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ABSTRACT
The in vitro culture and assay systems of Dosch aﬁa Gelfand (1976),
were used to induce and measure the plague forming cell (PFC) response
to sheep erythrocytes (SRBC) b& human “Tymphocytes (PBL).
The respogz; was standardfzed in 49 normal individuals; the optimal
antigen dose being 108 SRBC/culture, the optimal lymphocyte dose being
0.5 x 106 or'1.0 x 106 per 10 mL. culture, and the peak response was

8 SRBC to stimulate freshly prepared

observed on day six. Using 10
PBL the results from 27 individuals were 663 324 PFC/108 viable ce]]s
on day 6 when 0.5 x 10° PBL were cultured agd 623 + 401 PFC/]O viab]e

6

cells when 1.0 x 10 PBL were cultured. These resu]ts represent the

first character1zat10n of an in vitro generated. 1mmune response in
~normal individuals.

The day to day variat?on fn responses Rbserved from one individual
was often much greater than.that observgd between individuals.

After cryopreservation, PBL responses became more reproducible -
and ﬁigher when cryopreserved lymphocytes from the same 27 individuals
. were stimulated in cultures containing 0.5 x 106 or 1.0 x 10° paL/

8

culture in the presence of 10 SRBC, the PFC numbers obtained were

1078 + 307 and 951 * 381/106 cells, respectively.

. When reclajmed lymphocytes were miied with freshly prepared
autologous PBL in varijg prop;rtions, increased responses were observed
in comparison to rusd]ts from culturesiof fresh Tymphocytes. The
results indicate that some of the variability observed with the fr;:h
PBL responses from normal individuals m&y be due to the presence of
variable numbers of suppressor cel]s which are selectively removed due

to the treatment 1nv01ved in lymphocyte freezing

.1jv



Pre-incubation of PBL for 1, 3 or 6 days with or without
antigen al]owe& the induction of suppressor cells which could ?uppress
the responses of freshly reclaimed.-autologou§ PBL. Cell separation’
experiments showed that this cell was a T lymphocyte. B'cells and
monocytes treated in ghe same’ manner suppressed the responses of
autologous PBL to a considerably lesser deyree. The addition of
increasing numbers of pre-incubated T cells showed that as few as
2 x 105‘of these cell$ would give 501 suppression of the response

6

from cultures of 0.5 x 10° freshly reclaimed, autologous PBL.

’
Further studfes are necessary-before ip vivo functions of these

suppresdor T cells;m&y be defined.

S
Hay
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I. Introdur*ion and Literature Review

A. Introduction

Some immune'response (Ir) genes in humans are believed to be
contained in, or linked to, the major histocompatibility region on
chromosome six. The strongest evidence for this association comes
from the correlation observed between the human major histocompatibility
system (HLA) and various diseases. §Svejgaard et al, 1975), Kato et al
(1980) reported an increased frequency of HLA-B15 and decreased
frequency of Bw22 in patients with congenital rubella syndrome.

HLA-B15 was associated with high antibody responsiveness to rubé]la
vaccine and Bw22 was one of the HLA antigens showing Tow antibody
responsiveness.

Studies of differgnt levels of immune response to certatn antigens
have been relatively infrequent. Black et al (1976) demonstrated
that high responses to raﬁweed antigen are associated with B7,

In the human in vitro culture systems so far-studied. individual
variation in the response to trinitrophenol-polyacrylamide (TNP-PAA)
conjugates has been‘reported. (Galanaud ét al, 1977).

The measurement of immune responses to various antigens in-vitro
has been hampered by the Tack of a reproducible technique, so the'
genetic control of antibody production in humans has remained unclear,
(Fauci and Pratt, 1976). -

Studies of immune responsiveness in autoimmune disease (Dosch
et 1, 1978; Waldmann and Broder, 1977) have begun to give some tnsight

into the mechanisms of an altered immune response but to date the

genetic contro] of a normal response has not been studied,



In the mouse model, respqnsiveness to a particular antigen varies
between inbred stratns, (Shreffler and David, 1975), Use of congentc
strains has shown that responsiveness is controlled by genes in the
I region of H-2, and that some antigens under Ir gene control require
the presence of responder alleles at two distinct [-region loci (gene
complementation). (Dorf et al, 1975).

Functional analyses of murine la antigens E and C; and I-A haS v
indicated that they could be the products of Ir genes (Uhr et al, 1979).
There is evidence that the gene products of I-E and I-C subregions
are expressed on B cells and macrophages. (Frelinger et al, 1978) and
that both products play critical roles in cell interaction, (McDevitt,
1978).

Sequence analysis of human DR ant{Zens indicates a homology with
the murine I-E/C subregion cantrolled alloantigens, It is probable that N
both alpha and beta subunits of DR antigebs are controlled by HLA -
linked Toci. There are also Toci linked to HLA which may control
one of the Ia antigen subunits in humans, (Tosi et al, 1978),

This study was initiated to investigate the vériation,in the

response to SRBC among normal individuals. This antigen was chosen
because of its known immunogenicity in humans, (Dosch and Gelfand,
19765 Galanaud et al, 1977; Luzzati et al, 1976) and its qomplexfty;
The antigen dr pathogens responsible for many human diseases are
complex, so when looking for an association between immune responsive-
ness and the genetic control of disease, 1t 1s reasonable to choose
such a multi-determinant antigen (Klein, 1975),

The/diff1cu1t1es with this antiden are- (1) varying surface

chdfacteristics with each batch, including variable immunogenicity

R L



and complement sensitivity (Cunningham and Pilarski, 1974) and, (2)
cross~-reactivity with other kenogenic antigens that an 1nd1vidua1
may have encountered. (Mishell and Dutton, 1967).

A plaque assay was chosen to enumerate single antibody forining
cells. (Jerne and Nordin, 1963). It's use in the mouse system to
characterize the immune response to many simple and complex antigens
is extensiye. (ﬁcDevitt and Landy, 1972).

At the outset of this study, it was postulated that each individual
would respond by‘formihg a given number of plaques per million
lymphocytes in culture. (Dosch and Gelfand, 1976). It was furtﬁer
thought that if one group of 1nqividuals responded by making a
sfgnificant]y higher number of plaques than a second group, these
two group; might show sign1f1c;nt association with‘different HLA
antigens on the populat;bn level, or with haplotypes in family
analysis. » |

This'hypothesis stems from the results of work within the modse
model, where, using congenic strains the response wés fouhd to be ‘
eoqtrolled by loci within H-2. (Sabolovic et al, 1971). The H-2
di;;érences could be acting at several levels of the immune response,

either at rekognition of the antigen, processing of the antigen, or at

A

the level of éntibody formation. These authors reported the variati
at tﬁs level of IgM antibody production, as have others. CK%e#ﬂT/;;:::_————"_.
McDevitt and Chinitz, 1969; McDevitt and Landy, 1972).
However, our initial exploratory experiments using the PFC
technique wffh normal human PBL demenstrated such a large amount of

day to day variability that a distinction between "high" and "Jow"

responders could not be made. Several experimgnta] variables were



i

egp]ored.in order to be able to distinguish between high and low
responders (antigen and/or ]yhphocyte dose effect, kinetics of the
response) but these experiments only established the optimal conditions
for obtaining reproducible PFC counts for all individu?ls. Still, day
to day variation of the reactivity of the cells of a given individya]
remained higher'than that between individuals.

Thus, our main efforts were concentrated on finding the explanation
for this variabifity.

Studies in this thesis have led us to hypothesize that some of
the day to day variability in in vitro responses to SRBC observed
among.normal individuals may be explained by vafying numbers o%
suppressor cells present in the T fymphocyte popu]étion.

This observation 1e<’ﬁs tb"a further{\s/éries experiinents where
we attempted in vitro induction of suppreseor cells in this system,
as previous]yidescribed by (Heijnen et é], 1979) for PFC responses
to SRBC and ovalbumin. (Shore ét al, 1978; Uytde Haag et a],~1978).

Conditions for suppressor cell induction and characterization of

the cell populations involved in this suppression phenomenon are

described in this thesis.'

b@/
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B. The Major Histocompatibility Complex = ,

©

A1l mammals possess one very similarly organized chromosomal
complex that determines components of major importance for
1nd1v1dua1.d1vers1fy,that {s instrumental in the control of immune
responses to mdst foreign antigens, that determines,several cell
surface structures, anqrxhat may be 1mporiant in t?é control of cell

interactions such as those involved in morphogenesis. (Bach and Van ;”g“

-’

Rood, 1976).

' The major his;ocombatibili%y compiex (MHC) is control]ed‘By a
number of very closely 11nked genés that show great polymorphism and
are'expressed codominantly. The gene products include cell membrane
molecules showing allogenic variation (HLA, H-2, etc.) complement
factors, (CZ’ C4, factorVB), and products of immune response genes

controlling the response to thymus dependent antigens. (Thorsby, 1979).



C. The Major Histocompatibility Complex in Mice

The H-2 system, the murine major histocompatibility complex,

is reported to have control over some 60 traits. These range from "
reactivity with shéep erythrocytes to T-B cell cooperation and

androgen levels. Of special interest to immunologists are those

factors influencing resistance or susceptibility to viral infections,
autoimmune disease, and neoplastic disease. (Klein, 1978). '//"

Mapping of‘the genetic distance between loci and the sequencihg‘
of loci within the com /{s achieved by several techniques. A
Toss of an H-2 associated trait, and accompan&ing the loss, througt
crossing over, of a partof the H-2 complex fis interpreted as
evidence that‘the missing part contro]s(the particu1ar trait. Genes
controlling sévera] traits have been mapped into the same regions
of the H-2 complex.” A region could control- just one locus, or several
_additioéa] loci about which we may have no information. If a point
mutation alters several traits, then the traits must‘be controlled
by the same locus.

1. The I reqgion of H-2

Within the I region of H-2, the Ir-IA, IB, aq? 1C subregions
are each defined by genes which control the immune response to a
: varfety of antigens. (Shreffler and David, 1975). The Ir-IA, IB,
and IC subregions are defined by alloantigens (David et al, 1976) and
the IJ subregion by suppressive function and suppressor factors.
(Murphy et al, 1976). In’addition, a11 the subregions, with the
poésiblg éxcgation of Ir-1B, aré associated with surface markers
expressed on immunocytes called Ia.antigens. “ Anti-lIa sera can block

the stimulating cell in the mixed lymphocyte reaction, (Meo et al,1975)
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the acceptor site of the B cell for T cell helper factor, (Taussig et
i]* 1975) and the binding of aggregated immunoglobulin to FC
recgptors. (Dickler and Sachs, 1974).

One of the exceptions to the homology between HLA and H-2 is
the mapping of HLA-D outside the segment coding for the serologically
defined antigens. The functions of the D and I regions may be
homologous but there is somq\igggestion that some of the B cell
alloantigens in man are coded for by detérminants élose to HLA-B as
well as HLA-D. (Dupont et al, 1976). ,

Most genes which determine immune responseS are dominant, so,
to study their inheritance, inbred strains in which inbreeding has
fixed many non or 1owAre£ponder genes are used. .

Specific immune respons;s to certain antigens of restricted
heterogeneity were shown by Pinchuck and Maurer (1965) to be
controlled by dominant, autosomal genes. Information clearly defining
an immune response gené came from studies on the response of inbred |
strains of mice to the branched, synthetic polypeptide antigen
(T,G6)-A--L, which bears a restricted range of antigenic determinants.
(McDevitt and Sela, 1965).

In vivo immunization of congenic strains B10 and B10-A(5R) by
Markman and Dickler(1980)showad that the immune response gene(s) for
(T,6)-A--L is located in the I-A subregion of the H-2 complex.
These. data are consistent with the hypothesis that Ia antigens are
.+ Ir gene products.

Each H-2 haplotype shows a different pattern of responses and

non-responses to a large panel of simple and complex antigens (Shreffler

andfbavid, 1975). This indicates a high degree of polymorphism in Ir
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genes, due to multiple alleles, mu1t1k1e genetic loci, or both. The
pattern of responses by haplogype is different for each antigen.

This strongly suggests the existence of multiple Ir genes, with
each gene determining a different response. (Vitteta and Capra, 1978).

Ope model for the mechanism of histocompatibility-1inked Ir gene
functibn is that these genes control the Ia molecules on macrophages
and B cells. (Benacerraf and Germain, 1978). These molecules would
interact with T dependent antigens such that an Ia antigen specific
stimulus develops which is able to activate only specifi¢ helper,
delayed tybe hypersensitivity, or proliferative T cells. Alternatively,
the Ir genes may be primarily ex;ressed on T cells and be concerned
with the production of spectfic helper and suppressor factors, which
bear deierminants coded for by loci in the I-A and I-J subregions
respectively. ¢

The distinction between high and low respander strains of mice
may be made only when antigen dose, route of injection, time of
immunization, molecular weight of the antigen, and.method of assay
for immune responsiveness are clearly defined. For example, (Kleim,
1975) at a low dose of antigen C57 and CBA strains are both Tow
responders, a¥rp high dose C57 mice give a higher response but at an
1nterﬁed1ate dose/%he strain difference is the largest.

| Immune response genes, for example Ir-IA, may distinguish veny}

well between cross reacting antfgens. These genes may act on a

L —

particular immunoglobulin class, for example Ir-IA controls the
sec?udary but not the primary immune response to (7,G)-A--L. .The Tow
responder's inability to mount a secondary reaction seems to be

linked to the presence of (T,6)-A--L antibodies {nduced by the first ..



immunization. This is because immune cells from a high responder
strain transferred into irradiated syngeneic récipients containing
(T,G)-A--L antibodies fail to respond to (T,G)-A--L immunization.

Functions usually attributed to T cells are defective in low
responder strains. Reactivity can be restored with high responder
T cells. However, Ir-IA region genes may also affect T-B cell
cooperation. The Ir-IA gene product may provide the stimulus
triggering proliferation and differentiation of B cells towards
IgG-secreting cells. (Klein, 1975; ﬁarkman and Dickler, 1980).

The differences between responder and non-responder strains are
further complicated.by the fact that with some antigens the H-2
linked gene seems to be the sole controller of immune kesponsiveq sS,
'responsiveness to other antigens is contrqlled by a whole series of

genes. | —~



D. The Major Histocompatibility Complex of Man

The MHC in man 1s at present defined by at least four distinct
Toci, HLA-A, -B, -C, and -D. The first three loci code for allo-
antigens readily detectable by serological methods, and were first
called serologically defined (SD). The fourth locus, HLA-D, controls

the proliferative response observed in in vitro mixed lymphocyte

culture and has been called lymphocyte defined (LD). (Bajn et al,
1964; Dupont et al, 1976).

This distinction, however, has become inexact with the observation
that DR antigens are expressed on B cells and can be defined serg-
logically. (Bodmer, 1978). It is not clear whether D and DR .
represent tuo genetic loci or one. HLA-A, B, and C malecules are
determined by allelic genes at the three loci and are present on most,
probably all, nucleated cells. They are composed of one variable
glycosylated polypeptide chain of about 43,000 daltons noncovalently
linked to a constant beta-2 microglobulin moiety of 11,000 daltons
(Cresswell et al, 1973; betersen et al, 1974; Thorsby, 1979). '

The beta-2 microglobulin has primary structural homology with
imnunoglobu]in constant region domains. This supports the notion of
common evoluationary origins for the immunoglobulin and histo-
compatibility systems (Orr et al, 1979). An 88 residue fragment
(ac-2) containing the second disulphide 1oop of the HLA-B? heavy
chain has statistically significant homologies to immunoglobulin
constant'domaips and to beta-2 microgiobulin.' Occutrence of an
immunoglobulin 11ke regfon in an MHC product: sugéests that the bumoral

and cellular arms of the immune system share a'comion ancestral

' development.

10



The HLA-A, B, .and C mo}ecules are highly polymorphic. Many
maiecules carry both "private” anttgenic determinants (unique f&r {
‘g1ven A, B or C molecule) and "public"® determ1nangi;(shared between
different allelic products). These molecules induce antibody
production and @ytotoxic cellular responses in allogeneic coﬁbinations.

The HLA-D/DR molecules are determined by allelic genes in the
D region.and have a more restricted tissue distribution, They are
present on macrophages, B lymphocytes.‘endothelial cells, and
sperms. (David et al, 1973; Dossetor eﬁ ai. 1978ft Composed of
two non-covalently linked glycosylated po1ybeptides of 28,000 and

’+

33,000 daltons, they are also highly polymorphic and carry “private”
any "public" determinants. These molecules t{nduce strang T cell
proliferation and antibody production in allogeneic combinatfons
(Bach and Hirschhorn,1964). The T ceil activating déterﬁin&nts are -
called D, while those inducing intibody production irg called DR.

Most T cells appear to have receptors for alle and(pr self-MHC
cell membrane molecules, since a given set of allo-MHC molecules
triggers many T cells, and self MHC molecules are involved in
triggering T cell immune responses to foreign antigens. (Dossetor
et al, 1978; Thorsby, 1979).

The most cosmon method of testing for HLA-A, B and C antigens
is a dye exclusfon ﬁicrolymphocytotoiicity assay deveioped'hy Mittal
et al (1968); A mdificatfon of this technique fs used to test for
HLA-DR aﬁtigenQ. (Bodmgf. i928). / |

1. Immune response genes and disease susceptibility

in humans.

—
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there are closely linked genes thatocontrol the ability of an individual
to respond immunologically to many antigens. These genes may be ,/he
same as, or closely 1inked to, a group of genes associated with
disease susceptibility.” Genes in this linkage group are probably ]
also 1nvo]y_ed in -controlling processes involved in cell 1ntermt10//
(Bach and Van Rood, 1976). - - w

~ One of the explanations for the maintenance 61-‘ the diversity
observed in the HLA region is the relationship between HLA and “
d{sease. (Bodmer, 1972; Degosg et al, 1974; Lilly, 1972). An early v‘
stu&y in this area showed an increased frequ;ncy 61‘ two cross-reacting
antigens. HL-AS of Dausset and 4C of Payne, in Hodgkins disease
(Amiel, 1967)

A.large number of other diseases have. since been associated

-

with increased or decreased frequencies of varfous HLA antigen_s. .

These diseases have been.classified,by Morris (1974) into (1) lymphomas

and leukemias, (2) immunopathic diseases, (3) cancer other than .

lymphomas, and (4) infectious diseases. (McDevitt and Bodmer, 1974). )

There 1is now much data arguing for a selective pressure affecting HLA

polymorphism. (Degos et al, 1974). | A | °
In- the mouse -bdel. H-2 correlates with HLA and Ia mleéules are

believed to be similar to DR molecules (Thorsby, 1978). Ia molecules .

expressing different al‘logen'lc varfants may differ in tbeir capacity

to disphy antigenic deterlimnts in an imnogenic way to T lmho-‘

-

,cxtes efther mmw: in capacity to combine with, or ( |

be ndinm' This twplies that ‘meny of the HLA gnd .
disease assodf tions could be wlained by the HLA mlectﬂes participating

directly in the fmmune response. S - e ge

©
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Heterozygosity at HLA, and a high degree of polymorphism, will be
an advantage for the species, since the more allotypic varfants there
are to select from, the higher is the chance that some members will
have the appropriate display of HLA-A,'B, C, D, molecules with which
to mount an efficient 1hmune response against a given infectious
agent. Depending on the environhent, different selective pressures
would exist in different populations, as found by Bodmer. (1973).

(van Rood et al, 1976).
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E. Techniques for Study of In Vitro Generated Antibody Formation

thh Mice

Marbrook (1967) described a technique for primary immunization
of cultures of mice spleen cells. Spleen cells from normal, immunized
mice are grown on dialysis membranes above a reservoir of medium
together with the desired antigen.

Using this method, the cells have close contact with each other,
and nutrient supply for ée]] growth is maintained. Antibody producing
‘ cells appear in significant numbers in the cultures within three to
five days.

The Jerne and Nordin (1963) assay to measure plaque formation
in agar by single antibody-producing cells was used by Marbrook.
‘Distinct plaques, each of which is due to the release'of hemolysin
by a single antibody forming cell, are revealed byvcomplement after
incubation in an agar layer of a mixture of SRBC and lymphoid cells
immunized jg_!jlg,vor in vitro, with SRBC. (Jerne et al, 1974).

'Incubatibn of the ﬁu]tﬁﬁéd cell suspension at 37% in the
presence of puromycin and cycloheximide (10 ug/ml) decreased the
number and size of the plaques. Although the synthesis of ar.ibody
must be completely inhibited, the cells can continue for some hours
to secrete the antibody sypthesized prior to exposure to these drugs.
Incubation of cell suspensions for two hours in the presence of
8‘ug/m] of Actinomycin D (which inhibits RNA synthesis) has very
_ little effect on plaque formation. It would appear that the messenger
RNA responsible for RNA synthesis is long lived (Jerne et al, 1974):

The direct technique yieldé plaques from cells that produce Igﬁ

hemolytic-antibody. This is based on the greater efficiency of IgM .

14
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in fixing complement, and the rise in direct p]adues to a peak on day
four‘following injection of a large dose of SRBC is paralleled by a rise
in the titre of specific IgM in the serum. (Jerne et al, 1974).
Antibody directed against IgG can inhibit p1aque.formation by
precipitating the antibody released by potential plaque forming cells
(PFC) (Chou et a],\1967). IgG can also result in the appearance of
new plaques. This increase in plaque number after treatment with anti-
IgG antibody has been attributed to some cells forming IgG of Tow
hemolytic capacity. These two actions of IgG antibody are dependent
on the concentration of the antibody added to cultures of sensitized
1ymphocytes. Therefore, although the IgM plaque numbers may be read
quite precise]y‘from a direct plaque forming cell assay, IgG plaque
numbers may be calculated only after dilution studies of the anti-

L

IgG serum to be added to the assay. (Chou et al, 1967)..

Mishell and Dutton (1967) describe another technique for in v?tro
stimulation of sp]éen cells from normal mice. The critical conditions
are low oxygen tension, gentle agitation of the cultures, the inclusion
of fetal calf serum (FCS), adequate:sp1een cell density, and daily
feéding of the cultures with a nutritional mixtﬁre.

Cunningham and Szenberg (1968) developed a plaque assay using
two glass slides put together with two sided tape at both ends and in
the middle. Aliquots of lymphocyte suspension, SRBC and complement
are mixed in microtitre tray wells. The mixture is s1id between the
two slides by pasteur pipette. The chambers are sealed with heated

paraffin and incubated for 30-60 mins. This technique is simpler

to perform and gives more accurate readings than the agar techniques

as the plaques are in a monolayer between the two slides.

Y
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F. Results From Early Murine System Experiments

Early studies with murine lymphocytes by McDevitt and Sela (1965)
showed that interstrain variation in the response to SRBC was greater
than the variation within a strain of mice. These authors measured
antigen binding to the mouse antiserum. The genetic origin of this
difference was confirmed by backcross studies.

Experiments with (T,G)-A--L showed the genetic control of
antibody production against a relatively well defined antigen. Inter-
mediate hybrid responses suggested a gene dose effect in the heterozygote,
It is important to note that responses to these po]ybeptide antigens
are observed in inbred mice only. They are not immunogenic in random
bred Suiss&mfce of verious H-2 specifictties. (Benaceraff and
McDevitt, 1972). This may be due to differences in non H-2 genes.

Lonai and McDevitt (1974) showed that Ir-IA is a dominant auto-
somal gene(s) which regulates the specific ahtibody responses to
several antigens, including three branched multichain polypeptide
antigens, (T,G)-A--L, (H,G)-A--L," and (Phe,G)-A--L. This gene is

rloeatEd within the H-2 region between the K end and another immune
resﬁonse gene,'Ir-IB. Adoptive transfer experiments showed that Ir-IA
is expressed on lymphoid cells and that Ir-JA regulated immune
responsiveness is transferrable with lymphocytes from high respender
animals into irradiated Tow-responder animals.

Lymphoid stem cells from responder mice mature normally under

“the influence of a thymus from a non-responder strain. (Tyan et al, .

1969). The specificity characteristics of the Ir-IA gene(s) were
shown to -be expressed on thumus derived cells.

Responsiveness to another terpolymer containing L;g]utamic acid,

16



L-alanine, and 10% L-tyrosine (GAT10) was found to be controlled in F
“ 1nbreq mice by a dominant gene distinct from those prgvioquy |

- identified at the Ir-IA locus (Kantor et al, 1963). In contrast

to the quantitative differences in aﬁt1body response to thé branched
copolymers, this gene apparently determines responsivenes§ to GAT10

in an all or none fashion. '

Smith et al (1977) showed that two loci, one linked to H- 2 and
the other 11nked to the immunoglobulin heavy chain allotype locus
(Iq1) contro] the quantitative IgM response to (T,G)-A--L. High
response is dominant over low response. Responders may be either
heterozygous or homozygous. The progeny of non responde}é are all
non-resbonders, implying thaf_the non responders are hbmozygous
for this trait. (Pinchuck and Maurer, 1965).

Immune responsiveness to (T-A-G-GLy)n in mice is under the
'control of ai'leastAtwo separate genes (Merrymgn et_al, 19?7)( One
gene controls the ability to respdnd and maps to the IA subregion.

A non H42=linked locus is requnsib]é for the magnitude of the
response. | : \
Sant'Anna et al (1979) showed that the primary response tb'f and .
s antigens of Salmonella Typhimurium is also 1ikely to be under
polygenic control '

Quantitative regulation of the response to sheep enythrocytes
is now known to be under the control of 7-13 1ndependent1y segregating-
loci. (Silver, 1979). Control of the proportidns 6f Igﬁ and Ig6
produced in respohse to SRBC is attributable to. non H-2 linked genes.
These studies indicated’ that. at least in vivo, genetic control is

exerted at various stages 1n.the,1nnune response ' to SRBC. from»the,
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processing of antigen to immunoglobulin production.
. ) . .
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G. Results From Early Work With Human Lymphocytes

1. Tonsillar lymphocytes.

Several early studies of human lymphocyte responsiveness in vitro
made use of tonsillar cells. B and T cells are in almost equal pro-
portion in this population. In peripheral blood, lymphocytes are |
approximately 80% T cells. Despfte this difference, important
1nformatioﬁ was gained and several teﬁhniques developed which have
been used in work with peripheral blood.

For example, Watanabe et al (1974) used Marbrook's technique
and Keyhole limpet hemocyanin (KLH) coupled with dinitrophenotl (DNP)
as antigén in cultures of tofsillar lymphocytes. ~They observed
little response from T or B cells cultured alone. An optimal ratio
pf T to B cells was observed for each person studied. Depletion of
glass adherent cells resulted in elimination - of the anti-hapten
response. There was a requirement for macrophages even in the presence
of 2;mercaptoethano1. The peak response was observed on day 5 or
day 6, uéing Jerne's plaque assay.

Using the Mishel]-aﬁtton.system, Luzzati et al (1976) found that
for human lymphocytes to respond by making antibody to RBC, 2-merc-
aptoethanol was required. The peak response was on day 8, measured by
a modified Jerne assay. This group was able to increase Fhe
response with a specific T cell factor obtaineq by immunization of
mice. 108 murine thymocytes were injected into irradiated, (750R)
récipients together with .1 ml of 10% SRBC or hdrse RBC. Seven days
later the spleens of the recipients were removed and made into single
cell suspensions. The corresponding antigen was added, .1' ml of 1%

RBC suspension per ml of culture. They were cultured for six hours
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at 37°C. The cells were then spun down, and the cell-free supernatant
was the T cell factor.

These experiments suggested that removal of adhering inhibitor
cells was necessary, as the PFC response to SRBC was only observed
after removal of adherent cells.

Galanaud et al (1977) used this technique with SRBC as antigen
and also found that the response was not reproducible witﬁdut the
moﬁse T cell féctor. They therefore used TNP-PAQ as antigen, which
evokes a T cell independent response. 5-10% of normal test subjects
were non-responders in this assay.

2. Peripheral blood lymphocytes.

Peripheral blood lymphocytes stimulated by SRBC have not given
rgproducib]e numbers of plaque forming cells (Delfraissy et al, 1978;.
Fauci and Pratt, 1976). Individua] variations are also reported ig
response to such complex antigens as E. CoTi and purified pollen
antigens. (Black et al, 1976; Kim et al, 1979). This suggests that
the effects of Ir genes may only be observed under extremely
‘limited conditions, such as with structuré]]y simple synthetic poly-

peptides.

One report of correlation between in vitro immune responsiveness
‘and HLA is the antibody and proliferative response to vaccinia
virus. (DeVries et al, 1977). A low in vitro response to vaccinia
virus, tested 3-4 weeks and 5-11 weeks after vaccination was associated
with HLA-CW3. Responses to phytohemagglutinin (PHA) and other
antigens suggested that this response was specific forvvaccinia
virus. fhe difference between in vivo and in vitro sensitization,

particularly with respect to immune response-gene control, is unknown.
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The response by PBL to TNP-PAA gives a peak on day 8, with good
reproduciblity. (Delfraissy et al, 1977). Adherent cell depletion did
not modify the in vitro response, nor did the addition of 2-mercapto-
ethanol. Plaques, using the Jerne assay, were inhibited by cyclo-
heximide and by anti-human IgM serum, but not by anti-human Fc IgG
serum. This indicates that the plaques were of IgM ¢ -, and that
protein synthesis was required for their development. The -moval of
T cells from cultures eliminated the response. TNP-PAA stimu:-ted
T-enriched cells added to cultures of ' T-depleted cells did rnt return
a response when added at the time of the‘PFC assay. Thus, T ceils
are required at the time of induction. (Galanaud, 1979).

Friedman et al (1976) also studied the response of purified B
cells in Mishell-Dutton cultures. They isolated B cells by

.Sephadex G-200 anti-Fab column chromatography and non specifically
activated them with either pokeweed mitogen (PWM) or soluble products
of antigen-act%vated human T-cells, to differentiate into PFC. In
contrast, unfrqctidnated peripheral blood lymphocytes, immunogTobulin
minus cells isolated from immunosorbant columns, and B cells, enriched
by nylon wool adherence, were not triggered tq synthesize antibody
‘even in the presence of polyclonal activators:W-However, B cells
isolated by nylon wool adherence and further fractionated by binding *

and elution from anti-Fab columns were readily triggered By PWM to
differentiate'into PFC. These results suggest that the interaction of

human B cells with anti-Fab columns, presumably with the immunoglobulin

receptors, serves as a signal important 16 the differentiation events

leading to PFC activity. The anti-Fab activity alone, although critical,

was not suffic1ent.to induce the differentiation of precursor cells | /,;h

v
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into PFC since subsequent triggering by antigen-activatéd T-cell
supernatants or PWM was required for the development of an optimal PFC
response.

PFC responses could be regulated by autologous peripheral immuno-

globulin-minus Tymphoid cells in vitro. At low concentrations of PWM,

immunoglobulin-minus cells consistently augmented the B cell PFC
response. At high concentrations of PWM, suppression was observed.
Depletion of erythrocyte-rosetting cells from the immunoglobulin-

minus pobulation eliminated the subset responsible for augmentation but
did not eliminate the suppressor cell activity, suggesting that

the T cell population is responsible for helping the B cell response
and that some other cell type may be: responsible for suppression.

3. Variability in the response to SRBC by one individual.

Lymphocyfe proliferation in vitro precedes the development of
PFC in response to antigen (Kim et al, 1979). Although the number
of PFC observed is not cdrrelated with the amount of thymidine
incorporated.by lymphocytes in culture. Day to day variation in the
numbers of PFC generated by lymphocytes from a siﬁg]e donor ﬁay be
reduced by u%ing‘gerum suppliements from one donor.

Much of the difficulty in meaéuring the }mmuné response to SRBC
in normal individuals has been in this variability of responses
observed from one person. (Ga]anaddlet al, 1977; Mills and Paetkau,
unpublished data). ’ o

Pub]ished explanations for day to day variation are,

1. Variations in the T-B cell ratio. (Watanabe et al, 1974).
Each person tested had a peak response at a different

proportion of T to B cells. The variation of this optimal
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ratio from ekperiment to experiment was not studied.
Also, the number of platelets, polymorphonuclear cells,
and monocytes would be‘expected t® have an effect oo the
immune responsiveness of an tndividual.

2. A diffcring sensitivity of B cells fo T cell help
or suppression. (Friedman et al, 1976). These results
suggested that B cells may have a’var1ab1e.sens1t1v1ty
to suppression, whetherithat'suppression fs due to a
suppressor factor, a suppressor T cell, or a suppressor

macrophage tn a particular system 1s sti11 uncertain.

3. The presence of suppressor ce]ls in various quantities -

and of various types for example, macrophages, T cells,

B cells. (Luzzati et al, 1976; Waidmann and Broder,
1977). These authors suggest that various fmmunodeficient
States arise due to a préponoerance of suppressor cells,

probably'T cells. In culture, the rcmoval of these

cells then allows B cells to function normally.

4:‘ nic antigens cause non-specific stimulation of

human B ce]lsI*giying Tow reproducibility in a PFC assay.
(Delfratssy et al:\;578i. |

5. Variations {n the SRBC thcmsalves their sensitfvity
to lysis and their antigenicity. (Cunningham and Pilarski,
1974). | o

6. Complexity due to the polygehic control of the {mmune
respo;se to. complex antigens. (Galanaud et ai. 1977;
Schwartz et al, 1978)., and -
7. The natural capacity of an 1nd1v1dual S lynphocytes

3,’
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to proliferate and produce antibody ‘may be affected by
1nfectfoﬁ; or any simultaneous response that they may
be makzng. (Dupont et al, 1976; Ishizaka, 1976). '
Antigenic competition or cross reactivfty of determinants
might increase or decrease the response to a particular

antigén on some occasigns.

24
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H. Development of Suppressor Cell Analysis by PFC Responses
' S

Nith Mice. .
' SRBC-specific suppressor T cells may be induced in Mishell utton

cuitures and measured by the Cunningham assay. (Eardley et al, 1976).
Varying amounts of antigen in a primary culture are used to study
the induction of suppressor cell function as measured in a secondary
culture. The pnodu\;#bn of suppressor cells is favored by increasing
the antigen dose in the initial culture but can also be produced
by transferring more cells when 1ower.ddsgs of antigen are used.-

Transfer of small numbers of cells, cultured with low doses of
antigen, led to a specific helper effect. Transfer of large numbers
of educated cells Ied to‘nonspecific suppressiop; responses to SRBC
and HRBC being decreased, whether or not SRBC or HRBC were present
in the educational culture.

Suppression can be induced by the effluent cells from nylon wool
columns which do not make detectable p]aques.'(Eardley et al, 1976).

The suppressor cells are radiation sensitive and must be able to
synthesize protein to suppress. Pactamycin, a protein synthesis
1nh1b1tor, which binds to ribosomes, was able to abolish the
suppressive potential of educated cells. It took two to three days
of education to reach the maximum suppressive efficiency. The cells

"

would not suppress cultures if added two to three days after 6u]ture
q

initiation. "

Kontiainen et al (1978) 1nduced suppressor cell function 1 in yitro

in very small numbers, with 10 cells\ often coupletely suppressing
a primany immune response. Culturing cells for 24 hours with antigen

, yielded supernates which mediated specific suppression. A metabolic
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inhibitor, sodium azide, abolished the release of suppressor factor
from suppressor cells. Once helper factor Had been released,
suppressor factor was inert, as in the previous experiments by
Eardly and Gershon (1976). Thus, the target of suppressor factor
is the helper pathway and not'the~B'ce11 or the macrophage.

The anti-erythrocyte autoantibgdy responsé in mice injected with
-rat erythrocytes is regulated by suppressor cells. (Néysmith et 91,
1980). The autoantiquy response was distinguished from the anti- o
rat response by being‘more radfosensitive. Lymphoid cells from mice
given rat erythrocytes ;ransferred to normal syngéheic recipients
suppressed autoantibody production in the recipients. The degree of
suppression was related £o thg numbeﬁ of cells transferred and to their .
time of injection relative to the injection of rat erythrocytes. The
induction of autoantibody and the generati;n of suppressor cells in
donor animals was unaffected by adult thyméctomy. The authors
suggest that T cells can spétifically inhibit the response of
autﬂreactive B cells, although non-T cells can é]so'suppress their
résponée. How the fofmation of autoantibody is aided by. the injection
of rat erythrocytes in this system is being 1nvest19atéd.> |

Several 1mmunosupp;essive drugs have been studied in the mouse
system, both in vitro anéwjg_gilg. For example, Braciale and Parish
(1980) found Sup;ressor lymphocytes in spleens of mice 5-14 days
after’treatmgnt with high doses of cyclophosphamide. these splgen
~,‘qetis can suppress the 1ﬁ;!1££g.primary response to the soluble
| hdpten-protain'conjugate dinitrophenylated monomeric f1age111n'or
HRBC when added before the second day of culture. This suggests

that the cyélophosbhauﬁde'1nduced'suppressors act late in the in vitro

Ve v
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antibody response, possibly by prematurely shutting off antibody
synthesis by B cellg. They appear to be T cells, being sensitive
to treatment with ant\-thy 1.2.

N\
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I. Development o” Suppressor Cell Andlysis by PFC Responses

’ With Humans

Using the culture and assay system of Gelfand, (Shore et al,
1978), it was noted that at high antigen qpncentrations PFC responses
were suppressed and it seemed that this effect might be mediated in
part by antigen-stimulated T:lymphocytes. ’

They studied the functional activity of purified T cells which
had been pre-incubated or "primed" for 24 hours in the presence of
a high concentration of antigen. These cells contained antigen-
specific suppressor cells which interfered with the induction of
PFC in autologous target PFC cultures.i‘These suppressor cells and
their precursors could be isolated in the theophylline-sensitive
(T-sens) 1ymﬁhocyte fraction. Addition of similarly primed theophylline
resistant (T-resis) cells resulted in a marked enhancement of PFC
generation. The majority of T-sens cells carry receptors for the Fc
portion of IgG.- IgM receptors were found on T-resis cells. Using
IgM or IgG coated ox red blood cells in a rosette depletion procedure,
 the T-mu and T-gamma subsets contained in the primed, purified T cell
preparation were isolated and their activ&;y assayed. Helper cell
activity seemed to be restricted to the T-mu enriched subpopulations
whereas subpressor cells were found in the T-gamma enriched preparations.

Uytde Haag et al (1978) using Gelfand's technique, also noted
suppression in cultures stimulated with a high dose of antigen.
| They set out fo assess two possibilities, that (1) a suppressor cell
was activated in these cultures, or (2) B cell inactivation occurred

at high antigen concentrations, without any interference from T

cells.



PBL were.incubated for 24 hours with high doses of antigen.
These cells were then added to an equal number of autologous PBL
and re-cultured in the presence of antigen. An average of 80%
sﬁppressfon was observed, relative to cultures containing only
fresh PBL.

Some PBL were depleted of adhefent cells and separated fnto T and
non-T cells. The isolated non-T cells were suéplemented with 5%
adherent cells and incubated with a high concentration of antigen
for 24 hours. The cells bf these two populations were then added to
normal PBL primed with an optimal dose of antigen 24 hours earlier.
These conditions were optimal for~the generation of a suppressive
effect. Non-T cells were not able to suppress PFCOresponses in vitro.
<;Z This group also studied the supernatants 6f antigehespecific
T*gubpressor cells, -designated T§F24. (Uytde Haag et al, 19;9). T
lymphocytes were ;u]tured in microtitre plates with SRBC at a ratio of
1 PBL:10 SRBC. After 24 hours, the supernatants were collected and
freed of cells by cenfrifugation. The doae dependency of the
effect of TSF24 varies with each donor and protein synthesis is
required for its production. |

Thése supernatants (a) can suppress an antibody response of
autologous but not allogeneic 1ymphocytes'to the inducing antigen, .
(b) are antigen specific in their effect, and (c) are produced by
Fadiosensitive T cells. The target of the factor is a radiosensitfve
T cell. This indicates that in the generation of T effector and
suppressor cells ig!!jggg, T-T interactions occur and, in addition,

that cell free factors may be-fnvo1ved in these interactions.

Up to 75% of T Iyﬁphocytes in human peripheral blood have receptdrs

29
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for the Fc fragment of IgM (Tm), and a smaller number, less than 20%
have receptors for IgG (TG), and the remainder lack detectable
receptors for IgM or IgG. (Moretta et al, 1977). Since these two
types of receptors are normally present on distinct subpopulations of
T cells, it is possible to fractionate T cells with Fc recepfors by
their capacity to bind IgG or, IgM immune qup]exes and subsequently
to analyze their behavior in in vitro assays. T-mu and T-gamma cells
respond similarly to the T cell mitogen CON A but differently to PHA,
indicating that, in the human, as in the mouse, subpopulations of T

lymphocytes can be distinguished on the basis of differential mitogen

4

responsiveness.

)

_ These authors found that the helper activity was confined to the
T-mu populations. T-gamma cells do not help the induction of either
proliferation or differentiation of B cells. After interaction with IgG
immune complexes during isolation, T-gamma cells suppress the generation
of plasma cells when added to helper T cells and B cells together with PWM.

) Iﬁ_has been reported that the generation of a T-suppressor cell
effect requires mitosis, or another irradiation sensitng, mitomycin
C sensitive process. Fauci et al (1978) found that a subpopulation
of suppressor cells in some individuals are even moée sensitive to
irradiation than are B cells, resulting in the occasional enhancemeyt
~of responses seen at doses of irradiation Tower than those which
directly suppress B cell function.

Suppressor cells to the induction of B lymphocytes %o differentiate

into plasma cells in response to PWM are radiosensitive. (Lydyard
and Hayward, 1979). At least two'cellhtypes may mediate CON-A

. induced éuppression; one which suppresses directly and is radiosensitive
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and the other which is radioresistant and stimulates suppressor
precursors in a target population of T cells. These authofs report

an enhanced proliferative response to CON-A in normal individual's

PBL pre-cultured for 24 hours in vitro, possibly due to the short in
vitro survival of the suppressor precursor. These primary incubations
were performed fn RPMI p]us FCS.

Treatment of human PBL at submitogenic concentrations of sodium
periodate completely inhibits their ability to mount a primary in
vitro antibody response to TNP-PAA. (Galanaud et atl, .1980) Transfer
experiments showed that submitogenic doses induce suppresson.ceiis
to the in vitro antibody response. The generation of thesewsuppressor
cells is decreased but not abolished by'mitomycin treatment whereas
that of CON-A 1nduced}suppressors is prevented. This suppression
is present in the T-enriched fraction. The two types of suppressor
cells appear to affect the in vitro B cell response differently
(Galanaud et al, 1979), both because cell proliferation is required
for the'expression of CON-A stimulated suppressor cells and becaulli
these T cells will suppress equally well when added on day 2 or day d.
of thenresbonding culture.

A summary of these experiments is presented in Table 1.
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II. MATERIALS AND METHODS
Plaque forming cell assays were performedfusing SRBC antigen to
stimulate PBL, T, or B cells in culture. The technique was standard-
1zed with respect to antigen dose, lymphocyte dose, kinetics, and

culture volume.

. The responses of freshly prepared PBL were compared to those of
: fresh]} recTaimed (frbm storage at -70°C) PBL. The effect of adding
PBL, T, B, or adherent cell populatinns pre-incubated with or without
antigen to autologous cultures was “ieqa. |

A. Preparation of Peripheral Blood Leukocytes (PBL)

The method of Boyum (1968) with modificatiqns, was used to prepare
mononuclear cells from peripheral blood. Séven ml tubes of heparin-
ized venous blood were collected and centrifuged at 1500 rpm (500 x g)'
for seven mins. About 1 ml of buffy coat was collected from each tube
and mixed with equal volumes of medium RPMI-1640. About 5 mls of this
buffy coat suspension were layered over 5 mls of Fico]l-Hypaque (F- H)
(sp. gr. 1.077) in 17 x 100 mm c]eqr falcon plastic tubes and
centrifuged at 2000 rpm (800 x g) for 20 mins. Leukocytes at the
interface wer& collected with a pasteur pipette and transferred into
another plast1c tube, washed three t1mes and resuspended in RPMI. This
method regularly gave greater than 95% mononuc]ear cells. Viability
was estimated at over 98% by dye exclusion with trypan blue (0.02%
mixed in 1:1 ratio with a cell suspension).

B. Separation of Different Subpopu1ation§'of PBL

PBL were prepared from heparinized blood as described above,
subjected to rosetting with SRBC followed by centr1fugation on F~H

to separate jthe rosetted T ce11s In some experiments PBL were -
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layered in a plastic petri dish to allow monocytes to adhere to the
plastic surface. Adherent cells (monocytes) were removed by scraping
with a rubber policeman.

In experiments involving bre-incubation of T and B cells, nylon
wool lymphocyte separation was performed tq avoid exposure of the
lymphocytés to sheep erythrocytes before:culturing.

1. Preparation of T lymphocytes by sheep erythrocyte (SRBC) -

rosetting
The method of Pellegrino et al (1975) was used with.the

modifications. This technique requires the preparafion of amino-
ethyliéothiouronium hydrobromide (AET) treated SRBC and SRBC
absorbed fetal calf serum (FCS).

i c
a. Preparation of aminoethylisothiouronium hydrobromideﬁjAETl

1.:reated SR‘BC

SRBC collected in Alsgver's solution and stored less than two
weeks in'the cold were used throughout this project. Of thefﬁ, 0.2 m]
were packed and washed three times with RPMI-1640. This was adQed
to 0.8 ml of 8% AET (Sigha, St. Louis, Mo.), prepared in disti]iéd '
water and adjusted to pH 8.0 with 10 N NaOH. This mixture was
incubated at 37°C for 20 mins. in a shaking water bath. These cells
were then washed three times with RPMI-1640. 0.2 ml of the SRBC ’
were;{esuspe;faéd in"8.0 ml of RPMI-1640 and 2.0 ml of FCS which had
been ébsorbed with' SRBC.

b. Preparation of SRBC absorbed FCS

FCS was absorbed with SRBC for use in rosetting to. remove
naturally occurring anti-SRBC antibodies. (Fauci and Pratt, 1976).
FCS was first decomplemented at 56°C for 30 mins. and then



mixed with SRBC at a ratio of 2:1 (33% suspension). The mixture was
incubated at room temperature overnight. The tubes were spun at

1500 rpm (500 x g) for 10 mins. The serum was separatéd and stored

at -70°C for future use.

c. E-rosetting technique and separation of rosetted

cells from non-rosetted cells

V;PBL were prepared as described above and adjusted to a concen-
trati;B of 5.0 x 106/m1. Equal volumes of these PBL and AET-
treated SRBC were mixed. 5.0 ml of this suspension were layered
onto 5.0 ml of F-H and the tubes incubated at 4°C for 30 mins. The
tubes wére then centrifuged at 2000 rmp (800 x g) for 12 mi- .
4°C. Rosetted T 1ymphocytes and free SRBC settled to the boc:.i. of
the tube while non-rosetted cells containing B cells and monocytes
remained at the interphase. The latter ;ere transferred into another
test tube by pasteur pipette. T cells in the pellet were recovéred
by hypotonic lysis of the SRBC. \?.0 ml of 0.84% NH4CL in distilled
water were added to‘the;tubes with 1.0 m¥  RPMI-1640. The tubes
were inverted once and then 'spun at 1500 rpm (500 x g) for 7 mins.

. These T cells were then washed three times with RPMI-164C  Purity
of the preparations was checked by rerosetting with AET- -eate ' LRBC.

2. Preparation of Monocytes:

6 cells

PBL were prepafed as described above and.incubated,10 x 10
in 15 ml RPMI-1640, on Faldon plastic plates at 37°C for 45 mins. in
10% human AB serum. Non-adherent cells were removed by pasteur
pipette, washed by spinning at 1500 rpm (500 x g) for 7 mins. and
resuspended in RPMI-1640. The plates were then scraped with a rubber

policeman and washed 2-3 times with about 10 ml RPMI-1640 to remove

3
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adherent cells. The adherent cells were washed once and resuspended

in RPMI-1640.

3. Nylon wool separation of T and B_lymphocytes

PBL were prepared as described'above, anh adjuﬁted to a concen-
tration of 10 X 106/m1. 10 cc syringes were'loaded with 0.6 g nylon
woo1/10 x 10°

~and then by liberal washing with cold RPMI-1640. The cells were then

cells. The columns were sterilized with boiling water

added to the column and topped with 1 m1 RPMI-1640. The columns were
incubated for 45 mins. at 37°C; The effluent, T cell rich, population
was then recovered by washing of the column with 30 mi of RPMI-1640.

The nylon wool was then removed to a petri dish and mashed gently with

thé syringe top to r~—ove e adhering B ce]lrbdpulation, into 15 ml

of RPMI-1640.
C. Tests for Chec: .ng tr. Purity of Subpopulations of PBL

1. Rerosetting with AET-treated .SRBC

Cells were suspended 1in RPMI-]G{O at 3 x 106/m1 and 0.25 ml were '
mixed with 0.25 ml1 AET-treated SRBC. To this 0.5 ml of SRBC-absorbed
FCS were added and the mixture centrifuged at 1000 rpm (200 x g) for -
5 min. and left at 4°C for 1 hour. After gentle resuspension the
percentage of rosetting cells was checked.

2. Percent killing with anti-B-cell serum

The standard complement dependent cytotoxici;y test (Mittal et al,’

1968) was adapted with the use of antifB-cell serum (mouse Ia allo-
antiserum, Cedarlane, Hornby, Ontario). The percent killing of all

T-cell and B-cell preparations were recorded.

36
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D." Freezing and Reclaiming of Lymphocytes

In experiments where reclaimed cells were used, PBL were first
prepared as described abové. Cells were frozen at a final concentration
of 10 x 10%/m1" in 15% AB serum.

Cell Suspensions were frozen by the slow addition of 15% AB serum
in RPMI-1640 with 20% dimethyl sulfoxide (DMSO) (Fisher Scientific,

Fair Lawn, New Jersey); an equal volume to the cell suspension (at

a concentration of 20 x 106 PBL/m1). Cells were stored in NUNC freezing
ampules at‘-70°C. (Inter Med, Roskilde, Denmark)

E. In Vitro Sensitization of PBL to Sheep Erythrocytes

The technique of Dosch and Gelfand (1977) was modified and

standardized for use in this project.

The special considerations were; the culture medium, the serum

pool preparation, and the sheep erythrocytes.

1. The culture medium

RPMI-1640 was supplemented with 1% trypticase soy broth (BBL,
Cockeysville, Maryland); antibiotics, 100 U/ml Penicillin, 100 U/m!
Streptomycin, and 25 ug/ml Fungizone (Gibco, Grand Island, New
York); 1% 20 mM L-Glutamine (Gibco, Grand Island, New York); and

10% AB serum.

2. Human AB serum pool

Serum pools contained AB serum from at least two donors. Each
was first decomplemented by heating in a 56° water Bath for 30 mins.
The pooled serum was absorbed with 10% SRBC at 4°C for 2 hours to
remove naturally occurring anti-SRBC antibodies.

3. Sheep erythrocyte antigen

SRBC were washed three times in RPMI-1640 before use. Cultures




were stimulated with various numbers of SRBC added in 50 A of RPMI-
1640, regardless of the total number to be added.' During washing
of the SRBC, the buffy coat was removed to avoid the production

of autohemolytic. antibody forming cells (Jerne et al, 1974).

4. Culture protocol

Lymphocytes and lymphocyte subpopulations were prepared as
described above. After washing, they Qere cultured in culture medium,
with or without antigen, at 37°C in 5% C02.

The effects of culture period, and numbers of cells, both lymphocytes
and SRBC per culture were inve<’igated to establish optimal conditions.
Except in the experiments where the volume varied, as described below,
the cells were cultured in 10 ml of medium.

Cultures were performed in 17 x 100 mm clear Falcon ;;;;;Tb<fubes.
or, when the volume exceeded 10 ml, Corning polystyrene tissue culture
flasks were used (Corning Glass Works, New York).

F. P]'aqﬁe Forming Cell /&QL -

Cells were recovered from cultures by centrifuging at 1500 rpm
(500 x g) for 5 mins. The cultures were washed once in RPMI-1640
and resuspénded at 2 x 106/m1 viable cells, as measured by dye exclusion
with trypan blue. |

The plaque assay was performed in microtest II"p1a£es (Falcon
plastics #3040) with flat bottom wells.

Poly-L-lysine (PLL) (Sigma, St. Louis, Mo.) was added to each
well, 50 A , (50-100 ug/ml in distilled water) so that 1ts‘positivé
charge would allow adhesion of a monolayer gf sheep erythrocytes.

Excess PLL was ;emoved by rinsing with saline, after 30 mins. incubation

of the plates at 37°Q. -~
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100 X of 1-2% SRBC in RPMI-1640 were then added to each well.
The p]ates‘were then incubated at 37° for 390-60 mins.' Excess red
cells were removed with saline. 50 A of RPMI-1640 were added
to each well.

25 X of the resuspended lymphocytes (50,000 cells) were then
added, in triplicates, to the plates.

Guinea pig complement (Gibco, Grand Island, New York) was diluted
1:20 wjth RPMI-1640 and absorbed with SRBC in a 2:1 ratio at 4°C
for 1 hour to remove naturally occurring anti-sheep antibodies. 20 A
of complement was added to each of the test wells.

Plates were incubated at'37°C for 1 hour andrread’on an inverted
microscope (lLeitz, Wetzlar, Genmany). \

G. Calculation of Results | 4 <>

Plaque counts from each well were recorded and multiplied by 20

6

to obtain a PFC count per 10° viable cells recovered. The average

count and standard deviation for the three replicate wells from each
culture and control were recorded.
H. Controls

In every experiment negative control wells with no.complgment

-added were assayed. For each individual a "no antigen" control
<

culture was set up.

A zero PFC count fpr any individual was accepted only if the
viability of'the cilture exceeded 85% ahd if another {individual in

the same experiment gave a positive result.

I. Comparison of Responses from Fresh and Reclaimed Cells

An individual's lymphocytes from one bleed were divided into
two aliquots, one to be frozen as described- above, the other was left
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in culture medium at room temperature until the frozen sample was
reclaimed. After 2-3 hours at -70°C, the frozen alfquot was reclaimed
" and both were set up in culture using the same protocol.

PFC counts were compared when the two types of cells were
cultured separately, and when added together 1in Varying'prSBOrtions. .
J. Addition of Pre-incubated Lymphocytes to Autolgﬁgus

‘ Cultures ‘ )

In all these experiments, cells were obtained from one bleed

.

and stored at -70°C as described abave.
Lymphocytes, B cells, T cells, and adherent cells were pre-
incubated for 1,3, or 6 days in various media and then added to

autologous PBL in the standard medium. The pre-incubations, or

7 108 9 SRBC and 1.0 x 10°

primary cultures ,contained 0, 10 , or 10

lymphocytes. A1l target, or secondary, cultures contained 0.5 x 106

6
6

. _ ¥ 4 .
freshly reclaimed PBL, 108 SRBC, and 0.5 x 10° cells from the primary

culture. Control cultures contained 1.0 x 10° freshly reclaimed PBL.

K. Statistical Methods : : —

Tests for significant differences (p values) were performed using
the student's t-tegé. Unless specified otherwise, these tésts were '
unpaired. In all cases all the raw data (eacﬁ‘qf‘three tripTicates)
were used. , o |

[ 4 ~

4
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Surnmary of Pre-Incubation Study Protocol

Primary Culture

1, 3 or 6 days

1.0 x 10° PBL, T, B, or adherent cells

+

0, 107, 108, or 10° srec

Into Two Secondary Cultures

-PBL {autologous, 0.5 x 106) PBL (autologous, 0.5
L+ N e +
10® srec o ‘No Antigen
o+ +
0.5 x 10° 19CeMs 0.5 x 106 1° cells

//;,—

2

X 106) '

a




[IT. RESULTS

’& A. Control PFC Results

No PFC were observed in cultures from any individuals unless SRBC were

present in the stimulating culture. This lack of background plaques is cdn-
sistent with work by Ginsburg et al (1978).

B. Purity of Cell Separations

1. T cell enriched

The purity of the T cell enriched fractions was 91 * 7.3% by rerosetting.

The anti-B cell treatment killed dn]y 4.1 ¥ 1.3% of these cell populations.

2. B cell enriched (Table ?) y

B cell enriched fractions were 60 * 3.5% killed by anti-B cell serum treat-

ment. Only 5.2 * 1.1% of these cell preparations rerosetted with AET-SREC.

3. Monocytes (Table 2)

/’ The purity of adherent cell preparations and of adherent depleted popu-

lations was not determined.

C. mK’inet:'ics of the P‘FC Response

Té study the kinetics of the PFC response, rep]icate cultures of varying
numbers of lymphocytes and SRBC were harvésted from day 1 to day 14. The
peak response from all individuals was observed on day 6. This Qas true
regardless of the antigen or lymphocyté dose in éh]ture. Responses were
also observed on days 3 through 9. In six experiments where cu . .tes ‘

" were continued throuéh day 14, no response was observed after day 9.
R | (Figure 1). Complete results are shown in Appendices 1 thrpugh 3.
:- D. Effect of Varying Antigen Dose On the PFC Response

7 8 9

3 Individuals were tested in cultures containing 107, 10°, or 10

SRBC. The peak response was always observed in the culture which
contained 108 SRBC. Sub-optimal fgsponseg were obtained in those
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cultures containing 107 or 10° SRBC. This was true at 1ymphocyte .

dosages of 0.25 x 10% (n=17), 0.5 x 10% (n=14), 1.0 x 10® (a=17),
3.0 x 10° (n=11), and 7.0 x 106’(n=8) per culture. (Figure 2).
Some individuals gave responses only when cultures contained 108
SRBC. Figure 3 emphasizes thevpoint'that 108 SRBC/culture is the
optimum antigén dose at.each of the three optimal lymphocyte doses.
(0.5 x 10%/cutture, 1.0 x 10%culture, 3:0 x 10%/culture). Complete
results are shown in appendices 4 through 11.

E. Effect of Varying Lymphocyte Dose on the PFC Response

Seventeen individuals were tested at five lymphocyte doses;
0.25 x 105/culture, 0.5 x 105/culture, 1.0 x 1068/culture, 3.0 105 /
culture, and 7.0 x 106/cu1ture. These dosa;es were each tested with
107, 108, and 109 SRBC peflculture.‘ The average peai-response was at
0.5 x.106 PBL per culture although four individuals gave a higher
response at 1.0 x 106 PBL per culture. (Figure 4).
- F. Effect of Volume Variation on the PFC Response

To study the effects of nutrient supply and cell crowding the
culture volume and cell concentrations were varied. Six individuals
were tested at the standard volume of 10 ml, and at two concentratfons

6

each; 0.1 x 10 PBL per ml, and 1.0 x 10" PBL per ml. (Figure 5).

Three numbers of lymphoéytes per culture were studied in each case; . .

0.5 x 108, 1.0 x 105, and 3.0 x,10%. A1l cultures were stimulated

with 108 SRec.

G. Effect of Lymphocyte Treatment with Mitomycin C onjthe PFC Response

To test for the requirement for DNA synthesis 1n;bﬂaque formation,
lymphocytes were treated with mitomycin C before cultu}e.
Treatment consisted of a 30 minute incubation of 5 x 106 PBL

»
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with 25 ug Mitomycin C. The cells were then washed and set up in
cultures as usual. Results as shown in Table 3; this treatment signifi-
cantly lowered (p < 0.01) but did not abolish the PFC responses in

four individuals.

H. Variation Between Experiments

To check the technical reproducibility of this assay, the responses

from four different individuals tested on four different days each were

recorded (Table 4). Each culture contained ‘.0_x'106 PBL and 108 SRBC.

The mean responses on each of the four days, and their standard devia-

-~

tions, are compared. .

I. Variation Within an Experiment

Within experimgnt variation was studied ny settiné up five replicate
cul tures of 0.5 x 106 PBL and five_of 1.0 x 106 PBL from one bleed.
Eachyculturé was stimulated with 108 SRBC. The mean and standard devia-
tions of six individuals tested in'tnis manner are recorded in Table. 5.
This shows that there was very low var1at1on w1:31n replicates, indicating
that this 1§\not the cause of the observed day 'day.variation from
individuals. .

J. Day to Day Variation

Day to day variation was studied by testing 20 incividuals on four
different occasions each. Cultures of 1.0 x 106 PBL were stimulated

8.'SRBC. The means and standard deviations for the 20 individuals

with 10
ane recorded in Table 6. Of parficu]ar interest are (1) the fairly con-
sistent mean responses and, (2) the wid; range of standard deviations,
i.e. some people vary nuch more than others in their day to day ability
‘to form anti-SﬁBC plaques.A The p values for the difference between an
individual's high and low PFC responses are all significant ~ The sources
and distribution of day to day.variation were not studied, so this

variation cannot be further analyzed.




45

K. Effect of Lymphocyte Proliferation in "Inducing" Cultures

on PFC Results

The day to day variability observed might haye been due to
varying cell proliferation rates. Proliferation indices are compared

with lymphocyte dosages (0.5 x 106, 1.0 x 106, 3.0 x 106 and 7.0 x 106

~

PBL per culture) at 108 SRBC per culture (Figure 6) and 107 SRBC

. . _ cell count after culture
per culture (Figure 7). Proliferation Index = cel1 count before culture"

L. Effect of Adherent Cell Removal on the PFC Resu1ts

The effect of adherent ceJ1 removal was studied at 0.5 x 106

PBL per culture and at 1.0 x 106 PBL per culture. ATl cultures were

8

stimulated with 10™ SRBC. - The adherent cell depleted cultures showed

significantly decreased responses, (p < 0.025) but their PFC counts
were never zero. (Figure 8). ‘

M. Requirement for T and B Lymphocytes

"The requ}rement for T cell help for the B cell function of \
|

plaque formation was studied by performing lymphocyte separatjons.\

\
A

Lymphocytes separated into T and B cell subpopulations by SRBC- \
rosetting were added together in various proportions, cultured, and A
tested as usual. Al -cultures contained a total of 1.0 x 10° cells \

and were stimulated with 10° srec (Table 8). Proliferation indices
were not correlated with high or low PFC responses. T or B cells
alone gave zero PFC; the aptimal ratio for anti-SRBC PFC generation
was 50% or 80% T cells.. '

N. Comparison of T/8 Cell §Aparat10ns by SRBC - Rosetting and by

Nylon HooI Colunin: Adherence

Since SRBC were the stimu]ating’entigen. the SRBC-rosefte method

of T cell separation might have had some effect on the results. To
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explore this possibiiity; another method of T cell separation (nylon

wool column adherence) was used and the results compared in two
experiments. (Table 7). Lymphocytes separated by the two methods

were added together in various proportions and te;ted as usual,

A1l cultures contained 1.0 x 108 cells in total and were stimulated with
108 SRBC. The two techniques did not give significantly different results.

0. Studies With Frozen Reclaimed Lymphocytes

As part of the reproducibility studies, the responses from
frozen reclaimed PBL were compared with those from fresh lymphocytes.
tymphocytes from one bleed were tested as fresh and as frozen, reclaimed
lymphocytes (technique as described in materials and methods). Four
individuals were tested in this fashion on four d1fferent occas1ons —

8 SRBC. Three lymphocyte

Al] cultures were stimulated with 10
dosages were tested; 0.5 x 108 » 1.0 x 106_and 3.0 x 10° PBL per
culture. The mean responses from reclaimed lymphocytes were always significantly
higher than those from fresh 1ymphocytes. The standard deviatioﬁs
from experiments with reclaimed 1ymphocytes were always lower than those
from experimepts wifh fresh ]ymbhocytes. (Table 9). Proliferation
indices 1n-rgc1aimed cultures did not correlate with high or low PFC
re§ponses and were no less vﬁriab]e than those from cultures of '
fresh lymphocytes (Figure 9). o
A further investigatidn of twenty-seven individuals comparing
PFC responses of fresh and reclaimed lymphocytes showed that at éach;
6, 1.0 x 10°

of three 1ymphocyte doses per culture, (0 5x 107, and

3.0 x 10 ) the responses of reclaimed lymphocytes were always

_ significantly higher. (Figure 10).
Since-iﬁé freezing procedure involves treatment of lymphocytes
’ . e
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with DT?O, it is possible that the observed differences between the re-
sponsiveness of fresh cells and freshly relcaimed lymphocytes are due to
the effect of DMSO. To test this possibi]?ty, in some experiments (Table
10), ce]ls were treated with DMSO, as described in materials and methods,
immediately washed and set up in cultures. 'Gther a]iquots fﬁbh the same
bleed were either set up in fresh cultures or frdzen. reclaimed, and set
up in culture 2 hours later. These results suggeet that DMSO treatment
alone could conceivably be sufficient to induce the increased response
noted above;_freezihg is not required. Most p values compérﬁng fresh
and treated cu]ture§ were highly significant (Table 10). |

To explain this hypothesis that DMSO treatment removes a suppressor
cell or é suppressor cell precursor from the fresh lynphoeyte population,
fresh and reclaimed 1ymphocytes were mixed in one preliminary experiment.
Cu]tures were stimulated with 108 SRBC and contained 1.0 X 105 PBL (Figure
11a) or 3.0 x 106 PBL (Figure 11b). These experiments showed an increased
PFC response as the proportion of fresh 1ymphocytes was reduced The same
trend was observed in a further series of experiments“(Figure ]2)3

P. Effect of Addition of Pre-incubated Cells to Autologous Cu]tures on

the PFC Response

As we began to ekplore the activity of suppressor cells in this system,
we wondered if pre-incubation of 1yhphocytes might have the same effect as .
has been observed in other systemse Pre-incubetion activated suppressor
cells in humoral. systems measuring PFC response to PWM (Lipsky et'a1.>1978),
and to ovalbumin (Shore et\a].1i978). '

1. Pre-incubation of PBL

Lymphocytes 1ncubated for three;days with or without antigeh were able
to suppress the response of cultures of autologous PBL to SRBC. Pre-incu-

bations (primary cultures) contained 1.0 x 10° paL. 0.5 x los»ofethese
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ce11sAweré added to 0.5 x 106 freshly reclaimed autologous PBL. These

8

secondary cultures '(containing “target" TBL) were stimulated with 10~ SRBC

_(Figure 13). The p va]yes, comparing the control cultures to those con-
taining added pre-incubated bg]]s, are: p € 0.01 for cells pre-incubated
without antigen or with 107 SRBC, p < 0.02 for cells pre-incubated with

8 srac.

107 SRBC and p < 0.4 for qel]s pre-incubated with 10

More significant suppression was obtained when the length of the pri-
mary culture was 'six days. A1l other aspects of the protocol were iden-
tical (Figure 14). The p values, comparing the control cultures to those
with ;dded pre-incubated cells, are recorded in Figure 14.

2. Pre-incubation of T cells, B cells, and monocytes

-~

To test which type of cells was able to suppress the PFC response,

lymphocytes (unseparated), T cells, and B cells were pre-incubated for
ejther one or six days with or without antigen. Nylon wool column separated
cells were used and cell nhmbers were the same as those in the above experi-
ments (F}gure 15). B cé]]s which were pre-incubatéglalone suppressed the
target lymphocyte's response to a lesser degree than did PBL; T ¢cells com-
pletely suppressed the target lymphocyte response to SRBC. The p-values,
comparing the contrq] cultures to those with added pre-incubated cells, are
recorded .in Figure 15 and are/a11 highly significant.

Similar resylts were_obtained when the length df the primary culturé was
six days. All othef aspects of the protocol were fdentical (Figure 16).
The p values; comparing the control cultures to those with added pre-incubated
adherent cells, are: p <’0.0§ for cells pre-incubated without antigen, and
p € 0.01 for cells pre-incubated with 10° SRBC. .

3. Quantitation of T suppressor cell activity

Sincerpre-incubated T cells, 0.5 é'los per culture were able to
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completely suppress the PFC response, a comparison stbdy with fewer
deed\pells was performed. T cells which had been pre-incubated
with or w1thoﬁt antigen for 24 hours, and } cells which had beén‘
fresh]y reclaimed, were addéd to autologous, freshly reclaimed
PQL.(O.S X 106) ;nd'stimulated with 10g‘SRBC'(F19ure 17).

T cells pre-incubated with 109 SRBC suppressed the PFC responses
at lower'numbers than did those T cells pre—incubated without antigen; ‘ L
most of these comparisons were statistically significant (Table 1])
Suppressor 1nd1ces for these experiments are recorded in Table 11.

Suppressor Index=

r-. Response with pre-incubated T cells ' L , . . s
ﬁ’dded to. autolo«ous PBL - ;
1 - ~ x 100
Response with freshly reclaimed T )
L; cells added to autoIogous PBL : ‘ ' ’,

The number of .e1ls which had to be added to the autologous
PBL to reach 50% suppression‘ofvthe control-responsev(autologous PBL
with freshly reclaimed T cells) s also recorded in Table 11.

4. Vanying;media'in the primary culture |

‘The activation of suppressor cells in primany cultures which lack

added antigen but do contain serum has been reported before but never

-sufficiently explained. (Anacteria et q1,51979. Burns et al, 1975) .
The effects of AB serum. sutologous sehum, or no'serum fn the K

.:_;:prinany culture were compared (Table 12)

'ftj)v. T cells were 1solated. pre-incubated and added to secondany A B St

' cultures as above No antigen uas prasent 1n the prinaty cuIture.m
Suppression of thl autologous PBL’ res:;ﬂ;:fto SREC, was complete e
except nhere tm pr'lnry culture contﬁmd "Hccq.y's«hedfm or RPHE-IM’;* Oy

without serun
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Figure 1. Kinetics -of the PFC Response. The mean responses, + 1°SD,
. are plotted for six individuals tested on days 1 to 14.
A1l responses before day 3 and afteraday 8 were zero.
A1l cultures were stimula;ed with 10°. SRBC. Cultures
. stimulated with 107 or 109 SRBC gave zero PFC. For
complete results see appendices 1, 2 and 3.
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Figure 2.

v

-

Effect of varying antigen dose on the PF¢ response. The ' -
mean responses, + 1 SD are piotted for individuals~ . - - =
tested at three antigen doses. 17 individyals were tested
with 0.25 x (1)§5 PBL/culture, 14 individulls Were-tested
with 0.5 x 100 PBL/culture, 17 individuals with 1.0 x 106
PBL/culture, 11 individuals with 3.0 x 10° P8L/cuttire ‘
and 8 individuals with 7.0 x.106 PBL/culture, For
complete results see pppendices 4, 5,7, and 9. -
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'F‘lgure 3. Effect of ?rying antigen dose on the PFC Response’:‘ The .
. mean fract of the maximum.response‘t-1 SD, {s plotted
for three dose response-curves in figure 2. For complete S
results see. appendices 6, 8 and 10. L . ®4 X
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“ Figure 4. Effect of varying lymphocyte dose on the PFC response. The:
mean responses, + 1 SD,are plotted for 11 individuals
tested, ag 5 lymphocyte doses. A1l cultures contaiming
7.0 x 10° PBL gave zero PFC. - ‘
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Figure 5. Effect of volumeﬁvariation on the PFC response. fhe mean
" responses, + 1 SD, are plotted for 6 individuals tested at
two concentrations of PBL/ml. When the volume was held

constant at 10 ml, tHe concentration i each cuéaure wag . . .
different. A1l cultures were stimulated with 10° SRBC. =~

-
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- Effect of lymphocyte proliferation in "inducing" cuitures on

PFC results. Proliferation indices are plotted at: “each of

three cgll numbers/culture.; A1l culturgs were stimulated

with 10° SR .The correlation coefficient for cultyres
té\other coefficients are less.

than 0.5. Proliferation Index = Cell count after culture/

cell count before culture.
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" Figure 7. Effect of lymphocyte proliferation in "inducing" cultures on
: PFC results. Proliferation indices are plotted at each of
- three cg]l numbers/culture. All cultures were stimulated
© " with 107 SRBC. o c ~
. { .~, . ) ¢ ’ ] . N R ) .
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Figure 8. Effect of adhecent cel1 removal on PFC results. PBL were
. . tested with and without adherﬁnt cell dep?etion A
cu] tures were sﬁimu'l ted with 108 - Mean for control

-

\ cultures of 0.5x 08 PaL = 542F 143 PFC/106 ce]ls. Mean K

“for adherent cell depletedtultures of 0.5 x 109 celis =

‘506 * 82 PFC/100 cells. This affference,is significant, .

p < 0. 025, using a paired t-test.
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Effect of addingifreshly rec1a1med &oto1ogous PBL to .
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Figure 13. Effect of the addi_t?on of pre-incubated cells to an autologous
- culture on the PFC response. The means,+ 13D, gf three -
e e experiménts. In which PBL were pre-inedb¥tad (primgty culture)
T -~ with or without antigen for tM days. These. c§lis.-were
then.added 1n 1:1 mixture to freshly reclaimed autologous: =
- PBL (secondary culture). The secondary cultures contajned -
- 4 total of 1.0 x 106ecells and were stimulated with 10° SRBC. -
- The p values, ~cq¢lg_lr1hg the control cultures (freshly reclafimed,
. PBL) to those with added pre-Incubated cells are, using a paired -
‘.‘ t-,sest: p < 0.01 for cells pre-incubated without ant’;en-.or with .
107 SRBC, p < 0.02 for cells pre-incuhated with 10" SRBC and .
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Figure 14,

. culture) with. or withe
“'were then added:3n -1:7

_ containg

Effect of the additton of pre-incubated cells to an autologous
culture on the PFC esponse. The means, : 1 3D, of six =
experiments in which.P8L-were pre-incubated (pr mary -

n- a T Wmfxture to freshly peclate S
autologous PBL (secondary. culture). The second®y cultures ©

with 105 SRBC, -

" - The P. values, comparing the ~'-cdntr"o-lr tdl'tur?es to; thds.'e'ﬁft"tii

with 10D Srec

- added pre-incubated cells. are, using & patred/t-test: = ..

p < 0.05 for cells. pree’i-ncuba.t-je’ without antigen, p < 0.05* |
for cells pre-incubate with 10/ SRBC, p!(s 005 for cells -~
pre-incubated with 10% SR8C,. p<O.1 for gg}]s-‘jpr_e‘-..i.ncubatéd.:. o

- , .

L T .. -

htigen for six days. These cells = .

a total of 1.0 x 106 cells and were stlmlated® -~. =
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Figure 17.

Addition of T cells to autologous cultures. The means,
t 1 SD, of five experiments in which T cells were added
to autologous cultures of PBL. The mean and standard
deviation for the five control cultures containing no
added' T cells was 542 + 143 PFC/106 cells: Al
secondary cultures contained 0.5 x 10° target PBL

and were stimulated with 10° SRBC.
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Figure 18.

Effect of the addition of pre-incubated adherent cells

to an autologous culture on the PFC response. Five
experiments in which adh-rent cells were pre-incubated

with or without antigen for 1 day. These cells we-=

then added in 1:1 mixture to freshly reclaimed autc ogous

PBL (secondary cu]tgre). The secondary cultures contained

a total of 1.0 % 10° cells and were stimulated with 108

SRBC. The means, * ISD are: control cultures, 565 * 46 PFC/
10° cells; cultures with adherent cells pre-incubated without
antigen, 409 ¥ 119 PFC/106 cells; and cultures with adherent
cells pre-incubated with 109 SRBC, 383 * 91 PFC/106 cells.
The p values, comparing control cultures to those with added
pre-incubated adherent cells, are: p < 0.05 for cells pre-
incubatsd without antigen and p < 0.01 for cells pre-incubated
with 10° SRBC; using a paired t-test.
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Table 2 -

Purity of Cell Preparations v

(a) 'SRBC - Rosetting

T Cells “

. % Rerosetting ¥ Kill
(Ant1-B)
91 + 7.3 4.1 + 1.3
n=9 n=9
(b) Nylon Wool Column
T Cells
% Rosetting % Kin
(Anti-B)
r 89 *10.3 5.0 3.3
n=5 n=9

A B Cells
%&* T Rerosetting - - % Kill
' _ (Anti-B)

5.2 + 1.1 60 + 3.5

“.

n=5 n=5
B Cells
% Rosetting 2 Kill
- (Anti-B)
7.3 %22 63 1 2.3
: n=5 n=5 -
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Table 3
Effect of Lymphocyte Treatment with 25 ug Mitomycin C

on the PFC Response

prc/108 cells

0.5 x 10%geT1s/Culture 1.0 x 10° Cells/Culture
Untreated Treated * Untreated Treated
306 + 31 lfa + 31 g 213 + 23 126 + 23
513 + 46 406 + 30 460 + 53 300 + 40
540 + 60 406 +°50 ’ 366 + 23 300 + 40
366 t 23 313 + 33 313 + 33 286 + 23

N
¥

*The p values, comparing treated and untreated cultures, are all < 0.01,
using a paired t-test.
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Table 4
Variatic Between Experiments

Means and 1 SD for 4 days og which 4 individuals'

PBL were tested at 1.0 x 10° PBL/culture, and 108 L
SRBC/Culture.
. prc/10° Cells
Day 1 729 t 224
Day 2 858 + 124
Day 3- 406 + 198
Day 4 583 + 83

Comparing Day 2 and Day 3, p = 0.05. Differences
setween means of experiments on other days are not
significant. ( p < 0.4 )

Table 5
Variation Within an Experiment
Means and 1 SD of five replicate cultures from
each of six individuals. Each mean is therefore
the average of 15 wells.

pec/10% cells

0.5 x 10% PBL/Culture 1.0 x 108 PBL/CuTture
108 SRBC | 108 SRBC
763 + 116 3784 = 75
1706 + 89 0
1392 + 64 932 + 97
645 + 26 1179 + 101
427 + 30 785 + 80
1019 + 100 ‘ 493 + 54



N

Table 6

Day to Day Variation in 20 Individusls,
Each Tested on 4 Occasions

Each culture contained 1.0 x 100 cells
and was stimulated with 108 SRBC

prc/10% Cells

p for high
SD. S0 S0 g Mean tasu U0
1 373 33 540 40 713 17 286 11 478 + 189 <0.005
2 466 3 500 43 353 23 880 43 549 + 229 <0.005
3 g46 15 540 15 393 25 546 44 581 » 190 <0.0)
4 840 20 973 23 353 27 426 11 648 + 285 <0.00)
5 540 11 620 21 793 19 740 23 673 + 114 <0.025
6 626 40 386 11 1233 15 413 3 664 + 398 ¢0.00]
7 166 17 620 22 653 22 1006 22 611 + 344 ¢0.00]
8 646 33 900 3 880 31 826 33 813 + 74 <0.05
9 1033 37 740 33 633 27 973 30 844 + 189 <€ 0.025
10 633 15 760 3 600 33 ND 664 + 84 <0.05
N 940 15 533 37 1033 29 ND 835 + 265 <0.01
12 1153 21 373 15 533 13 ND 686 + 411 <0.00]
13 826 23 336 19 506 11 0 417 + 250
14 1033 N 453 23 646 11 0 533 + 429
15 273 31 606 24 0 133 11 253 + 318
16 g26 31 1013 23 1360 44 0 799 + 577
17 386 14 373 31 285 30 306 19 337 + 49 <0.05
18 833 20 620 30 0 393 23 461 + 352
19 440 23 413 27 579 19 600 25 508 + 95 €0.05
20 346 20 1033 11 0 540 20 493 + 289

all 80 experiments 564 t 206



NS
Combarison_of T/B Cel] ‘Separations by
SRBC Rosetting and by NytanWeal Column- Adherence
(PFc/10° celis)

A1l cultures_contained 1.0 x 10® cells; 108 SRBC.

\
\

¥ T Cells E-RFC Séparation N;;on Wool Column
Separation

*

#1 sD #2 sD #1 sp #2 sp
0 o O o O .0 0 0 0
10 346 31 253 22 400 30 243 37
20 460 23 0 o 423 33 120 33
50 413 34 1233 27 397 23 1019 30
80 486 27 813 33 495 20 813 49
90 1266 44 0 O 1166 27 0 o
160 0 0 0 o 0 o0 0 o

Not
Separated 753 30 1153 37

The percentage of T cells represents the proportion of T cells
added to B cells to total 1.0 x ]06 lymphocytes in each culture.

*#1 and #2 are different individuals.

p va .es comparing E-RFC Separation and Nylon Wool
Column Sepsration. {paired t-test)

% T CELLS # #2 -
10 < 0.4 0.4
20 < 0.2 ---
50 5 €0.1 €0.2
80 <0.4
90 0.2
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Variation Between Experiments - Reclaimed Cells From
~ Different Bleeds .

Cells from four individuals were frozen and reclaimed
for tesging 1 - 3 weeks later. Cultér‘es were stimrhated

with 10° SRBC. .
p values for the
Experiment
P 1 2 3 Meant1SD  Fresh .‘.’i;‘c“,’:h":;.‘."gn:p
(x106) PFC/106 cells Responses ., coC B A0 s
per culture . Mean + 1 SD e : mean
.5 926 786 746 819 + 94 646 + 233 ¢ 0.01
1.0 620 446 533 533 + 87 320 + 180 < 0.01
3.0 200 346 366 304 + 90 0 ——--
.5 846 813 746 801 + 50 720 + 196 <€ 0.05
1.0 406 /493 386 428 + 56 386 + 176 < 0.05
3.0 333.) 366 370 356 + 20 0 -
.5 800 773 673 748 + 66 620 + 193 ¢ 0.025
i 633 660 593 628 + 33 - 400 + 120 < 0.0
3.0 446 533 433 470 + ‘54 286 + 176 <€ 0.005
.5 540 646 533 573 + 63 320 + 146 < 0.025
473 500 366 446 + 70 200 + 160 ¢ 0.005

3.0 413 540 400 451 + 22 o ----
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Table 10 -

Effect of DMSO Treatment and Freezing
on PFC Responses by PBL

PFc/10% cells

‘ ~ /Individual
PBL/culture Treatment 1 2
(x106) cultured as usual ’
sb
0.5 - 460 23 126
1.0 \ 400 20 226
3.0 4 0 0.
0.5 ____20% DMSO; added for less 580 22 333
than 5 mins.; cells washed, !
1.0 g cultured 500 3] 413
3.0 : > 333 37 0
0.5 20% DMSO; cells frozen, 566 40 353
1.0 recJaiunﬁhﬁgultured 493 20 493
15 0

3.0 3

-

the p values

Individual LI 2 .
Control vs -~ _¢ 0.05 < 0.005 0.5
DMSO Treated ¢ 0.1 . go00 10
oy s eeeeme s,
Control vs ¢ 0% ¢ 0.005 0.5
Frozen, reclaimed ¢ 0.1 ¢ 0.905 1 g
wmease f eeeee

SD
15
1

22
20

15
N

PBL/Culture (x 108)
«

94
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Table 11

Suppressor Indices* in Cultures with Added Pre-Incubated **T Cells
. g .

Responding cultures contain 0.5 x ]06 target celis; 10° SRBC

Antigen T

in 1 Cells Individuals

Culture Added

(x106) 1 2 3 4 5 A
None 1 8 25 24 20 2 N
None 2 29 3 50 30 15
None 3 82 60 56 46 36
None 4 100 100 100 100 65
None 5 100 100 100 100 100
' |
- 10° R 12 55 32 28 60

10° 2 29 78 50 45 67

10° 3 54 100 100 53 100

10° 4 100 100 100 100 100

10° 5 100 100 100 100 100
Nor Nuber of T .25 .28 .20 .31 .38

* Ce. s added ,
100 te s added o <1 .20 0 <]
+0%
St ~ression
~ovel

Added T cells, pre—incubatea]
~* Suppressor Index = -

100
Added T cells, fresh J

** Al1 preincubations were 24 hours

Paired t-test values; 5 experiments combined. The p values comparing
presence with absence of SRBC in the primary culture.

T cells Added 0.1 < 0.05
(x 106) 0.2 < 0.05
0.3 <0.05

0.4 Not Significant
0.5 Not Applicable

—_
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Table 12
Addition of T Cells Pre-incubated Without Antigen
in Various Media to Cultures of Autologous
PBL

(Prc/108 celts)

A1l secondary cultures contained 1.0 x 106 cells; 108 SRBC
“Control  RPMI-1640 McCoy's  RPMI + 108 srac
(No pre- + AB serum alone Autologous Added after

incubated Serum 1 Day*
cells)

SD . SD
533 30 - 0 440 33 O 0
626 20 0 533 24 §] 0
696 31 0 500 20 0 0
553 15 0 ' 393%* 37 0 0

* In this experiment the pre-incubated cells were PBL The primary
culture contained RPMI-1640 and AB serum. - T

**Control experiment in which RPMI-1640 was substituted for McCoy'-
medium. In this experiment 4 SLE sera were also used in prima
cultures. No PFC responses were found in thes~ cultures.



[V. DISCUSSION AND CONCLUSIONS
A. Discussion

Several goals prompted our efforts to standardize a technique
for the in vitro sensitization of human PBL.

In the mouse, genetic control of the primary immun- response to
synthetic polypeptide and protein antigens has been shown to be assoc-
iated with the MHC and to exist at the IgM level. (McDevitt et al,
1972; Merryman et al, 1977).

Genetic analysis in human studies has been difficult because of
the lack of a reproducible and standardized technique to measure
immune responses in vitro.

A standardized technique to study norma1.ant1body production
might be used to study the aberrant immune responses 1n‘
pathological conditions (Dosch et al, 1978; Waldmann and Broder, 1977).

A technique for in vitro sensitization of lymphocytes would also
be useful for studies of cellular ontogeny, cell cooperation, and
antigen recognition and processing.

This study began with a survey of 27 individuals so that the
technique could be standardizeﬁ with respect to antigen and lymphocyte
dosages, and the kinetics of the response.

As described in the results, cultures containing different numbers
of lymphocytes were incubated in the presence of antigen, and harvested

rter different time intervals - from day ggg/to day fourteen. The
results represented in Figure 1 indicaté/ZBat the optimal length of
sensitization was six days. No responses were observed before day 3
or after day 8. Low numberscof PFC developed at days 3, 4 and 8 and

moderate numbers at days g;and 7.
VY
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To study the effect of varying amounts of antigen pef culture
on the PFC response, 107, 108, or 109 SRBC were added to replicate
cultures of lymphocytes. The optimum amount of antigen per culture
was 108 SRBC (Figures 2 and 3). Jdn this series of experiments
moderate PFC responses were observed at 107 and 109 SRBC per culture,
although in our first series (Figure 1), these dosages of antigen did
not cause any response. This may have been because different individuals
were used in the two studies, not all persons may respond over the
full range of antigen dosages used.

The effect of the number of lymphocytes in culture on the PFC
results is compared in Figure 4. 0.5 x 106 or 1.0 x 106 PBL/culture
was the optimal lymphocyte dose. Thus, the 100:1 SRBC:PBL ratio
gives optimal responses in our system.

Dosch and Gelfand (1977) reported the optimal ratio to be
between 10:1 and 1:1. Uytde Haag and Heijnen (1978) also report
an optimal ratio of 1:1 using this technique. In all these experiments
the peak PFC response was observed on day 6.

Using TNP-PAA to stimulate PBL in Mishell-Dutton cultures, the
peak response was observed on day 8 (Delfraissy et al, 1977). So,
when comparing in vitro generated PFC results, one must take into
considerafion the antigen and the culture system used.

E wﬁén volume and cell concentrations of cultures were varied,
there was evidence that cell density is a factor in obtaining optimal
responses from an individual. Figure 5 shows that as the number of
cells increased, the number of PFC increased only if there was a

concomitant increase in culture volume. The decrease in PFC observed

with increasing cell numbers may be due to cell crowding and lack of
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nutritional supplements in those cultura< where cell density was too high.

To examine the tvequirement for DNA synthesis during PFC production,
some lymphocytes were treated with mitomycin C prior to gulture. Experi-
ments where PBL were treated with 25 ug Mitomycin C show that although
some cell division must be required for development of the full PFC re-
sponse, some cells will produce antibody to SRBC in vitro without DNA
synthesis (Table 3). The cellular requirement for these plaques was shown;
whenever new batghes of AB serum or complement were used, they(Were tested
without lymphocytes on the monolayer to ensure the absence of pseudo plaques.
Although not repeated on every test plate, this may be considered suf-
ficient evidence for their absence.

Studies of variation between experiments showed that although there
is some difference in mean responses on different days, there were never
days when all the responders gave high PFC counts or when all the fesponses
were low (Table 4). ,

When 20 indivfduals were tested on four occasions eaéh, the variation
between individuals was less thaﬂ that observed for different experiments
for an individual (Table 6). Thus, our interest was focused on the great
day to day variability that was observed with each individual.

Although previous experiments (Table 3) indicated that a certain number
of PFCican occur even in the absence of DNA synthesis, we wondered whether
day to day variation in the responses of one individual could, at least partly,
be/accounted for by varying amounts of cell proliferation occuring in culture.
Proliferation indices were calculated as described in materials and methods
and compared with PFC/]O6 cells (Figure 6 and 7). As can be seen from these
figures, no significant correlation was found between the amount of prolif-
eration and PFC responseé for the majority of the experimental groups.

Only at one lymphocyte dosage (0.5 x 108 PBL/CUtMure) was moderate
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correlation between these two parameters found (r = 0.69).

The cellular requiréments for the generation of an optimal PFC
response were investigated.

Removal of adherent cells, although not eliminating the response,
showed that monocytes are required for the optimal response (Figure 8),
in agreement with Dosch and Gelfand (1977) who found an enhancing
effect with additioq,of 5 - 10% adherent cells, but did not study
adherent cell deg}é;ed cultures.

Delfraissy et al (1978), using TNP-PAA to stimulate in Mishell-
Dutton cultures, found that macrophages are required very early in the
responsé. Only minimal PFC results were obtained when 1 mg sf1ica
was added‘to culturedy on day 0. When the silica was added on day 2,
the responses were significantly higher than in those cultures which
received silica on day 0. They also observed that adherent cell
depletion did not modify the response in a gonsistent fashion when
plastic petri dishes were used for the ce11=separat10n (De]fraissy
et al, 1977).

Similar results were obtained with tonsillar lymphocytes (Watanabe,
1974). These experiments found a requirement for macroghages in the
generétion of an antﬁ-hapten response. ﬁ

- These different results with adherent cell depletion may represent
technical differences and thé important conclusion is that monocytes,
at least in small numbers, are required for the generation of“&nﬂqptima1
PFC response in vitro. |
It has been demonstrated previously that although plaque

formation is the function of B cells, the participation of helper T

cells is necessary (Fauci et al, 1976).

/
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We performed several experiments using separateg T and B cells
that were placed in the cultures in different proportions. Table 8
shows that neither T nor B cells alone will form PFC. Cultures
containing 50% and 80% T cells consistently gave high responses, some
individuals gave very low or no responses outside this range. Again,
the proliferation indices did not corre]até with high and low responses.

To exclude the possibility that the method of cell separation, |
namely, SRBC - rosetting, might have an effect on our results, (since
SRBC are test antigen in our system) another method of T and B cell
‘separation (nylon wool, seevmaterials and methods) was used and the
results were compared in two experiments (Table 7). Very little
difference\wQ§ observed, responses being slightly higher in one
technique, ot;ers s]ight]y‘1ower.

Polyclonal induction of PFC also requires the presence of T and
B cells. (Friedman et al, 1976).

To test for reproducibility, we decided to compare responses of

ly. . scytes of the same individual from different bleeds and cryo-

8

s “hese cells were then reclaimed and cultured with 10 SRBC

~iments. Table 9 shows that frozen cells gave much more

rep. ~ults nan the fresh cells. In these experiments the
stan. ns from three occasions were all less than 95. Agaiﬁ,
ne  Ispu e , rec 2imec lymphocyteg—wé;e not correlated
w'h sre : ns (Figure 9;.
The -z, ‘nd" .als were compared using fresh
and ~eclaime ce. o Cre came sleed (Figure 10). The mean —\\\K
> 6

responses from cultu f 0. ¢ 1.0 « 107, and 3.0 x 106 PBL

stimulated with 108 SRBC were a. sign “icant’v higher in the’reclaimed

group (P < .001)
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To investigate the possibility that freezina selectively eliminates
a particular cell population, possibly suppressor cell, fresh‘lymphoc\tes
and reclaimed PBL were added together in culture. The responses of mixed,
lzllratio, cultures were\a]ways intermediate between those of the fresh. cell
cultures, (low) and those of the reclaimed cell cultures (high) (Figure 11).

Mpre extensive -xperiments with varying ratios of fresh ‘and reclaimed
cells showed linearly increasing responses from cultures of 100% fresh
lymphocytes, to cultures of 100% reclaimed lymphocytes (Figure 12),

Two individuals who gave no responses with fresh 1ynphocXte\Eu1tures
gave significant responses when lymphocytes from the same bleed were frozen,
reclaimed, and then cultured. One of these individuals gave t  highest
response of the experiment with }00% reclaimed lymphocytes. This suggests
the possibility of the acfion of suppressor cells in the fresh cell popu-
lation, and for their removal by f-eezing.

- Since the freezing procedure involves the DMSO treatment of lymphocytes,
the effect of DMSO treatment alone, without freezing, was studied (Table 10).-
These results suggest that further experiments would bé worth performing to
see if this téndency toward increased response by DMSO alone would become
significant biologically. These results cannot be considered biologically

ignificant since there are not sufficient data to say that the results from

,cultures without DMSO have less than 5% probability of coming from a common
population made up of results from the two DMSQ treated groups.

These experinents indicated the involvement of suppressor cells in
PFC development in vitro. Variation in the numbers of suppressor cells

present in the circulation of each individual at any particular time could,

-at least partly, be responsible for the observed day to day variability of
PFC responses by the same individual, as was discussed earlier.

These observations prompted a further series of experiments where we

agtempted to induce.suppressor cell activation in vitro.
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Lipsky et al, 1978, and Shore et al, 1978, have demonstrated that -
pre-incubation with antigen results in development of significant suppressor
cell activity in systems measuring pokeweed mitogen responsiveness and anti-
ovalbumin PFC responses in humans.

In our first series of experiments, PBL were pre-incubated for three ,
days with 0, 107, ]08 or 1095RBC per culture, then resuspended in fresh
medifum with freshly reclaimed, autologous PBL in 1:1 ratio and cultured
as usual for six days with 108 SRBC/culture. A1l cultures containing pre-
incubated cells gave a decreased response, those pre-cultured with 1¢ SRBC
decreasing the fresh cell response the most. (Figure 13). N Of particular
interest was the suppressive capacity ‘* _.hose cells pre-incubated without
antigen. It is not known whether the suppression observed with and without
antigen can be due to the same mechanisms.

Similar results were obtained when the Tength of the pre-incubation was
six days (Figure 14). In thse experiments those cells pre-incubated with
108 SRBC suppressed the fresh, aut;1ogous response the most. Again, a sig-
nificant amount ¢ suppression was observed after the addition .f cells
pre-incubated without antigen.

The next step in the investigation was to see which cell type was re-
sponsible for this suppression. A1l T and B cell separations for these
experiments were performed on nylon wool columns.

When B cells were pre-incubated with 0, 108 or 109 SRBC for 24 hours
there was less suppression of the autologous response than when unseparated
PBL were pre-incubated. Although the statistical significance is greater
for the B cell decrease than the PBL decrease (Figure 15), this may be due
to the greater variation in responses from autologous lymphocytes when pre-

incubated "B" cells are added to them. Variations in B cell purity are

difficult to control and give less reproducible results. So when all the
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data are used in a t-test, more siunificance m:y bhe aobserved by chance.

By addina pre-incubated T celis, the proportion of T and B cells in
the responding culture is altered. Previous experiments (Table 8) show
that the optimal response is obtained when 50% or 80! 7 cells are present.
Figure 17 shows that when 10-20% of the respondina culture consists of pre-
incubated T cells, significant suppression is observed. Thus, it is not
1ikely that the change in T to B cell ratio is the total cause of the
observed suppression.

T cells pre-incubated alone, with or without antigen, completely
inhibited the ability of freshly reclaimed, autologous PBL to form PFC
(Ficure 15). The same results were obtained when thg length of pre-
incubation was six days (Figure 16). |

Adherent cells pre-incubated with or without antigen suppressed the
auto]ogous‘PBL response to approximately the same extent as B cs "s (Fig-
ure 18). No experiments to quantitate the suppressive capacity ¢ 7 or
adherent cells were performed so only the relative decreases in r . nses
compared to controls can be compared (Figures 15 and 18).

Thus it appears that it is a T cell which can best be activated,
by pre-incubation, into a suppressor cell in this system.

To quantitate the ability of the T cell population to suppress an
autologous ci**ure of PBL after pre-incubation, T cells which had been
pre-incubats -r which were freshly reclaimed, were added to freshl;

reclaimed, autologous, PBL cultures (Figure 17).

The results show that pre-incubation of T cells with 10° SRBC
induced a higher suppressive effect than pre-incubation in the absence of
antigen. However, even in the absence of antigen pre-incubated T-cells
expressed a significant amount of suppression. In both cases, ihe amount

of suppression was dependent on the number of pre-incubated cells added,

as seen in Figure 17 and Table 11. A suppressive index of 50% was reached
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after adding 0.28 x 106 T cells, pre-incubated without antigen. In
comparison, approximately 0.20 x 106 T cells pre-incubated with 109 SRBC
were sufficient to cauSé the same suppressive effect. Since this study
cannot address the possible mechanism of suppression, this difference
may not be significant.

The observation that pre-incubation of lymphocytes in the absence
of antigen can result in development of a suppressive effect is not un-
precedented. Anaclerio et al (1979) reported that pre-culture of murine
1ymphocytes for 2-4 days induces aspecific suppressor cells to the uptake
of tritiated thymidine by CON A stimulated lymphocytes in vitro. These
suppressor cells were believed to be phagocytic ce s, since treatment of
the pre-cultured cells on/p]astic dishes abolished the effect. Burns et
al (1975) reported that murine spleen cells cultured for four days non-
specifically suppressed the humoral (PFC) responses of freshly prepared
cells to a variety of antigens. These cells appear to be T lymphocytes
and would be generated from either the short-lived, anti-thymocyte serum
insensitive pool, or from the long 1iQed, anti-thymocyte sensitive pool.
Both these experiments used cells pre-cultured in FCS. However, the
reasons for development of suppressor cells under these circumstances
has never been sufficiently explained.

Pre-incubation may also induce suppressor cells to the cytotoxic
response in man. Dubey et al (1979) found that these cells were contained
in the monocyte/macrophage cell faction, they ingested latex, were esterase
positive and did not rosette with SRBC. Suppression did not primarily take
place via a cytotoxic effect against either the stimulator cells or the
autologous responder cells.

In order to get some insight into factors possibly influencing the

activation of suppressor cells or thes r precursors in the absence of anti-
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genic stimulation, we conducted a series of experiments where some com-
ponents of the culture ﬁedium were varied (Table 12). ﬁ

As can be seen from this table, only serum-free media (RPMI-1640
or McCoy's) did not cause any substantial suppressive effect. RPMI—]636\
with either pooled AB serum or autologous serum induced 100% suppression.
These suppressor cells could not produce PFC wﬁen stimulated with 108

SRBC after the one déy primary culture.

Since pre incubation in autologous serum also caused activation of
suppressor T cells, one ab¥\33itU]ate their activation by antibodies, or
serum proteins non-immunoglobdtin in nature, presdht in autologous
serum. Antibodies formed to other antigens, the antigen itself, or
antigen-antibody complexes, might activate these suppressor T cells.

To study one aspect of this question, sera from four systemic
lupus erythematosus patients were‘studied, two who were positive for im-
mune complexes by the Raji cell radioimmuno assay and two who we not
( heofilopoulos and Dixon, 1976). In this experiment T cells pre-incubated
in any one of the sera were able to suppress the response of autologous
PBL cultures (Table 12).

'Suppressor T célls activated by pre-incubation with high doses of
antigen have been studied in this system using SRBC (Heijnen et al, 1978;
Shore et al, 1978) and using TNP-PAA as antigen (Galanaud, 1979).

Suppressor T cells can also be separated and studied in a test of
cel] mediated immunity (Lydyard and Hayward, 1980). In this system the T
ce?ls were pre-cultured with Con A. They may also be pre-cultured with

purified protein derivative or streptokinase-streptodornase (Borkowksy

and Valentine, 1979).



107

-/,/

o
In future studies the technique described inAEhjs‘thesis might also

be used to measure responses to synthetic polypeptides, proteins, and other

antigens of defire’ amino acid or antigenic structure. As described

in the introduction, genetic control of the immune responses to such

L N

antigens might be mbre readily dissected. Also, the responses,

aS measured by an indirect plaque assay, may‘be of interest, particular]y_

in those individuals who do not make 1irge anber of Ig M plaques.
Suppressor cell activity has been reported inﬁﬁithologic conditions

although the mechanism of this action and their relationship to the

disease state are unclear. Future studies using the system described

here might show how suppressor cells function to regulate immune responses

in vivo, both in the normal individual énd in various altered immune

states. The first step would be to compare quantitations of suppressor

cells reported here to those ot .a-nable from patients with autoimmune
disease and immunodeficient st<*rs. Later experiments might study sup-
oressor cell activity in all these groups in an assay measuring responses
to Epstein-Barr virus or carcinoembryonic antigen. If technical pfob1ems
such as antigen isolation and coupling of it to an erythrocyte could be
overcome, the results might prove interesting.

Spontaneously arising suppressor cell activity in this system has
been reported in patients with agammaglobulinemia. Lymphocytes from four
of seven patients exhibited a dose dependent suppression of their PFC
responsé to ovalbumin (Oqsch and Gelfand, 1978). This activity was
reftricted to four patients who could generate PFC response in vitro.

It is mediated by T lymphocytes which are Theophylline sensitive and bear

receptors for Fc Ig G. These cells may play a role in preventing the
0 )
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normal transition of pre-B cells to B cells in pat%ents without 8 cells. -~
\\\\ Froebel et all (1979) found reduced responses to COM A an9 other
\% mitogens in patients with rheumatic disease. They postulated’that
is woyld be due to some ongoing immune responses being mounted against
somé”as yet upknown disease associated antigen. These patiénts had
normal numbers of T cells, and only slightly increased amounts of sur-
face immunoglobulin. This suggests that some factor other than merely
numbers of cells determines the decreased mitogen induced proliferation.
M{togen—nduced PFC responses may also be reduced in multiple
sc]efdsis. Paty et al (1978) reported that responses were most .~
decreased in patients with the Dw 2 antigen. h
Ce]]s‘suppressing;yrdﬁﬁ'Tesponse have been reported in Hodgkin's (;
disease (Engleman et al 1979) and in acute 1eukeh1a. (Bryan et al ‘
\ 1978). Engleman et al (1979) found that the sfgpressor cell could be
a T cell or a non-ANgcell. It may be that radiation therapy induces
or accentuates tﬁzxzizéction of T suppressor cells.
Suppressor cells may bejmportant in régu]ating responsés to self
antigens, so that self—tissue}is not destroyed. Suppressor T cells may
be altered or desf}oyed in autoimmune disease. (Dosch and Gelfand, 1976;
Waldmann and Broder, 1977). Reguiatery T cells may play é role in immune
sur?ei]lance, controlling responses to self and non-self antiéens.
(Al1ison et al, 1971). Suppressor cell dysfunctions have also been
postulated in ihe etiology of cancer (Pope et al, 1976). |
Some suppressor T cells may have a beneficial effect of o?gan graft
survival (Dossetor et al, 1979; Liburd et al, 1978). . |
| Suppressor Tymphocytes may also be important in human pregnancy’

(Kovithavongs and Dessetor, 1\978).
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The specificity of suppressor cells discussed in this thesis could
be studied in two ways. (1) Allogeneic specificity: Do suppressor
cells induced or measured in cultures of one individual a]sd'suppress
the response to the same antiéen by another individual? If so, is that
suppression HLA-type re]atedé (2) Antigenic specificity: Do suppressor
cei]s induced in cultures containing SRBC also suppress the individui]'s
response_to horse, mouse, or ox erythrocytes? This might be slightly

more difficult to show because of variation in antigenic dose response

curves.

B. Conclusion

The following conclusions may be drawn from experiments presented
in this thesis. ‘ B

‘(1) The conditions for the optimal human PFC responée in vitro
to SRBC using this technique are: 1. six days of in vitro sensitization

8 6 6

SRBC péh culture, 3. 0.5 x 10" or 1.0 x 10 PBL per culture.

2. 10

(2) Generation of an optimal PFC response in vitro to SRBC requires
adherent cells, and an optimal ration of T:B 1ymphocytes.’

(3) Freezing of PBL and reclaiming before culture may selectively
inactivate a suppressor'cell or suppressor cell precursor from fresh
PBL poputations.

(4) Pre-culturing of PBL, after being reclaimed from the frozen
state, Qith or without antigen, may activate a suppressor cell which can
act on autologous, reclaimed PBL cultured immediately after thawing. .

(5) The most effective sdppressor ceﬁ] in this system is a T
lymphocyte. It appears to be activated by sbme factor present in serum;
exposure to SRBC may be less essential.

(6) The application of these in vitro studies to in vivo functions

remains to be investigated.
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Appendix 1. Kinetics of the PFC response. Replicate cultures from 3.
individuals were harvested from day 1 to day 14, A1l
responses were zero before day 3 and after day 8.
A11 cultures of 3.0 x 10° and of 7.0 x 10® cells from
these individuals gave zero PFC. Circles, squares, .
and triangles each represent different individuals.
A1l cultures were st1mu1a§ed with 108 SRBC. Cultures
stimulated with 107 or 107 SRBC gave zero PFC. :
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Appendix 2. Kinetics of the PFC response. Replicate cultures from 3
individuals were harvested from day 1 to day 14. A1l
responses were zero before day 5 and after day 8.

A1l cultures of 7.0 x 106 cells from these individuals
gave zero PFC. Tircles, squares, and triangles each
represent different individuals. A1l cultures were
stimulated with 108 SRBC. Cultures stimulated with 107
or 109 SRBC gave .zero PFC.
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Appendix 3. Kinetics of the PFC response. Cultures from one individual.
were harvested from day 1 to day 14. All responses were
zero before day 5‘_and after day 8.
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Appendix 4. Effect of varying antigen dose on the PFC response. A116
cultures were harvested on day 6 and contained 0.25 x 10
cells. Eight individuals were tested and four gave
zero PFC at all of the antigen doses.
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Appendix 5. Effect of varying antigen dose on the PFC response. Al
cultures were harvested on day 6 and contained 0.5 x 10
cells. Eleven individuals were tested at each of the

three antigen doses.
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Appendix 6. Effect of varying antigen dose on the PFC response. The
fraction of the maximum response is plotted for each
of the 11 individuals_in appendix 5. 5 individuals
gave zero PFC wigh 107 SREC, and 8 individuals’ gave
zero PFC with 10° SRBC.
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Appendix 7. Effect of varying antigen dose on the PFC response. Al
cultures were harvested on day 6 and contained 1.0 x 10
cells. Seventeen individuals were tested at each of
the three antigen doses. ~
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Appendix 8. [7fect of varying antigen dose on the PFC response. The
fraction of the maximum response is plotted for each of
the 17 individuals in appendix 7. 6 individuals gave
zero PFC wifg'h 107 SRBC, and 10 individuals gave zero
PFC with 107 SRBC.
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Appendix 9. Effect of varying antigen dose on the PFC response. All
cultures were harvested on day 6 and contained 3.0 x 10
cells. Fourteen individuals were tested at each of the
three antigen doses. ‘
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Appendix 10. Effect of varying antigen dose on the PFC response.
The fraction of the maximum response is plotted for
each experiment }‘n appendix 9. 7 individuals gave
zero PFC with 10/ SRBC, and 9 individuals gave zero
PFC with 107 SRBC.
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Appendix 11.

Effect of varying antigen dose on the PFC response.,. Al
cultures were harvested on day 6 and cantained 7.0 x 10
cells. Seventeen individuals were tested at each of
the three antigen doses. Thirteen individuals gave
zero PFC at all of the antigen doses. ,
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Appendix 12. Plaques seen in one well under 25 x magnificagion. Half
a mi.lion lymphocytes were stimulated with 10~ SRBC.
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Appendix 12, Plaques seen in one wgllr&ader_;r‘fbo x magnification. Half
a million lymphocytes were stimulated with 108 SRBC.
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