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ABSTRACT

An;ibody—fo:ming cells (AFC) act;vely secreting antibodies can be
detected in large numbers in the spleen over a period of several weeks
and in lesser numbers and only transiently in the bone marrow and the
ciréﬁlation following either primary or secondary immunization IV with
sheep erythrocytes (SRBC) or horse erythrocytes (HRBC). AFC are not
detected at all in the thymus nor in any of the other lymphoid crgans.
Memory cells, capable of being stimulated by the speci?iclantigén in in
vitro culture to transform into overt AFC, aréldetected only in }he ﬁ'f
spleen during.the first 3 months post-p;imarylihmunization. However,
they are present in increasing numbers in the thymus beginning 4 to §;
ménﬁhé post-primary immunization as We%k;aé in the spleen. These o
results suggesti{ed) that supprggsor cells acéivated in the thymus may
inhibit—any AFC which may be activated during the primary or secondary
immune responses 15 the thymus. In tﬁ;s investigation, it was
demonstrated that suppressor cells are indeed activated in the thymus
by the fifth day pest-primary of secondary immunization capable of
iﬁhibiting the secretion of a&pibodies from autologbus or allogeneic
immune splenic AFC thereby p;%;?hting the generation of hemolytic plagues
in the plaque-forming cell asgay. " These suppressor cells, referred to as
immune thymus suéﬁréssor-cells or ITSC, secrete a soluble factor in
short term (4 hr) incubation in vitro which is capable by itself of ~
inhibiting antibody secretion frdm autolegous or allogeneic immune splenic
AFC in vitro. This factor ig referred to as immune thymus suppressor
factor or ITSF. ITSF acts in an antigen:specific-manner and its activity

is not MHC restricted. ITSC and ITSF totally inhibit the secondary

immune response induced in in vitro culture of splenic memory MNC and



the antigen, and the primary i@mune respoﬁse in vivo when injecéed v
into rabbits on five consecutive days beginning with the injection of the
antigen. ITSF added to in vitro cultures of immune splenic mononuclear
cells suppresses only the secretion of specific antibodies; the c¢ells are
not impaired in their ability to synthesize and secrete nonspecific
immdnoglobulins. _Thymocytes obtained from uéimmunized rabbits and
s;éernatants of cultures of normal fabbit thymocytes did not exhibit any
suppressor activity in any of the situations in which ITSC and ITSF wore
found to be suppressive. Isoelectric focusing of ITSF revealed 12 to 15
protein bands, thus indicating-the\ﬁighly heterogenecous naturec of ITS¥.
The potential_use of ITSF, once purifiedf as an ilmmunosuppressive agent
in conjunction with o;her immunosuppressive agents such as Cyclosporin-A
and Immuran in patients with autoimmune diseases and ih allograft

recipients is discussed. ’ -

-3
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1. ‘GENERAL INTRODUCTION

1.1. Early concepts of the immune system

The concept of immunity is derived primarily from the study of
resistance to infection. It was kqun for centuries.before the discovery
of the germ theory of infectious disease that recovery from illness was
accompanied by the ability to resist reinfection i.e. reappearance of the
same disease (Bulloch, lBBQL_gurnet, 1969; Reitt, 1974). Chingse
physiclans in the eleventh century observed that tﬂe inhalation of smallpox
crusts ground into a powdery snuff prevented the subsequent 6ccurrence of
smallpox. Later, the technique of variolation, the intradermal application
of powdered smallpox scabs, was used in the middle East (Richter, 1982).
This primitive form of immunization wés brought to England in the
eighteenth century by Pylariyni and Timonli and was later popularized by
Lady Mary Wortley Montagu. The future of modern immunobiclogy w assured
with the discovery by Edward Jenner in 1798 that the injection o lcowpox
crusts protected humans from smallpox. Louis Pasteur in 1881 developed
standardized killed and attenuated vaccines. The term "vaccine" (from
vacca: L, Cow) was coined by Pasteur in honor of Jenner's contribution to
the prevention of smallpox. Robert Koch discovered the tubercle bacillus
in 1880 and laid down the rules for systematic clinical and pathological
investigation (the Koch Principles) while studying the mode of the tubercle
bacillus infection. His attempts to develop a vaccine for tuberculosis led
to the observation of the phenomenon.known today as delayed hypersensitivity.

In 1885, Roux and Yersin isolated a soluble potent exctoxin secreted
by Corynebacterﬁundiphtﬁeriae. Von Behring and Kitasato in 1890 innoculated
animals with this exotoxin and observed that the sera of these animals

possessed a toxin-neutralizing substance which they termed antitoxin. The



.

capacity to neutralize the toxin could be transferred by the serum to

uninoculated animals, a process.called passive immunization. This work

paved the way to modern immunotherapy. Buchner in 1889 discovered Complement

and termed it "alexine". Pfeiffer in 1895 and Bordet in 1899 extended the work

on complement and found it to be a serum constituenﬁ distinct from
antibody which alsb participates in the killiné and eliﬁination of invading
bacteria.

The turn of the century- was witness to one of the major events in the
field of immunology, namely the émergence of two distinct theories
governing the mechanism of resistance to infectious microorganisms; {i)
the humoral theory which emphasized the protective role of chemical
products (antibodies) elaborated by cells, and (ii) the cellular theory
whicﬁ emphasized the protective effects of certain cells in the host.  Paul
Ehrlich was the main protagonist of the humoral or antibeody theory of
resistance and Elie Metchnikoff, Ehrlich'; major antagonist, proposed the
cellular theory of immunity. In his view, the phagocytes or the scavanger
cells of the body constituted the primary mechanism for the elimination of
the foreign invader. This conflict was resolved by the discovery of
opsonins by Sir Almroth Wright in 1904. Wright demonstrated that normal
serum contains factors capable of coating the infections microorganisms,
thus facilitating their engulfment, phagocytosis and intracellular
degradation by the phagocytic cells. The opsoniﬁs were later shoﬁh to be,
in great part, naturally-occurring antibodies present in low concentration
in the circulation of.normal healthy subjects.

[

1.2.Contemporary concepts of the immune system
ﬁ“»

-

A contemporary definitiah of immunity would be "all those

physiological mechanisms thaﬂ/endow the animal with the capacity to

recognize materials as féreign (i.e. different from self) and tc meobilize



the appropgiate mechanisms'to enable it to neutralize, eliminate, or
metﬁbolize them with little or no injury to self™. I g?\
Resistance to infection results from the mutual co-operation of t@o
functionally distinct systems - nonspecific (or innate) immunity and
'specific (of acquired) immunity. The nonspecific immune system operates
continually in the normal ipdiyidual to provide it with a limited degree of
resistance to infection by pathogenic microorganisms. It functions
primarily to prevent invasion by the pathogens. This system consists of
{i) mechanical barriers (skin and mucosal membranes), (ii) non-specific
antibacterial secretions such as sebﬁm, sweat, tears; saliva and genital
secretions, (iii) enzymes in secretions (i.e. lysozyme), (iv) the alternate
- pathway of Complement (C) fixation (C'3, C'SfC'D). (v) phagocytic cells,
and (vi) ADCC lysis of the invading orgdnism by FcG bearing lymphocytes
(Barret, 1983). The FeG and C'3b receptor-bearing macropﬁages, monocy tes
and neutrophils kill microorganisms by phagocytosis and intracellular
degradatiohn via the release of lysozymes and other enzymes into the
intracellular vacuoles. Phagocytosis takes place most efficiently in the
presence of opsonins (Stossel, 1975; Klebanoff and Clark, 1978). Opsonins
congist of (i) IgG antibodies present in subthreshold (bel&w the‘level of
detection using conventional immunoassays but detected by radioimmuncassay)
concentration and (ii) C'3b wﬁich adheres to the antigen {(bacteria)
following C' fixation via the alternate pathway (Herman et al, 1979, Newﬁan
and Johnsen, 1979). - |
The initial step in the phagocytosis of the invading microorganism
(baqtéria, rickettsia, fungal spores, protozoa) is'the intéraction of the
phagocytic cell, via its receptors, with the Igé antibody and/or C'3b

attached to the antigen. The FeG receptor-bearing lymphocytes can also



lyse the inva@ing microdrganisms extracellularly following their
interaction with the F¢G of the opsonizing antibodies (Segal and Hurwitz,
1977). This mechanism by which target_cell lysis occ&rs it referred to as
antibody—dependeqt cell-mediated cytolysis (ADCC). The effector cell is-.
referred to as the killer (K) cell. The ADéC reaction constitutes a véfy
important and effective immune mechanism as it can function in the presence
of antibodies which a¥; gon-C' fixing irrespective of their concentration
or are ' fixing but are present in_too low a cpncentration to bring about
complement-mediated lysis of the targe% {Ziegler and Henney, 1977).

An additional component of the non-specific immune system is the
naturally-occurring (C' and antibody-independent) cell-mediated cytotoxic
(NOCC) cell. The effector or cytotoxic cell is referred to as the natural
killer (NK} ;ell. TheANK cells are lymphocytes or monocytes which may have{
but need not be devoid of, the conventional surface membrane receptors for
SRBC, FcG, FcM and C'3b. These NK cells are considered to constitute a
major defense against malignant and.transformed cellg referred to as
immune surveillance (Quan et al, 1982). Although it does not confer
resistance toward infectious organisms, it is nevertheless considered by
the discipline to constitute a component of the non-specifi} immune system
(Kaufmann et al, 1981). )

The specific or acquired immune system consists of antibodies (humoral
immunity or HI) and sensitized lymphocytes (cell mediated immunity'or CMI)
as well as phégocytic cells and the classical pathway of complement fixation
{C'1to C'9). Although the latter two are "non-specific" and are not
induced by the antigen, they function in an accessory capacity to facilitate

the elimination of the invading organism (antigen) by antibodies and

sensitized cells (Boyle and Boros, 1980; Mayer et al, 1981). Cellmediated

”
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-immunity is not infrequently associated with tissue destruction as occurs

in tuberculosis, allqgraft rejection and autoimmune responses {(Waksman,
1971). The effector cells inQolved in these CMI reactions in vivo are
sensitized T lymphocytes which‘are activated by the sensitizing nnt;qeq}m).
Subsequent interaction of these actively-sensitized T lymphocytps‘yithj

the specific antigen results in the.release of mediators referred to as.
lymphokines (Cohen et al, 1979}. The relevant lymphokines have been
identified as migration inhibitory factor (MIF), macrophage chemotactic
factor (MCF), macrophage activating factor (MAF), lymphocyte chemocactic
factor (LCF), mitogenic factor (MF), transfer factor (TF)}. cytotoxic
factor (CF) and gamma interferon. These lymphokines are responsible for

L 4
the tissue damage and lesions ({(Cohen-et al, 1979). fThe classical or

—

prototype lesion of the CMI reaction is the delayed hvboerscensitivity skin

reaction (DHSR) followihg the intradermal challenge of a tuberculin-
sensitized individual with tuberculin or PPD (Bloom, 19G7; Landsteinor

and Chase, 1942). The reaction evolves and progresses over a period of
24-72 hours. The induration usually attains maximum intensity by 72 hours
post-challenge. Upon contact with the antigen, the sensitized lymphocytes

release MIF and MCF which are specific for monocytes. monocy tes which

are chemotactically attracted to the challe ¢ transform, upon

interaction with MAF, into "angry'macrophages activated to a high level

) 7
5 i

of phagocytic activity. \Tbg 1 36f specifically sensitized lymphocytes

may be increased by the action of TF which cohifers upon a previously

uncommitted cell the properties: of an actively pensitized cell. The

sensitized lymphocytes are induced to proliférate by MF. Both TF and MF

may be considered to be amplification factors in the generation of

sensitized lymphocytes. The death of the invading organism and injured



&

cells in the reaction site is attributed to the action of .CF (gpps et al,

1984; Van Loveran and Askenase, 1984). .

+

In contrast, humoral immunity is seldom associated with tissue
U - .

damage. The interaction of precommiéted antigen receptor-bearing T

lymphocytes (T-ARC) with the .ARC-dependent antigen results in the

stimulation of previously uncommitted virgin B lymphocytes. These ®

precursors of antibody forming cells (AFC) trasform into medium and large
lymphoblasts which divide and dedifferentiate into antibody-forming and

secreting hoblasts and plasmablasts (Ashman, 1982; Richter, 1982},
- O | @ Ny
Ttﬁ antiboedies interact only with the original immunlZzing antigen (as

~

comparced with the lymphokines wﬁich act indiscriminately on cells in the
rRicroenvironment). The m&jori;y of the antibody-secreting B lymphoblasts
and plasmablasts tran;form into cndstege non-éntibody syn;heéizing or
secreting plasma cells with a half life of 3-5 days; these cells lose the
capacity to secrete the antibodies beffore they lose the capacity to
syﬁthesizc them and will ;herefore invariably contain antibodies in the
cytoplasm (nshmAn;.1982). A minority of the B lymphoblasts.differentiate
into smali, maéure, antigen—specif}c, long-lived (up to 30-40 vears) memory
lymphocytes. These #iemory lymphocytes are capable of being reactivated
immediately to antibody synthesis upon re-exposure to the original
immunizing antigen (Klinman, 1972; Teale et al, p1981). The requifement of
only memory B lymphocytes in the secondary response, as opposed to
clonally-selected T-ARC lymphocyte énd uncommitted virgin B lymphocytes in
the primary response, tendﬁ to explain the more explosive nature of the
sacondary as compared to the primary antibody response.

Antibodicé) which may be considered to constitute the mediators of

HI, interact with and kill the invaders only following interaction with



and activation of the complement system via the classical pathway (C'l to
C'9). Osmotic lysis of the invader occurs only following activation of

C'9 {(Boros and Rapp, 1965). The antibodies also neutra1¥ toxins,

prevent viral reinfection, and form immune complexes with. the extrinsic

antigens which are eliminated by phagocytosis and intraceilular degradation
(Metzger, 1974).

The ma}ority of the naturally-occurring antigens require interaction
with T-ARC lymphocytes prior to activation o% the B lymphocytes and their
transformation, proliferation and dedifferentiation into antibody-secrecting
lymphoblasts and plasmablasts. These aqtigcns'arc referred to as T or ARC=
dependent‘antigens. These antigens characteristically consist of a non-

\\\i@muﬁbfenic component referred to as the carrier to which are attached

. multipie numbers of different antigenic determinants referred to as
epitopés (Katz et al, 1970; Paul-et al, 1970). A small number of antigens
initiate antipody synthesis in the absence of T-ARC c¢ells and they arc
referred te as T-independent antigens. These antigens have been
characterized as large polymeric molecules with repeating identical
antigenic determinants. Examples of such antigens are dextran,
lipopolysaccharide and polynmerized élagellin. Thelimmune response to the
T-dependent antigeg is initially IgM antibody synthesis follo@9& by 1gG
antibody synthesis whereas'the.response to the T-dependent antigen is
initially IgM antibody synthesis followed by %gG antibody synthesis whercas
the ;esponse to the T—indepegdent antigen is primarily if not exclusively
an IgM antibody response {(Buck et al, 1979, Layton et al, 1981; pike and
Nossel, 1984). ' :

It is generally agreed that two signals are required to initiate B

lymphocyte activation by the antigen. In-the case of the ARC-dependent

b}
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antiéﬁns, these signals are provided by the ARC cell and the antigen. In
the case of the T-independent antigen, one signal is provided by the
antiyenic determinant on the antigen while thelother is provided by the
carrier constituent of the antigen (Pike ané Nossal, 1984; Bradley-
Mullen, 1982).

The discovery and subsequent characterization of the }nterleukins,
which are soluble factors produéed by monocytes/macrophages-anq T
lymphocytes, has led to a better understanding of the mechanisms which
sustain the survival and proliferation of the immunocompentent cells. ' The
T cell activating factor or ;nterleukin 1 (IL-1), secreted by the monocyte,
Stimulates the production by T lymphocytes of a T cell growth factor
(TCGF) referred to as Interleukin 2 (IL-2) (Maizel et al, 1981; Mizel,
1982; GerYy, 1982; Gillis and Migzel, 1981; Palacios, 1982). T cell
proliferation is}depéﬁdent'upon the interaction of IL-2 and IL-2 receptors
expressed on the activated T cell (Reska-Kuntz et al, 1984; Lipkowitz et
al, 1984). The induction of B lymphocyte pfoliferation and differentiation
involves at least two interleukins produced and secreted by the T
lymphocyte in the presence of IL-1. These are referred to as B cell growth
factor (BCGF) and B cell differentiation factor (BCDF) (Ford et al, 1981;
Howard gt al, 1982). The differentiation of activated B lymphocytes in the
presence of BCGF induces B lymphocyte ‘proliferation and the synthesis or
unmasking of specific receptbrs for BCDF. The interaction of these ,
receptors with BéDF promotes d%fferentiation of the blasts into aﬁtibody—

™~
secreting cells. (Korsmeyer et al, 1983; Muraguchi et al, 1984).

Immunoregulatéry mechanisms operaée to limit the extent of the immune

response. Up to the late 1960's the main question addressed was: what

[
cellular mechanisms initiate the immune response? The question today would



appropriately be what terminates the immune résponse? Gershon (1970) was
the first to describe antigen-specific suppressor célls and his findings

'have been confirmed by numerous investigators.J The immunorweculatory
mechanism consists of the T helper and T suppréssor lymphocytes. The T
helper lymphocytes augment or enhance antibody synthesis. They possess

~

surface receptors for FcM and are referred to as TM or T“ lymphocytes.
Suppression or inhibition of antibody synthesis is ecffected by the T

suppressor lymphocytes. Suppressor cells have cell surface receptors for

FeG and are referred to as TG or TY cells (Moretta et al, 1975; Morctta

et al, 1976; Moretta et al, 1977). With the cmergence of monoclonal
antibodies specific for subpopulations of T lymphocytes, the circulating
suppressor T and helper T 1ymphocftes have been identificed by'thuir
interactioﬁ with OKT8 and OKT4 monoclonal antibedies and are referred. to
as TB and T4 lymphocytes, respectively (Reinherz ot al, 1980; Thomas ot
al, 198l; Kung and Goldstein, 1980). The suppressor ccll mechanism is
relevant to humoral as well as cellular immunity. Both responses are
terminated by suppressorlT cells. A second mechanism operating to limit
the HI response is feedback suppression by antibody molecules thomselves.
The IgM antibodies which appear first following immunization with the
antigen stimul;te‘the synthesis of IgG antibodies and the latter, as they
increase in'cbncentration. suppress further §§nthesis of IgM antibodies.
In the absence of IgM antiboedies, the stimglation to synthesize 149G
antibodies is lacking and therefore increaéed goncentration of IgG
antibodies will cause feedback irhibition of IgG antibody éynthes{s
(Herzenberg et al, 1981). The stimulating IgM antibodiéé and the
suppressive IgG antibodies may act by stimulating the TM and TU lymphocytes,

. respectively.
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P

At this point in time, it is generally accepted that the immune
response is terminated by antigen-specific suppressor cells. The cellular
origin of these suppressor cells and the mechanism by which they act to

cause this suppression is still speculative and unresolved. The different

mechanisms of suppression will be discussed in detail in Chapter 3.

2
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2. RATIONﬁLE,'HYPOTHESIS AND OBJECTIVES (\Tr
As discussed in the Introduction, the thymus has been sShown to provide

the host with ARC cells necessary for the induction of a primary antibody
response to T or ARC-dependent antigens. )

Recent investigations by Richter et al (1986), Barron et al (1986}
and Berry et al (1986) in the normal adult outﬁred rabbit in this
laboratory have shown that tﬁe fhymus has a second_immunologic function, as
an organ in which memory B cells may survive for prolonged pg;iods of time.
These memory cells which are not detected in the thymus until 4 to 5 month§
post-primary intravenous (IV) immunization, can subsequéntly be reactivated
to antibody forming cells (AFC), following reexposure to the §pocific
immunizing antigen in vitro. However, these investigators were
consistently unable to demonstrate overt AFC in the thymus following in
vivo expésure to the antigen irrespective whether the thymus cells were
asse:sed for AFC (by the PFC assay) following primary or seccondary in vivor
immunization. This consistent failure to AQtect ATC within the thymus
suggests that {i) the thymus 45 not conducive for the survival of AFC; (ii)
ther@xsfists a blood-thymds barrier barring the infiltration of circulating
AFC; (iii) the circulating AFC are dying AFC and cannot survive within the
lymphoid organs they infiltrate ;ther than the bone marrow; or (iv) there
exist suppressor mechanisms within the thymus which mitigate the detection
of infiltrating or endogenously (parenchymal)-generated or activated AFC.

The finding of memory cells in the thymus beginning 4 months post-
primary intravénous immunization (Richter et al, 1986) suggests that
suppressor cells might be present in the thymus during the phase of active

antibody synthesis and during the early post-primary immunization peried,

capable of inhibiting the synthesis of antibodies by the infiltrating AFC.
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In accordapce wi;h these observations,landAin light of past findings,

it was felt that the role(s) of the thymus in the primary'and secondary

e -
immune responses merited renewed investigation in order to elucidate whether
or not suppressor éells could be found in the thymus following primary ang
secondary in vivo immunization.

The HYPOTHESIS which was addressed is that antigen-specific
suppressor cells appear in the thymus of the rabbit shortly post-primary
immunization and that they are capable of inhibiting the synthesis and/or
secretion of antibodies by the AFC.

The OBJECTIVES of this investigation were as follows: (i) to determine
whether antigen-specific suppressor cells are detected in the thymus post-
primary and post-secondary IV immunization, (ii) to identify and
characterize the suppressor cells, (iii} to elucidate the mechanism by
which the suppressor cells exert their suppressive effects (i.e. whether
they secrete a soluble suppressof factor or suppress via cell-cell contact),
and (iv) to definé’;/éhysiological role for the suppresscr cells and the

™ b

suppressor factor(s) in vivo.
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3. HISTORICAL REVIEW

3.1. INTRODUCTION

In order to abide by the regulations of the department of

microbiology and immunolégy, University of Ottawa, concerning the length
of a Ph.D. thesis, the scope of the discussioﬁ of the historical review
will be limited to a discussion of the specific and non-specific
suppressor mechanisms governing specific antibody synthesis and
non-specific immuncglobulin (Ig) synthesis, respectively. Other topics
which could conceivably be subjects for discussion such as’ the regulatory
mechanisms governing the cellular mediated immunity, and the reolationship
of the suppressor mechanism with immune tolerance, wili be omitted for the
sake of brevity.

The concept of suppressor cells and/or suppressor factors as the
primary down reghlators of the immune response did not take hold prior to 1970
and vet it seems rather obvious today. ' This state of affairs may be
attributed to the fact that, for deéades, the primary concerns of
immunologists revolved around_understanding the mechanisms of activation of

the immune system and enhancement of the immune response to infectious

agents on the assumption that a greater response means greater protection.

0
-

One may indeed wonder, in amazement, why immunologists aqg immunology
textbooks did not address the matter of down—regulgtion,of the immune
fesponse. If one examines the lymph node of an animal immunized
subcutaneously within the area of drainége of Ehe node 4 to 6.days
previcusly, one will observe a marked and seemingly unregulated
proliferation of cells and greatly enlarged follicles (2 to 4 times their
normal size). The lymph nodes underge marked hypertrophy due to cellular-

proliferation and not edema. There is also a degree of anaplasia and
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pleomorphism which would suggest a malignant procesé to'thé,wary eye of
the pathologist would he not be aware‘of the circumstances whiqh led to
the lymph node hypertrophy. However, if one looks at the lymPh node 10
to 15 days following immunization, the microscopic architecture will have
returned to normal and there is no sign to suggest the apparently
disorderly and chaotic'changes that had occurred in the lymph node only 6x
to 9 days previously. Since lymphocyte proliferation ceases within 7 to
10 days following immunization and antibody synthesis and secretion ceases
within 10 to 15 days following immunization, - -there must be a mechanism(s)
which terminates the proliferative activity and antibody synthesis.
Mechanisms must be activate@ to rest;re the immune system to homeostasis
following its "pathologic" activation bf antigenic stimulation. However,
it was not until the late i960's when Gershon and his associates
demonstrated the existence of lymphocytes capable of suppressing the
immune response, which they referred to as SUppressor cells, that’
investigations of the m;;;énisms which regulate the immune response were
initiated in earnest.

‘____A In discussing immunoregulatory mechanisfis in 1986 it is important to
recognize that there appear to existltwo, not one distinct, of these
mechanisms. The more obvious and the more dramatic of thg two is the one
which regulates specific antibody (Ab) synthesis by the B cells following
immunization. The second and less apparent of the twe is the one which
regulates the synthesis of non-specific Ig's by the B c;lls. This latter
mechanism is often not considered by investigators concerned with the
suppression of Ab's.

Under normal circumstances the concentration of the circulating Ig's

will be maintained at an almost constant level between the advent of
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‘puberty and extreme oid age. This constancy of circulating ;g represents
the balance between synthesis and degradation of iq and therefore infesﬁ
the existeﬁce of mechanisms whiéﬁ regulate Ig synthesis by the B
lymphocytes. . Since there is a wide variation in the concentration of
.circulating Ig in different individuals (the range is'ptheen 1200 mg
percent to 2000 mg percent; which takes into accoﬁnt 2 SD from the mean)
it is ebvious that the two arms of this regulatory mechanism - enhancement
of Ig synthesis and supp;ession of Ig.synthesis operate at different
levels in difderent individuals.

The specific immune system is cohposed of lymphocytes of two distinct
lineages, the T and B lymphocytes as well as the obligatory partiéipation
of macrophages/monocytes,‘probably in an accessory capacity. The T and B
lymphocytes cannot be distinguished from each other by light miéroscopy in
the non-immune animal. Following immunization, the small mature B
lymphocytés undergo activation, transformation, proliferation, and
dedifferentiation ints the antibody forming cells, the.lymphoblasts and
plasmablasts, which synthesize and secrete the antibodies. The T cells
consist of two classes of cel%s which appear to act antagonistically with
respect to the immune response - the helper (TH) cells stimulate the B
célls to generate antibodies and the suppressor (Té) cells act to
terminate che immune response by mechanisms not ygt'fully understood. One
of these mechanisms invélves its interaction with the helper cell,
preventing it from‘fufther stimulating antibody synthesis by the AFC B
cell. A second regulétory mechanism involves the inhibition of the
proliferative response of the B cells, thus inhibiting the clonal expansion

of these cells.

The specific suppressor mechanism in the normal individual is not
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normally detectable since it is in a dormant state. It can only be
detected following immunization with antigen. Once activated, the
antigen-specific suppressor cells function to down regulate the specific
immune response following which they must either enter a dormant state or
die since thgy can no longer be detected in the animal 1-2 months following
immunization with the specific antigen. It is important to emphasize thaﬁ
specific suppressor cells only affect the synthesis and sgcretion of
specific antibody directed against the specific immunizing antigen and

that they have no effect on Ig synthesis in general. '

Although the majority of investigators have identified the suppressor
cell as a T cell, one cannot disregard the not insignificant number of
'reports in the literature which have preseﬁted evidence in favor of
macrophages and B cells as suppressor cells (these will be discussed in
Chapters 3.3.and 3.4., respectively).

In addition to the demonstration of cells capable of suppressing the
immune response a large number of inQestigators have disclosed that the
mechanism by which these cells act involves the secretion of soluble
suppressor factors which by tﬂemselves are capable-of suppressing the
immune response. As can be anticipated from the above discussion of
specific and non-specific suppressor cetls; both specific and non—specificl
suppressor factors have been identified (these will be discussed in chapter
3.5. ). Fﬁrthermore, it has been shown that antibodies themselves’
may function to regulate their own synthesis, this feedback inhibitory

mechanism will be discussed in Chapter 3.5.9.3.
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3.2 T SUPPRESSOR CELLS

3.2.1. Introductien

a———

Prior to the discovery of suppressor T cells by Gershon and c04w6rkers
in 1970, little or no concern was given to the fact that suppressor cells
are invo}ved in the termination of the immune response.

By far the largest number gf investigations concerncd with the
suppression of the immune response have disclosed that suppressor T cells

o : .
are involved in the down-regulations and/or the termination of the immune
response. These suppreésor T cells may be of two main types, one is the
antigen-specific T'suppreésor cell which suppresses the épecific immune
‘response toward the immunizing antigen, the other is the.antigen-
nonspecific T suppressor cell which suppresses the immune response to
unrelaﬁéd antigens in vitro and may in fact represent the regulatory arm of
the immune system concerned with the maintenancé of a constant amount of
circulating Ig, also referred to as homeostasis.

In humans suppressor T cells, both specific and nopspecific.have 5een
described in the circulation, tonsilar and splenic ;ggsue. In the animal
most of the reports in the literature Béve sited suppressor T cells in the
spleen, circulation and lymph Aode. Although mucﬁféirk has been done in
the past 15 years characterizing and isolating these suppressor T cells,
iittle or no effort was made to correlate their in vitro action with their .
role in vivo.

This chapter will introduce the reader to antigen-specific as well as

antigen-nonspecific suppressor T cells, the mechanism of their induction and

their mechanism of action.
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3.2.2. Methods utilized to detect suppressor cells -

Suppressor cells suppress the immune response. Therefore, the
methods;used for their detection measure their abi;ity to. suppress an
immunological response which would otherwise occur in their absence.
Three assays which have been carried out in the vast majority of
investigation ére: (1) the inhibition of the immune responsé in vivo
following the transfer of suppressor cells indgced in vitro or in a
syngeneic hoét, {(ii) the inhibition, by suppressor cells, of the immune
response generated in vitro by lymphoid ciils of an immunized animal, and
{(iii) the inhibition, by suppressor cells, of the phytomitogen-induced

blastogenic response by normal autologous or allogeneic lymphoid cells,

3.2.3. Mechanism of induction of T suppreséor cells

3.2.3.,1. Introductory séatement

A proper understanding of the mechanism of T suppressor cell
activation, generatiéﬁr;r induction is complicated by the fact that two
different, distinct terminologies exist to define Suppressor celis. One is
defined on.tﬁe basis of differenﬁial rosetting of the T cells with BAG and
EAM indicator cells; the other is based upon the reactivity of the T cells
Qith.specific'monoclonal antibedies directed toward two particular T cell '
surface constitqents referred to as T4 and T8. The (Ortho) antisera are
referredlfo as OKT4 apd OKT8, respectively. A second complicating feature
is the often repeated failur? of investigators to recognize twe distinct
classes of suppressor cells - one functioning to regulate the synthesis of
noh—specific immunoglobglins (Ig) and the other responsible for the
requlation of the synthesis of specific antibodies.

The evidence up to 1980 strongly indicated that these two suppressor’

‘mechanisms are functionally distinct. However, recent evidence suggests

that, in fact, the cellular interactions underlying the activation of
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suppressor cells for both specific antibody synthesis and non-specific lg

synthesis are similar, if not identical. Therefore, they will be

discussed together rather than separately.
To date, little progress has been made in our understanding of the

initial reaction which must take place betwecen the antigen and the cell or
/‘ .

f;llSIinvolved in the induction of overt supprcssof}cells. It is not clear

\ .

1
whetzﬂr only a single cell is invelved from the activation to the effector

stagé or whether multiple cells of identical or distinct lincages must

interact sequentially to facilitate the generation of overt suppressor
1

cells. Rece investigations have shed some light as to the cellular

interactions leading to the induction of suppressor cells and their
identificatipn, as is discussed below.
-3
3.2.3.2. The fmechanism of induction of human T suppressor cffector cells
(overt suppressor cells)

Moréttaﬂénd his associates (Moretta et al, 1975; Moretta ct al, 1976;
Moretta et al, 1977; Moretta et al, i979) investigated the requlatory
mechanisms governing Ig syntﬁesis by human B cells stimulated by PWM in
vitro. They rosetted circulating T cells with EAG and EAM indicator
eryth;ocytesp'and thereby isolated sub—classeéf;f helper and‘suppressor T
cells. Thegé cells were identified by their ability to facilitate and
suppress Ig synthesis by autologous B cells in vitro, respectively. The
helper T cells rose;ted with the EAM indicator erythrocytes whereas the
suppressor T cells rosetted with the EAG indicator erythrocytes. These
cells were rgferred to as ‘1‘M or TU cells and TG or TY cells, respectiveiy,
in view of the fact that the ’I‘M cells possess surface membrane receptors
for the Fc¢ region of IgM (the P heavy ain) whereas the T cells possess

G

su;face membrane receptors for the Fc r gion of IgG (the ¥ heavy chain).

Moretta et al {1977) claimed that the T, cells were activated into

g L ?
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functional suppressor cells as a result of their interaction with the

FeG on the -EAG indicator cells, that is, as a result of their rosetting

with the EAG cells (Moretta et al, 1977, 1979).

-

Ballicux and his associates investigated the regulatory mechanisms

governing the synthesis of specific antibodies by human B cells in vitro.

They dcmonstraicd that the helper and suppressor cells were the 'I‘M and TG
-

c¢ells, respectively. The TG cells had to be preincubated with the antigen

in order to be activated to transform into suppressor effector cells.
‘aThesy investigators aiso‘é?monstratcd the existence of a'cell.withfh the
THéI“) hclper caell populatioﬁ Qh;ch could activate the TG(TY) suppressor
cffector cell following their incubation with the antigeé? These cells
were referred to as Suppressor inducér TM cells (Ballieux et al, 1982) in

contradistinction to the helper inducer TM cell (Ballieux et al, 1982).

. “

It was dembnstrated that the suppressor inducer T cells (Tsi) aft on the
SUPpPressor precursor T cell. (Tsp) which then transform into the T

suppressor effector cclls(Tse). The Tsp cells were shown to be

B + . .
autoloﬁous rosetting lar ) cells; they were capable of rosetting with

autolegous. erythrocytes. However, the Tsi'and Tsp cells were shown to be

incapable of rosetting with autologous erythrocytes (i.e. they are ar
cells). On the basis of differential rosetting and staining with specific

monoclonal antibodies by the immunofluorescent technique, the Ts., T and

sp
T cells were identified as T + -4+8_ar_, T —4—8+ar+, and T 4-8+aru,
s Uy Wy [ ¢

respectively. Similar findings were reported by Thomas et al (1981) and

Davidsen and Kristensen (1986). These results have since been confirmed in

cur laboratory by Richter and Jodcuin (to pe submitted for publication).
The suppressor inducer ceH.maQ interact with thé SUpPPressor Precursor

.cell to induce it to transform into a suppressor effector cell by (i) cell-
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cell contact, which entails cell surface recognition sites or receptors
{as discussed above), or (ii) secreting a soluble suppressor factor which
CONveys thg message "go" to the suppressor precursor cell to transform
i;to the suppressor effector cell. At this'pointlin time both mechanisms
are considered té be equally credible. The latter mechanism is supported
by the work of Lau et al {1984, 192%5). They described a suppressor
activating factor (SAF) secretéd by a human T cell ling (CEH'cell) in
chlture; which activates the T suppfessor effectog cells to secrete a
potent sﬁppressoé factor (T cell relecased Suppressor acpivity or TRSA).
The SAé.was only slightly suppressive by itself. On the other hand, the
TRSA was 100 to 500 times more suppr;ssive than the SAF.

| In 1980, Reinherz, S;hlossman and theirh::;hoagucs.(Reinherz and
Schlossman, 1980 ; Reinherz et al, 1980) ‘ introduced the use of
monoclonal antiboaies {mAb) for the separation of functional T cell sub-
populations which govern the synthesis of Ig by B cells in culturce
stimulated by PQM. They utilized two mouse manoclonal anfiscra, refoerred
to as OKT4 and OKT8, directed towards specific surface configurations
present on normal circulating human T cells. The T cells which %eact with
the OKT4 mAb were referred to as T4 cells and were demonstrated to he T
helper. cells, whereas the T cells which reacted with the OKTS mAb*Qefu
rgferred to as T8 cells-and were demonstréted to be T suppressor cells.

The relét}onship bhetween the TM helper and TG‘suppressor cells and

the T4 helper cells and TB suppressor cells rémained a matter ofcontcntion‘-
and controversy until 1982 when it was resolved by Heijnen, Ballieux and
their colleagues ({(Heijnen et al, 1982a; Heijnen and.Ballieuxu 1983).

~

These investigators demonstrated that the overt T helper cell is a

- . -+ - +
TG M 8 T cell whereas T suppressor effector cell is a TM c 4 8T cell.
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Most recently, Morimoto et al (léBSa,b) have succeeded in raising
monoclonal antibodiesAin immune house spleen MNC hybridoma cultures
capable of selectively lysing the human T4 helper inducer and the T4
suppressor inducer cells in tﬁe presence of complemént. One antiserum,
referred te as anti-4B4, is capable of lysing the T4 helper inducér cells ~
whereas thé,seCOnd antiserum, referred to as anti-2H4, is capable of
lysing the T4 suppressor indﬁcer cells. Tﬁus, by using these two antisera
it is possible to separate éhe helper cells from the s;pprcssor inducer

cells, both of which comprise the TM helper cells.

3.2.3.3. Mechanism of induction of T suppressor cells in the experimental
animal

3.2.3.3.1, Introductory statement
~To date, the only experimental animal in which immunorégulatory

mechanisms have been extensively rdestigated is the mouse. ™Pwo major’
facts about, T lymphocytes have become apparent over the past ig years:

the first, as demoniprated by the early work of Claman and.Chgpcron
(Claman and Chaperon;-iges), Davies (Davies, 1969) and Miller and Mitchell
(Miller and Mitchell, 1969), is the helper function carried out by a ceil
with a cell surfa;e phenotype Lyl+,'and by Gershoﬁ {Gershon, 1974) the
Suppressor function carried out by a cell with a cell surface phenotype
‘2+ of the T lvymrhoovyte peol which participates in ﬁhe humoral immune
reépo se; the second, as initially described by Cantor, Boyse and associates
{Cantor and'Boyse, 1977; Cantor and Weissman, 1976; Can£or and Gershor,
1979; and Cantor et al,bl978), is that thé circulating'f cell pool is very
heterogeneous consisting of a large number of subsets, each with distinct
differentiation ;urface membrane markérs and immunologic fdnction.

Investigations of the regulatory phenomenon of specific immune

suppression (Araneo et al, 1979; Eardley et al, 1978; Feldmann et al, 1977;:

_.../\
o
-

i
e .
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Gerﬁéin et al, 1978; McDougai et al, 1959: Perry et’al, 1978; Sy et al,
1980; Tada and Okumura, 1980; Waltenbaugh et al, 1977; an@ Weinberger ct.
al, 1980} have disclosed the importance of multiple interactions among
these T cell subsets in the induction of overt antigen-specific suppressor
cells. Several distinct model systems of. the different interactions
between the various T cell ,subsets and solubie suppressor factors (soluble
.suppressor factors will be Aiscussed in ChapteY 3.5. ) secrétud by
éhCSO different T cell phenotypes involving both humoral (Cantor ct al,
1978; Eardley ¢t al, 1978, 1979a,b; Waltenbaugh et al, 1977) and cell-
mediated immunity {Germain ct al,ll978; Perry ot al, 1978; Greene et al,
1979) have emerged (This thesis i1s concerned only with the suppression of
the humoraliimmunc response and no further reference wiil be made to the
induction of suppressor cells in the CHI response) .

These data raise the important gquestion as to whether there arce many
different pathways of T cell-mediated suppression, or whether the deseribed
pathways, in tﬁc different experimental systems, arc fragments of a large
single seguencde. Recent findings have suggested the possibiligy of
integrating the great majority of the results into a single overall scheme
of cellular interaction leadingito the induction of overt suppressor T
cells in the mouse.

It is not pqssible to include in this analysis all the reports on
Trcell mediated suppression in the mouse. Rather, I will concentrate on
the three major models, for the induction of T suppressor cells, for which
a'large body of data is available. For greater detall, see reviews in
references (Benacerraf et al 1977; Cantpr and Gershon, 197%9; Clahan ct al,
1980; Germain, 19890; Germain and Benacerraf, 1980Q; Grecne and Benacerraf,

1980; Pierce and Kapp, 1976; and Tada and Okumura, 1980).
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3.2.3.3.2. The mechanism of induction of T suppressor effector cells in
the mouse {overt suppressor cells) A

.

A suppressor pathway that is activated concomitantly with normal
immunization has been described by Eardley, Gershon, Cantor and associates.
ECxposiure of purified splenic T cells, with a surface marker Lyl+(helper
cells) to SRBC in vitro activates an inducer suppressor T cell, within this

+ + .
, @al

helper cell poﬁﬁlation, with a celi surface phenotype Lyl+, I-J
(1~J and Qal being surface configuration common to T suppressor inducer/
precursor cells) (Cantor et al, 1978; Eardley et al, 1978, 1979a.b; Gershon,
1974). This éeli-inturn acts, Qia a factor secreted by the activatedcell
(Yamauchl et al, 198l1), on a non-primed suppressor precursor T cell of the
phenotype Lyl+, 2+, 3+, I—J+, Qal+ which transforms into or activates a
suppressor effector T cell with an Lyl+, 3+ phenotype,.which'can be
detected only in its (suppressor prgcursor) mature staté, and which serveés
as the actual suppressor effector cell. This suppressor effector T cell
acts in an MHC-restricted manner to inhibit Lyl+ helper cell activityi
Thé §econd pathway for the inductiorn of suppressor T cells in the
mouse is one of thé best studied, and earliest described, and involves
the generation of specific’ suppresscr T cells in responder mice by the
administration of large antigen doses over an extended (4-week) period
(Okumura et al, 1977; Tada, 1977; Tada et al,.l976; Tada et al, 1979; Tada
et al, 1975; Takemori and Tada, 1975; Taniguchi et al, 1976a,b; Taniguchi
and Tokuhisa, 1980}. The T suppressor cells recovered from such treated
. J + +
animals in vivo are Ly2 , I-J which bind to the specific antigen used for
their induction. This cell, the suppressor inducer, acts on anlantigen—
+ .+ .+ +

primed, Lyl , 2°, 3°, I-J , radiation-sensitive, T cell via the .

secretion of an antigen-specific soluble suppressor factor,
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td permit the production of an activated Ly2+, 3+, I—-J+ phenotype,
suppressor effector T cell (Tada, 1977; Tada et al, 1979; Taniguchi and
Tokuhisa, 1980). The authors suggested that.this step may inveolve two
distinct cells, rather than a change in the surface phenotype of the_

) . + .
Ly1+. 2+, 3+ cell. The suppressor effector cell (Ly2 , 3+..I—J+) once

induced secretes a suppressor molecule that acts in an MHC non-restricted
' . R .
manner to inhibit Lyl helper T cell function.
The third moael-for the induction of suppressor T cells involves the
suppression of the humoral responses to synthetic polypeptide antigens,

L-glutamic acidGO-L—alanine3O-L—-tyrosinelO {or GAT) and L-glutamic acidSO—

L-tyrosine50 {or GT). These systems have been studicd by Germain and

Benacerraf and colleagues {Germain and Benacerraf, 1978; Ggrmain et al,
1978a,b, 1979, 1980) and by -Kapp and Piecrce and associatg$S (Kapp, 1978:
Kapp et al, 1974, 1976, 1977; Théze et al, 1977a,b; Waldgnbaugh et al,
1977a,b; Araneo and Kapp, 15@0; Turck et al, 1985; Sorensgn and Pierce,
1986} . Immunization of nonrespender mice with GAT results\in the
activation of an antigen-specifi; T suppressor inducer cell, or TSl cell
(Kapp et al, 1974). The Ly phenotype 0of these cells has not been
determined in the nonresponder mice but shown to be Ly2_, I--J+ in
(responder X responder) Fl mieég(Lake et al, 1986). This suppressor

inducer cell once activated secretes a suppressor factor, GAT-TSFl(Kapp

et al, 1976) which is antigen-specific. Its function is the induction,

together with the antigen, of a second T suppresso# UTS) cell TSZ' from
resting T cells {Germain and Benacerraf, 1978; Germain et al, 1978b).

. + + _+ , . .
The precursor of the T is a Lyl , 2, 3 cell and its activation by the

52

. . + 4+ .
GAT—TSFlylelds an activated Ly2 , 3 which acts as the suppresscr effector
. , ‘ +
T cell (TS3) in nonresponder mice (Lopez et al, 1986) and has the Ly2

-
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phenotype in the (responder X responder} F. mice (Lake et al, 1986),

1

both of which act via the secfetion of a nonspecific mediator on Lyl
T cells as well as B cells.

GP-specific suppression differs from GAT suppression mainly ip;z;e
existence of non-suppressor nonresponder strains in mice and the effect
of two gene products which control the ability of these mice to affect
suppression to this antigen (Debre et al, 1975a,b. 1976; Germain et al,
1978; Théze et al, 1977a} Waltenbough et al, 1977a,b; Kapp et al, 1983).

These genes appear, on the:Qne hand, to affect the ability of TSl to be

activated and produce GT-TSE‘l and, on the other, to permit TSFl to evoke

actual suppression via T induction (Germain et al, 1980). Both GAT and

s2

GT-induce suppressor eff cpor cells and act on T or B cells in the presence
of M{s ({Aranec and Kapp, 1980; Lopez et al, 1986). '

A sufficient numbe£ of similarities exist among the systems described
to attempt a synthesis of this data. It is possible to suggest a single

major pathway of T suppressor cell activation which incorporates the key

N

features of each of the described models. (i) The initiation of the
+
pathway by an Lyl , antigen specific T cell, which intern preduces a

TSF (antigen-specific) that acts in an MHC non-restricted manner. (ii) In

/ .
& second stage,/the triggering of T 5 whose TSF acts in an MHC restricted

s 2

manner to (iii) activate an antigen primed TS3 which acts as the

suppressor effector cell. It should be noted that either T themselves,

52

or the TS3 cells, may act, not only via the production of a nonspecific

mediator, but directly on a target cell via cell-‘surface receptors or

antigen-bridging mechanisms.

[

It is clear, however, that several major issues remain unresolved at

present; (i) How does the antigen trigger the TSl cell? (ii) What
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determines whether 'I‘S‘,2 are of the antigenvspecific {antigen-primed) or

normal resting T cell type? (iii) How are TSF signals transmitted? and

(iv) How does the actual suppression of the target cell occur? These and

other questions concerning the induction of TS cells should be answered

in the near future.

3.2.4. The mechanism of action of T supvresstr effector cells

3.2.4.1. Introductory statement

The mechanism of action of suppressor cells, that is the manner
whereby suppressor cells inhibit, abert or down regulate the immunc
response is not well understood at the present time. Obviouély, there are
limited possibilities by which suppressor cells can exert their cffect on
the immune system. These include: (i) direct interaction of the
suppressor cells with-the antibody forming_cells, inhibiting their
proliferation én@/or synthesis and secretion of antibodies, (ii} the
direct interéction of the suppressor cell with the helper cell, resulting
in neutralization or inhibition of'helber cell activity, leading to
cessaticon of antibody synthesis by the B cells, or {(iii) secretion of a

suppressor factor by the suppressor'ce , which may then act on c¢ither the

helper cell or the B cell, or both, resulXing in the termination of

~
3.2.4.2. The mechanism of action of T suppressor‘;}fector cells in
humans and animals \\)

Evidence to date supports postulated mechanisms (ii) and (iii)} listed

antibody synthesis and the immune response. -

above. Moretta and his associates (Moretta et al,,ZéfQ} demonstrated that
the human suppressor T cell must interact Qith tvé helper T cell and not
the B cell in order to suppress Ig synthesis by khe B cell in vitro. fThis
effect was demonstrated to be mediated by a suppfessor factor secreted by

the suppressor cells (suppresscr factors will be discussed in Chapter 3.5).
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The investigations by Ballieux and colleagues (Uytdehaag et al,
197%a; Ballieux and Heijnen, 1983; Heijnen et al, 1981; Uytdehaag et al,
1981; Heijnen et al, 1979) support the results of Moretta et al (1979).
Using an antigen-specific . human cell-culture system, they demoﬁstrated that

;uppression of the specific immune respdnse in vitro is not the result 6f
the interaction of-éﬁppressor T cells withlthe antibody forminé cell or
the helper Eell, but is probably due to the actions of an antigen-specific
suppressor factor secreted by the suppressor effector cell (discussed in
Chapter 3.5.10.4.).

Smith et al (1984} showed that the plaque;forming cell (P¥{) response
to SRBC is suppressed when Con A i1s administered IV on several occasions
to mice within a 24 hour period prior to or immediately after immunizaticn.
The magnitude and the duration of the suppreﬁsion depended upon the

concentratibn of the antigen used for immunization. Repeated immunization
wiﬁh.the antigen abrogated the sup;ression induced by Con A if Con A was
injected twice (4 and'24 hours)after primary immuni;ation. Although,
profound suppression of the .anti-SRBC PFC responsé'wasrobserved in mice
pretreated with repeated Con A injections{4 to 24 hours) prior to
immunization with the antigen (SRBC), spleen cells from these mice did not
exhibit suppressive activity when transferred into normal immunized
syngeneic_recipients or when co-transferred with normal syngeneic spleen
cells into irradiated immunized:recipients. The éuthors suggest the need
for cell-cell contact or cellular co-inhabitation for suppression to occur.
However, it is also possible that no sﬁbpressor cells were generated by
Con A in vitro. Rather, Con A disrupted the architecture in the lymphoid
organs and destroyed lymphoid cells, resulting in the abolition of the

immune response.
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Holler and associa;es (Ektedt et al, 1977) demonstrated that mouse
spleen cells activated by Con A in vivo.inhibited the anti-SRBC
(T—dependent)'response_of_gg;mal syngeneic spleen cells in cultures, but
'not to a T-independent antigen (3,S-dinitro—4—hydroxy—phenacetyi—conjugatod
lipopolysaécharide) nor did they inhibit the activation of normal cells
by phytomitbgeh {PWM)} a polyclonal T-and B-Tell activator. The
suppression occurmred only if the Con A-activated suppressor cells wore
added to the cultures at ghe initiation of the cultures. ‘ﬂé addition‘of
these ;ﬁppressor cells 24 hours after the initiation of the culture did
not cause suppressicn of the anti-SRBC response. This suggests that the
Con A-induced suppreésor cells do not act directly on B qcils but rather
on helper cells (T cells or macrophages) at a ve;y early stage of the
immune response to T-dependent antigens. In a recen£ communication
(Moller, 1985), in Vitro Con é—activated spleen cells were shown to be
suppressor cells when cb-culturea with normal syngeneic spleen cells and
antigen.(SRBC), but were.fouﬁé to act as helper cells in vive in the anti-
SREC response when transferred'to syngeneic untreated immunized micce.
These cells were true hélper ce;ls as they enabled nude mice to respond
to SRBC following their IV injection into the mice. This suggests that
Con A activates both suppressor and helper T celis in vitro, as was

.

‘reported earlier by Dutton and co}leagues (Scavulli and Dutton, 1975),

and that suppxeésor T-cells act on helper T cells in in vitro.cultures to
bring about the termination of the immune response. However, in vivo the
Con A—activated helper cells gain the upper hand, be it due to their better
su;Vival in the injected syngeneic immunized animal or due to the fact that

the helper cells outnumber the injected suppressor cells due to the

presence of host helper as well as the injected helper .cells.
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Positively selected T8 human suppressor cells require much less IFN

* for activation in vitro and are more effective suppressors in smaller

numbers than -unfractionated I?Na—activated circulating MNC (Schnaper et
al, 1983). These cells suppressed thé blastogenic response by normal
autologous circulating MNC in the PHA-driven blastogenic response. The
authors suggested that the suppression was due to absorption of IL-2 by
the suppressor cells thus depriving the responder T célls of the IL-2
required for a blastogenic response. -
‘ Papermaster et al (1983) have reported that human circulating MNC
i .
cultured for 4-6 days in the presence of Con A and FCS suppress the
production of human IFN by allogeneic human circulating MNC in culture in
résponse to staphyloccal extoxin A. ‘fThis suppreésion could be abrogated
by the addition of IL-2. These findings suggest that the suppressor cells
inh;bit IFN production hy.sequestering IL-2 that -is required fof IFN
production. Similar findings regardi;g the ability of suppressor cells to
absorb IL-2 (TCGF) were made by Palacios and Moller (1981) and Moller
(1985) . .
Lomnitzer etal (1984) have studied the supﬁressive activity of
Con A-induced human c¢irculating suppressor cells by ;omparing H3—thymidiné
incorporation by autologoué or allogeneic responder MNC alone and
co-cultures gf the Con A-pretreated MNC and the responder cells. The
Con A treated MNC suppressed H3-thymidine incorporation by the responder
MNC. The authors attributed this.suppression to inhibition of IL-2
production by‘the responder cells. Similar findings with ovine circulating
and lymph node MNC were reported by Ellis and Demartini (1955). These

cells suppressed the phytomitogen (Con A, PHA and PWM)-induced -

proliferative response of untreated autoclogous or allcogeneic responder
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cells'by 50 to 70 percent as gqmpa;ed to controls. The addition of IL-2
early in the culyure period abrogated the_suppressionlby the Con A-
activéted suppressor cells. ‘These Con A-induced suppressor cells were .
found to absorb IL-2 from the medium, thereby decreasing the afailability
of IL-2 to the responder cells. Here again, suppressor T celis seem to
act on, or indireétly affect the activity of, helper T cells rather éhan
acting directly on the antibody forming B cells.

In the past decade, many investigators have.reportcd.the secruﬁion of
antigen-specific (Heijnen et al, 1982; Utdehaag et al, 1981; Ballicux and
Heijnen, 1982; Uytdehaég ot §1, 1979; and Heijnen et al, 1982) as well as

antigen nonspecific (Rich and Pierce, 1974; Tadakuma and Picrce, 1978;

Aune and Pierce, 1982; and Irons et al, 1984) suppressor factors by
. Qw -

—_—— ~

suppressor T cells, both in vitro and in vivo, which can suppress the
immune fesponse to both autoloéous and heteroloéous antigens‘in vivo and

in vitre. The térgéﬁs of these factors in vitro include T helper

(Heijneh, Ballieux and colleagues) cells, B cells, and Fc of IgG (Fridman
et al, 1981; Lowy et al, 1983; Fridman et al , 1984). Chapter 3.5.
will be devoted to the diffefent suppresscr factors and their origin,
characteristics gnd mode of action.

In the light-of the data presented above, it would appear that the T
suppressor effector cells exert their activity with respect to both
nonspecific Ig synthesis and specific Ab synthesis by the B cells in an
analogous manner. The texminal event involves the secretion of a soluble

suppressor factor which will be discussed in Chapter 3.5.10.
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3.3. MACROPHAGE SUPPRESSOR CELLS .

3.3.1. Introductory statement

\
It has been a century since Elie &etchnikoff noted that during the

inflammatory response leucocytes engulf micsoorganisms by phagocytesis,
he soinéd the term macrophage to denote these cells. There are two main
types of phaéocytic cells: ths polymorphonuclear leucocytes, which are
circulating cells and vhich can migrate from the-blood vessels into sites
of inflammation; and the mononuclear phagocytes, which can be found in the
circulation as wsll as fixed in tissues, the latter‘zan also accumulate

in inflammation sites. Both are capable of phagocytosis and pinocytosis.
However, mononuclear phagocytes show a greater diversity in function and -
response. This diversity is attributed to the progressive maturation of
“these cells from the bone marrow precursors, and their experiences with
endocytosis and the interaction with T lymphocytes.

The role.of macrophsges as secretory cells is importaht iﬁ‘their
interaction with the extrscellular milieu ircluding their interactions
with B and T lymphocytes. When macrophage activation follows inte;action
with lymphocytes, lymphokines: imﬁunoglobulins or compiement tﬁzs is most
likely to be mediated by binding to specific receétor molecules:

Mény studies have been conducted .on macrophages from various organs,
including; blood, peritoneal excudate, and spleén - implicating them in
the suppression of the immune response. One of the more comprehensive
studies was conducted on alveolar macrophages.

The fluid layer lining epithelisl surfaces-in the rssgiratory-tract
contains substantial numbers of immune cells. The‘ ap%f%ty of alveolar

macrophages (AM} to support T and B cell activation in response to

antigenic and polyclonal stimulation has been studied in in vitro models.
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3.3.2. Macrophage suppressor cells jn.the human

’

Reports on human AM function }n vitro have been relatively consistent.
With the exception of two earliey studies (baniele et al, 1977: and
Laughter et al, 1977), more rec nt publications on their activity in
lymphocyte cultures indicate thHat human AM exhibit reduced accusséfy cell
funct;on(s) relative to macrophaées from other sources. This disparity
-has been attributed by Several‘aﬁthors to the use of indicator lymphocyte
populations in the original studies which were not adequately depleted of
endogen;us accessory cells-(Schuylér and Todd, 1981;-éttenson and Robotvts,
1983). The main features of recent findings arc as follows: (a) while
small numbers of human AM are capable of partially reconstituting pokeweed
mitogen (PWM)-induced immunoglobuliﬁs (Ig) secretion when added to
cultures ofladherent-cell depleted lymphocytes, (b) higher numbers are
suppressive {McMannon et al, 1984; Lawrence ot al, lSSE{.

Human AM appear capaple af féconstituting polyclonal T cell
phytomitogen responses of autélogous T cells.(Yeager et al, 1982; De Shazo
et al, 1983; Toew; et al, 1984) but are less effective than bléod
moﬁocytes in parallel tests (Ettenschn and Roﬁerts, 1383; Toe;s et al,
1984), morecver, they become suppressive in the séme.cultures if they arc
present above threshold numbers (Yeager et al, 1982; De Shazo et al, 19B3:

»

Ettensohn and Roberts, 1953).

The model of AM downregulation of the immune response predicts that (/
alteration of aAM pdpulation resulting in enhanced accessbry-cell activity
comparable to that found in circulating menocytes, would predispose the
individual toward disease(s) associated with immunoclogical
hypersensitivity in the lung tissue. 1In this regard it has been suggested

that AM from allergic asthmatic patients show decreased suppressor activity’
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‘Aubas ct al, 1984;}. Thefg is even more compelling evidence for

alteration of AM population in patients with pulmonary sarcoidosis.’

" Enhanced cellular immune reactivity in the lower respiratory tracts of

guffers (Crystal et al, 1984) which is aeccmpanied by increased IL-1
scecretion by their AM aé compared wWith AM from normal individuals
(Hunﬂ(nqhaket i984:-Brambilla et al, 1986) and is concomitant with increase
in antigen prcscntiné capaéity (Venet et al, 19855 and phagocytosis (Grant
ct al, 1986)}. The analysis of the distribution of surface markers on AM
fryom sarcoid patients indicates the presence of large numbers of_monocytes
recently recruited from the peripheral blood (Hance et al, 1985). It has
also been recognized that a proportion of AM migrate into the
intorstitium, and eventually reach the-dréin%ng lymph nodes where they may
further exert thelr suppressive action (Corry et al, 1984).

3.3.3. Macrophage suppressor cells in the experimental animal

Uncquivocél evidence of active suppressioﬁ of polyclonal T and B cell

..\ct..ivation (iolt, 1978, 1979; Holt et al, 19-81, Shellito and Kallreider,
.

1984), of failure to present protein antigens to T cells {Holt and Batty,
1980) and of suppression of antigan~driven T cell proliferation (Holt et
al, 1981) have been consistently reported in studies on rat AM. The
sdppressive activity of rat AM was notéd at AM/T cell ratios as low as
1:100 (Holt, 1979a). 3

Canine AM appear simi'lar to ‘those of rats, and actively suppress
polyclonglly-induced T and B cell proliferation in vitro (Ansfield et
al, 19799. A single study on monkéys cohcluded that phytohaemagglutin-
reactive cells could not be demonstratea in endobronchial lavage in vitro
unless AM were first removed from these cells collected by that method

(Kazmierowski et al, 1976), suggesting that monkey AM can supgress this

response.
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The activity of rabbit AM in v;t;o is related to their relative

density in culture. At low AM/T cell ratids, they serve as acdessory

cells for mitogen (Con A)-induced T cell proliferation and support bothﬂ_
antigen (SRBC)—indchd plague forming cell responses and lymphocyte
proliferation in vitro. However, in increasing numﬁcrs and ratios
approaching 1:1 they perform increasingly poorly in the capacities
lmentioned above and may become ;uppressive {(Pennline ot al, 1979;'Pennlino
and Herscowitz. 1981l; Schuyler and Todd, 1981).

Mouse AM appear permissive to in vitro T cell preliferation when
testea immediately after removal from donors (Holt, 1980), they become
suppressive foilowing culture in vitro for 24 hours (Sestini et al, 1984).

Cell mixing experiments performed in?several laboratories have
reported the phencnemon of active suppression b§ AM of:autoloéous T cells
from man, rat, rabbit and dog (Holt et al, 1981; Ettensohn and Roborts, -
1983; Toews et al; 1984). T cell activation driven by specific antigen
appears to be more sensitive to this f?rm of suppression than that driven
by polyclonai mitoggns, and appears to be more sensitive than B cell
activation (McCombs et ai, 1982). It has also been suggested that AM
suppression may vary between T cell subpopulations ({Warner ct al, 1981;
McCombs-et al, 1982} and does no£ show MHC restriction (Holt, 1979b).

The notion that AM downregulaté immune processes in the lower lung by
suppressing T cell function was first advanced by Mackaness (1971), as an
explanation for the delayed kinetics of expression of anti-listerial
immunity in the lungs of reinfected mice. The in vitro evidence discussed
above is consistent with the operation of such a coﬁtrol mechanism and the

wide range of lymphocyte §étivities shown to be susceptible to AM signals

suggests that these cells may potentially regulate and inhibit T cell
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responses’ to irrelevant environmentalian;igens in the lower lung which
are continuéuslf‘deposited on the alveolar surface. ﬁ less‘substahtial,
but sigﬁificant in vivo_supporting‘evidence is also availablé. The -
) .

induction of an ifflammatory response:in the lungs of rats.which triggers
the influx of hlood monocytes into thé alveoli, has been showl to abrogate
the lymphocytostétic éctivity of the %M population in treated ;nimals
(ﬁolt, 1978) and the use of identical;agents in the rabbit overcomes
barriers which normal;y limit the development of cell mediated immunity to
'inhéiéa.antigen (Peterson et al, 1977). o

It shoﬁiﬁ'be no;é@ that thas regulatory actiﬁ@ty of AM doeétnot appear
restricted to lymphocytes,‘and apparently exteﬁds to regulate effector
functions of natu;al killer (NK) cgll§“jﬁobinson et al, 1984; Farrel et al,
1985) and possibly neut}ophilé (Penni%gtgp‘et al, 1983). The underlying
mechaniém(s) ?y which AM mediate supp%essioh.hava not been completely
dgfined, but prostaglan@in seéretion éy AM is indicated to p}éy a
significant role (Farrel et al, 1985)} f\\,'

Nonspecific sﬁppression by macroéhages‘of the immune response ‘'to
various antigenic stimulations is nét by any means the
exclusive domain of AM. Other macrophages, both circulating and tissue
fixed macrophagés could be induced in.vitro to become‘suppressor
macrophages by various agents; BCG-inducges suppression by splenic
macrophége in C57Bl/6 (B6) mice (Schr;er‘et al, 1980), induction of
suppressor splenic macrophages by Fusarenon-X {a mycotoxin) in BALB/mice
(Masuda et al, 1982) and macréphages suppression of anti-sheep erythrocyte
(SRBC) and anti—Tbxoplasma antibody rgsponses after inﬁEEyQ\ggimEng‘with
Toxoplasma (Susuki and Kobayashi, 1983). Yoshikai et al (1983) and

Kettman et al (1986) described nonspecific suppression by peritoneal

e
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exudate macrophages from Corynebacterium parvum primed mice, that were able

v

to subpress antibody formation to éRBC in vitro as well as_in vivo upon
transfer tq syngeneic mice. Nakano and‘Nakano (1985) reported macrophage-
like cell nonspecific suppreséion of contact sensitivity induced hy
intravenous injection of oxazoione-COnjugated syngeneic spleen cells.  Rat
splenic MNC preculturecd in vitre for 5 days, in the absecnce of‘any
exogenous stimulation, exhibited marked suppressive activity on the
sgcondary cytotoxic T lymbhocytc (CTL) response. The suppressor activity
was produced by macroﬁ%ages rather than by lymphocytes (Veit, 1982).
Katayama et al (1982) reported in vivo suppression by macrophages of the
delaygd hypersensitivity to dinitrophenyl bovine gamma globulin (DNPSD—BuU)
in the guinea-pig. Macrophages as wcll as T.colls were shown to suppress
the in vitro inducoa human autdlogous mixed lymphocyte reaction (Smolen

et al, 1981; Fernandez and Macsween, 1981). Jadus and Peck (1986)
reported the suppression of the immune responses both in vitro and in vivo
to T-dependent and T-indcpendcht antigens by immaturg monocytes obtained
from spleens of newborn mice.

-

. Macrophages‘act in many ways to augment the immune response: they
process and present antigen to T-lymphocytes, they interact with antibody
via FcG receptors to eliminate foreign invaders, they got out of the
circuiation into areas in the tissue where thety may encounter
sensitized lymphocytes in the cell mediated arm of tle immune response,
enhance the inflammatory response anq mop up the debris of cellular "war'.
Macrophages suppress tﬁg immune response as seen with alveélar macrophages
which function poorly a; accessory cells for T cell activation or

which have a diminished capacity to secrete IL-1. Alternatively, macrophages

suppress the proliferation of lymphocytes through complement cleavage
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products and prostaglanding E, in a noﬁ%pecific manner. Macrophages
suppress the immune response via the release of mediators influencing the
activation of other lymphocytes such as T and B lymphocytes thus
influencing the outcome of the immune respense in an indirect manner.

- -
Macroprhages may also be active patticipants in the induction of
suppression in a more direct fashion by secreting suppressor féctors which

regulate the humoral and cell mediated immune responses. These factors

will be discussed in Chapter 3.5.8.

‘\\\\
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3.4. B SUPPRESSOR CELLS

3.4.1. Introductory statement

The earliest sité of development for blood cell precursors is the
para-aortic mesenchyme cf the embryo. JThese embryonic stem cells migrate
into the yolk sac, where they formlblood islands. Pluripotent hemopoietic
stem cells‘give rise to B cells and te all other blood cell types (Phillips
et al, 1977).

In mémmals B cells are producecd in heﬁépoctic tissues. This.procch
begins in the fetal liver and later shifts to the bone marrow when it
becemes the primary blood-forming tissue (Csmond, 1980; Cooper,

1981). -

In birds B-cells are generated from stem cell precursors which
migrate through the blood vessels inte the avian bursa of Fabricius
{Moore and Owen, 1967). Embryonic bursectomy, or bursectomy at hatching
combined withdestruction of B celis seeded earlier, completely aborts B
éell development and the production of antibodies (Cooper et al, 1980).

By far the most important B cell program aleng the life span of a B
cell, is its ability to synthesize and secrete antib;dies of a myriad
variety in a complex system of antigen B cell interaction. This

-

interaction may be a direct interaction of antigen‘aﬁd B ccll in the casc

r
of T-independent antigens sudé as the repeating units of lipopolysaccharides
(LP5) of some bacterial outer membrane antigens, or an indirect
interactioq‘of B cells and antigen via the mediation of macrophages and
T-ARC cells in the presentation to and stimulation of virgin B cells to

become committed to specific antibodyt\synthesis and secretion in the

presence of T helper derived B cell augmenting factars ¥n the case of
. / .

protein or T-dependent antigens. \\\\“///ﬂ
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B cells may act as suppressor cells by synthesizing and secreting
anti-idiotype antibodies. These wiil combine with high afinity to the
antibod} produced against the antigen and so will neutralize its
activity. By doing so these "alternative" B cells are causing the
suppression of the immune response tc the particular immunizing antigen.

3.4.2. B suppressor cells in the human

Singhal and his associates (Singhal and Duwe, 1976; Singhal et al,
1978; Bains et al, 1982) héve described a human bone marrow derived B
suppresscr c¢ell capable of suppressing the primary PFC response of normal
allogeneic spleen or tensillar MNC and autologous circulating MNC in vitro.
Calkins (1982) has shown phat plasma cellé {lymphoblasts), which could
be demonstrated to secrete antibody, were able to activate a suppressor T
cell in vitro, in ceil populations which.have not previously been exposed

0 the antigen. Suzuki et al (1985}, have identified an FcR-bearing human
cijrculating B cell which was able to suppress the pelyclonal Ig production
by cells in response to pokeweed mitogen stimulation in vitro.

Gilbert and Hoffman {1982) have reported on a lymphokine-induced, IL-1

and T-cell replacing factor or TRF, human suppressor B cell in vitro only
if both were added early to the cg%ture. This B suppressor cell suppressed
the phytomitogen-induced blastogenic response of allogenic human
circulaﬁing MNC in vitro.

Human bone marrow MNC stimulated in vitrxo with PWM and cultured for
7 days, produced a B su;pressor cell capable of suppressing Ig synthesis
and secretion by normal allogeneic human circulating MNC in vitro (Rlley
et al, 1983). Fraks et al (1986) have described a PHA-indﬁced human

Suppressor B cell capable of inhibiting the phytomitogen (Con A, PHA)-

induced blastogenic response as well as DNA synthesis by allogeneic human
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circulating MNC in vitro.

3.4.3. B suppressor cells in the experimental animal

Symons and Clarkson (1983) have reported tﬁé suppression of Ig
secretion by pig lymphoblasts with anti-Ig derived from pig circulating
B cells in vitro. Naysmith et al (1979) have reported that the
regulation of anti—erythrocytg auto=antibody production in mice was via
the induction of a suppressor.T ceil. Yet non-T cell population had
similar effect in these mice, they postulated a B cell regulatioﬁ acﬁiﬁg

by an antibedy-féedback inhibition mechanism. Asherson ot al (1980}

have reported on a B sdbpressor cell which seems to regulate the suppreossion
of the efferent stage of contact sensitivity by blocking the production or
action of the T-suppressor éell. Shimamura et al (1984) have demonstratoed
in the mouse'a Lyt-l— B cell which acts as a suppressor inducer cell.

These cells were found to induce feedback suppression of.the immune
respense in vivo. Earxlier studies by Sﬁiagahra et al (1982a) have revealed
a splenic B cell which activated an antigen specific T cell and that ﬂ:is

B dependentiénduction of suppression was different from that of antibody-
mediated suppression. Further more, the induction of the suppressor-
inducer B lyméhocyte was dependent on endogenous synthesig of
prostaglandins {Shimamura et al, 1982b). McGarry and Singhal {1982) have
reported -that the in vitrq primary antibody responses of spleen cells, in
the mouse, can be suppressed in a dose-dependent manner by the’addition of
bone mérrow cells. These suppressor cells were not affected by treatment
with anti-Thy-1, anti-Lyt or anti-1J antisera and complement. Howles ;nd
Cox (198B3) reported on the induction of B suppressor cells that suppressed

the production of autoantibodies against erythrocytes by mice injected with

rat erythrocytes, but did not inhibit anti-rat erythrocyte antibody
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productiah.

B cells induce guppression by a variety of mechanisms. Ong is via
the release of suppressive mediators (B cell suppressor factors will be
discussed in Chapter 3.5.9.). B cells act via a feedback .inhibition
mechanism to shut down antibody synthesis and secretion by lymphoblasts
and plasmablasts, or as suppressor inducer cells activating antigen
specific T suppressor cells. They may also exert their suppressioﬁ by

producing anti-idiotvpe antibodies causing the abrogation of the immune

response in an indirect yet highly specific fashion.,

’u‘"
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3.5. SUPPRESSCR FACTORS

3.5.1. Introduction
As has been discussed in Chapter 3.2., the .immune response appears to
be regulated by a complex network of cellular interactions which results in

the activation of suppressor cells. Current evidence indicates that the
W

suppressor cells act via.the secretion of a soluble suppressor factor(s)

which may act by itself or in collaboration with the .suppressor cells to

bring about the cessation of the immune response. Due to the overwhelming
3 .

number of publications in this field, it is impossible to discuss all of

&+

the suppressor facters described in the literature. I have therefore

restrictdd the discussion to the endogencus antigen-specific and non- {

.,antigen siecific suppressor factorsgand have opitted suppressor factors

/

which are derived -from exogenous miﬁrobial and parasitic scources (i.c.
bacteria, viruses, protozoa, helminths). Reference will be made to the
suppressor factors in the circulation of normal healthy pregnant women and
animals and in individuals with malignancies and metabolic diseases.

Evidence, frequently of a Sontroversial nature, has been presented
which indicates that individuals in these three categories may present
with symptoms of an immunodeficiency syndrome. However, the primary
intent is to identify the physiclogical regulators of the immune responsc
in the otherwise unaffected animal or human.

3.5.2, Non-specific suppressor factors in the circulation of normal
healthy individuals

A number of regulatory (helper and supp;essorr'factors have been
detected in the circulation of normal healthy individuals. These factors,
which induce and suppress various immunological activities in vitro
cultures and in vivo following their administration to allogeneic hosts,

may constitute the regulatory mechanism which governs the synthesis andl““\’
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secretion of "mormal" non-antibody immunoglobulins resulting in their:
constant concentration in the c¢irculation, a state whiéh is termed homeo-
statis (discussed in Chapter 1.1. }. It is now universally recognized
that this regulatory mechanism involvés normaliy circulating non-specific
heléer and suppressor T cells (which undoubtedly are representative of
similar cells in the an;ibody synthesizing lymphoid tissues) which function
by secreting helper factors and suppressor factors, respectively.

The first report that solubl§ congtituent; in the circulation of
nermal animals have immune suppressive activity was described by Kamrin in
1959. He showed that a fracﬁion prepared from normal rat plasma was -
capable of proI;nging allograft survival when injected IV into recipieﬁt
rats. Fo&lowing Kamriqfs observations, Mowbray (1963} showed that the
suspressive plasma component was;ﬁn -2 glycoprotein. Mannick and Schmid
{1967) isolated this component from normal human serum and referred to it
as immunoregulatory-a globulin (IRA}. Active IﬁA fractions ware subsequently
obtained from sera-of cows, rabbits, mice, rats and guinea pigs {(Cocperband
et al, 1976). IRA appears to act on the T cells but not on the B cells
(Menzoian et al, 1974).. It must be added to cultures in vitro or injected
in vive within hours of the antigen administration in order to observe
suppression of the immune response (Habicht and Miller, 1977; Kern, 1978).

Anothex a~globulin suppressor factor found in normal human serum is
"normal immune suppressive protein" or NIP (Nelken, 1973)}. 1In contrast to
IRA, NIP has been shown to suppress T, B and natural killer FNK) cells
(Goren & Nelken, 198l; Hanna et al, 1975) as well as the proliferation of
both human and murine tumor cell'lines in vitro (Nelken et al, 1979,a.,b;

Goren & Nelken, 1980).

There are at least six known plasma protease inhibitors. The two

N
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major ones are -2 macroglobulin (GZM) and CG-1 antitrypsin ( alAT). Ford

et al (1973) were the first to present eviéenee that G2M coﬁld block
recognition bf'PfD by human lymphocytes. Streilen’and Hart (1976) have
shown that hamster azm inhibits responses of normal hamster cells to B cell
mitogens {(LPS and dextran sulfate) but not to T Fell mitoegens and could
cross the species barrier (Stein-Streilen and Hart, 1978; Rkerstrom and
Lennart, 1986). Arora et ;l (1978) showed that alAT inje;ted into mice
along with the antigen (SRBC)inhibited the in vitro anti-SRBC PFC roesponse by
the splenic cells.

Morse et al (1977) carsied out a svstematic study on the ability of
human lipoproteins to suppress lymphocyte stimuiation in vitro. They
divided the-serum lipoproteins into very low (VLDL}, low (LDL), intermediate
(IDL) and high density lipoproteins (MDL); the remaining plasma was referred
to as lipoprotein-deficient plasma (LPDP). They found that all classes of
lipoproteins were capable of suppressing thellymphocyte response in the
crder of IDL > VLDL > LDL. The HDL were the least efféctive at concentrations
normally found-in the sera of healthy individuals. In contrast to human HDL,
mouse HDL is just és suppressivezﬁsLDL and VLDL in vitro (Hsu et al, 1981)
and in vivo {Hsu et al, 1982).

£

Fibrinogen-derived peptides, but not the intact protein, have been
reported to be suppressive [(Girmann et al, 1975; llarvey et al, 1977; Plow et
al, 1982). The inhibitory activity of.fibrinopeptides occurs early iﬁ the
response of human circ;lating MNC to mitogens (PHA)} in vitro {Plow et al,
1982).

VComplement has also been implicated as an immunosuppressive agent.

Although evidence implicating intact complement components is controversigl

(Weiler et al, 1982), Needleman et al (1981) reporﬁed that C'3 inhibits both
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mitogen (PHA) and dantigen (PPD)-induced blastogenesis of hﬁmgn lymphocytes
in in vitro Eulturé;i The earlier C'3 was added to the cultures, the more
suppressive was its effect (Hobbs et al, 1982}. Althoﬁ;h several studies
indicate that C'3a is ﬁhe active suppressiﬁe fragment, other evidence
peints to an acidic protein, possibly another subfragmént termed C'&f
(Weiler et al, 1982) or a C3-fragment preggration {Walker ét ai, 1986}, as

the active suppressor molecule. '

3.5.3. Non-specific suppressor factors in the circulation of individuals
following inflammation

Acufe phase proteins are included in this section because they are
normally present in low concentration iﬁ the circulatién but increase
dramatically in a wide variety of acute inflammatory conditions. They
include serum amyleoid A (SAA),. alAT, hapteglobin, cerﬁloplasmin, ﬂl~acid
glycoprotein, and C-zeactive protein (CRP). They are all synthesized in
the liver. CRP, the prototype of écute phase proéeins, was first described

in human sera in 1930 by Tillet and Francis (Tillet and Francis, 1930) and

. . L1 . . 2+
is so named because of its ability to precipitate (in the presence of Ca )

a polysaccharide present in the cell wall of Streptococcus pneumoniae.
Analogous proteins have subsequently been described in rabbit (Anderson and
McCarthy, 1951}, mouse (Bodemes and Siboo, 1977), monkey and dog sera
(Riley and Coleman; 1970). The gtructure and biological properties of CRP
have been reviewed by Gewurz et al (1982). The basic structure of CRP is
similar in all animal species in which it has been described (Riley and
Coleman, 1970; Osmond et al, 1977; Young and Williams, 1978; James gt al,
198la,b, 1982). It is a protein devoid of carbohydrate or lipid with a
M.W. of 118,000 daltons. It is composed of five identical noncovalently
linked subunits, each with a M.W. of 21,500 daltons, arranged in a cyclic

pentameric symetry (0Oliveira et al, 1979).

L3
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It has been proposed that CRP regulates B cell function and not T cell
function (Croft et al, 1976; Mortensen et al, 1977). More recently,
Mortensen (1982) has presented evidence that human CRP supprches‘PﬁM—

) . 1

driven differentiation of human B cells into antibody secreting cells and

that this suppression is mediated by CRP-activated T cells and/or adherent

monocytes. The inhibition appears to be confined to the terminal

differentiation of the B cells since CRP does not suppress the proliferative

response of the B cells to polyclonal B cell activaters {Mortensen, (979,
1982) .
3.5.4. Non-specific suppressor factors in the circulation of patipnts

with infectious diseases

Numerous investigators have disclosed circulating factors in Liumans

and animals infected with bacterial, mycotic, viral and parasitic pixthogenic

agents capable of suppressing a number of immune and non-immune related
- ""
activities in vitre. Infected individuals do not exhibit symptoms of an

immune deficiency state in that they are not proné to recurrent infections
with other pathogens during or after their primary infection. It would
therefore appear that the circulating suppressor factors in these :
individuals play no role in vivo or may affect the immune system minimMlly
~
without incapacitating it in any way. It is also possible that these
circulating suppressor factors are unable to funétion in vive in the
manner suggested by the in vitro findings. However, a not insignificant
percentagé of individuals infected with parasites and viruses preéent with

symptoms indicative of generalized suppression of the immune system since

they subsequently present with recurrent infections, mainly of, bacterial
»

v

origin. One must therefore assess and interpret the demonstration of

suppressor factors in the sera of infected individuals with a great deal

of skepticism unless there is corroborating evidence of an immune suppressed
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state in these individuals.

Treponema pallidum has been reported to induce a soluble Suppressor
factor in sera of infected humans and rabbits (Ware et al, 1Y80). This
factor supprcsses the in vitro PHA induced blastogenic response of
circulating MNC from allogeneic uninfected subjects (Ware et al, 1980).

Patients with lepromatous leprosy have both specific and non—séecific
immune defects (Godal et al, 1971, 1972). Sera from untreated patients
have been showh~to suppress the blastogenic respoﬁéés of normal circulating
J;1Uqcneic MNC stimulatcd with mitogen; (i.eﬁ PHA, Con-A) (Mehra et al,
1972}, and third-person MNC in the MLR blastogenic response (Nelson et al,
1975) . Treatment of the patients results in the disappearance of these

suppressive factors from their sera. The origin and nature of the serum

o -
.
sappressor factors have not been determined.

Fungal di5cuges are often associate§ with immunological deficiencies.
poth specific and non-specific suppression can be obtained with the sera
of patients with mucocutaneous candidiasis {Fisher et al, 1978).. The

<
latter sera and the sera from mice infected with Candida albicans,
incubated with normal human 7T lymphqcytés, suppress the antigen-driven

and mitogen (PHA, Con-~p)-driven blastogenic responses o these cells

{Rogers and*Balish, 1978; Stobo et al, 1976). The sera of mice infected

witly Histoplasma capsulatum (histoplasmbsis) suppress the PHA driven

a@

.
- .

blastogenic response of uninfected allogeneic mouse MNC (Artz and Bullock,
1979: Tewari et al, 1982). The soluble suppressor factor isolated from
-

cultures of splenic MNC of mice inflected with Histoplasma capsulatum was

¥

characterized as a protein with a/M.W. of approximately 25,000 daltons. It

was also shown to be trypsin sensitive, RNase and DNase resistant, and is

i

. o . g
inactivated at pH 2.2 and 56 C. .
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Patients ‘nfcctéd with hepatitis B virus possess a unique low density
lipoprotein (LDL) in the circulati;n which 1s not found in the sera of
“
normal uninfected ihdividualg (Chisari and Edgington, 1975). This
distinct LDL, which is associated with hepatitis B infection, is capable
of interfefing with the innate ability of normal human tirculating T
lymphocytes to gosette with SRBC; however, it is_not able to inhibit the
mitogen (PHA, Con;A, PWM) -driven blastogenic responses by these cells
(Curtiss aﬁd Edgington, 1976; Curtiss et al, 1977 Curtiss and Eéqinqton,
1981a,b}.

Mice infected with malaria possess a circulating suppressor factor
capable of inhibiting the in vitro PHA~induced blastogenic response by
normal uninfected syngeneic splenic MNC (Khansori et al, 1951). Tha
authors did not identify or characterize this factor.

Patients with Chagas disease caused by Trypanosoma cruzi (Cunningham
et al, 1980; Curotto de Lafaille and Abrahamsohn, 1986)), schistosomiasis
caﬁsed by Schistosoma mansoni (Colliey et al, 1977), visceral leishmaniasis
(Carvalho et al, 1986),'Lrichinosis caused by Trichinella spiralis (Jones
et al, 1976) and mice infected with Rickettsia (Jerrells and Hickman, 19806}
allwpossess a serum factor which following its injection into mice,
inhibits antibody responses to autologous and heterologous antiqgens by
these m}ce. This factor can also inhibit the PHA and Con-A induced

proliferative responses of normal uninfected human circulating MNC in vitro.

3.5.5. Non-specific suppressor factors in the circulation of patients
with metabolic diseases

I3

Suppresser factors capable of suppressing the phytomitogen-induced
blastogenic response of allogencic normal human circulating MIC in vitro
have been found in the sera of patients with primary biliary cirrhosis

(MacSween and Thomas, 1973), idiopathic nephrotic syndrome (Iitaka and
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West, 1979), and uremia (Birkeland, 1976)}. None of the above circulating

suppressor factors have been characterized.

3.5.6. Non-specific suppressor factors in the circulation of patients
) with malignant disease

LY

Several factors capable of 4inducing generaiized-suppression of the
iﬁmgne response‘offen accompany tumor;growth: These include factors
secreted by suppressor cells induced gy the tumbrs, factors secreted from
the tumor cells thgmseives (Broder and Waldmann, 1978), inhibitory hormal
serum constifuents such as IRA which are increésed in concentfation dﬁring
oncogenesis (Badger et al,-1976), and‘a number of, uncharacterized,
circulating low ﬁ.w.pgftides associated with oncogenesis (Syﬁderman gnd
P;ke; 1976; Kamo and Friedmé%,‘l977). In addition, tumoxr associated
antigens (Nepom et al: 1976} may also conp;ibuéé to the generalized
suppressed-state of the immune system. ImmUnospppressive'factors have
been detected in the.sera of patients witﬁ a variety of nalignancies
including sarcomas, melanomas, adenocarcincmas, and carcinomas, (Téda and
Okumura,‘l979; Greene et al{ 1977, 1978; fakei et al, 19?8; Hellstrom and
Hellstrom, 1974%?Hellstrom et al, 1977; Neison.et al, 1975; Nepom et
al, 1976; Roth et al, 1983; Hess et al, 1980; Remacle-Bonnet et ai, 1978;
Noworolska et al, 1985; Hanai et-al, 1986; Schulz et al, 1986).

Roth et al (1982) have described a suppressor factor in the sera gf
patients-with malignanﬁ melanona. This féétbr was‘aléo detected in the
serum-free medium of a cultured humén melanoma éell line. Thus, the
source of the suppressor factor appears to be the tumor cell itself. IE
is heat'stable (560C),'on;y partially sgscéptible to trypsin digestion,
and.suscepfible éo extremes of pH and redpctioh with sulphydryl-containing
compounds (Roth et al, 1982, 1983). This factor inhibited both H?~;eucine-

3 .
and H-thymidine uptake by normal allogeneic circulating MNC stimulated by
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phytomitogens (PHA, Con A) in vitro. Roth and his colleagues postulated
that the inhiBitory factor secreted by the melanoma cells acts directly on -
the target cells without the generation of suppressor cells and inhibits

lymphocyte proliferation 'in vivo (Roth et al, 1983). A liposarcoma-

deriged 70;000 dalton M.W. glyéoprotein termgd circulating suppressor
factor (Roth et a 1982), a factor derived from ascitic effusions of
patients with ovarianﬁsancer (Hess et al, 1980}, .and suppressive factors
in the sera of patients suffering from colonic adenocarcinoma {(Remacle-

~

Bonnet et al, 1978} inhibit the PHA-driven lymphocyte proliferation in

. ‘- . . . . .
vitro. It is difficult to compare the various tumor-associated immuno- '
suppressants since few have been characterized. However, many appear to -
be glycoproteins and most seem to suppress lymphopyeliforatiw. responses

in vitro. ﬁepcrts on their action in vivo, as suppressors of‘thc iLmmune
response, have not been forthcoming.

The oncofetal antigens {OFA), which are é group of tumor-associated
serum proteins, are detected normally in high concentration in fetal scrum
and virtually disappear in the normal adult. They reappear in thé
circulation in association with certain tumors. The two best examples
and the most studied are alpha fetoprotein (AFP) and carcinoembryonic
antigen (CEA) (for review see Chism et al, 1978). CEA is associated with
cancers of_the colpn, pancreas, lung, breast, and ovary (Gold and Freedman
1965a,b; Banwo et al, 1974; Knapp and Hobbs,JIQBQ), whilec AFD is found to
be elevated in hepatocellular carcinoma and teratocarcinoma (Rucslahti
and Seppala, 1971; Rucslahti et al, 1974; Parmely an@ Thompson, 1976) and
in patients suffering from hepatitis (Beer and Billingham, 1978; Murgi:a

and Wigzell, 1981}).

Pregnant women possess circulating AFP (Beer and Billingham, 1978;
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Murgita and Wigzell, 198l1). .Elevated serum AFP levéls are also found in
patients with acute and chronic hepatitis, germ céll tumors, and fetal

abnormalities such as neural tube defects (Yacﬁnin, 1976; Aure and Kess,
1977; Alpert et al, 1978; Chaouat et al, 1982: Uander aﬁd Olding, 198l}.

Alpert et al (1978) found a selective suppression of in vitro cellular
immune responses with AFP iscolated from both human hepatoma and fetal
sera. AFP suppressed both mitogeﬁ (PHA, PWM)- and antigen (PPD)-~induced
proliferation of allogeneic lymphocytes but not MIF production or Con A-
induced lymphocyte cytotoxicity by T celis. Reports on the absence of
suppressor activity of human AFP preparaticens have also appeared
(Charpentier et al, 1977; Soubiran et al, 1979). In fact, these reports
demonstrated a stimulatory effect of AFP on the in vitro MLR and mitogen
{Con-a) -induced lymphocyte proliferation (Charpentier et al, 1977).

Human AFP is a single polypeptide chain with a M.W. of 70,000 éaltons
of which approximately 4 percent is carbohydrate (Ruoslahti and Seppala, - ,
1971; Ruoslahti et al, 1971; Alpert et al, 1972), AFP is produced by the
yolk sac in the fetus and later in the liver. Human AFP has been isolated
from cqrd serum, amniotic fluid, hepatoma serum, ascitic fluid and tumor
homogenates (Nﬁfgaafd—Pedersen, 1976) .

Murgita and Tomasi (1975a) showed that murine AFP was capable o?
suppressing the antigen (SRBC)-induced primary and secondary antibody
responses of mouse spleen cells in‘vitro and the lymphocyte proliferatioh
induced by mitogen (PHA) or allogeneic cells in vitro (Murgita and Tomasi,
1975b) . Others (Sheppard et al, 1977; Littman et al, 1977; and Hassoux
et al, l978i have not been able to confirm these results.

Mouse AFP was found to exert its (suppressive) effect on a subpopulation

-of T cells of the Lyl+ phenotype and had no effect on the I;y2+ cell
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populaticn {(Peck eﬁ al 1978a,b). 1In addition, mice undergoing a GVH
reaction exhibit AFP on the surface'gf approximately 1/3 of their spleen
. cells suggesting the existence of a receptor for AFP on the cells (Peck
et al, 1978b). These spleen cells were unreactive to in vitro mitogenic
stimulation by PHA. The authors postulated that AFP supp;essive activity ——
may bea modu%ated by the binding of AFP to the target cell. [luman AFP
aééears to act b; activating T suppressor cells (Murgita et al, 1977;
Alpert et al, 1978). Rat AFP appears to lack immunosuppressive properties
such as found with human or mouse AFP (Parmely "and Thompson, 1976G; Selil
et al, 1977; Fujinami et al, 1976; Herve et al, 1982). The evidence
sﬁggegts that, at least in humans and mice, AFP can meodiate inhibition of
certain T c¢ell functicns in vitro and that it might play a role in
regulating some immune responses in vivo. '

AFP isolated from the sera of mice, rats and cows all have similar

e
peptide maps and antigenic determinants, but they maintain species=~

specific antigen delerminants (Nishi et al, 1975; Jalanko et al, 1978).
CEA is a family of acid glycoproteins of about 200,000 daltons M.W.
with an estimated biological half life ranging from 6 to 60 days
{Goldenberg, 1978). CEA was originally described in 1965 by Gold and
Preedman (Gold and Freedman, 1965) who reported that human colon cahéers
all ceontained an identical tumor-specific antigen which wuas abscent
from normal control tissue and which could b& found in the circulationof
patients harbouring the tumor. CEA is expressed in considerable amounts
by the fetal intestinal epithelium where it can be detected; it is alsc
present in fetal sérum. However, CEA levels in the circulation'is'vcry

low in normal adults (below 2.5 ug/L). Modest elevations of the

circulating CEA may be found in pregnant women, in smokers, and in patients
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with certain c¢hronic inflammatory diseases such as ulcerative colitis,
Crohn's disease, and pulmonary infections. Raised levels, in excess of

20 upg/L, are strongly suggestive of malignancy (Fuks et al, 1974). At
high serum concentrations (2000 ﬁg/L and above), CEA has been shown to
suppress the blastogenic response by ? lymphocytes to PHA in wvitro .
(Goldenberg, 1978).

3.5.7. Non-specific suppressor factors in the circulation of pregnant
women and animals

In discussing im@une suppression in the pregnant human or animal it
is essenﬁial to distinguish between two suppresscr mechanisms which may be
rec?uited and function in the host. One is repreéented by the host
subpressing its own immune respénSe agaynst the fetus, the other is

represented by the .fetus paséively evadin actively suppressing or -

recruiting host derived suppressor mechanisms to suppress the hosts immune
4

response against it,

+

“
Medawar, Brent and Billingham in 1955 (Medawar et al, 1955), in theii/)

now classical experiments, demonstrated that the rejection of an allograft

{characterized by the cessation of functien Yollowed by necrossis and

atrophy .-of the grafted tissue or cells) is i‘ unological in nature, and is
the consequence of an iﬁﬁﬁhe ;esponse by theg host toward allogeneic
antigens (HLA or transplantétion | n the transplanted tissue or
cells. They, and many other investigators (Beer and Billingham, 1971,
1978 Goodlin and Herzenbefg,l964; Baines et al, 1976; Beer et al, 1375)
subsequently demonstrated that the allograft rejection reaction follows
all the immunclogical rules and dictums - there is a finite latent period
between implantation of the graft and the immune response to it, during

which the graft functions, physiologically, normally, at the height of the

rejection antibodies and/or sensitized cells directed specifically towards



558

the alloantigens can.be detected in the host (Clark and McDermott, 1978;
Pence et al, 197§; Nymand etfal,-¢97l). These antibodies and/or sensitized
-
cells can also’ .found in large .numbers in the allografted tissuc whichi;
undergoing rejection by the host (they in fact play a major role ia'thc-
physical destruction of the allograft). A second implantation of an »/\\\
allograft from the same donor will provoke a secondary type allograft
rejection, which will result in a more rapid rejection of the allograft.
This ability to reject dn allegraft from a specific donor cdn'be
transferred to a naive-svngeneic recipient with scnsiﬁﬁ?cd cells from the
host thch is undergoing either primary or secondary alioqraft rejection
(Chacuat and Vvoisin, 1981; Chouat et al, 1582; Youtananukorn et al, 1974;
:wigzell and Hayrij, 1974). '
At this time it is universally accepted that allograft rejection is
the consequence of an immune response directed to'the allograft.
in the experimentai animal it has been frequently demonstrated that
hemiallograft which carry both its paternal And maternal antigens is
rejected to the same degree in.the host as is the total allogyraft
which carries only alloantigeﬁs and 1is completely fofeiqn to the host.

Skin or kidney alleografts from F. mice into either of the two paternal

1

inbred strains will be uniform;T%S rejected whereas, as is oxpected, skin

o~

or renal grafts of either parent into the Fl hybrid will be uniformally

accepted. The question which then arises is why is the hemiallogeneic
fetal allograft not rejected by i;s maternal host?

How and why does a fetus which after all possesses the allogeneic
antigens of the male {father), survive in what should otherwise be a

hostile milieu in the mother's uterus with its extensive blood supply?

1
.

This matter has provoked extensive controversy  over, the past 30 years and
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its resolutioﬁ is stiil not at hand. Nevértheléss, several hypothesis
have been proposed to lain the exclusion of the fetus from the rules
governing allograft rejection. ©One hypothesis is that the uterus is a
privileged site, first proposed by Currie (Currig, 1968} aﬁd therefore

the hemiallograft fetus implanted into the uterus will not provoke an
immune response against it. The second is that the transplantation
antigens of the fetus induce antigen-specific suppressor cells in the host,
initially proposed by Edidin (Edidin, 1972). The third is that the
presence of the fetus in the uterus/zctivates non-specific suppressor
mechanisms in the maternal host ¥hich affects her %mmune response to all

antigens, originally proposed by\Hells (Hellstrom et al, 1969).

The fourth hypothesis is that the concepts concerning allograft rejection
A
are in fact wrong and that we are turning nature on its head. The fact
is that the fetal allograft is a physiological occurrence and will be
accepted by the host irrespective of the species. The rules which we
have impléced regarding the reject%on of allografts concern the transfer
of tissues or cells from one individual to an ailogé;eic or a xenogeneic
recipient which would be expected to initiate pathological responses in

the host and which we interpret &s rejection.

A few investigatoré have proposed that the uterus ig\a, rivileged

site (Currie, 1968; Dixon and-Weigle,_1959: Currie et al, 1968),
immunologically speaking, with respect to the hemiallograft fetus
thus permitting the fetus to grow unéisturbed. Dixon and Weigle,
1959} proposed that the synsiciotrophoblést is composed solely of maternal
antigens and serves as a filter to prevent pate;nal antigens from eﬁEering
the maternal circulation. This work is supported, in part, by most recent

: o . . -
investigations (Kilpatrick et al, 1986; Strap%jk et al, 1986; Billington
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and Burrows, 1986) whi?h have disciosed that the synsicictropheblast is
Eémposed mginly of maternal antigens. Albeit, paternal antigens can be
found on the internal (the side facing the fetus) surface. 1In point of
facf however, even fetuses totally allogeneic to the mother can survive

J
and thrive following artificial implantation into the uterus (Monammed
and Saédi, 1986). Cows, horses, sheep '(and recently, even human fem;los)
have served as surrcgate mothers for prized species-specific embryos for
decades, prior to our knowledge of transplantation immunology and our
explanation why this practice should not succegd, when in fact it does, may
be irrelevant or incorrect. Furthermore, theré is sound evidence which
shows that the uterus is not an immunclegically privileged site since \\
antigens injected inta the uterine wall provoke normal immune responses
(Hellstrom et al, 1969; 0Olding et al, 1974; Olding and Oldstone, 1974,1076;
Durandy et al, 1979; Uander and 0Olding, 1981). Tﬁerefore, if one assumes
that the fetus is capable of inducing a suicidal immune response in the
host, it is mandatory, in order for the species tc survive, to also assume
that the fetus is capable of recruiting and activating suppressor
mechanisms which will suppress the maternal immune response against it.

Although many investigations relevant to the discussion in this

chaiter concerning the immune state of pregnant humans or animals
demonstrated the presence of circulating antigen-specific and antigen non-
specific suppressor cells (Nymand et al, 1971; 0lding and Oldstone, 1974,

1976; Oiding et al, 1974; Chaouat et al, 1979, 1982; Slapsys et al,

1986; Croy et al, 1986; Loblay et ai, 1986),N_only suppressor factors in

.the circulation of normal healthy pregnant individuals will be discussed

:

. Qo i
here as so 2§EJﬁ5 exceed the permitted length of the thesis.

A number of investigators have reported that maternal serum is capable
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of inhibiting the phytomitogen response of normal (non-pregnant) allogenic
circulating lymphocytes in vitro (Goodlin and Herzenberg, 1964; Beer ;nd
Billingham, 1971,-19733 Purtillo et al, 1972; Harrison, 1976; Parvia and
Stites, 1979; Pence et al, 1975; Hellstrom et al, 1969; Bernard, 1977).
Human chorionic gonadotropin (HCG).has been implicated as a potent
suppressor (Adcock et al, 1973). Although later studies showed that a N
dializable contaminant was responsible for the inhibitory properties
attributed to HCG (Muchmore and Blaese, 1377), resuits of recent studies
(Rolfe et al, 1983; zhengl 198B6) suggest that early pregnancy factor (EPF),
detected in the sera of pregnant women within 2 days of fertilization and
which remains in the circulation until at least thé end of the second
trimester (Morton et al, 1982), is the immunoguppressive molecuie in
gquestion. EPF can inhibit contact sensitivity after adoptive transfer and
inhibits the roﬁétting of human circutlating T cells with SRBC (Noonan-et

al, 1979). Circulating proteins in maternal serum which héve been found

to be immunosuppréssive include AFP and pregnancy-associated o

2
protein (PAG} (AFP as an immunosuppressant has been discussed earlier in

5"91lyco-:

Chapter 3.5.6. ). PAG increases in concentration in the serum throughout

~ ’
pregnancy and. then decreases to normal levels within 6 weeks after
parturition (Berne, 1976; Stimson, 1975; Stimson and Farquharson, 1978}.
At PAG levels of 200 to 400 ug/ml normally attained by the third ¥
trimester of pregnancy (Damber et al, 1976), both phytoﬁitogen {PHA, Con-A)-
and antigen (tetanus toxoid)-induced human lymphocyte transformation are

reduced by 50 to 60 percent in vitro. However, even at higher

concentrations of PAG, B cell proliferation {n response to LPS in vitro

V)
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is only lowered by 20 percent (Damber et al, 1975; Stimson, 1976). fThese

results suggest that PAG acts on T—cell—mediated responses.

o
Four additional pregnancy-associated plasma proteins (PAPPS) have
been described (Gall and Halbert, 1972; Lin et al, 1974a). They are

specific for pregnancy since they cannot be detecﬁed in males, nonpreqnaﬁt
women , cancerlpatieﬁts, or in women receiving estrogen oral contraceptives
(L%n et al, l974é;b).‘ They are a family~9f high M.w.‘qucoproteins
ranging from 105 to 106 daltons with the exdeption of PAPP-D which has a
M.W. of enly 20,000 daltons (L;n et al,11936, 1978) . Theso serum'factors
have been shown to suppress PHA-induced lymphocyteﬂprolifcration in vitro
(Contractor and Davies, 1973; Cernie et al, 1977; Stimson, 1980).

3.5.8. Suppressor factors derived from macrophages/monocytes

3.5.8.1. Introductory statement Y X F

The macrophage plays a major role in the immune respense, both as an
accessory cell and as a regulatory cell, and thus can either enhance or
suppress the immﬁne response. The immunoenhancing function of the
macrophage may be attributed, in part, to the secretion of a soluble
product, macrophage replacing factor or IL-1, which facilitates the
proliferation of T lymphocytes to phytomitogen stimulation in vitro
{Oppenheim et al, 1979; Bodel et al, 1980; Amento et al, 1982).

Macrophages also produce immunosuppressive aqgnts. These are genecrally low
M.%. mediators such as prostaglandins (Stout'énd Fisher,'l983a,b)gnd
oxygen metabolites (Aune aqg Piefce, 1981; Kennard and Zolla-Pagner, 1980).

3.5.8.2. Suppressor factors derived from humanvmacrqphaqes/monouytes

Purified{circulating monocytes from healthy normal individuals
incubated in the presence of FCS and stimulated with E. Coli LPS for‘48 hrs

have been shown to secrete a.shppressor factor which suppresses the antigen

A ' -
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(tetanus toxoid and KLH) and the phytomitogen (PWM)-induced blastogenic
response and Ig synthesis by autologous circﬁlating MNC in vitreo (Gerrard
and Fauci, 1982; Fauci et al, 1980}. This factor was not characterized.

Circulating monocytes from normal healthy aged humans (ranging f;om
65-84 vears, median age 72 vears) were shown'to suppress Ig synthesis.and
séc;etion by autologous circulating MNC in ;itro {(Antonaci et al, .1983).
The authors suggested that the inhibitory effect was due to prostaglandins
(Antonaci et al, 1982, 1983).

Fujiwara and Ellner (1986) studied the spontaneous production of a’
suppressor factor by the human macrophage-like cell line U937: This factar
inhibited IL-1, IL-2, and PHA-induced blastogenesis by mouse thymocytes in
vitro, and was éeneééted independeng of the concentration of IL-1 or FPHA
(Kleiphenz and Ellner, 1983, Fujiwara and Ellner, 1986). Characterization

-
of the U937 suppressor factor shcwed that it was non-diaIYzableh partially
inacéivated by heat (SGOC), ammonium sulfate preciﬁfzggieh sens%ﬁive to pH
2.5, and resistant to freeze-thawing. It had an estimated M.W. of BS,dOO
daltons by gel filtration (Fujiwara and Ellner, 1986). Calvo et al (1986)
have described an additional suppressor factor, an IgG-binding factor
(IgG-BF), secreted by the U937 human macrophage cell line. IgG-BF did not
interfere with cell proliferation in vitro.but specifically suppressed IgG
production by normal human circulating MNC in vitre (Calvo et al, 1986):
Gel filtration of IgG-BF gave rise to two peaks with inhibitory activity
with apparent M.W. of 30,000 to 40,000 aaltons and 60,000 to 73,000

daltons, respectively.

3.5.8.3. Suppressor factors derived from animal macrophages/monocytes

Soluble immune response suppressor (SIRS) (discussed in Chapter 3.5.

10.3.1.) is a protein produced by activated suppressor T lymphocytes

P
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R

of the mouse. However, in .{its pure form, SIRS in itself is not suppressive
. - 3
.and must undergo activation by macrophages or by }120,J ta.SIRSDx, the active

form of SIRS (Aune‘and Pierce, 1981).

Judas and Peck (1986) have described three monokines secroted in vitro'
by macrophages residing in séléens of newborn mice. They s&pprossed both
the T-dependent and T-independent im@une responsc;in vitro ang.in vive
(Judas and Peck, 1984, 198a). Thesé supprgs;or factors have M.W, of
58,000, lO,éOO, and 10,000 daltons, appear to be protcins, and are
insensitive to heat inactivation. The 58,000 dalton suppressor molecule
is antigenically distinct from AFP, while the two lower M.W. molecwules arc
too large to be préstaglandins (Judas and Peck, 1986).

M:A diffusible suppressor factor (DSF) from splenié'macrophaqes af mice
with plasmacytoma was dessribed by Chen and Helier (Chen and Hnlle;, 1982,
1984). DSF suppressed the in vitro primary iémune responsc éf normal mousc
splenic MNC to SRBC (Chen anlegller, 1982). DSF was characterized as a
non-dializable protein, sensitive to heat (56°C)f;nd trypsin proteolysis.
DSF binds specifically to the myeloma proteins secreted by’ the plasmacytoma

cells (Chen and Heller, 1984).

3.5.9. Suppressor factors derived from B cells

3.5.9.1. Introductory statement

Although the main function of the B cells is the synthesis and
secretion‘of‘specific antibodies in response to immunization, and the
secretion of non-specific Ig for the mainfenance of homeostasis in the
normal human and animal, a not ingignificant number of investigators have
reported that B cells exert a suppressive effect on the immune system.

As discussed in chapter 3.4. g-sgppressor cells have been demonstrated

in humans and animals. In the human, the main source of B suppressor cells

¥
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and B supprcssor ‘factors appears to be the bone marrow and to a lesser
cxtent the circulation: in anxmals. only "the bone marrow has been shown to
be the source of R suppressor cells and B suppressor factors.

This chapter will introdpdb the rcader to suppregsor factors secreted
! 4
[ N .
by B cells which affect humoral immune responses and cellula® proliferation

in hamans and animals. Reference will be made #o0 antibody mediated

v

suppression of the immune resbonse.

3.5.9.2. Suppressor factors derived from human B cells

- . T . ERERY \

Singhal and collcagues (Bains et ai, 1982; Singhal and Duwe,ui976;
5

Stanpat ptoal, 1978) have studied human bone marrew (HBM} regulatory cells

1ret cat Muprpross the primary PFC response of noxmal allegeneic spleen or
B . o

taven Loy MNT and autologous circulating MNC in vitro. The suppression by
HBM cells is mediated by a soluble sppprgssor factor, bone marrow
suppressor factér or BSF, that is maximglly effective when added early
}durinqlthc first 24 hrs) to the cultures of au;ologous circulating or=

hllogcneic splgnic or tonsijlar MNC in vitro (Sindghal, 198%). BSF

¥

suppresses earl?"&zfgffﬁ;gr”)gaTts’1n,the antlbody response, and its target
is a noh~ftcgll. BSF does -not affect DMNA synthesis by tonsillar MNC as
mcqsurcd by the incorpora;ion of H3-thymidine‘(Bains et al, 1982}.

Human boﬁq:marrow MNC stimulated in vitro.with PWM for ! hr, washed

,and cultured for 7 days without PWM in the culture medium, secrete a

. . ~

" suppressor factor into the culture supernatant referred to as marrow-

'

derived sﬁppressive supernatant (MDSS) (Alley et-al, 1983). This facter

suppreﬁsed the spontaneous synthe is and secretion of Ig by norxrmal human

bone marrow cells and the PWM-driven Ig synthesis by normal human
* circulating MNC in vi ro {Alley et al, 1983). MDSS5 was characterized as a

"non-specificfnon;HLA {(human leukocyte anfigen),heat liable (560C for 1 hr)

prote in. Yoo . LT |

‘:‘-\J Co-
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A human B cell derived suppressor factor (SBF), whiéh can suppress
 autologous and allogeneic Ig production by human circulating MNC in
response to PWM or Nocardia mitogens and the proliferation of human T and
B tumor'ceil,lines in vitro, has been studied by Suzuki and Miyvama-Inaba
‘and associates {Suzuki et al, 1983a,b, '1985; Masuda ct_al, 1978; Miyama -
Inaba ct al, 1982; Mivama et al, 1979}.‘ SBF is producgd by.normal human
FCYR+ B cells in in vitro cultures. The inhibito;y cffect oﬁ tumor qell
groéwth ﬁy.SBF is cytostatic and nog’éytotbxi; as in the case of lymphotoxin
{Suzuki et al, 1985}; 'The suppressive effect of SBI is not HLA restricted.
SBF was chéractcrized as a protein of approximately 30,000 to 50,000
daltons M.W. with a peak of activity at 32,000 daltons (Plsko_x%fél, 19B6) .
TN

A recent investigation by Farkas et al (1986} has dnmoﬁfﬁratcd the

existence of a PHA—activaEed human suppressor g cell. This B ecell was

capable of inhibiting the MLR response and the PHA-induced DNA synthoesis

]
»

by allogeneic¢ human circulating MNC (Farkas ct al, 198G). The authors
suggested that the suppression was mediated by a supprossor factor secrcted
by the B cells. -No further characterization of this factor was attempted.

3.5.9.3. Suppressor factors derived from animal B cells

Suzuki ct al (1983b) have reported an S?E molecuie secreted by:mousn
marrow B cells (FCYR+ B cells) which suppressgd the.phyfomitoqun (Con A
and PHA)-induced blastogenic response of B cells but not of T cells in
vitro, aﬁd the primary in‘vitro response of autologous splenic MNC to
dinitrophenol. The target of mouse SBF is the B cell and it acts in an
MHC—restricted‘manner—(Suzﬁki et al, 1983b). Y !

Singhal and celleagues (Roder et -al, 1978; Duwe and Singhal.lQ?%P.b:

McGarry and Singhal, lQEé;-McGarry et al, 1982; Singhal ct al. 1978) have
o . .



64

described a suppressor factor (BSF) obtained from mouse bone marrow B cells

.

similar to human BSF. Mouse BSF was shown to suppress nonspecifically the

primary in vitro antibody response of autologous. splenic MNC to SRBC

{(McGarry et al, 1982). Mouse BSF was shown to be a low M.W. {1-3.5 x 103

daltons} glycolipid-containing carbohydrate which is thoﬁght to be the
active component of the suppressor molecule (McGarry and Singhal, 1982;
McGarry et al, 1982).° !

Normal unprimed rabbit bone marrow (BM) cells have ‘been shown go
shppress specific immune responses in vitr; (Soderberg, 1984a,b, 1983) .

. . ' + . . .
This factor was obtained from normal FcyR BM cells following incubation

in vitro for 24 hrs. This suppressor factor inhibited the in vitro

differcntiation.of autologous FCYR- BM cells by blocking the productionof
B-cell growth factor by activated T cells necessary for B cell development

(Soderberg,  1985) . ‘
Y . |
Antiboffies may be considered as mediators secreted by B cells. The
administration OJ antibbdies can- cause specific suppression of humoral
. ok
immune responses (Fitch, 1975). There are undoubtedly several mechanisms

by:which antibodies mediate the suppression of the immune response. The

masking of antigenic determinants or reduction in the amount of free

* ~

antigen may account, partially, for the observed sf@ppression (Hancock et
PR <

al, 1985). Another mechanism by which this may occur is 4 antigen-

,Hsonfthg~them for

destruction by macrophages (reviewed by Hutchison, 1980). A third, may he

antibody complexes binding to antigen-reactive cells

the secretion of anti-idiotypic antibodies which servé as specific

suppressors of the immune response (Charan and Zinkernagel, 1986),
. . )

presumably by blockingereceptors, neutralizing the modulating factors, or

specifically stimulating T suppressor cells (Hutchison, 1980).
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3.5.10. Suppressor factors derived from T cells

J

3.5.10.1. Introductory statement

By far the largest nunber of reports in the literature of suppressor
factors are concerned with suppressor factors produced by T suppressor
cells. These factors are secreted in vitro following stimulation of the T

cells with phytomitogens, antigens, or allogeneic cells. They may_ also be

secreted from T cells into the culture medium by simple incubation of

these cells in serum containing~ or serum-frec medium.

Like the suppressdr tells, théf&_Eké‘t&offunctionally—distinctélasses
of suppressor factors - the antigen-specific suppressor factors which are

secreted from antigen-specific T suppresser cells and the antigen-

*
nonspecific suppressor factors which are secrected from the antigen-

nonspecific T suppressor cells. o

In humans, both specific and nonspecific suppressor factors can be

3

obtained from circulating T suppressor cells. In the experimental animal

E .
suppressor factors have been obtained from suppressor T cells in the spleen
and in the circulation. %{though much work has been done in the past

+

decade characterizing, isolating and purifying the sbppressor factors,

|
J

the primary focus of the majority of the studies haé“boen the ability of
these factors to suppress the immune response in vitro. ‘There have been
few efforts to correlate the in vitro action of the suppressor factors with
any role they may pléy in the terqination of the immuno response in vivo.

3.5.10.2. Suppressor factdrs produced by unstimulated T cells

N 5
There are several reports*which proposexthat lympﬁocytes produce

soluble suppressor factors during in vitro incubation of the cells in the

Y

absence of antigen, phytomitogen (Con A, PHA, PWM) allogeneic cells, serum

or serum factors.
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Shoﬁ et al (1980} reportedlthat human circulating T lymphocytes secrete a
.solublé suppressor factor (SSF) into the culture medium dﬁrihg a 4-day in
vitro incubation. This factor was shown to inhibit the synthesis of IgG
and IgM by normal autologous or allogeneic circﬁlating lymphocytes
stimulated with PWM in vitro fShou et al, 1980). SSF was characterizeq as
a glycoprotéin with two active~peaks determined by gél filtration'— one
at i3,700 daltons and the other ggtween 13,700 and 25,060 daltons. It is
stable at 56°C but loses its activity at 70°C (Shou et al, 1980). SSF's
suppressive activity is blocked by L-rhamnose, L-fucose, and ¢-methyl-D-
mannoside. The authors suggested the existence of receptor sites for SSF
on the T hclger cell which seems ﬁo be the target of SSF (Nair and
Schwartz, 1982). . Lederman et al (198l1) have reported a siﬁilar factor
which they termed immune response suppressor factor (IRSF). IRSF
suppressed PWM- and antigen-induced Ig synt§esis by normal human circulating
MNC in wvitro.

Lethibichthuy q; al (1980) repoi;;a that unstimulated human circulating
T lymphoé?tes shed soluble ;eceptors for ¥c of IgG (IgG-binding factor or
rIgG-BF) capable of interfering with the differentiation of circulating B
cells into Ig-sécreting cells in cultures stimulated with PWM or Nocardia
ext;acts. The authors suggested that this éuppressor factor may represent
the human analogue of murine IBF (discussed in Chapter 3.;5%9.3.1. produced
by allcactivated murine T cells. '

In a recent publication, Léthibichthuy and Revilland (1985) showed

that the suppressive 'effect of IgG-BF isolated from cell-free supernatants

of unstilulated T lymphocyte cultures was dependent on the presence of T4

s

'

cells in the cyltures. Selec€3<f depletion of T4 helper or TB suppressor

subsets in the Nocardia mitogen 1a T cell independent polyclonal B cells

4q



activator) stimulated cultures showed that IgG- Eﬁgsgzifed the presence
of Ty lymphbcyte; to induce suppressiq;..

A factor secreted from a human T cell hybridoma capable of suppressing
PWM~induced B cell proliferation into antibody synthesiﬁing ané secreting
cells in in vitro.culture has been reported (Gri}lot-Courvalin‘ct al,
1982). This factor must be adde@ early'(within the first 48 hours) to
the culture in order to exert its suppressive effect. The target of this
factor is a T4 cell and it has an apparent M.W. of 45,000 daltons

i

(Grillot-Courvalin et al, 1982}).

3.5.10.3. Suppressor factors produced by non-specifically {nen-antigen)
stimulated T cells

. LTE
3.5.10.3.1. Suppressors of immunoglebulin and antibody synthesis ﬁd

Con A activates murine nonspecific suppressor T cells (Rich and
< X .

Pierce, 1973; Shou et al, 1976). These suppressor colls secrete a

suppressor factor referred to as soluble immune response Ssuppressor

or SIRS (Rich and Pierce, 1974). SIRS has been reported to inhibit the
PFC response {(IgM and IgG) but not T c¢ell proliferative responses to

phytomitogen or the generation of cytotoxic T cells in vitro (Picerce and

PR -

i
Kapp, 1976). It must be added early {day 0 to 3} to the 5-day cultures to

exhibit its suppressive effects. The murine T cell responsible for the
production of SIRS has been identified as the Lyl_23+ phenotype‘(Kapp ot
al, 1978). SIRS has been characterized as a heat-labile glycoprotein with
a M.W. of 50,000 to 55,000 daltons.l It is hot an Ig énd has no MHE
restriction (Tadakuma and Pierce; 1975; Aune et al, 1983). The target for
SIRS éppears to be the macrophage (Tadakuma and Pierce, 1976, 1978) which
prSduéés ancther soluble facLor which, in fact, is oxid;zed SIRS or

SIRS-ox and which is more active than the unmodified SIRS (Aune and Pierce,

198la,b, 1982, 1983; Irons et al, 1984). : A
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Pierce and co-workers have also described a soluble immune suppressor
factor derived from a T cell hybridoma. This SIRS was found to consist of

two entities which cdnés‘be separatéd by chromatography, SIRS, and SIRSB,

r
both of} which had nearly identical M.W. of approximately 11,000 daltons.

These two forms g? SIRS were able to suppress the antibody—formiﬁg cell
_response fo SRBC in SRBC primed mice (Webb et al, 1985; Schnaper and -

-
Aune, 1986).

A hupan SIRS counterpart to murine SIRS, secreted by human suppressor
T cells activated by leukoccyte interfercn or Con A, has been described by
Schnaper et al (1984): The human SIRS has a M.W. of 110,000 to 150,000
daltons and is sensitive to protease and acid (pﬁ'z) t;eétment. A SIRS-
likeé suppressor factor secreted by normal human spleen cells activqted with
Con-A in vitro has also.peen-éescfibed {Krakauer et al, 1980). This factor
waé ab;e to suppress polycional Ig synthesis'(IgG, IgM and IgA) by

¢

autologous normal spleen cells stimulated with the T-cell dependent mitegen

FUM or the T-cell independent mitogens LPS and Nocardia in in vitro
cultures (Krakauer et al, 1980; Beer et al, 1982). .

Two soluble constituents released from“hufian®lon A-stimulated

T
circulating MNC in vitro (Greene et al, 1981; Fleisher et al, 198l) are

referred to as SISS-T and SISS-B (soluble immune suppressor supernantant).
SISS-T will be discussed in Chapter 3.5.10.3.2. SISS-B inhibits immuno-

globulin synthesis by B cells. SiSS-B was characterized as a Protein.of
60,000 g; 80,000 galton M.W., stable at pH 2.5 but sensitive to heat (SGOC)
treatment (Green et al, 1982). Warrington et al {1983) have described
another suppressor factor derived from Con A-stimulated human T cells
referFed to as TY' It was characterized as a 20,000 to 25,000 dalton

M.W. glycoprotein stable at pH 2.0 and at SGOC. This factor, like SISS-B,

T

ar .
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inhibits the secretion of Ig by PWM-stimulated human B cells in vitro.
Like SIRS, it must be added early (days O to 3) to the cultutes to héve
its suppressive effect. The authors suggest that T is the human
counterpart of the murine SIRS. They base their assumption on the fact
that TY resembles another lymphokine, MIF, which is similgr to SIRS and

cannot be distinguished from it {Block et al, 1978; Kuhner and David,

1976; Fox and Rajaraman, 1981).

Another suppressor factor synthesized by phytomitoéen or antigen-
stimulated T cells is thé'immunoglobulin binding factor (IBF) first
described by Gisle; and Fridman in 1975 {(Gisler and Fridman, 1975) and
subsequently By Fridman and co-workers.(Neaubort—Sautes et al, 1975; Gisler
and Fridman, 1976; Fridman et'al,.1977; Yagello é\ al, 1979; Pridman ot
al, 198l; Fridman et al, 1984; T?%llaud et al, 1986). IBF acts by . ’
inhibitinqwgg; differentiation of B cells into Ig and antibody synthesizing
plasmablasts and lymphoblasts (Gisler and Fridman,\1976). IBF is a

glycoprotein and is‘composed of two polypeptide chains of 240,000 and

- LR

- 1

20,000 dalton M.W. It binds to the Fc portion oflhomologous and

. - - .-
ar ¥ B & s me ww

heteroidéous IgG (JésEOWicz et ailligis: Séﬁdgf'ét"al, 1986):. IBF is

believed to be the solub}e form of the receptor for FcG on the T cell
surface membrane which is shed from the cell sﬁrface of both human
(Molenaar et al, 1977) and mousé‘(Friéman et al, 1977y Neauport-Sautes et
al, 1975) stimulated T cells at 37°C. .
Millerioux et al (1981) have destribed a suppressér factor, spleen

derived immunosuppressive protein, referred to as SDIP, which is

A synthesized by bovine splanic T cells stimulqted in vitro by Con A. SDIP
was shown to inhibit the PFC response of normal mouse spleen cells to SRBC

4

in vitro (Millerioux et al, 198l1). ,Unlike IBF, SDIP must be extracted
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70 T

frém the stimulated cells (Lenfant et al, 1980). The functional
suppressgvemoietyof SDIP was present in a low M.W. constituent (M.W.
2,000 daltons) of a larger 50,000-dalton fraction (Lenfant et al, 1980).
SDIP éppears to act directly on B cells, affecting its differentiation

into the antibody-forming blast cells (Lenfant et al, 1983).

a

3.5.10.3.2. SUEpressors of cell proliferation

Several nonspecific suppréssor‘factors of T cell origin operate by
inhibiting cell proliferation. An inhibitor of the proliferative response
in the MLR has been studied by Rich and Rich (1974, 1975, 1976, 1977).°
This factor was produced by injecting allogeneic lymphocytes into the
footpads of mice, removing tﬁe spleen 4 days later and culturing the"
splenic MNC in vitro in the presence‘of the injected allogenic cells. The
faétér was secreted into the culture medium but could also be extracted
from the cells (Rich and Ricﬁ,';977). The suppressor factor was
characterized as a glycoproteiﬁ, non~immunoglobulin in nature, with a M.W.
of 25,000 te 75,000 daltons.

Another allospécific suppressor factoyr capable of suppressing the MLR
proliferative response has been studied by Eisenthal et al (1979). This
factor was produced by mouse thymocytes stimulated in vitro with
-irradiated allogeneic spleen cells. The synthesis of the factor appeared

to necessitate the cooperation between Lyt-1+ and Ly't—2+ cells and required

-

the presence of adherent cells. This factor was not characterized.
- e

* Mayumi et al {1985) have studied the mechanisms of "immunologic-

escape" of embryos during the implantation period in mice. They found a
suppressor factor which is secreted or could be extracted from thé eight-

cell stage fertilized ova or blastocyte but not from unfertilized ova.

-

~ This factor was able to suppress both the MLR response and the generation

of cytotoxic T lymphocytes by the maternal:circulating and splenic MNC.
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An inhkiibitor of DNA synthesis (IDS) was first described in rats
(Namba et al, 1977). IDS inhibits both T cell and B cell prolifgraAtive
responses apparently through the elevation of cAMP resulting from tﬁe
activation of adenylate cyclase {Jegasothy et al, 1978}. Pharmacoiogical
ageqps which raise intracellular ¢AMP (PGE, dibutyryl cAMP) can mimic the
action of IDS ({(Waksman and Wagshal, 1978). 1IDS is p;oduced by mitogen
(Con A} stimulated normal mouse splenic lymphocytes in vitro and by mouse

spleen or lymph node MNC following in vivo immunization. It has becn

characterized as a 20,000 dalton M.W. glycoprotein and appears to

_aggregate to a higher M.W. of a dimeric or trimeric form which retains its

suppressivé activity (Jegascthy and Battles, 1979). Human IDS has
been purified from the supernatants of human circu;ating MNt cultures
stimulated with Con A[(Jegasothy and Battles, 1981).. Hﬁman IDS appears
similar fo rat IDS in its activity and M.W., profile; however, human IDS
always appears in the higher M.W. aggregate\form and may.be capable of
inhibiting DNA-polymerase activity in vitro (Jegasothy and Battles, 1981).
SISS-T, a suppressor molecule of 30,000 to 45,000 dalton M.W., wh;ch
inhibits both'phytomitogen and antigen-ifduced T cell proliferation, has
bee%scribed by Greene et al (I981). This fa;ctor is secreted by human
circuiating T cells incﬁbated with Con A in vitro. This factor, like its///
SISS-B‘counterpart which suppresses Ig synthesis by PWM-stimulated B cells
in vitro (described above), is unstable at 560C. SISsS-T, iike SISS-B, has
A soluble inhibitory factor (SIF) derived from human tonsil T
lymphocytes in-vitro has been éescribed {(Wolf et al, 1978). This factor
can suppress B cell and T cell proliferation in vitro. An SIF-like
molecule, recovered from normal human se%um, is composed of twgicomponents:
- X

h R
- ‘ o~



S

72

a protein and a glycolipid which po;sesses the suppyessor activity and is
referred to as gipid suppressor substance (LSS) (wr f and Andreoni, 1982).
| Segum—derived (SIF—serum) resembles SIF derived from‘cell culture
supernatants (SIF-%up) by chromatographic and functional analysis. They
both suppress PHA-induced autologous or allogeneic normal T lymphocytes
proliferation in vitro. SIF-sup has an apparent M.W. of 40,000.-fo 80,000
daltons whereas SIF-serum has a M.W. between 100,000 and lS0,000hdaltons
(Wolf and Adreoni, 1982).

SIF—suﬁhcaﬁ activate circulating human T cells to suppress the
responses in bqth the autologous and allogeneic MLR (Kasakura et al,
1983). .This SIF was chafécterized as an 18,000 to 29,000 dalton M.W.
protein which could be recovered by isoelectric focusing‘inlﬁﬁe pH range
from 6.9 to 7.3 (Kasakura et al, 1983). Thus, SIF ﬁéy_play a role in both
active suppressioﬁ and activation of éuppressor cells ;n vitro. The
Presence of SIF in normal serum may suggest an in vivo role for SIF in
immune regulation.

Histamine induces a suppressor factor (HSF) capable of inhibiting
antigen—iﬁduced proliferation and the production of MIF by sensitized T
lymphocytes in vitre. HSF production could be clocked by H2 but not Hl
receptor antagonists. HSF was shown to be a glycoprotein of approximately
23,000 to 40,000 daltons M.W. jRocklin, 1977). HSF appears to be produced
by T cells that bear both histamine (HZ) receptors and receptors for the
Fe portion of IgG (FeG) (Rocklin et al, lQéO).

Lymphotoxin(s) (LT) are detected’in culture supernatants of / o
antigen- or phy;omitogen-stimulated T lymphocytes (Ruddle and Waksméarn, 3y

, ]
1968; Granger et al, 1969). Investigations with murine cells indicate that

the cell souyce of LT is a T cell but B cells may produce LT as well

A
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(Eardley et al, 1980)."Guinea pig LT and murine LT have an approximate
M.W. of 50,000 daltons and are sensitive to trypsin treatment (Sawada. et
al, 19;5).

Unlike the guinea pig LT and the murine LT, human LT has been found
to bg composed of a- and B-LT components. The a'componént has an
approximate M.W. of 75,000 daltons and the B component 45,000 daltons
(Walker et al, 1976). The 3 component resembles guinea pig and murine LT.
The mechanism of action of LT is not compleﬁely understood. LT action is

.

.not genetically (MHC) restricted or tissue-specific. DNA, RNA and protein
synthesis appear normal in the target cells prior to gheir undergoing
1ysis (Okamoto and Mayer, 1978a). However, a three-to fourfold incrcésu
in Ca2+ uptake has been noted in LT-damaged cells {Okamoto and Maycers,
1978b). Thus, LT damages the Ca2+ uptake system which appears to be
essential for the normal fuﬁctioning of the T cells.

— .

3.5.10.4. Suppressor factors produced by specifically (antigen)
stimulated T cells ' '

Heijnen, Uytdehaag and Ballieuxr(Heijnen et al, 1979; Uytdechaag ot
al, 1981; Ballieux and Heijnen, .1982} have described an antigen
specific suppressive factor secreteé by cultured antigen-stimulated
circulating human T cells {TSF-120}. These cells were found to be Fc_{R+
cells (Uytdehaag et al, 1981). TSF-120 has to be added to cultures of
autelogous or allogeneic circulating MNC early (tﬁe first 24-48 hrs) in
o;der to maximally suppress the antigen-induced blastogencsis of thesc
cells in vitro (Uytdehaag et al, 198l).

Two antigen-specific suppressor factors secreted by the splenic T
cells of mice immunized with SRBC have been described by Cantor and
associates (Cantor et al, 1978; Eardiey et ai,’1979; Yamauchi et al,

. 1981a,b). These fagtors are referred to as the T cell suppressor inducer .
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secreted by the Ly-1 T cell (TsiF) and ﬁhe T celi'Suppressor factor

(TSF) secreted by the Ly;2 T céll. Both are obtained from the suppressor
cells following the cessation of antibody synthesis (day 20 to 30 post-
immunization), and must\be'éﬁded early (first 24-48 hrs} to the cultures
of auFologous or syngeneic¢ antigen-primed spienic MNC in.order'to.suppress
the immune response (Yaméuchi'et al, 198la,b; Floed et al, 1982a,b). TsiF
induces, in an MHC-restricted manner, the transformation of an Ly2,3 T
‘cell into a suppressor effector cell (Yam;uchi_et al, 198la; Noguchi et
al, 1985) which exerts.its suppressive éffect by sebfeting an .antigen-
specific suppressor effector factor (Ferquson and Iverson,’1986). TsiF
was characteriied as a protein with an apparent M.W. of 63,000 daltons by
SDS-PAGE analysis (Ferguscn and Iﬁerson, 1886). TSF. acts, in an MHC- ‘
restricted ﬁannér to inhibit Lyl helper T cell activity (Flood et al,)
71982).

Pierce, Kapp and colleagues (Kapp et al, 1976, 19;7, 1580, 1983;
Kapp, 1978:; Jenkins et al, 1985; Lopez et al, 1986) have described a
GAT-induced antigen-specific T suppressor factor {GISF) from GAT-immunized
mice. GISf can be extracted obtained from splenic, lymph node and thymic
T cell homogenates withih a few days following the initiation of the
immune response (Kapp et al, 1976, 1978). GIS? acts in an MHC non-
restricted manner but is strain specificl(Kapgset al, I980, 1983). GISF
inhibits GAT-specific PFC responses of GAT-immune spieni; MNC in vitro
(Pierce et al, 1984, 1985) and must be added early (first 24‘hrs) to the

cultures in order to maximally. suppress the in vitre immune response

(Kapp et al, 1977, 1980).. , - : é,
1 '

e ——
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4. MATERIALS AND METHQDS

4.1. Materials

4.1.1, Reagents : )

o-naphthyl acetate - obtained from Sigma Chemical Co., St. Louis, -

Missouri, and stored at 18°¢.

Ammonium chloride -~ obtained from British Drug Houses, Montreal)

Quebec, and stored at 18%.

Antisera - 1) The chromategraphically pure rabbit IgG and IgM
anﬁibodies to ORBC and HRBC were obtained from Cappel Laboratories,:
Westchester, Pennsylvania, and stored at 4%.

-,

(\\ Aj 2) The chromatographically pure rabbit IgM,‘lvs fragment

-against SRBC was obtained from Cordis Laboratories, Miami, Florida,

"and stored at —2OOC. ey

+

Carbonyl iron grade SF - obtained from Dyestuffs and Chemicals,

~

. . ‘ o
Toranto, Ontario, and stored at 18 C.

.

Complement - The source of C'3 was serum from-a normal human

volunteer, guinea pig or normal rabbit serum.

Concanavalin~A — obtained in a lyophilized powdered form in 250 g

quantities from Calbiochem, La Jolla, California, and stored at 4°c.
Culture medium - The culture medium was RPMI 1640 fortified with 10%

FCS serum, penicillin (100 units/ml), streptomycin (100 jig/ml),

gentamicin (50 ug/ml) and 25 mm Hepes.

Erythrocytes - Heparinized ORBC, SRBC and HRBC were obtained fresh
: ] o .
wedkly from Qualicum Laboratories, Ottawa, and stored at 4 C-until

required.
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FCS - was obtained in 100 ml quantities from Microbiological
o)
Associates and stored at 4 C. FCS was decomplemented (heated at

56°C, 30 min} and filtered through a 0.20 um Nalgene filter be fore
R .
use.

Ficoll 400 - (500 g) obtained from Pharmacia Fine Chemicals AB,

Upsala, Sweden and stored at lS?C. ¥

Gentaﬁf;EE\L“obtained from Schering Inc.,, Pointe Claire, Quebec,

///;Ad stored at 4°c. .

e

3 oms . ‘ : -
H -Thymidine - (uCi/ml} - was obtained from New England Nuclear,

Ay o
Boston, Massachusetts and stored at -20 C.

Hanks Balanced Salt Sclution (HBSS) (500 ml) - was obtained from

Microbiclogical Associates, Bethesda, Maryland, and stored until usc
at 40C.

~

Heparin (mucosa) sodium - (1% Benzylalcohol as preservative) was

obtained in concentrations of 1000 USP units/ml from Crganon Canada

Ltd., Organon, Ontario, and stored at 4%

SN 4
HEPES buffer - obtained from Microbiological Associates, Bethesda,

-

e
. o
Maryland, and stored until use at 18 C.

. L
Hypague sodjum (diatriozate} - 50% w/v pE = 6.5-7.7 was obtained from

Winthrop Laboratories, Aurora, Ontario. The 30 ml ampules were

stored in the dark at lBOC.

Methyl green - obtained from Sigma Chemical Co., St. Louis, Missouri,
. .

and stored at 18 C.

Mitomycin-C - obtained in 2 mg vials (powder form} from Sigma,

St. Louis, Missouri, and stored in the dark at 4OC. Immediately



77

8

~ - PN

before use the powder was dissolved in 2 ml of RPMI 1640 to give

a solution of 1 _mg/ml.

.

Pararosanilin - obtained from Sigma Chemical Co., St. Louis,

i o
Missouri, and stored at 18 C.

e
phytohemagglutinin~-M (PHA) - obtained lyophilized from Difco

, o
Laboratories, Detroit,_Michng?)and stored at 4 C.

1

pokeweed 'mitogen (PWM) - obtained lyophilized from Gibco

. o)
Laboratories, Chagrin Falls, Ohio, and stored at 4 C.

"

Potassium - penicillin G (5000 units/ml) and streptomycin sulphate
(5000 ug/ml) - were obtained pre-mixed in 100 ml quantities from
Microbiological Associates, Bethesda, Maryland, and stored until use

at -20°%.

Saline solution - (0.9% NaCl} in pyrogen free sterile water was

obtained in 1000 ml guantities from Abbott Laboratories Ltd.,

Montreal, Quebec, and stored at IéOC.

-

Scintillation liquid - premixed cocktail obtained from Beckman

o
Instruments, Fullerten, California and stored at 18 C.

-

Sodium acetate - obtained from Fisher Scientific, Fair Lawn,

.

o
New Jersey and stored at 18 C.

Sodium nitrite - obtained from Fisher Scientific, Fair Lawn,

New Jersey and stored at lBoC.,_

Sodium Pentothal (Pentothal 2.5% solution, 25 mg/mi, 500 ml) -

) by
was obtained from Abbott Laboratories, Montreal, Quebec, Canada

and stored at lBOC. o
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"

Tissue culture medium RPMI-1640 {500 ml) - was obtained from

Microbiological Associates, Bethesda, Maryland, and stored until

use at 4%c. . ’

Trypan blue - obtained from Grand Island Biological Co., Grand

Island, New York, and stored at lBOC.

4.1.2. Supplies

Culture tubes - were 17x100 mm and 15 ml Falcon 2001 plastic

sterile disposable tubes were obtained from Falcon Plastics,

Cockesville, Maryland.

Eppendorf repeater 4780 - automatic pipette and sterile disposable

tips were obtained from Brinkman Instruments, Weétbury, New York,

and Eppendorf, Hamburg, West Gexrmany.

.

Liguid scintillation vials - these plastic vials were obtained from

Fisher Scientific, Fair Lawn, New Jersey.

Microtiter plates and lids - Micro Test III flat bottom plates were

obtained from Becton Dickinson Labware, Oxnard, California.

Nalgene 0.22 ym filters - obtained from Nalgene Labware, Rochester,

New York.

Pipette aid (Automatic Pipette) - obtained from Drummond Scientific

AN

Co., Broomall, Pennsylvania.

eipettes - 1, 2, 5 and 10 ml Pyrex sterile disposable serclogical
pipettes were obtained from Corning Glass Works, Corning New York.

A pro-pipette} or a Pipette aid was always used to manipulate fluids.
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Syringes - 1, 3, 5, 10 and 30 ml Plastiplate sterile disposable

plastic syringes obtained from Becton Dickinson Labware, Oxﬂard,

California.

4.1.3. uipment

992 Incubator = cultures were maintained in a National incubator

(NAPCO, Portland, Oregon).

Coulter counter - obtained from Coultexr Electronics Inc., Mialeah,

Florida.

Cytocentrifuge (cytospin SCA-0030) - was obtained from Shandon

Southern Instruments, Camberley Surrey, England.

Harvester — Titertek - obtained from Flow Laboratories, Rockville,

Maryland.

v :
Ligquid Scintillation Coulter LS-230 - obtained from Beckman

Instruments, Fullerton, California.

Multipurpose rotator - obtained from Scientific Industries, Inc.

Springfiela, Massachusetts.

Refrigerated centrifuge CRU 5000 - obtained from Fisher Scientific,

Fair Lawn, New Jersey.

Zeiss fluorescent microscope with a mercury vapor light source

(bright field, dark field and epi-illumination) -~ obtained from

Zeiss, West Germany.

4.1.4. Animals
4.1.4.1. Rabbits - New Zeland White outbred normal rabbits,

immunologically mature (3 months of age, 4 to 5 lb), were obtained
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from La Ferme IAPRO Inc., Montreal, Quebec, Canada, and kept in
our animal facility at constant temperature (19—210C) and humidity

(50% Rhm) with food and water ad lib.

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, Quebee;,—Canada, and kept under the

same conditions as the rabbits above.

Fl

4.2. Methods

4.2.1. Preparation of erythrocytes - Heparinized ORBC, SRBC and HRBC

were obtained fresh weekly from Qualicum Laboratories, Ottawa, and
stored at 4%¢ until requifed. The RBC were washed three times in
HBSS or saline at 900 g for 10 min at 15°¢ and resuspended in RPMI
1640 or saline to the éesired concentration. Human volunteers and
rabbits were bled by venipdncture intoﬂheparinized syringes. .The
bleods were centrifuged at 900 g at lSOC for 10 minutes, the
supernatants were decanted, the cells were suspended in medium and
were centrifuged once more at %00 g for 10 minutes. The

erythrocytes were washed once more in medium and suspended in medium

(RPMI 1640) to the desired cell concentration,

4.2.2. Ceomplement - The source of C'3 was ﬁormal guinea pig, rabbit
serum or normal healthy wvolunteer éerum. A vqlume of this serum was
absorbed with a 0.1 volume of packed ORBC, SREC or HRBC at 4°C for

1 hour, centrifuged at 450 é for 10 min at 18°C and absorbed once more
with the RBC at 37°C for Go‘min. The absorbed serum did not

agglutinate the respective RBC even in the undiluted state.



81

4.2.3, E indicator erythrocytes - SRBC were washed with HBSS three

times at 490 g for 10 minutes at 18°%¢ and resuspended in RPMI 1640

to the required cell concentration.

4.2.4. EAG indicatbr erythrocytes - ORBC were washed three times with

HBSS at 490 g for 10 minutes at 18°C. ©One ml of a 5% ORBC suspension
was mixed with 1 ml of rabbit antibodies to human IgG (1/200, which
was found to be the maximum subagglutinating concentration} incubated

for 1 hour at 37°C and washed éhree times with HBSS at 490 g for 10

. . ‘-,J i
minutes at 18°C. The pelleted cells EAG were resuspended in RPMI -—

1640 to the desired cell concentration.

1
Vi

4.2.5. EAC indicator erythrocytes - One ml of 5% ORBC was mixed with

1 ml rabbit antibodies.to human IgM (1/100). The cells were incubated
for 36 minutes at 370C, washed three times in HBSS at 4920 g for 10
minutes at 18°c and resuspended in 1 ml of RPMI 1640.__Cne ml of

human € (1/8) was adééﬁ. After 30 minutes of incubation, the cells
were washed three times with HBSS at 490 g for 10 minutes at lBOC and
resuspended in RPMI 1640 to the desired cell concentration. Neither
the rabbit IgM antiserum nor the human serum used as a source of
complement, in the concentrations1used in the preparation of EAC, were

capable of independently sensitizing the ORBC sufficiently to impart

to them the ability to form rosettes.

4.2.6. EBM indicator erythrocytes - Twe ml of 2% ORBC were mixed with

4 ml of rabbit antibodies to human IgM (1/64, which is the maximum
subagglutinating concentration} and incubated for 30 minutes at 1°c.
The cells were washed three times with HBSS at 490 g for 10 minutes at

18°c. and resuspended in RPMI 1640 to the desired cell concentration.
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4.2.7. Hitomycin C_treatment of mononuclear cells - Mononuclear cells
6 N ‘

{10 cells per tube) were incubated with 75 pg mitomycin-C at 17°%¢

for 1 hour. These cells were subsequently washed three times with

HBSS at 490 g for 10 minutes at 18°%¢ to remove residual mitomycin~-C

and resuspenddd in culture medium to the appropriate concentration.

4.2.8. Assessment of cell viability - The viability of the cells was

determined by the conventional trypan blue dye exclugipn test.

4.2.9. Macrophage/monocyte-depleted moncnuclear cell (MNC-MQl

and MNC-M@ ) preparation - Macrophage/monbcytemdepleted MNC were
4

prepared by incubating'lo7 MNC with 5 ml of RPMI 1640 containing 50%

autologous serum and 10 mg of carbeonyl iron. These cells were

s

. 7
. . . o
incubated on a tissue culture rotator for 45 minutes at 39 C. They

were then layered on a Ficoll-Hypagque discontinucus gradient

{SG 1.10) and centrifuged at 1200 g for 40 minutes at lBOC. The

" non-phagocytic cells isolated from the interphase were washed twice

in HBSS at 500 g for 10 miputes at 180C and are referred to as once
depleted mononuclear cells or MNC-MQI. The MNC-MsDl cells were
cultured overnight in culture medium and subjected to monocyte
depletion with carbonyl iron as deécribed above. These twice
monocyte-depleted cells are referred to as MNC-M¢2. Ninety-six to
ninety-eight percent of the MNC—MQl cells were lymphocytes, as
identified by differential staining of the cells for non-specific
ester;se (NSE), whereas »99% of thg MNC~M¢2 cells were identified

as lymphocytes,
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4.2.10. Non-specific esterase staining - The morphology of monocytes

and lymphocytes was identified by staining for non-specific esterase.
. .

The staining reagen£ was prepared as follows: 10 ml of distilled
water was added to 0.4 sodium nitrite, 10 ml oflethylene glycol
monoethyl ether (EGME) was added to 0.2 g a-naphtyl acetate, 7.5 mlL --
féﬁ‘ﬁararosanilin solution was added to 7.5 ml of 4% sodium nitrite
solution following exactly 1 minute, 12 ml of EGME solution was added.
Foliowing the addition of 178 ml of PBS a buff colored pfecipitaté
formed and was filtered. The pH was adjusted to 6.1 using HC1l or

1N &aOH. Aig dried cytocentrifuged cells were stained for 30 minutes
with the above mentioned reagent. The slides were washed twice in
disti;led water, fixed in methanol for 60 seconds and dried in cold
air.' The slides were counterstained with 1% methyl green for 1
minute, washed twice with distilled water and air dried at 18°¢.
Methyl green was prepared as follows: 100 ml of distilled water was
added to 1.4 g sodium acetate and 1.0 methyl greén. The pH was

adjusted to 4.é with acetic acid.

4.2.11. Immunization cf rabbits and preparation of 1ympﬁoid cells -

Immunologically mature {3 months of age, 4 to 5 1lb} normal, outbred

New Zealand White rabbits, were immunized IV with 109,'4x105 SRBC

or HRBC or with SSSF or HSSF equivalents. At predetermined
intervals of time thereafter, the rabbits were sacrificed by

the IV injection of pantothal. The abdominal and chest cavities
were immediately entered, blood was withdrawn from the heart
into heparinized s;ringes {50 units herapin pexr ml of blood),

and the thymus (THY), spleen {SPL), appendix (A%P) , saccylus

rotundus (SR), Peyer's .patches (PP) and popliteal 1lymph node (PLN},
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were excised and placed into sterile plastic tubes (Corning 50ml)
containing Medium RPMI 1640. The PLN were excised from the popliteal
fossae. The lymphoid 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 collected in
medium in sterile plastic tubes. The tubes were centrifuged at 500 g .
for 10 minutes-at lBOC, the cells were suspended in medium (RPMI 1640},

washed and reéuspended to the desiyed cell concentration in medium

(RPMI 1640). Bone marrow (BM) MNC were obtained by splitting the

femur and collecting the bone marrow into a sterile plastic tube

containing medium (RPMI 1640). The tube was shaken vigorously

several times and centrifuged at S00 g for 10 minutes at 18°c. The

fatty upper layer was removed and the cells were washed in medium,

The SPL, BM and circulating (PB) MNC were centrifuged through

Ficoll-Hypaque (5G 1.10) (Milthorp and Richter, 1979) in the manner

as originally.descfibed by Boyum for human circulating MNC (Boyum,

1968)Y. The MNC cells at the interface were collected,

washed twice with medium (RPMI 1640) and resuspended to the desired

cell concentration in medium.

,4.2.12, The hemolytic plaque-forming (PFC) assay to detect AFC -

e

The PFC assay was carxried out in ligquid medium as described by
Cunninéham and Szenberg {Cunningham and Szenberg, 1968) and modified
by Richﬁer et al (1981). Anti-SRBC antibodies (rabbit) were added to
thé’assay mixture in a sub-hemolytic concentration, thereby-increasing
the sensitivity of the assay about 10 fold., The PFC assay used is a

modification of the one originally described by Jerne and Nordin ({(1263).
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4.2.13. The secondary immune response in vitro - The secondary immune

response in vitro was carried out as previously described (Richter

et al, 1986). The lymphoid cells (4 x 10%) were incubated with an
equal number-of SRBC in a volume of 4 ml in sterile plastic tubes.

The medium was RPMI.1640 fortified with fetal calf serum (10 percent
final conc.), penicillih (100.units per ml) and streptomycin (100 g
per ml}. After incubation for 5 days at 37°C in 5 percent CO2 in air,

the tubes were centrifuged at 500 g for 10 minutes and the cells were

suspended in medium (RPMI 1640) to the desixed cell concentration.

.

4.2,14. Inhibition of immune splenic PFC by the immune thymus suppressor

cells (ITSC) - Spleen MNC obtained from rabbits 7 days post-lo IMM IV
w{th SRBC or HRBC were coincubated at 37°C for 1, 2 or 4 hours with
autologous or allogeneic 7-day post 1° MM thymus cells, in varying
ratioé of splenic MNC to thymus cells. The cells were then centrifuged
at 500 g for 10 minutes, suspended in medium (RPMI 1640) to the

desired cell concentration and dssayed for PFC.

4.2.15, Inhibition of immune splenic PFC by immune thymus suppressor

factor (ITSF) - ITSF was prepared by incubating thymus cells (107 cells
per ml, 5 ml), obtained from rabbits at different dafs post-immunization,
in Medium RPMI 1640 at 37°C in 5 percent CO2 in air, for 1, 2 or 4 hours.
The tubes were then centrifuged at 500 g for 10 minutes and the cell-free
supernatant, containing the ITSF, was collected and filtered-lﬁrough a
millipore (d.ZO u) filter. One ml IfSF was added to 1 ml of

autologous or allogeneic. 7 day immune spleen MNC (106 cells per ml)

—_——

and the tubes were incubated at 37°C for 1, 2 or 4 hours. The tubes

were then centyifuged at 500 g for 10 minutes and the pelleted cells

were resuspended- in medium and assayed for PFC.
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4.2.16. The isolation of ITSC from suspensions of thymocytes obtained

. from immuniéed rabbits - Thymocytes obtained from rabbits 7 days

S
AY
post—l0 IMM IV with SRBC (or HRBC[ (107 thymocytes per ml, 10 ml) wera.

mixed with an equal volume of a 3 percent suspension of SRBC {or HuRBC,
RRBC or HRBC) in Medium RPMI 1640. The tubes Were.incubated'in a

37°C water bath for 15 minutes, centrifuged at 150 g for S minutes and
incubated at 2°C to 4°C for 2 hours (further incubation overnight at
4OC did not alter the results). The pelleted cells were gently
resuspended and centrifug;d through Fipoll-Hypaque (S5G 1.10) at

18°¢c at 1200 g for 40 minutes. The MNC at the intexface (the
rosette-depleted MNC) ana the pelleted (rosetted) MNC were collected,
washed twice with medium, and suspended to the desired cell
concentration in medium. The REC iﬁ the rosetted cells were lysed by
incubation with hypotonic ammonium cﬁloride for 1 minute (Sklar

et al, 1980).

4.2.17. The identification of ITSC - The thymocytes of rabbits

immunized 7 days previously with 109 SRBC or HRBC IV were rosetted

with EAG or EAC in the manner described previously.(Richter et al,
1983; Banerjee et al, 198i)h The RBC in the rosetted cells were
lysed with hypotonic .ammonium chloride (Sklar et al, 1980) and
washed with Medium RPMI 1640. The non-rosetted and.rosetted thymocytes
were each suspended to the desiréd concentration in medium.

fhynbcytes were‘subjected to MNC—MGl and.MQ!2 depletion (see
sectioﬁ 4.2.9.) in order to determine whether M@s are the sSuppressor

cells within the thymus, and are the cells which secrete the ITSF.
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Th; thyﬁocytés were also incubatgd.for 1 hour at 37°C with
horse anti-rabbit thymocyte (T ;ell) serum (HARTS) and complement
{fresh guinea pig ;g}um, final dilution 1:5) or horse anti-rabbit
5
bone marrow (B cell) serum (HARBMS) and complement in order to lyse the
T or B celis, respﬁctlvely. These antisera, appropriately absorbed
wigh RRBC (HARTS) ;nd-RRBC and rabbit thymocytes (HARBMS) are capable
of specifically lysing 90 to 100 percent of the rabbit T cells
{De La Noue et al, 197%) and 90 to 95 percent of.the rabbit B cells
{(De La Noue and Richter, lgiqj, respectively. The former dces not
lyse rabbiﬁ bone marrow MNC'(De La Noue et al, 1972} and the latter

fails to lyse rabbit thymus cells (De La Noue and Richter, 1974).

4.2.18. Preparation of ITSF for in vivo injections and in vitro

: . X . 9
suppression of the immune response - Rabbits were immunized with 10
i

SRBC and/or HRBC IV and sacrificed 7-8 days later. The thymuses werxe

o

;emoved, cut into small fragments, and placed onto sterile gauze pads.
The thfgocytes were expressed into Medium ﬁPMI 1640 in sterile plastic
tubes by the application of,pregsure accompanied by vigorecus shaking.
The tubes were centrifuged at 500 g for 15 minutes and the thymocytes
were suspended in medium (RPMI 1640} (5 x 107 cells per ml). Thirty
ml of this thymocyte cell suspensiontowere incubated for 24 hours at

o] ] .
37°C in 5 percent CO, in air in a 50 ml sterile Falcon plastic tube in

2
a stationary upright position. The cells were then centrifuged at
500 g for 10 minutes and the cell-free supernatant was collected and
filtered throuyh a 0.2 y Nalgene filter into sterile falcon tubes.

The supernatant, containing the ITSF, was tested for its suppressive

capacity in the manner described previously (Rickter and Talor,'1986)

and stored at -20°C. \#,{/
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4.2.19. preparation of NTS - NTS was prepared from NTC in the manner

as described above for ITSF. The thymocytes werxe obtained from the’

‘ ™
thymuses of unimmunized rabbits.

4.2.20. The inhibition of the in vivo primary immune response by ITSC

Rabbits were immunizéd IV on day 0 with 4 x 105 SRBC, or with

4 x 105 SRBC and 4 x lOS HRBC. The rabbits were injected IV with

2 x 109 ITSC (SRBC) and/or 2 x 109 ITSC (HRBC), or with 2 x iog NTC
‘in sterile saline on days 0 and 3 or days 0, 3 and 5 féllowing
immunization. The rabbits were sacrificed on day 7 and the MNC of the
various lymphoid organs were prepared and assayed for hemolytic plaque
formation immgdiately'after sacrifice and following 5 days in cul;yre
with the immunizing antigen. The agglutination titers to SRBC and

HRBEC at the time of sacrifice were determined.

4.2.21. The inhibition of the in vivo primary Immune response by ITSF -

Rabbits were immunized with 4 x 105 SRBC and/or 4 x 105 HRBC IV on

day O and injected IV with 10 ml of ITSF, NTS or medium RPMI 1640
daily for 5 days (days 0 to 5). The rabbits were sacrificed 2 days
later (day 7) and the MNC of the various lymphoid organs were ;ssayed—
for hemolytic plague formation immediately.after sacrifice and
following 5 days in culture with the immunizing antigen(s).. The
hemagglutinating antibody titers to SRBC and HRBC at the time of

sacrifice were determined.

4.2.22, The inhibition of the in vitro-induced secondary immune response

r

: 9
by ITSC - Rabbits were immunized IV with 109.SRBC and/or 10~ HRBC and
- 6
sacrificed 7 or 60 days later. Mixtures of MNC (2 x 10 cells) and

ITSC (2 x 106 cells) or NTC (2 x lO6 cells) were suspended in 4 ml
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culture medium in sterile 10 ml plastic Falcon 2001 tubes. SSSF or
HSSF (equivalent to 4 x 106 SRBC or HRBC, regpectively) was added to
the tubes (0.1 ml). The cells were cultured for 5 days at 370C in 5

percent CO. in air. On day 3 of éulture, 2 X 106 ITSC or NIC were

2

added teo the cultures. The cells were harvested at the termination of

culture and assayed for their capacity to generate PFC to SRBC or

[

HRBC in the hemolytic plaque-forming essay.

4.2.23. The inhibition of the in vitro-induced secondary immune

response by ITSF - Rabbits were immunizing IV with 109 SRBC or HREC

and sacrificed 7 or 60 days later. MNC (4 x 106 cells) were suspended

in 4 ml of ITSF fortified with FCS (final conc. 18 percent) in sterile

. 6
10 ml plastic Falcon tubes. SSSF or HSSF (equivalent to 4 x 10 SRBC
or HRBC, respectively) was added to the cultured cells (0.1 ml). :The“
cultures were maintained in a stationary upright position for 5 days

at 37°C in S percent CO, in air. The culture medium was replaced on

2
day 3 of culture with fresh'ITSF fortified with FCS. Controls
consisted of splenic MNC cultured withlSSSF in the presence of NTS-
containing FCS or Meqium RPMI 1640 containing FCS. These cells Qere
treated in the s;me way as the cells cultured with ITSF. The cells

were harvested-at the termination of culture and assayed for their

capacity to generate PFC in the hemolytic plaque-forming assay.

4.,2.24. The one-way mixed leucocyte culture reaction (MLR} - MNC

treated with mitomycin-C wexe designated as stimulatcor cells. One ml
c s 5
cultures consisting of 0.5 ml responder ¥Q\E 107} cells and 0.5 ml
. . 5, . - .
allogeneic stimulator (5 x 107 ) cells were incypated in 10 ml sterile
¢+

Falcon plastic tubes at BTOC for 5 days in a humidified atmosphere of
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2 in aix. Control cultures consisted of responder cells

5 percent CO
co-cultured with the appropriate number of mitomycin-C treated

autologous cells. The culture medium consisted of the culture

medium supplemented with heat?iﬁactivated (56°C, 30 minutes) normal

rabbit serum to a final concentration of 2.5 percent.

4.2.25. Preparation of SRBC and HRBC stromal sonicate filtrates

(SSSF and HSSF, respectively) - The SRBC or HRBC'Qere washéﬁ threce

times with HBSS and suspéﬁded in HBSS to a cell conc. of 2 x 109 per

ml. One part RBC suspension was miged‘with S pérts sterile water in

S0 ml sterile pl : 1c “tubes and the tubes were-shaken Qigorously for

1. hour, with casional vortexing, to facilitate tﬂe lysis of the RBC.
The tubes were centrifuged at 37,000 g for 40 minutes and the
supernatants.wgre discarded. The cell lysate was suspended in sterile
wééer in plastic tubes and further shaken and vortexed for an additional
20 minutes. The tubes were centrifuged at 37,000 g and ghe supernatants
were discarded. The washing of the lysate was repeated until the
supernatants were. clear following centrifugation. The RBC stroma was
then suspended in saline, vortexed repeatedly for 15 minutes and
centrifuged at 37,000 g for 40 minutes. The supernatant was

decanted and the sedimenéed stroma was suspended in 5 ml sterile

saline in sterile 10 ml Falcon tubes, cooled to 4°C, and placed in

an ice Eath. The cooled stroma were sonicated at 60,000 cycies per \\‘
minute fér 2 minutes Ffollowing which the sonicétes were filtered

:

through 0.2 U Nalgene filters and stored in 1 ml aligquots at -2dOC.

4.2.26. Detection of Ig synthesis and Ig secreted into the culture

medium - Ig synthesis by the rabbit splenic MNC (intracytoplasmic Ig)

was determined by the conventional immunofluorescent (IF) assay using
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fluoreécein (FITC)-conjquted F(ab)2 fragment of sheep anti-rabbit
pan Ig. The cells were‘then examined by fluqrescence micfoscopy.

Ig.secreted by the immune splenic MNC into the culture medilm
was determined by the ELISA assay. Inert discs coupled with goat
anti-rabﬁit IgG antibodies were incubated with aliquots of the cell
culture supernatants'(Step 1). After a 60lminute(;ncubation geriod,
the discs, were washed five times in PBS and incubated with the

’

appropriate -amount of goat anti-rabbit IgG antibodies complexed with
‘alkaline phosphatase enzyme (Step 2). Af£er another 60 minute
incubation period, the discs were washed five times in PBS and
transferred to tubes containing the chromogen, P-nitrophenyl phosphéte.

Following incubation for another 60 minutes, aliqueots of the supernatant

fluid were read in a colorimeter at 405 nm. ,

4.2.27. The effects of ITSF and NTS on antibody and Ig synthesis by

-

immune rabbit splenic MNC - The splenic MNC of rabbits immunized with

- SRBC or HRBC 7 days previously were cultured in ITSF or NTS conditioned
medium.  The cell; were stimulated in culture with SSSF, which is the
solubilized form of the originél immunizing antigen, SRBC. The reason
for using SSSF rather than the whole SRBC is that SS5F does not
neutralize or absorb ITSF whereas the SRBC do (Richter and -Talor, 1986)}.
ig synthesis and secretion by the rabbit splenic MNC was determined by
the IF and ELISA assays described above. The secretion of antibodies by
these cells was_ determined by the ability of the ceils to generate
hemolytic plaques in the PFC assa Richter and Talor, 1986)}. -

4.2.28. Desalting and delipidation process of proteins in preparation

for isoelectric focusing - An aliquot containing 150~300 Jg protein was

delipidated and desalted by 5 ml of freshly made mixture of acetone-’
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ethangl 1:1 (v/v) at -15°C. The contents of the tube were thoroughly
mixed with a vo?tex—type mixer and.alloWed tg‘stand overnight at -15°%.
The protein was sedimented éy centrifugation (15 min, 1300 g) and the
solvent was aspira . The precipitated protein was resuspended in the
same volume of solven;\mixture and stored at -15°C foTf 2 hrs, after which
the protein was agaiq sedimented and the solvent was aspirated. This
last step Qas repeated again with a 1 hr incubation peried. The prnéein
was resuspended in 5 ml of diethyl ether at -15°C for 1 hr, and
centrifuged, the solvent was aspirated and the protein drifd under a weak
streém of nitrogen and immediately‘éissolved with 200 il of 8 M urca
containiég Tris (hydroxymethyl) aminomethanc - HC1l (10 mmol/L, pH 8.2)
and dithiothkeitol (30 mmol/L).
4,2.29. Gel isoelectric focusing - The gel was prepared from a stock
solution made of; 20 g acrylamide and 0.55 g of N,N - methylene-
bisacrylamide dissolved in deionized water to a final volume of 50 ml.
6.0 ml of the stock solution was added to 15.2 g urea and dissolvod.in
16.4 ml of deiconized water. To this scoluticn 1.4‘m1 of carrier ampholyte
mixture was added. The ampholyte mixture was prepared by using Ampoline
pH 4 - 6 and Ampholine pH 5 - 7 in a 1:1 ratio. The solution was de-acrated
under reduced pressure. 34 Wi of N,N_Z'TEFramethylene diamine (TEMED) and
136 pl of fresh 100 g/i ammonium persulphate solution were added to the
latter solution with mixing. Immediately, the solution was added to a
height of 110 mm in S mm (i.d.) x 125 mm long tubes (The polymerization
progressed at room temperature for 1 hr). ’ T
The focusing was carried out in a Bio-Rad Mode - 175 gel

electrophoresis cell, at 4OC. The lower chamber (ancode) was filled with

10 mmol/L phosphorxic acid and the upper chambers (cathode) was filled
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with 20 mmol/L NaOH. The gels were prefocused for‘z hrs with a current
of lmA per gel rod, and the pow;r supply, was sent to a limiting value
of 500 v. Following préfocusing, the dissolved protein spécimehs were
applied to the-top of the gels and the focusing was carried out for

22 hrs at 500 v, at current 6f‘2mA per gel rod. Following which the
gels were removed from the tubes into tubes containing 0.4 g/L solution
of Coomassie Brllllant Blue G 250 in perchloric acid solut1;; (35 g/L}.
The contents of(the tubes were continuously mixed by inversion on a
rotator for 2 hrs. . The excess stain wés removed_from the gels by
transferring them into tubes containiﬁg dilute (100 ml/L) acetic acid

with gentle shaking for 48 hrs.

4.2.30. Agglutinating antibedy titerx determination

Nonimmune -or immune rabbits were bled (5 ml) by venipuncture. The
bleod was placed in a 10 ml sterile plastic tube; let to coagulate at
room temperatufe (210C f ZQC) and céntrifuged at 150 g for 10 minutes.
The serum was!coilected and spun at 1200 g for 10 minutes to eliminate
any residual cells. The cell-free serum was collected into a 5 ml
sterile plastic tube and decomplemented by heating (560 for 30 minutes).
Doubling dilutions (i.e. 1:5; 1:10; l:éO...etc.) were made of the
decomplemented serum. 200 yl of the diluted Serum was placed in a round-
bottom well microtiter-plate and 20 Ul of a'1% solution of RBC (SREC,
HRBC, HuRBC or RREC) in saline (v/v) was added. The control consisted éf
200 ul of saline and 1% of RBC solution. The contents of the wells were
mixed well and left to develop, at a stationary phase, at room temperature
for 8 to 12 hrs. The agglutinating antibody titer (i.e. the highest

dilution of the serum which still gave a latigce arrangement at the hottom

of the well) was determined. The agglutinating antibody {(Ab) titer was
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calculated using the formula:’

agglutinating AB titer = f%.

dilution
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5.  RESULTS

5.1. Introductory statement

The overall objectives of this investigation were as foliows; (i) to
determine whether antigen—specific‘§uppressor ;ells can be ‘detected in the
thymus following primary and secondary IV immunization, {(ii) to identify
and characterize the suppressor cells, (iii) té determine whether the
suppressor cells exert their suppressive effect by the sSecretion of a
soluble suppressor factor, and {iv) to define a physiological role for the
SUPPressor cell§ and the suppressor factor(s) in vivo.

For ease of presentation, thé results section is divided into seven
major subsections. The first deals with the demonstration of suppressor
cells in the thymus of the IV immuniged rabbit post-primary and post-

secondary immunization capable of secreting a‘factor which can suppress

=
Ve

the secretion of antibodies from autologous and allogeneic AFC in vitro.
The second deals with the antigenic specificity of the suppressor cells and
the suppressor factor(s) secreted by the suppressor thymocytes. The third
deals with the phenotypic characterizétion of the suppressor cell, and the
target cell(s) for the suppressor factor. The fourth addresses the
questigns of the tempora} relationship between immunizaticn, the doge of
antigen injected IV, and the appearance of suppressor cells in the thymus
in yivo and their ability to secrete a suppressor factor(s) upoﬁ
incubation in vitro. The f£fifth deals with the ability of both the
suppressor cell and the suppressor factor to suppress the primary immune
response in vivo and the secondary immune response in vitro. The sixth
deals with the abilitQIOf the suppressor factor(s) -to inhibit antibody but
not non-specific Xg synthesis by immune rabbit splenic MNC in vitro. The

last section deals with initial attempts to characterize the suppressor
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factor(s).

All of the"experiments with few ekceptions were repeated a minimum
of five times unless otherwise sﬁated. The majority of the experiments
were repeated more than 10 times. Each experiment was carried out in
duplicate. For ease of presentation, the results of representative
ékperiments are presented in the tables and the figures.

I+ should be noted that the mean variation of the results between
experiments and within any given experiﬁent, expressed as the number of
PFC per 106 MNC or splenic MNC, did not at any time exceed 5 percent and
was therefore omitted‘from the data presented in the tables.

In reading the.data presented in the tables, <53 FFC per lO6 MNC means
that only 1 to 5 PFC per 10° MNC or splenic MNC were detected.

In our system , there was no cross-reactivity detected between the
following antigens:r SRBC, HRBC, HyRBC, and RRBC as can be seen in the

schematic representation presented below:

Parameters tested

SRBC HRBC HuRBC RRBC
a? prc® Aab  PFC  Ab  PFC  Ab  PFC

Rabbits
immunized
with?

SRBC T - - - - -
HRBC - - - - - -

HURBC - |~ - - =+ - -
(+)7?

RRBC - - - - - - +H=+

Rabbits were immunized IV with 10° SRBC, HRBC, HURBC or RREC and
sacrificed 7 days later.

The serum agglutination antibody titers and the number of PFC were

determined at sacrifice.
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5.2. The demonstration of suppressor cells in the thymus of the
immunized rabbit capable of secreting a suppressor factor in vitro

5.2.1. Rational and objectives

As discussed in Chapter 2., AFC are detected primarily in the spleen
follawing IOIMM IV in vivo and never in the thymus. Furthérmore, 6nly
the spleen possesses memory cells during the first 3-4 months following
1°1TMM IV since'é"ZOIM in vitro can only be induced with splenic MNC.
However, the thymus contains mémory cells by & months post loIMM IV since

.

a 201M in vitro can be induced ‘at this time with thymic and splenic MNC.
These result; suggested that the failure to detect AFC ih the thymus in
the former instance might be due to the activation of suppressor cells in
the thymus which would suppress any incepient immune response in that
organ.

The OBJECTIVES in'this part of the investigation were to
(i) demonstrate the presence of suppressor cells in the thymus of the IV
immunized rabbit and {ii} to demonstrate whether tﬁe suppressor cells

secrete a suppressor factor.

5.2.2. Experimental protocols

Immunologically mature outbred New Zealand White rabbits werxe

immunized IV with 109 SRBC (loIMM) as described in Chapter 4.2.11. In

addition a number of rabbits were giveﬁ a second IV injection of 109 SRBC
(2OIMM) 3 months following 101M¥: The animals were sacrificed at various
times following 1° and 2°1MM 1V and MNC suspensicns were prepared from

the different lymphoid organs and the blood as described in Chapter 4.2.11.

The MNC were assessed for their capacity to generate hemolytic plagues

in the PFC assay as described jh Chdpter/4.2.12.
The MNC of the different lymphoid organs were coincubated in vitro

with autologous or allogeneic splenic MNC prior to the PFC assay in order



98

to demonstrate the presence of suppressor cells as described in Chapter
4.2.14.

The MNC of the‘different lymphoid organs were incubated in vitro and
the cell-free culture supernatants were investigated for the presence of
a suppressor factor as described in Chapter 4.2.15.

Each of the two lobes of the thymus obtained 7 days post loIMM v
with lO9 SRBC was cut into egual parts and the thymocytes preparcd from
each of these thymic segments were asséssed for the présence of suppressor
cells and their ability to secrete a suppressor factor as described in
Chapters 4.2.14. and 4.2.15., respectively.

The MNC Qere cultured for 5 days with the antigen iﬁ ordexr to induce
a 2°1M in vitro as described in Chapter 4.2.13. These cultured MNC were
assessed for PFC in the same manner as described above.

5.2.3. Experimental results

Following IV immunization of outbred rabbits with 109 sheep
erythrocytes (SRBC),'antibody—forming cells (AFC) detected by the hemolytic
plaque-forming cell (PFC) assay were detected primarily in the spleen
between days 4 and 44, witﬁ the peak on day 7; - Some PFC were detected in
the blood on days 7 and 10 post-loIMM and a few PFC were detected in the
b;ne marrcw on days 7, 10 and 14 post—loIMM. No PFC were detected in any
of the other lymphoid organs (Table 1).

The splenic MNC generated by far the most PFC following culture with.
the SRBC in vitro. It should be noted that there is a marked diminution
in the ;umber of PFC generated in the 2DIM in vitro by the splenic MNC
obtained from rabbits sacrificed between days 14 and 22 following 1°IM.
The circulating MNC gave rise to many FFC in culture only on day 7

post-lOIMM. None of the other lymphoid cells generated PFC in culture



99

(Téble 1). ' -

When the 7-day post-lolMM splenic MNC were coincubated with autologous
thymus cells for 4 hrs, the séleen MNC were. unable to generate PFC
(Table 2). The cells of the other autologous lymphoid organs and the
clrculating MNC were uniformly incapa?le of inhibiting the splenic AFC
from genérating PFC (Table 2). Idgntical results were obtained‘withcmlls
of rabbits assayved 7 days post—ZOIMM IV (Table 3). A minimum of 4 hrs

“’**‘ﬁcoincubation with autologous thymus cells was necessary in order to
‘totally inhibit the formation 6f PFC by éhe immune splenic AFC (Table 4).
Coincubation with the thymus cells for 2 hrs resulted in an 80 percent
suppressioﬁ of the PFC by the ;blenic AFC. None of the cells of the other
lymphoig organs or the circulation were able to suppress the generation
oé.splenic PFC following 4 hrs of coincubation (Table 4). Furthermore,
no inhibition of splenic PFC was observed even when ﬁﬁe period of
coincubétion of these cells was extended to 8 hrs (results not presented
in Tables).

When _constant nuﬁbers of immune splenic MNC were coincubated with
decreasing numbers of autologous immune thymus cells for 4 hrs, a 10
percent "contamination” of thymus cells was sufficient to inhibit the
spleniec PFC by over 60 percent (Table 5).

The thymus cells of rabbits immunized IV 7 days prior to sacrifice
inhibited the generation of PEC by both autologous and allogeneic 7-day-
immune splenic MNC; the thymus cezls of unimmunized rabbits exhibited no
suppressive effects on the generation of PFC by allogeneic immune splenic
PFC (Table 6}. The suppressor célls in the thymus of the immunized
rabbit which ‘suppress PFC formation bgﬁautologous splenic PFC are referred

-~

to as immune thymus suppressor cells or‘\PSC. ‘ ‘ .
3

/

P4
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The lymphoid cells of the different lymphoid organs of 7-day SRBC
immune rabbit; were incubated for 1, 2 or 4 hrs at 37°C in the-absence
of SRBC, centrifuged, and the céll—free sypernatants were incubated with
autologous 7-day immune splenic MNC for 4 hrs prior to assay for PFC.
Only the cell-free supernatants of the cultured immune thymus cells were
able to suppress the generation of PFC by the immgne splenic MNC (Table 7).
The 1 hr thymus gell culture supernatant suppressed the generation of
PFC by 70 to 80 percent whereas the 4 hr thymus cell culture supernatant
consistently totally suppressed the generation of PFC {Table 7). The
suﬁpressor'factor(s) secreted by the immune thymocytes {(ITSC) in vitro is
referred to as immune thymus guppressor factor or ITSF.

The splenic MNC from SRBC immunized rabbits were incubated for 1, 2
or 4 hrs with the 4 hr culture sﬁbefnaééntg of autclogous thymocytes (4 hr
autologous ITSF) in order to determine the ﬁinimum-incubation time
required for ITSF to inhibit the‘genera;ién of SRBC PFC. A 1 hr
incubation was sufficient to inhibit the generation of PFC by 70 to 80
percent and a 2 hr incubation was almost totally suppressive (Table 8).
Identical results were obtained with a 4-hr allogeneic ITSF (results not
preseﬂ;ed in Tables). No suppressor factor was detected in the
supernatants o£_4 hr cultures of autologoﬁs (Table 8) and allcogeneic
{results 'not presented in Tables) lymphoid cells of the other lymphoid
oréans. Furthermore, none of the‘cells of the lymphoid oréﬁns $f the
unimmunized rabbit secreted a suppressor.factor in culture (results not

- —presented in Tables)..
3 ‘a }4
Thymocytes were coincubated with autologous or allogeneic immune

9

splenic MNC (7 days post-1°IMM with 10° SRBC IV) for 4 hrs at 4%, 21°C,

37OC or 39OC. The cells were then centrifuged, washed and assayed for

—
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PFC. As can be seen in Table 9 the cells coincubated at 4°C generaﬁed
normal numbers of. PFC. However, the cells coincﬁbated at,Zloc generated -
less tha£’10 to 15 percent of the PFC generated by splenic MNC incubated
by themselvks at 21°C. ‘The cells coincubated at 37°C.and 39°C generdted
no PFC (Table 9). Similarly, the thymocytes incubated by themselves fo

4 hrs at 4°C failed to secrete ITSF since these thymoc?te culture
supernatants failed to inhibit immune splenic PFC following their
incubation with the splenic MNC for 4 hrs at 37°C prior to the PFC assay.
The thymocytes incubated by themselves at 21°C secreted ITSF capable ;f
inhibiting the PFC respoﬂse by over 90 percent and thymocytes incubgted
by themselves at 37°C and at 390C secreted ITSF capable of totally
inhibiting the PFC (Table 9). At no time were thymocytes obtained from

unimmunized rabbits capable.of inhibiting the PFCs or secreting ITSF

(Table 9).

-

. o] .
ITSC generated in the thymus 7 days post—-IV 1 IMM with 109 SREC

appear to be disseminated throughout the thymus since ITSC of equal
suppressive activity capable of secreting ITSF were detecﬁed in all four
segments of the thymus (Tabié 10).
5.2.4. Commentary -

Seven days following primary or secondary IV immunization with lqg
SRBC thym?cytes capable of inhibitipg the geqeration of hemdiytic plagues
by autologous or allogenic splenic AFC in the PFC assay were detected
only in the thymus and in ﬁo other lympheoid organ nor in the circulation.
The thymus suppressor cells or ITSC are capable of Secreting a suppressor
.factor_Feferred to as immune thymus suppressor factoxr or ITSF, following

a short term (4 hr) incubation period.

ITSF by itself is capable of inhibiting the generation of hemolytic
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plaques by autologous or alloéeneic splenic AFC. Since the immune
splenic AFC 7 days post immunization '‘are synthesizing and secreting
antibodies most actively as they generate the maximum number of PFC during
the 1°1M and 2OIM, it is concluded that both ITSC.and ITSF are capable of V
inhibiting the generation of hemolytic plagues by immune splénic AFC.by
inhibiﬁing the secretion of antibodies from th; antibody-synthesizing colls,

It is interesting to note that ITSC capable of secreting ITSEF arce
not 16calized or restricted to any one focus in the thymus 7 days'poﬁt—
IOIMM but rather appear to be dispersed throughout the thymus. These
results sugdest a peolyclonal origin rather than a monoclonal oriagin for
the ITSC.

Although, ITSC must be coincubated with the immune splenic AFC for
4 hrs in order to totally suppr€§§ the generation of PFC, ITSF musﬁ be
incubated for only 2 hrs with the immune splenic AFC in order to totally
suppress the generation of PFC. This result would be expected since it
takes about 2 hrs under optimal culture conditions for ITSC to sccrete
‘detectable amounts of ITSF.

Suppression of PFC by ITSC, and the secretion ont&SF by ITSC, are

.active processes since they are temperature dependent.’. It must be noted

that the failure by IUSC to inhibit PFC at 4%3correlates with their

inabil;;y to secrete ITSF. These results and those presented/above

mediated by ITSF.

-—

st ng}% suggest that the suppression by ITSC

NSte should be taken of the marked drof it er of PFC induced

days 14 and 24 post—lOIMM IV. These results suggest the

/

activated suppressor cells in the spleen at these times. This matter will

be discussed in Chapter 6.
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Cells

organs assayed

of

104

TABLE 2

THE CAPACITY OF THYMUS CELLS, BUT NOT OTHER LYMPHOID
CELLS, COF THE IMMUNIZED (PRIMARY IMMUNIZATION) RABBIT
TO SUPPRESS THE GENERATION OF HEMOLYTIC
PLAQUES BY AUTOLOGOUS SPLENIC AFC IN THE PFC ASSAY

The number of PFC per 106 MNC
7 days post-primary IV immunization

-
T

X,

I 1T IIT
(106 per ml)
SPL 170 460 360
THY 0 0 0.
PLN 0 <5 Lo
BM ) <5 <5 <5
PB 100 200 160
SR \\\J,f/’“} 0 0 0
APP \ <5 <5 0
PP 0 "0 0

—

. ‘5 .
(5x105 + 5x10° cells per ml}a

SPL +
sSPL +
5pL +
SPL +
SPL +
SPL +
SPL +

THY
PLN
BM
APP
PP
SR
PB

0
170

160

280

- 180
‘ 150
180

The number of

-

6 .
PFC per 10 splenic

MNC

<5
330
340
400
360
330
440

<5
340
360
330
320
130

b
ND

0O . .
a The cells were coincubated in Medium RPMI 1640 at 37°C in 5% CO, 1in

o

ND = not done

-

ary; for 4 hours prior to their incorporation into the PFC assay.

-
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S \ TABLE 3
NN _
THE CAPACITY OF THYMUS CELLS, BUT NOT OTHER LYMPHOID
CELLS OF THE IMMUNIZED (SECONDARY IMMUNIZATION) RABBIT TO
SUPPRESS THE GENERATION OF HEMOLYTIC PLAQUES BY AUTOLOGOUS

v v ' SPLENIC AFC IN THE PFC ASSAY

Cells of ’ The number of PFC per 106 MNC
ocrgans assaved . 7 days post-secondary IV immunizaticn

I ' II 111
(106 per ml)
SPL ’ 300 229 285
YT T T ¢ 0 ‘ o : 0
PLN 15 o 30 10
BM ' : 150 . ' 120 ' 165
PB ' 70 55 80
SR ' 0 o 0
APP _ 0 ‘ 0 . 0

PP 0 0 - 0

The number of PFC per 106 splenic

MNC .

(5x10° + 5x10° cells per ml)2

SPL + THY ' <5 <5 0
SPL + pIN . | 330 250 ) 270
SPL + BM | - 360 310 350
SPL + APP ‘ 280 210 | 255
SPL + SR 265 215 265
SpL + PP 290 ‘ 220 280
SPL + PB : 315 . ' 295 330

a The cells were coincubated in Medium RPMI.1640 at 37°C in 5% CO. in
air for 4 hours pmior to their incorporation into the PFC assay.



~

vy
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¢
TABLE 4

THYMUS CELLS INHIBIT THE GENERATICON O

HEMOLYTIC PLAQUES BY AUTQOLOGOUS SPLENIC AFC IN THE PFC ASSAY AS A

FUNCTION OF THE TIME OF COINCUBATICN OF THE AUTOLOGHUS
LYMPHOID MNC PRIOR TO THE ASSAY

Cells of
organs assayed,

The numbexr of PFC per 106 mnc? preincubated
for the following periods of time (hours}

0 1 2 4
{lO6 cells per-ml)
SLP ‘ 460 360 - 540 360
THY 0 0 0 0
BM <5 <5 <5 =5
PLN 0 <5 0 0
APP <5 <5 0 <5
SR 0 0 o 0
PP 0 -0 0 0
PB 110 95 135 100
- The number of PFC per 106 splenic MNC
(leO5 + 5x105 per ml)
SPL + THY 420 360 60 5
'S"PL + BM 410 470 400 340
SPL + PLN 310 270 420 330
SPL + APP 470 380 286 340
SPL + SR 560 480 476 49&__
SPL + PP 540 556 510 5610
SPL + PB 490 520 630 450
a The cells were obtained from the rabbit 7 days following 1°1M with
10~ SRBC IV.



107

TABLE 5

"IMMUNE" THYMUS CELLS INHIBIT THE GENERATION OF HEMOLYTIC
PLAQUES BY AUTOLOGOUS SPLENIC AFC IN THE PFC ASSAY AS
A FUNCTION OF THE RATIO OF SPLENIC TO THYMIC CELLS
INCUBATED PRIOR TO THE ASSAY

Ratio of . 6 a
splenic MNC(S) The number of PFC per 10 splenic MNC  following
to thymocgtes(T) the in?ubation {4 hours) of splenic.MNC
{5:T) with thymocytes in varying ratios
I IT .III . iv
1:0 190 210 490 _ 455
1l:1 <5 <5 0 <5
2:1 <5 <5 <5 } <5
4:1 30 <5 <5 25
B:1 50 40 75 70
10:1 B5 75 120 . 105
16:1 185 155 ) 215 230
0:1 o 0 0 0

The cells were cobtained from the rabbit 7 days following 1°1M with
10" SRBC 1IV.

The number of splenic MNC is constant throughout (106 per ml), The
number of thymocytes is varied.
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TABLE 6

THE ABILITY OF THYMUS CELLS OF IMMUNIZED, BUT
NOT OF UNIMMUNIZED, RABBITS TO SUPPRESS THE GENERATION
OF HEMOLYTIC PLAQUES BY ALLOGENEIC IMMUNE SPLENIC AFrC

IN THE PFC ASSAY

6 .

The number of PFC per 10 splenic MNC followidg

incubation (4 hours) of splenic MNC with normal
allogeneic thymocytes, or autolcgous or

- allogeneic "immune" thymocytes obtained 7 days

post-primary IV immunization.

I 1T 111 v
spL (m)? 190 - 490 565 260
sPL (B)° 210 455 480 305
seL (@) o 0 0 0
THY (&) 0 0 0 0
THY (B) 0 0 0 0
THY (C) o ) 0 0
SPL {(A) + THY (A) <5 <5 <5 <5
<
SPL (B) + THY (B) <5 L <5 <5 0
SPL (A) + THY (B) <5 0 <5 0
SPL (B) + THY (A) <5 <5 <5 <5
SPL (A) + THY (Ck 190 360 590 190
ot
SPL (B) 4+ THY (C) 270 32 470 220

Al

. .9
a Rabbits A and B were immunized IV with 10~ SRBC. They were
sacrificed 7 days later. Rabbit C was not immunized.

-
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TABLE 7

THE SUPERNATANTS OF ITSC BUT NOT OF THE CELLS
OF THE OTHER LYMPHOID ORGANS INCUBATED FOR

4 HOURS INHIBIT THE GENERATION OF HEMQLYTIC PLAQUES
BY AUTOLOGOUS, SPLENIC AFC IN THE PFC ASSAY

FED

Cells of Supernatants Theanumber of PFC per 106 splenic
lymphoid collected * MNC~ following incubation of the
organs following splenic MNC with the cell-free
incubated incugation supernatants for 4 hours prior to
] .
for the PFC assay.
1. II
a
THY 0 hr 140 375
1 hr 50 70
2 hr N 20 <5
4 hr 0 <5
spr? 4 hr 180 425
PIN® 4 hr | 180 340
aM° 4 hr 165 395
pE™ - 4 hx 170 400
AppY 4 hr 185 : 420
sr? 4 hr  __— - 170 395
a o
PP 4 he 5 165 405

a The cells were obtained 7 days following IV immunization with lo9
SRBC. :

b The cellsowere incubated in 5 ml Medium RPMI 1640 (5 x lO7 cells per
ml) at 37 C in 5% CO2 in air.
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TABIE 8

ITSF INHIBITS THE GENERATION OF HEMOLYTIC PLAQUES BY AUTOLOGOUS
SPLENIC AFC IN THE PFC ASSAY AS A FUNCTICON OF
THE TIME OF COINCUBATION OF THE SPLENIC AFC WITH

THE ITSP

Supernatants of 6
the cells of the The number of PFC per 10 splenic Mnc?
following lymphoid following incubation of the splenic MNC with
organs lgcubated the cell-free supernatants for the following
for 4 hr periods of time (hours) prior to the PFC assay.

0 1 2 4.

% .

THY® ‘ 285 85 10 5,
sprL? 310 390 285 300 .
pIN® 295 275 265 280 *
BM” 300 280 320 315
pE® ' 325 . 275 290 285
app? 300 310 290 290 —"
srR? . 310 290 280 280
pp™ _ 320 300 320 300

a The cells were obtained from the rabbit 7 days following IV
immunization with 10° SRBC.

o . 7
b The cells were incubated in 5ml Medium RPMI 1640 (5 x 10 celds per ml}

at 37°C in 5% co, in air.
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TABLE 9

L. ITSC Incusggan AT 4°C FOR 4 HOURS FAIL TO INHIBIT

" THE GENE

TION CF HEMOLYTIC PLAQUES BY IMMUNE

SPLENIC IN THE PFC ASSAY AND PAIL T0O SECRETE. ITSF

Immune splenic c?
incubated with (I}
ITSC at the following
temperature, or K;I)

The number of PFC per 106 splenic MNC
following incubation of the immune splenic
MNC with ITSC or ITSF obtained from the

: ITSF secreted by TTSC thymus of rabbits. '
at the following
temperature N Ab Bb Cb D~
N,
\
4°c o,
I 350 320 360 340
II 360 330 310 315
21% ‘ )
I 40 30 10 290
II 20 ) <5 <5 280
377¢ or 39°%C
' I <5 0 <5 355
IT

0 <5 <5 340

. . . , 9 A
a The rabbit was immunized with 10~ SRBC IV and sacrificed 7 days later.

b The thymus was obtained from a rabbit {autclogous or allogeneic)
immunized with 10° SRBC IV and sacrificed 7 days later.

¢ The thymus was obtained from a normal, unimmunized rabbit.
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TABLE 10

THE INTRATHYMIC DISTRIBUTION OF ITSC

Cells assayed The number of PFC per'lo6 splenic MNC following
for suppressor incubation of the immune splenic MNC wigh either
activity? autologous ITSC.or ITSF for 4 hrs at 37 C prior

to the PFC assayP.

I T IIT
ITsC ITSF C1TSC ITSF I17sC ITSF
THY, 5 0 10 <5 <5 <5
THY, " 10 <5 0 <5 <5 0
THY 0 o <5 0 1o <5
THY,, <5 <5 <5 o <5 <5
SPL (Control) 340 365 290

a The rabbits were immunized IV with 109 SRBC and sacrificed 7 days
later. The thymus was removed and each lobe was cut in half to yield
four segments of ejual size referred to as THY., THYZ, TMY3 and Tan.

b The splenic MNC (leo5 in 0.5ml culture medium) obgained 7 days

£ post-IV immunization were incubated for 4 hr at 37 C with either (i)
autologous thymocytes from THY., THY., THY. or THY  (ITSC) (5x10°
cells in 0.5ml1 culture medium) or (il) ITSB secreted by the ITSC
(0.5ml ITSF}.

1
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5.3. The antigenic specificity of the immune thymus suporessor cell
(ITSC) and the immune thymus suppressor factor (ITSF)

5.3.1. Rational and objectives : ) —_—

In the preceding section it was demonstrated that suppressor cells
are detected in the thymus of tbe rabbit immunized IV 7‘dgys previously
with 109 SREC. These suppressor cells inhibited the secretion of
antibodies from the autologous or allogeneic immune splenic AFC since
they cou;d inhibit the generation of hemolyfic.plaques by the antibody
secreting AFC in the PFC assay following a short term (4 hrs)
coincubation of the suppressor cells and the imﬁune splenic AFC in vit;o.
The" suppressor cells were detected only in the thymus of the immunized
rabbit and in no lymphoid organ of the unimmunized rabbit. The immune
thymus suppressor cell or ITSC, during short ferm cuiture (4 hr, 370C)
in antigen-free and serum-free mediums, secreted a factor with
suppressor activity identical to that exhibited by the ITSC.. This
factor is referred to as immune thymﬁs suppressor factor or ITSF.

The OBJECTIVE in this part of the investigation was tco demonstrate
the antigenic .specificity of the ITSC and the ITSF.:\

5.3.2. Experimental protocol

The rabbits were immunized IV with SRBC and/or HRBC as described in
Chapter 4.2.11. The rabbits were sacrificed 7 days post immunization and
the MNC were prepared from the different lymphoid oréans and the blocd as
described in Chapter 4.2.11. The immune splenic MNC were tested for AFC b§
the hemolytic PFC assay as described in Chapter 4.2.12. The ITSC and
ITSF were assaved for their capacities to inhibit the generation of
hemolytic plagues by the immune splenic AFC_as des;ribed in Chapters
4.2.14. and 4.2.15, respectively. The thymocytes were depleted of'cells

which rosetted with SRBC and/or HRBC as described in Chapter 4.2.17.

»
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ITSF was incubated with 103, 104, 105, 106, 107, lO8 and 109 SRBC and

with 107, 108, lO9 HRBC, HURBC or RRBC for 1 hr at.37°c, qentrifuged and

the cell-free supernatants were assayed for ITSF activity as described in

Chapter 4.2.15.

5.3.3. Experirnéntal results

Evidence for the aﬁﬁigenic specificity of the ITSC is provided in
Table 1l. The thymus cells of rabbits, immunized IV with SRBC and HRBC
simultaneously 7 days previously, depleted of cells which rosetted with
SRBC lost the capagfty to suppress the generatién of SRBC PFC but not HRBC
PFC by the autrlogous immune spleen cells {Table 11). Similarly, the
thymus suppress the generation of HRﬁC PFC but not SRBC PFC by the
autologous immune spleen cells (Téble 11). As expected, th?,SRBC and HRBC °
r&satted thumus cells could, by themselves, suppress the ggneration of
SRBC PFC and HRBC PFC, respectively, by the autologous immuﬁg spleen cells.
The thymus cells depieted of both SRBC and HRBC rosetted célls could not
inhibit the genération of either SRBC PFC or HRBC PFC by the.autologous
immune spleen cells (Table 11). ‘

The ITSF, like its parent ITSC suppresscr cell, is antigen specific.
The ITSF generated‘by thymus cells of SREBC-immunized rabbits wa
markedly diminished in its capacity to suépress PFC to SRBC‘?;iiowing

prior absorption with as few as lO4

SREC {Table 12)}. On the other hand,
10~ HRBC, HuRBC or RRBC (autologous or allogeneic) were not as effective
as 104 SRBC in their capacity to absorb SRBC-directed ITSF (Table 12).
Similarly, ITSF generated bylHRBC-immune thymus cells was diminished in
its activity following absorption with 104 HRBC and not by lOé SREBC,

RRBC or HuRBC (results not presented in tables). The ITSF secreted by

thymus cells of rabbits immunized simultaneously with two non-cross-reactive
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antigens, SRBC aﬁd HRBC, lost the capacity to inhibiF the generatienlof
SRBC PFC by autologous immun; spleen MNC if it was absorbed with 109 SRBC
and not with log'HRBC {Table 13). Similarly, the ITSF lost the

capacity to inhibié the generation of HRBC PFC if it was absorbed with 109
HRBC and not ;»-ith 109 SRBC {Table 13).

5.3.4. Commentary

| The results of the \bﬁve experiments demonstrate unequivocally the
antigenic specificity of?botﬁ the IfSC and the ITSF. The thymocytes from
rabbits immunized sipultaneously with both SRBC and HRBC and depleted of
cells which rosetted with SREC retained the capacity tp inhibit the

3
generation of HRBC PFC but lost the ability to inhibit the generation of

- SRBC PFC by autélogous (Table 11) or allogeneic (results not presented in

Tables) immune spleﬁic AFC. Simijarly, the thymocytes depleted of cells
which rosetted witﬁ HRBC retained the capacity to inhibit the generafion
of SRBC PFC but lost the ability fo suppress HRBC PFC.

ITSF generated by thymocytes of rabbits immunized with SRBC was
removed from the cell—freé culture supernatants of these cells by
absorption with SRBC bu£ not with the non-cross reacting antigens HRBC,
HURBC or RRBC. Furthermore, the ITSF generated by thymocytes of rabbits
immunized siﬁultaneously'with.SRBC and HRBC and absorbed with SRBC (or
HRBC) retained the capacity to inhibit the generatioh of HRBC PFC (SRBC

PFC) but lost the ability to inhibit the generation of SRBC PFC (HRBC PFC}.
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- TABLE 11
THE ANTIGENIC SPECIFICITY OF THE ITSC OBTAINED

FROM RABBITS SEVEN DAYS POST-PRIMARY
INTRAVENOUS IMMUNIZATION WITH SRBC AND HRBC

Splenic MNC incﬁbated
with the following

. G ’ )
autologous thymocytes The number of PFC per 10 splenic MNC
(1:1) for 4 hrs priorx . _
to the PFC assag® : - :

" SRBC PFC HRBC Pre
}» I II I IV .. I IT 11T v
f —
Untreated thymocytes 0 0 <5 0 0 0 0 =5

Thymocytes depleted of
SRBC rosetted cells 270 , 200 130 245 0 <5

(%]
A
un

Thymocytes depleted of
HRBC rosetted cells <5 <5 Q 220 206 155 170

Thymocytes deffleted of
SRBC and HRBC

rosetted cells g 29 240 205 195 220 140 145 175

SRBC rosetted /
thymocytes .,445 <5 <5 0 240 120 160 200
HRBC rosetted rooe
thymocytes 350 220 135 210 <5 <5 “5 <5
SRBC and HRBC
rosetted thymocytes <5 <5 <5 - 0 <5 [ <5 <5
6
CONTROLS The number of PFC per 10 MNC
. e
Spleen cells alone 330 240 225 265 180 145 145 210
Thymus cells alcone < .
(untreated) o 0 0 0 0 0 4] 0

a Rabbits were immunized with 109 SRBC and 109 HRBC IV and sacrificed
7 days later. ‘
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J TABLE 12 \—\\‘“'

THE ANTIGENIC SPECIFICITY OF SRBC-DIRECTED ITSF. THE
FAILURE OF NON~CROSS-REACTING ERYTHROCYTE ANTIGENS
TO ABSORB ITSF :

. ) The number of PFC per lO6 MNC following
ITSF absorbed incubation of the SREC-immune splenic
with ° mcP with the absorbed autologous ITSF
. for 4 hr at 370C prior to the PFC assay.

-

I . II
Naot absorbed . <5 - ' <5
|
SRBC 10.'1‘ 2 . 45 ) -- 75
10S 105 . 155
106 145 185
107 195 ) 240
108 225 235
109 240 : 255
10 €§§ . 255 280
7 ' :
HIRBC 10g 0 - ‘ 0
: . . <
109 &5 4 5
10 50 \ 65
7 ‘ ' :
Hu RBC 108 <5 <5
109 ’ <5 50
10 - 80 60
4 .
RRBC lOB . <5 <5
109 60 , . 50
1o " 70 . 80
CONTROLS ‘ Number of PFC per lO6 MNC
I II
SPL MNC alecne 275 340

a . ITSF was incubated with the RBC for 1 hr at 37°C in 5% CO. in air
foliowed by centrifugation. The cell-free supernatants were then
tested for ITSF activity by their ability to inhibit PFC following
coingubation with autologous splenic AFC.

b The rabbits were immunized with 109 SRBC IV and sacrificed 7 days
later.
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TABLE 13

THE ANTIGENIC SPECIFICITY OF ITSF. THE SIMULTANEOUS
IMMUNIZATION WITH TWO NON-CROSS-REACTIVE ANTIGENS,
SRBC AND HRBC, RESULTS IN THE GENERATION OF A DISTINCT
ITSF TC¢ EACH OF THESE ANTIGENS

Immune splenic

. 6
MNC® incubated . The number of PFC per 10 MNC
for 4 hrs with

SRBC PFC HRBC PFC

I II IIX . 1 11 I
Medium 340 250 230 190 150 170
Unabsorbed ITSF 0 <5 0 0 0”7 <5
ITSK absogbed : : .
with SRBC 265 . 220 200 0 <5 <5
ITSF absorbed )
with HRBCP ' 0 <5 0 175 160 145
ITSF absorbed b
with SRBC and HRBC 290 240 210 160 125 140

a The rabbits were immunized with lq9 SREC and 109 HRBC IV and
sacrificed 7 days later. -

b The ITSF was incubated with 10° SRBC and/or 10° WREC for 1 hr at 37°C

in 5% CO_ in air followed by centrifugation. The cell-free

supernatants were then tested for ITSF activity by their ability to

inhibit the PFC following coincubation with autologous splenic AFC.
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5.4. The phenotypic characterizatior of the suppressor cell, and
- the identity of the target cell(s) for the suppressor cell (ITSC)
and the suppressor factor (ITSF)

5.4.1. Rational and objectives ' .

The results presented in the preceding section indicate that the
suppressor cell (ITSC) detected in the thymus of the rabbit 7 days post-
primary IV immunization, and tﬁe Suppressor factor (ITSF) operated by
these thymocytes éisplay identical antigenic specificity with respect to
their suppressor activity. However, no data was presented in the previous
sections regarding the phenotypical characteristics of the ITSC.

Evidenﬁe was also presented indicating that both ITSC and ITSF
suppress the generation of hemol&tic plagues by the immune splenic MNC.
The splenic MNC consist of a number of distinct cells of different
fuﬁctions in addition to the AFC B cell - macrophage, T cell and Null
cell. It must therefore be established whethe{‘the ITSC and ITSF act o~
directly on the AFCVB cell resulting in the suppression of the ﬁFC, or
Whether they act on one or more‘?f the othér cells which then mediate(s)
the supprgssion of the PFC.

The OBJECTIVES in this part of the investigation were (i) to
identify the ITSC in terqs of its surface membrane receptors and (ii) to
identify the target cell for thé ITSC and ITSF.

5.4.2. Experimental protocol

The rabbits Vere immunized with 109 SRBC IV as described in -Chapter

4.2.11. The rabbits were sacrificed 7 days post—loIMM IV and the
thymocytes and splenic MNC were prepared as described in Chapters 4.2.11.
and 4.2. 16. The thymocytes were incubated with horse_anti rabbit T cell

serum (HARTS) and complement or with horse anti rabbit B cell serum

(HARBMS) and complement in order to eliminate the T and B cells,
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respectively, aé described in Chapter 4.2.17.

The thymocytes were rosetted with EAG and EAC indicator erythrocytes
and depleted of EAG (Null cells) and EAC (B cells) cells rosetting cells
as descri?ed in Chapter 4.2.17. ThymocYtes were also depleted of
macrophages as deécribed in Chapter 4.2.9. }

. . The assays for PFC by the immune splenic MNC and fhe inhibitor of
the generation of the, K PFC by ITSC and ITSF were carried out as described
in Chapters 4.2.12., 4.2.14., 4.2.15., respectivel?.

‘5.4.3. Experimental results

-

The EAG-rosetted thymocytes were capable of suppressing the splenic

PFC whereas the EAC-rosetted thymocytes were -incapable of suppressing the
splenic PFC (Table 14). Conversely, the thymocytes deplected of EAG-
rosetting éells were unable to suppress the splenic PFC whercas the
thymocytes depleted of EAC-rosetting cells retained all of the suppressor
activity. Furthermore, the thymocytes depleted of-T.bells following

incubation for 1 hr with HARTS and guinea pig complement no longer
possessed deﬁectable sSuppressor cells (ITSC) and the'cclls did not
secrete detectable ITSF (Table 14). On the other hand, the thymocytes
incubated for 1 hr with HARBMS and guinea pig complement retalned
eséentially all suppressor cell {ITSC) activity and the cells sccreted
ITSF.‘ It should also be noted that eliminatién of macrophages from the
thymocytes once, or twice over a 24 hr period, did not affect the thymic .
ITSC suppressive activity nor the capacity of the ITéC to soccrete ITSFE
(Table 14}.

As can be seen in Table ls‘the target cell in the immune splenic

MNC for the ITSC and the ITSF is the AFC/B cell since the immune splenic

MNC depleted of M@, T cells and Null cells failed to generate PFC if
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fi?st incubated for 4 hrs with IT3C or ITSF., These M@s, T cell and
Null cell depleted immune splenic MNC gave large numbers of PFC as they
were incubated for 4 hrs in medium (Table 15).

“~5.4.4. Commentary

The results in this part of thé investigation demonstrate conclusively

that the ITSC is a T cell with a receptor for Fc(G) since it could only
be eliminated froﬁ the immune thymocyt?s following r9setting with .the EAG
indicator cells or treatment with anti rabbit T cell serum and complement.
Since the ITSC rosette with the immunizing antiden (SREC or HRBC),‘as
demonstrated in Chapter 5.3., it may be concluded that the ITSC has
receptors for both the immunizing antigen and Fc(G).

L

The results also demonstrate that the target'éell fo e ITSC and

the ITSF in the immuné splenic MNC is the AFC/B cell since the i ne
splenic MNC depleted of T cells, Null cells and M@s. generated many more
PFC than did the untreated splenic MNC,., This result was anticipated
since the elimination of T célls,.Null céils and M@s from the immﬁne

splenic MNC results in an increased concentration of the B cells in the

remaining cells.



THE IDENTIFICATION OF ITSC AS A T CELL
.WITH A RECEPTOR FOR Fc (G}

The number of PFC per 106 MNC following

122

TABLE 14

Autologous coincubation of the spleniec MNC® with the
thymocytes autologous thymocytes (THY-C) or the culture
assayeda supernatants of these cells (THY-SP for 4 hrs

at 37 C prior to the PFC assay.
I I ITI
THY-C THY-§ THY-C THY-S THY-C THY-5 -

Untreated

thymocytes 0 0 <5 0 0 <5
EAG-rosetted

thymocytes 0 <5 <5 10 0 <5
Depleted of EAG

rosetted thymocytes 230 245 360 380 335 320
EAC-rosetted , ‘
© thymocytes 265 280 375 355 340 35
Depleted of '

EAC~rosetted cells 10 <5 <5 <5 <5
Incubated with

.anti-B cell
" antiserum and .

complement 25 30 30 20 40 25
Incubated with

anti-T cell

antiserum and

complement 245 260 340 ’ 370 290 330
Depleted of MSZJ(:E <5 10 <5-‘C9 <5 0 <5
Depleted of Mﬁg 10 <5 o <5 <5 <5
CONTROL The number of PFC per 106 MNC

Spleen cells alcne 285 395 360

«

9

The cells were obtained 7 days following IV immunization with 10~ SRBC. -

The thymocytes (5x187

1640 for 4 hr at 37 C.
assessed for ITSF activity.

cells per ml) were incubated in 5ml Medium RPMI
The cell-free supernatants (THY-S) were
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Thymocytes were depleted of M@, by incubation with carbonyl iron
filings followed by centrifuga%ion through ficoll-hypague.

Thymocytes were treated as in b, then incubated in cﬁlture medium
for 24 hrs and depleted of M@s a second time. o
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TABLE 15

ITSF ACTS DIRECTLY ON THE B LYMPHOCYTE AND NOT
ON THE T LYMPHOCYTE, NULL LYMPHOCYTE OR MACROPHAGE, TO
INHIBIT THE GENERATION OF HEMOLYTIC PLAQUES
BY AUTOLOGOUS IMMUNE SPLENIC AFC IN THE PFC ASSAY

Immune splenic MNC ‘The number of SRBC PFC per 10°
treated as follgws . "MNC after incubation of the
prior to incubation Ftreated cells for four hours witg
with either ITSC or Nil ITSC or ITSP
ITSF followed by )
I II I II
Nil ‘ 235 265 0 0
Lepleted of T cellsb 210 250 <5 0
Depleted of M@’ ' _ : 245 295 0 <5
Depleted of M@ and T cells . 295 33¢ 0 <5
Depleted of M@ and EAG rosetted cells 370 405 <5 0
Depleted of M@, T cells and EAG : .
rosetted cells . 380 430 <5 <5 .
d .
Depleted of AFC/memory cells 0 0 0 0
Depleted of AFC/memory cells, M@ and
EAG rosetted cells 0 0 _ 0 o
purified AFC/memory cells® 410 460 <5 10
Purified AFC/memory cells depleted
of M@ and EAG rosetted cells® 390 420 <5 0
L . ) 95{' o &>
a Rabbits were immunized IV witl\10 RBC and sacrificed\J days later.
b Splenic MNC were incubated with horse anti-rabbit thymocyte\qsrum
(HARTS) and complement, resulting in the lysis of the T cell
¢ Splenic cells were incubated with carbonyl iron followed by
centrifugation in Ficoll-Hypaque. The interphase consists of th
macrophage (M@)-depleted cells. !
d Splenic MNC were incubated with the antigen, SRBC, resulting }4(
rosetting of the AFC/memory cells with the SRBC. )
e AFC/memory -cells, the cells which rosetted with the antigenﬁ SRBC.
!
f AFC/memory cells were isolated from splenic MNC following depletion

of the splenic MNC of macrophages and EAG rosetted cells.,
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5.5. The generation of the suppressor cells in the thymus (ITSC) of
the immunized rabbit capable of secreting a suppressor factor
{ITSF) i8 a function of the time elapsed following IV immunization

5.5.1. Rational and objectives

As was demonstrated in Chapter 5.2. suppressor cells (ITSC) capable

of inhibiting the generation of hemolytic plaques by éutologous immune

splenic AFC are detected in the thymus of the IV immunized rabbit 7 days
following immunization. These cells secrete a suppressor factor (ITSF),
when incubated in antigen- and serum-free medium for 4 hrs, capable by

itself of suppressing the generation of hemolytic plagues. The

suppression was attributed to the abilities of ITSC and ITSF to inhibit

Ab secretion from the splenic AFC.

L

The OBJECTIVES for this part of the 1nvestlgat10n‘were to (1)
establlsh the tempdral relationship between the appearance of ITSC capable
of secreting ITSF in the thymus and the time following immunization (ii)
'to determine whether this temporél relatioﬁship varies with the do;e of .

antigen administered IV.

5.5.2. Experimental protocol

H

Immunologically mature ocutbred New Zealand White rabbits were
immunized IV with varying doses of the éntigen (SRBC) and sacrificed at
predetermined intervals of time following immunization. The MNC were
prepared from the different lymphoid brgans and the blood as described in
Chapter 4.2.11. The MNC were assessed for their capacity to generate
hemolytic plagues in the PFC assay as described in Chapter 4.2.12. The
ITSF was prepared f;gm the ITSC as. described in Chapter 4.2.15. ITSC
and ITSF were assayed for their capacity to suppress the generation of
hemclytic plagues by immune splenic AFC in the PFC assay as described in
Ggfpters 4.2.14 and 4.2.15, respectively.

The different MNC preparations were rosetted with the antigen, SRBC (E),
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and with EAG indicator erythrocytes as described in Chapters 4.2.16 and
4.2.17, respectively. .
The agglutinating antibody titers were determined as described in

Chapter 4.2, 30.

5.5.3. Experimental results

The ITSC were not detected in the rabbit during the first 4 days
following 1°IMM IV withh 10° SREC. .They were detected in t%e thymus by

day 5 post—lOIMM but their ality to secrete %TSF was not optimal.until

day 7 post~1OIMM (Table 16). .The ITSC began to lose thelr suppressive

activity beginning ét day 12 post*lOIMM. However, even by day 40 post-

. loIMM, the I?SC'Were still capable qf suppressing the PFC by 50 percent
(Table 16). They were no 1pnger detected at day &0 post—lOIMM.
Interéstingly, the ITSC began‘ég lose their capacity to secrete ITSF by
dafs 10 to 11 post—lOIMM and secreted negligible amounts of ITSF by day
21 post-1°IMM (Table 16). '

As can be seen ip Table ;; the cells in the thymus which rosetted
with the antigen (SRBC) and the EAG indicator cells grossly correlated
with the appearancé and;disgppearance of éuppressor cells from the thymus
{Table 16). No rosetted cells were detected in the thymus prior to day

3 post—loIMM IV, the SRBC and EAG rosetted MNC rose in parallel, peaked
around .day 10, decreased to insignificant numbers b? day 30, and cculd no
longé? be detected by day 60 post—lOIMM IV {Table 17). It should be
noted that in the spleen, the appearance of MNC_which rosetted with SRBEC - -
preceded the appearance of the MNC.thch rosetted with EAG by 1 to 2
w%eks. The percentage of SABC rosetted cells rose sharply ip-thﬁ spleéﬁ

between days 2 and 5: plateauved between day 5 and 10, decreased slowly

: ) . ] o
thereafter and could no longer be detected by day 60 post-1 IMM IV. On-
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"
the other hand, insignificant numbers of EAé rosetted MNC were detected
in the sﬁleen up to day 8, they rose 555¥p1y on day 10, peaked on day 20
and declined until they could no longer be detgcted by day 60 post—lOIMM
IV (Table 17). Insofar as the circulating MNC (PB) are concerned only
much lower numbers of SRBC and EAG rosetted MNC were detected during the
course of the 1°1M and both appeared to peak between days % and 10 post-
1%1mM Iv- (Table 17). It must ﬁe stressed that‘unimmunized rabbits do nott
possess cells capable of rbsetting with SRBC or EAG (Tablé 17).

Suppressor cells capable sf-secretin?‘ITSF appear to he induced in
the thymus at the same time post—2oIMM IV as they are post—lOIMM IV. As
can be seen from Table 18 Suppressor cells were not detected in tﬁe
thymus until the fifth day following 2°IMM IV. These cells did not
attain the cagacity to secrete ITSF capable of totally sﬁppfessing PFC
until dayl7 post—EOIMM'IV (Table le. At no time were suppféssor cells
of cells capable of secreting ITSF détected in anf of the other lymphoid
organs or the circulation post—zolMM IV (Table 18) .

The generation of ITSC capable of secretihg ITSEF is a function of
the dose of antigen (SRBC) administered (Table 19). ITSC capable of

H

secreting ITSF were detected in rabbits immunized IV 7 days previously

, 7 : )
with 10, 108 or 109 SRBC whereas they were not detected following IV

3

immunization with 107, 104, or 105 SRBC (Table 19). Limited numbers of

ITSC capable of secreting ITSF were detected in rabbits immunized IV with
106 SRBC (Table 19).

The percentages of cells in the thymus and spleen which rosetted
witﬁ the antigen (SRBC) énd EAG on day 7 post-IV immunization is a function

of the dose of antigen (SRBC) injected (Table 20.) Almost equal numbers

of thymocytes rosetted with SRBC and EAG following immunization with 107,
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lO8 or lO9 SRBC. Essentially no rosetting cells were.detected in the

thymus of rabbits immunized IV witlf 103, 104 or 10S SRBC (Table 20). The

spieen of rabbits immunized IV with 105, 106, 107, 108 or 109 SRBC
possessed cells capable of rosetting with SRBC but not with EAG. The

spleens of rabbits injected with'lO3

or lOé-did not possess cells capable-
of rosetting with either SRBC or EAG (Table 20). Verylfew rosetting |
cells were observed in the circulation irrespective of the dose of
immunization (Table 20?.
5.5.4. Commentary |

As was demonstrated in this part of the investigation ITSC are not
detected until day 5 post—loIMM IV or post—zoIMM IV with 109 SRBC. They
wefe'maximélly supéressive between days 5 and 1l and were no longer
detected after day 60.post-l°IMM.IV. ITSF capable of totally suﬁpressing
tﬁe PFC was ﬁot secreted by the ITSC until day 7 post-lOIMM\ and
post-2°IMh Iv. The-ITSC bega; to lose their ability to secrete ITSF by
day 11 and lost the abiligy to secrete ITSF by day 40 post-primary
immunization. The. appearance of the ITSC in the thymus correlated with
éhe appéarance of -cells capable of rosetting with the antigen (SRBC} and
the EAG indicaforlerythrocyes. These résults'were anticipated on the

basis of the results presented in the two previous sections which

demonstrated that the ITSC rosettes with both the immunizing antigen,

SRBC and with the EAG indicator cells. It is instructive to note that

whereas the numbers of thymocytes which rosetted with SRBC and EAG

coincided temporarily following'immunization, such was not the case with
the splenic MNC. Cells capable of rosetting with SRBC were present in

-

maximum numbers in the spleen before the appearance of cells capable of

rosetting with the EAG indicator cells. Both AFC/memory cells and
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suppressor cells rosette with the immunizing antigen, and only the
suppressor cells rosette with the EAG. It is therefore apparent, that
the rosétting‘cells detected up to day 8 post immunization in the spleen
capable of rosettihg with the antigens are primarily if not only AFC
whereas the cells which apbear subsequently and rosette with both the
immunizing antiéen-and the EAG indicator cells are suppressor cells.
Thus, the coﬁd;tions exist in the spleen for the initial induct;on of an
immune responsélby the AFC and the subsequent termination of thé”immune
response by the suppressor cells.

As one would expect.'there is a correlation between the améﬁnt of
antigen injected and ?he subsequent appeararice of the suppressor cells in
the thymus. Immunizaéion with as few as 107 SRBC injected IV resulted in
the generation of optimal number of suppressor cells. Rabbits immunized
with fewer than 106 SRBC 1lose tﬁe ability to generaqg suppressor cells.
This conclusion islsupported by the fact that cells capablé of rosetﬁing
with EAG are markedly diminished in the thymus of rabbits immunized wiﬂ{

fewer than lO6 SRBC.
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ThABLE 16

SUPPRESSOR CELLS DETECTED IN THE THYMUS AS A FUNCTION
OF THE TIME ELAPSED BETWEEN IMMUNIZATI AND SACRIFICE

at the following

.

The number of PFC per 106 MNC following
coincubation offthe allogeneic immune
spleen MNC® wi¥h

days post-primary IV I . II

immunization with

10° sRBC ' Nil ITSC ITSF Nil ITSC  ITSF

¥ e

-1 490 360 410 565 590 540
0° 260 190 - 220 305 270 295
1 360 . 280 310 360 320 - 350

: 2 290 230 260 290 270 285
3 320 280 310 320 260 290
4 220 160 220 -220 ~ 210 190
5 285 <5.  BS 285 <5 130
6 410 <5 70 410 <5 80
7 245 <5 ¢ <5 340 <§ 0
8 290 0 <5 290 <5 -5
9 220 <5 <5 220 <5 <5
10 310 s a0 310 0 40
11 270 <5 120 270 <s 110
12 360 40 170 366 50 190
13 305 35 150 495 45 150
14 330 40 140 130 60 - 170

~ 21 315 70 250 315 60 280
30 310 25 170 310 15 210
40 3185 180 350 385 170 380
60 280" 230 270 280 250 260

r

/

) .
The rabbits were immunized with lO9 SRBC IV and sacrificed 7 days: -~

later.

H

These rabbits were immunized with 109 SRBC IV and sacrificed 15

minutes later.
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TABLE 17

,TyE APPEARANCE Ot (i) SRBC AND (ii} EAG ROSETTING.
CELLS IN THE THYMUS, SPLEEN AND PERIPHERAL BLOQCD
_AS A FUNCTION OF TIME BETWEEN IMMUNIZATION AND SACRIFICE

-—\ A
Cells, of organs assayed
(perc# rosetted cells)

Number of days !
post IV " THY SPL PB Agglutinating
immunization % () (i) @) i) (@) i) Ab titer
-1 0 0 0 0 0 0 0
oP 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0
2 0 0 2% 0 3% Q 0
3 3 4% 4.5% 0 4% 0 0
4 5% 6% 8% 0 5% 1% 160
5 6t 10% 12% 1% 5% 2% 640
7 112 11s 103 2% 7% 3% 1280
B 12% 9% 12% 2% 7% 2% 1280
10 13% 8% . 11% 5% 6% 4% 2560
15 - 7% 6% 8% 93 4% 1% 1280
20 41 3% 6 12¢ 3% "0 160
30 2% 1w 6% Y 7% 3% 0 80
60 0 0 1% 0 0 0 20

/]

. . . . 9 I
a Rabbits were immunized IV with 10~ SRBC and sacrificed at the
indicated days post primary IV immunization.

b Rabbits were immunized IV with 109 SRBC and gacrificed 15 mins
later‘

N A}
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TABLE 18

IMMUNIZATION IN VIVQO, AS A FUNCTICON OF TIME

BETWEEN 2° IMMUNIZATION AND SACRIFICE

The number of PFC per lO6 splenic MNC following,
incubation of the immune splenic MNC® with the

allogeneic lymphoid cells® or the cell-free culture
supernatants of these cells o
at the following days post-2 immunization.

of rabbits sacrificed

a Rabbits were immunized with 10

b Rapbits were immunized with lO9

10" SRBC IV 3 months post—lO

4, 5, 7 oxr 10 days following 2°

M (2°

325

SRBC IV (1° IMM) reimmunized with

IMM.

IMM in vivo) and sacrificed

gi;;ESOf. 4 5 7 10

assayed Cells sup Cells Sup Cells Sup Cells  Sup
"SPL 310 _éso 300 320 310 300 300 320
THY 280 290 10 190 <5, <5 5 S
"BM 350 320 360 295 330 315 300 340
PB 295 340 310 330 315 % 320 315 355
ADPP 275 290 295 320 330 320 335- 370
SR 295 .. 290 340 295 295 310 305- 315
PP 320 280 355 335 320 290 315 345
PLN 300 295 320 335 325 310 325 360
SPL alone 310 ° 340 355

SﬁBC IV and sacrificed 7 days later.

¢ Immune splenic Mnc (5 % 105 cells per ml) werg incubated with the
cells of the different lymphoid organs

obtained at various times post 2

(5 x 10

cellsoper ml)
IMM for 4 hrs at 37 € in 5% CO
air prior to their incorporation into the PFC assay.

2

in

d The cells of the different lymphoid organs were incubated in 5 mls
medium (RPMI 1640 (5 x 107 cells per ml) at 37°C in 5% CO in air
for 4 hrs, centrifuged and the cell-free supernatant containing the
suppressor factor was collected and incubated with the immune
splenic MNC® for 4 hrs prior to §be PFC assay.

¥
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‘"TABLE 19 R

THE GENERATION OF SUPPRESSOR CELLS IN THE THYMUS CAPABLE
. OF SECRETING A SUPPRESSOR FACTOR 7 DAYS POST PRIMARY
IMMUNIZATION IS A FUNCTION OF THE DOSE OF ANTIGEN (SRBC)
INJECTED IV

¢ The number of PFC per 106 MNC following

Thymocytes obtained incubation of the allogeneic splenic MNC
; o .
7 days following 1 with
IMM IV with SRBC I II
(number of SRBC injected) Nil ITSC ITSF  Nil ITSC ITSV
——p——
9 (345) : .
L [ .- S < < .
.--10. 5607 345 0 5 310 5 8]
b - :
8  (300) U man .
10 (2560) : 290 <5 <5 320 <5 <5
7 _2on)”
10, .TEEEBT- . 345 15 -.-,;O‘ 370 25 20
6 asn” :
kel . ' 5
10 (©40) | 290 75 70 , 320 9 115
b
5 (45) .
— 260
10 160) 290 275 245 329 250 3¢0
4 ( 5)° ‘ B
16- — (75? 290 295 31Q 320 320 - 295 S~
<3 ©)° ' ' —
10 T-T 290 360 290 320 310 315
9

a The rabbits were immunized with 10~ SRBC IV and sacrificed 7 days
"later. ‘

b The numerator and the denominator are the number of PFC per 106
splenic MNC and the agglutinating antibody titer at the time of
sacrifice (day 7 post primary immunization).

T
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TABLE 20

THE APPEARANCE OF (i) .SRBC AND (ii) EAG ROSETTING CELLS

IN THE THYMUS,:.SPLEEN AND PERIPHERAL BLOOD 7 DAYS

POST~PRIMARY IMMUNIZATION IS A FUNCTION OF THE DOSE OF
THE ANTIGEN (SRBC) INJECTED IV

Cells obtained 7 days
following primary IV
immunization with SRBC

Cells of oréans assayed
(percent rosetted cells)

THY SPL PB Agglutinating
{no. of SRBC injected) (i) (ii) (i) {ii) (i) (ii) Ab titer
lO9 10% 8% 11% 1% 3% 2% 2560
o

108 9%, 7% B% 1% 2% 19 2560
107 8% 6% 7% 1% 1% 0 "1280 -

<) .
10 4% 5% 5% 1% 1% 0 640

5
10 2% 1% 4% 0 0 0 160

4 A
10 0 0 1% 0 0 0O 20

3
10 0 0 1%+ 0O Q 0 0
0 (unimmunized) 0 0 0 4] 0 0 0

s
-t
.‘4

"

avd
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5.6. The inhibition by ITSC and ITSF of the primary immune response in
vivo and the secondary response induced in vitro

5.6.1. Rational and objectives

A The results of the experiments presented in the previous sections
qﬁ this Chapter deménstfate that antigen-specific suppressor ce;ls
(ITSC),.capable of secreting an antigehrspe%ific suppressor factor
(ITSF) in vitro, are generated oniy in the thymus of the rabbit
immunized IV with SRBC and/or HRBC. These ITSC are not detected in any
of the lymphoid grgans of the unimmunized rabbitﬂ .The ITSC are not
detected pripf_to the fifth day post immunization, at a time when the
immune response has been initiatéd. The ITSC attain maximum suppressive
activity betweeﬁ days 10 and 15 and can no longer be detected after day
40 post IV immunization. Thesé results strongly indicate that the
ITSC and/or the ITSF constituEF the suppressor arm of the physiological
immuﬁoregulatory‘mechanism. i o .

The OBJECTIVES in this part of the.investigation wére to demonstrate
(i)rtﬁat ITSC and ITSF'suppfess the primary immune response in vivo, and
(ii) that ITSC and ITSF suppress the secondary immune response induced
in vitro. |

5.6.2. Experimental protocol

The immunization of the rabbits, the preparation of the thymocytes
and splenic MNC, the preparation of the ITSF, the NTS, the hemolytic
PFC assay, the in vitrg cultures for the induction of the 2°IM, and the
determination of the agglutinating antibody titers were all carried out
as descriqu in the previous sections of this Chapter. Splenic MNC and
thymocytes were treated with mitomycin-C, so as to prevent their

undergoing blastogenesis upon stimulation with allogeneic cells in the
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MLR, as described in Chapter 4.2.24. SSSF and HSSF were prepared as
described in Chapter 4.2.25. In some of these éxperiments SSSF and HSSF
were used in place of SRBC and HRBC, respectively. They were used in
doses equivalent to the numbers éf SRBC and HRBC used for 1V immunization
or cultﬁre. In preliminary_experiments (results not presented in Tables)

.

it was consistantly observed that immunization with SSSF (HSSF} induced

(3

immune responses both in vivo and in wvitro comparable to those induced

with SRBC (HRBC).

5.6.3. Experimental results L

As can be seen in Table 21, the IV administration of .allogeneic ITSC

into SRBC immunized rabbits on days 0 and § post-immunization resulted in
a much diminished immune response, as compared with the rabbits injected
with NTC or medium. The antibody titers at day 7 post-immunization, at
Fhe time of sacrifice, were approximately 5 £g_i0 rercent of those of the
NTC or medium injected rabbits. Similarly, the number of immediate PFC
and the number of PFC after 5 .days in culture of splenic MNC of the rabbits
given ITSC were reduced by approximately 75 percent and 80 percent,
respectively, as compared to the PFC generated by the splenic MNC of the
rabbits given NTC. On the other hand, the SRBC immunized rabbits injected
with allogeneic ITSC on days 0, 3 and 5 post~immunization failed to give
an immune response on day 7 post—immunization (Table 52). The SRBC
immunized rabbits injected with NTC on days 0, 3 and 5 post-immunization -
responded very well with both titens;:f circulating antibodies and large
numbers~of PFC in the spleen (Table 22).

The ITSC demonstrate antigenic specificity as indicated by the data

in Table 23. Rabbits were immunized with both SRBC and HRBC IV. The

rabbits given ITSC depleted of SRBC rosetting cells were cagag%g_pl
o
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generating an immune response to HRBC but responded normally to S .
Conversely, the rabbits given ITSC depleted of cells which rosetted with

HRBC failed to give an immune response to SRBC but responded normally to

-HRBC. .As could be predicted on the basis of the above results, immunized

rabbits given ITSC depleted of cells which rosetted with both SRBC and
HREBC gave immune responses.to both of these éntigens comparable to the
immune responses generated by control immunized rabbits given NTC instead
of ITSC (Tables 22 and 23). '

As can be seen in Table 24, no MLR wgs observed when mitomycin—q
treated thymocyte stimulateor celis were cultured with allogeneic splenic
responder cells. A minimal.MLR was observed when thymocyte.responder
cells were cultured.with mitomycin-C treated allogeneig splenicstimulgtor
cells. 1In contrast, a marked MLR was observed when mitomycin-C treated
splenic stimulator cells were éultured ;ith allogeneic splenic responder
cells.

ITSF, okltained from allogeneic ITSC, injected daily IV into
immunized rabbBits on days 0 to 5 fellowing immunization was capable of
totally suppressing the in vivo immune response to the antigen, SRBC,
NTS, obtained from allogeneic NTC, injected on days 0 teo 5 following
immunization, was capable of _suppressing the(}n vivo immune response
(Table 25).

As can be seeg in Table 26 rabbits immunized initially with SSSF and
HSSF and injected IV daily for 5 days following 1°IMM IV with ITSF (SREC)
(ITSF obtained from thymocytes_pf rabbits immuniéed with 109 SREC IV 7
days previously}, did not generate an immune response td‘SRBC even after

a secondary IV immunization on day 28 post~1°IMM IV. They did not respond

with marked circulating antibody titexs 7 days following tertiary IV
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immunization on day 80 post—loIMM IV. This recovery of the capacity to
respond to SRBC is antigen specific since the immune response to HRBC was
not affected at any time following 1°IMM IV, The distribution of the AFC
7 days following IV immunization with SSSF and HSSF on dayJBO post—loIMMIV
.can be seen in Table 27. The majority of the AFC were localized té the
spleen, fewer numbers were detected in the bleod and very few were present
iq the bone marrow. WNone of the other lymphoid organs (thymus, popleteal'
lymph node, sacculus rotundus and Peyer's patches) possessed AFC as
detected by the hemolytic ?FC assay.

ITSC and ITSF were then assessed for their capacity to inhibit the
secondary'immune responsc of immuab {AFC and memory) splenic MNC in vitro.
The splenic MNC, obtained from rabbits immunized IV with 10° SRBC 7 or 60
days previously, were cultured for 5 days in the presence of the
immunizing antigen. As can be seen from the datampresénted in Table 28,
both the continuation of the primary immune respénsa by day 7 AFC and the
secondary immune response by day 60 splenic memory cells in vitro were

totally suppressed by the allogeneic ITSC while the allogeneic NTC

exerted no detrimental effect on the in vitro immune response.

*

The ITSC demonstrated the same antigen-specific suppressor activity
in in vitro cultures as it did when injected in vivo. Rabbits were
immunized with both SRBC and HRBC and sacrificed 7 or 60 days later. The
splenic MNC were cultured in vitro with SS5F or HSSF in order to stimulate
a continuation of the primary response initiated in viveo (day 7 splenic
MNC) or a secondary response in vitro (day 60 splenic MNC). In both
instances, untreated ITSC added to the cell cultures on days 0 and 3 of the
5 day cultu;e totally suppressed the in vitro immune response. The

addition to the cultures of ITSC depleted of SRBC rosetted cells
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A

suppressed the in vitro immune response to HRBC but not to SRBC whereas

n

the addition to the cuitures of ITSC'dep}eted of HRBC rosetted cells

suppressed the in vitro immune response to SRQC but not to HRBC'(Table 29).
ITSF, obtained from thymocytes of rabbits immunized with SRBC,

- added to the cultures of immune fday 7) or memory (day 60) splenic MNC

on days 0 and 3, was capable of totally suppressing the 2°IM in vitro to

the immunizing antigen, SRBC (Table 30) just as it was able to suppress

the lOIM to SRBC in vivo (Table 22 and 23). Similarly, ITSF obtained froh

thymocytes of rabbits immunized with both SRBC and HRBC suppressed the

2OIM in vitro to both SRBC and HRBC. Absorption of the ITSF with SRBC

(or HRBC) resulted in the loss of its capacity to subsequently suppréss

the 2°IM in vitro to SREC (or HRBC) but not to HRBC (or SRBC) (Table 31).

NTS hdd no detrimental effect on the 2%1IM in vitro {Table 30).

5.6.4. Commentary

The results presented in this section of the investigation

' ]
demonstrate unequivocally that ITSC and ITSF can totally suppress in an

. ‘s o . . . . .
antigen-specific manner the 1 IM induced in vivoe and the 2OIM induced in
vitro. It was further demonstrated that rabbits injected with ITSF for

, o . . ) :
5 days following 1 IMM IV recovered the capacity to synthesize antibodies

to the original immunizing antigen 7 days following tertiary immunization

IV on day 86Fpost—lOIMM Iv. Thus, the suppression of antibody synthesis

by ITSF in vivo is pot permanent. It must be emphasized that ITSF was

.
o€

not at all cytotoxic to the lymphoid cells in vitro and produced no

—

signs of morbidity following its administration IV on five consecutive

days. l;\
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TABLE 21

THE ABILITY OF ALLOGENEIC ITSC, BUT NOT -ALLOGENEIC NTC,

TO ONLY PARTIALYY¥ INHIBIT THE IN VIVO PRIMARY IMMUNE

RESPONSE WHEN INJECTED IV ON DAYS O AND 3 FOLLOWING IV

IMMUNIZATION WITH SRBC ON DAY O

Agglutinating
Ab titers The number
. .Rabbits® injected . at the time of PFC
Rabbit IV with " of sacrifice  per 106
no. ~ tosc®  wnre® Medium (day 7) splenic MNC
4
1 + - - 40 50 (200)
2 + - = 80 120 (214)
3 + - - - 40 160 (566)
4 + - - 20 100 {320}
5 - + - 640 260(1300)
6 - + - ©o1280 365 (1210)
7 - + - 1280 380 {1368)
8 - + - 640 300(1720}) :
9 - - =+ 640. 215(1618)
10 - - + 640 320 (1465)
11 - - + 320 340(1B64)
12 - - + 320 240(2104)

4 x lO5 SRBC injected IV on day 0.

£y

2 x lO9 ITSC {thymocytes of rabbits 7 days post primary immunization

IV with 10° SRBC) injected on days 0 and 3 post-immunization.

2 x lO9 NTC (thymocytes of unimmunized rabbits) injected on days O

and 3 post-immunization.

The figures outside and within the brackets are the number of PFC
detected immediately after sacrifice and after 5 days of culture with

SRBC, respectively.
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TABLE 22

THE SUPPRESSICN OF THE IN VIVO PRIMARY IMMUNE RESPONSE
TO SRBC BY THE' IV INJECTION OF ALLOGENEIC ITSC, BUT
NOT ALLOGENEIC NTC, ON DAYS 0, 3 AND 5 FOLLOWING
Iv IMMUNIZATION WITH SRBC ON DAY O

-

The number of
PFC per 10

Rabbits injected IV with splenic MNC at

REibbit _ b g time of sacrifice
no. SRBCY ITSC NTCC Ab titers (@qay 7) -
1 - - - Bncm , 0(0)°¢

2 - - - 0(0} 0(0)
3 - - - 0(<5) 0 (<5)
4 - - - 0({<5) <5(0)
5 + m — - 80 (2560) 165 {1960)
6 " + [ - - 40 (1280) 190 (2106)
7 + \ - - 80 (5120) 175 (1882)
8 + - - 160 (5120) 220 (2161)
9 + + - 0 (10) <5 (20)
10 + + - 0 (<5) <5 (30)
11 + + - 0(0) 0(0)
12 -+ + - "0 (<5) 0 (<5)
13 + - + 40 (1280) 140 (2009}
14 + - + 20 (1280) 155 (1450}
15 + - + 40 (2560) 170 (1864}
16 + - + 80 {5120} 195 (1316)

o

o

~
-

5
4 x 10”7 SRBC injected IV on day O.

S h . . . : ,
2 x 10 ITEC {(thymocytes of rabbits 7 days post-primary immunization
IV with 10” SRBC) injected on days 0, 3 and 5 post immunization.

: 9 . . . o
2 x 107 NTC ({(thymocytes of unimmunized rabbits) injected on days 0,

3 and 5 post-immunization.

The circulating agglutinating antibody titers on day 5 following
immunization (outside the brackets) and at time of sacrifice (day 7)
(within the brackets).

The figures outside and within' the brackets are the number of PFC
detected immediately after sacrifice and after 5 days of culture with
SRBC, respectively.
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TABLE 23

THE ANTIGENIC SPECIFICITY OF THE ITSC IN VIVO.
IT5Cs OBTRINED FROM RABBITS IMMUNIZED WITH
SRBC AND HRBC ARE ONLY CAPABLE OF INHIBITING

THE

THE PRIMARY IMMUNE RESPONSES TO SRBC AND HRBC, RESPECTIVELY

Ab titers toc

" The number of PP

per 108 splenic
MNC directed to

Rabbit Allogéneic ITSC .
no.® treated as followsP SRBC HRBC SRBC HRBC
Untreated <5 "0 <5 0
2 Depleted of SRBC
rosetting cells 640 <5 145 <5
Depleted of HRBC
rosetting cells 0 1280 <5 110
4 Depleted of both HRBC
and SRBC rosetting
cells ) 1280 1280 160 - 136
d
5 Control (NTC) 2560 1280 -

Rabbits were immunized with 4 x 105

SRBC and 4 x 105

145 115

HRBC IV {day 0) and

injected with 2 x 10° untreated and treated allogeneic ITSC on days 0, 3

and 5 post-immunization.

: . . . , 9
The ITSC were obtained from the thymus of a rabbit immunized IV with 10

SRBC and 10° HRBC 7 days previously.

The circulating agglutinating antibody titers at time of sacrifice

(day 7).

Rabbits injected with 2 x 109 allogeneic NTC instead of ITSC.
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TABLE 24

THYMUS MNC DO NOT STIMULATE A BLASTOGENIC
RESPONSE IN ALLOGENEIC SPLENIC MNC IN THE.

Cells cultured

for 5 daysa.

ONE-WAY MLR

3H—thymidine incorporated into
the responding cells

Responder Stimulator (cpm)
cells cells
SPL(A) - 182
SFL(B) - 128
- mTHY {A) 20
- mTHY (B) 32
SPL (A) mTHY (A) 180
SPL(B) " mTHY (B) 158
SPL (A) mTHY (B) 188
SPL(B) mTHY (A) 150
- mSEL (A) 86
- mSPL(B) 66
THY (A) - 186
THY (B) ~- 1lé
THY (A) mSPL {A) 296
THY (B) mSPL-{B) 300
THY (B) mSPL (A) 2193
THY (A) mSPL (B) 948
SPL(A) mSPL{A) 275
SPL(B) mSPL (B) 198
SPL(A} mSPL (B) 11,860
SPL{B) mSPL (R} 13,600

a mTHY denotes mitcmycin-~C
mSPL denotes mitomycin-C

treated THY cells.
treated SPL MNC cells.
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TABLE 25

ITSF (SRBC) BUT NOT NTS INHIBITS THE
PRIMARY IMMUNE RESPONSE TO SRBC IN VIVO

Al

. ’ ‘ _ . The number

. . A - of PFC per
3 t v .
Rabbit - Ragblts 1njez ed IV witrh 5 . 10° splenic
no.2 ITSF NTS Medilm Ab titers muct

1, + - R 1 () 0

2 + - - 0(<S) .y 0

3 + - - 0{0) - 0

4 - + - 40 (160) 115

5 - + - 80 (640) ' 110

6 - + - 20(320) 135

7 - - + 40 (320) 130

8 - - + 80 (1280) 105

9 - - + 80 (640) - 120

a The rabbits were”immunized with 4 x 105 SRBC 1V on day 0.

b The cell-free/culture supernatant (ITSF) of thymocytes obtained from
a rabbit immunized with 10° SRBC IV 7 days previously. ITSF (10 ml)
was injected IV daily on days 0 to 5 following immunization.

e The cell-free culture supernatant fNTS) of thymocytes obtained from
an unimmunized rabbit, NTS (10 ml) was injected IV daily on days 0
to 5 following immunization. -

) N

d Medium RPMI 1640 (10 ml) was injected IV daily on days 2)to 5

following immunization. '

-
A

. 3
e The circulating agglutinating Ab titers on day 5 following
immuecization (outside the brackets) and at time of sacrifice ,(day 7)
{within the brackets).

f The number of PFC per 106 splenic MNC at- the time of sacrifice
(day 7). -
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TABLE 27

THE IN VIVO DISTRIBUTICN OF SREC AND HRBC PFC IN THE RABEITS
INJECTED WITH ITSF(SRBC) DAILY FOR 5 DAYS
BEGINNING WITH THE PRIMARY IMMUNIZATION IV WITH
SSSF AND HSSF AND SACRIFICED ON DAY 87 '
{7 DAYS FOLLOWING TERTIARY IV IMMUNIZATION WITH SSSF AND HSSF)

The number of PFC pef lO6 MNC

Cells of | of rabbits IP and IIC to
organs ) I . 1T
assayed , SRBC HRBC . - SRBC HRBC
SPL . 200 " 145 ' 215 - 175
" rHY 0 0 0 0
BM <5 - <5 <5 <5
PB ' : S0 75 ' 75 .95
PLN ' o . 0 0 0
APP 0. / 0 0 0
SR, 0 0 0 0
PP 0 0 0 0

a Rabbits were immunized with SSSF and HSSF equivalent to 4 x 105 SRBC
and HRBC, respectively, on days 0 and 28 and SSSF and HSSF eguivalent
to 10° SRBC and HRBC, respectively, con day 80. They were injected with
10 ml ITSF IV daily from days 0 to 5. .

b The agglutinating antib&dy titers to SRBC and HRBC at time of
sacrifice were 5120 and 2560, respectively.

¢ The agglutinating antibody titers to SRBC and HRBC at time of
sacrifice were 1280 and 640, respectively.
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TABLE 30

THE SUPPRESSION, BY ITSF BUT NOT NTS, CF THE
. SECONDARY IMMUNE RESPCNSE INDUCED IN VITRO

Rabbits were Agglutinating The number of PFC per 106 splenic
sacrificed on Ab titer ' MNC cultured for 5 days
the following at day 7 with SSSF and
days after and/or at i a ' o ¢
immunization sacrifice ITSE . . . NTS - Medium
b g
7 640b 149 (1.0) 149 {790) 149 (845)
7 640b 170(20) 170 (910) 170 (1100)
7 1280 185 (<5) 185{1003) 185 (1119)
60 - - 1280(<5)¢ <5 (20) <5 (938) <5 (1032)
60 640 {10} 0(30) 0(1213) 0(1194)

60 ' 1280(<S)C C <5 (14) <5{1128) <5 (1002)

AR

a The rabbits were immunized with 10° SRBC IV on day Q.
b (%he circulating agglutinating Ab titexs on day 7 at time of sacrifice.

¢ The circulating agglutinating Ab titers on days 7 (outside the brackets)
’ and 60 {within the brackets, day of sacrifice).

d ITSF was added to'the cultured cells on days ¢ and 3“f culture.

<

e NTS was added to the cultured cells on day O and 3 of ¢ulture.

f Culture medium was replaced on day 3 of culture.
e .
g The figures outside and within the brackets age ¢

the time of sacrifice and after culture for 5 days in vitro with the
antigen, SSSF, respectively.
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5.7. ITSF inhibits the secretion of specific antibodies, but not the
synthesis and secretioh of non-specific immunoglobulins {Ig) by
cultured immune splenic MNC

. ; 7
t
5.7.1. Rational and objective

The results of the investigation to this point have demonstrated
that the antigen-specific suppressor cells (ITSCY and antigen-specific

supprassor factor generated by the ITSC (ITSF) invariably inhibit the

secretion of specific antibodies from immune splenic AFC (Chapters 5.3.

and 5.4.), the induction of the IOIM in vivo and the 2°IM induced in

+ -
v

vitro (Chapter 5.6.). What was not determined, however. is whether ITSF
i

also inhibits the synthesis and secretion of non{antigen)-specific Ig by

immune splenic MNC.

The OBJECTIVE in this part of the investigation was ;o determine
whether and to what extent ITSF‘inhibitg the synthesis and secretion of
non(antigen)~specifig Ig by immune splenic MNC culture in vitro.

‘

5.7.2. Experimental protocols

The immunization of the rabbits, the’preparation of splenié MNC and
thymocytes, the preparation of ITSF and NTS and the hemolytic PFC assay
were all‘carried out as described previously. The percentage of cells
with intracytoplasmic Ig was determined by the immuncfluorescent assay

(IF) ag described in Chapter 4.2.26. The quantity of non-specific Ig

Secreted intg_the culture medium by the immune splenic MNC was determined
as described in Chapter 4.2.26. ™

5.7.3. Experimental results

As can be seen in Table 32, ITSF but not NTS inhibited generation of
hemolytic plaques by the immune splenic MNC by the PFC assay following
incubation of the splenic MNC with ITSF or NTS. On the other hand, the

i

,q 5"
amount of Ig secretedjészﬁe ITSF suppressed splenic MNC was egual to
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that secreted by the cells incubated with either NTS or culture medium.

Immune splenic MNC incubated with ITSF, NTS or culture medium for

5 .
. [

pefiods of 1, 8, 24 or 72 hrs, generated identical percentages of IF
positive cells and secreted similar quantities of Ig into the culture .
supernatants (Table 33).

5.7.4. Commentary Y

The results of this part of the investigation demonstrate that ITSF
inhibits the secretion of specific antibodies from the immune splenic AFC
but does not iphibit the synthesis or the secretion of non(antibody)-Ig by

the cultured immune splenic MNC.
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TABLE 32

ITSF.-INHIBITS ANTIBODY SECRETION BUT NOT
NON-SPECIFIC IMMUNOGLOBULIN SECRETION BY
ALLOGENEIC IMMUNE SPLENIC MNC

#

Immune splenic Muc? The numbexr of Ig secreted into
were incubated with PFC per 10® culture supernatant
the following? . MNC ) (ng per m1)¢

Culture medium 283 38
ITSFS ' <5 : ' 39
NTSS : 295 ‘ 35

a Rabbit was immunized IV with lO9 SRBC 7 days prior to sacrifice.
. . LY

b Splenic MNC were incubated 'with ITSF or NTS for 4 hours, washed
once with culture medium and incubated for an additional 24 hours
in culture medium. The cells were then assayed for PFC and the
cell culture supernatants were assayed for Ig.

¢ Determined by the ELISA assay.

d ITSF and NTS were assayed for the presence of rabbit Ig and were

found to contain rabbit Ig at concentrations of 46 and 57 ng per
ml, respectively.
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TABLE 33

ITSF DOES NOT INHIBIT THE SYNTHESIS OF
INTRACYTOPLASMIC Ig NOR THE SECRETION OF

NON-SPECIFIC Ig INTO THE CULTURE SUPERNATANTS

Immune a
splenic MNC
were incubated

BY IMMUNE SPLENIC MNC

Percentage of cells

immunoflucrescent positive

Ig secreted into culture
supernatant (ng per ml)®

with the
following 1 hr 8 hrs 24 hrs 72 hrs L hr 8 hxs 24 hrs 72 hrs
Culture medium 1% 3% 8% 13% <30 <30 38 156
«  frgr® S <ls - 2% 7% 12% <30 <30 39 154
NTSd 1y 2% 8% 13% <30 <30 35 141
a Rabbit was immunized IV with lO9 SRBC 7 days prior to sacrifice.
b Splenic MNC were incubated with ITSF or NTS for 4 hours, wached once

with culture medium and incubated for an additional 1, 8, 24 ©

hours in culture medium.
cell culture supernatants were assayed for Ig.

' ¢ Determined by the ELISA assay.

The cells were then assayed for IF and the

d ITSF and NTS were assayed for the presence of rabbit Ig and were
found to contain rabbit Ig at concentrations of 46 and 57 ng per

- ml, respectively.

-
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5.8. The characterization of the suppressor factor (ITSF)
n : '
5.8.1. Rational -and objective ‘

Up to this point of‘£he invé$tigation only. the functional ro%é of
ITSF as an immunosuppressive'agént,was inVeqiqateg. No experiments were
conducted to define the nature of ITSF.
| The OBJECT;VE of this last part of the investigation was to determine

the temperature and pH stability, chemical properties and the heterogencous

nature of ITSF.

5.8.2. Experimental protocol

The immunization of the rabbits, the prepgration of the thymoéytes
and sﬁlenic MNC from the immunized rabbits, the preparation of Iféf, the
absorption of ITSF with SRBC‘and HRBC, and the hemolytic PFC assay were
carried out as described previously- Tﬁe isoelectric focusing was carried
out as described in Chapters 4.2.28 anq 4.2.29.

5.8.3. Experimental results

As can be seen in Table 34, incubation of ITSF for up to 24 hrs at
o o o) o
4°c, ,24%, 37°% or 56°C at pH 7, or at 24°C at pH 4 or pH 0 did not
result, in significant changes in its suppressor activity. Hewever, ITSF

exposed to lDO0

C for only 10 minutes at pH 7 lost all of its suppressor
activity. ITSF in 10 ml did not pass through the dialysis_membranc even
following dialysis for 24 hrs at 4OC, pH 7 against-z litres of medium
{RPMI 1640).

The immune thymocyte culture supernatants containing the ITSF and
the culture supernatants of thymoéytes of unimmunized rabbits (NTS) were
examined by'isoelectric focusing (Figure 1). Both supernatants were

highly heterogeneous as they were each composed of more than 15 distinct

protein bands. The patterns obtained with ITSF and NTS were similar but
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not identical (Figure 1). It}should be noted that the medium control

.

gave no protein bands. /_ o

The isoclectria focusing/patterns of ITSF '(SRBC) (ITSF obtained from
' 7o : .

the thymocytes'of SRBC immgnized rabbit), ITSF (SRBC) absorbed with SRBC -
g - _l. . .
and ITSF (SKREC) absqrbed-with HRBC are ‘presented in Figurs 2. The result

éuggbst that ITSF (SKBC) absorbed with SRBC but not HRBC resulted in the
"o ‘ ' - ) . - .
partial removal of protein constituqﬂﬁg'siﬁéd the isoelectric focusing -

% :

% partern Bf the ITSE (SRBC) absorbed with SRBC differed markedly from the

éiisoclcctric focusing‘pﬁttcrn ﬁf the ITSF.(SRBG)'aﬁsorbed with HRBC'or the -
unabsorbad ITSF.{SRBC) (Figure 2): The primary diffgrenqc i5' the decrease
oo TR e intonsLty pf a .number of protein bands. -
S..a, Lovmaneany L7 : ' e
ISy appears to be a very stable entity.since %t can w?tﬁstapd

exposure to pH 4 and 10 for 24 hrs, and is non—diéiyzable through a dialysis

[

‘* membrane with'an exclusion M.W. of 20,000 daltons. Since sdg%ressor
activity is totally lost following exposure of ITSF to IOOOC for only 10
. s .
minutes it may be presumed that the suppressor factor is a protein. The

-
]

result: of the treatment of ITSF With 'prdtease could not be iﬁterpreted

since 5rc’nrotease treated immune thymocyte culture supernatant contalning

fTSF"céused clumbing of the target AFC in the PFC assay (results not

prescnted in Tables). On the other hand, treatment of ITSF with RNase

. “ ' . N :
and DNase resulted in the loss ‘of 100 percent and 50 percent of' the
. 9 - < o .
suppressor activity, respectively (2 experiments, results not presented in

-

. .~ Tables}y: ‘These.data if confirmed in future experiments suggest that the

IS

suppressor factor ié composed of at least DNA, RNA and protein.

e . .
"It was not expected that the immune thymocyte culture supernatant

.

t

,*%containinq'the ITSF would present with at least 15 protein bands., since
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the thympcytes were incubated.in serum-free medium it must be assumed
' that these proteins were either passively shed ?;om the thymocyte
surface membrane and/or actively secreted by the thymocyées. The present
résults do not permit.one to aistinguish between these two possibilities.
"Never the less the results indicate that the concentration of certain
qonstituents in the.ITSF (SRBC) is decreased following absorption wfth
ASRBC but not ERBC. These régults however are very preliminary and must
be reﬁcated before properrconclugions can be drawn.

-

T
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TABLE 34

THE PHYSICCOCHEMICAL PROPERTIES AND THE STABILITY
TO TEMPERATURE AND pH OF THE IMMUNE THYMUS
SUPPRESSOR FACTOR. (ITSF)

- Percent supprgssion of the number
of PFC per 10 splenic MNC
following 4 hours of incubation
of the 7 day immune spleen MNC

' ITSFa subjected to the L with the treated ITSF in the
following treatment following dilutions.
- 1:10 1:20
. Untreated (Control) - 100 ‘ _1o0
Incubated for 4 kr at _4°C, pH 7.0 T 92 _ 100
Incubated for 24 hr at 4Zc, pH 7.0 92 80
Incubated for 72 hr at 4°C, pH 7.0 88 20
Incubated for 4 hr at 24°C, pH 7.0 88 80
Incubated for 24 hr at 24°C, pH 7.0 70 . 60
Incubated for 4 hr at 37°g; pH 7.0 100 ° - - 100
Incubated for 24 hx at 37 C, pH 7.0 . 72 0 63
Incubated for 4 hr at seog, pH 7.0 85 ° 70
Incubated for 24 hr at 56 C, pH 7.0 66 : 63
Incubated for 10 min at 100°C, pH 7.0 : 0 0
Incubated for 4 hr at 24°C, pH 4.0 72 78
Incubated for 24 hr at 24 °C, pH 4.0 70 . 55
Incubated for 4 hr at 24°g, pH 10.0 . 85 80
Incubated for 24 hyx at 24°C, pH 10.C 70r 55
Frozen and thawed 1 time 92 AN 83
Frozen and thawed 2 times 73 . 70
Dialyzed for.24 hr (pH 7.0, 4°C) ., 100 80

a Rabbits were immunized IV with 109 SRBC. They were sacrificed 7 days
later and the thymocytes were incubated in culture medium (5.x 107
cells per ml) at 37°C for 24 hrs. The cell suspention was
centrifuged and the supernatant collected and tested for its
suppressive capacity.

]
(S
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FIGURE 1. THE ISOELECTRIC FOCUSING PATTERN OF ITSF AND NTS

Lane 1. NTS
' 2.,3..4. ITSF (SRBC)

5.7 Medium (RPMI 1640)

X
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FIGURE 2. THE ISOELECTRIC FOCUSING PATTERN OF ITSF (SREO) ABSOhBED
WITH SRBC AND HRBC . :

Lane 1. ITSF (SRBC) unabsorbed
2. ITSF - (SRBC) absorbed with 109 SRBC
3. ITSF (SREC) ‘absorbed with 10° HREC
! ,/"'—\
\

b
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6. DISCUSSION

The initial objective.of this reseafch was t§ dStermine why overt,
antibody secreting AFC are not detected in the rabbit thymus during the
primary immune response following IV immunization oxr during the segonéary
immune response in vivo ca;ried out 3 to 12 months later. Large numbers
of AFC can be detected by the PFC assay in the spleen, and lesser numbers
in'tﬁe circulation and bone marrow é; the height of the primary immune
response (Richter'et al, 1956). During the secopdary.immune rasponse in
vivo, AFC are detecéed in\the spleen, PLN, bone marrow and the cirbulatioh
but not in the thymus (Richter et &1, 1986). Memory cells are detected
only in the spleen up to 3 to 4 months post-lOIMM IV. However, by 4 to 6
months pbst~loIMM, memory cells can be detected not only in the spleen but
also in the PLN and in the thymus (Richter et al, 1986). In\ract, they
increase in numbers in the thymus so that by 9 months post-lOIMMl there are
more memafy céllﬁ in tif_thymus than in théﬁ;pleen (Richter etlal, 1986} .

At no time are memory .

ells detected in any of the other lymgroid organs
aof the rabbit (sacculus rotundus, appendix, Peyer's patches, bone marrow)
and the circula;ion. One might expect that the A%C spillind out from the
spleen into the circulation at the height of the primary immune response
following IV immunization would infiltrate ghe thymus as they do the PLN
and the bone marrow and be detected by the PFC assay; However, the
consistent absence of detectable AFC in the thymus and PLN at these times
suggests that (i) these organs are not.cOnducive for the survival'of AFC,
(ii) there exist blood-thymus and blood-PLN barsiers, barring activatiog of
endogenous AFC or the infiltration of circulating AFC, fiii) the circulating
AFC are dying AFC and cannot survive'within the lymphoid organs they

infiltrate other than the bone marrow where they survive for only a few days,

or (iv} there exist suppressor mechanismswithin the thymus and
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PLN which mitigate against the detection of infiltrating or endogenously-

generated (parenchymal) AFC by thﬁ"PFC‘assay.

Evidence presented préviously from this laboratory‘does not support
the existence of a blood—fLN barrier since IV immuhization of splenectemized
rabbits results in the detection of large numbers of AFC in the PLN by day
7 to B post—lOIMM (Barron et al, 1986). However, no PFC are detected in the
thymus of the IV immunized splenectomized rabbit (Barron et al, 1986) .-

Previous finding of memory cells to SRBC in the thymus beginning 4
.months post—loIMM IV with SRBC suggested that suppressor cells mightAbe
present in the thymus durihg the active antibody-synthetic phase gnd the
early post—loIMM mémary period capable of inhibiting any infiltrating AFC.
The results presented in this investigation unequivocally'demonstrate the
presence of antigen-specific suppressor cells (immune thymus suppressor
cells or ITSC) in the thymus of the IV imﬁﬁnized rabbit at the height of
the primary antibody immune fesponse (day 7 to 8 post—lOIMM IV). The ITSC
‘totally inhibited the generation of hemolytic plagques by splenic AFC if thé
splenic AFC were first coincubated with the autologous thymus cells for
4 hrs.' Even a 2 hr coincubation of the splenic AFC with the autologous
thymoecytes was-sufficient. to suppress the splenic FPFC by 70 to 80 percent.

It has been reported'that the injection of antigen directly into the
guiﬁea pig thymus results in the formation of germinal centers, lymphoid
follicles and plasma cells (Marshall et al, 1961), and antibody formation
{Marshall et al, 1961; Blau and Waksmaﬁ, 1964} within the thymus. These

o, .o 5
findings suggest that a strong antigenic stimulus in the thymus actinqﬂ—’/dj
directly qn thymocytes and/or infiltrating cells can overcome whatever
immunosuppressive mechanisms exist in the thymus. Fﬁrthermore, cells in
the rabbit tkymus have been shown to be capable of synthesizing and

n ~

secreting immunoglobulins in vitro (Putman et al, 1980; Jentz et al, 1979),

-~
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In fact, the cells in the thymus which secrete fg were shown to be
contaminating B cells; the Ig synthetic capacity of the "thymic" B cells
was 34 times greater than the,;g synthetic capacitﬁ of the splenié B cells
_(Jentz et al, 1979); It must thérefore be concluded that when the antigenic
stimulus is probi@eé in such a way as to stimulate‘antibody-forming ;ells
only in the spleen following IV immunization,-immunosuppressor mechanisms
activated in the thymus ca; Presumably gain the upper hand over any limited
;r feeble attempt at antibody synthesis in the thyﬁﬂs by either actively
generated or passiyely infiltrating AFC, ;
The capacity of the ITSC to inhibit the PFC generated byiéutologous
splenic AFC is not MHC restricted as the ITSC also inhibited fo;mation of
hemolypic-plaques by allogeneic immune splenic AFC. These resuits support
those of Ruben et al (1986, 1983, 1984) who demonstrated that thymus cells
obtained from the Souﬁh African clawed toad, Xenopus laevis, 4 days post-
immuni;ation with SRBC inhibited antibody formatiop by autologous or‘
allogeneic spleen cells in culture. However, Rubeﬁ et, al (1980, 1983,
1984) did not establish the antigenic specificity of the suppressor cells
noxr fheir mechanism of action. It has been demonstrated in this investi-
gation that the ITSC are’ antigen-specific since ﬁhe.thymocytes of rabbits
immunized simuitaneously with SRBC and HREC, two non-cross reacting
an;i'gehs, and c&eted of cells which rosette with SRBC retain the
capacity to inhibit the generation of HREC PFC but lose the'ability td
inhibit the generétion of SRBC PFC by autologous or allogeneic immune
splenic MNC. Similarly, the thymocytes depleted of cells which rosette
with HRBC retain fhe capacity to inpibit the generation of SRB& PFC but
lose the ability to suppress the generation of YRBC PFC. The ability of

cells in the immunized rabbit to rosette with SRBC and HRBC is

immunologically determined since neither the thymocytes nor the cells of
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any of Qhe other lymphoid organs of the unimmunized rabbits rosette with
eilther SRBC or HRBC.

The ITSC is a T cell ﬂ%}h receptors for the immunizing ant&gen and for
FcG., This conclusion is ba§?ﬁ on the following findings which were
consistently obtained: x

(i) Prior to immunization and during the first 4 days following
immunization, there are fewcells in the rabbit thymus capable of rosetting“”
with the antigen; SRBC or HRBC,‘or with the EAG indicator cells. However,
by day 5 following immunizatioh with SRBC or HRBC, antigen-specific
suppressor cells, capgble-qf rosettiqg with the antigen (SRBC or HRBC) and
the EAG indicatpr cells were detected in the rabbit thymus. The percentages
of rosetting cells increased in concert with the suppressor cell activity of
the thymoéytes and declined with the fall in suppressor activity Ef these
cells.

(ii} The ITSC induced by‘immunization witﬂ S?BC‘or HRBC can be removed
by rosetting with Qply the Fmmunizing antigen, SRBC or HRBC, respectively.
Thus, the ITSC must have a surfacte feceptor(s) for the immgnizing antigen.

{iii) The ITSC c%? be rémoved by rosetting with the EAG indicétor cells
ifrespective of the antigen whiéh. caused their indu;tion. Thus, all'ITSC

possess surface receptors for FeG.

(iv) The ITSC do not rosette with the EAC indicator cells, thus

‘aemonstrating that they do not possess detectable receptors for C'3b or C'3d.

The ITSC incubated at 37°C in antigen- and serum-free medium secreted a
factor, immune thymus suppressor factor of ITSF, into the supernatant.

Incubation of ITSF with the immune splenic AFC for 4 hrs at 37% resulted in

tofal inhibition of the generation of hemolytic plagques by the AFC in the (7;Q§

3

s

LN
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PFC assay. ITSF, liké its parent ITSC, is antigen specific since the ITSF
éecreted by thymocytes of rabbits immunized with SRBC could only be
absorbed out following incubation with SREC but not with the non-cross
reacting HRBC, HuREBC and RRBC.I The ITSF secreted by the thymocytes of the
HREC-immunized rabbits waé siﬁilarly demonstrated to be HRBC specific.

Like the ITSC, the ITSF suppressive activity . is not MHC-restricted
sincé it can iﬁhibit the secr;tion of antibedies from autologous and
allogeneic immune sRlenic MNC ;o the same degree.

| .
A question which was addrFssed is whether ITSF acts directly on the

* immune splenic B lymphocyte to%inhibit the secretion of antibodies or .
whether it-acts on another cell, i.e. T cell, Null cell or macrobhage, which
then suppresses the B lymphocyte. To resolve this question, immune splenic
MNC were depleted of T cells and/or Null cells and/or macrophages ans the
remaining cells were incubated with ITSF for 2 hrs before assaying for
plaque-forming cells. The results leave no doubt but that ITSF acts directly
on the antibcdy—formiﬁg B cell since elimination of any or all of the other
‘cells did not have any effect on the suppression induégq by the ITSF on the
AFC. Furthermore, incubation of ITSF with tﬁe pure AFC/ﬁemory cells resulted
in subsequent failure of these cells to generate hemolytic plaques in the PFC
assay. NTé did nop exhiblt suppressor activity at any time. Identical
resulés to those obtained with ITSF and NTS were obtained with ITSC and NTC,
respectively.

The ITSC were not detected during the first 4 days post-loIMM IV, By
day 5 post-lOIMM the thymus possessed ITSC capable of total;y suppressing the
PFC by allogeneic splenic MNC but not as yet capable of secreting detectable
amouﬁts of IESF. By day 7 post—lOIMM, the ITSC were capable of secreting

ITSF. The ITSC were detected in the thymus in their maximal suppressive
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state until about day ll‘post-lOIHM.

Over the following 4 weeks, their capacity to supéress-the PFC gradua}ly
diminished so that by day 40 post—loiMM the ITSC could only suppress the
éplenic PFC by 50 percent. The ITSC could no longer be detected by day 60
post;1°IMM. furthermore, the ITSC began to lose the capacity to secrete
ITSF bgginning about day 12 post—lolMM;‘by day 40 post-lOIMM the ITSC could
;;\I?nger secrete detectable amounts of IéSF.

}It must be stressed that all of the iymphoid organs {(thymus, spleen,
PLN, bone marrow, appendix{ Pever's patches, sacculug rotundus) énd the
circulation of the unimmunized and immunized rabbit were investigated- for
suppressor c¢ells and only the thymus of the immunized rabbit possessed'ceils
capable of suppressing the PFC generated by autologous and allogeneic immune
splenic MNC. It was consistently ob;erved that the secondary immune (memory)
respense induced in vitro by the immune splenic MNC is very much lower between
day; 14 and 22 following IOI“M IV with SRBC'than it is between days 7 and 14
and beyond déy 30 (Table 1 and Figure 3). Theﬁe daté strongly indicate‘thaﬁ
there are overt suppressor cells ;n the spleen between days 14 and 22
post—lo—IMM in addition to thei; presence in the thymus. ﬁork is currently in
pProgress to identify the splenic suppressor cells and to determine Wheéher
they:nﬁginaté from splenic parenchymal cells or whether ﬁhey are the,progeny
of thymus-derived cells which have migréted to the spleen. ‘

Thg objectives in the second part of this investigation were to
determine (i! whether ITSé and ITSF could inhibit the primary immune response
in vivo, and (ii) whether ITSC and ITSF could inhibit the secondary immune
response by rabbit memory cells in vitro.

Splenic MNC containing memory cells were incubated with the antigen,

SRBC or HRBC, for 5.days ih culture medium at-37oc in 5 percent CO2 in air.

.
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fhe maximum 2°IM, as defined by'the'humber of PFC in the PFC assay; Qas
attained after 5 days in culture. However, when-ITS? was added to the
cultures consisting of splenic MNC and thé antigen (SRBC) at thé beginning
(day 0} of the 5 day culture, no inbibition of the 201@ was observed. It
was reasoned that this was due te the absorpﬁion of ITSF by Qhe SREC,
thereby nuiI;fying its suppressive effect. Sonicates of the SRBC and HRBC_

Stroma (SSSF and HSSF, respectivély) are as effective as the particular

L . o . ; . :
SRBC and HRBC in inducing the 2 IM in vitro and they do not neutralize the

*
.

suppressive activity of ITSF in vitro (results not presented in Tables).

-~

5 B

1
The SRBC and HRBC were therefore substituted by the SSSF and HSSE in the
- cultures of splenic memory cells.
ﬂw,f / .- .
It was BemonstEded that the addition of ITSC or ITSF, derived from
rabbits immunized with SRBC IV 7 -days previously, to the cultures of splenic
- : n -
memory cells and SSSF on days 0 and 3 totally suppressed the induction of a

' . X . w
2%1m in vitro normally detected on day 5 o{ culture., The reason for the
. [
addition of ITSF on day 3 of the 5 day culture is that the functional life
CEﬁanng ITSF at 37°C is approximately 3 days (results not presented in Tables}.
N ' ™~ : '
Both the ITSC and ITSF were antigenically specific -as the ITSC and ITSF from
SRBC-immunized rabbits suppressed the in vitro 2°1M to SRBC but not to HRBC

by allogeneic splenic MNC obtained f;om rabbits immuhized with both SRBC and
HRBC 7 days previously,'whéreas the ITSC and ITSF from HRBC-immunized
rabbits suppressed the in vitro 2OIM to HRBC and not to SRBC. Furthermore,
when the ITSC or ITSF were obtained frqm rabbité‘immunized with both SRBC
and HRBC, the removal of ITSC directed to the SREC (by rosetting the ITSC
with SRBC) or the removal of ITSF directed to the SRBC (by absorbing the
ITSF with SRBC).resulted in the subsequent failure to suppress the in yitro.

response to SRBC but not to HRBC. Similarly, the removal of the ITSC and

ITSF directed toward HRBC resulted in the loss of ability to suppress the
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o ) . N
2 IM in vitro to HRBC but not to SRBC. The removal of ITSC and ITSF N

directed toward both SRBC and HRBC resulted in failure &o suppress the in
b ‘ .
vitro 2°I§ to both SRBC and "HRBC. It may therefore be concluded that the

ITSC, and the ITSF which they gencrate, arc antigcn-spccifié and qaﬁ inhibit

the secondary immune response in vitro,

v

ITS nq\ITSF inhibited the primary immunc response in vivo when

—

{mected\on days 0, 3, and 5 (ITSC) or daily for S days (ITSF) following IV
L . : [~ .
immunization with 4 x 105 SRBC and/or 4 X 10° HRBC. Immunization with these
i .-

doses of SRBC and HRBC results iq a consistently significant immune response
A

but not the maximum response which is gencrated following-IV immunization

with 109 or lO9 SRBC or HRBC. The rationale for immunizing the rabbits with

the lower doscs of SRBC and HRBC'is that the immune responscs would be more

physiclogical and would be more susceptible to suppression by ITSC or ITSE.

. The administration of ITSC IV on davs ¢ and 3 following the IV }hmunization
with the SRBC resulted in a markedly reduced immune response (circulating
antibody titer and splenic PFC) at day 7 post-immunization. Morcover, the
1V injection of ITSC on days 0, 3 and .5 following immunizaéion resulted in a

“total suppfession of thc.immune response on day 7. It must be stressced that
NTC administered in the same numbers and at the same times did not indyce
any discernible suppressive effect on the immune responsc. The fact that
allogeneic ITSC but not allogeneic NTC suppresséd the 1OIM in vivo indicates
that no host-versus-graft or graft-versus-host reaction (in vivo MLR) took
place in the rabbits. This conclusion is sﬁpportcd by the data presented in
Table 24 which clcquy shows that rabbit thymocytes do not stimulate or B

respond in the one-way MLR. ‘it has been previousiy demonstrated in this

laboratory that rabbit thymocytes do not stimulate allogeneic rabbit

responder cells nor do they respond significantly in the rabbit one-way MLR

r
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(Milthorp and Richter, 1979). Thus, the injected allogeneic thyﬁocytes
(ITSC and NTC) may survive and proliferate in the host and may possibly be
rejected slowly over a long period of time (chronic rejection).

It is important to note that ITSF, but not NTS, administered IV daily
on the first 5 days following IV immunization was also able to totally

d
suppress the immune response. - EEEF'the suppression of the 1°IM in vivo by

.

ITSC, the éuppression by ITSF is also antigen specific. ThHus, the.antigen-
specific suppressor cells or ITSC,_and the antigen-specific suppressor factor
or ITSF secreted by the ITSC, aie both capable of suppressing the primary
immune response in vivo and-the secondary immune response in‘vitro.
Experiments were carried Qut to determine whether the ITSF suppressed
rabbits can, i; fact, recover the capacity to generate antibodies towards
the original'immunizing antigen. In these egperiménts, SSSF and HSSF were
injected instéad of SRBC and HRBC in order to avoid neutralization of the
injected ITS% by the antigen. The results indicate that the immunized Yrabbits
injected with ITS% daily for 5 days beginning with the primary immunization
IV maintained their suppressed state for at least 50 days following primary
IV immunization. Tertiary immunization IV on day 80 Post—primary
fmmunization resulted in a normal antibody response to the original
immunizing antigen. Thus, the rabbits can, in time, overcome the specific
immunosuppression induced by the ITSF without any obvious long-term
" deleterious effects. It is important to stress that the immune response to
a non-cross-reacting antigen was at no time affected by the administe?ed
antigen-specific ITSF. Furthermore,’” there were ne signs-of morbidity in the

~

rabbits for at least 80 days following the injection of ITSF for five

5., . ——
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consecutive days.

Histological examination of the lymphoid organs (thymus, spleen and
PLN) and the kidney and liver of rabbits sacrificed two days after the fifth
daily injection of ITSF did not reveal any significant alterations from the
normal rabbits or from rabbits injected with NTS in the same manner as was

. !
ITSF. A slight QP mild hyperplasia was observed in the outer marginal =zones
of the follicles in the spleen and the PLN (results not presented).

A third objéctive of the research was to determine whether the synthesis
by rabbit B lymphocytes of only antibodies, or both antibodies and non—specifié
Ig, are inhibited by ITSF. It was observed that the percentage of IF
positive cells and the quantity of Ig secreted by the rabbit B lymphecytes
cultured in vitro in the presence of ITSF did not differ from the results
ob}ained with rabbit cells incubated in the presence of NTS or just medium!
These results were anticipated since only the PFC to the specific antigen

and not those to a non-cross-reacting antigen were suppressced by ITer.

Interestingly, when ITSF was added to cultures of human circulating TM cells,

Y

non-T cells and PWM phytomitogen, the ITSF totally inhibited the synthesis
and secretion of non-specific IgG and IgM whereas NTS disptayed no inhibito;y
effects. Furthermore, ITSF was not cvtotoxic to the human circulating or the
rabbit splenic MNC (results not presented in Tables). These data suggest
that ITSF may have potential ;pplication as an immunosuppressive agent in
patients with autoimmune disease (i.e. autoimmune hemolytic anemia,
autoimmune neutropenia, autoimmune thrombocytopenia purugpura, myasthenia

' .

gravis, systemic lupus erythematosus, Goodpasture syndrome, acute progressive

rheumatoid arthritis, etc... .) and in recipients of allegrafts in

cofijunction withhNCyclosporin-A and/or Immuran and/or ATG (anti-human
thymocyte globulin)f. ITSF might also be used aleng with plasmaphoresis;

usually there is a rebound of autoantibody synthesis following plasmaphoresis
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treatment which would be suppressed by ITSF,

It is obvious that ITSF must be purified, 'and its composition must be
éefined, before it can be used inﬁelinical trials in patients.

A final objective was to define ITSF in terms of its physicochemical
properties and composition. vBy iscelectric focusing, ITSF was found tod
consist of at least 15 distinct‘proteins (Figure 1). Therefore, if ITSF
is a protein, it will be necessary to bélch-fractionate the rabbit immune
thymocyte culture supernatant containing the ITSF, elute each of the protein
bands an@ assaé each fo¥ its capacity to suppress the}PFC responée of
rabbit immune splenic AFC, However, it is possible that ITSF is not a
protein. Exposuré of ITSF to a number of enzymes - DNAase, RNARase and
Protease K, disclosed that ITSF treated with RNAase lost all suppressive
activity whereas JITSF treated with DNAase lost 45 to 50 percent of its
suppressive activity (results not presented in Tables). It was not possible
to assess the effect of Protease K on ITSF due to the fact that Protease K
consistently ciumped the target immune splenic AFC in the PFC assay. If
must be emphasiéédlihat tﬁese are only preliminary experiments as they‘were
carried out only two times. Nevertheless, it would appear that ITSF is
either RNA, an RNA-DNA complex, or an RNA-DNA-protein conjugate. Of course,
there may be multiple ITSFs with differént ébmpositions.

A gquestion which may be asked is whether ITSF, might be a type of
antibody, or a molecule with antibody-like activity, directed to the an;igen
since it reacts specifically with the immunizing antigen {SRBC and/or HRBC).
ITSF (SRBC), cobtained from immune thyﬁocytes (rabbits immunized 7 days
previcusly with SRBC IV) depleted of B cells, was absorbed with the antigen,
SREC. TheseASRBC#ITSF conjugates were then analyzed by the conventional
immuno~-fluorescence (IF} assay in.the direct manner, using the FITC-conjugated

-

F‘(ab)2 fragment of goat anti-rabbit Ig, and in the indirect manner using
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the F(ab)2 fragment of goat anti-rabbit Id followed.by the FITC-conjugated
F(ab)2 fragment of rabbit anti-goat Ig. Since no fiuorescence was observed
at any time with the SRBC-ITSF conjugate preparation,.whereas control rabbit
spleen cells were consistently IF positive, the results strongly suggest
that ITSF does not have the antigeneic composition of an gﬁtiboéy molecule
.(results not presented in Tables).

It would appear that ITSF is a highlmolecqlar welght (20,000 daltons)
entity as it is not.dialyzable even after 24 hré of dialysis at 4OC.
freezing and thawi;g tQice also does not effect the suppressor activity of

ITSF to any appreciable degree. Furthermore, ITSF exposed to SGOC for 24

hrs retained more than 75 percent of its suppressive activity. However, \\\

exposure to 1OOOC for 10 minutes resulted in the loss of all suppressive \\\\
activity. ITSF is stable at low and high pH. These data suggest that ITSF - L]
is a relatively stable molecule. ’ . >

hES
N

Antigen-spgecific and non-specific suppressof cells and suppressor .
factors have been described by many !investigators over the past 15 years
{see Chapter 3). It would be impossible to comment on even all the relevant
publicétions or the manf feviewémwﬁiEh have beéﬁ'puplished on Suppressor
cells ang subpressor factors. Suffice it to say thét the evidence to date
strongly favours the generation of suppressor cells first described by
Gershon and Kondo {(Gershon and Kondo, 1970) in 1970, and the secretion of
soluble suppressor factors by the suppréssor cells as the mediator(s) which
abrogates the antibody immune response.

Suppressox cells capable bf inhibiting antibody synthesis in vitro
include (i) thymus cells in the South African clawed tQad 4 days post-loIMM,

{ii) Con A activated mouse spleniec T cells, (iii) bone marrow cells in the

unimmunized mouse and the normal human, and (iv) circulating human T cells.



Suppressor factors have been prepared from (i) cultured circulating

‘ \\\ human T cells (Heijnen et al, 1979; Uytdehaag et al, 1981) (ii) human bone
. ’ 4 ‘
ey \harrow‘Cells {Singhal, 1985). (iii)- Con A and MLR {Gisler and Fridman, 1975,
\\ “." 1. ) i
AN 1976; Neauport-Sautes et al, 1975; Fridman et al, 1977, 1981, 1984; Yagello

et al, 1979) activated normal‘mouée spleen cells, (iv) cultured bone marraw
celjs of"npfma} mice (Mdﬁérry‘et gl, 1982}, (;) spleen, thymus and‘lymph.node
\ééiégggf-GAT;primed'nonresponder Fice (Kaap et al, 1976, 1981), and {vi)
sup#rna;;nzg of cultured spleen célls of mice 4 weeks following immunization
wifh SRBg‘or HRBC (YTmauchi et al, 1981 a,b).

| Rich\and Pierce kRich and Pierxrce, 1973, 1974) demonstrated that Con A-
activétgd mouse ‘splenic T cells could suppress the primary PFC response

by mouse\gpleen cells in vitro. Duwe and Singhal demonstrated the presence
~ Y .

ofxguppreéégr cells in the bone marrow of unimmunized mice (Duwe and Singhal,
. ‘-\ - \?\Q97é a,b) ané\humans (McGarry and Singhal, 1982) capable of suppressing the
\t\“ : \'x \;n\ﬁitroantigén—induced PFC response by isologous or allegeneic cells.

\\ ' ‘Hgijnen et al (1979) demonstrated antigen-specific human circulating T
suppressor cells capable 9f inhibiting the antigen induced (primary?) immune
response by human circulating B cells in vitro. This grbup of investigators
described an antigen-specific suppressor factor, TsF-120, secreted by
circulating human ‘suppressor T cells obtained from unimmunized humans capable
of inhibiting the in vitro immune response by human circulating B cells
(Utdehaag et al, 1981; Ballieux et al 1982). Pierce and his colleagues (Rich

and Pierce, 1973, 1974; Tadakuma and Pierce, 1976, 1978; Aune and Pierce, 1981

a,b, 1982, 1983; Irons et al, 1984) described a factor isolated from Con A

™ -

. . , . e -~
stimulated spleen cells of unimmunized mice capable of inhibiting the PFC

response of mouse spleen cells to SRBC. This factor was.referred to as soluble

immune response suppressor or SIRS. The target for SIRS was shown to be the
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macrophage, not the B cell (Aune and Pierce, 1981 a,b, 1982). Following
" short-term incubation with SIRS, the macrophages release a second factor
which was shown to be directly responsible for the suppression of the immune
response in vitro. This factor was referred to as a macrophage~derived
suppressor factor of M@g-SF. This factor was shown to bé a modified form of
SIRS since M@-SF could be obtained by reacting SIRS with H20 in the absence

2

of macrophages (Aune and Pierce, 1982, 1983) . The authors suggested that the

.

macrophages'serVe only as a source of H202 which oxidizes SIRS and eonVerts
it to SIﬁSox {or Mg-SF)., Both SIRS and SIRSo£ appear to function via
oxidative processes since suppressor activity is rapidly lost following
treatment of M@-SF with reducing agents_such as 2-mercaptoethanol, pysteiné,
NaBH4 and a variety of peroxidasé substrates (Aune and Pierce, 1983; Irons
et al, 1984). SIRS must be added at the beginning of the in ;itro 5-day
culture in order for the PFC response to be inhibited {(Rich and Pierce, 1974;
Tadakuma and Pie;ce, 1976, i978). On the other hand, the in vitro PFC
response by mouse spleen cells could be inhibited by the addition of M@-SF

‘- gup to day 4 of the 5-day culture. The addition of M@-SF even 2 hrs prior to
assay resulted in marked inhibition of the generation of PFC (Aune and Eierce,
1983}, indicating that M@-SF can inhibit the secretion of antibodies frqm the
antibody-synthesizing cells. . ~

Fridman and his colleaques described a factor secreted by &LR activated

spleen T cells obtained from unimmunized mice (Gisler and Fridman, 1976;
Fridman et al, 1977, 1981; Yagello et al, 1979) and by circﬁlating MNC of
normal unimmunized humans (Fridman et al, 1984).in culture, which could
suppress the antibody response by mouse spléen cells and humén MNC in vitro.
This factor was found to bind to immunoglobulins and was referred to as
immunoglobulin-binding factor or IBF. Fridman et al (1977, 1981, 1984)

& .
demonstrated that IBF is the FcG receptor, present on the surface of the FcG
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receptox=bearing T suppressor cells,which is shed into the cqlturé medium
upon incubation of these cells. Singhal et al reported.tﬁe secretion of a
suppressor factor, BSF, following incubation of mouse (Duwe and Singhal, 1979
a,b) or human (McGarry and Singhai, 1982; McGarry et al, 1982) bone marrow
cells for 24 hrs in serum-free medium, capable of suﬁpressing the in vitro

antigen (SRBC)-induced PFC response by murine spleen cells and human

circulating Salls, respectively.

L h
Y

Pigrcé-and his colleagues (Kapp,‘1978; Kapp et al, 1976, 1978, 1980,
1983) extracted.an antigen-specific suppressor factor from spleen, thymus
and lymph node cells of GAT (terpolymer of L-glutamic acidGO-L—alanineBO—
L-tyrosinelo) primed nonresponder mice. The suppréssor factor, which must
be extracted from the cells, is refered to as GAT-induced suppressor factor
(GISF) ;n this text. GISF suppressed the in vivo immune response to GAT
when administered into the nonresponder mice along with an immunogenic form
of GAT, GAT-MBSA (GAT coupled to methylated boving serum albumin). GISF
also inhibited the in vitro immune response of spleen cells of noanSPOnder
mice to GAT-MBSA when the suppressor factor was added to the cells at the
initiation of qulture {Kapp et al, 1980, 1983). GISF extracted from thymus
cells was more active than that extracted from spleen and lymph node cells
{Kapp et al, 1980, 1983). ITSF.differs from GISF by a number of criteria:
(1) ITSF is secreted i;to the supernatant by the suppréssor cells whereas
GISF must be extracted from the cells; (ii) ITSF is obtained only from
thymus cells whereas GISF is obtained from thymus, spleen and lymph node
cellsf.(iii) ITéF inhiPits the in vitro response of autoiogous and allogeneic
spleen PFC whereas GISF only inhibits the in vitro immune response to GAT in
cell cultures of responder mice, and (iv) ITSF can beradded to the antigen-

stimulated cultures spleen'AFC up to 2 hrs prior to termination of culture
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and tbtally-inhibit the PFC response whereas GISF must be added to the

. v

cultured cells at the initiation of culture in order to suppress the in
vitro PFC respdnse.

Cantor and his colleagues have described two suppressor factors
obtained from 48 hrs culture supe;natants of spleen cells of mice following
intraperitoneal immﬁnization with SRBC or HREC for 4 weeks {(Cantor ot al,
1978; Eardley et al, 1979; Yamauchi et al, 198la,b). One suppressor factor
was obtained from LleZTI-J+ splenic T cells, designated Ly-1 TsiF {Cantor
et al, 1978}, whereas the second factor was obtained from Ly—ljéT -3
splenic T cells, designated Ly-2 TsF (Yamauchi et al, 198la). The former
could only inhibit the late ‘but not the early phase of antibody synthesis
when added to 5-day antigen-stimulated spleen cell cultures at the
initiggion of the culture (Cantor et.al, 1978; Eardley et al, 1979) whereas
the latter could inhibit both the early and the late phases of the in vitro
immune response when added at the initiation of the culture (Yapauchi et al,
1981b). ITSF is different from both Ly-1 TsiF and Ly-2 TsF. ITSF is
obtained from thymus cell 7 days post-immunization whereas both Ly-1 TsiF
and Ly-2 TsF are obtained from splenic T cells 28 days following immunization.
Furthermore, ITSFVdoes not exhibit MHC restriction since it can consistently
inhibit the in vitro PFC response of allogeneic spleen AFC, whereas both Ly-1
Tsif and Ly-2 TsF are MHC restricted in their suppressor activity (Flood et
al, 1982a). Since both Ly-1 TsiF and Ly-2 TsF suppressor factors are obtained
long after the immune response has terminated and GISF is only ab;g.to sSuppress
the immune response in a selected strain of nonrespoﬁder mice, the
physiological role whicﬁ they ﬁay play in vivo as immunoregulator factors
in immunized normal outbred animals must be questione&.

All of the suppressor factors referred to above and the ITSF described

here can be distinguished from each other as they exhibit different properties
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énd mechanisms of action (Tables 35 and 36)}. IBF, which is secreted by

cells of the unimﬁunized rodent or human, has no immunosuppreséive activity

1f added very early or very late to the 5-day mouse spleen cell culture; it

is most suppressive when added to the 5—déy culture on day 3 which is
compatible witﬁ the view that IBF inierferes with the terminal differentiation
of‘the AFC (Fridman et al, 1977, 1981, 1984; Teilland et al, 1986). On the
other hand, SIRS, which is secreted by-Con A stimulated éélls of unimmunized

]
animals, must be added early (first 24 hrs) to the 5-day culture in order for

ﬁhe in vitro immune résponse to be suppressed (Rich and Pierce, 1974;
Tadakuma aﬁd Pierce, 1976, 1978). Howéver, the macrophage-altéred SIRS,
SIRS?k (or M@-SF), can be added to the cultured cells up to 2.hrs prior to
the termination of the 5-day culture and still result in guppression of the
in vitro immune response (Aune and Pierce, 1983; Irons et al, 1984). The‘tﬁ
antigen~specific suppreésor factor TsF-120 which is secreted by circulating
human MNC‘ingpbated with a random antigen nytdehaqg et al, 1981; Ballieux

et al, 1982), and the suppressor factor BSF which is secreted g& unstimulated

bone marrow MNC of unimmunized mice and humans (Duwe and Singhal, 1979a,b);

McGarry and Singhal, 1982), must also be added at the beginning of the 5-day

in vitro culture to totally suppress the immune response. The antigen-—

U

specific Ly-1 TsiF and Ly-2 TsF suppressor factors which are secreted from
immunized mouse spleen cells 4 weeks following immunization, long after the

immune response has terminated, display MHC restriction (Yamauchi et al, 1981

a,b). GISF must be extracted from the lympheoid cells and displays strain

specificity in its suppressive activity (Kapp et al, 1980, 1983).

The immunosuppressive factoxr descﬁibed here, ITSF, is distinct from

SIRS, SIRSox, TsF-120, BSF and IBF (Table 35) and Lyl-TsiF, Ly-2 TsF and

GISF (Table 36). ITSF does not show MHC restriction as do Ly-1 TsiF and
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Ly-2 TsF {(Flcod et al, 1982a; Noguchi et al, 1985). It is synthesized and
secréted by the suppressor thymus célls and does not have to be extracted

‘ 1
from these cells as does GISF (Kapp.et al, 1980, 1983). ITSF can totally
suppress the sgcretion,ﬁf antibodies from cells actively engaged in antibody
synthesis and secretiog, and does not inhibit antibody secretion by inhibiting
(i) activation.of the immunocompetent B cells (BSF), (ii) terminal
differentiation of the AFC into the antibody-forming B cell t}PF) or (iii)
antibody synthesis (SIRS and TsIF-120).

ITSF most closely corresponds to the factor to which one would attpibute

physiological antigen-specific immunoregulatory functions. In order for

the suppressor cell and the suppressor factor to be considered as

physiological immunoregulators, they should satisfy a number of criteria:
(i) they should be detected only after the immune response has been
initiated in the normal animal and not before, (ii) they should not be
detected in the unimmunized animal, (iii) they should be antigen specific,
and (iv}) the suppressor factor should be secreted by the supbressor cell.
ITSF described‘here is the only suppressor factor which satisfies all of these
criteria and therefore is a primary candidéte to assume the role of a ..
physiological immunoregulator. ITSF is present in cell-free supernatants
of incubated thymus suppressor cells of immhnized rabbits, it is not
secreted by any lymphoid cells of unimmunized rabbits, it is antigen-
specific in its mode of qgfion, it is not detected early following
immunization {day 1 toS5) at a time when the immune response is being

initiated, and it can effectively suppress the manifestation of the immune
|

response, i.e. secretion of antibodies by the AFC.
The suppressor cells described by Singhal et al (Duwe and Singhal,
1979a,b; McGarry and Singhal, 1982) and Fridman et al (Fridman et al, 1977,_

1981, 1984} are FcG receptor-bearing cells and the suppressor factor, IBF,
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appears to be the shed FcG receptor (Fridman et al, 1981, 1984; Yagello et
all 1979) .- Experimégiéfaimed at ldentifying the ITSC in the rabbit thymus
indicate that these cells are FcG reéeptor-pearing T cells. Rosetting the
immune thymts cells with EAG but not EAC indicator erythrocytes resulted

in Ehe depletion of ITSC. Only the EAG rosetted thymocytes and not the

EAC rosétfed thymocytes possessed ITSC activit;j- Furthermore, treafment of
the immune f;bbit thymooYtes with HARTS and complement, which resulted in
the loss of 90 to 95 percent of the T cells, resulted ip the loss of
suppressor activity by the réﬁaining cells irrespective ofazgéir cell
concentration whereas treatment éf these thymocytes with HARBMS and
complement, which resuits in the loss of 90 to 95 percent of the B cells,
did not afféct the suppressor activity of the remaining thymoéytes. It may
therefore be iconcluded that the suppressor cell in the rgbbit thymus
following IV immunization is an FcG receptor-bearing T cell.

Both ITSC and ITSF are capable of iéhibiting the ]FEM, and the 2%& in
vitro. it is not possible to s£ate at this time, hOWever,-wHether ITSC and
ITSF inhibit the synthesis and secretion or only the secretion of antibodies
by the rabbit splenic antibody forming cells.

The immune splenic AFC 7 days quf—loImn are synthesizing and secreting
antibodies most actively as they generate the maximum number of PFC at that
time during.thé primary immune response. It is therefore concluded Lhat

both ITSC and ITSF inhibit the generation of hemolytic plagues by the splenic

PFC in vitro by inhibiting the secretion of antibodies from the antibody-
S

I3

synthesizing cé@ls.

. . \gﬂ(/

—
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FIGURE 3. THE PRESENCE IN THE SPLEEN OF SUPPRESSOR CELLS TO SRBC

WHICH INHIBIT THE IN VITRO SECONDARY IMMUNE RESPONSE
TO SRBC BUT NOT TO HRBC

™

SR3C - Rabbits were immunized with 109 SRBC IV on day
0 and sacrificed 7, 16, 18, 20 or 40 days later.

;.
HRBC - Rabbits wers immunized with lO0 SRBC 1V on day O
and with 10° HRBC IV on days 7, 8 or 9 following
IV immunization with SRBC. They were sacrificed

.on days 16, 18 or 20 following immunization with
SREBC.
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7. SUMMARY - -

* The thymus of the immunized outbred New Zealénd White Rabbit contains
suppressor cells (ITSC) capable of inhibiting the secretion of the
antibodies.from autologous or allogeneic antibody forming cells (AFC)
actively synthesizing antibodies, thereby preventing ﬁhe AFC from
generating plagues in the hemeolytic plague forming cell (PFC) assay. ITSC
were detected in the thymus not earlier than 5 days post-primary v

“

immunization with 109 SREC, 109 HRBC, or SSSF or HSSF equivalent to 109
SRBC , or 109 HRBC, respectively. ITSC attained peak suppressor activity
between da&s 7 and 15 post—imﬁunization. and then began to decline and
could norlonger be detected by days 40 to 60 post-immunization. The ITSC
were only éetecﬁed in the thymus of the immunized rabbit and were not
detectéd in any of the lymphoid organs of the unimmunized rabbit. The
ITSC secrete a suppressor factor, referred to as immune thymus suppressor
factor or ITSF, in a short term incubation (4 hrs) period which is capable,
by itself, of inhibiting the generation of PFC by the immune splenic AFC,
The suppressor activity Qf both ITSC and ITSF is strictly antigen specifiec.
Both ITSC and ITSF exert their suppressive activity in a non-MHC restricted
manner since both ITSC and ITSF can inhibit autologous and allogeneic

“oa,
immune splenic AFC to an equal extent. The ITSC and ITSF act directly on
the AFC B cell to suppress tﬁe secretion of antibodies.

The ITSC are T cells with receptors for FcG since they can be
eliminated from the immune tﬁymus cells by incubation with anti-rabbift
thymocyte serum and complement or by rosetting with EAG indicator
_erythrocytes.

ITSC and ITSF inhibited the secondary immune response in vitro when
added to cultures of immune rabbit splenic MNC and the antigen. ITSF

inhibited the secretion of specific antibodies by the immunized splenic

mononuclear cells in yitro but it did not inhibit.the synthesis or
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secretion of non-specific immuhoglobulins.

ITsC and ITSF inhibited the primary immune response in vivo when
injected into the rabbit daily on 5 congecutiVe days beginning with the
injection of the antigen. There was no evidence of cytotoxicity in vitro
and no signs of morbidity in the injecfed rabbitg. Furthermore, the’
rabbits injected with ITSF directed to SRBC and which failed to generate
a primary immune response at the normal time (day 7 to 10 post-immunizatiom)
to SRBC regponded normally to a nop-cross-reacting antigen, HRBC, and
recovered thelability to respond to the .original immunizing antigen, SRBC,
by day 87 post-primary immunization. Thus, the in vivo inhibitory effect(s)
of ITSF is (are) not permanent.

On the basis of preliminary investigations as to the physicochemical
properties and composition.of ITSF, it arould appe;r that’ ITSF is an RNA
containing, and possibly DNA containing, macréﬁolecule. It is non-
dialyzable,withstands heating at 56°C for 24 hrs, but loses all suppressor
activity following exposure to 100°%C for 10 minutes. BY igbelectric
focusing, thymoeyte culture supernatants containing :ﬁe ITSF demonstrate
more than 15 protein bgpds. Thus, if ITSF is a protein-RNA and/or DNA
complex, it will have to be isolated from the other "contaminating" proteins

———

before its composition can he determined.
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8. ORIGINAL CONTRIBUTIONS TO KNOWLEDGE

8.1. The applicant has demonstrated.that the thymus in the rabbit
immunized intravenously with sheep erythrocytes, horse erythrocytes or
soluble preparations of these erythrocytes possesses cells capable of
inhibiting the secretion of antibodies from autologous splenic antibody
forming cells (AFC), thereby preventing the generétion of hemolytic
plagques in the hemolytic plaque—formiﬁg cells (PFC) assay.

§.2. The applicant has demonstrated that the suppressor cells, referred
to as immune thymus suppressor cells or ITSC, are detected in the thymus
Beginning 5 days po§t~primary immunization, peak in gctivity between
days 7 and 15 post-immunization and cafd no longer be detected by days
40 to 50 post-immunization.

8.3. The applicant has demonstrated that the ITSC secrete a potent
suppressor factor, referred to as immune‘thymic suppressor factor or
ITSF, which is by itself capable of inhibiting the generation of
hemolytic plagues by autologous immune splehic AFC.

8.4. The applicant has demonstrated that the ITéC are detected only in the
thymus of the immunized rabbit and are not detected in any of the
lymphoid organs of the unimmunized rabbit.

B.5. The éb;licant has demonstrated that both ITSC and ITSF are non-MHC

restricted with respect to their suppressor activity since they can

equally suppress autologous and allogeneic splenic AFC in the PFC
>

assay .

8.6. The applicant has demonstrated that both ITSC and ITSF are antigen
specific in their suppressor activity.

8.7. The applicant has demonstrated that ITSF acts directly on the rabbit

splenic AFC, to inhibit antibody secreticon and not on a different cell
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(T cell, Null cell, macfophage) which then inhibits the secretion of
antibodies from the splenic A¥C in vitro.

8.8. The applicant has demonstrated that both ITSC and.ITSF can inhibit
tﬁe secondary immune response in in vitro :ulture of autologous or
allogeneic splenic MNC to the specific immunizing antigen.

8.9. fhe applicant has'demonstrateg that both ITSC and ITSF can totally
inhibit the primarx immune responée in vivo in the rabbgt when
administered on ffvé consecutive days IV, beginning with the injection
of the,antigen to which they had been induced. This is again a
demonstration of the antigenic specificity of the ITSC and ITSF.

8.10. The applicant has demonstrated that the ITSF-suppressed rabbits,
which are unable to generate a primary antibody response in vivo,
recover their capaéity to synthesize and secrete normal levels of
antibodies by B7 days post-primary immunization.

8.11. The applicant has demonstrated that the ITSC is a T cell with
receptors for the Fe of antigen-complexed IgG(FcG). It is therefore a.
T+G+ cell. ‘

8.12. The applicant has demonstrated that the ITSF may consist of RNA
and DNA since 100 percent and 50 percent of-éhe suppressive activity
i; lost following the treatment of the ITSF with RNAase and DNAase,
respectively. The protein constituent of ITSF, if any, has not as vet
bheen identified.

8.13. The applicant has demonstrated that the ITSF is non-dialyzable

through conventional dialysis hich retain molecules above

20,000 M.W. and that it is Aeasohably heat stable since éxposure to

o y o . .
56 C for 24 hrs affects ¢nly minimally its suppressor activity. It was

destroyed following exposure to lOOOC for 10 minutes.
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8.14. The applicaﬁt has demonstrated that ITSF inhibits only the secretion
of specific antibodies from cultured immune splenic MNC. It does not
inhibit the éynt@esis and secretion of non-specific immunoglobulins by
rabbit splenic MNC.

8.15? The abplicant has demonstrated that under no conditions do
thymocytes of normal unimmunized rabbits {(normal thymus cells or NTC)
or their culture supernatants (normal thymocyte culture supernatants or
NTS) exhibit immunosuppressive acfivity.

8.16. The applicant has presented evidence in favor of ITSC and ITSF as

the physiological regulators of the antibody response in the rabbit.
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