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ABSTRACT
T has been previously demonstrated thet recaptors ror
FeM (FcM receptors) are not detected on any or the freshly
isoleted human circulating mononuclear cells but are only
detected on T cells following culture for 24 hours in
medium containing Fetal Calf Serum (FCS).

The objectives of this investigation were (i) to
investigate the mechanism(s) responsible for the absence of
FcM receptors on freshly isolated circulating T cells, {(ii)
to investigate the functional role of these receptors in
immunoglobul in synthesis by B cells cultured with T helper
cells, Nuil cells, monocytes and pokeweed mitogen.

it was unequivocally demonstrated that FcM receptors‘
are only detected on T cells aFfer 24 hours of culture in
medium containing 20 percent FCS and that these receptors
are synthesizeﬁ‘ by the T cells in culture. |t was aiso
\demonstrated that c¢irculating IgM and Null cells supprass
the synthesis oﬁ&fcﬂérecepto}s by the T cells ang that Null
cells carry out Ehf% suyppressor activity by secreting a
factor referred to as receptﬁr synthesis suppressor factor
or RSSF. It was also ‘found that FcM receptors are not
reguirea for the‘synthes$§ of immunoglcbulins by the B8
cells in in vitro cultu%es.

It is concluded that both Null celis and {gM inhibit
the synthesis of .FcM receptors by the T cells and that
these receptors are not required for the synthesis of

immunoglobulins by cultured B8 cells. Q
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1.0 GENERAL INTRODUCTION

Today researchers take it for granted that celluiar
reccgnition, cellular interactions, and the reactions of
iymphokines, hormones and other mediators with their target
cells, are all dependent upon the presence of appropriate
receptors on the cell. No one seriously questions the role
of receptors in the initiation of an immunologic event.
However, it is instructive to note that receptors in the
immunological paradigm were unknown until as recently as the
late-1960s when Mitchell and Miller Presented evidence for:
the presence of receptors Fof antigens on clonally-selected
precommitted T ceils which were subsequently referred tc as
the antigen receptor bearing cells or ARC. It was confirmed
by other investigators that the T ARC-antigen interaction
constitutes one of the first events, if not the first event,
leading to antibody synthesis by the ant ibody-forming B
cells. |

By the early 1970s, it had been shown that the
circulating human T lymphocytes possess cell-surface
receptors not present on the other circulating lymphocytes
for a conflguration on the sheep erythrocyte (SRBC). The B
lymphocytes were shown to Possess receptors for C3b as well
as non-dissociable surface membrane immunogiobullns (smlg)\\
It was also demonstrated that some of the circulating !
1ymphocytes do not possess the . surface markers
characteristic of these cells and are therefore neither T
cells nor B cells. Rather, they possess temperature labile

smlg and receptors for the Fc of 1gG antibody bound to

Al
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antigen and not for free, unreacted 1gG. These celis were
initially referred to as L (labile smlg) cells and were
later called Null cells.

The receptgrs for FcG on the Null cells have functional
relevance as they confer on the Null cell the capacity to
carry out lysis of IgG-antibody-coated target cells by the
ADCC (antibody-dependent cell—-mediated cytotoxicity)
pathway. The receptors for SRBC on the T cells and the
receptors for C3b on the B cells appear *to constitute
non-functionai markers of these cells.

In 1975, Moretta and his colleagues demonstrated that
some of the circulating human T |ymphocytes possesé surface
membrane receptors for FeG and that other circulating T
lymphocytes possess surface -membrane receptors for FcM.
These T cells were referred to as Tg (or Fy) and Ty (or
TH) cells. These investigators subsequently demonstrated in
1977 that the Tﬁ cells aré obligatory participants In the
synthe§i§ of fmmunogliobulins (ig) by the circulating human B
lymphoé&fes cultured with the Ty cells, monocytes and
pokeweed mitogen (PWM). They demonstrated that the Tg
cells added to these cultures suppress lg synthesis by the B
cells. Moretta et al therefore referred to the Ty and |
Tg cells as helper and'suppressor célls, respectively.
Théy also attributed a functional role to the recéptors
themselves and claimed that the helper Ty cells and
"suppressor Tg cells only exhibit these immunological

activities following activation of these cells as a result
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of interactlion of the receptors with their target
immunogliobulin. These findings of helper and suppressor
activity by the Ty and Tg cells had been verified by
many investigators and is not seriously guestioned today.

It is important to note that the receptors for FcM (FcM
receptors) are generally not detected on the freshly
isolated T celis nor on any cells following culture of the
unfractionated mononuclear cells (MNC) {in culture mediuh
containing fetal calf serum (FCS) in a concentration of 20
percent. However, these receptors are detected on the T
cells following their culture for 24 hours under the same
culture conditions. It has been claimed by some
investigators that the FcM receptors are newly synthesized
by the freshly isolated T cells in vitre and by other
investigators that the FcM receptors are unmasked by IgM
immunoglobulins which dissociate from the receptors in
culture thus freeing these receptors and permitting their
detection by facilitating rosette formation with EAM
indicator.

The absence of FcM receptors on cultured MNC, 70
percent oF. which are T cells, and their presence on a
significant percentage of cuitured T cells suggest tﬁat a
non-7 cell(s) inhibits the generation of FcM recgptors by
the gultured T cells. The investigations carrted out in

this thesis constitute an attempt to resolve these issues.
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2. RATIONALE, HYPCTHESIS AND OBJECTIVES

2.1 RATIONALE

Neither freshly isolated unfractionated mononuclear
cells (MNC) nor purified T cells exhibit surface membrane
receptors for the Fc ofF IgM (FcM receptors). These
receptors are only detected following culture of the
purified T cells, but not the unfractionated MNC, in medium
containing fetal cailf serum (20%). These observations
suggest that FcM receptors are synthesized de novo by the T
cells in vitro and that one or more of the non-T cells
constituting the MNC are capable of suppressing the

synthesis of FcM receptors by T cells in vitro.

2.2. HYPOTHESIS

The hypothesis is that one or more of the non-T cells
in the unfractionated MNC suppresses the genefation of FcHM
receptors on T cells in culture and that this suppressor
effect is mediated by a soluble factor(s) secreted by the

suppressor cell(s).

2.3. OBJECTIVE
The objective of this thesis is to identify the cells
which suppress the synthesis of FcM receptors by T cells In

culture and the‘mechan!sm of this suppression. ..



3. HISTORICAL REVIEW.

3.1. THE FUNCTIONAL HETEROGENEITY OF LYMPHOCYTES.

Prior to 1960, it was considered that +the immune
response was tpe result of the activation of a single
lymphocyte and its transformation into an antibody forming
cell. ' However, In 1962 Warner et al {1) demonstrated that
there are two classes of lymphocytes involved in the immune
response . in birds, one thymus-dependent and other thymus
independent but bursal-dependent. This finding was
followed by the mllestone reports by Claman et al (2-5)
that two ontogenically distinct lymphocytes, one a thymus
derived (T) cell and the other a bone marrow derived (B)
lcell must interact in the antibody response to sheep
erythrocyte antigen 1in the mouse. Thelr investigation
(nvolved the transfer of lymphold cells from donor mice to
Irradiated immunoincompetent recipients of the same inbred
straln alqng with the antigen, SRBC. The transfer of
thymic 1ymphocytes or bone marrow 'lymphocytes alone,
frrespective of thglr number, did not qonFer to the
irradiated recipients the capacity to respond with antibody
synthesis. However, the i{njection Iinto the I{rradiated
recipients of a mixture of thymus and bone marrow
lymphocytes reétored the capacity to respond with antibody
synthesis within the normal 5 days following Immunization.

This finding by Claman et al (2-5) was quickly
confirmed by a number of investigators (6—1{).

The discovery of T and B cells in the 1960s stressed
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the need for markers to permit the isolation of these two
cell-types. T cells were known to be larger (15), more
dense (16} and less adherent (to materials 1ike glass,
pltastic, nylon)‘(lS) than the B cells. T celis were also
known to have a longer generation time (17). However,
these properties were not useful in tﬁe separation of these

cells.

3.2. SURFACE MARKERS WHICH DISTINGUISH THE B AND T CELLS .

Tallberg et al (18), working with human _thymocytes,
and Reif and Allen ({19} working with rodent thymocytes,
were the first ™ +to report that thymocytes carryé
organ—-specific antigens on their cell membranes. Reif and l
Allen were also the first to refer to the mouse thymocyte
specific surface membrane antigen as the theta (8) antigen.
Raff and his associates (21-23) carried out systematic
studies of é—antigen positive cells In different 1ymphoid
and non-lymphoid organs of the mouse and demonstrated that
cells In the central nervous system also possess the 8
antigen. They established the presence of theta antigen
bearing cells in the spleen and lymph nodes of the mouse.
Simultaneous studies by numerous investigators in the human
confirmed that human thymocytes also ébséess an organ
specific surface membrane antigen slmilér to the: theta
antigen in the mouse (24-286).

de la Noue, Koperstych and Richter (27) were the

first to demonstrate thymocyte-specific antigens itn the
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rabbit. This finding was itater verified by Fradelizi et al
(28).

B cells in tne mouse (29) and the rabbit (30) were
also found to possess specific surface membrane antigens.
In addition, B cells were observed to possess surface
membrane immunoglobulins and receptors for C 3b which could
also be used to'distinguish them from the T cells (29-34).

Thus by the early 1970s, it became established that B
and T cells belonged to two distinct cell 1ineages ‘which
could be distinguished and seperated from each other on the

basis of specific ceil—surFace markers.,

3.3. EVIDENCE THAT NULL CELLS CONSTITUTE A__DISTINCT CLASS

OF LYMPHOCYTES.,

3.3.1. SURFACE MARKERS WHICH DISTINGUISH NULL_CELLS FROM B
CELLS AND T CELLS .

Up to the early 1970s, the circulating lymphocytes
were considered to consist of onily two lineages of éells -
T and B cells. Approximately 60 to 75 percent of “the
circulatihg lymphocytes rosette with sheep red blood cells
(SRBC), and stain positive by immunofluorescence with the
monoclional pan anti-T ce%l antiserum, OKT3 or CD3. Both
are universally accepted propefties of T celtls. The non-T
cells were considered to be B cells since a high percentagé
were shown to possess surface membrane immunoglobulin
{(smlg) as demonstrated by immunoflucrescence wusing FITC

conjugated anti-human immunogtobulin (lg).
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In 1965, it was demonstrated that some circulating
lymphocytes possess surface membrane receptors for the Fc
of 1gG (FcG receptors) by virtue of which they can carry
out antibody—-dependent cell-mediated cytotoxity (ADCC)
(35). These ce;is were considered to be part of the B ceil
pool since, in the freshly Iisolated state, alt FcG
receptor-bearing cells exhibited smla. A number of
investigators subsequently confirmed the presence o?
receptgrs for FcGl on some of the circulating lymphocytes
{36-39). It was not until the early to mid-1970s that It
was demonstrated that the FcG receptor-bearing "B"™ cells
were, indeed, different from the non-FcG receptor bearing
" "B" cells since the former cells shed their smlg following
incubatfon at 37°C for 30. to 60 minutes and did not
regenerate {t whereas the latter cells did not shed their
smlg folilowing even longer incubation at 379C suggesting
that the smlg {i{s &an integral conét!tuent of the cell
membrane (40-43). Although the FcG receptor beafing. ngv
celis do .not regenerate their smlg once it is shed, the
non-FcG receptor bearing "B" cells regenerate thelir smig
even after 1t has been enzymatically degraded by exposure
to trypsin or pronase (40-47). On the basis of these
findings, the non-T lymphocytes were classified Into two
separate lineages, the true B cells which display stéble
smlg and do not exhibit surface membrane FcG receptors, and
the pseudo B or L cells which possess temperature labile

smlg, cannot synthesize smlg, and do not bear surface
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membrane FfcG receptors. The L cells were subsequently
named Null celis as they lack the critical markers for T
cells (receptor for SRBC) and B cells (stable smlg).

In recent experiments conducted on isolated cultured
B and Null cells, neither investigations carried out in
this laboratory (M.Richter, unpublished resuits) nor by
Moretta et al (personal communications) demonstrated the
conversion of B cells to Null cells and vice versa. B
cells do not demonstrate ADCC.activity after culture for up
to 72 bhours. Null cells do not stain with Leul2 or Leulé
monod]onal antibodies, do not generate smlg and do not lose
their capacity to mediate ADCC. Similar findings have
previously been reported by Ng et al (48). It must
therefore be concluded that the circulating B and Null
cells in the immunologically mature individual are distinct
from e;EQE:other and represent distinct iineages of cells

(Table 1).
3.3.2. FUNCTIONAL PROPERTIES OF NULL CELLS .

3.3.2.1. CAPACITY oF THE NULL CELLS ' TO UNDERGO

BLASTOGENESIS IN VITRO AND PARTICIPATE IN THE ADCC

REACTION .

Several functional properties distinguish the Null
cells from T cells and B cells: (i) only the Null cells
participate in the antibody-dependent cell-mediated
cytotoxicity (ADCC) reaction; the true B cells and the T
cells do not mediate the ADCC cytotoxic reaction (49-54),

and (if) Null cells do not undergo blastogenes!s and
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mitosis when stimulated with the conventional
phytomitogens, PHA and CON-A (which stimulate T cellis) and
PWM (which stimulates T cells and B cells) in culture

(48,55).

3.3.2.2. EVIDENCE THAT NULL CELLS ARE OBL I GATORY

PARTICIPANTS IN THMUNOGLOBULIN SYNTHESIS .

No in vitro system, using human or animal circulating
or parenchymal cells, for the investigation of
immunogiobul in sypthesis was available until 1971, when
Cooper, Lawton and Bocham (56) reported that human
circulating mononuclear cells cultured in the presence of
pokeweed mitogen (PWM) could synthesize immunoglobulins.
This finding by Cooper et al {(&4) was Quickly confirmed by
numerous investigators (57-64). It was also shown that B
lymphocytes in man could be identified by the presence of
high density surface membrane-bound immunoglobulins (smlg)
{65=-71). It was further demonstrated that pokeweed mitogen
1ndﬁces transformation and differentiation of the B
\ymphocytes (57,60,61) and these cells are lacking in
individuals presenting with the Bruton or X-1inked
agammagleobul inemia syndrome (56.71—74).A As a result of
these studies, it was generally concluded thaf it is the B
lymphocytes which synthesize  and secrete the
immunoglobul ins.

In the middle 1970s, ' investigators began to evaluate
the role(s) of the circulating non-B lymbhocytés and the

monocytes in the regulation " and facilitation of
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immunogliobulin synthesis by the B lymphocytes in culture.
Saxon et al (52) and Keightley et al (60) demonstrated that
the synthesis of immuneglobulins by the B lymphocytes was T
cell dependent as purified B lymphocytes cuitured with PWM
falled to synthesize immunogliobulins. On the other hand,
maximum synthesis of itmmunoglobulins by the B 1ymphocytes
tock place when the cells were cultured for 6 to 7 days
with an equal number of T cells and the culture medium was
fortififed with decomplemented fetal calf serum (FCS) to a
fFinal concentration of 15-20 percent (v/v). Penicillin
{100 wunits per ml) and streptomycin (100 ug per ml) were
also added to the medium at the initiation of culture. The
method used to assay for immunogliobulin synthesis was
fmmunof luorescence; the degree or extent of immunqglobu1in
synthesis was considered to be correlated with the

percentage of fluorescing cells. The method used to assay

—

for immunoglobul ins secreted into the chlture medium was

immunoprecipitation ﬂoF immunoglobu[ins which had

]

incorporated a radicactive amino} acid f.e.
(355-methionine) into the newly synthesi%ed tmmunoglobul ins
- during the culture. :

A further improvement of the culture conditions for
fhe optimal synthesis of Ig was introduced by Moretta and
his colleagues in mid 1970s. This group of {investigators
demonstratédrihat the T lymphocytes could be seperated into

two subclasses of cells -one with receptors for fc of the

159G (Tg or Ty cells) and the other with receptors for the
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Fc of Igh (Ty or Tu cells). These cells could be
physically separated from each other by their ability to
rosette with 1gG antibody coated ox erythrocytes (EAG
indicator cells) and IgM antibody coated ox erythrocytes
(EAM indicator cells), respectively (75-79). They
demonstrated that the Ty celils Faciiitate Ig synthesis by
co—cultured B cells in the presencé of PWM whereas the Tg
cells inhibit lg synthesis by the co-cultured Ty cells, B
cells and PWM (80-86). The Ty and Tg were
therefore referred to as helper and suppressor T cells
respectively. These findings were aquickly confirmed by
others (87-89).

Gerrard and Fauci (92), Roéenberg and Lipsky (93)
Thiele and Lipsky (94) and Shin and Choil (85) all
demonstraféd that monocytes had to be present in the ‘cell
cuitures for immunoglobul in synthesis to take place since
removal of the monocytes resulted (n failure of lg
synthésis.

Thus, by the early 1980s, it appeared that the cells
fequired in the cultures for the optimal synthesis of Ig
are B cells, Ty cells and monocytes.

In all of the investigations referred to thus far,
the B cells in the culture were actually the non=T cell.
Investigators generally assumed that the non-T cells
consisted of only B cells. However,in 1985, Richter and
Jodouin (96) reported that B8 cells cultured with Ty

helper cells and PWHM, in the absence of the Null cells,
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failed to synthesize immunogiobulins in vitro. As was
anticipated, Null cells cultured with Ty helper cells and
PWM, fn the absence of B cells, =also failed to synthesize
immunogliobulins. Monocytes were present in significant
numbers (greater than 10 percent) in ail of the cultures
- and therefore failure of immunoglobulin synthesis in the
absence of Null cells could not be attributed to the
absence of monocytes. Furthermore, [g was synthesized by
reconstituted cultures of purified B cells, Null cells,
Ty bhelper cells, monocytes and PWM. These resutlts
demonstrated that B cells must be cultured with Ty helper
cells, Null cells, monocytes and PWM in order for

immunoglobuiin synthesis to take place.

3.4. T CELLS NlTH-Fcﬂ RECEPTORS .

3.4.1. FcH RECEPTORS ON FRESHLY ISOLATED T CELLS .

3.4.1.1. - EVIDENCE THAT FcM RECEPTORS EXIST ON FRESHLY

ISOLATED T CELLS .

A number of investigators have detected FcM receptors
on T cells in the freshly isolated MNC. Gupta and Good
(97) reportedrthat 40 to 48 percent of freshly-isolated
bone ‘marrow MNC exhibited surface membrane FcM receptors.
Furthermore, the percent of FcM receptor bearing cells
decreased Follbwing culture of the cells for 24 hours at
37°C in med ium containing FCS(20%). In'
contradistinction, Romagnan et al (98) reported that the

percent of EAM rosetting cells increased dramaticatly from
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12 percent of the freshly isolated MNC to 34 percent
following incubation of the cells for 24 hours in medium
containing FCS (20%). Gmeling-Myeling et al (99) reported
that about 46 percent of the circulating human MNC rosette
with EAM indicater cells. This figure implies that 70 to
80 percent of the circulating T cells are Ty cellis.

Boihuis and Nooyen (100) also detected FcM receptors
on approximately 30 percent of the freshly isoclated
lymphocytes. Gupta and Good (101) reported that 35 to 40
percent of freshly iJsolated MNC of elderly individuais
rosette with EAM, Moretta et al (102) detected FcM
receptors on 16 to 33 percent of freshly isolated MNC of
patients with immunodeficiency disease. simi\ar results
were obtained by other investigators (103-104).

3.4.1.2. EVIDENCE THAT FeM RECEPTORS DO NOT EXIT ON

FRESHLY ISOLATED + CELLS.

It has been the ekperience of the overwhelming
majority of investigators (only a few of which are referred
to below) that freshly isolated T cells do not possess
membrane FcM receptors since they do not rosette with EAM.
However, following cutture in medium contaihing FCS (20%),
a significant percentage (20 to SO percent) of the T cells
generate FcM receptors aﬁd thereby attain the capaclity to
rosette with EAM ‘f84.97.100,101.105.106.107.108). It ts
not possible at this time to reconqile the failure by the
majority of investigators fo detect FcM receptors on

freshly tsolated T cells with the findings by a minority of
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investigators who detected significant numbers of FcM
receptors bhearing cells within freshiy isolated T cells
population.

3.4.2. T _CELLS SYNTHESIZE FcM RECEPTORS IN CULTURE

The evidence to date is that T cells 'synthesize the
surface membrane FcM receptors during in vitro culture in
culture medium [medium RPMI-1640 containing FCS (20%)]
Moretta et al (83) and Mingari et al (109) incubated T
cells at 37°C in culture medium overnight to allow for
the expression of FcM receptors on a proportion of the T
ceils. However, if the T cells were incubated in culture
medium with cyc lohexamide, an inhibitor of protein
synthesis, in a non—toxic concentration for 24 hours, the
cells did not rosette with EAM, indicating the absence of
FcM receptors. They concluded that cyclohexamide had
prevented the synthesis of FcM receptors by the cultured T
cells,

Romagnani et al (110), Mingari et al (109) and Pichler
and Knapp (111) incubated T cells in culture medium for 24
hours to facilitate the expression of FcM receptors on
celis. They then exposed these T cells to trypsin and/or
pronase for several hours Followihg which the cells were
washed and placed in culture. These cells were inftially
aevqid of FcM receptors as they failed to rosette with EAM,
However, within 2 hours of culture, FcM receptors began to
reappear and resynthesis of these receptors was completed

by 6 hours in culture. These results demonstrated that the
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receptors for Fc of IgM can be synthesized by the T cells
in vitro.

Further evidence that the FcM recgptors are in a
dvnamic state of synthesis and degradation was provided bv
the findings of Mingari et al (109). These Investigators
cultured FcM receptor-pearing T cells (Ty cells) with
cyclohexamide. The percent of T cells forming rosettes
‘with EAM decreased by 40 percent within 2 hours of culture
and no rosetting cells were detected after 6 hours of
culture- with cyclohexamide. These results suggested that
the FcM receptors were degraded in the culture but could
not be resynthesized due to the inhibitory activity of
cyclohe§§mide and that the FcM receptors normally undergo
continuous degradation and resynthesis. These findings

were confirmed by other investigators (i12-113).

3.4.3. THE EFFECT OF IgM ON THE EXPRESSION OF FcM

RECEPTORS BY T CELLS .

.‘\

3.4.3.1. SURFACE MEMBRANE FcM RECEPTORS PRESENT ON THE

FRESHLY ISOLATED T CELLS ARE MASKED BY PASSIVELY ADSORBED

A number of 1nvesti§ators have attributed the fallure
to detect FcM receptors on freshly isolated T cells to
biﬁding of the - receptors by circulating IaM
(84,97,98,102,114,115). They have theorized that the bound

[gM is released by or shed from the celis during a 24 hour

incubation at 37°C, thus freeing the FcM receptors and
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permitting their detection by facilitating rosette
formation with EAM. However, none of these inQestigators
actually looked for and/or detected any IgM in the
cell-free supernatants of the cultures of freshly isolated
T cells.

3.4.3.2. IgM_ INHIBITS THE SYNTHESIS OF FcM RECEPTORS BY T

CELLS IN VITRO .

Moretta et al (83) incubated freshly isolated T celis
for 24 hours in normal human serum containing IgM and in
serum of immunodeFicieﬁt patients devoid of IgM. The
latter rosetted with EAM whereas the former did not rosette
with EAM. One interpretation of these findings was that
the IgM in the culture medium containing normal human serum
inhibited the synthesis of FcM receptors by the T cells.
However, it is also possible that the IgM in the medium
became bound to the FcM receptors, thereby neutralizing
fhem.

Oh the other hand, Romagnani et al (110) reported only
a 20 percent drop in the number of T ‘cei\s which rosette
with EAM Follbwing their culture for 24 hours at 37°C in
culture medium containing IgM at a concentration of 800 ug
per ml. These results suggested that IgM does not inhibit
or marginally inhibits the synthesis of FcM receptors.

3.4.3.3. IgM DOES NOT INHIBIT THE SYNTHESIS OF FcM

RECEPTORS 8Y T CELLS IN VITRG .
Romagnani et al (98) incubated freshly isolated T

cells for 24 hours at 37°9C in medium containing either
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normal human serum (20%) or FCS (207). They observed an
increased proportion of EAM rosetting T cells Folléwing
their incubation in normal human serum as compsired to FCS
{45% wvs 347 respectively). They concluded that the FcM
receptors on T cells are neither inhibited in thelir
generation nor saturated in vitro by lIgM. |

In a subsequent investigation, Romagnani et al (110)
incubated freshly isolated T cells in normal human serum
containing IgM (approximateiy 200,000 ng IgM per ml) and in
IgM—free human serum. The percent of the T cells which
subsequently rosetted with EAM were ailmost identicat,
demonstrating that the presence of [gM in the culture did

not affect the synthesis or expression of FcM receptors.

3.4.3.4. 1gM___ INHIBITS __ THE ROSETTING OF FcM
RECEPTOR-BEARING T CELLS (Tw CELLS) WITH THE EAM

INDICATOR CELLS .

A not insignificant number of Iinvestigators bhave
reported that IgM can inhibit the rosetting of Ty cells
with the EAM indicator celils, presumably by reacting with
and neutratizing the FcM receptors. Gmeling-Myeling et al
(99) incubated T cells with lgn; 'In varying concentration,
for 2 hours prior to rosetting with EAM. They observed
that the capacity to rosette decreased as the concentration
of 1gM increased during the preincubation period. These
results were confirmed by Romagnani et al (98) and Samarut
and Revilland.(llé) who reported a 25 percent decrease in

EAM rosettes by the Ty cells if IgM, in a concentration
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of 25 ug per ml, was added to the Ty cells prior to
rosetting with EAM.

Fanger and Lydyard (117) observed a 50 percent
decrease {in EAM rosettes following a 30 min incubation of
the TM cells with IgM in a concentration of 25 ug per ml
and a total inmhibition of rosetting following fncubation of
the Tm cells with IgM in a concentration of 100 ug per
mf.

Ferrarini et al (118) and Bolhuis and Nooyen (100)
also concluded that IgM, in a concentration of 125 ug per
ml, can inhibit rosetting of the Ty cells with EAM.

Preud’homme et al (119) incubated Ty cells with Igh,
in a concentration of 1 mg per m}, for 5 minutes prior to
rosetting with EAM and observed total suppression of
rosetting. They also reported that monomeric IgM was as
good an inhibitor of EAM rosetting as was pentameric IlgM.
A similar conclusion was arrived ét by Ferrarini et al
(120). Conradi and Bubb (121) demonstrated that CH4 domain
of IgM is responsibie for this inhibition.

Romagnani et al (98), Preud’homme et al (119) and
Bolhuis and Nooyen (100) all demonstrated that [IgG could
not inhibit the formation -of rosettes between the Ty

cells and the EAM indicator cells.

3.4.4. THE SYNTHESIS OF 'FcM RECEPTORS BY FRESHLY ISOLATED

T CELLS IS A FUNCTION OF THEIR TIME IN CULTURE .

Romagnani et al (110) observed maximum rosetting
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capacity of the T cells with EAM following culture of the
cells in culture medium for 12 hours. Similar observations
were made by Moretta et al (83) who conciuded +that
incubation of T cells for 24 hours in culture medium
ensures the maximum synthesis of FcM receptors.

3.4.5 1aG DOES NOT INHIBIT THE ROSETTING OF Tu CELLS

WITH THE EAM INDICATOR CELLS .

In contradistinction to the resuits presented above of
inhibition of EAM rosette formation by IgM, investigators
have reported that 1gG does not inhibit the formation of
EAM rosettes by the T cells. Gmeling-Myeling (99), Moretta
et al(83), Romagnani et al (98), Samarut and Revilland
(116} and Ferrarini ‘et al (118) all incubated Ty cells
with 1gG in concentration as high as 7 mg ‘per ml for
varying periocds (114) of time and observed no effect on thé
capacity of the Tu cells to rosette with EAM. On the
other hand, IgG very effectly inhibited rosetting of Tg
celis with EAG (98-99).

3.5. FcM RECEPTORS ON B CELLS

FcM receptors have been detected on B8 celis in
addition to T cells. Like the T cells, the B cells (or
non-T cells) must also be incubated in IgM-free culture
medium in order to generate FcM receptors and rosette with
EAM (111,114,118,122,123). Romagnani et al = (96) reported
that fresh non-T cells, incubated for 24 hours In ﬁedium
fortified with IgM—contatning‘ normal human serum (20

percent) generated a  high percentage (25 percent) of EAM
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rosetting cells.

Romagnani et al (98) demonstrated that, in order for
the B cells to rosette with the EAM indicator cells, the ox
erythrocytes must be coated with more IgM antibodies than
are required for the rosetting of these indicator cells by
Ty cells. This may be one reason for the failure of most
investigators to detect EAM rosetting by non-T cells. In
general, the percent of non-T cells capable of rosetting
with EAM is considerébly lower than the percent of T cells
capable.oF rosetting with EAM following culture for 24
hours (5 to 20 percent versus 40 to 60 percent).

In none of the above investigations was it determined
which of the non-T cells (B cell, Null cell, monocyte)
generates the FcM receptors in culture. The function, if
any, of the Fc¢M receptor bearing non-T cells is also not

known at the present time.

3.6. SUMMARY .

Ever since the description of T cells bearing surface
membrane FcM receptors by Moretta et él. numerous
investigators have confirmed their presence and speculated
upon their functional roles. The investigations carried
out thus far on Ty cells have generated conflicting data
and the following questions are still unanswered: (i) why
are the FcM receptors. not detected on freshly isolated but
only on cultured T cells? (ii) what are the optimal

culture conditions required for the max i mum
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expression/synthesis of the FcM receptors by the T cells?
(iif} are the FcM receptors synthesized de novo bv the T
cells in culture; or are they actualiy presént on the
freshly isolated T cetls but not detected as they are
masked by IgM; and (iv) do the FcM receptors have a
functional role in Ig synthesis by B cells in culture?

The objective of the investigations carried out in

this thesis was to provide answers to these questions.



TABLE 1

PROPERTIES WHICH DISTINGUISH
NULL CELLS FROM T AND B CELLS

Clrculating Property
lymphocy

yrmphocytes % in Blasto~ Receptor for IF** with Stable Labile apec

circulation genic SRBC FeG C'Ib/d OKT3 OKB6 Smig Smig activity
response®

T cell 60-75 Sane + - - + - - - -

B cell 8-15 denes - + - + + - -
Bull cell 12+25 - - + - - - - + +

* Blastogenesls induced by phytomitogens in vitro (PWM, PHA, Con-A)

¢+ IF = immunoflucorescance
¢4* Blastogenesis to PHA, Con-A and PWM {31 days)
*fet Blastogenesis to PWM only (7 daya)
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4.0 MATERIALS AND METHODS

4.1 Materials

4.1.1. Reagents

4.1.1.1 Reagents for Isolating and culturing of

lymphocytes

Carbonyl iron, grade sf. - was obtained from Dyestuff and

Chemicals, Toronto, Ontario and stored at 18-20°C.
Complement source was fresh human serum stored at
—-20°C.

Culture medium - RPMI-1640 fortified with fetal calf

serum (FCS) (final concentration 20%), penicillin(100
units/ml), streptomycin (100 ug/mi), garamycin (50 ug/ml)
and 1M Hepes buffer (final concentration 2%).

Ervthrocytes

Heparinized ox and sheep bloods were obtained from
Frappier Diagnostic Inc., Laval, Que. and stored at 4°C.

Fetal Calf Serum - 500m)] bottles were obtained from

whiﬁtaker M.A. Bioproducts Inc., Waikersville, MD. Fetal
calf serum was decomplemented (heated at 56°C for 30 min)
and filtered through a 0.22 pm Nalgene filter before use
and stored at -20°C.

Ficoil 400 - 500 g cohtainers were obtained from
Pharmacia Fine Chemicals AB, Upsala, Sweden and stored at
18~-20°C.

Garamycin - (40 mg/mi Gentamycin), 2 ml vials were

obtained from Schering Inc., Pointe Claire, Que. and
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stored at 4°C.

Hank’s Balanced Salt Solution (HBSS) - 500m) botties were

obtained from Media tech, Herdon, VA and stored at 49C.

Heparin (1000 U.S5.P. units/ml) - 20 ml wvials were

obtained frem Organon Canada Ltd., Toronto, Ontario and
stored at 4°C.

Hepes Buffer solution - 100 ml bottles (IM) were obtained

from Whittaker M.A. Bioproducts Inc., Walkersville, MD and
stored at 18-20°C.

Hematol lIsctonic Diluent (azfide free) - 20 litre cartons

were obtained from Fisher Scientific, Orangeburg, N.Y. and
stored at 18-20°9C.

Hypaque sodium S0% (300 mg/ml diatrizoatesodium) - 30 ml

vials were obtained from Winthrop Laboratories, Aurora,
Ont. and stored in the dark at 18-20°C.

- 1aG  fraction of rabbit antli-bovine red blood cell

antiserum (30 mg/ml __total Qfotein) - 5 mt vials of

lyophlilized antiserum were obtained from Organon Teknika,

West Chester, PA. They were rehydrated,aliquated and

stored at -70°C.

Penicitlin —-streptomycin mixture (5000 units Potassium
Penicillin G/mt, 5000 mgs. Streptomycin/m]) - 100 m]
bottled were obtained from Whittaker M.A. B8ioproducts,
Walkersville, MD, and stored~at ;20°C.

Pokeweed mitogen - vials containing lyophilized pokeweed

mitogen were obtained from Gibco Lsboratories, Chagrin
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Falls, Ohio, and stored at 4°C.
RPM1-1640 - 500 ml bottles were obtained from Mediatech,

Herdon, VA and stored at 4°C.

4.1.1.2 Reagents for staining of 1ymphocytes

Alpha—-Naphthyl acetate - obtained from Sigma Chemical

Co., St. Louis, Missourl and stored at -200C.

Fluorescein conjugated goat anti-human IgA, IaG and IgM

immunoglobulins (heavy and 1ight chain specific} - were

obtained from Organon Teknika Corp, Westchester, PA. and
stored at -20°C.

Methylene blue : was obtained from Sigma Chemical Co.,

St. Louis, Missouri and stored at 18-20°C.

Methyl areen : was obtained from Sigma Chemical Co., St.

Louis, ﬂissourl and stored at 18-20°C.

Monoclonal antibodies(25 ug/ml) - Leu-M3- was obtained

from Becton Dickinson Immunocytometry Systems, Mountain
View, California and stored at 4°C.
Anti-mouse 1gG-FI1TC conjugates were obtained from Ortho

Diagnostics, Don Mills, Ontario and stored at 4°C,

Pararosanalin was obtained from Sigme Chemical Co., St.
Louis, Missouri and stored at 4°C. |

TIrypan Blue was obtained from Grand Island Blological
'Company, Grand Island, N.Y. and stored at 18-20°C."

4.1.1.3 Reagents for enzyme )inked immunosorbent assay

Albumin, boviné(30% solution) - 50 ml .aseptically filled




- 27 -
bottles were cobtained from Sigma Chemical Co., St. Louis,
Missouri and stored at 4°C.

Alkaline Phosphatase conjugate - a solution containing

affinity—isolated goat anti-human antibodies to IgM (n
chain specific) or IgG (¥ chain specific), conjugated with
calf intestine alkaline phosphatase, was obtained from
Sigma Chemicals Co., St. Louis, Missouri and stored at
4°C.

Discs coated with antibodies to human iaM or [aG -  ware

obtained from Dimension Laboratories, Mississauga, Ontario

and stored at 4°C.

Human 1gG and 1gM (unconjusated, chromatoaraphical lv

puritied) (5 mg/ml) .

5 ml vials were obtained from Organon Tecknika,
Westchester, PA. and stored at 4°C.

Magnesium Chloride - 1 I1b bottles of MgCl> crystals
were cbtained from éritish Orug House, Montreal, Gueoec and
stored at 18-20°C.

P. Nitrophenvyl phosphate disodium - 1 g vials were

obtained from Sigma Chemicals Co., St. Louis, Missouri and
stored in the dark at -20°C.

Sodium azide - 100 g bottles were obtained from Fisher

Scientific, Orangeburg, N.Y. and stored at 18-20°C.

Tris(hydroxymethyl) aminomethane  — 200 g bottles were

obtained from Fisher Scientific, Orangeburg, N.Y. and

stored at 18-20°C.

i
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4.1.2 General Supplies

Conical glass centrifuge tubes - 50 ml V-bottomed tubes

were obtained Frgm Fisher Scientific, Orangeburg, N.Y.

Cordis glass vials -~ 5 ml flat-bottomed vials were
obtained from Cordis tLaboratories Inc., Mississauqga,
Ontario.

Culture tubes, sterile - 5 ml (12 x 75 mm) falcon 2003

and 15 ml (17 x 100mm) falicon 2001 round bottomed

polystyrene tubes were obtalined from Becton Dickinson Co.,

Lincoln Park, N.Y.

Eppendorf sterile combitips - 1.25 ml, 2.5 m! and 5.0 ml

were obtained from Fisher Scientific, Orangeburg, N.Y.

Filter cards - were obtained from John Sclentific,

Toronto, Ontario. -

Gauze sponges -—-{5.1 x 5.1) were purchased sterile from

Kandall Canada, Toronto, Ontario.

Microscope slides {75 % 25 mm) - frosted one end on both

sides, were obtained from Serum International Inc.,

Montreal, Quebec.

MSI svringe adaptable filters, sterile (0.2 Um) - were

obtained from MSi, Westborough, MA.

Nalgene filters 0.22 Mm - were obtained from Nalgene

Labware, Rochester, N.Y.
Needles - 18BG(1") were obtained from Becton Dickinson
Labware, Oxnard, California.

Pigettes - 1,2,5 and 10 ml pyrex sterile disposable
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Pipettes - 1,2,5 and 10 ml pyrex sterile disposable
seroiogical pipettes were obtained from Corning Glassworks,
Corning, N.Y.

Syringes - 1, 10 and 60 m! plastiplate sterite disposable
syringes were obtained from Becton Dickinson Labware,

Oxnard, California.

4.1.3 Egquipment

CQOs incubator - cultures were maintained in a National

incubator, NAPCO, Portlaﬁd, Oregan. This incubator is
- fully automated with respect to temperature (37.5°C 3%
0.5) and PCOz (5.0% % 0.1).

Coulter Counter - was obtained from Ccoulter Electronics

Inc., Hialeah, Floridah: ’
Cordis 1250 wash dispenser - maanactured by Hyperion
Ine., Miami, Florida.‘

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

Shandon Southern instrumetns, Camberley Surrey, England.

Digital 405 Photometer II - manufactured by Hyperion

Ine., Miami, Florida.

-

W W
LA

Eppendorf Repeater 4780 - was obtained from Brinkman
Instruments, Westbury, N.Y.

Multipurpese rotator - was obtained from Scientific

Industries Inc., Spring Field, Massachusetts.

Refrigerated centrifuge CRU 5000 - was obtained from

Fisher Sctentific, Fairlawn, N.J.
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source (bright field, dark field and epi {1lumination) -

was obtained from Zeiss, West Germany.

4.2 Methods

4.2.1 Blood donors - Volunteers consisted of hospital
personnel who were free of any major illness and who did
not take any medication, elther for medical or recreational
reasons. The volunteers were between 20 and 55 vyears of
age.

4.2.2 Isolation of mononulear cells(MNC)

The procedure is that essentially described by Boyum
(126). Heparinized (50 wunits heparin/m! drawn blood)
venous blood of healthy volunteers (180 mi), diluted with
an equal volume of Hank’s Balanced Salt Solution (HBSS),
was layered over a Ficoll- Hypaque discontinuous gradient
{5.G. 1.077 at 18-20°C) and centrifuged at 400 g for 30
minutes. The mononuclear cells Qere Isolated and collected
from the interface, washed in HBSS and centrifuged at 300 g
for 20 minutes. The celils were then washed twice with HBSS
at 450 g for 10 minutes and resuspended In HBSS. A cell

count was taken.

4.2.3 Preparation of sheep and ox red blood cell

suspensions (SRBC and QORBC, respectively) - Heparinized

sheep and ox bloods were washed three times in HBSS at 450

450, g for 10 minutes at 18-20°C and resuspended in HBSS
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tc the desired cell concentration. The SRBC and ORBC
suspended at cell concentration of 3 x 108 and 5 x 108
per mi constitut?s 37 ad 5% suspensions of SRBC and ORBC,
respectively.
4.2.4 Preparation of I1aG sensitized ox red blood cells (5%

EAG)

Equal volumes of a 5% suspension of ORBC (F) and

rabbit 1aG énti—ORBC antibodies (A), used in a
subagglutinating concentratidn, were mixed and incubated at
37°C for 60 minutes. The resulting antibody-sensitized
ORBC (EA-1gG or FEAG) were centrifuged at 450 g for 10
minutes at 18-20°C. The supernatant was aspirated, the
cells were suspended in RPMI-1640, and again centrifuged at
450 g for 10 minutes. This procedure was repeated twice.
The EAG Indicator cells were suspended in RPMI-1640 to a
concentration of 5% and kept at 4°C.-

4.2.5 Isolation of T and Non-T 1ymphocvytes

The mononuclear cells were incubated with 3% SRBCI
suspension at 37° (ratio of MNC: SRBC was 1: 30) for 15
minutes centrifuged for 5 minuﬁes & incubated overnight at
49C. The cells wérg gently resuspended, . layered over
Ficoll Hypaque and centriFugéd at'4d0 g for 30 minutes.
The non-rosetted Non-T cells were collected from the
interphase and the T cells Froﬁ the pellet. Both the T and
Non—T‘ cells were washed in HBSS and then in hypotonic

ammonium chloride (0.1 M) for 2 minutes in order to lyse



the SRBC present in efther cell suspension. The cells were
then washed three times in HBSS, resuspended in HBSS and a
cell count was performed.

L

4.2.6 Isolation of Twm, i, T, B and HNuli

1ymphocytes - To isolate Ty cells, the T cells were
incubated with 5% EAG suspension (ratio of T:EAG was 1:50)
for 15 minutes at 37°C. The cells were centrifuged at
200 g for 5 minutes and incubated for 1 hour at 4°9C, The
cells were gently resuspended, layered over a discontinuous
gradient of Ficoll Hypaque (S.G. 1.077) and centrifuged at
400 g for 30 minutes. The rosetted Tg cells sedimented
to the bottom of the tube leaving tﬁq non—rosetted T cells
which contained the TM+T¢ cells at the interphase. The
rosetted(Tg) and non-rosetted{Ty + Tc) cells were
collected from the pellet and interphase and washed ih‘
hypotonic ammonfum chloride (0.1M) for 2 minutes {in order
to lyse the Indicator cells in either cell suspension. To
isolate Tc cells, (TM + Tg) cells were incubated with

57 EAM suspension (ratio of T:EAM was 1:50) for 15 min. at
4°C. The cells were centrifuged at 200 g for 5 _m!nutes
and incubated for 1 hour at 4°¢. Rosetted (Ty) and
non—-rosetted(T¢) cells were isolated by centrifuging on
choll hypaque discontinuous density gradient (5.G. 1.077)
aﬁd,;latter trea£ment “with hypotonic ammunium chlorlide
chloride(O.lM);v'Tﬁe cells were washed and resuspended in

HBSS.
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To {solate B and Null cells, the Non-T cells were
incubated with a 5% EAG suspension and then centrifuged in
Ficoll—-Hypaque (?.G. 1.077) in exactly the same fashion as
described above. The non-rosetted B cells were collected
from the Iinterphase and the rosetted Null celils from the
pellet.

All three cell preparations (TM cells, B cells and
Null cells) were washed in HBSS and then in hypotonic
ammonium chicoride (0.1 M) for 2 minutes In order to lyse
any ORBC present. The cells were then washed twice in

HBSS, resuspended in HBSS, and a cell count was performed.

4.2.7 Preparstion of monocvte depleted cells

The mononuclear cells were suspended (2 x 106 cells
per ml) in sterfle disposable tubes in 5 ml serum - HBSS
{(serum: HBSS was 1:1) to 10 mg carbonyi iron were added he
tubes wefé placed on a multipurpose rotator for 30 minutes
at 37°C in an atmosphere oF'S% CO> in air following
which the cells were géntly layered ‘over Ficoll-Hypaque
(S.G. 1.077) and centrifuged at 400 g for 30 minutes. The
non-phagocytic cells were isolated from thé fnterphase and
washed twice in HBSS. These cells are referred to as
once-depleted MNC (MNC-Mo|). These celils were cultured
overnight in culture medium and subjected once - more to
depletion with carbonyl iron. These cells are referred to

as twice-depleted MNC (MNC-Mo2). The cells were stained
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for non—specific esterase (NSE) and with Leu M3. Both éf
these markers are specific for monocytes, and examined by
light microscopy and fluorescent microscopy respectively.
It was consistentiy found that lJess than 1% of the cells in

the MNC-Mop could be identified as monocytes.

4.2.8. Staining cells with monoclonal antibodies

Staining of the wvarious celils with monoclonal
antibodies was performed according to the standard
procedures for direct and indirect stalning as described in
detail by Jackson and Warner (128).

4.2.9 Preparation_of receptor synthesis suppressor factor
gRSSF}

One million Null cells were incubated in RPMI-1640 for 24

hours at the end of which the cell free supernatant was

used as RSSF either fresh or stored at -200C,

4.2.10 Preparation of IgM sensitized Ox erythrocytes

EAM

Equal volumes of a 1% suspehﬁion of ORBC (E)} and
rabbit IgM anti-ORBC antibodies (A), used in a
subagglutinating concentration, were mixed and lncubated at
40C for 60 minutes. The resulting antibody sensitized
ORBC (EA-1gM or EAM) were centrifuged at 400 g for 10
minutes at 4°C. The supernatant was asplirated, the cells
were suspended in RPMI-1640 and again centrifuged at 400 g
for 10 min at 4°9C., This procedure was repeated twice.

The EAM indicator cells were suspended in RPMI-1640 to a
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concentration of 1% and kept at 40cC.

4.2.11 ELISA assay - Inert discs coupled with goat

anti-human IgM (or 1[gG) antibodies were incubated with
aliquots of the éell culture supernatants (Step 1). After
a 60 minutes Incubation period, the discs were washed S
times in PBS and incubated with the appropriate amount of
geat anti-human IgM (or IgG) complexed with atkaline
phosphatase (Step 2). After another 60 minutes incubation
period, the discs were washed 5 times in PBS and
transferred to tubes containing the chromogen,
P-nitrophenyil phosphate (Step 3). Fotiowing incubaticn for
a final 60 minutes, aliquots of these supernatants were

read in a colorimeter at 405 nm.

4.2.12 Preparation of EAM rosettes

EAM indicator erythrocytes (5 x 106 cells in 0.1 mi)
were mixed wtth the mononuclear cells (3 x 106 celis in
0.1 ml) ané immediateiy centrifuged at 4°C for 5 min at
200 g. THelrosetted cells were kept at 49C for a minimum
of 45 min .beFore the addition of methylene blue and

enumeration of the the rosetted cells.

4.2.13 Preparation of E(SRBC), EA(1gG) and EAC rosettes
The indicator erythrocytes (107 RBC in O.i ml) ‘were
incubated with the mononuclear cells (3 x 105 celis in
0.1 mi) at 379C for 15 min. These cells wefe then
centrifuged at 200 g for 5 minutes. In the case of E

rosette, fincubation was continued for 2 hours at 40C.
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rosette, incubation was continued for 2 hours at 4c¢C,
One drop of 0.33% methylene blue solution was added, the

cells were gently resuspended, and the rosettes were

counted in a hemocytometer.

4.2.14 Assessment of T-cell viability was done by the

conventional trypan blue dye exclusion test.

4.2.15 Dialysis - RSSF was obtained as mentioned in 4.2.9
and dialysed for 24 houré through dialysis membranes of
exclusion m.wt. of 14,000 and 50,000. The RSSF was
assayed for its capacity to inhibit the generation of FcM
receptors on freshly isolated T cells.

4.2.16 Staining for non-specific esterase - Monocytes

were identified by staining for non—sheciFic esterase
according to the hethod described by Yam et al (127).
The air dried cytocentrifuged cells were stained for
30 minutes with the staining reagent (see below). The
slides were wéshed twice in distilled water, Fixédl in
methanoi for 60 seconds and dried in cold air. The slides
i were counter stained with 1% methyl green (see belaw) for 1
minute, washed twice with distilled water and air dried at
18°cC. |
The stafning reagents were prepared as follows: 10 ml
of distilled water was added to 0.4 g sodium nitrate, 10 ml
of ethylenegglycol monoethy! ether (EGME) was added to 0.2.
gm aipha nephthyl acetate, 7.5 mi of Pararosaﬁalin solution

'was added- to 7.5 ml of 4% sodium nitrite solution following
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exactly 1 minute, 12 ml of EGME solution was added.
Following the addition of 178 mil of PBS, a buff coloured
precipitate formed and was filtered. The pH was adjusted
to 6.1 using HC1 or 1 N NaOH,

Methyl green was prepared as follows: 10¢ ml1 of
distilled water was added to 1.4 g scdium acetate and 1.0 g
methyl green. The pH was adjusted to 4.2 with acetic acid.

4.2.17. Cell cultures for Ig synthesis .

(To-Tg)» (T24-Tg) were incubated with equal
numbers of non-T, Null and/or B cells (2 x 105 celis of
each) 'n 1 ml of culture medium. Pokeweed mitogen (0.05ml)
was added in its optimal mitogenic concentration. The
cultures were maintained in a stationary phase at 37°C in
5% COz in air. After 7 days (unless otherwise stated),
the tubes were centrifuged at 450 g for 10 minutes, the
supernatants were carefully removed. The Ig present in the

supernatant was measured by the EL]1S5A assay.
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5. RESULTS

5.1. THF OPTIMAL CONDITIONS REQUIRED FOR THE GENERATION OF

RECEPTORS FOR FcM BY THE T CELLS.,

S5.1.1. RATIONALE AND OBJECTIVES.

Before embarking into experiments to define the
mechanism and regulation of the synthesis of FcM receptors
by the T cells, it was essential to confirm the ceill type
capable of expressing FcM receptors and to establish the
optimal conditions required for the max i mum
expression/generation of these receptors using methods
similar to previous investigators.

The objectives of this series of experiments were (i)
to identify the celi(s) which exhibit fhe FcM receptors, and
(ii) to determine the culture conditions required for the
max i mum expression of FcM rgceptors by these cells.

5.1.2. EXPERIMENTAL PROTOCOL .

=

Normal human volunteers without a history of récent
i11ness and not on medication were bled from the anticugﬁtal
vein finto heparinized tubes as described in chapter 4.2.2.
The blood waé diluted 1:1 with HBSS and centrifuged through
a Ficoll1-Hypaque discontinuous density gradient ‘kS.G.
1.077) as cescribed in chapter 4.2.2. The mononuclear cells
at the interphase were collected, washed and suspended in
medium as described in chapter 4.2.2. MNC were then
separated into T and non-T cells by rosetting with SRBC as

described in chapter 4.2.5. Non-T cells were then separated
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into B ceils and Null cells as cescribed in chapter 4.2.6.
Aliquots of MNC, T and B cells were assayed for the presence
of FcM, FecG and C3b receptors using EAM, EAG and EAC
indicators, respectively, as described in chapter 4.2.12.
and chapter. 4.2.13. The viability of the cultured cells was
determined by the trypan blue dye exclusion test as
described in chapter 4.2.14. The culture medium used,
except where stated otherwise, consisted of RPMI-1640
fortified with peniciilin, streptomycin, and FCS (final
concentration 20%) as described in chapter 4.1.1.1.

Each experiment was carried out in duplicate or
tripiicate and was repeated at least five times. The results
presented in the tables are representative of the results

obtained.

5.1.3. RESULTS.

Unfractionated mononuctear cells (MNC), Non-T ceils, T
cells, B cells and Null celis were assayed for FcM receptors
by their ability to rosette with EAM indicator cells after
culture for 24 hours.' As can be seen from Table 2, none of
the freshly isolated cells exﬁibited FcM receptors and only
the T cells following culture for 24 hours exhibited the FeM
receptors (20 to. 30 percent of the cultured T cells).

fICells, both freshly lIsolated (Tg) and following 24
hours of culture (T24), were assayed for FcM, FcG and C3b
receptors by rosetting with EAM, EAG and EAC indicator

cells, respectively (Table 3). As can be seen from the



40
resuits presented in Table 3, Tp cells consistently
exhibited FcG and C3b receptors on 8 to 20 percent of the
cells. However, as stated above, they falled to exhibit FcM
receptors. Oon ?be other hand, a significant percentage of
To4 cells (25 to 35 percent) exhibited FcM receptors.

The time course for the appearance of FcM receptors on
the cultured Tg cells and the role of the concentration of
fetal calf serum (FCS) in the culture medium was then
systematically investigated. It was observed that Ty
cells after 24 hours in culture exhibited the highest
percentage of cells which rosetted with EAM indicator celis.
There was a slight drop in the percentage of EAM rosetting
cells when the Tg cells were cultured for 48 hours but a
much larger drop when the Tg cells were cultured for only
4 to 8 hours in culture medium. Very few Tg cells
cultured in medlium devoid of FCS, irrespective of the period
of culture, rosetted with EAM (Table 4). It was also found
that FCS in a concentration of 20 percent facilitated the
generation of the maximum percentage of EAM rosetting cells
after 24 hours of culture (Table 5). FCS in a concentration
of 10 or 40 percent in the culture medium provided inferior
conditons Fér'the ggnefation of EAM rosetting ceils after 24
hours of culture.. The &bsence of EAM rosetting cells in
culture medium with a low o}.high concentration of FCS could
not be attributed to the death of the cultured Tg cells as
the viability of the cells remained high even in the absence

of FCS (Table 4 and 5).
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5.1.4. COMMENTARY.

Although it is generally agreed that FcM receptors are
only detected on T cells after 24 hours of culture in medium
containing fetal calf serum in a concentration of 20 percent
(8B4,97,100,101,105,106,107,108), a few investigators have
also reported the presenée of FcM receptors on freshly
isolated T cells (97-101). S5till others have demonstrated
the presence of these receptors on freshly f{oslated and
cultured B cells (111,114,118,122,123). However, the
culture conditons for the generation of FcM receptors by T
cells varied in all of these investigations. It was
therefore important to reassess these seemingly conflicting
findings before continuing this investigation. In these
series of experiments, it was unequivocally demonstrated
that (1) freshly isolated T cells, B cells, Null cells and
MNC dq not express FcM receptors (Tables 2 and 3), (1) 7T
cells; but not unfractionated MNC, B cells or Nuill celis,
exhibit FcM recebtors following culture for 24 hours 1In
medium containing fetal calf serum {(207%) (Tables 2 and 3},
{(i11) the culture medium should contain FCS in a Ffinal
concentration of 20 percent to facilitate the maximum
generation/expression of the Fcﬂ receptors (Table 5), and
(fv) the optimal t{me required for the maximum generation of
FcM receptors an“cultured T cells is 24 hours (Table 4).

Th}s cohsistent finding of FcM receptors on T cells
following culture Fo; 24 hours in culture medium does not in

itself indicate whether these receptors are syntheslzed de
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novo or whether they are masked by a "covering protein”
(presumably IgM) which is shed in culture ailowing the
detection of the FcM receptors. The experiments 1in the

following two sections were designed to resolve these

questions.

£3

T
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TABLE 2

T CELLS, BUT NOT B CELLS OR NULL CELLS,
EXHIBIT FcM RECEPTORS ONLY FOLLOWING
CULTURE FOR 24 HOURS

Cells assayed Percent of cells which rosette with EAM
Exp. 1 Exp. 2 Exp. 3
Ohr 24hr* Ohr 24hr* Ghr 24hr"

Unfractionated MNC 0 0 1] 0 0 0
Non-T celis 0 0 0 0 1] 0
T cells 0 21 0 28 o 18
8 cells 0 0 0 0 0 0
Null cells 0 0 0 0 g 0

* These cells were cultured In culture medium for 24 hours prior to
assay.
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TABLE 3

FRESHLY ISOLATED CIRCULATING HUMAN
T LYMPHOCYTES (Tgp) DO NOT ROSETTE
WITH THE EAM INDICATOR CELLS

Percent of T cells which rosette with

T cells assayed the following fndicators
EAM EAG EAC
volunteer No. 1
To® cells 0 10 18
T24"" cells 27 6 16
Volunteer No. 2
Tg cells 0 12 14
To4 cella 30 8 14
Volunteer No. 3
Tg cells 0 : 20
Ta4 cells 29 4 16

* Tg are freshly isolated T lymphocytes.
%% Tp4 are freshly fsolated T lymphocytes cultured for 24 hours
in culture mecdium.



TABLE 4

TEHE SYNTHESIS OF THE FcM RECEPTORS BY THE Tg
LYMPHOCYTES IS A FUNCTION OF THEIR TIME IN CULTURE

Ty 1ymohocytes Percent viable Percent of celis
cultured for the Cutture medium cells at the which rosette with EAM
following period RPMI-1640 RPRI-1640 termination of
of time (hrs) plus FCS" ° culture®s Exp | Exp 2 Exp 3
0 - + 97 Q 1 0
+ - 94 0 0 0
4 + - 97 H 2 0
- + 92 10 13 12
8 + - 95 3 2 3
- + 9t 17 19 17
12 + - 95 4 S 9
- + . 89 22 23 21
20-24 + - 92 4 4 5
- + ua 28 26 25
48 + - 92 7 6 6
- + as 25 24 23

* Concentration of FCS is 20 percent.
** The mean of the three experiments.
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TABLE 7

THE SYNTHESIS OF THE FcM RECEPTORS BY THE
T LYMPHOCYTES IS A FUNCTION OF THE
CONCENTRATICN OF FCS IN THE CULTURE MEDIUM

Tgo lymphocytes Percent viable ceils Percent EAM
cultured for 24 hr at the termination of rosetting cells
in medium RPMI-1640 culture*® at the termination
fortified with FCS of culture
in the following Exp Exp Exp Exp Exp Exp
concentration 1 2 3 1 2 3
0 95 94 93 3 3 4
2.5 percent S8 95 95 10 5 8
5 percent a9 a8 90 12 8 12
10 percent . 89 90 93 15 i2 14
20 percent ‘ 95 95 93 22 20 25
40 percent 78 80 79 10 8 17

¢« petermined by the trypan blue dye excluslon test.
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5.2. T CEL LS CULTURED WITH CYCLOHEXAMIDE FAIL TO EXHIBIT

FeM RECEPTORS.

5.2.1. RATIONALE AND OBJECTIVES.

[nvestigators who failed to detect FcM receptors on
freshly isolated T cells (87,97,100-108) have speculated
that FcM receptors exist on freshly isolated Tg cells but
are neot detected in vitro since they had interacted with and
been neutralized by circulating IgM in vivo.‘ However, it
has also been suggested that the FcM receptors are, in fact,
absent on freshly isolated Tg cells and are generated de
novo in culture in the.. presence of FCS (which does not
contain IgM).. It was therefore important o address the
question whether or not FcM receptors are synthesized in
culture by the circulating T celtls.

The objective of this series of experiments was to
~investigate the capacity of circulating T cells to exhibit
FcM receptors in culture in the presence of cyclohexamide, a
well documented inhibitor of protein synthesis.

5.2.2. EXPERIMENTAL PROTQCOL. .

Normal human volunteers without a history of recent
illness and not on medication were bled from the anticubital
vein 1into heparinized tubes as described in chapter 4.2.2.
The blood was then diluted 1:1. with HBSS and centrifuged
through &a Ficoll-Hypaque diécontinuou§ density gradient
(5.G. 1.077) as described in chapter 4,2.2. The
mononuclear cells at the interphase were collected, washed

and resuspended in medium as described in chapter 4.2.2.
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The MNC were then separated into T and non-T cells by
rosetting T cells with SRBC as described in chapter 4.2.5.
The Tp cells were then cultured for 24 hours in culture

medium containing cycliohexamide in concentrations ranging
from 0.25 ug per-ml to 320 ug per mi. At the end of the
culture period, the T cells were washed and assayed for EAM
rosetting celis. Viability of the cultured cells was
determined by the trypan blue dye exclusion test as

described in chapter 4.2.14.

5.2.3. RESULTS.

As can be seen in Table 6, Tg cells cultured for 24
hours with cyclohexamide in a concentration range of 0.25ug
to 4.0 ug pef "ml were not markedly affected in their
capacity to rosette with EAM. quever. only 5 percent or
less of the Tg cells cultured with cyclohexamide in a
concentration of 5 wg per ml and none of the Tg cells
cultured with cyclohexamide‘in a cdhcentratign of 10 ug per
ml rosetted with EAM indicator celis. It is impoftant to

stress that the majority of the cultured cells were viable

at the end of the culture period.

5.2.4. COMMENTARY.

Investigations carried out by Moretta et al {83) and

. Mingari et 21 (109) wusing cyclohexamide In their culture

media provided evidence that the FcM receptors are newly
synthesized by the cultured T cells since the cells cultured

in the presence of cyclohéxamlde did not rosette with EAM



49
indicator cells. A number of other investigators
(84,87,98,102,114,115) have attributed the failure to detect
FecM receptors on freshly isolated T cells to binding of the
receptors by circulating iIgM. The experiments carried out
in this section were designed to resolve this confilicting
issue.

The results of the experiments presented in Table &
strongly suggest that T cells actively synthesize FcM
receptors in culture since cyclohexamide, in a non cytotoxic
concentration (5 ug per ml), was able to inmhibit their
synthesis. However, these experimehts do not unequivocally
prove that these receptors are not unmasked by a "covering
protein” (presumably IgM} which is shed by these cells in
culture,

The experiments in the next section were carried out
to investigate the role of IgM in the generation of FcM

receptors by T cells.
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TABLE 6

FRESHLY ISOLATED T LYMPHOCYTES{(Tqp CELLS) DO NOT
SYNTHESIZE FcM RECEPTORS WHEN CULTURED FOR 24 HOURS
WITH CYCLOHEXAMIDE IN A NON-CYTOTOXIC CONCENTRATION

Tg cells{3x10°} cultured Percent Percent
for 24 hr in culture viable cells EAM rosetting
medium in the pressnce at the termination cells at the
of cyclohexamide of culture® termination of
culture
Exp 1 Exp 2 Exp 3 Exp 1 Exp 2 Exp 3
{ug cyclohexamide per ml)
0 95 83 a7 34 28 26
0.25 8s 82 78 ao 25 24
1 79 8 72 20 20 20
2 85 g9 79 23 26 24
4 83 ap 64 16 19 20
5 85 80 74 S 0 0
10 78 70 68 0 0 1)
206 70 68 60 0 0 0
40 45 ‘56 42 o 0 .0
89 20 28 30 0 0 0
160 6 9 10 0 0 0
320 0 1] ¢ 0 0 0

hd Dctermlned by the trypqn blue dye exclusion test.
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5.3. IgM INHIBITS THE SYNTHESIS OF FcM RECEPTORS BY THE

CO-CULTURED T CELLS BUT DOES NOT REACT WITH AND NEUTRALIZE

THEM.

5.3.1. RATIONALg AND OBJECTIVES.

A number of investigators have attributed the failure
to detect FcM receptors on freshly fsolated T celis to
binding of the receptors by circulating 1gM
(84,97,98,102,114,114) . They have theorized that bound IgM
is released by or is shed from T cells during 24 ho;;
incubation at 37°C, thus freeing the FcM receptors and
permitting their detection by facilitating rosette formation
with EAM. However, none of these investigatofs actually
looked for and/or detected any IgM in the cell-free
superﬁétants of the cultures of freshly isclated T cells.
There are . also conFlictinQ reports on the issue of whether
or not the presence of IgM in culture medium is capable of
inhibiting the formation of EAM rosette#.

The objective of this series of experiments was to
investigate the role 1IgM plays in the generation and/or
detection of FcM receptors on T cells.

5.3.2. EXPERIMENTAL PROTOCOL.

Normal human volunteers without a history of recent
fllness and not on medication were bled from the medtan
cubital vein into heparinized tubes as described in chapter
4.2.2. The blood was then diluted 1:1 with HBSS and
centrifuged through a F.icol l-Hypaque discontinuous density

gradient (S.G. 1.077) as described in chapter 4.2.2. The
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mononuclear cells at the interphase were collected, washed
and resuspended in medium as described in chapter 4.2.2. "
The MNC were then separated into T and non-T cells by
rosetting the cells with SRBC, as described in chapter
4.2.5. The T cells were cultured for 24 hours In medium
cqntalning chromatographically pure human IgM, normal human
serum, or chromatographically pure human IgG. The Tg and
T4 cells were assayed for FcM.receptors by rosetting with
EAM ‘indicator cells as described in chapter 4.2.12. Toa4
cells were cultured for another 24 hours in medium
containing human IgM, [gG or normal human serum. They were
then assayed for FcM receptors by rosetting with EAM
indicator cells as described in chapter 4.2.12.

Tog cells were cultured for 24 hours at 37°C. The
cé;]—Free supernatants were collected and assayed for [gM
using the ELISA technique described in chapter 4.2.11.

5.3.3. RESULTS.

As can be seen from the results presentéd In Table 7,
IgM in low concéntration; (<1,000 ng per mi) was unable to
affect the synthesis of the FcM receptors by these cells.
However, when the concentration of IgM in the culture medium
was increased to 100,000 ng per ml, which is one tenth the
physiological (cifculating) concentration (106‘ng per ml),
the synthesis of FcM receptors by the: cultured Tg célls
was markediy diminished; EAM rosetting cells decreased by 20
to 30‘percent‘From the control cultures (Table 7). However,

it should be noted that IgM, even in physiological
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concentrations (106 ng per ml), failed to interact with
and neutralize the FcM receptors since Tz4 cells incubated
for 24 hours with IgM did nct 1ose their capacity to rosette
with EAM (Table 8). Normal human serum which contained l1gM
at a concentration of 116 mg percent (1.16 x 10® ng per
ml) behaved as did purified IgM (Tables 7 and 8). On the
other hand, [gG, Iirrespective of its concentration in the
culture medium, neither inhibifed the synthesis of FcM
receptors (Tabie 7) nor neutralized the FcM receptors (Table
8). These results strongly indicate that IgM inhibits the
synthesis of FcM receptors by the cultured T cells;

It can aiso be concluded, from the data presented in
Table 9, that IgM is not bound to the freshly isolated T
cells since the cell-free supernatants of the cultured T
cells did not contain any IgM.

5:;3.4 COMMENTARY.

- It was demonstrated in the previous sectfon that FeM
receptors are synthesiged by culturéd Tg cells de novo
{chapter 5;2.)i It was,u'hqwever, necessary to inVestigate
the role of IgM‘in thésznthesis/expression of FcM receptors
Ain view oF-coﬁFlicting findings of previous questigators.
Evfdence that IgM is not normally bound to éresumed FcM
receptoré on freshly Isolated Tg cells is provided by the
fact that thé cell-free supernatants of 24 hour cd?%hres of

m
Tg cells (3 x 106, 2 x 107) did not contain detectable‘\
quantities of IgM (<56 ng per mlf'(Table 9). These results

supbort the staﬁd thaf IgM is not bound to FcM receptors on
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Tg cells. If 1gM were bound to these cells from which it
would dissociate in culture, it should be detected by the
ELISA assay.

In & manner not vet understood, IgM in physiclogical
concentration is capable of suppressing the synthesis of FcM
receptors by the cuitured Tg cells (Table 7). The failure
to detect these receptors on cultured T cells must be
attributed to the failure of synthesis rather than
neutralization of the synthesized FcM recptors, since JgM,
in a physiological concentration, is not capable of
interacting with and neutralizing the FcM receptors (Table
8). However, it should be noted that [gM cannot totally
.inhibit the synthesis of FcM receptors by the cultured Tg
cells. The synthesis of approximately 25 percent of the FcM

receptors i{s resfistant tg the suppression mediated by I[gM.
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?o LYMPHOCYTES INCUBATED FOR 24 HOURS WITH IgM IN
HIGH CONCENTRATION FAIL TO SYNTHESIZE FcM RECEPTORS

TABLE 7

Ty cetls (3 x 106) cultured for

Percent of T cells which rosette with

the EAM Indicator cells

24 hours In the presence of Exp. Exp. Exp. 3
NI 28 27 28
1gM, 25 ng per ml 27 28 26
1gM, 100 ng per ml 28 26 28
IgM, 1,000 ng per ml 26 27 24
Igtt, 10,000 ng per mi 11 12 11
igM, 100,000 ng per mt T 4 4
Serum® diluted 10,000X 28 21 13
Serum di luted 1,000X 12 10 9
Serum diluted 100X 9 8 ND**
Serum dilluted 10X 6 6 7
Serum, undfluted ND 4 6
1gG, 25 ng per mt 26 26 ND
1gG, 100 ng per ml 29 28 ND
1gG, 1,000 ng per ml 27 26 23
lgG, 10,000 ng per ml 26 23 25
1gG, 100,000 ng per ml 30 25 26

* The concentration of 1gH was 1.16 %

“s ND = Not done.

106 ng per ml.

it



TABLE 8

Igil, IgG AND NORMAL HUMAN SERUM FAIL TO
NEUTRALIZE THE RECEPTOR FOR IgM FOLLOWING
INCUBATION WITH T,4 CELLS FOR 24 HOURS

Percent of T cells which rosette with

T24 lymphocytes (3x106) the EAM indicator cells
incubated for 24 hr i{n culture
medium with the following Exp. 1 Exp. 2 Exp. 3
N1l 26 24 25
1gM, 25 ng per m! 26 25 25
IgM, 100 ng per ml 28 23 24
igM, 1000 ng per mil 26 25 23
igM. 16,060 ng per ml 27 23 20
igM. 100,000 ng per ml 23 20 28
Serum, diluted 10,0500% 25 22 18
Serum, dlluted 1,000X 26 20 22
Serum, diluted 100X 29 ND* ND
Serum, dfluted 10X 25 i 20 25
Serum, undiiuted ND 22 20
1¢G. 25 ng per ml 26 NOD ND
1gG, 100 ng per ml 24 ND ND
1gG, 1000 ng per mi , 28 24 20
19G, 10.000 ng per ml. ' 26 22 21

1gG, 100.000 ng per ml 28 23 20

*ND = Not done.
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TABLE 9

CELL-FREE CULTURE SUPERNATANTS OF Ty CELLS
CULTURED FOR 24 HOURS DO NOT CONTAIN DETECTABLE IgM

Number of ng 1gM detected in the cell-
To cells cultured free culture supernstants
for 24 hours
Exp. 1 Exp. 2
3 x 106 <56 <56

2 x 107 <56 <56
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5.4. CIRCULATING NULL LYMPHOCYTES, BUT NOYT B LYMPHOCYTES

OR__MONOCYTES, INHIBIT THE SYNTHESIS OF FeM RECEPTORS BY T

LYMPHOCYTES IN CULTURE.

S5.4.1. RATIONALE AND OBJECTIVE.

The results presented in section 5.1 of this chapter
demonstrated that pure Tg cells but not unfractionated
MNCg cells (70 percent of which are Tg cells) incubatea
for 24 hours in culture medium generated cells with FcM
.receptors capable of rosetting with EAM indicator cells
(Tables 2,3). These results suggested that one or more of
the ceils within the non-T cell population can suppress the
synthesis of FcM receptors by Tg cells.

The objectives of the following experiments were to
ascertain whether (i) any of the non-T cells (T, B, Nuil)}) in
the non-T <c¢ells inhibits the syﬁfhesis of FcM receptors on
the co-cultured Tg cells, and (ii) whether bystander T
cells are regquired for the synthesis of FcM receptors by the
Tv cells.

5.4.2. EXPERIMENTAL PROTOCOL.

The methods used to isolate the circulating MNC, T
cells and B cells from blood have been described in the
section 5.1.2. of this chapter. Null cells were Isoclated
using rosetting-methods described in chapter 4.2.6. T cells
were separated into Tg, Tc and Ty cells using the
method described in chapter 4.2.6. T and non-T cells were
depleted\§g§ monocytes by usjng carbogyl iron, as described

in chapter 4.2.7. The presence or absence of monocytes . In
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the T and non-T <c¢ell populations was determined using
monoclonal Leu-M3 and staining for nonspecific esterase
{NSE) as described In chapters 4.2.8 and 4.2.16,
respectively.

In order to ascertain whether non-T cells (Null cells,
B celis, monocytes) inhibit the synthesis of FcM receptors
by the co-cultured Tg cells, Tg cells were co-cultured
with non-T celis, Null cells or B celis in varying ratios.
In order to determine whether the non—-Ty T cells affect
the synthesis of FcM receptors by the Ty cells, Tg cells
depleted of Tg cells and/or T¢c cells were incubated with

the non-T cells, B cells or Null celis.

5.4.3. RESULTS.

It can be seen from the data presenteq in Table 10,
the non-T cells were capable of inhibiting the synthesis of
FcM receptors by coculturegd T ceils. Total suppression of
the synthesis of FcM receptoré:ﬁas attained when the non-T
cellé were present in a concentrﬁfion of 30 percent of the T
cells (Table 10). However, it shouid be noted that the
non-T cells even in a concentration as low as 2 percent of
the cultured T cells suppressed the synthesis of FcM
receptors to an exfent of 60 to 65 égrcent {Tabie 10).
Total suppression of FcM receptor Synthesis was observed‘
only when the non-T cells were added to the Tg cells at
the beginning of the 24 hour culture (Table 11).
Significant suppression of .Fcﬁ receptor synthesis was:

observed when the non-T cells were added to the Tg celis
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during the first 4 to 12 hours of culture. The addition of
non-T cells to Tg cells after 20 hours of culture resulted
in only marginal suppression of FcM receptor synthesis by
the Tg ceils (Table 11).

To investigate whether the suppressive erffect of non-T
cells on FcM receptor synthesis by the T cells 1is HLA
restricted, Tg ceils were cultured with autologous or
allogeneic ron-T cells for 24 hours followed by rosetting
with EAM indicator cells. As can be seen from the data
presented in Table 12, the cultures of ali of the Tg and
non—-T cells resulted in total suppression of FcM receptor
synthesis, indicating that this activity by the non-T cells
is HLA independent.

The role of monocytes in the suppression of FcM
receptor synthesis by the Tg cells was investigated. Tg
and non-Tp cells were .prepared from monocyte-depleted and
non-depleted MNCgy and co-cultured for 24 hours. No
Aﬁonocyteé were detected In the monocyte—-depleted cell
suspensions either at the beginning or the end of culture.
As can be seen from data presented in Table 13, non-T cells
depleted of monocytes were as effective as non-T cells
containing monocytes 1In the their ability to suppress FcM
receptor synthesis by the co-cultured Tg cells. These
results indicate that monocytes are not involved in the
non-T cell mediated suppression of FcM receptor synthesis by
Tg cells. |

The purified B or Null cells were then co-cultured with
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the2 autologous T cells for 24 hours. As can be seen from
the results presented in Table 14, the Mull cells present in
a concentration of 30 percent of the cultured Tg cells
totally suppressed the synthesis of FcM receptors by the
cultured Tg cells. In fact, the Null cells suppressed the
synthesis of FcM receptors by greater than 60 perecant ewven
when they were present in a concentration of 1 percent of
the cultured cetls. In contradistinction, the B cells
present in as high a concentration as 50 percent of the
cultured cells were consistently incapable of suppressing
the synthesis of FcM receptors by the cultured T cells
(Tabie 14).

It can be concluded by the data presented in Table 15
that removal of the Tg and/or the Tg cells from the Tg
cells did not affect the Null cell mediated suppression of
FecM receptor synthesis. |

5.4.4. COMMENTARY.

Freshly isolated unfractionated MNCgp cells and
reconstituted MNCg celis consisting of freshly isolated
Tp and non-T cells failed to generate -cells with FcM
receptors when cultured for 24 hours in culture medium.
These results suggested that the‘ non-T cells exerted a
suppressive effect on the Tg cells resulting in the
inhibition of FcM receptor synthesis. Since the. non-T cells
consist of monocytes, B and Null cells, the suppressive
activity | of each of these cells was systematically

investigated.
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MNCy were depleted of monocytes twice over a period
of 24 hours (N. Kazaninowsky, PhD thesis, University of
Ottawa, 1986). It was demonstrated that the
monocyte-depleted non-T cells were as effective in
suppressing FcM receptor synthesis by co—-cultured
monocyte-depleted Tg cells as were the monocyte containing
non-T cells co-cultured with monocyfe—containing Tg cetlls.
It was therefore concluded that monoccytes do not play a role
in the non-T cell mediated suppression of FcM receptor
synthesis by Tg ceils.

The Null cells, {isolated from the non-T cells, totally
suppressed the synthesis of FcM receptors by the co~cu1turéd
Tg cells whereas the 8 cells displayed no suppressive
activity. In fact, the Nﬂll cells exhibited veri
significant suppression of FcM receptor synthesis when they
constituted only 0.1 percent of the célls {Tg Plus Null)
cultured, It was therefore concluded that only the Null
cells, and not the B cells or the monocytes, are capable of
suppressing the synthesis of FcM receptdrs by freshly
isolated Tg cells in culture. It was also demonstrated
that the suppressive activity by the Null celis is HLA
independent as non-T cells added to allogeneic Tg cells in
culture were Jjust as effective as autélogous non-T cells In
suppressing the synthesis of FcM receptors by cultured To
cells.

it was also demonstrated that the suppressive activity

of Null cells on FcM receptor synthesis 1{s not dependent

1
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upon the presence of non-Ty T cells (Tg,Tec) in
culture. It would therefore appear that the Null cells act

directly on the Ty cells to inhibit FecM receptor

synthesis.
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TABLE 10

NON-T LYMPHOCYTES INHIBIT THE SYNTHESIS OF
RECEPTORS FOR FcM BY AUTOLOGOUS T LYMPHOCYTES

Cells cultured for 24 hr

Percent EAM rosetting cel)s

Non~-T cells
T cells Non-T cells a3 a percentage Exp. Exp. Exp.

of the T cells 1 2 3
3.0%106 Nt 0 23{0)" 19(¢0) 25(0)
3.0x106 0.06x106 2 9(61) 7(63) 9(64)
3.0x106  0.15x106 s 8(65) 7(63) 7(72)
3.0x106 0.30x106 10 3(87) 4(79) 3(88)
3.0x106  0.90x106 30 0¢100) 3(84) 0¢100)
3.0x106  }.50%x:06 50 0(100) 0(100) 0(100)

* The figures outside and inside the brackets represent the percent

of EAM rosetting cells cbserved and the percent suppression of EAH
rosetting cells, respectively.
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TABLE 11

THE INHIBITION BY AUTOLOGOUS NON-T CELLS OF
FcM RECEPTOR SYNTHESIS BY THE Ty LYMPHOCYTES
IN CULTURE IS A FUNCTION OF THE TIME OF
ADDITION OF THE NON-T CELLS TO THE CULTURES

Non-T cells (0.90 x (10°) added Percent EAM rosetting cells
to the Tg cells (3.0 x 106) at
the following time of the

24 hr culture Exp 1 Exp 2 Exp 3

Control (no non-T cells added) 22(0)*" 27(0) 30¢(0)
-0 hr 0{100) 0(100) 0(100)
2 br 4(82) 5(80) 3(90)
4 hr 6(74) 8(e7) 8(7s5)
8 hr 8(64) 10(60) t0(67}
12 br 10(55) 12(52) 15(50)
20 hr 16(28) ‘ 20(20) 22(24)

®* The figures outside and inside the brackets represent the pefcent of
EAM rosetting cells observed and the percent suppression of EAM
. rosetting cells, respectively.

£



TABLE 12

THE SUPPRESSION BY NON-T CELLS OF THE SYNTHESIS
OF FcM RECEPTORS BY Ty CELLS IS NOT HLA RESTRICTED

To cells (3 x 105%) cultured Percent EAM rosetting cells
with autologous or altogenic mon-T
cetls (0.9 x 106} for 24 hrs*

Exp 1 Exp 2 Exp 3

T 27¢03°* 20¢0) 29(0)
T2 24¢0) 22¢0) 30(0)
T3 20¢0) 30(0) 28¢0)
Ty + Non-T) 0(100) 00100} 0¢100
Ty + Non=T 0(100) at100) 0(100)
Ty + Non-T3 0¢100) 04100 6(100)
T2 + Non-T, 0¢100) 0¢100) 0C100)
T2 + Non-Tp : 2(100) 0¢100) 0¢100)
T2 + Non=Tj oc100) (100 0(100)
T3 + Non=T, 0(100)  otom 0(100)
T3 + Nen-Tp 0(100) 0¢100) 0¢t00)
T3 + Non-Ty 0(100) 0(100) 0¢100)

* The cells ware obtained from three unrelated donors.
** The figures outside and inside the brackets represent the percent of
EAM rosetting cells observed and the percent suppression of EAM
rosetting cells, respectively. N



TABLE 13

MONOCYTES DO NOT PLAY A ROLE IN THE SYNTHESIS
OF RECEPTORS FOR FcM BY AUTOLOGOUS T LYMPHOCYTES

Percent Percent EAM Percent monocytes
Cells cultured for 24 hrs non-T cell rosetting cells In the culture
Exp } Exp 2 Exp 1 Exp 2
T(3.0x108) 0 28(o)* 30¢0) 2{1)=" 1(1)
T{3. 0x105)+non—T(0 15x105) 5 6(79) 8(74) 2{(2) 1(2)
T{3. Oxlo y+non-T(0. 3ux10 ) 10 3(sl1) 5(83) 4(4) 2(3)
T{3.0x106)+non-T(0.90x106) 30 0(100) o(100) 1113} s(10)
Tyup®**(3.0x106) 0 26(0) 29(0) e <H(el)
Tup(3. 0x|05)+non-THD(0 15x1051 5 8(70} 7(75) <1{<1) <1{<1)
Tup(3- 0x106 )+non-THo(0 30:10 Y 10 5(81} 3(90) <1{<1) <1{<1)
Tup(3. 0x106 Ynon-Typ(G. 90x106) 30 0{100) 0{100) <1{<1) ToLLic)

* The figures outside and within the brackets represent the percent EAM '
rosetting cells observed and the percent suppression of EAM rosetting

cells, respectively.

** The figures outside and within the brackets represent the percent monocytes
at the beginning of the culture and at the end of the 24 hour culture period,

respectively.

»*s MD = monocyte depleted.



NULL LYMPHOCYTES, NOT B LYMPHOCYTES,
INHIBIT THE SYNTHESIS OF RECEPTORS FOR

TABLE 14

FcM BY AUTOLOGOUS T LYMPHOCYTES

Non-T, B. or
Null ¢ells as a
Cells cultured percentage of the

for 24 hours® T cells

Percent EAM rosetting cells

Exp 1 Exp z Exp 3
T 0 25(0)~" 30(0) 25(0)
T + Non-T 390 0{100) 0¢100) 0¢100}
T + Null 0.1 16(36) 17044) 16(36)
T + Null a.2 13(48) 16(47) 13(48)
T + Nul} 0.3 12(52) 15(50) 11{56)
T + Null 0.5 10(60) 14(53) 9(64)
T + Nul} 1.0 9{64) 13(59) 8(60)
T + Null 5 5(80) 8(74) 8(68)
T+B 5 22¢8) 23(18) 1 22(8)
T + Null 10 383 M 6(74)
T+B o 18¢18) 22(18) 20(13)
T + Nul} 30 0¢100) 0(¢100) 0(t00)
T+B 3o 17(5) 20¢0) 18{0)
T + Null 56 0{100) 0(100) 0¢100)
T+8B 50 17¢0) 18(0)

16(C)

Constant number of T, celis cultured (3 x 106)

The figures cutside and insids the brackets represent the percent
EAM rosetting cells cobserved and percent suppresasion of EAM rosetting
cells, respectively.
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TABLE 15

THE NULL CELL-MEDIATED SUPPRESSION OF THE
SYNTHESIS OF RECEPTORS FOR FcM BY THE T, CELLS

To cells (Ix106)
cultured for

v 24 hours

Null cells(10%)

added to the T,

cell cultures

Percent EAN rosetting csils

£xp. 1 . 2

T N0 28(0)° 32(0)
YES 0{100} (100}

Ty depleted of Tg cells NO 25{0) 270)
YES 0{100) (100}

To depleted of Tp cells NO ' 20 18(0)
YES 0{100} a(100)

To depleted of Ty and T cells NO 26(0} 22(0)
YES oL100) 0¢100)

® The figurea outaide and within the brackets represent the percent of EAN
rosetting cetis observed and the percent sucpression of EAN rosetting

cells. rtspectlvely.‘

I
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5.5. THE NULL LYMPHOCYTES SECRETE A FACTOR{S) IN _CULTURE,

RECEPTOR SYNTHESIZING SUPPRESSOR FACTOR OR RSSF, WHICH

INHIBITS THE SYNTHESIS OF FeM RECEPTORS BY AUTOLOGOUS T

LYMPHOCYTES.

5.5.1. RATIONALE AND OBJECTIVE.

In the previous chapter, it was demonstrated that Nul)
lymphocytes, but not B Iymbhécytes or monocytes, are capable
of suppressing the synthesis of FcM receptors by the T cells
following co-culture of Null cells and T cells. HNull cells
in a concentration as low as O.f percent of the cultured
cells (Tiﬂu\l=1000:l) resulted in greater than 50 percent
sﬁppressjon of FcM receptor synthesis.

The cbjective of this series of experiments was to
define the mechanism{s) whereby null cells suppress the
synthesis of FcM receptors by co-cultured Tg cells .

5.5.2. EXPERIMENTAL PROTOCOL.

The methods used to isolate the cifculating HNF. T
celis, and é cells from blood héQe been described in“section
5.1.2. of this chapter. Null cells were isolated as
described in section 5.4.2. of this chapter. In ordeﬁ to
demonstrate whether Null cells secrete a‘Factbr_which is .
capable of suppressing the synthesis of Fqﬁ“repeptors by T

cells,  Null cells were cultured in culture medfium for 24

hours. The cell-free culture supernatant was then Filtered

and used as culture medium for the culture of Tg cells for
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24 hours, at the end of which these T cells were assayed for

"EAM rosetting cells. The viability of the cells was

determined by the conventional +ftrypan blue dye exclusion
test as described in chapter 4.2.14. Ultrascnicates of null
cells were obtained by subjecting these cells to 60,000 K
cycles per minute at 49C for | minute.

5.5.3.RESULTS.

As can be seen from the results presented in Table 16,
Null cetls but not B cells or T cells, cultured for 24 hours
in the presence or absence of fetal calf serum;. secreted a
factor(s) capabie of inhibiting the synthesis of FcM
receptors by freshly isolated Tg cells in culture. The
factor was named receptor synthesizing suppressor factor
(RSSF). B cells failed to secrete RSSF even when they were
cultured with fo‘ceils;

The Null cell ultrasonicates, prepared from three times
the number of Null cells required to totally suppress FcM
receptor synthesis in culture for 24 hours, “were devoid of

=2

supprgssor activity (Table l?{, =

uThe cell-free culture supernatant? of é hour cultures
of Null cells inhibited FcM receptor éynthesis by about 70
percent and were almost as suppressive as the supernatants
of 24 hour éultures -of Null cells. However, only the
cell-free culture supernatants of 24 hour cultures of Null
cells were able to.totally suppress FcM receptor synthesis

(Table 18). These results indicate that RSSF was secreted

very rapidly by the null cells in culture. .

43
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The Null cells were cultured for up to 5 days in
culture medium.The cell — free supegrnatants were replaced
every 24 hours and assayed for suppressor activity.As can be
seen from the data presented in Table 19, the Null cells
secteted highly potent RSSF during the first 2 days in
cultufé. They secreted very little RSSF on day 3 of culture
and no RSSF was secreted on the 4th and 5th days of culture,
The viability of the cells was very high for the first 4
days of culture but decreased significantly by day 5 of
culture {(Table 19).

The Nuil cells were then preincubated in culture
medium for 24 hours at 37°9C with cyclohexamide in a
concentrationﬁrange (0.5 ug to 4.0 ug per ml) which does not
affect therynthesis of FcM receptors by the Tg cellis
(Table 6 seépion 5.2.2). The cells were then washed twice
and co-éultured with Tg cells for an additional 24 hours.
These Null cells were unable to suppress FcM receptor
synthesis by the co-cultured Tg celis (Table 20).
Al iquots of the washed Null cells (previqusly incubated with
cyclohexamide) were also cultured alone for an additional 24
hours {in culture medium and cell-free culture supernatants
were assayed for = suppressor activity. These supernatants
displayed no suppressor actiQtty (Table 21).

RSSF was Incubated with Tg cells, Nulli cells or B
cells for 2 hours at 37°C. The cell-free supernatants
were then éssayed for, the capacity‘to.suppreés FcM receptor

—

synthesis by co-cultured Tg ‘cells. The suppressor



73

activity of RSSF was not absorbed out of solution following
co-incubation with Tg, B or Null cells for 2 hours since
they were still capable of totally suppressing FcM receptor
synthesis (Table 22).

As can be seen from the data presented in Table 23,
RSSF  did not interact with the FcM receptors on the Ty,
cells. The Ty4 cells following incubation with RSSF for
24 hours at 37°C rosetted with EAM to the same extent as
did the the Tz4 cells incubated for 24 hours in culture
medium in the absence of RSSF.

5.5.4. COMMENTARY.

In this investigation, it was demonstrated that the
Null cells cultured in the presence or absence of FCS for 24
hours secreted a factor(s), RSSF, which inhibited the
synthesis of FcM receptors by the cultured Ty cells.

- RSSF was secreted rapidly by the Null cells since the
celi-free supernaﬁénts of 2 hour Null cell cultures
inhibited FcM receptor synthesis by the cultured Tg cells
by 70 to 75 percent. RSSF was not present in the freshly
isolated Null cells since the solublte, filtered
ultrasonicates of Null celils exhibited no supﬁressor
activity. Furthermore, RSSF detected in the éupernatants of
Null cell cultures was not simply released from degenerating
or dying Null cells since the Null cells remained viablé f >
70 percent) for at least 3 days in culture. iq addition,
Null qells incubated with an {nhtbitor of protein syntheéis,

cyclohexamide, in tow non-cytotoxic concentration, failed to
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synthesize RSSF alithough the viability of the cells was
greater than 85 percent. It must be emphasized that the
concentration of cyclohexamide which inhibited the synthesis
of RSSF, 0.5 ug per ml, was at least 10 times lower than the
concentration of cyclonexamide required to directly inhibit
the synthesis of FcM receptors by the Tg cells (Table 6

section 5.5.2.). Therefore, the inhibition of FcM receptor
synthesis by RSSF cannot be attributed to the residual
cyclohexamide carried over into the Tg cell cultures. It

was therefore concluded that RSSF is synthesized and
secreted by the Null cells in cuiture. The failure to
detect FcM receptors on T cells after culture with RS5SF can
only be attributed w’co the suppression of the synthesis of
these receptors since RSSF was unable to interact with and
therefore neutralize already generated FcM receptors on

To4 cells even after co-culture for 24 hours (Table 23).
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TABLE 16

<

THE NULL LYMPHOCYTES SECRETE A FACTOR(S)
IN CULTURE, RECEPTOR SYNTHESIZING
SUPPRESSOR FACTOR OR RSSF, WHICH INHIBITS
THE SYNTHESIS OF THE FcM RECEPTOR BY
AUTOLOGOUS T LYMPHOCYTES

Cell~free supernatants Percent EAM rosetting cells following
obtalned from the cuiture of the T, cells for 24 hours
following 24 hr cultures® in the cell-free culture supernatants
Exp 1 Exp 2 Exp 3
To cells (3 x 108) 24(0)"* 20(0) 22¢(0)
Null celis (106) 0(100) 0¢100) 0(100)
B cells (106) 21(13) 18¢10) 16(20)
‘To (3%x108)+Null celis(106) 0(100) 0(¢100) 2(100)
To(3x106)+8(106) . 19¢20) 16(20) 16(20)

* The medium used was culture medium. Identical results were obtained when
fetal calf serum was omitted from the medium.

**The figures outside and inafide the brackets represent the percent
of EAM rosetting cells observed and the percent suppression of the EAM
rosetting cells, respectively.
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TABLE 17

ULTRASONICATES OF NULL CELLS DO
NOT EXHIBIT RSSF ACTIVITY

To cel 1s(3x106) Percent.EAM rosetting celtls
fncubated for
24 hrs with

Exp 1 Exp 2
Nil 26 , 28
Untreated Null cells(105 cells) 0 0
Supernatant of a 24 hr 0 0
Null cell culture (106 cells :
per ml of culture medium)
Null cell sonicate (prepared 25 27

from 3 x 106 ceills)
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TABLE 18

THE SECRETION OF RSSF BY THE NULL CELLS
INCREASES WITH THEIR TIME IN CULTURE

Supernatants of Null cell Percent EAM rosetting cells following culture
cultures (106 per mi) of the T4 cellis for 24 hours in the
after the following Null cell culture supernatants
period of culture Exp. 1 Exp. 2 Exp. 3

0 hr 20(0)* 23(0) 24

2 hr - 5(75) 8(66) &6{76)

8 hr 4(80) 7¢70) ' 5(80)

20 hr 3(85) 5(79) 3(88)

24 hr 0(100) 0(100) 0(100)

T24 Control 204(0) 24(0} 25(0)

* The figures outaide and inside the brackets represent the percent of
EAM rosetting cells observed and the percent suppresslion of EAM
rosetting cells, respectively.



TABLE 19

THE NULL LYMPHOCYTES LOSE THE CAPACITY
TO SECRETE RSSF AFTER 2 DAYS IN CULTURE

Percent EAM rosetting

Supernatants of Percent viable cells following culture of
Nulé cell cultures Null cells at the To cells for 24 hours in
(10° per ml) after end of the culture the Null cel) culture
he following periods periog"® supernatants
2f culture Exp 1 Exp 2 Exp 1 Exp 2

N1 88 a7 26(0)*~ 28(0}
0 to 24 hours 80 78 0{100) 0(100)
24 to 48 hours 70 80 0(100) 0{100)
48 to 72 hours , 77 84 24(8) 25¢14)
72 to 96 hours o 70 65 26(0) 27(3)
96 to 120 hours 50 48 .28(0) 29(0)

* Determined by the trypan biue dye exclusion test.

*=» The figures outside and inside the brackets represent the percent of
EAM™ rosetting cells observed and the percent suppression of the EAM
rosetting cells, respectively.

4



TABLE 20

NULL CELLS PREINCUBATED FOR 24 HOURS WITH
CYCLOHEXAMIDE FAIL TO INHIBIT THE SYNTHESIS
OF FcM RECEPTORS BY Tg CELLS IN CULTURE

Mean percent Percent EAM rosetting
Null cells prefncubated viabie Null cells following culture
for 24 hours with cells following of the T, cells for
Cycliohexamide in the incubation with 24 hours with the
foilowing concentratfon cyclohexamide® cyclohexamide~-treated
Null cells ‘

Exp. ! __ Exp. 2
{ug cyclohexamide per ml)

Ni1(Null cells not preincubated 80 0 0
with cyclochexamide)
0.5 78 23 19
i.0 70 19 18
2.0 72 22 16
3.0 66 20 17
4.0 62 23 20
5.0 - 55 18 23
To cells incubated in 88 25 22

culture mecium for 24 hours

* Determined by the trypan blye dye exclusion test.



TABLE 21

NULL CELLS CULTURED FOR 24 HOURS WITH
CYCLOHEXAMIDE FAIL TO SECRETE RSSF

Null cells cultured

for 24 hours with Percent viable cells
cyciohexamide, washed, at the termination
and cultured for an of culture*
additionat 24 hours in

culture medium

Percent EAM

, rosetting cetlls
following culture
of the To cellis
for 24 hours in the
Null cell culture

supernatants
Exp. 1 Exp. 2 Exp. 1! Exp. 2
{ug cyciochexamide per ml) ' ‘
0 84 86 [} 0
0.5 a3 79 24 20
1.0 78 80 23 18
2.0 79 84 20 19
4.0 a5 80 18 20
Tp cells fncubated in 88 81 24 26

culture medium for 24 hours

* Determined by ﬁhe trypan blue dye excluslon test.



TABLE 22

RSSF IS NOT ABSORBED BY FRESHLY
ISOLATED T, B OR NULL CELLS

Percent EAM rosetting cells following

RSSF Incubated with the culture of the Tg cells for 24 hours
foliowing cells® with the absorbed RSSF
Exp. 1 Exp. 2 Exp. 3
Ni1 0¢100)"* 0(100) 0¢100)
To cells (2 x 107) 2(98) 1¢(99) 0(100)
Null cells (107) 0¢100) 0¢100) 0(100)
B cells (5 x 106) 0(100) 0(100) 0(100)
Control (T, celtls incubated 23{0) 25(0) 19(0)

for 24 hours In culture medium)

« RSSF was lncubated with Tg., Null or B cells for 2 hours at 37°C.
The tubes were shaken every 15 minutes.

»s The figurea outaide and inside the brackets represent percent of EAM
rosetting cells cbserved and the percent auppresaion of EAM rosetting
cells, respectively. o :



TABLE 23

RSSF DOES NOT NEUTRALIZE THE FcM
RECEPTORS ON THE T24 CELLS

T24 ceils® were incubated in RSSF added to Percent EAM
culture medium for the following the Tz4 cultures rosetting cells
period of time prior to rosetting
with the EAM Indfcator celis Exp. 1 Exp. 2
0 hours NO 33 22
24 hours YES 29 21
24 hours NO 32 20

® T24 cells are Ty cells cultured for 24 hrs in culture medium
at 37°C,
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5.6. SOME PHYSCOCHEMICAL PROPERTIES OF RSSF.

5.6.1. RATIONALE AND OBJECTIVE.

In the experiments presented in the previous section,
it was demonstrated that Nuil cells secrete a factor in
culture which is capable of suppressing the synthesis of FcM
receptors by T cells. This factor was referred to as
receptor synthesis suppressor factor or RSSF.

The opjective of the following experiments was to
characterize RSSF.

5.6.2. EXPERIMENTAL PROTOCOL .

Null cells were cultured in medium RPMI-1640 (106 in
Im1) for 24 hours and the cell-free culture supernatants,
referred to as RSSF or RSSF conditioned medium, were used
either in the fresh state or were kept at -20°9C until
used.

RSSF was incubated at 49C, 37°C and 56°C for
varying periods of time (up to 120 hogrs). The RSSF was
dialysed for 24 hours against medium 7RPHI—1640 through
dialysis tubing with mqlecular weight cut-offs of 14,000 and
50,000. The RSSF conditioned medium and regular medium were
incubated with a variety of enzymes 6vernight'3

All of the treated RSSF preparations were reconstituted

o

| wish to thank Dr. Harvey Kaplan, Department of

»*

Chemistry, for his assistance in this part of the

investigation.
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with FCS(20 percent) and used as culture media for Tp
cells for 24 hours. The cells were then assayed for FcM
receptors.

5.6.3. RESULTS.

As can be seen from the results presented in Table 24,
RSSF did not lose its suppressive activity when cultured for
up to 48 hours at either 4°C or 37°C. However, RSSF
incubated for 120 hours at 37°9C lost essentially all its
activity whereas the RSSF kept at 4°9C for 120 hours
retained considerable suppressive activity (60 to 68
percent). It can also be seen that RSSF exposed to S5S6°C
for even 15 minutes retained only marginal suppressor
sctivity. RSSF was totally inactivéted following exposure
to 56°C feor 2 hours (Table 24).

As can be seen from Table 25, RSSF dialyzed for 24
hours through dialysis tubing with a molecular weight cut-
off of 50,000 lost its ability to suppress the synthesis of
FcM receptors by culitured Tg cells. However, RSSF
retained its suppressive activfty following dialysis through
a dlalysis tubing with a molecular weight cut-off of 14,000.

RSSF subjected to different enzymes retained its
capacity +to suppress the synthesis of FcM receptors when it
was used as culture medium for Tg cells for 24 hours

‘(Table 26).

5.6.4. COMMENTARY.

I

3! 1t was demonstrated, on the basis  of experiments

P

pﬁesented in Table 25, that the molecular weight of RSSF is

s
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greater than 14,000 but less than 50,000. RSSF is a stable
compound as it retains its activity after culture at 37¢C
for 48 hours or incubation at 4©C for 120 hours. It was
also demonstrated that exposure of RSSF to various enzymes
did not resuit in the loss of suppressive activity,
suggesting that RSSF is not a conventional protein, although
the rapid loss of activity following incubation for only 15

minutes at 56°C suggests that it is a protein.



TABLE 24

THE STABILITY OF RSSF FOLLOWING
INCUBATION AT 4°9c, 37°C, 56°cC
FOR VARYING PERIODS OF TIME

RSSF Tncubated at Percent EAN rosetting cells
the following following incubation of Tg cells
temperature for for 24 hr I1n the preincubated RSSF
the following
period of time(hr) - Exp. 1 Exp. 2
3rec 24 hr o{100)"* aq100)
37rec 48 hr at100) o100}
arec 72 he 9(68) 7{6T)
Ko 120 hr 19433 20(24)
4°¢ 24 hr af100) 0(100)
}
4°C 48 hr o(100} oton)
}
49C 72 hr 2(93) S(83)
40C 120 hr (e68). 12(60)
56°C 15 min 20030 | 22(29
s6°C 2 hr 28¢0) | 29(0)

{T)24{Control) 28(0) 30¢0)

The fligures ocutside and Inside the brackets represent the percent of
EAM rosetting cells cbhbserved and the parcent suppression of EAM
rosetting cells, respectively.
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TABLE 25

THE ABILITY OF DIALYZED RSSF TO
INHIBIT THE GENERATION OF FcM

RECEPTORS BY TO CELLS

Percent and percent suppression of EAM

RSSF dialyzed through
dialysis tubing with rosetting cells following culture of
a molecular weight Tg cells in dialyzed RSSF
cut—-off of
Exp. 1 Exp. ¢
14,000 oCto0)* 0¢100)
50,000 27(4) 30(6)
0(100) 0{100)

Control - not dialyzed

28(0) 32(0)

T2a

* The figures outside and inside the brackets denote the percent of EAM
rosetting cells observed and the percent suppreasion of EAM rosetting

calls, respectively.



TABLE 26

RSSF IS NOT SUSCEPTIBLE TO
ENZYMATIC DEGRADATION IN VITRO

The viabllity of the The percent EAM rosetting cells
RSSF® or medium To cells incubsted following incubatton of the
aloned incubated for 24 hours in the To cells for 24 hours In the
for 24 houyrs with
the following enzyme-treasted enzyme-treated enzyme-treated enzyme-treated
enyzme . RSSFC med § umC RSSFC mediumS
HI 57 70 0 23
Papaln 70 62 0 17
Pronase ‘ 63" 56 0 21
Trypsin 60 70 | 19
Lysozyme 68 65 0 20
Elastase n 56 2 18
RNAase 7 48 1 22
Thermolysin 43 40 a 18
a~chymotrypsin 53 66 0 17

RSSF-conditioned medium (RPMI-1640).
RPMI=1640.

RSSF and the medium were supplemented with fetal calf serum to a
concentration of 20 percent prior to the addition of the Ty cellis.

7
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5.7. THE FUNCTIONAL ROLE OF THE FcM RECEPTORS ON T CELLS.

5.7.1. RATIONALE AND OBJECTIVE.

The T cells bearing FcM receptors, referred to as Ty
cells, are constdered to be essential for lg synthesis by
the B cells cultured with monocytes, Null cells and PWM for
7 days (56-64,96). However, it has been demonstrated in the
previous chapters that the freshly {solated T cells are
devoid of cM receptors. One may therefore question whether
the FcM receptors on the Ty helper cells serve a
functional role or whether they are simply innocuous markers
on the Ty helper cell generated artifactually in vitro.

The objective of the experiments carried out in this
section was to Investigate the functional role of FeM
receptors on Ty cells in lg synthesis in in vitro
cultures.

: W«
5.7.2. EXPERIMENTAL PROTOCOL. The methods used to isolate

the circulating MNC, T cells, Tg-Tg and non-T cells from
blood have been described in section 5.1.2. of this
chapter. The Tg-depleted Tp cells were cultured for 24
hours in culture medium for the generation of FcM receptors
and are referred to as Tz4 cells. The To:zad Tza4

cells depleted of Tg cells were added to im vitro cultures
of B cells, Null cells, monocytes and PWM as described in
chapter 4.2.17. Cell-free culture supernatahts were assaved
for laM on the 1st, 3rd, 5th and 7th day of culture by the

ELISA assay. Cultured cells were aliso assayed for EAM
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rosetting cells on the lst, 3rd, 5th and 7th day of culture.

5.7.3 RESULTS.

As can be seen from the results presented in Table 27,
lg synthesis was detected by the 3rd day and reached a peak
tevel on the 7th day of culture (it was lower by day 1G.
results not shown in Table). The percent of EAM rosetting
cells in the cultures In which Tz4 cells were used
decreased significantly on the third déy of culture and no
EAM rosetting cells were detected on days 5 or 7. 1t is
noteworthy that no EAM rosetting cells were detected in the
cultures to which were added Tg cells.

5.7.4. COMMENTARY.

It is obvious from the results presented in Table 27
that immunoglobulin secretion by the cultures containing
either the Tg or the T24 cells was identical. However,
it_ is important to note that no FcM receptor-bearing cells
could be detected in the cultures consisting of the Tp
cells. These vrésults indicate that FcM receptors are not
requiréd for immunogicbulin synthesis ahd secretion.

These results strongly suggest that FcM receptors on
the Ty lymphocytes do not Functionally participate in lg

synthesis.
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TABLE 27

THE RELATIVE EFFICACY OF Tp AND T CELLS
DEPLETED TO Tg CELLS TO FACILITATE IMMUNOGLOBULIN
SYNTHESIS BY B CELLS IN TEE PRESENCE OF NULL
CELLS, MONOCYTES AND PWM MITOGEN

Percent EAM rosetting ng IgH secreted by the
Cells jncubated for cells on following days cultured B cells on the
7 days in culture medium of culture following days of culture
In the presence of PHM .

0 i 3 5 7 1 3 5 7
Tog® + Non-T{B,Null.monocyte) 0 Q 0 0 0 <S¢ 323 641 1030
T24* + Non-T(B,Null,monocyte) 22 18 12 0 0 56 383 684 1054
Tog* 26 25 18 6 Q - - - -

* The T ceils were depleted of Tg cells by rosetting the freshly isolated
T cells with EAG indicator cells,
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6. DISCUSSION

The backgrouni findings which formed the basis of this
investigation were that freshly isolated circulating human
T cells do not possess detectable FcM receptors whereas a
significant percentage of these T cells possess easily
detectable FcM receptors following culture for 24 hours
since they rosette with EAM indicator cells. These results
suggested that either FcM receptor synthesis is {inhibited
in vivo but not in vitro in culture or that FcM receptors
are present on the circulating T cells but are bound by
circulating IgM.

The objectives of this investigation were (i} to

investigate whether or not FcM receptors are synthesized by

the circulating T celis in cuiture, (il) to investigate the
role IgM plays in the generation and/or expression of FcM
receptors by T ée\ls, (iii) to aséertain whether or not any
of the non-T cells (B cells, Null cells, monocytes)
suppress the synthesis of FcM receptors by co-cultured T
cells, (iv) to investigate whether suppression of FcM
receptor synthesis is carried out by,a‘soluble mediator,
and (v) to investigate whether FcM receptors on T cells
have a functional role iﬁ the synthesis of Ig by cultured B
cells. | |

it was unequivocally demonstrated that (i) freshly
isolated T cells, B cells, Null cells and MNC do not

express FcM receptors (if) T cells, but not unfractionated

MNC, . B cells and Null cells, generate FcM receptors
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following culture for 24 hours (iii) the optimal time
required for the maximum generation of FcM receptors by
cultured T cells is 24 hours (iv) the culture medium should
contain_FCS in a final concentration of 20 percent to
facilitate the maximum generation/expression of the FcM
receptors (v) Null celis secrete a factor capable of
inhibiting FéM receptor synthesis by T cel!s andg {(vi) the
FcM receptors on the Ty helper cells do not play a role
in 1g synthesis by cultured B cells.

In offering an interpretation for the absence of FcM
receptors on freshiy isolated Tg cells, it is necesséry
not to confuse their absence on the cells with our failure
to detect them. It may be that these receptors in fact
exist on freshly isolated Tg cells but are not detected
in vitro as they had interacted with and were neutral ized
by circulating laM in vivo (84,97,98,102,114,115).
However, it has also been‘suggested that the FcM receptors
are, in fact, absent on freshly isolated Tg cells and
that Fhey are generated de novo by the T cells following
culture for 24 hours in medium contalnming FCS which does
not contain IgM but not in medium fortified with serum
which contains IgM (83,109,110).

' The results of this investigation demonstrate in

unambiguous and unequivocal fashion that the FcM receptors
]

on the cultured T cells are, in fact, synthesfzed de novo.
It was consistently observed that Tg cells incubated for

24 hours with cyclohexamide in a low non—-toxic



94

concentration failed to exhibit FcM receptors. It was also
demonstrated that Tg celis cultured for 24 hours with IghM
in a physiological concentration also failed to exhibit FcM
receptors, suggesting that IgM binds to the newly
synthesized FcM receptors preventing their detection.
However, since IgM could not react with and neutralize
preformed FcM receptors present on Tz4 cells, it is
logical to attribute the absence of FcM receptors on T
cells cultured with IgM as a failure of FcM receptor
synthesis and not a failure of detection.

Freshly isolated mononuclear cells (MNCp) and
reconstituted MNCu cells consisting of freshly isolated
To (70 percent) and non~T (30 percent) cellis failed +to
generate FcM receptors when cultured for 24 hours in
culture medium.‘ Onily the freshly isolated pure Tgp cells
generated FcM receptors in cuiture. These results
suggesfed that the non-T cells exerted a suppressive effect
on the Tg cells resulting in the inhibition of FcM
receptor synthesis. |

It was Indeed found that the non-T cells were capéble
of actively suppressing the synthesis of FcM receptcrs by
cultured T cells. Since the non-T cells consist of
monocytes, B celis and Null cells, the suppressive activity
of each of these cells was systematically investigated.
Only the Null cells were capable of suppressing the
synthesis of FcM receptors on co-cultured T cells. [t was

also demonstrated that the suppressor effect of the Null



cells was
synthesized and secreted by
weight of RSSF
circuiating Null cells are
synthesis of FcM receptors by
are in vitro, they would
receptors on freshly isolated

A second mechanism which
inhibit the synthesis of FcM
In

one. a manher

physiological c¢oncentration

synthesis of FcM receptors by

faitlure to detect these receptors

cells

than neutralization of the synthesized FcM receptors

1gM,

interacting with and neutralizing preformed FcH

However,

mediated by a factor,

is in the range of 14,000 to 50,000.

not vyet

in a physiological concentration,
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RSSF, which is actively

Null cells. The molecular

If the
as capable of suppressing the
the T cells in vivo as they
preclude the detection of FcM
To cells.

appears to be o¢operating to
receptors is an IgM dependent

understood, IgM in a

is capable of suppressing the

the cultured To cells. The

on the cultured Tpzg4

must be attributed to failure of synthesis rather

since
is not capable of

receptors.

it should be noted that IgM was unable to totally

inhibit the synthesis of FcM receptors by the cultured Tg

cells.

FcM

oM whereas the Null cells totally inhibited the

of FcM receptors.

physiological mechanisms which regulate the

FecM receptors by Tg cells

Therefore,

The synthesis of approximately 25 percent of the

receptors was resistant to the suppression mediated by

synthesis
thére appear to be two
synthesis of

- circulating IgM and the

circulating Null cells. Furthermore, there appear tTo be

two types of FcM recep%ors - those whose synthesis can be
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inhibited by both IgM and Nuil cells and those whose
synthesis can be inhibited only by Null cells.

In 1975 Moretta et al demonstrated that the human
circulating T c¢cells can be segregated into twoc cliasses of
cells, the Tg and Ty cells on the basis of their
ability to rosette with EAG and EAM indicator ervthrocytes,
respectively, (75-87). This finding by itself was a
milestone as it demonstrated the heterogeneous nature of
human clrculating T cells. However, this finding was shown
to have a greater ramification when Moretta et al (87-89)
demonstrated that the Ty cells function as helper or
facilitating cells for immunogliobulin (1g) synthesis by the
B cells in culture whereas the Tg cells function as
‘suppressor cells capable of inhibiting lg synthesis by the
B cells in the presence of Ty helper cells.

Moretta et al, defining the functional role of FcG and
FcM receptors on T ceils, stated that freshly isolated Tg
suppressor cells become activated following the interaction
oF‘theif FeG receptors with FeG on  the anttgen-antibody
complex  (84-87). The functional importance of FcM
receptors on T cells‘was accepted as fact and has not been
questioned.

FcM receptors were not detected on . freshly isolated
TO, cells and they were not synfhesized in vitro when
cultured with B cells; Null cells, monocytes and PWM which
results in Ig synthesis and secretion by day 7 of culture.

The question of a functional role for the FcM receptor was
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therefore addressed. Freshfy isolated Ty cells deficient
in detectable FcM receptors and Ty cells which had been
cultured for 24 hours in culture medium containing FCS to
facilitate the synthesis of FcM rebeptors were cultured for
10 days with B cells, Null cells, monocytes and PWM. Iqg
synthesis and secretion were identical in both cultures.
Since FcM receptors were not detected on any cells in the
cultures consisting of Tg cells, B cells, Null cells and
monocytes, it would appear that the FcM receptor does not
have a functional role to play in 1g synthesis. Rather, it
appears to be an innocuous, Iincidental marker on the Ty
helper cell. This revelation should not be surprising
since other similar situations exist. For example, the CD4
(OKT4) monoclonatl antibodies react with not only the heliper
T cells, desigﬁated T4 cells, among the circulating MNC but
they also react with many parenchymal non—;irculating cells
such as brain cells, liver cells and kidnéy cells. These
cells have nothing to do with the immune system but they
carry a surface constituent common with the Ty helper
cells which 1is antigenic when !hjected into the mouse to
generate the CD4 monocional antigodies.

It is necessary, however, to be cautious in rejecting
outright a functional role for FcM receptors. Since
rosetting is certainly not the most sensitive assay for the
detection of FcM receptors (it is not known how many FcM
receptors are required to enable a Ty c;lls to rosette

with EAM although speculation is that the& must number in
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the thousands), it is very possible that FcM receptors may
be present on the cultured Ty cells in sufficient numbers
to participate in Ig synthesis by the co-cultured B celils
but in insufficient numbers to allow rosetting to take
place. In order to resolve this dilemma, it will be
necessary to purify the FcM receptors, obtain antibodies to
the FcM receptors, label the antibodies with a radiocactive
isotope, incubate these labelled antibodies with the Ty
cells and determine the number of anti-FcM receptor
antibodies bound per Ty cell. The number of FcM
receptors per cell should be similar to the number of
antibody molecules bound per cell.

A point which requires elaboration is the extent <to
which results in in vitro culture using circglating cells
can be extrapolated to the in vitro situation in the Ilymph
nodes and spleen where lg synthesis norhally takeé place.
It is possible that all of the accessory cells required to
facilitate 1g synthesis by the B cells in vitro - the Ty
helper'cells. the Null cells and the‘monocytes, are not
obligatory participants fin the synthesis of Ig in vivo.
However, very few investigation§ have been conducted with
parenchymal tymphoid cells, either in vivo or in vitro, to
permit an; conclusions.

The chemical composition of RSSF is not known as only
prel iminary éxperiments have been carried out. It was
demonstrated that the molecular weight of RSSF fis between

14,000 and 50,000 since it was retained #bllowing dialysis

L
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through a dialysis membrane with a molecular weight cut—off
of 14,000 but was dialyzed ' following dialysis through a
dialysis membrane with a molecular weight cut-off of
50,000. Ffurthermore, RSSF is auite stable at 37°C but
loses its activity following exposure to 56°C for only 15
minutes, suggesting that RSS5F is a protein. ‘However, not
one of a battery of 8 proteolytic enzymes was able to
degrade RSSF over a 24 hour incubation period. The amount
of each enzyme uséd per ml was 5 to 10 +times than that
which is normally required to degrade the substrate. Oon
the basis of these preliminary data, it may be concluded
that RSSF is either a profein resistant to conventicnal
enzyme action or that it is not a protein.

' In summary, it has been demonstrated that both Null
lymphocytes and IgM can inhibit the synthesis oF,FcH
receptors by freshly isolated T cells following culture at
37°C in culture medium for 24 hours. The Null cells
secreted a factor, referred to as réceptor synthesis
suppressor factor or RSSF, which inhibited the synthesis of
the FcM receptors when it was added to T cells in culture,.
[t was also demonstrated that the FcM feceptors do not
appear to have a functional role in immunogiobulin
synthesis by the B cells in culture since FcM receptors
could not be detected during the 7 day culture of Ty

cells, non-T cells and PWM.
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7. CONCLUSIONS

It was demonstrated in this investigation that the FcM
receptors detected on T cells cultured for 24 hours at
37°C were newly synthesized in vitro. The addition of
cyclohexamide, an fnhibitor of protein synthesis, to the
cultured T cells in a low non-toxic concentration inhibited
the synthesis of the FCM receptors.

The failure of the T cells cultured in the presence of
the other circulating mononuclear cells to exhibit FcM
receptors has been shown to be due to the suppressive
activity of the Null cells. B cells and monocytes did not
suppress FcM receptor synthesis by the T cells.

The Null cells secreted a factor in culture capable of
suppressing FcM receptor synthésis by cultured T cells,
This factor is referred to as receptor synthesis suppressor
factor or RSSF. It is synthesized and secreted by cultured
Null cells and its synthesis can be inhibited by the
addition of cyclohexamide, in low non-toxic concentration,
to the cultured‘ Nult cells. The concentration of
cyclohexamide required to inhibit the synthesis and
secretion of RSSF by the Null cells is much lower than that
required to Iinhibit the synthesis of FcM réceptors by
cultured T cells. ﬁSSF does not react with, or neutralize,
preformed FcM receptors. | . .

RSSF has a molecu}ar weight between 14,000 and 50,000.
RSSF loses its activity following incubation at 56°9C for

ﬁ}re than 15 minutes. However, it resists enzymatic

v
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degradation following overnight culture with a battery of
proteotlytic enzymes. RSSF is thereFofe not a conventional
protein or else it is a protein which {s resistant to
enzymatic degradation in its native state.

It was demqnstrated that circulating IgM inhibited FcM
receptor synthesis by cultured T cells. As was the case
with RSSF, IgM did not react with, or neutralize, preformed
FcM receptors.

The FcM receptors on the Ty helper cells do not
appear to possess a functional rele in the synthesis of
immunogliobulins by cultured B ceils in the presence of PWM
and the obligatory accessory cells - the Ty helper cells,
the Null cells and the monocytes. FcM receptors were not
detected at any time during the conventionat 7 day culture
of Ty helper cells (T cell depleted of Tg suppressor
cells), non-T cells and PWM. However, . the TM cells
functioned as helper cells since immunoglobulin synthesis
and secretion took place. It tﬁereFore appears that the
FcM receptor is an Incidental, non-functional marker on the
TM helper cells.

1t Is concluded that two mechanisms exist in vivo to
inhibit the synthesis of FcM receptors by T cells. These

are (i) the Null cells which act by secreting a suppressor

_ factor, RSSF, and (ii{) circulating IgM. The mechanism of

suppression of Fcﬂ receptor synthesis by these two distinct
suppressor agents can only be speculated upon at the

present time. ‘
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