r ab1l1ty to. form pocks if PHA 1s
present in the culture med1um, in contrast to the absence of
'react1v1ty observed 1f the same cells are not treated with
the mitogen. Th1s methodologjrnot only makes possvble an :
earl1er 1dent1f1catlon of pock form1ng cells (at day 0
rather than at day 2) but also reveals h1gher numbers of
responding cells ‘and thus 1ncreases the sens1tiv1ty of ithe “.;.hi'
assay Lymphocytes from newly hatched chacks, 1nJected as f#('
embryos w1th allcgene1c stem. cells ‘were tested for ant1-
"donor actlyity by the same procedure The results (Table 7

' exp #2) show that specif1c alloreact1ve clones were absent

in these ch1cKs even when their lymphocytes were cultured |

'-w1th PHA Thus even w1th th1s rigorous test which reveals

3
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... Ha. 3. Ontogeny of GVH.reactivity of splenic lymphocytes D
.+ from'normal and chimaeric birds. Donor cells were prepared. = -
 ;as described 'in Materials and Methods. 1 0¢ spleen cells from = .
'~ . donoes’ of different’ ages were inoculated into var fous -host . -
-, /embryos and the number of pocks -formed: was counted: 4 days . R
© !later. Lymphocytes from SC'birds, ‘injected at.day 15 of .~ . i .
. embryogenesis with FP stem cells, . inoculated onto 'FP . - &= - . .
~~ embryos: open circtes, or onto B'3/BY3 and/or outbred Sl
- embryos: open. squares and triangles respectively. Coatrel . .
- .- lymphocytés from normal:SC:age-matched: embryos inoculated =~ . '
-.vonto FP embryos: ¢losed circles, or.onto 'B'3/B13 and/or N T

enbryos: closed squares:and: triangles respectively. .
_ esent the standard-error 'of ‘the mean. The -
- cell population of the newly hatched chicks is wery . - - °
hetero?eneousandseﬂsit*veto -in-vitro manipulations. The . == . o -
" approximate number. of white cells per. spleen.dépends on.age
. cas follows: day.2; 2.0x10%, day 3; 4.7x108, day 5; 11x108, . -
o day 305 27:0x108, L L T T e T

T W SR




._4n»a 0 .VHd 40 |w/BW O} YIIM JO BUO|® UBY} I8 PBUN] |ND puR PBU}RIQO’ 848M BUO|SUBdSH

A o
- »
g T ﬂﬁ
- ) [N

a S .«mnto>oummﬂnb:cgnaoe 30 uequnu nrw nm>_n.wwwwrwcwuumA
S up-8JdnB) - eyl @noduB | wyuaw | uadxs Jed peye|noou; euem S3SOU Zi:6
: - Con i S S S ERE) ¥ -
Aep uo sunodo BujyoIeH -0 -Aep se pejeubisep s} uojiwvanouy 668 jo Awp ey)
Come SR e T LD et peieakpuy
% S0AUQuS 180U OIUO PBITLNIOU| BUBA BINI(ND BUY 4O BujuuiBeq auy 3@ S| 18D -
+0} 03} Bujpuodseu.dod. 8( 189 40 dequinu y TN pew QOLﬂqszﬂnnmovwbuqxnmrcaw

) 1182°8(Bu}S ‘PeIBI}PU} S8 SOUW}L SNO|JPA I8 PBIDS| 10D 946M 51180 WBIS dd = -
oj8uabo (v yiim peidefu} s%O}uUS IS O PUB SX%0{4d 35~ |PWUOU OF WoJy SuUeR|IdS %

llllllllll lllliﬁllirIliillﬁllll|lllJIll1]llJil!1rllJ1l‘llltllrlll)lfﬁllllll'lLi.

4326 - SR Tt S N
§0%80 . ' Wwo <.t .k T sled ueards -
s - C : R SUEREE o1 “

. P E+IES +L - L
Y S o ¥ 5 SR 8°0+E"} : <. - -dT 7 81182 uae|ds.

i

LUETLPLT o T Y 2. a

.. CgHdxe -
16T 6 S8 ZvE" 9 : + T LTE i
9 178" (z1)0 - LTz . R

+
-
= N O
% B ® .F

= . ‘s ¥ 8|(ed ussids

-t i

S aadxe.

lllllll ——w——-- S e e e | emmecmm——- - e ————— P

.,.:.nuno: . (S1SOH. VSISO d44: - (BISOH. 0§ VHd. 181182 §|[8D Jousp -
peuqing - “(v8/c18 ’ ‘ ) ’ S : +ouop - .. $0:83J4nas -
i ; . . . 40 -8By e
ltll|llw|hrlllll|J!lrrldtllrlllrlllllﬂlt|llldlll. - A - . L - ..M
uol3iw{ndou} unonunwnuhv (3S ¥ uwsw) $%90d 340 ON .
E "S1190 Weys' 018uUelD| 1R U3 1A' SOAJqUE Se peysefuy . -
B " 8$)32140 peydiew abe jo »Apoo‘cwm_nu 8yl Ut ‘AyjAjyomwedol (e ayv|nwils
AL1®2) J1oeds 03 ueBoyjw 8yl JO 8uN|}BY "SWOIYS uwcuunc.>_>m£.—uELoc i .
.40 UBa|US @yl uj juesadsd A}iAjrowsuc(le MO -8U} 32838p 01 VHd 40 @sn L eiqei

.¢—u£gocwomuun_mu,:eJd.

ogty o' Ausioaruny




o alloreact1ve clones in otherajse non respond1ng lymghoid

—*ﬁél"populat1ons. 1t was not poss1ble to detect ant1 donor

- clones in. the spleens of ch1maer1c chtcks on the1r day of

.c‘~,v

hatch1ng . . ) : S
' 2) CAM 'Lympho1d“ Colon1es 1n1t1ated by spleen cells ce

from very young b1rds dQ

m'-The study of the ontogeny of GVH immunocompetence led
to the new f1nding that a fract1on of spleen cells from

young ch1cKs hasgihe abil1ty to form lympho1d colon1es when

: TM'of syngene1c or allogene1c embryos

"; \A total of 15 exper ments were performed to analyze the

: ontogeny of pock f“rmatwon and the abtllty of spleen cells f;'

—_—

from young ch1cks to‘form lympho1d and haematopoet1c l_;

colonxes These studfes cove%ed the per1od from the f1rst

.i,

post hatchtng daY’to the th1rd week of l1fe Dur1ng th1s
per1od lymphopoes1s could be detected 1n the spleen At
later times this activ1ty declined These experfments de

l}not allow a deta1led analys1s of the phenomenon of

lymphopoe1s1s but they const1tute a prec1se descr1pt1on of‘} '

;, the type of act1v1ty ex1st1ng 1n the spleens of young b1rds n

Table 8 exp #1. summarises the general f1nd1ngs and

describes one experiment where lymphocytes from spleens or AR
per1pheral leOd were tested fbr their ab1lity to ‘form pocksfﬂrtﬂf

o and/orL’lymphoid' and haematopoetic‘bolonies Cell'~f77f~

suspensrons from young spleen cells were prepared by'passlngi%;pg

the spleens through nylon sieves These cells tend to
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'reaggregate rapidly after their dissoc1ation into single

Tcells Uhen both Single cells and aggregates are inoculated

'TE:.ontb the CAM of ‘B- matched embryos morphologically distinctf-

L “small ‘white. colonies@(SUC) are. fgrmed Histologlca‘ StUd‘esi

"Qrevealed that most of these colonies contain a large number

_"jof lymphocytes and in some cases lymphocytes and

',fgranulocytes In addition to small white colonies, a few red

':colonies are formed these are found mOSt commonly when

;Spleens from one or two day-old chicks are inoculated onto .
T.B*matched CAM When the same splenic population is‘ | T
B 1noculated onto alloéeneic hosts two additional entities are
. 'formed These are, firstly,.large white colonies, des1gnated.
' - as LVC ‘and - secondly, pocks of characteristic morphology
?The LUCs proved on histological examination to. con51st
hmainly~of lymphocytes,_in contrast to pocks which contain'
}mainly mature granulocytes usually surrounding a necrotic-
center (Longenecker et al _ 1970) This "lymphop01etic
vact1v1ty is a property o* the young spleen. since such
act1v1ty was never detected in the ‘blood of young or adult

.“Jbirds, Or 1n the thymus There 1s one p01nt that should be

| .clarified here Small white colonies are not found when

S spleen cells are inoculated onto allogeneic embryos It

‘“’.seems that this may be only an apparent absenbe as they may | .
: . be’ physrcally obscured by the big white colonies The nat :ej,;

'}of the big white colonies seems to have an immunological |
basis since they are found only when spleen cellsyare -

lfinoculated onto allogeneic embryos It seems that the big




”“freact1v1ty when assayed on B- matched or allogeneic hosts of

: supernate containing 51ngle cells, and the aggregate

colonies are formed when 1mmunocompetent lymphocytes, o

'htrapped by the colony forming aggregates. stimulate the _
'.T.“lymph01d’stem“ cells to. prolifere w1th a resulting 1ncrease
-41n the size of ‘the small colonies These notions are. L
hsupported by two types’ of experiments First spleen oells
.'from young chlcks. injected as embryos w1th allogeneic stem

fcells, are unable to form big white colonies when inoculated

onto. the CAM of allogeneic embryos of the donor typel

although they are able to form this type of/colony when

1noculated onto the CAM of th1rd party embryos, see Table 8
' ‘exp #2 Secondly, fractionated spleen cells from normal and

-age matched tolerant birds give different patterns of

the donor type for their abllity to form pocks or small and

'big white colonies Spleen cells were dissoc1ated as before _cf

and settled for 20 minutes under grav1ty Both the ‘

containing fraction were tested for activity. “The 51ngle

' cell containing fraction from normal chicks was able to form

xpocks when inoculated onto allogeneic embryos Th1s act1v1ty'

was spe01f1cally absent 1n the same fraction‘gf lymphocytes

.‘obtained from tolerant birds On the other ‘hand,, when the _
.aggregate containing fraction was 1noculated onto B- matched .

1kor allogeneic hosts: only small white.colonies were formed

'-gindicating that the fractionation procedure separated two

"ucell types required to 1n1tiate the big white colonies

reported in the previous experiment Interestinglyﬁthe samé,' B

-

. *v v. )
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‘aggregate conta1n1ng fract1on derlved from spleen cells of '

/.
tolerant b1rds, was able to cause the format1on of small
colon1es in both B- matched and allogenelc donor type hosts

in a manner ind1st1ngu1shable from cells from the age-'

\

- matched normal rds. The aBove results are 1llustrated in

Table 9 |
b. Humoral Immun1ty S A '~;e%

1) Specific absence of alloreact1ve ant1bod1es i

ch1mearas generated at days 12 and 15 of embryogenes1s

Three approaches were use& to analyze the state of

respons1veness, at ‘the’ humoral leve], of chlmaeras made at

. days 12 and 15 of embryon1c development towards donor MHC

”'ant1gens The f1rst Was the d1rect measurement of -

alloant1body in the serum ‘of otherw1se untreated ch1maeras

,from the th1rd week of age to the th1rd year of . l1fe The

second was the measurement of allo ant1body in the serum of

lch1maeras whvch had - been challenged with donor type cells %
'carry1ng the MHC encoded ant1gens, -under cond1t1ons wh1ch

are known to elicit a good humoral response in normal b1rds

:'A third approach was to test for humoral block1ng activ1ty
‘1n the sera of. ch1maeras It was determlned whether such '
fsera could spec1fically block the in-vivo. GVH splenomegaly '

"'react1on The latter results will be descr ibed in the next

sect1on.

None of the sera from chimaeras generated at day 12 of

AY

,‘nembryogenes1s by parabios1s contalned any haemagglut1nat1ng ,



' ant1bod1es against donor type alloant1gens at any stage of

! .
their adult. ltfe The maJorlty of the chimaeras generated at

day/ﬁé/of embryon1c development d1splayed humoral non-
react1v1ty against donor type cells. 22% of this class of
ch1maer1c b1rds, 8 out of 36, developed specific ant1 -donor
type antlbody which could be detected as early as the th1rd
week post hatchlng The 1mmunologlcal and patholog1cal
character1st1cs of these birds. W111 ‘be described in the next
chapter together w1th the - properties of the ch1maeras
ngenerated at day 17 of embryogenes1s It was found recently
that sera from adult normal b1rds contain natura] ant1bod1es
aga1nst MHC encoded alloant1gens of the- spec1es, other than
those expreSsed as self antlgens A more sens1t1ve 1nd1rect
techn1que is requ1red to reveal these ant1bod1es as direct
-'haemagglutlnat1on 1s never found in’ these sera (Longenecker
et al, '1979). Given thts fact 1t was thought that, if the
'ch1maer1c mode 1. represents an exper1mentally induced
'cond1tlon analogous to that of self tolerance, it should
behave stm1larly in that ant1bod1es ghould not be found
aga1nst ant1gens of the donor type stra1n It was therefore.
cons1dered worthwhile to character1ze the sera from

ch1maer1c blrds by the d1rect and 1nd1rect technique for the

presence or absence of such ant1bod1es

\\\ The resu1ts are shown 1n Table 10 where the sera from

'ta group of 12 birds, all pos5t1vely typed as chImaeras (see -

‘F1g 2) were tested for direct and indirect L
‘haemagglutinating antibod1es specif1c for donor type



Table 10.fSerUm agglutinin'activttyfof chimaérés'g
e at day 15 of embryogenesis - '

_________ '.--_—--——-—-——-—---—--—----.,._----‘—__----—

422

enerated L e

Direct? and (indirect?) agglutinatijsh !
titers assayed on different red s o

Type of : o : PO
sera tested’ FP o B13/B13 Bts/B18 .[
SCx" #1 0(0) 0(1/2+) 0(1/8%+) ;

" #2 0(0) 0(1/1+) 0(1/16+) " !

" #3 0(1/4+) 0(1/1%) 0(1/4+T

B 7 0(0) - 0(1/1+) 0(1/2+)

" #5 0{(0) 0(0) 0(1/2+)

" #6 - 0(0) 0(0) 0(1/1+)

" #7 0(1/2) - 0(0) T 0{1/2+) -

" #8 0(0) . 0(0) . 0(1/1+) -

"#9 0(0) 0(1/1%) . 0{1/4+) \

" #10 - 0(0) 0(1/2+) . 0(1/2+)

o #1 1/4+(N.T) N.T(N.T) N.T(N.T)

#12 1/4+(N.T) N.T(N.T) N.T(N.T) .

SC: anti FP 1/32(1/1024) N.T N.T

- Sera were collected from 6 week old chimaeras. .
2. 0.1 ml of chimaeric sera were serially diluted-two-fold

in PBS and 0.1 ml of 0.5% red cells wepe added in each
well as indicated. The plates were incubated for 45 _ 3>

minutes at room temperature and.red cell agglut
was directly read through a mirror. ’

3. 100 ul of chimaeric sera were serially diluted
in PBS and 0.1 ml of 0.5% red cells were added
well. Plates were incubated for "45 minutes, at r
temperature and then washed twice with 0.1 ml o
Cells were then transferred to new V-botfom pl

ination

two-fold -
to eac
oom

f PBS.
ates and

0.1 .ml of developing Horse anti chicken serum was added.
45 minutes later red cell agglutination was read through

a mirror. The developing serum did not cayse an
agglutination when tested against the above red
+ signifies complete agglutination, ‘

+ partial agglutination. .

alléantigensvor third party alloantiééns. A]though

indirect haemagglutination assay can increase the

SC anti-FP serum from 1:32 to 1:1024 it failed to

chimaeras. 60% ofﬂﬁhem‘showed:indirqc; bed,pell- S

positive anti¥FP'reactiVity in the majqrity of "SCx

y red cell ¢
cells.

the
titer of;g' |
reveal

.

- -

agg]utinatipn qbtivity against B.‘3/B‘°"3 red-célls, énd'all of
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) served as hosts for chalienge with donor type FP adult red

123
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‘them showed a poiitive reaction when tested against B"/B"
"1‘red cells. It should be mentioned: here that when sera from

‘i‘normal birds are tested for natural alloantibodies higher -

titers are genera]ly observed The sera eXamined in. these

vexperiments came from mature 6 month old birds whereas the
't.chimaeric birds were only 6 weeks old This difference in
'1age might count for the Tow alloantibody titers observed

. against third party red cells in. the sera of. chimaeric

',birds Another and equaily lihely explanation is that cross

tolerance exists Lt the humbral Tevel .as. was found at the

' el] -mediated. TeVeI» Such cross tolerance could be
responsﬂble for the lower antibody titers found against

~ third- party alloantigens, in’ the chimaeras

; The second approach Was to determine whether the
1 <

imaeras were spe01f1cally unresponswVe -at the. humoral

level by deliberatelyuchailenging them‘with adult donor type

cells Ihis experiment was part of a general experimental

plan, the results of which will be presented lh the next
4 'ection. (see-Table 14 group 4). FOr the purpose of this

tion the relevant group wili be- described A group of 4
chnmaeras generated- at day . t5 of.embryogenesis and Wh1ch IR
did not contain any detectabie -anti donor strafn antibody._'

A .&
\:..

blood cells together with red cells from B"/B" donors
.Each ‘host bird was. uéﬁected at days o 274 and 10 with
equal amounts of. red’ cells obtained from & total of 8 mls of”_'

FP and 8 mls of B“/B“ whoie biood The sera obtained at
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t' day 12 after the first inJection dld not contain any R
reactiv1ty against donor type .FP red cells although these
- birds did make anti-B14/B14 alloantibodies ) ‘
C. Lack of spec1fic react1v1ty 1n the absence of active

suppression.

From the eVidence presented above it is clear that the “
" two maJor classes of 1mmune reactiVity. cell- mediated and
.humoral. are spec1fically absent in all chimaeric birds
generated at day 12 of embryonic development and in the
maJority. (78%), of the chimaeras generated at day 15 of
embryogenesis The question of whether ah active mechanism
is respon51ble for maintaining the unresponsive state was g
addressed either directly by trying to determine whether
there are humoral or cellular elements in the chimaeras that
.are able to activefy 1nh1bit normal immune responses or
'}1nd1rectly by attempting to bneak the unrespon51ve state- by
u"various treatments which had been shown in other systems to
be effective in breaking toLerance

| 1) Absence of. various ”blocking factors ‘inftheﬂsera:'

, (. . Lt

‘of chimaeras . }'/

>

The 1nhib1tion of GVH splenomegaly reactTV1ty 1s a

: pa;ticularly useful tool in searching for the presence of -

- antibodies directed against lymphocyte surface antigens

: Although there are no- systematic studies on the class of -
"antibody mediating this inhibitiqn..it seems that this is a
property of hyperimmune sera (Fredericksen bt al 1977).

—a



Tﬁ'be made here concerns the mechanism of action of 1nh1b1t1
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‘ The haemagglutination’titer against red cells of the

r'immun121ng type 1s usually accepted as‘an 1ndex of antibody"

.formation against MHC encoded antigens in chickens as these
antigens are expressed in high concentrations.on red cells

in this specaes The equ1valent titers for alloantigens

present on lymphocytes are not Known . The class of ant1body |

-able to 1nh1b1t splenomegaly and the concentration of the
relevant MHC encoded B alloantigens on lymphocytes are not
Known and this should be Kept in mind when the results of
these types of experiments are evaluated A second point to_

It ‘seems that antibody directed against ‘cell surface

'ant1gens of responder Lymphocytes prevents them from hom'

| splenomegally reaction from taking p tace (Lydyard and ;
Ivanyi,_1974, and Pink and Migianno, 1977). | '
‘The possible‘role Of putativelfactOrs present in the

r,
\

serum of chimaeras in maintaining the unrespons1ve state was .
'1nvestigated at two levels First 1t was determined whether
"chlmaeric serum could 1nh1b1t the react1v1ty of normal host
’type lymphocytes, and secondly whether such serum could
inhibit the react1v1ty of normal donor type lymphocytes .
fNumerous experiments were: performed m which the inhibi tdry

ability of sera from different tolerant chimaeric birds were‘

tested’ 1nd1V1dually at differeﬂt stages of adulthood
'starting from the fourth week post hatching to the third
2 year of age All such'attempts were negative. In Table 11

n
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'ﬁ‘*fﬂconcentrations were examined{

!the behav1or of 4 such sera 1s shown together W1th the

”‘.pos1t1ve 1nh1b1tion obtained when normal lymphocytes were k.f:”

.lftreated with- a low titer, 1: 8 of hypephﬂmune serum Although j“*'

f”.there are. no systematic studies on the class of antibody
' nlnhlbltlng the GVH reaction as mentioned before 1t was :

.observed through the course of these studies that sera from

"birds 1mmunized under the standard protocol Wlth allogeneic ‘ .:.7

'whole"blood do not - inhibit the splenomegaly reaction for a.

ﬁiperiod of 10 to 30 days after the first 1nJection, although
these sera have p031t1ve red cell agglutination,titers atter
vthe 10th gpy The b1ological role of serum'hlloantibodies y
_w1ll be further d1scussed‘ﬁh the next chapter in which it ’
will be\made clear that where the maJority of chimaeras .d:

s-produced at day 17 of embryonic development display p051tive

| haemagglutination titers against donor type red cells,

1i) Absence of detectable suppressor act1v1ty 1n ;‘_“4

s ._chimaer 1c lyrrphocytes

The pos51ble role of 1nhib1tory cells in maintaining

. the tolerant state 1n the chimaeras was investigated in a h_v S

| u’series of experiments where lymphocytes from tolerant birds
x:fwere tested for their ability to suppress the GVH reactivity

@?

of . normal lymphocytes Inhibitory cells were never found in ST

. the peripheral blood lynphocytes of. chimaeras generéted

A ?'either at day 12 or day 15Jof embryogenesis although many
”'tiexperiments were performed uhere;different cell R




Table 12 Absenee of .ce—ll-mediated suppressmn m
R chamaemc bwds _

No of Pocks 4 days post.
inocmation (meansSE )’ T
------ f---f"i'ﬁtﬁr:‘Tfjf?fﬁfiji;_ o

k "-'-._Nunber of cells moculatkh [ -‘

--------------------------

Normal scz-f;:sc*zf;  -:7 P Hosts’ " Outbred Hosts3

- - ---.-- L e - - .'-'-—-—---—-.- . -_---.h- -------

e  ' '- 'exp #1 5 x7105° .00 CEeel LB 8% 5D T

'T'Q;QfeXP #3 ;ﬁjg;;;l

L 5.0 X105 o e-- 248+ 5.1 0 oo
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"‘,"' R Penpheral blood - lynphocytes were tested as’ indicated

2. The chimaeric birde and  the contro’

.. for their: ability Ao inhibif  the pock forming ability
- of. normal ‘peripheral bilood: lynphocy es. .

: :lrds used were R
©7ir4 months 01d. AT1 thiree chimaeras - ‘were. made..at- day 15 of
: leubryogenesis and they had no detect‘ab,le anti FP
antibodies: ... T o
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.;ly~1"°Pma1 lymphOCYtes As can be seen in these expertments a
'-ﬂnstrik1ng neutral1ty of tolerant lymphocytes was observed

‘:?when they were m1xed w1th normal lymphocytes A total of 19 ;,iVLf
'7'f*ch1maeric birds were 1ndnv1dually tested 1n a similar mannerﬁﬂ e

wemploying e1ther the splenomegaly or the CAM POCK assay Thefffffg

- }‘results were 1dent1cal w1th the ones presented above

" 111) Stability of unresponsiveness after various

treatments of ch1maer1c cells

| From the results presented 1n the prev1ous two sectionsf;t ‘

",1t is clear that attempts to detect either humoral or,”&rj'
:;cellular 1nh1b1tory activ1ty 1n these unresponsive chimaerasfl‘f‘
'a‘were unsuccessful Although efforts to detect suppressor |

?dact1v1ty were extens1ve the immunological unrespon51veness

n'zy'of these birds could 1n principle be still explained by a

”'Lyapproach was employt

"low but undeteotable level of inhibition A second 1ndirect

in the search for inhibitory act1v1ty_ﬁ
'vrlt was argued that should unrespon51veness be due to ;;\
'~1nh1bition rather then deletion some treatments might

'ff_reverse tolerance and reveal immunological reactivity A

‘;] demonstration of depreSSed clones would inply that a

-Tcontinuous active mechanism maintains the tolerant state and

: 56e 1nconsistent with deletion Several different approaehes SRR
'hjhave been hsed in these experiments They have-been based \ “jfj:f

v

/ b"“’f ""“""a' u""esponsiveness to SRBCs induced neonatally



‘:i*;ﬂn%fifﬂBbJ;ﬁdﬁﬁ“:

'i;can be reversed if lymthCytes from adult

'ﬁjviunrespons1ve anlmals are pre1ncubated for 12 hours in v1tro

'bﬂgfbefore beang transferrfgjto 1rrad1ated syngeneic hosts

-{if:(McGregor et al. 1967) Humoral unrespons:feness to SRR

jiiitpolymer1sed flagellin of Salmonella adela1da lnduced _Q_ ,

'di;v1tro,.1s reVersed When the ant1gen or antlgen ant1body el

ft“hcompleies are removed from the surface of IymphOCytes by ?t:fg:f;{@

‘:fftryps1n treatment (D1ener and Feldman, 1972) F1nally.l,th w,ﬁt:fl“
was reported recently that T cell polyclonal actwator’s L

‘fﬁkkcould 1nduce-1n v1tro k1ller cells specwfic for donor straln

’ff‘alloant1gens when 1ncubated wwth lymphocytes from adult mice ﬂ”_ffm
Ufan which tolerance to H-2: ant)gens was 1nduced,'eonatally H '
53(Uaterf1eld et al 11

:.'8) Th1s last approach seems .
'ajpart1cu1arly useful as work presented here has shown that
f}:FPHA can dramatically 1ncrease the abil1ty of lymphocytes

fﬁfmﬁfrom newiy hatched chicks to d18play GVH reactlons {ﬁj,fﬁﬂf*‘V’”

- Tab]e 13 summarizes expehuments performed 1n efforts to;;f=~i]f
foreverse tolerance.,Lymphocytes from an adUlt ch1maera were‘ ff{[;iﬁl
‘”.i) 1ncUbated for 48 hours 1n vitro and then assayed for GVHlti;ve'g
.tn'splenomegaiy react1v1ty, i1) treated'w1th trypsin washed tii~, .
'],ﬁiextensively and 1ncubated for 48 hours 1n vitro, and then B o

5tﬁf?assayed for GVH reactivity and 111) cu]tured for 48“hoursuint




tlfd'tablealﬁ Stab1l1ty of unrespons‘veness after var1ous |

:f.’f:j':.“lél.

4 treatments of ch1maerto£cells '
| Weight (1n mgs + SE) of spleens
6 days after 1n3ect1on‘_’ e

SOUrce of - o N -
Donor -Cells.. Trypsm2 PHA3< FP Hosts;alﬁf( Outbred Hosts

e rm e e e e e, | m——-—w————- D, ‘---..__- _____ T e e - - - - -

CSCk T e 126;11 2.4 - 70, 1+29 0
" SRy 24,04 1.8 0 ¢ BB.2¥38.6
o e ‘fub"2754:‘4;3f-. T 65 8+24 0 _}'
* SC normal . . S P o L -
- ‘eontrol S S 188 O+12 4 . 13060+21 0
e - 188.0%19.2 - ¢ NeT
S AT "158_0116 2 = NT

' control S e N - 26 2"'38 ‘_o v. o CONY
- e e T R2.0% 90 N

, ,-"'-"‘---"--"--“"'- '...;-a.----—---—- ---------——--—------—-- -----

" 5. Cells.

‘. Cultured PBLs were.. 1n3ected into host: embryos as .
.-Mf1nd1cated Purified PBLs were cultured for 2 days “in.
~microtiter plates at 1.5 X 107 cells/ml..in RPM-1640.

- 'serum ‘free medium. Some célls weretreated in- -additional
‘ways' as ‘described in.2 and 3. The .number of cells .

‘ “.lnjected into-each: host embryo corresponds to 10s cells

o at the beg1nn1ng of. the culture. -

2. Purified PBLs were treated with: 0.25% tryps1n at 37°C
oo at a concentrat1on of 1.5 x 107 cells/ml ‘After two
... washes. they were cultured as descr1bed in1, ‘

; in bed in 2 were cultured under;'
- -the 'same conditions as in:1 except that 20 mg/ml of” PHA
- was’ added ‘to the medium. -
“;vQ 12 host embryos were 1n3ected per exper1mental group

0

1nd1v1dually 1n a s)m1lar manner w1th 1dent1¢al results
‘.t 1111) Adult ch!maer1c birds succumb to GVH .fh' ‘
reactiv1ty on challenge w1th donor type lymphocytes to wh1chn[.u,

'”7_ they are tolerant

<.
o 7
S

In add1t1on to the above descrlbed exfpi

1nvolved efforts to reveal act1v1ty by 1n”‘f?u'

lymphocytes from tolerant birds tn Various ways additional



"fnjexperiments were. madt

"t the level of the whole bird It has
“been shown that unrespdnsiveness to SRBCs at the humoral

1

| r,_level 1nduced neonatally 1n rats. can be reversed by giv1ng
‘-feallogeneic lymphocytes to the experimental animals The
'fﬂyfantibody produc1ng cells are of host origin (McCullagh

#1972) An effort to break tolerance in an analogous way was -

‘f;ffattempted and the results are shown in Table 14

' Chimaeric birds were challenged as adults by 1 Vs
-'1nJection of a. relatively few lymphocytes of the donor type
strain in the form of whole blood u$ing a protocol s)milarf'

'lto that employed to 1mmunize birds for the production of

"7.'alloantibod1es AT chimaeras so injected in that manner .

'rsuccumb to- a lethaJ GVH reaqﬁion 3 weeks after the first
J“jinJection‘igroup 2) in contrast to normal birds One bird of

“thls group, bled a day before 1ts death was typed fOr

o .

“'ﬂ-erythrocyte chimaerism The typing ré“aled that the only o
‘:iESUPVlVlng red cells at that stage were of the donor type

: ”purified red cells of donor type together with red cells of
.. a third party strain 8“/8" they remained healthy for a ‘i
2fperiod of 3.months until they were terminated These birds

:‘,-were unable to form antibodies against the injected donor “
;‘.type red cells although they formed antibodles against the“ -
" red: cells of the B“/B" strain (see group 4) Group 3 is a -*

| f-"oontroi demonstrating that B"/B“ third party whole blood
18 not the cause- of- GVH death observed in group 2 All |
‘iurﬂnmbers of this group remained healthy until 3 months of age

132 e

a VTcontrast when chimaeras were challenged with a mixture ofP -

-
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’ "\

o Table ta Adult chimaeric birds stscumb to GVH reactivity
B .on”"challenge with donor. type lymphocytes to
o which they are. tolerant L o SR
R [ ',fl,znl oo . f~ D1rect agglut1nat1on t1ters
' h - on red cells of: -

—---t------——----—a—------——-

. .Group Source of 1mmunizat1on S Death. due .
{:No Serum e with - FP L‘.B“/B‘F to GVH

T T
T #2  FP whole .. /16 o
G.1 " #3 .  ‘blood . - 1/64%.  N.T.
S N V. SRR -
#5 1732+ N.T -

s #2 . FPand ..~ -
N L S - A 21 S S
6.2 - *[ﬁ#4,a 'ﬁwhole blood
- S #5 L .

- #6 -
ERR 1
L #8

S0 sCws L e
U SR ERICTS 72 |- L
R e Y - B"/B“ | R 1/ T
16:3 .. 43 .. " whole blood RERE V4 v 2 S
SR 7 S | AR e

' #1 (R S0 32 -
g #2.° FPand < . 0 - 1/t6x 7 -

G.4- - "#3 BU4/BM4. s 0T /18 -
L T ,#4',.‘ - red cells ;h_;;QF j~‘1/6+uf s

LG, Adult 12 ueek old normal SC birds. were challenged

o000 <0o00 |
S L

LR IR Y

- oooce

. with'a total of 8 mls- of ‘whole ‘blood - from.age matched

0 G.2,:3 and 4..12. wceks old SEx birds uere.,f
s ~differen types of ‘donor’ celis as. indicate

L FP birds, as described in’ Materials:and Methods. Red. - e ;_. ER
cell: agglutination was: measured 10~ 12 days*after the T e
first injection.’ o W,uﬂ,'.;s,.t4

| n oror. rdie ¥ lri ‘a simi lar

. manper: to roup: -t n: g€ groups, maerism ranoed ‘

7 10:240%. (sge Fig. 2) ‘None: of - these ‘birds: ‘had
»[;anti FP antlh@dies prior to 1mmunizatlon S

e _:‘a lack of resistance in the .ch-imaeric birds aqainst the :



'té4p"lé
\,deleterious consequences of the inmunoconpetent donor type
-lymphocytes and argue against a form of unrespon51veness
..that can be reversed by a chronic allogenéic stimulus |
D The 1mportance of antigen pers1stence for maintaining

the unresponsive state

The 1mportance of antigen persistence for maintaining

the unresponsivgv' state was demonstrated 1n this system
| Tolerance ‘was induced in a group of 8 birds by 1nJecting | Tf,
vembryos at day 15 of embryogene31s with allogeneic ' | .
""adherent"‘type embryonic spleen cells These cells were “J'

‘ obtained from the day 15 embryonic spleen after

Ln'fractionation 1nto adherent" and non adherent“'types on

petri dishes for 2. hours at 37° C Such adherent"'cells are ; :
1T'able to. 1n1t1ate erythropoetic colony formation on. the CAM

of chicken embryos (Keller et al. 1979) Upon 1ntraVenousv”jiw
,~.aneCtlon to allogeneic embryos they fail to induce any .

lu;detectable redﬁcell chimaerism This is 1llustrated in Fig

'Y where the counts obtained with red cells from sc. birds

\1njected w1th FP adherent type cells are in the same range
| of counts as those obt;]ned when SC normal red cells are C

N

'treated with anti-FP" serim

TJ‘ These birds Whi¢7 had been inJected as 15 day old
T;‘embryos with allogeneic adherent“:type embrypnic spleen “
’fcells were specifically tolerant against the FP MHC encoded
}“alloantigens when tested at 2 weeks of age. Nevertheless,aszj."

.::_out of 6 oﬁ these birds could react against donor MHC

'V.O

IR



"., had..been" injected as embryés with allogeneic adherent" type

T35

“COUNTS PER MINUTE® (x107') .-

PERCENT OF FP RBC4 PER’ WELL~ = . = .

. g e e

-

'-fF ig. 4. Dederm1nation of chimaerism ina: group of birds that

. embryonic,_spleen cells.

-/ Closed: circles: represent‘thg ‘sta
R serum. A total of 107 red

.- . .¢ircles represent. the .number o _counts: fr
L birds following incubatinnﬁof~ " red. 6

L Serum., Gpen triangle »
w0 A weeK: old t re

ndard curvefgenerated by ffﬂﬁ

reacting artificial mixes of 'SC. and FP. ‘red

"vdetails of.: the assay, see’ Maferinu éﬁdﬁﬁg‘ﬁéﬁﬁ
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f~antigens whef tested at 16 weeks of age (see Table 15)

, 1nd1cat1ng the’ spontaneous breaKage of tolerance

.Table 15  GVH CAM POCK react1v1ty of lymphocytes from. birds
T - injected with "Adherent". type embryonic spleen

cells at'day 15 of embryogéne51s’.o A S ;;'» 'f:'f
° ' No of Pocks formed (mean + SE) after ¥ ,.\ AR
o ,1noculation of . lymphocytes from: o,
. 2 week - old chick: on:3 " 16 week - old birds on: 3‘ "G
Source of  FP. ' OQutbred .- - FP© - B14/B14
donor cells .~ Hosts* ,lHosts4 o ./Hostsﬁ _Hosts4 o
sC- normal 2t ) f L o } SO -
control.. -~ 36.5% 4.4 56.1+15.0 §43.1:,4,6;-_-,N,T .
"~ SC 1n3ected' B 3 o B C o .
with FP’ DT s , co
"adherent” .- L S L o , ;i S
type. cells #1 0 - 55.0+ 3.6 3.7+ 1.2 . . N.T
. #2 0. 22.0+°8.7 . 9.6% 1.7 -N.T .
. #3 . 0. CoNLT e 8L3% 1.7 N.T
. #4 0o NP 14.0% 3.5 . N.T
#5 o 0. - 24,8+ 1.4 . 17.8+ 3.6 N.T =
# .. 0. 18.7+ 6.5 ---0f31.0;3‘ 10.0% 1.5
1. 1.2 x 107 FP " Adherent " type’ embryonic spleen cells, ~. .
. prepared as descr ibed under - Materials and Methods, were -
_injected into .15 day old embryos. A1l members of this
" group had undetectable chimaerism (less than 1%) as = -
~ estimated by radioimmunoassay : NG
2.°0.1.ml1 of 1:3 dilution of whojle blood was inoculated - .
onto host type embryos as indicated. -
3, 0.1 m! of 1: 5 dilution of whole blood was 1noculated
Qper experimental group. .
K . _/' B o T o
E. Summary . - , . o

. ‘}", 'T,.]t“
In this section a system,was described in which long IR
"term erythroid chimaeras ‘were. generated at two different

,stages pf embryonic development All chimaenas praduced at

oo
g

.day 12 embr 2sis by’ parabiqsis, and the majority of the Lo
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137
éﬁ”maeras (18%) produced at: day 15 by.stem~cell injection,)
diSplayed speCific tolerance fo donor MHC encoded '4' A
alloantigens at boIh the cell mediated and humoral leVel
SpeCific tolerance was. detectable at the time of hatching
which is the time that alloreactiVity can be first detected

‘in the spleens of normal chicks Healthy experimental birds“

remained chimaeric and specifically tolerant for very long
periods of time The importance of antiben persistence for
maintaining the tolerant state was shown in a group of birdsv
in: which detectable red cell chimaerism was not produced In‘
this case tolerance was spontaneously lost after a certain

period of }ime The speCific cell-mediated and humoral

suppressor mechanisms Attempts to reverse the tolerant

state by various in- Vitro treatments and by the in Vivo

production of an allogeneic effect were unsuccessful These '

observatrons further support the‘preVious direct evidence ,
for an absence of suppressor mechanisms actively maintaining_
the tolerant state‘*A di?ferentﬂclass of observatjcn-was

made during the ontogenic studies of GVH reactiVity This isv“
the -Finding that spleen cells, taken from birds. in their '

Lo firGt 3 ueeks of. age. were. a&ie o initiate'lymphoid*like e




“;iunresponsiveness when tested'for GVH reactlvlty as young

ranged frem 10 - - 30%: Lj;

'-‘vunresponsiveness when"

S o ae
intravenous admin1stration of 17 day- old allogene1c 7; R
::haematopoetic stem cells of. épleen or1g1n The’ donor cells

were prepared in the same manner as the stem cells used to

ﬁproduce chtmaeras made’ at day 15 of embryogenes1s T
"Successful chlmaerISm, ranging from 5~ 30% was. induced at S
th1s deveJopmental stage The degree of ch1maer1sm was |
'est1mated by both" ‘the red cell aggluilnat1on and cellular |
‘radrotmmunoassays A. total of 22 SC b1rds ch1maer1c with FP
\"red cells were produced in this way. 9 and 13 b1rds be1ng
produced on'tﬂo separate occas1ons
| .B; Immunolog1cal character1st1cs - ' "‘ | . .g/"
a. Young chlmaeras display spec1€1c unrespons1veness for |
GVH react1v1ty 1n the presence of ant1-donor strain

humoral allo-antibodies

w0

~ The lymphqutes from all ch1maeras. produced at day 17 f: -
of embryogenes1s display complete and specif1c ( o

' ;,adults ‘In contrast with the chimaeras generated at earl1er
stages of embryogenes1s however. t@ey produce oo
v..alloantibodles wh1ch are detectable after three weeks of
f--age Table 16 shows the . 1mmu'i og‘cal propertIes of 9 é’

a chimaeric birds tested at -the' 7th week of age Successful
chimaerism was induced 1 ',.all menbers of thi,s group and.

,ytes from 5 randomly chosen

: b1rds.-from this groun showed.complete and Specific
“gited for pock format‘ion in donor
'ts'were obtained when *f;w

'rﬂultype ambryos Identtual“

ﬂ
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lymphocytes from 6 randomly chosen birds of the secopd group,j

of 13 birds were tested in a- similar mannerr«As can be seen ff‘f

1n Thble 16 about 65% of the birds in this category d1spiayif-'“

humoral 1mmun1ty specific for alloantigens of the donor typer'
strain The,réd cell aggluxination titers of these birds

“were.- low, ranging from 1/2 to 1/32 and were sensitive to. 2MEf”‘

: treatment They were therefore probably due to lgM antibodyg S

3

a b Characterization of serum antibodies

An attempt was made to characterize the spec1f1city of .

the antibodies formed 1n young chimaeras It was essential

to find -out 1f the anti donor strain antibodies. presented
in Table 16,.represent antibodies directed agalnst antigens
encoded by the MHC region Sera from different chimaeric
birds WTth agglutination titers against'donor type red _JJ.

cells were tested 1n parallel w1th spe01fic alloantiserum

--against a panel of red cells from different birds known to

be homozygous for the MHC B region Two different assays‘l

| were employed. namely red cell agglﬁtination and the f’

cellular radioimmunoassay The results are presented 1n
Table 17 and Fig 5. Both assays gave comparable results .
The antibodies found in the chimaeras seem to be directed

f against the B region enCOded alloantigens. This conclusion\j_lif;
is strengthened by the finding that all sera from chimﬂepic;;?ﬂ%?

bir'ds gave: a \) y, weak- reaction against Tine N ed' cells..

This line carries the: Bz' allsle. uhich stronglyf_cross-reacts o

with the 82 allele In'gene“‘ ﬁall sera tesﬁed,gave a.
pattern of reactivity which ts characte(fstic\of;antisera

, 8“-: L



'ﬁ7g*14fll*

'16'—45. ‘ ; .‘ - o

]o-—. - ‘ l

. COUNTS "PER MINUTE ({'lo'?)_ :

s a/s “Qk 878” a /s“ s"te .:c;F 3 s
R GENOTYPE OF RED' CELLS -

e T T L R P S NN T

':'”“ __9_ 5. Specif1city of senum antibodies from ch1maer1c birdsﬂf““

tested by cellular’ radioimmunoassay ‘Sera from 3\different

- ;vaC* birds 8 - 10 weeks old;’ ‘generated at day 17 of'. S
- .- embryogenesis, were tested for their: ability. to" bind’ to ‘red. i

- ceélls of different genotypes. 0.1 :ml.of undiluted sera from. ' -
.3 different ch1maeric birds: and one. SC control bird. as well, et

" as.0.1.mlof 1120 SC-anti FP serum, were. incubated for 45
'j_.ﬁwminutes at R. T"with 107 red ‘cells of different. genotype
. The. qe{ls nere washed tuﬂce and - further'.ncubn;edawith 0

cr ! . e







*;lymphocytes from these chwmaeras 1S]due to these

"f}ﬂant1bod1es The sera from these blrds were tested for

'“‘jfyinhib1tory act1v1ty in two ways Farst the Sera were tes ed

"Vﬂg;fffgr the1r ab1l1ty to inhib1t the react1v1ty Of hGSt type

'vaftant1 id?%typic antibod1es able tofﬁ

1

:tﬂ”hocytes Such tnn1b1tion could suggest the presence of
lock host reéeptors from

Sy bcognizing donor antigens Secondly. the serabffﬁé teSted

':'rfor their capacity to 1nhib1t GVH react1v1ty of donor type

'5e5fﬁsilym9hocytes 3.s#f¥ﬁTﬂl;*WV"

ﬁthz;:titer Of 1/‘5*

"ifjﬂreactivity of

R with equi-\)
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ausing sp%enemes aly inhibition,

'A very 1ntmguing observation" made m five d1 fferent *-.

experiments,_,was that pempheral blood _vf'yn'phocytes, frOm
_;c ”.'maeric birds”that were progucmg ant'l donor str in "

anhbodyl-i are- able to 1nhib1t t'”e:CAM pock react1v1 ty of
.-v.{"fifnormal hOs‘t type l

m ytes agamst donor ant1gens as shown
"‘-}{_i m_ Table 19 Unfortunately. the spec1f1c1 ty of the .

m A h"is sense conplete | (.”“ ' | | i
c Pathologwcal charactemshcs of adult chnnaeras

Development of autoimnun'i ty and lynphomas
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.'jmaJority (83%) of these blPdS On autopsy exten51ve
"}lymphomas were found A detailed description of the o
:'fimmunological and pathological events occuring in these RS
, '.":'categoryj of birds is given m Table 21 ” '

Table 21,

Sequence of 1mmunologioal and pathological events 1n a-

.;fminority (16%) of 15 day chimaeras and in the maJority (83%)

f of 17- day ohimaeras

N Early development of spec1fic anti- donor strain

'jantibody ,Nﬁ fi; » ,[“ g Lé, ;‘”'afi'

2 Young chimaeric birds (up-to 12 & 16 weeks of age)

._'whioh synthe31ze anti donor strain antibody. haVe no e
‘: ‘detectable antibodies on their red cells Their lymphocytes';bo

are. Spec1fically unresponsive For GVH reactiv1ty

’uf 3. After the 4th month of age these birds appear to

.<.become anaemic as judged by the decolourization of their .

4, At this staqe both their red and white cells are

. y _coated: by antibodies (see Table 19 A) Sera from these birdsibd
y “[‘?contain antibodies direoted against both host and donor type:f-{‘,i~
F?'Qsantigens (see Table 19. B) ‘;s‘”in} .

5 When heavily diseased birds are bled their peripheralvﬂgf

bi fceIISFShowimacroscopic signs of agglutinationvand'




Ve

o s-ea-se,.ahd. the ab lj'ty of '1;ajn'_pjﬁocyt'es._..fmcn._t,l‘we,é,_o‘é*’,a birgs» to .

.cause GVH CAM pock react1ons ‘was generally suppressed as .

=‘»Judged by the lack of react1vity observed when these

jlymphocytes were testgd aga1nst»outbred embryos
100% of the d1seased b1rds dle by the 10th month of

+

-_'age On autopsy, spleen atrophywaqd severe lympho1d .i»"

umal1gnacy was diagnosed in the maJor1ty of these b1rds The :

llympho1d mal1gnacy shows the ma1n features of lympho1d
leucos1s, The follow1ng type' of tumours were found

'»1' a. Large bursal tumours 'fstolog1cal exam1nat1on

' showed 1ntrafollicular lymphoretlcular

T 149

6 Ch1maer1sm.was undetectable at this lame stage of the |

l'}‘ﬁ‘yf :;*4'T1nf1ltrat1ons ,.'- 3 2551‘”7\ E ;
| ';T:brTMetastasis tommesenteric l t Sid t1ssue L
o i;g;.Large metastatwo nodules on the ) H1stolog1cal"
"i. I»;}fgexam1nat1on showed numerous masses of heteroph1les,

_f’and large mononuclear cells: w1th abundant ';,j:
a'f’cytoplasm . ‘Q':Tl “ . - ;/,af/fﬂr
. d.nTestlcular tumours. _— et*j‘ ;5f/ o |
‘erJlnflltratlon of the lungs |
UFL Nunerous tunours in the Kidneys 5 |
' g;*Some of the b1rds developed ostopetros1s with
: ‘1nvolvement of both tarsal metatarsi and tib1o

The 1mmunological and pathological characteristics ﬁw
5'-shown by the major1ty of chimaeras generated at day 17 of
{f‘embryontc development are also shown by a minor1ty (16%) of

,\o : /’~ e



S | .r; | - : coe /?55[-
o chimaeras generated at day 15 of embryogenesis’/gxzut of a o
total of 36 birdvaere found to have anti doncr strain ? #:r
antibodies Of“these 8 birdsf/% succumbed to anaemia and
lymphomas In contrast, antibpdies were never found in :.
chimaeras generated at day 12 by parabiosis - The surv1w3]
-curves for ‘the three different categories of chimaeras | ‘
'generated at days 12, 15 and 17.0f embryonic development are'
ﬁshown_ip FJg{ 6. | | | o

cC. Summary L °

R AR

¢ In this section ~the 1mmunologica1 and pathological
.characteristics of chimaeric btrd§ generated at day 17 of :
'embryogenesis are described These birds are unrespons1ve
- for GVH reactivity a]though they are producing anti donor ”.
‘strain, B region, alloantibodies which .are detected 1n their
iserum by the third week of age W1th time they develop -
™

severe antibody mediated autOimmune haemolytic anaemia 83%

of the diseased birds succumb to ma551ve bursal and iymphoid

tumours by the tenth month of - age o P T
3. Chﬂmaeras ggnergtgg at hatching §d y.g_ g_ ontgggnic-
- d vel ntl ' ' ' ’ AR

A Establishment and estimatlon of chimaerism

Chimaeras were’ prodUCed at day 21 of ontogenic ) :, o
-deveiopment by 1ntraperitonea1 injecticn of aliogeneic stem .
cells, irmediately after hatching. Two different groups of
richi ras were’ produced Firstly, 12 SCzbirds chimaeric with'
:‘_FP reZ cells g‘were produced by 1njection of 15 day old

. ,/;






'ffsg-ffn

e

"-g‘embryon1c stem cel]s of splenic oriqin Secondly, 10 SC .

h:birds chimaer1c w1th FP red cells were produced by injection.fg
.Q\\21 day old splenlc stem cells In both groups successful h |
o chimnerISm ranging from lO - 30% was achleved in, the :
.T.maJority of birds (85%) when defermlned at three weeks of R
.age Chimeer1sm was estimated by th red cell agglutination{ﬂ:'
' and the cellular radioinmunoassayt | -

B Immunolog1cal charactertstics,].l

The lmmunologlcal propertles of 7, randomly chosen,
":chlmoeric birds were tested at two d1fferent ages when
. tested at 3 weeks of aget 85% of these birds were ch1maer1c _
'fUOnly one out of 22 b1rds tested contained ant1 donor stra1n L
‘antibodies Lymphocytes from’ all birds tested had normal .
levels of GVH reactiv1ty Uhen tested against host embryos ofﬁllf
..the donor type Uhen tested at the 4th month of age, theSe ',g
"birds no longer had detectable cmmaeriém and had nonmal B
. *levels of GVH reactiv1ty,‘The results from thls group of

'5f-exper1mental birds ‘are presented in Table 22 These btrds e

| d-remained healthy throughout the examinablon period They
3'Twere term1ﬁated at the age offspmonths
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The'main e/mapf the uork presented in this thesis was o
5';‘fto obtaih an. experimental system of unres%onsiveness that ﬁw“f

~1E”‘;self tolerance Two properties~of such a system were Q;~sf?ﬁjf1
ﬁﬁflcohs1dened essential 1) The ant1gen should be administered jﬁi
"fﬁearly in ‘the ontogen1c development of the animal before thej;_?
"Tﬁflymphoporetic system develops immunocompetence. and 1i) the;et
H_{;_ant1gen concentrat1on should be cont1nuously ma1nta1ned at e
z‘high levels throughout the Tife of ‘the individua] once ‘j;;;f?ft
ltolerance 1s established The system employed possessed t‘,
"*hf;these two properties Tolerance to MHC encoded alloant1gens,rf5




'gg-;d1rect and 1ndirect red celi‘agglut1nat1on assay The

,-Lfgresu]ts presented shew that complete unresponsiveness was

:ﬁ~ffchimaeras was of!particular lnterest

It has been recently













erant state by an in- vivoifl-"',__i-.":";.-

The chimaenc birds, -?ﬂ,-.

weeks. A simlan experiment performedjf_m rats made :




antigens when ‘tested“at the earliest time of

1mmnocalpetenoe Tolerance, induced during enbryogenesis._
was evident at the time of h‘atching when the first GVH |
"ﬂhmnunmulpetent lyn'phocytes can be detegv/aafter polyclonal

o

‘ activation

. The observatlon made here that' the adnimstration of |
ahtiden early 1n enbryogenesw results m tolerance at both
the cell madiated and humoral level 1s in agreement wi th -
other observations m wl'rich tolerance to al\oantigens or

| protein antigens is mduced during enbryogenesis (Hasek
1953 Turk and Hun'phrey 1961 Hunphrey and l}urK 1951
Parish and Lieu. 1972 llaxters et al 1979) e

.} The inportance of the contmuous presence of the
antigen at an appropriate Teon-en:tration for maintaining the
tolerant' -t_;ate was shown i,n "lgroup of bird"‘f;:where i




ERR R The possibmty that t_ji"j"se antibodies are responsible fer
:’fﬁthe lack of GVH reactiVIty was extensively tested It was"'

1l_;not poss‘iVufto detect any inhibitory act1v1ty of these sera o
on the Gv'_sreac":fj,vi ty of miormal: Iymphocytes . Critical «
””sf;:experiments to dete m:ne whether inhibitory cells are
Fi%trespons1ble for the lack of GVHéreactivity were not |
"ﬁ? performed Exten51ve bleeding of these~b1rds Was aVOided as
it was 1mportant to examine their lmmunological and N
“’Mpathological condition 0ver their entire life time
"7PtNevertheless. there was’ an’ 1nd1cation’1n 5 different -
”'experiments thatl!&mphocytes from GVH unresponsive birds,f'h\
'jcontaining anti oonOr strain antibody, have 1nhib1tory cells
huthat suppress the GVH CAM PDCK reactivity of normal |
ilymphocytes These suppressor cells are found 1n an . -
"}iexperimental situation resembling an autoimmune state They :;‘
may be analogous to those fOUnd in mﬁ&e which mount an anti- -
.Zself red cell response after repeated chaflenge with rat -

*erythrocytes (Cooke et al 1978) This is an’ area of

”finvestigation which would be worthwhile pursueing

“ .



'admﬁnistration of Killed Salmonella pullorum to. chicken o

'.embryos leads to tolerance 1f the antigen 1s administered

..z'

1878d; 1963b;. Holan et el 1978) There 1&'a maJor} |
.'deference between the unresponsiveness to transplantation
3Lantigehs 1nduced in mice and rats at btrth and that 1nduced
. in chickens at day 17 of embryogenesis A chimaeric state
}uwas never detected 1n the first systems whereas a high

level of chimaerism 1s displayed by these chickens The high

'degree of chiﬂmerism may lead to chron1c stimulation and be.

necessary for the development of tv‘

observed aut01mmunity

The finding that there are critical stages of embryonic o

‘development dUring which either tolerance or 1mmun1ty can be

‘{11nduced is- not new Buxton reported in 1954 that the

before the 16th day of embryogenes1s Administratwon of t-'

"'antigen at later times of embryogenenis dld not 1nduce '

"."tolerance The same conclusion was reached by Mitchison

:using turkey erythrocytes (Mitch1son 1982) Both authors ' g: .
'accounted for the 1mportance of the time aththh antigen is N
'administered as being due to the transfer of antibodies from

'{'the yolk sac to the embryonic circulation which occurs on

PR SN

?antigen was:g _e

"“‘the 15th day of tncubation There are siMilar observations
jin other spec1es Attempts to 1nduce transplantation :#5j¢ﬂ]

tolerance.in mice at birth were successful in only 8% of the

aanimals whereas 23% and 43% offthe mice were tolerantjwhen .:QI%

:___'1.8','and 15" of, ‘gestatson :



L This. process could lead to severe antlbody med1ated

1978) f Lo e _'.‘;.'."' |

”_ymassive lympho1d‘tumors The Sssociatlonfbetween genera 1zed :;

Cosl “ T . . .
A S S *®
20 i, T . . .. . Lo . P11 . X i
ts . LT L S
D e K ‘e ° B . . Lo .

"--\

-precursor cdlls can be detected in the spleens of two day
f‘-old mlce (P1larsk1 1977 Nu,-1978)

(4

“The second 1mportant but unexpected f1nd1ng was the t';.wi

T.development of autOImmune diseaSe and mal1gnacy in the -
o ch1maeras generated at day 17 of embryogenesis 4;2‘” bxrds

. are h1ghly ch1maer1c ‘as young adults and conta1n ant1 donor~»

‘-

stra1n antibod1es These anttbod1es are 1neffect1ve at f“

ellmtnat1ng ch1maer1sm It seems l1kely that the: cont1nuousfuf‘

_'presence of donor type cells 1n h1gh proportion stlmulates o
o the product1on of ant1-host ant1bod1es possibly due to-the =
'jpresence‘of donor antigens that cross react w1th the host

fv%".

L

- haemolyt1c anaem1a Examples are reported in. the - l1terature§

in whlch auto1mmunify can be Induced by chronically |

'_1mmuntzing w1th ant1gens that crossreact w1th self For -
-example auto1mmun1ty 1s known to be’ 1nduced 1n ‘mice after '
_prolonged 1mmunxzation with xenogneic RBCs (Cbx and Keast |
-1973) or wlth malar1a 1nfected syngene%c RBCs (Rosenberg,”-lu

‘l

Y

The; autowmmune b1rds described in this thESls develop —\\55
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