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ARSTRACT | _
| Prevlious findings from this léboratory es‘ blished
thaf the spleen in the immunized rabbit 1is the érgan in
whichwantibody synthesls takes place and the thymus is the
organ in which antlgen-speclific suppressor cells are first
detected following pri;;ry_intravenous (IV) immunlzation
with a T dependent antigen, SRBC. It was also’dgmonstrated'
that the thymic suppressor cells were T cells capable of
secretlng an antigen-speclific suppressor factor in culture.
The objectlve of this fesearch was to investigate the
‘functional role for the thymlc suppressor cells 1In the
cessation of the immune response in the spleen.

It “vas demonstrated that antlgenjfpecific suppressor
cells can be detected in the spleen within a féw days (day
14) following @he detect1on of maximum number of antlbody
synthesizing cells.(day 7-8) foilowing IV immunization. The
detection of khe suppressor cells colncided with the
dramatic loss in the capaclty to generate a secondary
immune response In in.vltro culture. The splenlc suppressor
cells were also shown to be T cells capable of secreting an
antigen-specific suppressor factor in culture. Thymectomy
elther before immunization ox withlﬁ 7 days followving
immunization résulted in the subsequent fallure to detect
suppressor cells in the spleen and a heightened capacity of
the splenic memory cells to geﬁerate a secondary Iimmune

response In vitro. These results indicate that the splenic

suppressor cells originate in the thymus.
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It wvas aqu demonatrated that suppressox cells are

.present in the spleen following secondary 1nﬁunizatiop IV

(60 days-after primary immunization) and that'thymectomy
prior to aecon&ary lAmunizatibn results in failure to
detect .the suppressor cells in the 5p1eén. These results
indicate that.the suppressor cells in the spleen following
primary lnmuﬁfzatlon do not enter a dprmént state from

which they can be reactivated into overt suppressor cells

. by contact with the-antligen. Ratﬁer, it appears that thé

splenic suppressor cells dle fqilovlng primary immunization

and are recrulted ﬁrom'the thymus dﬁring the secondary

i’

fmmunization. .
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1. INTRODUCTION

Resistance 1nduced tovard speclfic infectious
‘microorganisms has been recognized since antiquity. The
anclents knew from experdience that anyone who survived
certain diseases would not be llkely to get them again.
Alexander the Great, in his coﬁquest of Asla Minor, employed_
the veterans of previous campailigns as army nurses and
physictans. He knew that the survivors of previous
campalgns, who had'also survived the myriad 1nfectioﬁs
experienced during those military campalghs, vere resistant
to these isfactiona and would therefore be able to nurse the
new recrults who wou}d surefy come down with these
infections. It is gnown that as ea{}y as the 1l1i*™ century,
and probably earlier, the Chinese had learned the art of
immunization agalinst smallpox by inhaling pulverized scabs
;;om shallpox survivors, Lady Montague, upon her return to
England in 1785, spoke publicly about the Chinese
immunization program for smallpox but she was not listened
toe. In 1796, Edward Jenn;r introduced an approach still used
today to immunize against smallpox. He vaccinated people
with cowpox which, because it carrles antigenic determinants
that cross-react with awallpox, immunized very effectively
to smallpox. However, 1n retrospect, Jenner's‘spectacular
discovery must be seen as anecdotal since it relied solely
on intuitlon and results. There was no known sclentiflic
basis to lt. Nevertheless, ffom a temporal perspective, his

discovery 1s recognized as the one which ushered in the

modern approach of lmmunization to disease.
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The subsequent discovery of the baétexia by Louls
Pasteur and his disciples, of bacterial toxins ahd thalf
conversion into potent non-toxic vacclnes by'von Behring and
his followers, the dlscovery of phégocytlc cells by
Metchnikoff and tﬁe elucidation of the mechanlsm of antibody
synthesis by Paul Erlich (Erlich and_H?tchnlkBﬁf shared the
first Nobel prize in Inmunology):set the stage for the
flovering of immunology in the 20%" century.

The major contribution of immunology to the health of
the population, both in terms of increasing the life-span
and the quality of life, has been the introduction of
ralatively harmless bacterial and yiral prophylatic vacclneé
which induce specific primary lmmune reéponsea at times when
the hosts are well and not .in danger of morbidity or death

'from infection.

the 1ive ipfectious agent induces a secondary lmmune
respongse wiich is much more raplid than the primary response
and therefore provides much better protection sooner to the
infected host. The successful use and exploitation. of
vaccines' is today the principal weapon in the continuous

battle with infectlous microorganisms.

v

A question which was addressed over 30 years ago is-
"yhat 1s the mechanism whereby contacf vith the ﬁntlgen
induces the synthesis of specific antibodies?“ The large
number of investigations carrled out between 1965 and 1370,
sparked by the mllestone discovery by Claman and hls

assoclates that cells of the thymus and of the bone marrow

As a result, the subsequent encounter with .

i,
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must cooperate to facilitate antlbody aynthesis 1in the
nouae,‘dISCIOsed the e(&stence of two lineaggé of
immunocompetent lymphocxtes, the T (ox fhymus derived} and
the B (or bursal derived in birds{or bone marrow derived in
mammals) cells. It was demonstrated fhaﬁ the rolé of the -T
cell is to react with the antigenic determinants Aﬁ the
antigen, vlia preéqhmftted receptors, and subsequently
transmit Information toc the B cell precursor of the antlibody
forming cell. The B cell then undergoes transformational
changes, blastogenesis, dedifferentiation, mitosils and
differentiatlon 1nt6 the antibody syntheslizing and secreting
lymphoblasts and plasmablasts. Du;ing the transition of the
plasmablast into the end stage moribund plasma cells (life
span 3-5 days), the ability to secrete antibodies is loét
faster than thg capaclty to synéheslze antibodies. Therefore
the plasma cell has antibodles in abundance 1in 1its
cytoplasm. With respect to T'dapeﬁdent antigens, both T and
B lymphocytes are requ&red; From a functicnal polnt of view,
these cells are referred to as ARC (antigen-receptor bearing
cells, antigen-reacting cells or antlgen-responsive cells)
and AFC (antibody forming cells).

It was also shown that a number of the antibody
synthesizing lymphoblasts and plasmablasts revert back to
small lymphocytes which have 5 very long liferspan {greater
than 20-30 years) and which can be stimulated quickly to

antibody synthesis by contact with the speclfic antigen.
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These cells are therefore called‘memory cells and ‘are

responsible for the rapidly 1nduced %econdary Immune

response.
A questlion which was not addressed.until 1970 was "how

is the immune response turned off once 1t is no longer
‘regulred?" Once antlibodles have been secreted into the
circulation in more than sufficlent numbers to neutralize
the toxin secreted/by the infectious mfcroorganlsms and/orx
facilitate the killing and elimination of the infectious
agent by activating the complement system, what is the
mechanism which doémregulates and terminates antibody

synthesls? Jerné and Henry, ln 1967, showed that antlbodies
themselves regulate antibody synthesis, that IgM antibodles
stimulate IgG antibody synthesls and that IgG antlibodies
inhibit IgM ant}body syntheslis wﬂich, of course, results in
diminished synthesis of IgG antlbodies. This 1is an example
of feedback suppression. However, doubts were exﬁressed as
to whether this antibody regulatory mechanism was the
primary regulator of antibody synthesis. In 1969, Gershon
demonstrated the existence of antigen specific supressor T
‘cells which are activated by the encounter with the antigen
and which actively suppress the synthesis of antlibodles by
the AFC and the further generation of new AFC. The vast
majority of the hundreds of 1n§est1gatlons carried out slnce

1970 on the mechanism of Immunoregulation have confirmed

beyond doubt the exlstence of antigen-speciflc suppressor
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cells,.With few exceptlons, these investligatlons have
revealgd éﬁe_presence of suppressor cells in the spleen of
~ the lmmunized ﬁouse. However, no temporal studies have been
conducted to indicate when, following immunization, the
suppressor T cells can be detectgd in the spleen; nor was it
demonstrated whether the suppressor T cells detected in the
spleen originate in the thymus or in situ from precursor T
cells (parenchymal T cells after birth) in the spleen.

The discoverf of. suppressor fcells begged the duestion
as to whether there exiéts cells which act éntagonistically
to the suppressor cells to enhance or facilitate antibody
synthesis. To complete the picture, Moretta and his
assoclates, In 1975, discovered the T helper cell which
<. functlions to fadilitqte and enhance immunoglobulin and'

: antibpdy synthesis. They demonstrated that the T helper cell
exhiglts surface membrane receptors for the Fc of IgM and
that the T suppressor cell éxhibits surface membrane
receptors for the Fc of IgG. Thus, the cellular regulatory
mechanism for antibody synthesls consist of the antigen-
specific T helper and T supﬁressor cells.,

In 1986, Richter and Talor, in this 1laboratory,
demonstrated that antlgen—sbecific supp;gssor‘cells in the
rabbit can be detected in the thymus within 4 to 5 days
foilowing immunization with a T dependent antigen, SRBC angd
tﬁat thesé cells secrete fﬁ culture an immune thymocyte
suppressor factor (ITSF) capable of inhiblting the secretion

of antibodies by the AFC. These investigators also
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demonstrated that ITSF injected lntd‘hout rabﬁl%a
simultaneous with tie original antigen 1nhibits the
synthesis of antibodlies \toward this antigén but ﬁot towaxda.
other non-cross-reacti antigens. The suppressor T cgll vas
shown to have recegﬁorq for both the antigen, SRBC, and the.
FcG on IgG antibody-sensitized erythrocytes (the hAG
lndicator.cella). -

The subject of this investigation was to establish a
functional immunoregulatory role for the suppreasor cells
detected in the thymus early following immunization.

References have been omitted in this séctlon as the
pertinent subject matter discussed !s elaborated upon in the

following chapter.
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2. Rationale, Hypothesis and Obilective.

The RATIONALE of this investligation-is that'antlgen-

specific suppressor cells are detected in the thymus by 4

to 5 days following intravenous immunization of the adult

outbred rabbit with a T Fependent antigen, 8RBC. Antibody
forming cells on the other hand are detected primarily in
the aﬁlee; by’day 5 to 6 £ollow1ng 1mmunizatlo;._The
ﬂXEQIHE&l& Eo be tested is that the thymic suppressor cells

migrate to the spleen-vhera the% act on the antibody

forming cells and terminate the immune response. The

QBJECTIVE is to denonstréte that the antigen-speciflic
suppresgsor cells first Qetected in the thymus following
Intravenous immunizatlon leave the thymus and infiltrate
the peripheral lymphoid organs such as the spleen and the
lyaph ﬁodes wvhere they secrete an antligen-speclific
auppressbr factor which acts locally on antibody forming

§

cells to inhibit further antibody synthesis and brings

about the cessatlon of the lmmune response.

Ny



3. HISTORICAL REVIEW
2.1 Introductory statement

The subject matter of this thesis ls the demonstration
of suppressor cells in the spleen aﬁd their role in bringing
about the céssatlon of antiboby synthesis. However, in order®
to appreciate the role of the suppressor cells, It 1s
first necessary to define the organ.sftes of antibody
syﬁthesis and the cells which participate in this immune
response, -

It is common practice today, when dlscussing the cellé
involved in antibody synthesis, to first‘introduce the
particlpating B and T lymphocytes !n éerms of Lheir speciflic
.markers agd then to define thelir roles in antibody
synthesls. | In the course of the discussion, it may or may.
not be reveale& that the prihary organ in which antibody -
formation takes place is the spleen especially following
Intravenous immunization with a T dgpendeht antigen. It 1is
almost én aftertiought. The regpon for the benign ngglect of
the organ sites of antibody synthesis may be due to the fact
that we have known that theAspleen is the primary aite of
antiﬂody synthesis for more than 40_yeqra and lt 1is
‘therefore taken for granted today. Historlcally, knowledge
of the spleen as the organ silte of antibody £formatlon
following intravenous immunization preceded by 5 years the
demonstration of the lymphocyte- plasmablast - plasma cell
serlies of cells as the antibody forming cells and by about
20 years the identlfication of the p;rticléating lymphocytes

as T-and B cells.

A
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The material in this chapter will therefore be
presehted in its historical congext, that is in the
_chronological order which the findings appeared in the.
llterature, beginning with thé identification of the orgdn

sites of antibody synthesliss

The evidence ié s0 overwvhelming today‘that antibedy
s*nthésis takes place 1in the.spleen espe%}ally following
intravenous lmmunlzation that investigators foday would not
seriously consider q&;stioning this fact. Hoveyer, it ls
worthy of note, that, as recently as.1953, McMaster (1)
presented rather unCEﬂtain‘and conflfbting views concerning
the slte(s) of'antIEOdy synthesls. He concluded his review
article with the statement "the sites of actual antibody
formation still remain unknﬁwn, although ﬁuch circumstancial
evidence is at hand"(1l). Nevertheless, McMaster also stéted
in the text that "there is so much well-known older work
indicating antibody formation by the spleen - especially if
antigen 1s injected intravenously - that lack of space
forblds.a full review here". He clted ébout 30 references 1in
fgyour of the spleen as the site of antibody synthesis.
Numerous studies in the 1950's and early~1960's
substantiated this view (2-10).

With respect to the rabbit, Richter and Berry l)

demonstratgd that antibody forming cells (AFC) are 8etected’
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first in the spleen f-q‘llow.lng intravenoluls immunization with
SRBC or HRBC antlgen. Aq the peak of the lmmune response,\\
AFC can Be.transiently detected in the ci%culatlon anq in
the bone marrow (11). They are not detected in the lymph
‘nodes, thymus or any other lymphold organ (11):
3.2.2 The lymph node is the site of antibody synthesis
x . .t

Although thé spleen is the only organ.ln‘wﬁlch antibody
forming cells are detected £ollowing intravenous
immunization, - ahtibody fogmlng cells are also detecgzg in
the draining lymph node,.gspecially the popliteal 1lymph
node, following 1lodcal injectiqn of the antligen
subcutaneously, intradermally or intramuscularlx.qlther in
saline or emulsifled with adjuvant. In 1949, Susanng and Ted
Harris (12) injected serologlically distinct sﬁralns of
influenza virus separately into the right and left hind-
foot-pads of rabblits. They then cénnulated the efferent
lymphatics of the popliteal lymph nodes and lntermizzgntly
tested samples of the efferent lymph for antibodles. They
ocbserved that antibodies.to each strain of 1nf1uenzé virus
wvere detected earlier 1in the\tEEpective efferent lymgg than
in the blood. These results strongly indlicate that Pﬁe
draining popliteal 1lymph node cells can resénﬂd with
antibody synthesis followlng local immunlization and that thé
spleen may not be linvolved in antibody synthesis £ the

amount of antigen administered locally 1s to§ small to

stimulate the spleen even If it gets into the clrculation.
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Following local_imhunizatlon and. using the then ngwly—
described immunofluorescent techﬁique, White et al (13)
demdnstrated éntibodies within cells in the dralining
popliteal lymph nodes. Numerous investigations, ofvwhich
only a few are clted (14-18), subseguently confirmed the
_participation of the popllteal 1lymph nodés'in antiboeody
synthesis fbllowing local immunizatlon.

Berry and Richter (19) demonstrated that the vast
majority.qf antiquy formipg cells areﬁlogalized to the
spleen f%llowing 1ﬁ£ravenohs immunizatlon of the xabblits.
Some antibody forming cells are also detected only
transiently 1in periﬁheral blood and bone marrow at the
helght of the lmmune response. However, 1f the rabbits were
splenectomized several weeks prior to intravenous
immunization, then antibody forming cells were detected in
the popliteal lymph nodes. These results Iindicate that the
Iinvolvement of the popliteal lymph nodes 1iIn antibody
synthesis is not strictly dependent upon the mode of
immunizatidn, that i1a local as opposed to intfavenqus, since
intravenous immunizatlon of the splenectomized rabbit
resulfed in the recrultment of popliteal lymph node cells.
into antibody synthesizing cells.

i s ocyte

That antibody synthesls 1s carried out by lymphocytes
is today considered as the absolute truth. The ;esults of
many thousands of investligations lend testament t& this

role of the lymphocyte (a very few of which are ref.20-23).
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and it is not in the purviewv of this thésls\to attempt to -
fan a flame of controversy on this matter. The contentous
l1ssue which -is s8tlll to be resolved to the tot§L
satisfaction of everyone |is Qhether it is the lymphocyte,
the differentiated 1ymp£oblast or plamasblast or the mature
plasma cell which syntheslzes and secretes antibodies.
Fagraeus, in her Doctoral thesis published in 1950 (24,25)
used the then pioneering tool of in vitro cell culture to
demonstrate that the concentratlon of antibodles secreted
Into the culture medium by the immune cells 15 related to
the number of lymphoblasts and plasmablasts in the culture, -
not to the number of mature*}ymphocytes or plaéma cells. In
fact, no antibedies wvere éetected in the culture

;uperhatants when the majority of the culture edls were

cells._Her-concluslon was that the lymphohlasts/ and
plasmablasts secrete antibodies, and not the iymphocytes
and plésma cells. A large number of 1investigators (27-37)
have conflirmed Fagraeus' original observations and it |is
difficu(?’to avold the conclusion that it 1is the
lymphoblasts and plasmablasts which syntheslze and secrete
antibodies, In contradlstlinction, lnvesklgators utilizing
the immunofluorescent technique to resolve thls question
have uniformly concluded that it is the plasma cells which
synthesize and secrete antibodles since only these cells

contain large amounts of antlibodies In the cytoplasm. It is

generally accepted today that the plasma cell is a cell with
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a life-span of 3 to 5 days, that it is the transformed
‘product of the plaamablast and tﬁat during-the transition
from™ plasmab1§st to plasma cell morphology, the cell loses
the capaclity to ‘secrete antibodlies before lt 1oses the
capacity to synthesize antibodges. The balance of synthesls
and secretion which allows the iymphoblas&s and plasmablasts
to sec}ete thé antibodles as gquickly as_théy are
synthesized, and therefore appears to make&;hese cells

\ . .
"rein" or naked of antibodies, 1is distorted in .the plasma

& %
allowing a bulld-up in con engxation’of antibodies in the

cell with secretion lnitizyly gﬂversely affected, thus
cftoplasm‘(25—37). It is, however, unlversally recognized
Eoday that all of the:morphologically-ident1f1ed cells
referred to above are cells of a single lineage - the small
mature lymphocyte. The mature lymphocyte can undergo
7; nsformation into medium and large 1{mphocyte wh;dh can
transform, under the stimulation by antigen,)ipto an
undifferentiated blast ceéll. The latter can transform into
antibody synthesizling and secreting lymphoblast and
plasmablast., All of these trangformatlonal and prollferative -
changes are reversible, so t;;t the plasmablast can revert
to the small lymphocyte memory cell. The only step which is
irreversible is that from the plasmablasts to the plasma
cell. This latter constitutes a safety valve utllized by the

immune system to eliminate excessive numbers of antibody

forming cells.
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3.4 The obligatory participation of at least two distint

lymphocytes and the macrophage in the primary lmmnune

response. - _ .
3.4.1 B and T cell cooperation in antibody synthesis

Prior to 1966, the.prevalling thinklng vag_that a
single lymphocyte was actlvated by antigeh and transforms
into an ;ntibodf—fgrming cell. However, In a milestone
discovexy in 1966, Claman et al (38) reported that two
ontogenically distinct lymphocytes had to interac} in the
mouse to facillitate antibody synthesis, They transferred*
bone marrow or thymlc cells Into irradliated,
immunosuppressed mice of the same inbred straln (syngenelc
.cells) along wilth the antigen and detected no immune
responses by these reciplents. stever, when they
tran;ferred bone marrow gngd thymic lymphold cells into the
syngeneic 1rradlatéd recipients along with the antlgen, they
observed very good, almost normal immune responses in these
otherwise immunoswppressed reciplents. These results
demonstrated that at least two distinct lymphoid cells,
thymus-derived (T) cells and other bone marrow-derived (B}
cells had to 'interact to faclilitate antibody Qynthesis {38).
It was subsequently shown by Claman et al (37-41) and othér
investigators (42-47) that the T cell possesses
receptors for the antigenic determinants on the antigen and
thereby Interacts‘'with the antigen. Actlivaticn of the T cell
leads to-a series of events which culminate In the

stimulation of the B cell precursor of the ?ntlbody forming

0 | |

)
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cell to undergo the transformational, prolliferative and
differentiative changes into the antibody-forming
lymphoblast/plasmablast. - The T cells were referred to as
ARC (antlgen‘ffceptor—bearing cells) and were shown to Be
precommitted and clonall} selected. The B cells, referred to
as AFC kantib&dy forming cells) were shown to synthesize the
antibodles. Furthermore, the T and B cells are of dlstinct.
lineages, and do not transform one into the other. In the
rabbit, it has been demonstfated that the priﬁary immune
response results f£rom the Inltlal interactlion of the antigen
'wl§h~precommitted, unipotent, antlgen-receptor bearing cells
(ARC) present in the bone mérrow. Thls Is followed is by the
activation, transformation aqd proliferatlon of the virgin
{nalve) uncohmitted bluripotent precursors of the antlibody
forming cell (AFC), also present in the bone marrow, into
overt antibdﬂy forming cells (AFC) (48-54)., By cell transfer
experiments, it was shown that these two functionally-
distinct cells, ARC and AFC,- do not transform into one
another (55). In both the mause_and the rabbit the antibody
~forming cell is detected primarily, if not only, in the
spleen followlng prlmary intravenous immunization. The
pregeny of these cells, the memory cells, are alsoc localized
to the spleén.
4.4.2 Surface markers which distinguish the B and T cells.

The results described above prompted investigations
into ways to distinguish the T and B cells on the basls of

A P
surface markers. Tallberg et al (56) working with human

-
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thymocytes and-Re%& and Allen (57) workling with rodept
thymocytes weré thé first to publish results of experiments
which demonstrated that murine thymocytes carry organ-
specific antigens on thelr cell membranes. Relf and Allen
(58) were also the first to refef to the mouse thymocyte
specific surface membrane antlgen as the theta (8) antigen.
Raff and his assoclates (59-61) carried out systematic
the #H-assoclated cells in the dlfferent 1ymphold
and non-lymphoid organs of the mouse and dehonstrated that
cells in “%he central nervous system also possess the ©
éntlgeh. They establlshed the presence of ¥ bearing cells in
the spleen and lymph nodes of the mouse. Simultaneshs
studies by numerous invesﬁigatorg iﬁ the human confirmed
that human thymocytes alsc possess an organ speclfic surface
-membrane antigen similar to the theta antigen in the mﬁuse
(62-+64). | _

de la Noue, Koperstych and Richter (65) were the first
to demonstrate thymocyte-speciflc antigens ih the rabbit.
This finding was later verified by Fradellzi et al (66).

" The B cells® vere also found‘to possess speclfic
surface—membrane antlzgens both in the mouse (67) and in the
rabbit (68} In additlion, B cells were observed to possess
surface membrane immunoglobulins nh reéeptors for C'3b
which could aiso be used to dlstingulsh them from the T
cells (67-72).

Thus by the early-1970's, 1t had been flrmly

establlshed that the B and T cells which are obligatory

~
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particlpants 1in the primary antibody immune response are of
diétinét cell lineages and can be distinguished from each
other, and aeparated from each other, on the basis of
speblfic cell-surface markers. |
3.4.3 The xole of the macrophage in antibody formation.

Up to now, we have been develpping the argument that
“there s cooperatlon between the T ARC and the B cell in the
generation of the antibody response. In thlﬁ éecti&n, ve
will introduce a third cell, the macrophage. Although it
does- not express antligenic specificity, it is nevertheless
required for interagtlon with the antigen-specific
lymphocytes In order to generate an antibody response.

Tt has béen p;oposed, on the basis of in vitro and in
vivo, experiments that the macrophage plays a key role 1if
the lmmunogen 1isa callular,.microbia} or a macromolecular
aggregate. Gorczynskl and his assoclates (73),Jusing
irradiated mice, concluded that bone marrow and thymus cells
_cannot cooperate or that thls cooperation does not lead to
an iﬁmugp»response vhen macrophages are abseﬂt from the
spleen of the irradiated reciplents. Furthermore, many
investigations (only a‘few are ref. here 74-82). have shown
that the macrophagé is also required for the generation of
_the antibody response 1in ;(r'/itro.

There exlsts an eiormous'literature on macrophage
function. In terms of their role in the inductlon of the
speclfic antibody.rpsponse'ﬁhich is our concern here, there

are only a few points on Which there 13 general agreement,
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sﬁch'as the necessity of thelr presence \in genera;ing the
antibody fesponse and the fact that théy interact with the
antigen in some a&tlgen-nqnspeciflc manner, Most cellular
immunologists would probably agree witﬁ the notlon that the
macrophage functions by pregenting antigen to lymphocytes.
The basis for this proposal is that the £function of the
maérophage is to process the antigen into sultable
immunogenic forms. Part of the experimental justiflcation of
this notion comes -from the fact that antigen which is
assoclated with macrophages is more lmmunogenic than antlgen
not assoclated with gécrophages (83-86).

There are however some data from which it could be
argued that the role of thé macrophage 1s to provide
"nutrional" factors or to participate-in lnformatlion

transfer (87}.

In the previous sections, evidence suggesting the

participation of the T ARC cell, the E cell and the
macrophage in the antibody response were presented.

The initial theory to explain the mechanism of T cell
.help in antlbody formation is by a way of antlgen
presentation or cell contact. In éhis model} the carrier
portion of the immunogen is thought tJ react with the
antigen receptor on the T ARC‘cell. The hapten portion of

the immunogen is then presented to the receptor on the B
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cell; causing tﬁe B cell to profiferate and differentiate.
In this model, Ia antigens’ (molecules coded for in the I
region of the major hlstocompatibllity gene complex) play an
important role.

on the other hand, other models (88-92) hypothesize B
cell-Tcell cooperatl@n via soluble factors elaborated 'by the -
activated T cell. In these modglé, the carr%er portion of
the immunogen reacts with the T.cell and as a result of this
.interaction the T cell secretes a soluble factor which
reacts with the B cell. In order to prollferate and
dlfferentlate,.the B cell must react with this T cell factor
and the hapten portion of the immunogen.

In another model (93}, the carrier part of the
immunogen reacts with a speclfic T cell through IgT, an
antibody~-like molecdle on the surface of the J cell. The
antigen-IgT complex is shed from the T cell surface and
reacté with the macrophage, which then presents the hapten
portion of the complex to the B cell. T

A final model (94) suggests that the T cell reacts with
self MHC and the caréier portion of the antligen on the
macrophage. Thls results in activation and secretion of an

antigen soluble factor which reacts with the resting B cells

inducing them to proliferate and dlfferentiate.



In this section references will only be made with
respect to the generation and regulation of the protective
IgG and IgM. References to the synthesis and regulation of
IgA, IgD and IQE are intentionally omitted dﬁe to constralnt
of space and to the fact that these immunoglobulins do not
relate to the subject matter of thls thesls.

Antibody synthesls takes place in addltion to the
normal ongoing synthesls of the "nqrmal"; non-antibody
immunoglobulins IgG, IgM and IgA. The antibody concentration
in the circulatién reaches a peak between days 7 and 10
after immunization in the rabbit and falls very rapldly over
the following 2 to 4 wveeks. During this time, the
concentration of the total immunoglobulins in the
circulation remalns constant. Followiné the discovery of
suppressor cells by Gershon and Kondo in 1970 (95), it
becomes necessary to assume the exiqtence of two different
regulatory mechanisms - one for speciff; antibody syntheéls
and one for general non-antibody immunoglobulin synthesis.
In peint of fatt,_evidence has been presented in favor of
two 4hmunoregu1atory systems composed of heiper and
suppressor cells - the antigen-specific system which
regulates the synthesis of antibodies (see section 3.5.1 and

section 3.5.2) and the non-specific system which regqulates
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the a}nthauia of non-antibody immunoglobulins (95-100). Thd
antlgen Bpatiflc systea |8 oniY‘activated following
stimulation with the antigen, whereas the cells in the
latter system are in continuous state of activity and do not
'raqulre exogenous stimulli 1n order to be activated. ”

| 8ince the quject matter of this thesls 1s concerned
only with th? antigen-specific regqulatory mechanlsm, only
this regulatory mechaniam will be elaborated upon in the
discussion which follows.

Antigen-speclflc suppressor célls were firgt identified
by Gershon and Kondo in 1970‘(95). Thelr discovery was
subsegquently corroborated by numerous investigators (101-
108). They may be defined as cells which abort, inhibit,
curtall, or terminate the immune response and they are
1nvariéb1y found to bhe T cella. 8ince the normal,
1mmuﬁ610gica11y mature animal is fully capable of giving an
immune respconse, the functlion of the suppressor cells must
be to dampen the already initiated immone response and to
terminate it. |

Antigen—speciflé suppressor cells, capable of
1nh1b1ting aﬁfibody synthesis, include thymus cells in the
South African clawed ‘toad (109-111), concanavali&—h
activated mouse splenic T cells (112), bone marrow cells in
the unimmunized mouse (113-115), normal human bone marrow
calls (116) circulating human T cellsI(100,117—120), and
rabbit thymocytes between days 5 and 12 post-immunizatlon

(121). All of the suppressor cells except for the latter
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vere assayed for suppressor activity in ah in vitro sysatem.
However, the rabbit thyﬁocytes, obtained from rabblts
Immunized 7 daxgwprior to sacriflce, have been ahbwh to be
capabie.of inhibiting the synthesis of antibodies in vivo

when lnjected IV along with the antigen (122),

3.2.1,2 The induction of suppressor cells

r

Ballieux and hls assoclates (100,117-121) demonstrated
. the existence of cells within the Twm helper cell population
which could activate the Ta suppressor effector cells
following their incubation with the antigen. These cealls
wvere referred to as suppressor inducer cells (100,121). It
vas demonstrated that the suppressor ihﬁﬁcer T cafl {TBi)
act on the suppress&r precursor T celia (Tsp) which then
transform into‘the T suppressor effector cells (Tse).’ The
Tsp cells were shown to be capable of rosetting with
autolog;us erythrocytes and were referrad to as T autologous
rosetting cells .or Tar. cells._ﬁowever, the Tsl and Tse
célls dld\not exhibit -this property and wvere therefore
referred to as Tar- cells. On the basis of differential
rosetting and staining with specific monoclonal. antibodles
by the immunofluorescence technique, the Tsi, Tsp and Tse
cells were 1identiflied as TM+G-4+8-ar-, TM-G-4-8+ar+, and
TM-G+4-8+ar- respectiveiy. Thomas et al (123) and Davidsen
and Kristensen (124) have confirmed these findings of

Ballieux et al.



3.5.2 Antigen-specific muppressor factors .

Literally hundreds of non-speclfic 'suppressor factors

have been obta
cells followihg various forms of activation and treatgcnt
(for review pf .these factors, pleame see ref 125—127).
However,. none| of these factors can be consldered to have a
physiological\ role in the induction and cessatlon of the

-

speciflic lamune qunse-due to the non-specific suppressive
activitiea of these\ factors (121, 125-130). These factors
have been prepared Xrom human clréulatlng T cells {(129),
concanavalin-A activated mouse spleen cells (131-133),
cultured rodent bone marrow cells (132) and supernatants of
cultured spleen cells (133-134). | |

on ptper hand, there are only a few reports ofJantigen
"specific suppressor factoras. Uytdehaag et\al (135)_aﬁd
Heljnin et al (136) 1isolated antigen-speclfic suppressor
factors from human T cells following in vitro immunization
of these cells. Richter and Talor cbtained antigen-specific
suppressor factor by culturlng the thymocytes of rabbits 5
to 12 days folloving intravenous immunization f121). The
cell-free culture supernatant of the thymocytes cultured for
only 4 :hours at 37<C contain;d a\sugp&esaor factoxr which
could 1nhibit specifically the Iinduction .of PFC in vitro
with respect to the immunizing antigen, SRBC, but not with
respect to a non-cross-reacting antigen (121)..Furthermore,
it .could also inhibit the synthesis of antibodies to the
specific antigen in élvo following its administration IV

along with the antigen (122).

ed from nor;;I‘RFEEn pdasma, tissues, and

JUSOUISE—
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3.6 _3umpary

Antibody synthesis by the B'antxbgﬁy forming cell takes
place only following non-random Iinteractions between the
antlgen and the T ARC cell and_probably also tha.macrophage.
Antibody synthesis followlng 1ntravenouarimmunizqtlon takes
place essenfie}llen the spleen whereas it takes place 'in
both the spleen and the popliteal 1lymph noqgg following
~ _ lopal Immunization wlthin the dralnage arei/gf the lymph
node, Anyibo&y synthesls is regqulated by the T helper and T
suppressor cells, wlth the T helper cell stimulating
antibody synthesis and the T suppressor cel} inhiblting
. ,é&tibOdy synthesis. Normai}y, the T he%pqi/telts are
. actlivated Elrsf.and thereby can stimulate aﬁtlbody aynthesalis
) before the inhibitory influence of the T suppressor cells

\&:> effectively gﬁrminate the immune response.
| Richter and [Talor, in this laboratory, have
demonstrated that éntigen—specific suppressor cells can be
détected in the thymus of the adult outbred rabbit within 5
days after intravenous immunization (137{. These cells

,/-—
i unization and demonstrate markedly decreased

i;zfln peak suppressor activity'by day 7 to 8 post-
1mmunosupprqssive activity by days 12 teo 15 post-
{;munlzatlon. Thelr suppressive activity is negligible after
day 25 post-immunization (137). Since antibody synthesis
takes p;ace pr&pcipally in the;ppleen, lf may loglcally be
asked what the role of the thymlic suppressor cell is. The

possib(l&ty was raised that the thymic suppressor cells

7 N
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vacate the thymus and Infiltrate the spleen where they act
d;rectly on the antibody-forming cells to suppress them. ,
This thesls 1s concerned with the demonstration of the role

of the thymus‘&n the requlation of antibody synthesis in the

rabblit.
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4.  MATERIALZ AND METHODS
4.1  Materijals
4.1.1 Reagents

Antiserum - the chromatographically pure rabblt IgM

g

immunoglobulin fraction containing IgM antibodles directed
to SRBC was obtained from Cdrdig Laboratories, Mlami,
Florlda, and stored at -20<C. '
carbonyl iron grade S8F - obtalned from Dyestuffs and
Chemicals, Toronto, Ontarlo, and stored at 18<C.

complement - the source of complement was fresh gulnea plg
serum stored at -20°cC. |

letgng_mgglgﬁ - the culture medium was RPMI 1640 fortified
with fetal calf serum (FCS)(final Eoncentratlon-lO%),
penicillin (100 units/ml), sﬁreptomycln (100 ug/ml),
gentamiclﬁ (50 ug/ml) and 1M Hepes (final concentration
2%) .

Ethanol {(95% ethyl alcohol) "~ purchased from Les Alcooiﬁ
Com%grce Ltd., Montreal, Quebec.

Fetal calf serum (FCS) - obtained in 500 ml guantitles from
Whittaker M.A. Bloproducts Inc., Walkersville, MD., and
stored at -20°C. FCS was decomplemented fheated at 56=C, 30
min) and flltered through a 0.22 um Nalgene fllter before
usé: . !

Ficoll 400 - obtained from Pharmacla fine Chemicalé AB,.
Upsala, Sweden and stored at 18°cC. ‘

Garamycin - obtained from Schering Inc., Pointe-Clalre,

Quebec and stored at 4<cC. .
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(
from Medlatec,  Herndon, Virginla, and stored until use at
1=C.
Hematal (LA-Hab reaqepnt) - obtained from Fisher Scientific,

Orangeburg, New York.

Heparinized Sheep Blood and Horseé Plood - purchased fresh

wveekly from Frappler Diagnostics Inc., Laval, Quebec, and
stored at 4°C until requlred. ’
Hepes buffer - obtained from Whittaker M.A. Bloproducts
Inc., Walkersville, MD, and stored until use at 18-C.

Hypague sodium (diatrfozate) {50% w/v pH 6.5-7.7)-
obtalned from Winthrop Laboratories, Aurora, Ontario, and

stored iIn the dark at 18=C.

HMM&M&LM&.HM_- obtained from BDH

-

Chemicals Ltd., Poole, England, and stored at 18<C.
sulphate (5000 ug/ml) - obtained pre-mixed in 100 ml
quantitles from Whittaker Bioproducts Inc., Walkersville,
JMD, and stored until use at —20°C

i . _
obtained in ‘1 liter quantities from Abbott Laboratories
Ltd., Montreal, Quebec, and stored at 1B°C.

dodium pentothal (pentothal 2.5% solution, -25ma/ml, 500 ml)
obtained from Abbott Laboratories Ltd, Montreal, Quebec, and
atored at 1890. .
Sterile water (for ixrigation USP) - obtalned from Abbott

Laboratories Lfd, Montreal, Quebec, and stored at 18-<cC.

uanx_a__mm_aau__mmﬂn_mmm_m - obtained

W,
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Tissye Qui;n:g pnedium RPMI 1640 (500 ml) - obtained from
Mediatec, Herndon, Virginla, and stored at 4=C.
ngnan;hlng - ébtained f;om Grand Island Blological Co.,

Grand Island, New York, and stored at 18=C.

4.1.2 gupplies

~

(300,000IU} - obtained from Ayerst Laboratories, Montreal,

Quebec, and stored at 4=C.

ugpe) - obtained from Frederick Inc., Toronto, Ontarlo.

obtained from Fisher Sclentific, Orangeburg, New York.
Culture tubeg - 15 ml (17 x 100 mm) Falcon 2001 plhatl
sterlle disposable tubes were obtained from Becton Dickinso

Co., Lincoln Park, New Jersey.

obtalined from Fisher Sclentiflic, Oiangeburg, New York.

Double coated tigsue tape (12 mm x 33 m) - obtained from 3M

:

Canada Inc., London, Ontario.

purchased from Kendal Canada, Toronto, Ontarlo,

Gloves (surglical) - obtalned from Smith and Nephew Inc.,

Lachine, Quebec.

Halothane (2 bromo 2 chloro 1.1.,1 trifluorcethane containing
0.,031% thymol) - obtained from Halocarbon Laboratories Inc.,

distributed by Superham, St-Lambert, Quebec.
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Microscope slides, plaln (7% x 25 mm) - obtalned from Fisher

Sclientific, Orangeburg, New York.

MLA tips (0 - 200 wl, sterjlel) -~ obtalned from Biorad,

Mississauga, Ontarlo.

M8I syringe adaptable fllters, gtg;ilﬁ {0.22 um) - obtalined
{

from MSI, Westborough, MA.

Needles - 18G (1 "), 226G (1") and 25G (5/8") were obtained

from Becton Dickinson Labware, Rutherford, New Jersey.

Nalgene filters (0,22 um) - obtalined from Nalgene Labware,

Rochester, New York. '

a
‘Eingkigg_- 1, 2,.5 and 10 mi Pyrex sterile disposqblé
‘sernloglcal pipettes were obtained from Corning Glass Works,
New York. A pro-plpette or Plpette aild was always used to
manlipulate fluids. ’

© Surajcal blades (sterlle carbon steel blades #10) - obtained
from Becton Dickinson Co., Rutherford, New Jersey.
Sutures - chromic gut 3.0, 2.0 silk braided, 2.0 silk
cuticular and 0 silk general closure were purchased gzom
Ethicon Ltd, Peterborough, Ontario.

Svyringes - 1, 3, 5, 10, and 30 ml Plastiplate sterile
disposable plastic syringes were obtalned from Becton
Dickinson Labware, Oynard, California.

4.1.3 Equipment

Co=_Incubator - cultures vere maintained in a'National
incubator NAPCO,.Portland, Oregon., This incubatoer 1is fully’v
éutomated wlth respect to temperature (37.5"C + 0.5) and

pCOa2 (5.0% + 0.1)
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anlign_;gunjg; - obtalned from Coulter Electronics Inc.,
ngleah, Florida. e
Elggxgtgg_ﬁ'- purchaséd from Cyprane North America Inc.,

Lancaster, New York.

Laboratory counter - obtained from Clay Adams, Parslppany,

New Jersey.

LS
-

Microscope - purchased from American Optical Corp., Buffalo,
New York. ‘

MLA leéttga (10, 20, 25, 50, 100, and 200 ul) - purchased
from Medical Laboratories Automated Inc., Pleasantville, New

York.

Multipurpose rotator - obtained from S8clentlfic Industries

Inc., 8pringfield, Massachusetts. .

Bipette .aild (Autopatic Pipette) - obtalned from Nalgene

Labware, Rochester, New York.

Refrigerated centrifuge CRU 5000 - purchased from Fisher

Scientiflc} Falr Lawn, New Jersey.

Surgical and dissecting instruments - haemostatic forceps
(stralght and curved), Mayo scissors (straight and curved),
dressing scissors, dlssecting forceps, Polrier tlissue
forcepa," B.P". scapelnhandle, ﬂlttauer suture sclssors,
Metzenbaum scissors, Mixter artery forceps and 0'Shaughressy
artery forceps were all purchased frbm Blackhawk Medlical
Speclallities Inc., Toronto, Ontarlo.

4.1.4 Animals

4.1:.4.1 Rabbits - immunologically mature outbred nq;mal New

Zealand White rabblts (3 months of age, 4 to 5 1lbs), wvere:
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obtained from Riemans Fur Ranches, Ste-Agathe, Ontarloc, and
vere kept in our‘aninal facllity'at cbnstant temperature
{19-21=C) and humidity (50% Rhm) with food and water ad llb;
4.1.4.2 Guinea pigs - white laboratory outbred guinea pigs
(COBS Hartley crl x COBS (HA)(BR) were purchased from
Charles River Breeding Labs, St-Constant, Quebec, and kept
under the same conditioﬂs as the rabbits above, 45/
4.2 HMethods
4.2.1 Preparation of erythrocytes - heparinized sheep and
horse bloods were centrifuged at 500g for 10 min at 18°C
following whiéh the plasma was removed. The RBC were then
vashed three times in HBSS or saline at 5009 for 10 min at
18=C and resuspended in RPMI 1640 or saline to the desired
cell poncehtratlon. The washed cells are éonéldered to be
SQBC or HRBC although they ;§§%:ontaminated with WBC to an
extent of 0.1%,
4.2.2 Complement - the source of complement was normal
guinea pig serum. A 1 ml volume of this serum was absorbed
~with 0.1 ml volume of packed SRBC or HRBC at 4=C for 1 hour,
centrifuged at 500g for 10 mln at 18*C and absorbed once
more with the RBC at 37<C for 1 hour. The absorbed serum did
not agglutinate the respective RBC even in fhe undildted
state.
4.2.3 Preparation of Ficoll-Hypague (8G 1.10 at 18°C)-
Ficeoll-hypaque wsﬁ prepared by adding 96g of Ficoll and 1.36
grams of methyl cellulose to 1 liter of distilled water. The

mlxture was stirred at 4°C overnight, and the specific
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gravity adjusted at 18°C by adding 8-9 viala of sodlium
hypaque. The Flcoll-hypaque solution was then stored at 4¢C
Lnlthe dark until required. .
4.2.4 Asgessment of cell viability - the viabllity of thé
cells was determined by the conventional ;rypan blue dye
exclusion test..
4.2.5 Non-specific esterase stajping (NJE) - the macrophages
Jand‘lymphocytes vare ldentified by staining for NSE
accoFding to the method described by Yam et al (136). |
4.2.6 Thymectomy - the #ppbit was anesthetlzed with
halothane. The area between the sternal notch and the
xyﬁhisternum was shaved and scrubbed with betadine. A 2 cm
incislon was made proximal to the sternal .notch and the skln
separated. A deeper incision (2 cm) was then made throughh
the sternohyoldeus muscles, exposing the thymus overlying
the heart. First one lobe and then the second>lobe‘0f the
rabbit bilobed thymus were teased out slowly.Minimal
bleﬁﬂlng was encountered. A negative bzessure wi?/applied to—___—
tb; thoracic cavity prior to the application bf the final
closing suture. Within 2 hours, the rziyﬁt had fully
recovered and was eatling and drinking. T mortality rate
was legss than 10% and no mofbidity was observed in those
rabbits that did survive. Followlng sacrifice of these

rabbits, no residual of{EEEoplc thymic tissue was detected.

cells (MNC) - immunologically mature outbredF;Z;DZealand

#ﬁite rabbits were ilmmunized IV with 10* SRBC or HRBC. At
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predetermined intervals of time thereafter, the rabblts were
sacriflced by_the Iv 1nje§tion of sodium pentothal. The
abdomlhal and chest cavitles wvere immedliately entered, blood
was withdrawn from the heart into heparinized syringes (50
unfts heparin per ml of drawn blood), and the lymphoid
organs (SPL, THY, BM, APP, SR, PP and PLN) were exclsed and
plaeep into sterile specimen containers contalning medium
RPMI 1640. The lymphold organs were cut into small fragments
and placed onto wire mesh screens (50 mesh). The cells were
expressed via the application of slight pressure to the
fragments and the cells were collected in medium in sterile
plastic tubes. The tubes were centrifuged at 500g:for 10 min
at 18°C, the cells were suspended in medium ; washed, and
then resuspended to the desired cell concentration in
medium. The spleen, bone marrow and clrculating cells were
centrifuged through Flcoll-hypagque (8G 1.10 at 18=C) (139)
in the manner as originall} descrlibed by Boyum for human
circulating MNC (140). The MNC at the interface were
collected, washe% twice with medium and resuspended tc the
desired cell concentratlon. |

4.2.8 Macrophage-depleted mononuclear gells (MNC-M0, and
MNC-MO=x) suspensions - MNC were depleted of macrophages by
incubating 107 MNC in 5 ml of RPMI diluted with autologous
serum (50% v/v) and 10 mg of carbonyl iron. The -tubes were
incubated on a tissue‘culture rotator for 45 min at 37<C.
®he tube contents were then layered onto a Ficoll-hypaque

discontinuous gradient (8G 1.10 at 18=C) and centrifuged at -
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1200g for 45 min at 18<C. The non-phagocytic cells isolated.
from the interface were washed twice in HBSS at 5009 for 10
min at 18°C and wvere referred to as once daplet;d
mononuclear cells or MNC-MO.,. The MNC-MO, cells were
cultured overnight in cﬁlture hgdlum and subjected to
macrophage depletion with carbonyl Irx once more as
descflbgd above. These twice macrophage—éi::;led cells are
referred to as MNC-MO:. About 96-99% of the MNC-MO. were
lymphocytes as 1&ent1fied by differentlal staining of the
cells for non-speclfic esterase (NSE), whereas »>99% of the

MNC—Md: were lidentified as lymphocytes.

- - immune
or normal SPL, PB or PLN MNC from untreated, sham THYX or
THYX rabblits were incubated in medium RPMI 1640 (10°
cells/ml) at 37=C in 5% COa in air for 24 hours. The tubes
vere centrifuged at 500g for 10 min. The cell-free
supernatants were flltered through millipore £ilters
(0.22um) and frozen at ~20=C until used. These cell culture
supernatants were fortified with FCS8 to a.fipal
concen£ration of 10% when used as culture medla for immune
memory splenic MNC obtalned from a rabblit immunized with

SRBC and sacrificed 7 days later.

H

~4,2.10 Preparation of the immune pplenic lymphocyte(-
derivBd) suppressor factor (ISLSF) - ISLSF was prepared by

incubating splenic cells, obtained from rabbits sacrificed
/F.

25 days post-1=IM, in culture medium (10® cells/ml) at 37<C

in 5% COz2 In air for 24 hours In the absence of the
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immunizing antigen; The tubes were centrifuged at 500g for
10 min and the;cell—free supernatants were fliltered through
millipore filters (0.22 um) and frozen at -20=C until used.

4.2.11 The hemolytic plague-forming cell (PFC) assay to

dg;ggt AFC_- the PFC assay vas carried out in liguid mediunm '
as described bg_Cunningham and 8zenberg (141) and modified
by Richter et al (142). Anti-SRBC antibodies (rabbit) were
added to the assay mixture in a subhemolytic concentration,
thereby increasing the senslitivity of the assay about 10
fold. The PFCﬂéssay used iIs a modification df the PFC assay

in gel originally described by Jerne and Nordin (143}.
4,2.12 The secondary immune responge (2°IR} in vitro - the
)in vitro .culture for the induction of thé 2°IR carried gut
‘as described previously (121). Briefly, the responder lmmune
splenic MNC (4 x 10* cells) were cultured with the anfigen,
SRBC or HRBC (4 x 10* cells) in 4 ml bf culture medium in
sterile, caped Falcon ZOOi polystyrene tubes. The tubes were
maintalned 1In an upright position at 37=C In 5% CO: in air
for 5 days, centrlifuged at 500g for 10 min and the cells
were washed and assayed for PFC.

1.2.13 Inhibiticn the 2°IR in vitro by ISLSF - ISLSF was
used as culture medium for the induction of the 2°IR in
vitro by immune spienic MHNC cobtalned from a rabblt 7 days
post-1=IM, as described in section 4.2.12. The culture medla

were replaced on days 2 and 4 of the 5 day culture with

previously frozen cell-free supernatant. At the end of the
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culture, the MNC were assayed for PFC as describad“4n

section 4.2.11. N

4.2.14 Identification of the splenic cells which secrete
{ISLEF) -splenic MNC obtained from the rabbits sacrificed 25
days following'immunization/wlth SRBC were incubated Eo: 1
hour at 37=C with horse anti-rabbit thymocyte (T céll) serum
(HARTS) and complement (fresh guinea plg serum diluted 5
fold), or with horse anti-rabblit bone marrow (B cell) serum
(HARBMS) and complement, in order to lyse the'Tjor B cells,
respectively. The HARTS antiserum absorbed'gith rabblt

erythrocytes is capable of specificallly lysing 90 to 100%

of the rabbit T cells but not rabblt bone marrow MNC {(121)

and the HARBMS antiserum absorbed with rabblt thymocytes and
rabbit erythrocytes is capable ;f speclifically lysing 90 to
95% of the rabbit bone marrow MNC but not rabEiE;fhymocytes
(121). The splehic MNC were also depleted 2ifmacrophages as
described in sectlon 4.2.8. The T cell deple;:E, the B cell
depleted, and the macrophage depleted splenic MNC were
cultured for 24 hours to prepare cell-free supernatants as
described in section 4.2.9. These cell-free culture
supernatants were used as culturg medla for the induction of
the 2°IR in vitro by the splenic MNC obtalned from rabbit
immunized with SRBC and sacrificed 7 days later as described
in sectlion 4.2.12 and 4.2.13,

4.2.15 Preparation of ultrasonicates - Splenic MNC obtained

from rabbits 25 days post-primary lmmunization were prepared

at a cell concentratlion of 4 x 10® cells/ml. These cell

o~

o —
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suspensions were subjected to ultrasonic desintegration on
lce'at 60,000 cycleas/sec for 1 minute. The spnlcates vere
then filtered through millipore filters (0.22w§) and frozen
at -20"C until requiréd. The sonicates were uaéd as cult
media for allogeneic splenic MNC .as described in Gg;tion
4.2.13.

4.2.16 Dialyels -

Rabbits were immunized IV with 10*® SRBC. They were
sacrificed 25 days later, the spleens were excised and
splenlc MNC suspensions wvere prepared as described in
section 4.2.7. The splenic MNC were ‘cultured for 24 hours to
obtain ISLSF aa,describ;d in section 4.2.10. ISLSF was
dialysed for 24 hours through dialysis membranes of
exclusion m. wt. of 14,000 and 50,000. The ISLSF was assayed
for its capacity to inhibit the 2<IR 1induced in vitro by

allogenic splenic memory cells as described in section 4.2.13.
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It has been shown that antigen-specific suppressor
cells are detected in tBe thymus of the immunized rabblt by
the fifth day post-immunization IV (137). However, antibody

syﬁthesis takes place principally In the spleen of thg 1V

———

immunized rabbit (11,121). If one assumes a functionaf\\

\

kY

physiological role for the thymic suppressbr cell, one mlight '\

'anticipate that it must migrate to the spleen where it would

& act directly on the AFC and suppress antibody synthesis, The

objective here 1s to present evidence in favour of the
presence of suppressor cells in the spleen of the immunized
rabbit following the peak of antibody-synthesbs.
5.1.2 Experimental protocel

Rabbits were immunized with 10* SRBC IV. They were
sacrificed 1n groups of 3 on days 5,7,10,14,18,22,30,40 and
60 post-immunlization. The rabblts were bled from the heart
into heparinized syringes and_the circulating MNC (PB MNC)
were prepared as described in section 4.2.7. The 1lymphoid
organs were exclsgg and suspenslions of MNC were prepared as
described 1In section 4.2.7. The splenic AFC were assayed
immediately for PFC as described in sectlion 4.2.11 and they
.were alsé cultured with the antigen, SRBC, for 5 days tc

generate a secondary immune response as described in sectlon
b ”

4.2.12. The cultured cells were then assayed for PFC.

-
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2.1.3 Regults
As can be seen from Table 1A, lmmedlate PFC vere
detected in méximum numbers (aé a percentage of the cellé
assayed) in the spleen on day 7 post-immunizatgpn; They
decreased in numbers markedly through days 10 to 14 and
could not be detected by day 40 post-primary lnnuhlzatlon.
When the MNC of the different lymphold organs were
cultured for § days with the antlgen were assayéd for PFC,
(it was observed that only the splenic MNé, with the
eiception of the PB MNC on day 7 post—immﬁnizétion,
" generated PFC. There was a consistent peak with the cells
obtained on day 7 post-immunization, a sharp decrease with
the cells obtained on day 10 post-immuﬁlzatlon, and a
negligible PFC respons< with the culfured cells obtalned
between days 168 and 30 pcst-lmmunization (Figqure 1). The
cells obtailned after 34 days post-immunization generéted
large numbers of PFC In in vitro culture with the ant}gen:
As can be seen in Filgure 2, thé_splenic MNC obtained
from rabbits 18, 25lor 28 days post-immunization with SRBC
‘butionly 7 daja post-immunization with HRBC generated
insignificant numbers of PFC to SRBC but normal numbers of
PFC to HRBC.

[ 13
2.1.4 Discussion
The splenic MNC of rabbits 7 to 14 dayé and 30 to 48
days following immunization with ngg/génerate marked
secondary immune responses, characterized by large number aof

PFC, in in vitro culture with the antigen, SRBC, for 5 daysf

N
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Howevor, between days 14 and 30 post—lmhpnlzation, the
splonic MNC gave very poor secondary immune responses in
vitro. Thia perlod of 1imited, or absent, Iimnmune
reaponaiveness'is réferred to as the trough. The failure to
give signlficant secondary immune responses in vitro durlng
the trough period is antigen-speclfic since the secondary

immune responsegs to a second non-cross-reacting antlgen,

HRBC, injected IV 7 days prior to sacrifice and culture,

vere normal. These results clearly suggest that suppressor-

cells are present in the spleen 18 to 30 daya. following
immunization and that they are capable of inhibiting both
ongoling antibody synthesls and the inductlion of a Becondary

. immune response by the parenchymal antibody formling celTB\oL

memory cells.

L]

’
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THE NUMBER OF PFC (AFC) GENERATED THE BY CELLS OF THE DIFFERENT
LYMPHOID ORGANS OF THE RABBIT IS A FUNCTION OF THE TIME

~41A- -

TABLE 1A .
'I

¢

FOLLOWING PRIMARY IV IMMUNIZATION WITH 10® SRBC.

The no. of PFC per 10 MNC on ;the

Icalls of - follewing days after prilmary IV
; lorgans

“ Ammunizatlon with 10® 3SRBC

lassayed s
: 4 7 10 14 18 22) 30 - 40 60
I . :
| 8PL. 80~ 250 950 28 20 14 10 5 0
: PD 0 105 18, 0 0 o o 0 0
: BH 0 52 i 0 0 o o o 0
: THY 0 0 0 0 0 0 0 0 0
: PLN 0 0 0 ] 0 0 ] 0 0
:Am: 0 0 0 0 ] 0 0 0 0
: PP 0 0 0 0 0 0 0 0 0
. : 3R 0 0 0 0 0 0 0 0 0

Each value represents the mean obtalned with.the cells
of 3 rabblts.

)

[



N »
- -41- ’
5 - ' : . Q".
# » ' :
r
] .
5 3.5 7 : . ) .
X - 31 . . :
” Ld L)
B 251 v ' & ¢
: .
g 2 b1 = - ,
6] .
‘L purary
n‘ )
5 1.5 1 : -
vy . '
ul
m -
- 14 E
= "
z
w B . ’
E 051 _
o & ﬂ-—, I e T S r}ﬂ B SN T S A .
3 18 2 25 0 M 0 40 K
s DAYS FOLLOWING: IMMUNIZATION ,
- - w * . . .
r .
SPL BEl rs C v
» . PLN
. . | BM
¢ ;oa ' . APP
) SA
PP .

Flgure 1, The in vitro sécdndary immune responses” by cells

of the lymphoid organs of tihe rabblt following primary

Immunization with 10® SRBC IV. The results are presented as,
the number of PFC per 109.-MNC yecovered after, 5 days In

culture with the antigen, SRBC. ‘ . : -
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THE NUMBER OF PFC PER 108 MNC
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a6 4

® PFC 10 SRBC .

4 PFC fo HRBC

-

{
71 s 2 25 26 0" .
. 1 .
' I DAYS AFTER IMMUNIZATION WiTH SRBC
- - HABC l )
g °
- HRABC I 3
i . [ ‘
. l‘ A
R . . HRBC

The presence in the spleen of suppressor cells to
SRBC which inhibit the in vitro secondary response to SRBC

but not -to HRBC.
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In. the breﬁioué:sectlon,‘it vas deménstratéd that,
during‘é Bpeéific_period of time post—prlmary lpmunlzaflon
IV with SRBC referred to gé the trough, that ls the interval _-
of time’betweén dajs'lB to 30 post-immunization, the splenlé:
MNC can onlyfmount°a barel ;siéniflcant secquary immune
response in in vitro bulrurg with the immunizing antlgen,
the SRBC. Beﬁéeen days 7 and 14 and after day 30 post-
immunization, the'spienic MNC gave Verf good secondary
immune responses_1in vitro. Furthermore, thq fallure by the
spienlc MNC to give a secongary'immune response to the
immunizing antigen during the trough péxiod was_shown to be
antigen speélé;c. These data strongly indfbate the existence
of antigen-specific SuPpressor Eelis in fhe ?pleen ddring
the trough periéd.' L _ a |

The obieétive of the following experiments 1; to
demonstrate that thelsplenic subpressor cé115~originate in
the thymus. |
2:2,% Experimental protocol

The rabbits were either thymectomized (thyd) or

ey .

I

sham-thyx in the manner descriped inlsection 4.2.6?TThef
wvere Immunized with 10® SRBC IV at varying times p&ther
before of after the thyx or*shaﬁ;thyx. The rabbits were
sécrificedcnxvariousdaysfollowingimmunlzétion,the

7

L
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spleen wvas exclsed and splenic HNC:suspépatons wére prepared
'as described 1in section 4.2.7. The MNC vere cultured with
the antigen for 5 days following which the cells were
assayed for PFC as descrlbed in section 4.2.11.

2.2.3 Results

Rabbits were thyx 14 days prior to immunization. Gfoups
. o0f 3 rabbits wvere Bacglficed_on different déys post-
immunization, and thelr splenic MNC wete cultured with the
immunizing antigen and assayed for PFC. As can be seen in
'Flgure 3, the number of PFC generated per 10¢ NNC‘in culture
by Bblenic MNC obtained‘from rabbits sacrificed bétveen days
10 and 30 post-immunization were not significantly different
from éach other, dnly the splenic MNC obtained 7 days post-
'lmhunization generatdd_obviously greater numbers of PFC per
‘10' splenic MNC in culture. No trough was therefore observed_
with the splenic MNC of the thyx rabbita {Flgure 3)

The results bregenged with the non-thyx rabbits in

Table 1 and the thyx rabbits in Figure 3 are‘p;esented
togethéf 1n'F1qgre 4 in order to facillitate a compa;ison of
. the data obtalned with these two populations of‘rabb1t5.~1t
is ‘obvious that the trough observed with the spleﬁlc MNC of
thbnndq;thyﬁ rabblts does not exist In the case'of the
splenic MNC of the thyx rabbits.
- In ordér to rule out the possibility.ghat the stress of
;gthe surgery, énd not necessarily the thyx, could result in
aiteragiohs in theoinmunological respdnsivepess of the
splanic NNC,.gréubs of rabbits vere'thyx or sha;-thyx 14

1]
o
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days prior to innﬁnizatlon. The rabbiés vare aacriflced 25
days post-immunization, which is the app;oximate mid-point
-of the frough with splénic MNC of non-thyx rabhbits. The
splenic Hﬁc of the sham-thyx rabblts generated low numbers’
of PFC in culture with the anflgen, similar g; the immune
re;ponses given by the splenic HNC of untre?ted 1m—un;zed
rabbits (Table 1). However, the splenic MNC of the thyx
rabbits gave strong secondary immune responses Iin in vitro
éulture wltﬂ the antigen. They generated on average almost
10 times as many PFC in culture as q1d the splénic MNC of
the untreated and sham-thyx rabbits. _;

Experiments wvere tq?n carried out to ascertaln thé
relationship between the time of thyx relative to the day of
immunization and the 1mmuﬁologica1 responses o0f the splenic
MNC of rabbits sacrificed 25 days post-immunization. It can
be seen from the data presented in Table 2 that noltrqugh
was exhiLited by the splenic MNC obtained from rabbits thyx
14 or 7 days prior to immunization or 3 days following
immunizaticn. However, the splen&g MNC of rabblta thyx 7 or
14 days post-immunization exhlbited the trough, that is ‘they
-genezated very few PFC In culture. The splenic MNC of
rabbits which had been sham-thyx either 14 days prior to
immunization or 3 days after Immunization generated far

fewer PFC than did the'splenic MNC of their thyx

counterpart.
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The obJective of thggi experiments waa-to_dqmonstrate
whether the'thynua or thyhic cells are involved lq the
markedly diminished lmmﬁne respdnse in vitro by ablenic MNC
obtalned from rabbits sacrificed 25 days after lmmunization.
It was observed that splenic MNC of rabbits thyx 14 or 1
days prior to immunization, oxr 3 days after immunization,
generated large numbers of PFC in in vitro culture with the
antigen, that is they failed to exhibit \the trough. On other
hand, the splenlc MNC of rabbits thyx\7 or 14 days after -
immunization generated low numbers of C in in vitro
culture with the antigen. The splenic MNC of sham-thyx
rabbits behaved as did the cells of untreated immunlized
rabbits. These results atrongly suggest that the suppressor
cells iniltially détectad in the thymus on’day 5 post-
lmnunlzagion vacate the thymus between day 3 and day 7 post-
immunization and inflltrate the épleen {and probably the
other lymphoid organs as well) where they act direchly on
the antibody forming cells to suppress them.

It may be argued that the thymus need not necessarily
provide the suppressor cells detected in the spleen but may
indirectly(gffect their function and thereby distort the
tempbral relationship normally observed between the day of
immunization and'the day of detection of suppressor cells in
the spleen. However, such”does not appear to be the case

since suppressor cells were not detected in the spleen of<\

immunized rabbits thyx 14 days {iijf to immunization



-47-
although the thyx rabblits weié assayed for sbienic

suppressor cells on various days between days 7 an3130 post-
immunization. ’

The results strongly suggest that suppressor cells,
induced initially in the thymus by day 5 following
immunizatlion, vacate the thymus between days 3 and 7
following immunization and infilltrate the spleen where they
probably interact with the overt.antibodx forming cells and

suppress their capaclty to synthesize and secrete

antibodlies.
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THE NUMBER OF PFC PER 108 MNC [ x 103)

7 10 14 18 21 ' 25 30 34 40

DAYS FOLLOWING IV IMMUNIZATION WITH 10° SRBC

Flqure 3,  The secondary lmmune response induced In In vitro
culture of splenic MNC of rabbits thymectomized 14 days prlor
to IV lmmunizatlion and sacrlflced at varying times post-primary

immunization.

A
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Il NON-THYX RABBITS 1 THYX RABBITS
Flgure 4, A comparison of the secondary immune responses induced

in In vitro culture of splenic MNC of thymectomized rabbits as a
function of time following immuniza®lon. Thymectomy was carrled
out 14 days prlor to immunizatlon.



..50_
-
TABLE 1
THE SECONDARY IMMUNE RESPONSES INDUCED IN IN VITRO

CULTURE OF SPLENIC MNC OF THYMECTOMIZED, SHAM
THYMECTOMIZED OR UNTREATED IMMUNIZED RABBITS.

Troatement : The no. of PFC per 10® aplenlic HNC, following 1
of A cultuxe for 5 days, of rabbits uacrltlced 25 i
Rabbitsa days post-lmmunizatlion. i
Rabblt # [

1 2 3 ] 5 6 7 [} 9 10 x* 1

— I

NIL® 82 136 5 213 2693 488 172 164 5 498 202 )
1

Sham 280 50 379 = 355 370 136 - - - - 265 |
thyx? |
. : 1

Thyx? 2298 1600 5224 1772 1714 168%2 1715 2074 - - 22861

NIL = Untreated controls. These rabbits wvere lmmunlzed IV with 10°®
SRBC and sacriflced 25 yos later.

Theso rabbits were aham~thymactomlzed (sham-thyx) 14 days prlor to
immunization IV with 10® SRBC., They were sacrificed 25 days
pout lmmunlzatlon.

These rabblta wvare thymectomlzed {thyx) 14 days prlo: to
fmmurilzatlion IV with 10* SRBC.
They vere sacriflced 25 days post-immunizatlon,

X = Avarage
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TABLE 2
THE SECONDARY IMMUNE RESPONSES IN VITRO OF SPLENIC MNC OF

RABBITS THYMECTOMIZED AT DIFFERENT TIMES PRIOR TO OR AFTER
1v IHMUNIZATION WITH 10* SRBC.

Rabblte thyx
{sham-thyx)

on folloving days
relative to 1v
Immunization on

Tha no. of PFC per 10°

for 5 daya, of zabbits

pont-immunizatlion 1V,
{(rabbit no.)

HNC, followving culture
sacrliflced 25 days

day 0

k| i

[r A e e e e A o e g A me = =

P p—|

5 6 1 averaga

~-14 2238 - 1600 5224 1712 1714 - - 2522 |
(-14)" {B875) (920) (513} (77211
I

-1 2312 1726 1642 5290 5990 - - 1332
' )
LK) 5504, 1420 1522 1600 2128 133% 1482 2200 !
{+3}) (307) (164) (280) (2501
. N |
+7 0 1356 5 84 184 490 ilc 1
o

1A 172 149 5 5 351 173 200 1

brackeate,

The results of sham thymectomlzed :abblta

are premsented In the



5.3.1 Rationale and objectives

In the previous*séction, evidence was presented that
antigen-speclfic 5uppresaor cells are detected in the spleen
of the immunized rabbit between days 18 and 30 post-
1mmunfzation, with a beak of suppressive activity around day
25 post-immunization. The results with the thyx rabbits
auggegted that the suppréasor celia originated in the
thymus. - .

The objective in the following experiments-is to
demonstrate that the suppressor cells in the spleen secrete

a factor which 1is capable of inhibiting antibody synthesis

by allogeneic immune rabbit splenic MNC in in vitro culture,
{

: ;he rabblts were immunized with 10® SRBC or HRBC IV and

sacrificed at predetermined intervals of tlime post-
lpmunization. The spleen, thymus and PLN wvere exclsed and
MNC suspensions were prepared as descrlbed in section 4.2.7.
The MNC vere subjected to ultrasonic desintegration as
described in Section,A.Z.lS. The MNC were also cultured for
24 hours-.at 37°C and the cell-free culture supernatants
- (contalining ISLSF) were filtered as described in sections

4.2.9 and 4.2.10.
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The splenic MNC vére cultured for 5 days with the
antigen for the induction of the secondary 1nnuhe,resﬁonse-
as déacrrbed 1n‘section’4.2.12.|The suppression éf the
secondary-immqné response in vitro by ISLSF or bf the
sonicates was carried oat as described in section 4.2.13.
2.3.3 Results

As can be séen in table-3, filtered ultrasonicgtes of
splenic MNC obtained from rabbits 25 days post—ﬁrlmary
immunization failed to suppress the 2°IR in vitro by
allogenelc lmmune splenic MNC.

As can be seen from the data‘presented in Figure 5,
the cell-free supérnatants of cultures of splenic MNC of
rabbits immunized 14, 20, 25 or 30 days previously with’
SRBC were able to éuppress the 1n vitro 2<IR by allogenlé
immune’ splenic MNC. Maximum suppression took place with the
subernatants - of cultu;es of splenic MNC of rabbits
~1mmunized 20: 25 or 30 days previously. The percent
suppression by these supernatants ranged from 60 to almost
100 percent. Culture supernatants of splenic MNC of
unimmunized rabbits or of rébbitﬁ immunized with SRBC only
7 days prior to sacrifice faﬁied to inhibit the 2°<IR to
SRBC. Furthermore, culture'supernatants of splenic MNC of
rabbits immunized 25 days prior to sacriflce with a non-
cross-reacting antigen, HRBC, falled to inhibit the 2:IR bf
allogenelic spleﬁic MNC to SRBC (results not presented). The
suppressor factqr in the cell-free culture supernatants 1s
referred to as immune splenlic lyuphocyte(-derived)

suppressor factor or ISLSF.



-54- ,
As can be seen from -Figure 6, the supernatants of
r, .
cultures of splenic MNC of thyx rabbits Iimmunized 25 days

+

prior to sacrifice falled to suppress the 2°IR by allogeneic
imnmune splenic MNC ln‘vltro whereas supernatants of cultures
of Fplenlc'HNC of untreated or sham-thyx rabbits. immunized
25 days prlorlto sacrifice mazkedlg'lnhiblted the 2<=IR.

The cell—frep gupernatants of iwmmune spienlc MNC,
obtained frém rgbbits sacrificed 25 days following
immunization and cultured for various perlods of time at
37“0, wer? assayed for ISLSF acgivlty. As can be seen in
Table 4, maximum capaclty to suppress fhe 2=IR vas:exhlpitéd
by the cell-free supernatants of 20 to 24 hour cultures of
the cells. Potent ISLSF w;; also secreted between 24 and 48
hours of culture. However, much less ISLSF was secreted by
the cells betvgen 48 and 72 hours of culture and no ISLSF
was detected following culture of thg celis for longer than
72 héurs (Table 4),

A final question which was addressed in this serles of
experiments 1s whether the ce}la of_otherllymphoid organs,
specifically the thymus and the PLN, also secrete ISLSF in
cultures, It has previously been shown 1n this laboratory
that the thymic cells obtained from rabbits sacrificed 7
days post—immunizgtion secrete a potent suppressor f%ctor
after culture for 4 hours in the absence of the antigen,
capable of inhibiting PFC in wvitro (121) and antlibody

syntheals in vivo (122). This suppressor factor,

referred to as immune thymocyte suppresso;/factor or ITSF,
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s secreted maxfmally between dayé 7 and 12 following
immunization IV with SRBC (137). Its secretlon by Fge thyﬁus
cell -diminishes markedly but ls detectable in7 cultufe
superﬁatants of cells obtained .up to day 35 post-
immunization. As can be seen from Figure 7, no sﬁppressor
actlivity 1?fdetected'in culture supernatants of spleen,
thymus and PLN MNC of unimmunized rabblits (day 0 on Flgure
7). Suppressor activity is very high in the 24 hour cell-
free supernatants of "thymus and PLN cell cultures but cannot
be ,detected 1n splenic MNC cultures of rabbits sacrificed 7
days post-immunization . Whereas the supéressor activity of
cell-free supernatants of 24 hour thymus cell_cultures
‘decllngs through days 14 and 25 post-immmunlzation, the
suppressor activity of the cell-free Bupernatants of
cultures of PLN cells stays high through days 14 arfd 25
post~1mmuﬂlzation. The suppressor activity of the cell-free
supernatants of cultures of spleen MNC, although negliglible
on day 7 post-immunizatlion, increases sharply by day 14
post-immmunization and attalns suppressive actlivity equal to
that expressed by the sup;rnatants of PLN cell cultured."on
day 25 post—lmpunization (Filgure 7).

5.3.4 Discussion g .

The objective of this series of experiments was to
demdnstrate whether the suppressor cells in the spleen act
on the antibody forming cell to suppress its synthesls of
LN

antibodies via the secretion of an antligen-speclfic

suppressor factor.
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;he evidencelprepenfed,unedulvocally supports the
secretion of an antigen-speclfic suppressor factpr ags the
vehlcle whereby the suppressor cells inhiblt the ‘induction
of a 2°IR In vitro by splenic memory cells. Thls conclusion
1s based oﬁ the £indings that?sonicates of immune'éplenic
MNC do not suppress the 2°IR in vitrxo by allggeﬂglc MNC
wvhereas cell-free supernatanta'of cultures of splenic MNC
obtained from rabbits 14 to 30 days post-immunization
inhibited the tinduction pof a 2°IR by allpéqne}c splenic
memory cells. On the 6thez hand, the cell-free supernatants
of splenic MNC of rabblts thyx 14 days prior to
immunization and sacrificed 25 days later failed to inhibit
the 2 IR by allogeneic memory splenic MNC, indicating the
absencejof thymus-derived suppressor cells.

IQ sﬂhgld Be noted that supernatants of cultures of
spleniec MNC obtained from rabbits 7 days post-immuﬁizatlon
exhibited no sﬁppressor actiQity vhereas the supernatants of
cultures of thymocytes and PLN MNC were very supppressive.
Most intereétingly, the supernatants of cultures of the
splenic MNC obta{ned 14 days post-immunization wvas
significantly suppressive and the suppressive activity of
the cultures of splenic MNC obtalned 25 days post-
immunization was even more dramatic. Simultaneous to the

rise in suppressive activity of the supernatants of the

splenic MNC obtained from rabbits 14 and 25 days post-

immunization is the precipitous drop in suppressive activity

of the supernatants of cultures of thymocytes obtained on
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days 14 and 25 post-immunization. Most impresslive baa the
observatlions that the supérﬁatants of cultures of PLN cells
obtalned from rabbits *} 14 or 25 days post-immunization
were almost equallly suppressl%g. These resulté sugéeﬁt that
the suppressor cedls arg present 1In the thymus early in the

Immune response folloﬁlng which fhey vacate the thymus

- (and/or become inactive in the thymus?) and inflltrate the

spleen and the 1lymph nodes. The consistent fallure of the.
supexnatants of the splenic MNC obtained from rabbits 7
days pest-immunlzation i%o suppress the 2°IR In vitro

whereas the supernatants of cultures of thé PLN cefl% of the
same rabbjts suppressed the 2°IR very well may be explained
by.the fact that the spleen oﬁ'day 7 contains many helper
cells which act on the antiboayhformlng cells to drive them
to actively synthesize and secrete antibodles. The helper
cells probabiy carry out this stimulating fqnction via the
Fecretion of a helper factor. The supernatants of cultures
of the splenic MNC obgained from rabblts 7 %?ys post-
immunization probably consists of both helper factors and
suppressor factors (secreted by the newly arrived suppressor
cells); however, the balance 1s in favour of the helper
factor at-this time and therefore no suppression of thé 2=IR
is seen.

The splenic suppressor cells begén to lose the abllity
to secrete ISLSF after 2 days in culture and ceased to

secrete ISLSF after 3 days ln culture. In this respect, the

splenic suppressor cell is very slmilar to the thymic

=
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suppreasor cell vhich also ceases to secrete the supprgasdr
factor IT8F after 3 days in cultdre (122). This finding
explains why it 15 necessary to add fresh ISLSF to the

cultures on days 2 and 4 of the 5 day culture in order to

obtain maximum suppression of the 2<IR by the ISLSF.

4
i
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‘ ‘TABLE 3 ' (j
. ‘ }?—

ISLSF I8 ACTIVELY SYNTHESIZED AND SECRETED BY THE
SPLENIC MNC OBTAINED FROM RABBITS 25 DAYS POST-
PRIMARY IMMUNIZATION AND IS NOT SIMPLY RELEASED
FOLLOWING LYSIS OF THE FRESHLY ISOLATED CELLS.

r - -1
| Hedlum used The number of PFC par 10* HHC folloving culture ¢
I tn culture of splenlc HNC of an allogenelc day 7 rabbit: I
! for 5 days in medium . “1
- H
¥ 1
| Exp. 1 Exp. 2 Exp. 1] |
- ' |
I msonlcates? 5109 (2)+ 1952 (5} 5109 (2} 1
| : |
| I
{ I8LSF? 1668 (68) 1355 (74) 1460 (72) 1
I . .

| !

* These splenic MNC generated 5213 PFC follovling culture fn regqular
culture medium with the SRDC for 5 days. . &

* These monlcates wvere prepared by ultrasonication of the aplenic
HNC obtalned from a rabblt Immunized Iv with groc 25 days prlor
to sacriflice.

* 18LSF 1s the cell-free supetrnatant of a 24 hour culture of splen!c
HNC obtained from a rabblt Immunlzed IV vith gfBC 25 days prioxr to
sacrlilce, :

* The Elgures outalde and inside the brackets repreaent the no. of
PFC obaerved and the perxcentage inhlbitlon of PFC gencrated In the
culture In the presence of the sonlcates or ISLSF, ruespectivaly. -
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Elgure 5, - The splenic MNC 14 to 30 days after 1V
Immunization secrete a factor, immune spleen lymphocyte

Suppressor factor or ISLSF, which Suppresses the secondary
immune PFC responses by cultured allogenic memory spleen
MNC in vitro.
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Percent \
Suppression | s
2
UNTREATED SHAM THYX
THYX Day-14
Day-14
Flgqure 6., The splenic MNC 25 days after IV Iimmunization of

non-thymectomized or sham-thyx, but not of thyx rabblits
secrete ISLSF which suppresses the secondary immune PFC
response by cultured allogeneic memory spleen HNC {n vitro.
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TABLE 4
THE SECRETION OF ISLSF I8 A -FUNCTION OF THE TIME

IN CULTURE OF THE SPLENIC MNC 24 DAYS OBTAINED .
AFTER IMMUNIZATION IV WITH 10* SRBC,.

. - '
[ e e e e e T o e e e e e e e —

call-frae supaxrnatants Tha pexcent suppresslion of the secondary |
of 1mmuna splenic HNC immune response in vitro by memory splenlcl
vhich were cultured at HNC cultured for 5 days in the cell-free |
37=C Eor the folloving supernatants tey I
perlods of time (hrx) Exp. 1 Exp. 2 I
i
‘ |
2 0 0 i
. I
1 12 5 |
. !
] ' 12 54 ]
|
12 18 67 1
) |
20 ) 50 74 .
|
24 : 68 ; 67 |
I
24 teo 48 _— 58 418 |
|
40 to 72 25 . 217 |
|
72 to 96 <1 <1 v |
' ', I
96 to 120 <1 <1 }
J
¢
)
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80
80 ¢
70
Parcent 60
Suppression
" of tha
Secondary 50 -
- Immune PFC 40 -
Response
In Vitro
30
20 -
10
0 -
n=3n=3In=3] [n=3jn=3In=3 n=3{n=3 n=4fn=4p=4

SPL THY PLN SPL THY PLN SPL THY PLN SPL THY PLN PB
¢ 7 14 25
Day after Immunlzntkcm\

Flgure 7. The capaclty of splenlic, thymic, PLN and PB MNC
to secrete ISLSF in in vitro culture for 24 hours. The
suppression by ISLSF of the secondary lmmune PFC response
by cultured allogenelc memory splenic MNC in vitro.

Peripheral blood obtained from rabbits immunized 7 and 14
days following immunization do not secrete ISLSF. These
results are therefore not presented in the flgure.
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.The results of the experiments presented in the
previous sections of this Chapter demonstrated the
dependence of the defection of suppressor cells in the
spleen on an lntact thymus. These findlngs indicate that the
splenic suppressor celllis derived from the fhymus and that
it is therefore a T cell. The objectives of the following
experihents are (1) to prove that the splenic supppressor
cell 1?fza T cell, and {(11) to demonstrate the antigenic
spaclificity of ISLSF.

2.4.2 Experimeptal protocol

The rabbits were immunized with 10® SRBC or HRBC IV and

sacrlficed_ZS days later. The spleen was removed and splenic

o

MNC Buspeﬁélona vere prepared mus described In section 4.2.7.

The splenlc MNC were depleted of T cells, B cells, or

macrophages as described in sections 4.2.8 and 4.2.14. The
cells were cultured for 24 hours at 37=C and the cell-free
culture supernatants were filtered and stored as described
in section 4.2.9. The cultures of Iimmune splenlc MNC were
stimulated vith antlgen to generate PFC in a 2°IR as

, A
desacrlbed 1In section 4.2.12.
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5.4.3 Regults

The cell-free superpafanta of cultures of
splenic MNC obtained‘from rabblts immunized with SRBC,
contalining ISLSF absorbed wlth the oiiglnai 1mmuq}zlng
antigen; SRBC, lost théir.capacltylto suppress thd-2'IR tB
SRBC. On the other hand, the aupernaténts absorbed with a
non—cross-réactlng antigen, HRBC, retalned thelr suppressaive
act}vlty {Table 5). -

The cellular origin of ISLSF is the T ceil'since the
supernatants of cultures of splenic MNC from which T cells
had been eliainated prior to preparation of ISLSF falled to
suppress the 2°IR to SRBC (Table 6). On other hand, removal
of B cells or macrophages from the' splenlic MNC did not
prevent - the secretion of ISLSF by the remaiping cellslinto
the culture supernatant (Table 6).
2.4.4 Discussion

It has previously been denonétrated by Richter and
Taloxr (121) that the thymus suppressor cells in the rabblt
detected early 1n.}he immune response secrete a féctor in
vitro which is capable of inhibiting, in an ahtigen~
specific manner, the secretion of antibodies by the
autologous or aliogeneic immune apleniﬁ MNC. Since it has
been demonstrated 1In this investigation that suppressor
cells capable of secreting a suppressor factor, ISLSF, are
also detected in the apléen followiﬁg the peak of antibody
synthesis and that they are T cells, it was felt that 1t

would be prudent to determine whether ISLS8F also functions

L]
r
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in an antigen-specific manner. To resolve thls question,
I1SLSF was absorbed with the immunizing antigen (SRBC) or

with a non-cross-reacting antlgen (HRBC) and the absorbed

_ ISLSF was assayed for its ability to suppress the 2<IR In

vitro to SRBC. It was demonstrated that oniy the absorption
of ISLSF with SRBC, but not with HRBC, resulted in the

elimination of suppressive actlivity, thus demonstrating the

,antigenic specificity of ISLSF. ﬁurthermore, the ISLSF

prepared from splenic MNC obtained from rabbits 25 days

after immunization with HRBC failled to suppress the 2<IR to

‘SRBC. . .

It was demonstrated that the cells which;isprete ISLSF
are T cells. Ellmination éf T celliffrom the 'splenic MNC
ébtained from rabblts 25 days post-immunization, at the peak
of thé trough, resulted in fallure by the residual cells to
secrete ISLSF whereas eilmlnation of B cells or‘macrophages
from;tﬁe splenic MNC did not affect the abillty of the
remalning cells to secrete ISLSF. These results permit the
conclusion that antigen—speciflc T .suppressor cells, which
are present in the spleen of the immunized rabﬁ?t between

days 14 to 20 post-immunization, secrete an antigen-

speclfic suppressor factor capable of inhibiting a 2°IR by

allogenic memory splenic MNC in vitro.
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TABLE.S

.THE ANTIGENIC SPECIFICITY OF THE ISLSF. INCUBATION WITH
THE IMMUNIZING ANTIGEN, SRBC, RESULTS IN ALMOST TOTAL

ABSORPTION OF THE ISLSF. '
' \
PO
Trcatmen%) The percent inhibltlon of the gunntatlon of PFC tol
of SRBC by memory splenlec HNC cultured in the ISLSF |
15LSF . with SRBC.
Exp, 1 Exp. 2 Exp. 3 Exp. 4

13LSF (BRBC)*

Unabsorbed 13 74 63 60
Absorbed wlth 9RBC? i 16 6 2
AbQGrbﬂd vith lRDC* 70 .78 61 '57
15LSF (lIRBC)* 2 2 - -

n e N o m e s e s

* ISL3F (SRBC}) la the cell-free supernatant of a 24 hour culture of
splenlc HHC cobtalned from a rabblt lmmunlzed IV with SRDC 25 days
prlor to macrlflce.

3 3 ml of I18LSF were lncubated wlth 1 ml of packed, previously
washed, BRBC for 1 hour at 4-C.

* 3 m) of ISLSF wvere lncubated with 1 ml of packed, previounly RS
vashed, lREC for 1 hour at 4=C, N

“ 18L8F (HRBC) 185 the cell-free supernatant of a 24 hour cultura of

splenic HNC obtalned from a rabbit immunlzed IV with HRBC 25 days
prlor to sacrlfice. z

. '\.

e
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TABLE 6
JTHE SUPPRESSOR CELL IN THE SPLEEN OF THE IMMUNIZED RABBIT

CAPABLE OF SECRETING THE ANTIGEN-SPECIFIC SUPPRESSOR FACTOR
ISLSF }S A T CELL AND NOT A B CELL OR A MACROPHAGE :

| 24 HOUR CULTURE - The number of PFC per 10° HNC followling culture |
| BUPERMATANTS OF of splenlc HNC of an allogeneic day 7 rabblk 1
] SALEHIC HNC OF A for 5 days Iin the culture supernatanta? l
! DAY 25 RABDIT® {
i depleted of Exp. 1? Exp. 2* Exp. 3¢ Exp. 4* 1
| ) |
1 Hil 3330 {68)° 2327 (717) 1620 (70) 1735 (60)!
1 ’ ) !
1 T calls 8133 (15) 0940 (12} 5212 (4} 4002 (12)!
i . 1
| A celln 4266 (50) 3256 (60) 2355 (57) 1944 (64} 1
l |
I Hacrophagen 4070 (52) 7305 (29} 2381 (56) 2180 (60)1

1 The rabblt wvas-sacrlflced 25 days follovwing IV Immunizatlon wlth SRBC

2 The nplenic HNC of rabblts sacrifleced 7 days after immunization vere
cultured with the antligen, 8RBC, for 5 days.
Tha culture media were the supernatants of the 24 hour cultures of
the treated and untreated day 25 splenle HNC. The culture medlum was
changed on days 2 and 4 of the 5 day culture.

3 These splenlc  HNC generated 10,260 PFC Eollowlng culture in regular
culture medlum wilth tha SRAC iox 5 daysa.

4 These splanlc HHC generated 5540 PFC Eélloulng culture In reqular
culture medium with the SRBC for 5 days,

5 The flgures outside and inslde the brackota'represent the no. of PFC
oboervaed and the percentage Inhibitlon of PFC generated In tho
culture in the preaence of ISLSF, respectively,
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2.2 The orlajn of suppressor cells in the spleen of the
rabbit following secondary immunization IV _ ‘
2.5,1 Rationale and eobijectives

The invesfigation to this point dealt with the
regulatory mechanism governing the immune-response following
primary immunization. It was demonatrated that T supﬁreﬁsor
cells are detected in the spleen of the immunized rabbit 14
to 30 days post—innunlzation. These results strongly suggest
that the T suppressor cells originate in thq thymus
following immunization since suppressor cells are detected
in the thymus by day 5 post-immunization and are
subsequently detected in the spleen and popliteal lymph_

‘nodes. Furthermore, thyx prior to or within 7 days following

primary immunization results 1n the failure to detect
suppressor cells in the spleen.

The suppressor cells in the spleen of the non-thyx
rabbit appear to disappear by day 30 post-primary
1mﬁunization. One explanation is that the suppressor cells
in the spleen die; another explanation is that the
suppressor cells 1ln the spleen enter a dormant state and
can be reactivated fo}lowing secondary 1mmun}zation in vivo
with thé‘same antigen. If the former explanation is correct,
then thyx prior to reimmunization or secondary immunization
will result in failure to detect suppressor cells in the
spleen following aécondarx immunization with éhe orlginal
antigen. ﬁowever, Lf the second explanation is correct, then
thyx prior to ﬁecondhzy immunization IV should not affect

the subseqguent detection of suppressbr cells in the spleen.
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Tﬁe objective df thls ;eries of experimenﬁs is to
determine whether the thymus 1s relevant in the generation
~of ‘aubpresaor cells in the spleen following secondary
immunization IV, | |
ﬂmumnmmm | |
Rabbits were inlitlally immunized IV with 10® SREC.
Forty flvé days later, half of the immunized rabbitélwere
thy%. All of the rabbilts were reilmmunized IV with the
original antligen 60 days after the primary Ilmmunization.
They were sacrificed on the apeclfied days following
. secondary immunlization. The thfmus and spleen were exclsed
and thymocyte and splegic MNC suspenslons ﬁexe prepared as
described'iﬁ section 4.2.7. The secondgz; immune responses
with the splenic .MNC were carrled out as déscribed in
section 4.2.12, Following cultﬁre with the imhupizlng

antlgen for 5 days, the cells were assayed for PFC as

described in sectlion 4.2.11.

Rabbits wer }mmunized with 10* SRBC IV and reimmunized
with lozfsﬁﬁazz;é(secondary immunlzationj—ga\days later. The
thymocytes vere assayed for suppressor cel) actlivity on
predetermined days post-immunization by thelr ability to
suppress the secretlon of antibodles by allogeneic I1immune
sblenic MNC following co-incubation of the cells for 4

hours (121). As can be seen 1in Table 7, significant

suppressor activity was expressed by the thymocytes
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beginning'on déy 4 post-secondary-ilmmunizatlion. The
thymocytéslwere able td totally suppress antibody secretion
by the allogeneic.splenlclantlbszqforming cells by day 5
post-secondary-immunization (Table 7). |

Rabbits were then immunized with 10® SRBC IV on days 0
(primary immunization) and da& 60 (secondary lmmunlization)
and groups of 3 rabbits were sacrificed 5, 10, 15, 20, 25,
30 and 40 days post—secondéry immunization. The splenlc HNC
of these rabbits_were cultured for 5 days in vitro with the
antigen and then assayed fo; PFC in order-to determine
whether the splenic MNC after secondary immunizatlion exhibit
the trough as do the splenic MNC followving primary
immunization. As can be seen in Figure 8, the aplenic MNC of
rabhlts sacrificed 15, 20 ana 25 days post-secondary’
immunization IV generated far fewer PFC in culture than did
thewhplenic MNC obtained from rabbits sacrificed 5 or 10
days post-secondary immunization. The minimum In vitro PFC
responses were glven by the splenlc MNC of rabbits
"sacrificed 25 days post-secondary immunization.

Experiments were then conducted to rule out the
possibility that the trauma of the operative procedure-
itself ébntibutes toward the trough on days'15 to 30 post-
secondary immunizatien. As can be seen in Flgure 9, the
splenic MNC of rabbits sham-thyx 14 days prior to éecondary
immunizatlion IV and sacrificed 25 days later gave much
weaker lmmunological responses in vitro (16%) as compared to
the responses of the splenic MNC of rabblts which had been

thyx. The latter generated large mumbers of PFC in the in
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vitro cultufe.

Rabbits wvere sacrificed on varlious days following
secondazy immunlzation IV ahd thelr splenic MNC were
cultured for 24 hours at 37°C and the cell-free culture
supernatants were assayed for ISLSF suppressor activity. As
Ican be seen in Table 8, the splenlc MNC even 5 days post;
secondary immunizatfgﬁ secreted detectable quantifies of
ISLSF. Maxlmum ISLSF was secreted by the splenic MNC 15, 20,
25 and 30 days post—secondafy Immunization.

On other hand, the splenic MNC of rabbits thyx 14 days
prlor to secondary immunization and sacrificed 25 days post-
secondary immunization, the mid-point of fhe trough in the
non-tHyx rabblts, failed to secrete detectable amounts, of
ISL8F (Table '9), suggesting that these splenic MNC were
devoid of suppréssor cells,

L_S_,_‘A_D_ngs_i_qn !

The results presented above with the splenic MNC of
rabbits following secondary immunization 1iIndicate that
suppressor cells are present in the spleen at the same times
followling Eecondafy immunization as after primary
Immunization. As was deﬁonstrated'previousiy with the
thymocytes 6£ rabbits following primary immunization (125),
suppressor cells are detected in the thymus by day 5
following squigg;y immunization.

The most interesting finding was that the suppressor
cells could not be detected in the spleen 1f the rabblits had
been thyx 14 days prlor to segpndary immunization IV. These

results imply that the suppressor cells detected in the

I
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spleen following the primary immune response do not survive
in the spléen beyond the time of their getection kday 30
post-primary immunjization) and that the agppréusor calis
detected in the spleen followiﬁg secondary lmmunlzation are

also derived from the thymus.
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TABLE 7

SUPPRESSOR CELLS ARE DETECTED IN THE THYMUS

FOLLOWING SECONDARY IMMUNIZATION IV WITH SRBC

-

Thymocytes obtained
from rabblts sacrlficed
on the followlng days
aftnr secondary

The no. of PFC per 10 lmmune aplenic
MHC ( I, Il and. ILlI)"* following-
colncubation of the MNC wlth the
allogenele thymocytes Eor 4 hours

immunlzatlon prior to assay for PFC ,
I . II I11

-1 220 274 _ 230
2 215 260 ) 315
k] 220 240 2595
1 140 .20 155
5 20 0 10
6 o 0 ‘ 0
7 0 0 a
8 0 o 0
10 o 0 0

*  The spl;nic HNC were obtalned from rabblts I, II and IIL
sacrlilced 7 days folleowing IV Iimmunizatlon with 10° SRBC.

bt e ettt e . S . e . e s e o e e
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Flgure 8, The In vitro lmmune response by splenlc MNC of
rabbits sacrificed at varying times followlng secondary
immunizatlon IV wilth SRBC.
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The Number of PFC Per 106
MNC (x 103)

UNTREATED SHAM THYX
THYX Day-14
, Day-14

Flgure 9., The Immune response induced in in vitro cultures
of splenic MNC of rabblts thymectomized 14 days prior to
secondary 4immunization IV and sacrificed on day 25 post-
secondary lmmunlzatlon. ‘
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TABLE 8

THE SPLENIC MNC OF NON-THYMECTOMIZED RABBITS FOLLOWING
SECONDARY IMMUNIZATION IV SECRETE ISLSF IN CULTURE
CAPABLE OF SUPPRESSING THE SECONDARY IMMUNE PFC RESPONSE
BY ALLOGENEIC SPLENIC MEMORY MNC IN VITRO.

Cell-froe supernatants The number of PFC par 10" aplenlec *
of 24 hour cultures of memory HHC?* followlng culture of the
aplenlc HHC* obtalned HNC with the anktlgen, SRBC, for 5 days
Erom rabblts (! apd II) . In the cell~free supernatants of
sacrlflced on each of the cultures of rabbits I and II*

folloving days after
pecondary lmmunizatlon IV

r 1
1 |
! !
f !
l !
| I
! 1
I i
I with 10" gmrnc? I . ) !
1 5 5410 (31)*= 5766 (26} |
1 |
1 10 4175 (47) 4112 (40) |
I I
I 15 3632 (54) 3154 (60) |
| , 1
1 20 3229 (59) 3321 {50} |
| I
I 25 3208 (60) 3271 (59) )
] : 1
| 3o jaz22 (51} 3%05 {(50) I
] : {
1 10 . 5950 (24) 4655 (10} |

* Bplenlc HMHC {10* per ml) were cultured ln culture medla for 24 hours
at 37=C in 5% COax In alr.

3 The lnterval betveen primary and secondary immunlzation !V with
10* 3RBC was 2 months,

* The splenic mémo:y HHC generated 7640 PFC per 10° MHC after culture
for 5.days with the antigen, 8RBC.

* The medla were replaced on days 2 and 4 of the 5 day culturs perloed,

® The figures outside and lnside the brackets rep:isent the number of.
PFC observed and the percent suppresslon of PFC generation,
respectlvely.

4
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\ . TABLE 9

THYMECTOMY (THYX) 14 DAYS PRIOR TO SECONDARY IMMUNIZATION
IV RESULTS IN THE FAILURE OF THE SPLENIC MNC TO SECRETE
ISLSF 25 DAYS POST-SECONDARY IMMUNIZATION.

v

. call~frae supernatants The no. of PFC per 10* Percent
of 2¢ hxr cultures of i immune splenlic MuC? inhibition
splanic HNC of rabblta cultured for 5 days from
thyx 14 days prlor to wilth 8SRBC In the 24 hr ronkrol?
secondary immunizatlon culture supernatants?

IV wlth 10* 3RBC and
sacriilced 25 days
post-secandary
immunizatlion?

[+ T RS e mm e e = e e e T e e = G o —

thyx rabblt 10,220 0
thyx cabbit 9,761 1]
thyx rabblt 11,574 : 0
thyx tabblt 10,7175 ’ 0
thyx rabblt 9,125 0
thyx rabblt 9,029 10
sham thyx rabblt 4,750 52
sham thyx rabblt 3,798 62
untreated rabbit : 41,086 51
untreatod rabhblt 4,106 58

! N

* The Interval betwveen the primary and secondary Ilmmunlzation IV
with 8RBC was 2 monthn. A

* The splenlc HHC wvere obtalned from a rabblit 7 days following
Immunlzatlon IV with 10* SRBC. The no. of PFC generated Iln In
vitro cllture by these splanlc HNC was 9,966 per 10° MNC (control].

* The culture medlun was replaced on days 2 and 4 of the 5 day
culture perloed.



~ The results presented in the previous sectlons of this
thesis demonstrate the presence of suﬁpresso: cells in £Q§'
spleen ogwthe immunized rabbit, betweén days 14.an5'30
following primary br_secondary lmmunlzatlon, and the
secretioﬁ'hy‘thése cells of an antlgenéspecific‘ﬁuppreasor
"factor, ISL8F, capable of inhlbiting the secondary immune
response ln vitro by allogenelclsplenlc memory cells.l

The objectlves of this part of the 1nvesflgation ve,

to define the stability of ISLSF to temperature and to

[—

determine lts approximate molecular weight.

Rabbits. were immunized IV with 10% SREC. They were
sacfifibed 25 days later, the spleens verel exclised and
splenic MNC suspensions wererprepared‘as describedlin
sedtlon 4.2.7. The splenic MNC were cultured for 24 hours at
37=C to obtain ISLSF as descrlibed 1in sectlon 4.2.10. ISLSF
vas dlalyseg foxr 24 hours through dilalysis membranes of
molecular weight exclusion of 14,006 and 50,000 asg described
in section 4.2.16. The ISLSF was assayed for its”capacity to
inhibit the 2=IR induced in vitro by allogeneic splenlc
memory éells as described in éecflon 4.2.13,

ISLSF was also iﬁcubated either at 4C or 37=C for 1, 2
or 3 dayé and then éssayed for its-caﬁgcity.to lnhibig the
2°IR_}nduced in viérb Q{k allogenelic sﬂﬁeﬁ?E ;emoty celig as’

- -

- _‘\._
described in section 4.2.13. -

\ ,- | E B ' .‘/ .

/

e

\
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5,6,3. Results o /
. |
The splenic MNC of rabbits sacrifliced 25 days post-

. r - .
-immunization were cultured for 24 hours at elther 4%C or.

37°C and thelr éell—free culture supernatants were assayed
for suppressor actlvity. As can be seeﬂ‘in'Tabla io, ﬁuch
more ISLSF was fecreted by the c:ellts at 37=C than at 4°C.
The ISLSF secreted at 37°C was able to inhiblt the in vitro
2°IR by about;55 percent ‘'whereas the ISLSF secreted at 4=C
was only able to lnhiblt the 2=IR by 23 percent.

The stability of ISLSF to temperature vas then
investigated. Cell-free culture supernatants contalning
ISLSF were maintalned at elther 4°C or 37°C for up to 3
days fnd then assayed for suppreséo;'actlvlty. As cgn be
seen in Table 11, ISLSF appears to be more stable at 37°C
than at 4=C, at least ?or 2 days, with respect to 2Hof the 4
specimens of ISLSF. The other' 2 specimens of ISLSF behavd
equally well at 37=C K and at 4<C. ISLSF lost essentlally all
suppressive actiﬁitgkif kept at eilther 37°C or 4°C for 3
days prlor to assay.

ISLSF appears to have a molecular welght bétwéen 14,000

and 50,000 since ISLSF dlialysed through the 14,000 mol. wt.

exclusion tubing for 24 hours retained suppressor activity
whereas ISLSF.dialysed through the 50,000 mol. wt. exclusion
tubing for 24 hours lost all suppressor activity. Howevér,
these results were obtalned in only 1 experiment and it mgst

be repeated (Table 12).
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5.6.4 Discuszmion
Not surprinsingly, the suppressor cells secreted moxre~

ISLSF when cultured for 24 hours at 37°C than at 4°C. This

is due to active secretion of I8SLSF by the supp}essor cells

" and not simply the release of ISLSF by dying cells since

sonicates of the:gplenic MNC are not suppressive (reaultq
presented in Table 3) and the viability of the cells in
culture at elther 37°C or 4=C was very high (mor§ than 80
percent). .

ISLSF is relatively unstable at eltherDBT°C or 4°C
since it lost s;ppressor'activlty if it was kept at elther
of these two temperatures for mé;e than 2 days. Oﬁviously,
the structugg of ISLSF is such as to be easily denaturadt/

The results of a single experiment disclosed tﬁat the
polecpiar veight of ISLSF is greater than 14,000 but less
than 50,000. However, 1t'ﬁust be ehphé%ized ohce again that
this qxpef%ﬁent‘was carrléd'bub only once and mﬁst be

i
repeated at least 2 more times. v
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TABLE 10

ISLSF IS SECRETED IN GREATER QUANTITY BY THE.
SPLENIC SUPPRESSOR CELLS AT‘3T°C THAN AT 4°=C

et i I S ——

Cell-frea culture " Parcent huppruuslon by the culture |1
aupernatants contalning supernatanta® of the number of PFC |
ISL3F were Incubated generated by allogenels memory HNGC |
for 24 hours at the cultured wlth the lmmunlizing |
folloving temperature> antligen, SRBC, for 5 days® |
i

. !

37=C (rabblt A) 53 t
{rabbit B) : 56 !

' : :

41=C {rabbit a) 24 |

h {rrablt B) 24 |

* Splenlc HHC were obtalned Erom rabblts sacriflced 25 daya folloving
the Immunizatlon IV with 10* SRBC, These cells weres cultured for
24 houra at 37*C (10* cella per ml}, -

* The culture supernatants contalning ISLSF vere usmed an culture
medium for the Induction of the 2=IR In vitro by allegeneic memory
splenlc HHC. The culture medlum wvas replaced an days 2 and { of the
5 day culturae. -

* The memory ﬁplenlc HNC generated 7254 PFC In the secondary lmmune
reaponse Induced ln vitro In culture medlum.
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L * TABLE 11

THE "LIFE SPAN" OF ISLSF AT 37°C AND 4=C

Y

| 19L8F of rabblts I, Il Percent suppresslon by the incubated |

| 111 and IV wvere incubated 18L9F* of the no. of PFC generated by |

1 1, 2 or 3 days at the allogeneic aplenle memory MNC cultured |

| tollowling temparature for 5 days with the lmmunlzing antlgen, |

| . gpBC, for 5 days® ‘ 1

| jr=c i=C I II 111 v I

t |

) I 1 day + 56 53 38 10 |
21 2 days + J2 34 16 15 |
1 3 days + 2 a 4 2 |

I . ‘ 1

I 1 day ’ + » 11 10 - 41 28 1

| 2 days + 3 1 28 23 I

§ 3 days + 2 i 13 1 t

/ '

. F) .

\h~=\_:d)Th° 1SLSF Is tha cell-free supernatant of a 24 hour culture of
splenlc MNC obtalned from a rabblt sacxiflced 25 days followlng
immunlzation., It was used .as cultuge medium for the 1nductlon of
the 2=IR by allogenelc splenlc memory cells In vitro.

2 The culture medlu; was replaced on days 2 and 4 of the 5 day
culture..
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TABLE12.... -

THE EFFECT OF DIALYSIS FOR.24 HOURS ON THE SUPPRESSIVE
ACTIVITY OF ISLSF (RESULTS OF A SINGLE EXPERIMENT)

1

I1SL3F* dlalysed Percent suppressaion by the dlalysed 13L3F

1

1

for 24 hours at of the no. of PFC generated In the 2~IR In |
4=C tn dlalysls vitre by allegensalc memory aplenlc HHNC !
tubing wlth cultured for 5 days with the Immunlzing ]
exclusion molecular antigen, SRBC?, |
velght of . 1 11 |
14,000 ’ I@ - 21 ND* |

. 1

50,000 " HD ) 0 [

|

Hot dlalysed 11 20 |

* 18LSF la the cell-free culture supernatant obtalned from 24 hour
cultures at 37-C of splenic HHNC obtalned from a rabblt sacrificed
25 days after immunlzatlon IV with SRBC. ILt wvas used as culture
medlum for the inductlon of the 2*IR by allogenelc splenlc memory
tells, i

* The culture medium was replaced on days ‘2 and 4 of the 5 day
culture,

* HD = Not done.



It has been known ﬁince the 1940's that the spleen is
the prinafy,.and often'the only, organ in which antlbody
\sfnthesis akés place (see Chapter 3). The uplenlc antibody
‘forning éles have been isolated, cultured, identified’ by
immunofluorescent techniques, and de;onstrated to be B cells
on the basis of numerous cell-surface markers. However, for
many years an understanding’ of the mecﬁanlan(é) which
initlates antibody ayntheals-and.thch'later gown—regulates
ant;body aynfheéis folloving specific antigenic stiﬁulation
thwarted invéstlgators. The discovery of'the need for T

cells to ihtaract with. B cells by Claman et al (38-40), and

.the demonstratlon that those T cells function by virtue of

cell-surface receptors precommitted to Lnteract with the
antigenic determinants on antigens followlng 1n1t1q¥ contact’

with the antigen, increasad our apprecliation of the

complexity .of the 1mmune response but not our understanding

1

of the lmmune reaponse. The mllestone discoveries of T
Suppressor cﬁllsiﬁy Gershon and Kondo in 1970 and the T
helper cells by Ho;etta and his colleagues in 1975 (144) did
much to provide aﬁ'undé&atanding of tﬁe cellular regulatory
mechanism for antibody synthesis. Coupled with the

dlacovery of.the-rggulatlon of antibody synthesis by IgM and

~ I1gG antibodies by Jerne and Henry in 1968 (145), and

conflrmed by many other investigators (146-149),
investigators felt confideht in explalnlng the regulation of

antibody synthesis, that is the very rapid synthesis and
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‘sqcreFl&n of 1arg§ 'quéntitles of antlquies early in the
immuﬂe response (when tﬁey are needed by the h .t) aﬁd the
.cegsatloﬂ OE antibody‘synthesls'and secretlon i ter in fhe
1ﬁmune responSé (wvhen they are no longer needed by the
host).“Th; pfoblem whiéh has existed since the discovery of
thé supéressor cells ls that they are rarefy detecteqyfn the
spleen at a time durlnéﬁthe immane respohse which would
Jdmpart to theﬁ thé role of inhibitors of antfbody syntheslé.
The-maﬁ&rity'of Investlgators have dealt with non-specific
suppressor ceils, activated by a myriad of stimull unrelated
to antlgens. Antigen-specific suppressor cells have only
infrequently been demonstrated to be present in the spleen
during orx afterathe immune response (see dlscussion in ref.
321). Indeed, these féw‘investigations may be‘conéydered to
be anectodal as they constlitute single paper reports and
‘were not further pu;éued. In oxder to state convincingly
'‘that the antibody response 16 the spleen ls terminated by
the actions of suppressor cells, it is necessary .to
demonstrate the physical presencé and‘suppressiveuéctlvltles
of splenic suppressor cells at the time of the down-turn of
antibody synthesis and gec¥etion (i.e. days 10 to 20 post-
immunization in the rabblit).

Previous investigations 1in thisvlabo;atoy by Rlchter
and Talor ,(121) disclosed the presence of antigen-speciflic
suppressor cells 1n the thymus by day - 5 following
immunization of thé normal outbred rabbit. It was,

subsequently demonstrated that the thymic suppressor cells -~
»-
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secrete an antigen speclfic factor in.short- term {24 hours)
culture (121) and thet this factor, referred to as ITSF
(121) (see Chapter 3) wes capable of 1nh1b1t1hg speclflc'
antibody synthesis when injected IV lnto a neiv;_tost-rabbit.
along with the original immunizing antigen (122). The
questlion which was raised oy these 1nvestigators'
(121,122,137) is what role the thymlc suppressor cells. have
in dampening the antibody response in tpe spleen. It was
speculated that the thymic suppressor gells must vacate the
thymus and 1nf11trate the spleen where they act on the
antibody Bynthesizing B cells to down- regulate antibody
synthesis and term%pate the immune respoo;e.

¢ The objectives of this investigation were (1) to
demonstrate the presence of antigen-speciflc suppressor ,
cells 1n'the spleen at or not too io?q aften'the the peak of
the. immune response is attained, and (11) to demonstrate
whether these splenic suppressor cells, 1f-they can be
1deﬁtif1ed, act by secreting a soluble factor which can
replace the suppressor cells} A longer term objectlve was to
characterize the suppressor factor.

It was demonstrated in this 1nvestigation that T
suppressor cells capable of secreting ?.potent antigen-
,spetlfio_suppressor factor referred to as immune splenlc
1ymphocyte!suopressor factor - or ISL9F, can be detected in
the spleen of the immunized rabbit beginning on day 14

following immunization. They secrete maximum amounts of

IéLSF, as detected in the in vitro assay, between days 18 .
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and 30 post-immunization. Since the In VLErOAasaay‘cannoé be

as sensitlve in the detection of suﬁpressor*qelf& as the

s . ‘ :
physiological in wvivo gituatlon vhere suppressor cells are

brobaﬁly in closg-agposition to the antlbody fora#pd de;ls,

it may be presumed that overt sdpprgssor’cella.areiprobably

present in the spleen by day 10 or so post-immunizatlion, at .

just thelrlght time to shut off the the lmmune response.
Since suppressor cells would not be required following éhe
cessation of the lmmune response, it Is not surprising that
nature dlictates that they elther die orlénter a dormant
phase. ‘ '

The relatlonship of the. splenic T suppreééor cells with
the thymﬁs vas then investigated. It was demonstrated that
the extirpation of the thymus prior to or within 7 days
of primary immunization results In the failu:e.to
subsequently detect suppressor cells in the spleen.
Thymectomy performed more than one week post-immunization
did not affect the appearance of suppressor cails in the
spleen, thus indicating that the suppressor cells vacate the
thymus, where they are originally activafed.or generated,
after day 7 post-immunization and inflltrate tﬂe spleen.
These results strongly suggest that the splenic sdppreasor
cells originate in the thymus where they can be detected by
day 14 post—lmmunlzatlon;

The splenic suppréssor cells cannot be‘détected by the

in vitro assay beyond 30 days post-primary limmunization,

suggesting that the suppressor cells elther enter a dormant:
3
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period or dliex iéf the former is correct, then these cells
should mbe reactivated following a second ‘conract with the
antigen. If the 1arter is eorrect, then the suppressor cells
detected in the spleen folfowing - the secondary imnunization

would once agaln have to originate outside the spleen,

presumably in the. thymus. Rabbits were therefore subjected

~-to a secondary immunization 60 days following primary

immunization. They were thymectomized 14 days prior to

secondary immunization and sacrificed 25 days post-
immunization when the suppressor cells norﬁally express peak
. \

activity in the spleen. Houever, suppressor cells were.not

detected in the spleens OE_;he thymectomized rabbits,

indicating that the suppressor cells detected in the spleen'

after secondary immunization orlginate in the thymus Jjust as
after. primary immunization. Thus, the splénic- suppressor
cells after the primary immune response appear to die and
must be replaced by suppressor cells’ from the thymys
following,secondary‘immunization.

In summary, 1t has been demonstrated that, T suppressor
cells are present in the gpleen following the primary and
secondary Iimmune responses. These T suppressor cells
probabiy originate in the thymus since thymectomy prior to
immunization results in the fallure to subsequently detect
' suppressor cells in’the spleen. The presumed role of the
splenic suppressor cells is to act on the antibody forming
cells in the spleen, via the secretion of an antigen-

specific suppressor factor, to inhibit Eurther'synthesis_oé

antibody and thereby terminating the immune response.
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.Thé mechqnism vhereby the 1mmuné response.iantibddy
synthesis and secretion), which takes place iIn the spleen
foiquing the primar; and secondary /‘Immunization, Iis
terﬁfﬁatéd wvas lnvestlgatéd. It had been prevlously reported
that antigén-speciflc suppressor. cells are detected_ln the

-

thymds by day 5 post-primary lmmunization. It was therefore

postulated that the thymic 5uppréssor cells .vacate the

‘thymus and infiltrate the spleen where they act on the

antibody forming cells to inhlbit further synthesls and
secretion of antibodies. -
| It was demonstrated in this investigation that antigen-
specliflc T suppressor éells are detected In the spleen
bétween days'14 and 30 post-primary immunization. These
suppressor cells can secrete a soluble factor referred to as
immune splenfq lymphocyte (-derived) suppressor factor ox
ISLSF which can inhiblt the synthesrq and secret}on of
speclfic antibodies by antigen-stimulated memory splenic MNC
in culture in vitro. '
Thymectomy of rabbits priox to-or within the first week
following primary immunization resulted In the subsequent

——— .~

failure to detect suppressor cells in thé&7spleen. However,

~ thymectomy later than one week following immunization d4id

not affect the normal disposition of suppressor cells in the
spleen. These results’ strongly indicate that the splenic T
suppressor cells detected following the primary immune

response originate in the thymus wvhere éuppreasor cells are

\
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détected by da¥ 5 following immunizatlon.

‘"It was ;lso demonstrated that thymectomy prior to
secondary immunization also results 1in kailure to
subsequently detect suppressor cells in the spleen._This
result suggests that the suppressor cells detected in the
spleen following primary lmmunization do not go into a
- dormant st#te ‘in the spleen;and.survlve "to rise and fight
another day". Rather, they ‘appear to dle in the spleen
folloylng the primary response. Thus} the antligen-speclific
suppressor ceils detected in \the spleen followlﬁg secondary
immunization must be recruited from the thymus. Following
secondary 1ﬁmgpization, they infliltrate the spleen and

terminate the secondarf antibody response.
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