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It has previously been shown in this laboratory that B

cells require the collaboration of Null cells, in additioen

_to the Tm helper cells and monocytes énd a signal from

o

pokeveed mitogen (PWM), in order to synthesize

immunoglobulins (Ig) as determined by immunofluorescence.

The objective of this inves was to identify the

- &
mechanism-whereby the Null ¢ells collabprap® with the B

cells to enable them to synthesize and secrete Ig, using
both immuﬁofluorescence to detectélg synthesis and the
ELISA assay to determine the amounts of Ig secreted by the
cells into the culture medium.

it was demonstrated that the.Null cells secrete a
soluble factor in cultqre, referred'to as immunoglpbulin
synthesis/secret102 facilltating fagtor or ISFF, which can
replace the Null Cells in the cultures. Neither the Null
cells nor ISFF secreted by the Null cells need be présent
in the cultures from the beginning of the culture periced.
In pointlof fact, the B cells can synthesize and secrete
very significant gquantities of Ig providing the Null cells
or ISFF are added no later than day 4 ox day 6, g
respectively, to the 7 day culture. Thus, the Null cell
signal to the B cells, which is provided by ISFF, is
transmitted late in the culture period and suggests that
the B cell must attain a certaln degree bf functional
maturity before it becomes responsive to the Null cell

~

signal.

4
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It wvas also demonstrated that the Nu cells require
Tm (helper) cells or Interleukin 2 {(IL-2), nocytes, and
PWM in order to secrate maxlhuﬁ amounts of ISFPF.
Furthermore, in ordgz for -the B cells to respond to the'
ISFF slignal, monocytes must be present in the culture.

It 18 concluded that Ig synthesis and secretion by
the B.cells 1s the culmlnat;on of a complex but orderly
sequence of reactions-and that the Null cell and the factor
it seéretes,-[éFF, blay a prominent role in facllitating Ig

ynthesis by the B cells.

F
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1. GENERAL _INTRODUCTION . B

Resistance to infectious diseases ls providgd by what
is referred to as the non-specific-immune system and the
speciflic immune system. The former includes all the
mechanisms which are not induced or activated as a‘result of
antigenic stimulation. These include: (i) the physical
barriers of the skin and the mucous membranes, (ii) the
secretions (lysozyme, IgA} bathing then, ({ii) the
phagocytic cells; and (iv) the complement system which can
be actlivated by various pathogens. For example, gram
negative bacterla are capable of directiy activating C'3 and
bypassing C'l, 2 and 4 in the absence of antibodies. The
specific immune system constitutes those mechanisms which
are activated as a consequence of antigenic stimulation.
These are humoral immunity which is mediated by antibodies
secreted by antibody forming B cells and cell-mediated
immunity which is mediated by sensitized T cells. The
ant?ﬁodies act in conjunction with complement to lyse the
pathogenic microorganism. The sensitized cells secrete the
lymphokines which are the effector molecules in th{g form of
immunity.

Antibody synthesis and non-specifice (poiyclonal)
immunoglobulin syntheslis and secretion appear to be the
function of the bone marrow-derived B lymphocytes which have
infiltrated the spleen and lymph nodes in the

immunologically mature animal. However, the B cells require

the particlipatlion of other clirculating cells in order to
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synthesize Ig. It has been demonstrated that the cells vhich
participate in the synthes}s of antibodlies by the B cells
include: (i) antigen-specific T cells which possess surfacé
membrane receptors for the antigenic determinants (ARC)

(11) monocytes/macrophages which may function in
both an accessory manner as well as in a more specific
manner to present antigen to the T and/or B cell and

(111) the regulatoix cells which include the
antigen-specific ? helper cells and the antigen<specific T
suppressor cells.

It has also been demonstrated that the cells which
participate in the synthesis of non-specific |

immunoglobulins by the B cells linclude:

(1) monocytes/macrophages, vhich appear to
functlion ;h an accessory fashion agq

(i1) the regqulatory non-antigen specific T helper
and T suppressor cells.
It is accepted that the concentration of circulating Ig
(specifically Iga, IgM and IgG) remains constant in humans
from the onset of puberty (10-12 years of age) well lnto old
age (86—95 years of age). This is considered to be the
(result of continuous synthesis and degradation of noﬁ—
specific immunoglobulins in the presence of continual
regulation by the T helper and T suppressorx cell. The net
helper or'suppressor-activity expressed by these two cells

determines the final concentration of the clrculating

immuncglobulins. Since the numbers and/or activity of these



s
J

_3....

T helper and T suppressor cells may vary between
individuals, it is obvious that the concentration of the
circulating immunoglobulins will also differ between
individuals. Both of Ehese T regulatory cells are in a
constant state of activation whereas the T antigen:speciéii‘
helper and supprgfsor celié become activated only upon ”‘\
antigenic stlmurétion. |

The s&nthesis of non-speciflc immunoglobulins by the B
cells and the conditions which facilitate immuncoglobulin
synthesls by these cells have been defined using the in
vitro culture system first described in the earlj 1970s. It
wvas demonstrated that cultures of the circulating human
mononuclear cells with a phytomitogen prepared from the
pokeweed plant, referred to as pokeweed mitogen or PWM,
resﬁlts in the synthesis of immunoglobulins by the B cells.
PWM was shown to be essential in the culture and the
stimulus provided by PWM probably has its in vivo
counterpart. It was subsequently demonstrated that\the B
cells must be cultured with T helper cells, Null cells and
monocytes, in addition to PWM, in order to synthesize nén-
specific immunoglobulins. It would therefore appear that the
.é cell requires multiple signals from other cells, in
addition to that provided by PWM, to stimulate it to
synthesize non-specific immunoglobulins. However, 1t is not
known at the present time whether the B lymphocyte must
recelve signals directly from the T cells, Null cells and

monocytes as well as from PWM, or whether the different
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cells require signais among themselves with ohlf‘the signal
from one of Lhese cells stimu‘%ting the B cells.

This thesis i% concerned with ;he investigation of the
role of Ehe Null cells in the synthesis of non-specific’
immunoglobulins by the B cells. That is, the synthesis of
Ig by the B eells in the absence of direct antigenic4
stimulation.

IF should be noted by the reader that the references
concerned with the relationships of:the cells involved in
the synthesis of non-specific immunoglobhl%ns (T éells, B
cells, monocytes) do not go much beyond l98k.‘The interest
by the research community 1n this particular subject
appeared to wane at thié time and very few relevant papers
have‘been published onlthis subject since 1380. -

The polnts I have raised in the general lntroduction\;?_
have not been referenced as they will be discussed in

further detail in the appropriate sections of this thesils.
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TIONALE, HYPOTHESIS AND OBJECTIV

As was stated in the preceding chapter, immunoglobulin
synthesis by the B lymphocytes requires the obligatory
participation of the T~ helper cells, monocytes, Null cells
and PWM. The igtiogg;e for this investigation 1s that Ig
synthesis by the B lymphocytes requires the obligatory
parcicipaticon of the Tw helper cells, monocytes, Null cells

and PWM. fhe h?pothesis is that the Null cell secretes a

factor which can replace the Null cell in the culture. The

objective is to characterize the Null cell replacement

factor and to define its mechanism of action.
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3. HISTORICAL REVIEW ™\
3.1 Sites of meungglggglln synthesis
Shoenhelmer, in 1942 (1), utilizing radioactivelg—

labelled {(Cl4} amino acids, demonétrated for the first time
that the clirculating serum proteins are not permanently
present in the cirpulatibn. Hé showed that they continually
undergo degradation and synthesis and that there is a
dynamic balance between degradatlion (catabolism) and
synthesis (anabolism) of the serﬁm proteins. Thus, the
circulating proteins are replaced by new proteins at a rate
which is defined by their half-life. It was not until the
early 1960's that technigques were developed to enable
investligators to identify the organ(s) of origin of the
serum prgﬁéins. These techniques included organ and cell
culture, radioimmunoelectrophoresis and immunofluorescence.
Since this thesis is concerned only with the regulation of
the synthesis of the non-antibody immunoglobulins (Ig) by
human cells, the ensuing discussion will concern ltself only
with the synthesis of non-antigen specific immunoglobulin
in the human.

r‘*Immunoglobulins are synthesized by lymphoid cells in
organs composed of organized lymphold structures or
eisewvhere in the body in areas in wvhich lymphoid aggregates
develop under certaln condltions. These cells are found
mainly in the spleen, lymph nodes, bone marrow, appendix,
Peyer's patches and the lamina propria in the

gastrointestinal tract. Im globulin synthesis has been
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QbSErved witq cells of all these organs and tissues except
for the appendix and Peyer's patches (2-14). Within the
spleen and lymph nodes, lmmuncglobulin containing cells have
been observed most characteristically throughout the red
pulp in a perifollicular location (spleen), 1n‘the
subcapsular afeas (lymph node) and infrequently in the -
germinal centers of the follicles (7). Although the appendix
and Peyer's patches contain lymphocytes in an organized
fashion, failure to detect significant immunoglobulin
synthesis by lymphocytes ih'these organs indicate that those
lymphocytes may have functions other than the synthesis af
lmmunoglobulins.-It has been estimated that a single
1mmunoglo§ulin synthesizing cell can secrete 2,000 molecules
per seconé or 1.7x10* mo}ecules per day. The r&ughly
9.5x10*" immunoglobulin molecules secreted per day are
syntheslized by approxlmétely 5.5x10*° cells (15).

By 1970 it had been established that Ig synthésis takes
place in the cells of the lymphoid crgans, primarily the
‘spleen, lymph ﬁédes and bone marrdw. Hovever, little was
known about the mechanisms which regulate the rate of Ig
synthesis nor the nature of the ceifgﬁénd/or factors which
faclilitate Ig synthesls by the Ig synthesizing cell. It was
assumed that 'Ig synthesis takes place és a result of
feedback suppression by the circulating Ig as in a
servo-mechanism, In a manner similar to the secretion of the
hormones by the endocrine glands, andlthat only one

cell-type was involved, the Ig synthesizing cell.
&
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In a milestone 1nvgstigation carried out in 1965 by

j¥d

Claman and his assoclates (16), Lt was demonstrated that ’
the primary immune response in the mouse involves the
participation and interaction of two linéages of

lymphocytes, one derived from the thymus and referredE:o

as the T cellg and the other derived frgp the bone marxrow

and referred to as thed B cells (16). The investigation

_involved the transfer of lymphold cells from donor mice to

irradiated 1mmunoincomp@#eg&_igﬁ}pients of the same 1Hbred
strain along with the antigeW; SRBC. The transfer of
syngeneic thymic (T) lymphocytes or bone marrow (B) cells
alone, irrespective of thelr number, gld not confer the
capacity to respond with éntibody synfhesis in the
irradiated recipient. Hovever, fhe injection of a mixture
of T and B lymphocytes into the irradiated syngeﬂéic
reciplent restored the capacity to respond with antibody
synthesis within the normal 5 days folloving immunization.
These results were subsequently confirmed by Claman et al
(16-19) and by Mitchell and Miller and their associates
(20-25). The conclusions reached by these investlgators
wag that the virgin T cells interact initially with' the
antigen via receptors on the surface of the T cells, and
that these T cells gte clonally selected and precommitted
to interact with the antigenic determinants or epitopes on

the antigen. These cells were therefore variously referred

M
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to as antigen receptor-bearing cells, antigen reactive
cells,zantigen responsive cells or ARC. It was also
concluded that B cells are activated by a product of the
ARC-antigen inzifaction and that this activation stage is
followed by t;a.sformation and proliferation of the vfrgin
uncommitted cells into overt antibody synthesizing and
secreting cells (17-25). These cells were therefore ra{erred
to as antibody-forming cells or AFC. It was also concluded
that the T ARC cells and the B AFC cells are separate
lineages of celis and that they do not transform one inte
the other. ]

‘In the outbred rabbit, 1t has been demonstrated that

the primary immune response results from the initial

interaction of the antigen with precommitted, unipotent,

-antigen-receptor bearing cells (ﬁEC) present in the bone

marrow followed by the activation, transformation, and
proliferation of the vif&in {naive) unc;;ﬁitted pluripotent
precursors of the antibody forming cell (AFC), also preseﬁt
in the bone marrow, into overé antibody forming cells (AFC)
(26-32). ﬁ? cell transfer experiments in the rabbit,
utilizing allotypic markers, it was shown that these two
funct;onally—distinct cells, ARC and AFC, do not transform
into one another (33). In both the mouse and the rabbit,
therefore, two lineages of lymphocytes, T and B, interact to
facilltate the primary antibody response, and the antibody -
forming cells are detected primarily, if not only, in the

spleen. The progeny of these cells, the memory cells, are

also localized 1n the spleen (32).

'.‘j_:.

I
L e
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3.2.2 Antigen presenting gells

&

3.2.2.1 Phagocytic cells»[ﬁacrophaqes. Langexhans célls and
Dendritic ce

Rgsults of investigations concerned with the immune
response in animals, particularly in the rodent and the
rabbit between 1965 and 1970, suggested that the rather ~
simple model for Ig synthesis involving oniy a‘single cell
‘would have to be revised. It was:demonstrated that

- i

macrophages are invdlved in the primary immune response.
Sabin, in 1939, injected a soluble antigen, ovalbumin (OA),
coupled to a dye (R-salt-azo-benzidine) and observed
accumulation of the'antigen—dye conjﬁgate principally within
the phagocytic cells. He ass&;ed, at this early date, that
the phagocytic cells are important in the degradation of
antigen and the production of antibodies (cited in 34). In
1968, Sabet et al (35) injected India ink (carbon particles)
into a mouse followed by the particulate dntigen. All the
macrophages phagocytized the carbon particles. The failure
of thg;e mice to respond to the antigen was attribu®ed to
"blockade" of the phagocytic cells by the carbon particles.
Other investigations resulted in the isolation of super-
antigen from disxupted macrophages which appeifed to be more
immunogenic, on an equal -weight basis, then Eﬁe native

N

i
antigen (36-38). Since the whole sheep red biood cell (SRBC)

/
ls too large a structure to gtimulate an immunoresponsive

cell-not much larger than the SRBC, it was reasoned that the
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immune response to a particulate antigen like fhe SRBC must
involve the phagocytosis and deqradation of the SRBd into
smali, soluble immunogenic determinants by the macrophage
(39-43).

More recent investigations have indlcated that the
macrophage plays a major role in the immune response, both
as an accessory cell and as a requlatory cell (44-46}.
Unanue and Allen (47) as well as other investigators (48-52)
concluded th;t one of the functions of the macrophage was to
process antigen and present it in a biochemically modified
form for recognition by T and\or B lymphocytes. These
macrophages were referred to as antigen presenting cells or
APC. They suggested that the processed antigens, complexed
with Iakantigens (molecules coded for in the I reglon of the
major histocompatability gene complex) on the surface of the
macrophage are recognized by antigen receptor bearing T
cells (Agg?. The B cells either :écognize and bind soluble
antigen ér bind to antigen on the macrophage membrane - thus
setting the stage for the T cell-B cell interaction. They
speculate, as well, that perhaps the T cell must react with
I region antigené on macrophages before the macrophage
assoclated antigen can react with the approprlate T-cell
receptor on the T ARC. The APCs have been shown to include
the macrophages, the bone marrow derived Langerhans
dendritic cells in the skin (within fhe stratified sgquamous
eplthelium) and the intraepidermal (thymus derived?)

dendritlic mononuclear cells (53-57). However results of an
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earllier series of investigations, carried out in vivo,
suggested that the T ARC and not the macrophage APC
functions physioiogicaliy as the antigen-presenting cell to
a B cell precursor of the antibody forming B cell (AFC) in
vivo. The administration of KLH (keyhole limpet hemocyanin)
antigen to rabbits depleted of precommitted antigen-
specific ARC cells to KLH falled to evoke an antibody -
respohse to the antigen. However, antibody responses to
other non cross-reacting antigens were normal (33,58). Thesﬁ
rabbits had not been depleted of macrophages, dendritic
cells or Langerhans cells. Claman and his assoctiates (16;19)
obtained similar results in the mouse. That is, depriving
the mouse of T ARC cells but not of the phagocytic APC
resulted in loss of the ability to synthesize antibodles.
The investigators (33,58) concluded that the cells which
function as the antigen presenting cells in vivo are the
lymphocyte ARC and not the macrophage APC. However, it may
be that macrophages can only process and present the antigen
after the antigen has initlally reacted with the T ARC.
Therefore, it cannot fﬁnction as the APC in the ahsence of
the T ARC. It is also possible that the antigen ls processed
by the macrophage but cannot be presented to the B-cell in
the absence of T ARC-macrophage interaction.
3.2.2.2 B antigen presenting cells

It has also been prbposed that the B cell itself can
function as the antigen-presenting cell to the T ({helper

and/or ARC) cells (59-63). However, one may question the
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intefpretations of the results obtained in these
investigations since the B cells used were elther (i) from
previously immunized rabbits (59) which would be expected to
be memﬁty cg}ls with antibody molécﬁles on their sufface

(63) cgpable of ?eacting vith the antigen and thereby of
preseﬁting it, o? (ii) were coated with aliogeneic anti-Ig
Immunoglobulin (1i.e. goat anti-mouse Ig), which is fixed to
the cell surface as it interacts with the cell-surface mouse
Ig, and can tﬁen present the goat Ig (60). These B cells
vere not naive to start with and were capable of
specifically Ilnteracting with the "antigen" which they could
subsequently present to other cells. In their review of the
subject, Swain and Dutton (62) speculate upon the
possibility of B cells functioning as presenting cells but
they admit that there is no formal, rlgorous proof. It would
be necessary to demonstrate that randomly isolated B cells
can interact with randomly selegted antigens and then
present these antigens to the aﬁpropriate target cells. This
has not been dong. Furthermore, 1f B cells could, by
themselves, interact with the antigen, they could presumably
be activated by the antigen without the particlpation of the
macrophages and T cells. The matter of B antigen-presenting

cells (or B APC} is a very controversial one today.

Since antibody synthesis involves the obligatory
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partlclpation of macrophages, Tilymphocy;es and ﬁ
:lymphocytes, the possibility or in fact the probability that
similar cell-types are involved in general immunoglobulin
synthesis coﬁld qot be ignored. In order to carry out the
appropriatg.investigations to resolve this gquestion, an in
vitro system for immunoglobulin synthesis by human cells was
required. Furthermore, since the only accessible cells in
the human are the circulating cells, the in vitro system had
to function using the circulating cells. Unfortunately, no
in vitro system using human circulating cells in culture was
avallable throughout the 13960's. Many aftempts were made to
culture the circulating cells under varjious conditions but
the cell; did not synthesize and secrete immunoglobulins. It
was only in 1971, when Cooper, Lawton and Bochman (64)
reported that human clirculating mononuclear cells cultured
in the presence of‘pokeweed mitogen (PWM) could synthesize
immunoglobulins, that an in vitro modei system became
available for the std&y of the cellular interactions and
contributions in Ig synthesis. This finding by Cooper et al
(64) was quickly confirmed by numerous other investigators
(65-72). It was also shown that B lymphocyfes in man could
be identified by the presence of surface membrane-bound
immunoglobulins (smIg) in high density (73-79). It was
further demonstrated that the pokeweed mitogen induces’
tranéformation and differentiatton of the B lymphocytes
(65,68,69) and that these cells are lacking in individuals

presenting with the Bruton or x~-linked agammaglobulinemia



w]l15-
syndrome (64,79-82). As a result of these studies, it was
geﬁerally concluded that it is the B lymphocyte which
synthesizes and secretes the immunoglobulins.
3.3.2, The role of the monocvtes in Iq synthesis by the
B cells.

Monocytes must be present in the cultures of the Tw
cells, B cells and PWM in order for Ig synthesis to take
place. Gerrard and Fauci (83), Rosenberg and Lipsky (84),
Thiele and Lipsky (85) and Shin and}Choi {86) all
demonstrated that monocytes had to be present in the cell
cultures for Ig synthesis to take place since removal of the
monoccytes resulted in failure of Ig synthesis. On the other
hand, Saxon et al (70) repprted that the removal of the
phagoi?tic cells did not adversely affect the capacity of
the residual mononuclear cells, or cultures of B cells and
T cells, in the presence of PWM to synthesize Ig. These
results would appear to copflict with those presented above.
However, it is important to stress that Saxon et al (70)
examined the phagocyte~déplgted cells for the presence of
phagocytice cells only at the beginning of the culture and
not at the end. Since as many as 2 to 4 percent of the
phagocyte depleted cells were identified as‘phagocytic
cells, at the beginning of the culture, it is possible that
these cells and the immature cells which are not phagocytic
in the freshly 1sclated state but mature into phagocytic
cells in culture (87-89) are sufficient to permit Ig

synthesis by the cultured B cells during the 7 day cultures.
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Thus, by the early 1980s, it appeared that the cells
\
required in the cultures foxr the optimal synthesis of Ig
are B cells, Tw cells and monocytes.
synthesis by the B cells.

3,3,.3.1 The obligatory participation of the T cells in ,

immunoglobulin synthesis by the B cells.

In the mid 1970's, investigators began to evaluate the
role(s) of the circulating noﬁ—B lymphocytes and the
monocytes in the regulation and facilitation of
immunoglobulin sjnthesisjby the B lymphocytes in éulture.
Saxon et al (70) and Kelightley et al (68) demonstrated that
the synthesis of immunoglobulins by the B lymphocytes was T
cell dependent as purlfied B lymphocytes cultured with PWM
failed to synthesize immunoglobulins. On the other hand,
maximum synthesis of immunoglobulins by the B lymphocytes
too%}place when the cells were cultured for 6 to 7 days with
an equal number of T lymphocytes in the preseﬂge of PWM. The
culture medium was fortified with decomplemented fetal calg
serum (FCS) to a flnal concentration of 15 to 20 percent
(v/v). Penicillin (100 units per ml) and streptomycin (109
ug per ml) were also addgd to the medium at the initiation
of culture. This fortified medium is referred to as culture
medium. The method used to assay for immunoglobuli;
synthesis was immunofluorescence; the degree or extent of

immunoglobulin synthesis was considered to be correlated

with the percentage of fluorescing celld The method used to
) ~——

g
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(\ﬁssay for lmmunoglobulins sécreted into the culture medium
was immunoprecipitation of immunoglobulins which had
incorporated a radiocactive amino acid (35S-methicnine) into
the ?ewly synthesized immunoglobulins during'the culture.

3.3.3.2 The requlatory T helper and T suppressor cells

A further 1mprovément of the culture conditions for
the optimal synthesis of Ig was 1introduced by Moretta and
his colleagues in the mid 1970s. This group of investigators
demonstrated that the T.lymphocytes could be separated into
two subciasses of cells - one with receptors for the Fc of
IgG6 (Ta or f% célls);and the other with receptors for the Fc
of IgM (Tw or IAJ. These cells could be physically separated
from each other by their ability to rosette with IgG coated
ox efythrbcytes (EAG) and. IgM coated ox erythrocytes (EAM},
respectiveiy. They demonstrated that the Tu cells facilitate
Ig synthesis by the co-cultured B cells in the presence of
PWM whereas the Tg cells inhibit Ig synthesis by the

co-cultured To cells, B cells and PWM (90-93). The 'Fi

J
cells and the Ta cells were therefore referre& to as helper
and suppressor cells respectively. Thus, by the late 1970's,
it was considered that the cells required for optimal Ig
synthesis by the B cells in in vitro culture for 7 days at
37°C were B cells, Twm cells and monocytes in addition to
PWM.

3.3.3.3 The mechanism of helper cell and suppressor cell
Eunction.

Numerous investigators have cdemonstrated that Tes cells

2
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in the rodent {94—98){-the rabbit (99) and the human
(100,101) can secrete éntigen—specific suppressor factors,
that is factors capable of down—fegulating, abofting or
inhibiting specific antibodxg??nthesis. However, Moretta et
al (93) were the first to demonstrate the secretion by the
Te cells of a factor capable of inhibiting the synthesis of
non-specific, or polyclonal Ig syntheslis, and not Jjust
specific antibodies.

Moretta et al (93) demonstrated that the Ta suppressor
cells and the T helper cells secrete soluble factors
functionally capable of replacing these cells in the
culturés. They demonstrated that the Te cells, isolated by
rosetting with EAG and incubated for 42 hours with PWH,
segreted a suppressor factor capable of inhibiting Ig
syn£hesis by B cells cultured with Tw cells. Similarly,
the Twm cells, isolated by rosetting with EAM and incubated
for 3 days with B cells and PWM, secreted a factor capable
of inducing differentiation of B cells and synthesls of Ig
in the prese‘ce of PWM., Most interestingly, thg SUppressor
factor couldqhot inhibit Ig synthesis by the B‘cells
incubated with the helper factor and PWM but it could
inhiblt Ig synthesis by the B cells lncubated with the T
helper cells and PWM. These results/squested that the Ta
cells secrete a\§uppreséor factor which suppresses Ig
synthesis by the\ﬁ cells by acting on the Tw helper cells to
inhibit them from secreting the helper factor. Once the

helper factor has been secreted by the Tw cells, neither the
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Ta cells nor the suppressor factor secreted by the To cells
can inhibit B cell differentiation and Ig synthesis (93).

Jelinek and Lipsky (102) confirmed the findings of
Moretta et al (93) at least insofar as the secretion of. the
non-specific helper factor_by PWM stimulated T cells is
concerned. Cell-free culture supernatants of human
circulating T cells cultured with PWM for 48 hours were
capable of inducing the differentiation of B cells into
immunoglobulin secreting cells in cultures of menonuclear
cells depleted of T cells. Similar findings were also
reported by Brenner et al (103).

Chiorazzi, Fu and Kundel (104) demonstrated that T
cells, activated in the mixed leukocyte culture,reaction
{MLR) by allogeneic monocytes, also secrete a helper factor
which can induce the production of large amounts of
polyclonal Ig by human circulating B cells in culture.
3.3.3.4 Phenotypic characterizatjon of the helpex and
suppressor T cells.

As discussed previously, the helper T cells and the
suppressor T cells can be distinguished from each other by
the specificity of their surface receptors for.the Fc of Ig.
The T helper cells bear surface membrane receptors for the
Fc of IQM {or u heavy chains) and the T suppressor cells
bear surface membrane receptors for thg Fc of I1gG {(or
heavy chain). The T helper and suppressor cells were
therefore initially referred to as T+G-M+ and T+G+M-,

respectively.
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In the early 1980's, mouse monoclonal antibodies
directed toward two surface constituents on the circulating
T cells permitted the delineation of the T cells into helper
and suppréséor cells on the basis 6f surface (antigen) _
markers rather than ;eceptors for FcG or FcM. Relnherz, !
Schlossman and thelrkéssociates {105-109) identified a
monoclonal antibody directed toward a surface configuration,
referred to as the T4 marker, present on 60 to 70 percent of
the T cells,. Another\monoclonal antibody was directed toward
a surface configuration, referred to as the T8 marker,
present on 30 to 40 Qercént of cells. They showed that the
T4 and the T8 cells béh;ve>as helper and suppressor cells,
respectively, with respect to Ig synthesis by the cultured B
cells (105-109). The helper and suppressor T cells wvere
therefore referred to as T+4+8- and T+4-8+.

A question which had to be resolved was the
relationship between the helper and suppressor cells
identified on the basis of their Fc receptors, on the one
hand, and on the basis of reactivity wvith the T4 and T8
monoclonal antibodies, on the other. Reinherz et al, (110)
showed that the Twm cells contained both T4+ and T8+ cells
and that the Te cells were not enriched for either T4+ or
T8+ cells. They concluded that there !s little correlation
between T cell subsets defined by monoclonal antibodies and
thosé defined by Fc receptors.

Richter et al (111) demonstrated that the overt T

helper cells constitute less than 50 percent of the T+4+8-
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cells and that they are the T+M+G- cells. This finding

demonstrated that the T+4+8- cells aré functionally

heterogeneous and include M+G- and M-G- cells. Only the

T+4+8-M+G- cells are helper cells and the T+4+8-M-G- cells
are functionless in this fegard. Slmilarly, less than 40

percent of the T+4-8+ cells are overt suppressor cells and
these are the T+M~-G+ cells. Therefore, the T+4-8+ cells are

a;sﬁpgaﬁétionally heterogeneous and include M-G+ and M-G-
-~ ;

///' cells, Only the T+4-8+M-G+ cells are overt suppressor cells.

The function of the T+4-8+M-G- cells, l1f any, are not
known at the present time.

To further complicate matters, Heiinen, Pot and
Ballieux (112) and Heijnen and Ballieux (113) have
demonstrated the presence of a suppressor T cell induction
circuit 1n man., They presented evidence for the presence of
T suppressor inducer, T suppressor precursor and T
suppressor effector cells which can all be defined
phenotypically with the aid of an additional markexr, a
receptor for the autologous red blood cell which facilitates
autologous rosetting (ar). Thus, the T suppfessor inducef
cells, the T suppressor precursor cells, and the T
suppressor effector cells have been characterized as
T+M+G-4+8-ar-, T+M-G-4-8+ar+ and T+M-G+4-8+ar~ (112,113).
The unexpected finding was that the T suppressor inducer
cell was a cell of the M+4+ series, the phenotype of the
helper cells. Thus, a T+M+G-4+8-ar- cell induces a

T+M-G-4-8+ar+ suppressor precursor cell to differentiate

into a T+M-G+4-8+ar- suppressor effector cell.
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It has also been demonstrated by Morimoto et aly (114)
that,thg T suppressor inducer cell can be 1dent1f1ed_by'the
use of a mouse monoclonal antibody referred to as anti-2H4,
They showed that the T4+2h4+ subset functions as the inducer
_of the T8+ suppressor cell. The suppressor inducer cell can

therefore be defined phenotypically as a T+M+G-4+8—aﬂL2H4+
cell. ‘
- AN

Futhermore, Morimoto et al (1153) demonstrated that the
T4+ helper cell could be identified by the use of a mouse
monoclonal antibody referred to as anti-4B4. They showved
that the T+4+B4+ cells provide the help?r signal to the B
cells for Ig synthesis in the presence of PWM whereas the
T+4+4B4~ ceils provide little or no help to the B cells.
These latter cells are the 2H4+ suppressor inducef cells.

calvo et al (116) generated their own monoclonal
antibody termed.anti—D44 which was shown to react ﬁ}th
approximately 70% of T4 cells and 30% of T8 cells. They
showed that most of the helper activity for Ig synthesis by
the B cells in culture waadpediated by the T+4+D44+ cells
and that the T+4+D44- cel é)qere essentially inactive in
this regard. Futhermore, they demonstrated that virtually
all the suppressor activity was mediated by the T+8+D44-
cells. It may be that the anti-D44 monoclonal antibodies as
defined by Calvo et al (116) and the anti-4B4 monoclonal
antibudies defined by Morimoto et al (115) are directed
towards the same determinant on the T4+ cell since both e

-~

these monoclonal antisera identify the T4 helpex cells.
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It has been known since the late 1970's that the

monocytes and the T lymphocytes, especially the T4 helper
lymphocytes, secrete factors following activatlon'w ich
maintain T cells in a viable active state and facigftéte the
activation, proliferation and differentiation of the B cells
into the immunoglobulin synthesizing cells. Tﬁese factors
are referred to collectively as the interleukins or IL. The
interleukin secreted by the monocyte/macrophage is referred
to as IL-1. The T helper cell secretes IL-2, BSF, BCDF,
BCGF, IL-5 and IL-6 (to‘name a few). The IL-1 secreted by
the monocyte/macrophage facilltates the secretion of the
other interleukins by the T helper cells. It has been shown
that IL-1, or a similar factﬁf, activ;tes the dormant B
cell, that BCGF sﬁgmulates transformation and proliferation
of the activated’B cell into blast cells and that BCDF then
facilitates the subsequent differentiation of these blast
cells into immunoglobulin synthggfk{gg’B cells., It has also
been suggested by some investigators that a different T cell
deri%ﬁﬂ factor, BSF, can replace both BCGF and BCDF in the
actiQation, transformation, proliferatlion and
differentiation of the B cells into Ig synthesizing cells.
During the past decade, many papers have been published

on the subject of IL. However, confusion still reggns and

there is no acceptable nomenclature for the IL to date. An
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in depth evaluation and discussion of these factors is
bevyond the scope of this thesis. However, I have broached
the subject since Ig synthesis is generated bf.a B cell and
it is essential to recognize that the Ig synthesizing B cell
must undergo transformatlon, proliferation and maturation
from the inactive precursor sﬁate to the Ig synthesizing
state. Soluble factors have been shown to play an accessory
role in these processes. The following review articles
summarize the current confusing state of affairs concerning
the characterization and functions of the interleukins (1;7—

126).

3.5 The role of the Null cell in the synthesis of non-
specific immunoglohulins by the B cells.

3.5,1 Evidence in favour of the Null cells as a distinct

class of circulating lymphocytes.

Up to the early 1970s, the circulating lymphocytes
were considered to consist of only two lineages of cells -
T cells and B cells. Approximately 60 to 75 percent of the
circulating lymphocytes rosettg with_SRBC, a unlﬁersally—
accepted property of T cells, and stain\§6§ifive by
immunofluorescence with the mongclonal pan aEEH-T cell
antiserum, OKT3 or CD3. The remaining cells we%e considered
to be B cells since they have surfacé membrane Ig (smlg) as
denonstrated by immunofluorescence using FITC conjugated
antz;:ihan ig. In the late 1960s, it was demonstrated that

some circulating lymphocytes possess surface membrane

receptors for the Fc of IgG by virtue of which they can

4
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carry out antibody-dependent cell-mediatad cytotoxicity
(ADCC) (127). These celis were considered to be part of the
B cell pool sinée, in the freshly isolated state, all FecG
receptor-bearing cells exhibited smIg. A number of
investigators subsequently confirmed the-presence of
receptors for FcG on some of the circulating lymphocytes
{128-131). It was not until the early to mid-1970s that 1t
was demonstrateé that the FcG receptor-bearing "B" cells
are, 1lndeed, different from the non-FcG receptor-bearing "B"
cells since the former cells shed their smIg follewing
incubation at 37<C for 30 minutes and do not regenerate

it whereas the latter cells do not shed their smIg following
even longer incubation at 37°C (132-135). Although the FcG
receptor bearing "B" cells do not regenerate their smlIg once
it is shed, the non FcG receptor bearing "B" cells
regenerate their smig even after it has been enzymatically
degraded by exposure to trypsin or pronase (132-135). On the
basis of these findings, the non-T lymphocytes were
classified into two separate lineages, the true B celis
which display stable smlIg and do not exhibit surface
membrane receptors for FcG, and the pseudb B or L cells
which possess temperature labile sﬁlg, which cannot
synthesize smlIg, and bear surface membrane receptors £for
FcG. The L cells were subsequently named Null cells as they
lack the critical markers for T cells (receptor £for SRBC)

and B cells (stable smiIg}. 2

'
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Several functional properties also distinguish the Null
cells from the T cells and the B cells: (i) only the Null
cells participate in the antibody-dependent cell-mediated
cytotoxic (ADCC) reactlon; the true B cells and the T cells'
cannot mediate the ADCC cytotoxic reaction (136-141), and
{(1i) Null cells do not undergo blastogenesis and mitﬁsis
when stimulated with the conventional phytomitogens PHA and
CON-A (which stimulate T cells) and PWM (which stimulates T
cells and B cells) in culture (142,143).

In recent experiments conducted on cultured isvlated
B and Null cells, neither the candidate (unpublished
results) nor Moretta (personal communication) demonstrated
the conversion of B cells to Null cells, and vice versa. B
cells do not demonstrate ADCC actlvity after culture for up
to 72 hours. Null cells do not stain with OKB6 monoclonal

antibodies, do not generate smlIg and do not lose thelr

'capacity to mediate ADCC cytotoxicity. Similar findings

have previously been reported by Ng et al (143). It must
therefore be concluded that the circulating B and Null cells
in the immunologically mature individual are distinct from
each othexr and represent separate lineages (Table 1).
3.5%.2 Evidence thaf Null cells are obligatory participants
in _immunoglobulin synthesis by the B cells.

In all of the investigatlons concerning immunoglobulin
synthesis referred to thus far, immunoglobulin synthesls was

successfully attained only when T cells and B cells were

cultured in the presence of PWM. A critical assessment of
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these studies discloses that the cultuzes invariably
.consisted of T and non-T cells, and not T and B cells, since
investigators generally assumed that the non-T cells
consisted of only B cells. However, in 1985, Richter and
Jodouin (144) reported that B cells cultured with Tw helper
~Eells and PWM, in the absence of the Null cells, failed to
// synthesize immunoglobulins in vitro. As was anticipated,
Null cells cultured with Tw helper cells and PWHL in the
absence of B cells, failed to synthesize immunoglobulins.
Monocytes were present in significant numbers (greater
than 10 percent) in all of the cultures and therefore
failure of immunoglobulin synthesis in the absence of the
Null cells could not be attributed to the absence of
monocytes. Furthermore, cultures of reconstituted B and Null
cells with Tx helper cells and PWM resulted in
immunoglobulin synthesis by the cultured B cells. These
results demonstrated thét B cells must be cultured with Twm
.helper cells, Null cells,tponocytes and PY¥M in order for
immunoglobulin synthesis to take place.
3.6 SUMMARY
As a result of the many investigations carried out to
identlify the immunoglobulin synthesizing cell, an
overvhelming consensus has emerged that the B lymphocyte
i1s the only cell vhich carries out this function. However,
it cannot do so in isolation; rather, it requires the
collaboration vwith and participation of Tw helper cells,
monocytes and Null cells, as well as PWM, in culture to

o,

Y
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éynthesize immunoglobulins. The function of the T cells
appears to be a regulatory one with Tu helper cells and Ta
suppressor cells actlng.antagonisticélly, via secreted
helper and suppressor factors, to stimulate ox iﬁhibit
immunoglobulin synthesis by the B cell. The helper factor
acts directly on the B cell to stimulate it whereas the
suppressor factor acts on the Tw helper cell to inhibit
secretion of the helper factor. The mechanism of action of
the monocytes 1s not clear at the present time. A plausible
role for it is the secretion of interleukin-1 (IL-1) whiéh
~acts on the T cells to maintain them in a viable state and
facilifates +he secretion of IL-2 or T cell growth factor
(TCGF) by the Tm helper cells. The mechanism of action of
the Null cells in the facilitation of immunﬁglobulin
synthesis by the co-cultured B cells is also not known at
the present time. The objective of the investigations
carried out in this thesls is to shed light on the mechanism
of Null cell contribution and participation in

1

immunoglobulin synthesis by the B lymphocytes.
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TABLE 1
Clrculating Property
lymphocytes v In Blasto- Receptor for IF** with Stable Labile ADCC
circulation genic SRBC  FeG  C'"3b/d OKT3 OKkB6 Smlg” Smlg activity
response?
T cell 60-75 pros + - - + - - - _
I "\\-

2 cell g15 preas o - + - - + + - _
Null cell 12-25 - - + - - - - + +

4 Blasteogenenis induced by phytomitogens in vitre (PWM, PHA, Con-A}

*4 IF = {mmunofluarescence

4+* Blastogenesia to PHA, Con-A and PWM (3 daya)

¢s44 nlastogenesis to PWM only {7 days)
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4.1 Materials

4,1.1 Reagents

-

4,1.1.1 Reagents for isolating and culturing of lymphocvytes

arbo o ade -/ was obtalned from Dyestuff and

Chemicals, Toronto, Ont. and stored at 18-20°C.

Culture _medium - RPMI-1640 fortifled with fetal calf serum
(FCS) (final concentration 20%), penicillin (100 units/ml),
streptomycin (100 ug/ml), garamycin (50 ug/ml) and 1M Hépes
(final concentration 2%).

Erythrocytes - Heparinized ox and sheep blood were obtained

from Frappler Diagnostic Inc., Laval, Que. and stored at

4=C,
Fetal calf serum - 500 ml bottles were obtalned from

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

ico 00 - 500 g contalners were obtalned from Pharmacia
Fine Chemicals AB, Uppsala, Sweden and stored at IE:?UQC.
Garamycin - (40 mg/ml Gentamycin), 2 ml vials were obtained
from Schering Inc., Polnte Claire, Que. and stored at 4°=C.
Hanks Balapced 8alt Solution (HBSS} - 500 ml bottlies were

}
obtained from Mediatech, Herndon, VA and stored at 4°C.

Hematoll-LA Hgb reagent - 15 ml vials were obtained from

Fisher Spientific, Orangeburg, N.Y. and stored at 18-20=C.

4



@, ’ - Y

-31-

Hematol])l Isotonic Diluent (azide free}) - 20 liter cartons

were obtained from Fisher Scientific, Orangeburg, N.Y. and 'd
stored at 18-20=cC.
e i 000 U, . it - 30 ml vials were obtained

from Organon Canada Ltd., Toronto, Ont. and stored at 4=C.
olution - 100 ml bottles (1M) were obtained
from Whittaker M.A. Bioproducts Inc., Walkersville, MD and

stored at 18-20-C.

Hypague sodium 50% (300 mg/ml diatrizoate sodium) - 30 nl

vials were obtained from Winthrop Labtfatories, Aurora,

Ont. and stored in the dark at 18-20<C.

1gG fraction of rabbit anti-bovine/;;EhBTbﬂd cell antiserum

0 tota £ - 5 ml/vials of lyophiiized |
antiserum were obtained from Oéganqn Teknika, West Chester,
PA. They were rehydrated and stored at -70<C.

Peniclllin-streptomycin mixture (5,000 units Potassium

enici in 5,000 m Streptomyci - 100 ml
bottles were obtained from Whittaker M.A. Bioproducts,
Walkersville, MD and stored at -20<C.
éokeweeg mitogen - vials containing lyophilized pokeweed
mitogen weré‘?btaineq from Gibco Laboratories, Chagrin
Falls, Ohio é%d stored at 4°C.

RPMI-1640 - 500 ml bottles were obtained from Mediatech,

Herdon, VA and stored at 4°C.

4.1.1.2 Reagents for harvesting and staining of lymphocvtes

Albumin, human (25% solution) - 100 ml bottles were

obtained from Connaught Laboratories Ltd., Willowdale, Ont.
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and stored at 4=C. ’
E;hﬁngﬁ_Lii&l - 25 liter containers of ethanol wvere
obtalned from Commercial Alcohols Ltd., Montreal, Que. and
stored at 18-20°C.

Fluorescein conijugated goat anti-human Igh. IgG and IgW

immunoglobulins (heavy and light chain specific) - were

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

Glycerol - bottles containing 473 ml glycerol were obtained
from Fisher Scientific, Orangeburg, N.Y. and stored at 18-
20=C. - ‘

Methyl green ~ was obtalned from Sigma Chemical Co., St.
Louis, Missouri and stored at 4°C.

Monoclonal antibodies (25 mg/ml) - Leu-M3, Anti-Tac, Leu-
1la, Leu-7, B-12, B-16 and Anti-HLA-Dr were obtained from
Becton Dickinson Immunocytometry Systems, Mountain View,
calif. and stored at 4=C. OKT3, OKT4, OKT8, OKT1l and Goat
Anti-Mouse I1gG-FITC conjugates wvere obtained from Ortho

pDlagnostics, Don Mills, Ont. and stored at 4°C.

Trypan blue - was obtained from Grand Island BRiological

Co., Grand Island, N.Y. and stored at 18-20<C.

Albumin, bovine (30% solution) - 50 ml aseptically filled
bottles were obtained from Sigma Chemical Co., St. Louls,
Missouri and stored at 4°C.

Alkaline phosphatase conijugate - a solution containing
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affinity-isolated goat anti-human antibodies to IgM (u
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.
oat t t ies to o) - were
obtained from Dimenslon Laboratories, Missiséaugé, Ont. and

' stored at 4°C.

(S ma/ml) - 5 ml vials were obtained from Organon Tecknika,
'Westchester, PA and stored at 4=C. '

Magnesium chloxjde - 1 1b bottles of MgCl: crystals were
obtained from British Drug Houses, Montreal, Que. and
stored at 18-20-C.

p-Nitrophepnvyl phosphate disedium - 1 g vials were obtained
from Sigma Chemicals Co., St. Louis, Missouri and stored in
the dark at -20<cC. ’

kal
Sodium azide - 100} g bottles were obtained from Fisher

Scientific, Orangqburg, N.Y. and stored at 18-20°C.
. /"

I1Lg_Lhxdsgzxmsiﬁili_gmingmgznaug - 500 g bottles were
obtalned from Fis er~Sgjentific, Orangeburg, N.Y. and

\

stored at 18-20°C.
4,1.2 General supplies.
Conical glass centrifuge tubes - 50 ml round-bottomed tubes

wvere obtained from Fisher Scientific, Orangeburqg, N.Y.

Cordig glags vials - 5 ml flat-bottomed vials were obtained

from Cordis Laboratories Inc., Mississauga, Ont.

Culture tubes, sterjle - 5 ml (12x75 mm) falcon 2003 and 15
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ml (17x100 mm) falcon 2001 round-bottomed polystyrene tubes
were obtained from Becton Dickinson Co., Lincoln Bark, N.J.
Eppendorf sterile combitips - 1.25 ml, 2.5 ml and 5.0 ml
were obtéined from Fisher Sclentiflic, Orangeburg, N.Y.
Fllter cards - were obtained from Johns Scientific,
Toronto, Ont.
Gauze sponges - (5.1 x 5.1) vere purchased sterile from
Kendall Canada, Toronto, Ont.
Microscope slides (75x25 mm) ~ frosted one end on both
sides, were obtained from Serum International Inc.,
Montreal, Que. N
MS i t l1lters, sterile (0,2 m) — were
obtalned from MSI, Westborough, MA.
Nalgene 0,22 am filters - were obtained from MNalgene
Labware, Rochester, N.Y.
Needles - 18G(1") were obtained froﬁ Becton Dickinson
Labware,Oxnard, Calif.
Pipettes - 1, 2, 5 and 10 ml pyrex sterile disposable
serological pipettes were obtained from Corning Glasswvorks,
Corning, N.Y,.
Syringes - 1, 10, and 60 ml plastiplate sterile disposable
syringes were obtained from Becton Dickinson Labware,
Oxnard, Callef.
4.1.3 Equipment
CO=_incubator - cultures were maintalined in a National
incubator, NAPCO, Portland, Oregon. This incubator is fully

automated vith respect to temperature ( 37.52C + 0.5) and
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»COz (5.0% + 0.1). .

~

Cordis 2250 wash dispenser - manufactured by Hyperion Inc.,

Miami, Florida.

Coulter counter - was obtalned f£rom Coulter Electronics

Inc., Hialeah, Floridé}\
St .

Cvtocentrifuge - (c;Eaéﬁin SCA-0030) was obtained from
Shandon Southern Instruments, Camberley Surrey, England.
Digital 405 Photometer Ll\q&gipdfactured by Hyperion Inc.,
Miami, Florida.

Eppendoxf repeater 4780 - was obtained from Brinkman

Instruments., Westbury, N.Y.

Multipurpose rotator - was obtained from Scientific

Industries Inc., Springfield, Massachusetts.

Refrigexated centrifuge CRU 5000 - was obtained from Fisher

Scientific, Fairlawn, N.J.

Zeiss fluoregcent microscope with a mercury vapoxr light
was obtained from Zeiss, West Germany.

4.2 Methods.

4.2.1 Blood dongors - Volunteers consisted of hospital

personnel who were free of any major illness and who did
not take any form of medlcatigz, either forlmedical or
fecreational reasons. The volunteers were bg}ween 20 and 55
years of age.

4.2.2 Igolation of mononuclear cells (MNC) - The procedure
is EPat essentially described by Boyum (145). Heparinized

(50 units heparin/ml drawn blood) venocus blood of healthy

s

[
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volunteers (180 ml), dlluted with an equal velume of Hanks
Balanced Salt Solutlon (HB3S)}, was layered over a Flcoll-
Hypaque discontinuous gradient (8.G. 1.077 at 18-20<C.) and
centrifuged at 400 g for 30 minutes. The mononuclear cells
vere lsolated from the Interface, washed in HBSS and
centrifuged at 300 g for 20 minutes. The cells were then
washed twice with HBSS at 450 g for 10 minutes and .
resuspended in HBSS. An automated cell count was taken.
4.2.3 Preparation of sheep and ox red blood cell
suspensions (SRBC and ORBC, respectively) - Heparinized
sheep and ox bloods were centrifuged at 450 g for 10
/4m1nutes. The cells were washed three times in HBSS at 450 g
for 10 minutes at 18-20°C. The packed cells (102*° cells per
ml) were then resuspended in HBSS to the desired cell
concentration. The SRBC and ORBC suspended at cell

L

concentrations of 3x10® and 5x10® cells per ml constitute

3% and 5% suspenslons of SRBC and ORBC, resﬁéctlvely.

Eﬁglf- Equal-volumes of a 5% suspension of ORBC (E) and
rabblt IgG anpi—ORBC antibodies (A), used in a
subagglutlnaglng concentratlion, were mixed and lncubated at
37=C for 60 minutes. The resulting antibbdy—senaitized ORBC
(EA-IgG or EAG) were centrifuged at 450 g for 10 minutes at
18-20=C. The supernatant was asplrated, the cells were
suspended in RPMI-1640, and agaln centrlfuged at 450 g for
10 minutes. Thils procedure was repeated twice. The EAG

indicator cells were suspended in RPMI-1640 to a

-
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concentration of 5% and kept at 4=c, °
5;2,5 Isolation of T and Non-T lymohocytes — The
mononuclear cells were incubated with the 3% SRBC
suspension (ratio of MNC:SRBC is 1:30) for 15 minufes at
37°C. The cells were cencrifuged at 200 g 5 minutes and
incubated overnight at 4=C. The cells were gently
resuspended, layered over Flcoll-Hypaque and centrlfuged at
400 g for 30 minutes. The non-rosetted Non-T cells were
collected from the interphase and the T cells from the
pellet. Both the T and Non-T cells were washed in HBSS and
then in hypotonlic ammonium chloride (0.1M) for 2 minutes in
order to lyse the SRBC present in elther cell suspension.
The cells were then washed twice In HB3S, resuspended in
HBS88, and an automated cell count was taken.
4.2.6 Igsolatlon of Tw, B and Null lymphocytes - To isolate
Tw cells, the T cells vere incubated with a 5% EAG
?hspension-(rafio of T:EAG ls 1:50) for 15 minutes at 37=cC.
The cells were centrifuged at 200 g for 5 minutes and
incubated for 1 hour at 4<C. The cells were gently i
resuspended, layered over Flcoll-Hypaque (S5.G. 1.077)(and
centrifuged at 400 g for 30 minutes. The non-rosetted T
cells were collected from the Interphase. To isolate B and
Null cells, the Non-T cells were incubated with a 5% EAG
suspenslon and then centrilfuged in Flcoll-Hypaque (8.G.
1.077) 1n exactly the same fashlon as described above. The
non-rosetted B cells were collected from the lnterphase and

the rosetted Null cells from the pellet. All three cell

-
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preparations (Tw cells, B cells and Null cells) were“mashed
in HBSS and then in hypotonic ammonium chloride (0.1 M) for®
2 minutes in ordé} to lyse any ORBC present. The cells vere
then washed twlce in HBSS, resuspended.i&\HBSS, and an
automated cell count was taken. -

4.2.1 ation of t £ ~ The
mononuclear cells were suspended {é}lﬂ‘ cells per ml) in
sterile disposable tubes In 5 ml serum-HBS8S (serum:HBSS ls
1:1) to which were édded 10 mg carbonyl lron. The tubes
were placed on a multipurpose rotator for 30 minutes at
37“C in an atmosphere of 5% COz in alr following which the
cells were gently layered over Ficoll-Hypaque (S5.G. 1.077)
and centrifuged at 400 g for 30 minutes. The non-phagocytlc
cells were lsolated from the Iinterphase and washed twicg in
HBSS. These cells are referred to as once-depleted MNC
{MNC—*). These cells were cultured overnlght In culture
medium and subjected once more to depletion with carbonyl
iron. These cells are referred to as twlce-depleted MNC
(MNC~2)., The cells wefe stalned for non-speclflc esterase
(NSE} (146) which ls a marker for monocytes. It was
conslistently found that less than 1% of the MNC~* could be
identified as monocytes , following stalining (by NSE) and
examination by light microscopy.

2.8 11 cult £ - T cells were

incubated with equal numbers of Non-T, Nulil and/or B cells
" {2x10® cells of =ach ) in 1 ml of culture medium. Pokeweed

mitogen (0.05 ml) was added in lts optimal mitogenic
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concentration. The cultures were malntalned In a stationary
phase at 37°C in 5% Cbz in ailr. After 7 days {(unless
otherwise stated), the tubes were centrifuged at 450 g for
10 minutes, the supernatants were carefully removed, and
the cells were washed with medium RPMI-1640 twice. The
cells were stalned for Intracytoplasmic lmmunoglobulins
{IgG, IgM and IgA) by the conventlonal direct
immunofluorescent assay. The Ig present in the supernatant
was determined by the ELISA assay.
4.2.9 Preparation of immunoglobulin (Ig)

s/sec £ to SF - Tm cells
{2x107) were incubated with equal numbers of Null cells
{2x10%) and PWM. After 7 days of culture {unless otherwise
stated), the tubes were centrifuged at 470 g for 10 minutes
and the supernatants were carefully collected in 15 ml
sterlle falcon tubes. Thls supernatant is referred to as 7
day conditloned medlum (7DCM). This 7DCM was filtered
through 0.22 um Nalgene fllters and stored at -202C. In
some experiments 7DCM was prepared from cultures of other
cell types and the methodology for thelr preparation is the
same as described above.

4.2,10 Tmmunofluoregcept stalning for cytoplasmic

immupoglebulin - Cells to be stalnéd were suspended in 100

ul of a 25% scolutlon of normal human serum albumin and
cytocentrifuged on mlcrggcope slldes In a Shandon

-
cytocentrifuge. The cells were f£lxed on the slides by

lncubation in a celd 5% solution of acetlc acid In ethanol
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for 10 minutes at 4=C. The slides were rinsed well

in PBS at room temperature and then incubated with
fluorescelin (FITC)-conjuqated goat antibodies to total N
human Ig for 30 minutes at room temegrature. The slides
were rinsed well in PBS and examined by fluorescence
microscopy.

4,2.1]1 ELISA assay - Inert discs coupled with goat anti-
human IgM {or IgG ) antibodies were incubated with aliquots
0f the cell cultire supernatants (step 1). After a 60
minute incubation period, the discs were washed 5 times in
PBS and incubated with the appropriate amount of goat anti-
human IgM (or IgG) complexed with alkaline phosphatase
enzyme (step 2). After another 60 minute incubatlion period,
the discs were washed 5 times in PBS and transferred to
tubes containing the chromogen, p-nitrophenyl phosphate
(step 3). Following incubation for a final 60 minutes,
aliquots of these supernatants wvere read in a colorimeter
at 405 nm.

1
4.2.12 Non-speclfic esterase stalning - Monocytes were

identifled by staining for non-specific esterase as
described by Yam et al {L:G).

4,2.13 Staining cells with monoclonal antibodieg - Staining
of the various cells with monoclonal antibodles was
performed according to the standard proceaures for direct

and indirect staining as described in detall by Jackson and

Warner (147).
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Before embarking into experiments to demonstrate the
role of the Null cells in Ig synthesis by the circulating B
cells, it was essentlial to démonstrate that the conditions
described by other investigators (64—70) as optimal for Ig

synthesis by the cultured humgrm circulating cells would also

provide for optimal conditions in this laboratory.

The objectives of/this \serles of experiments was to
demonstrate that the mLQ}qﬂp d cell composition of the
cultures of human circulating cells considered optimal for
Ig synthesls by other investlgators apply equally well in

this laboratory as carried out by the candidate.

S.1.2 Experimental protocol.

Normal human volunteers without a history of recent
1llness and not on medication were bled from the antecubital
veln Iinto heparinlzed tubes as described In Sectlon 4.2.2.
The bloods were then diluted 1:1 with HBSS and centrlfuged
through a Flcoll-Hypaque discontlnuous gradlent (S.G. 1.077)
as described in Section 4.2.2. The mononuclear cells at the
Interface were washed and suspended in culture medium as

described in Section 4.2.2. The mononuclear cells were

P ' 29
™~
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depleted of monocytes, using é%rbonyl iron, as described in
Section 4.2.7. The T cells were isolated by rosetting the
MNC with SRBC as described in Section 4.2.5. The Tw and Ta
cells wvere lsolated by rosetting the T cells vith EAG as
described 1in Section 4.2.6. The culture medium used, except
wvhere otherwise stated, consisted of RPMI-1640 fortified
wlth penicillin, streptomycin and FCS (final conc.20%) as
described ln Section 4.1.1.1. Cytoplasmic Ig (clg) was
detected by the immunofluorescent assays (IF) as descrlbed
in Section 4.2.10 and the‘IgG and IgM 1n the culture
supernatants were determined by the ELISA assay as described
in Section 4.2.11.
2.1.3 Resylts.

Cultures were 4?t up conslsting of egual numbers of Tu
and non-T cells iIn Medium RPMI-1640 contalning peniclilin
and streptomycin, wlth or without PWM or FCS3, at 37°C in 5%
CO02 in alr. The cells were assayed after 2, §, 7, 10 and 14
days of culture. Rs can be seen In Table 2, no IF positlve
cells were detected on day 2, lov numbers were detected on
day 5 and large numbers on day 7. The percent of IF positive
cells decreased significantly by day 10 of culture and a
turther marked reductlon of IF positive cells was observed
on day 14 of culture. FCS and PWM were requlred ln order for
Ig synthesis to take place; the optimal concentration of the
FCS was found to be 20 percent.

it is accepted todéy, based on previous.investigations,

that cultures of T helper cells and non-T cells, in a 1:1
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X €io (2.5 x 10° cells of each per ml of culture medium)

/4??& superior to cultures consisting of unfractionated T
cells and non-T cells, or unfractionated MNC, in the
facilitation of Ig synthesis by the B cells in vitro (50-
93). The dlfferent cell combinations obtained from the same
individual were therefore cultured for 7 days and assayed .
for Ig synthesis. As can be seen in Table 3, the cultures
consisting of Tw and non-T cells (1l:1) consistently
ggnerated the highest percgntage of Ig synthesizing cells
after 7 days in culture. The non-T cells in the absence of T
cells falled to synthesize Iq.

The optimal ratio of Tw cells to non-T cells in culture
which promotes maximum synthesis of Ig by the cultured B
cells and/or synthesis of Iq by the highest percentage of B
cells in culturé was lnvestlgated. As can be seen from the
data presented 1ln Table 4, the culture of egual numbers of
T» and non-T cells resulted in the highest percentage of
Immunofluorescent positive cells. When the number of Twm
cells In the culture was increased by 4 fold, the percentage
of IF positive cells was diminished to insignificant numbers
(Table 4).

The relationship be£ween the percent of IF posltive
cells and the IgG and IgM secreted into the culture medlium
by the B cells-was investigated as a function of the time
in ¢culture. A good correlation was observed between these
two parameters, Ig synthesls and Ig secreted, on days 3, 5

and 7 of culture (Table 5). The amounts of IgM secreted by
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the cultured cells, especially on day 7 of culture, was at
ljeast 3 fold higher than the amount of IgG secreted. Since
in these and other experiments not reported upon here IgM
wvas always secreted in much larger amounts than was IgG and
IgG was never found to be sécreted in the absence of
secretion of IgM, only IgM was subseduently assayed for in
the culture supernatants.

Tw and non-T cells (l:1) were cultured with PWM in
culture medium for up to 28 days. The cells were assayed
for Ig (IgG, IgM and Ighi) synthasis by immunofluorescence
at 2 or 3 day intervals. The supernatants were replaced on
days 7, 14 and 21 with fresh culture medium and PWM, and the
IgM secreted by the cultured cells into the culture
supernatants was determined on days 3, 5 and 7 and in the
culture supernatants of days 7-14, 14-21 and 21-28. As can
be seen in Table 6, the maximum percent of IF positive cells
was consistently observed afte; 7 days of culture. By day
14, the percent of IF poéitive cells diminished markedly and
rgached baseline levels by day 21. on the other hand,
although IgM was minimally secreted on day 5 of culture and
its secretion increased sharply by day 7 of culture, it
continued to be secreted in greater amounts between days 7
to 14 and days 14 to 21 of culture in spite of the fact that
the cclls were no longer IF positive. Lgrge quantities of
IgM were secreted between days 21 and 28 of culfure (Table
6).

The question which was then addressed was the role of
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the monocyte in Ehe'éynggesis of Ig by cultured cells in
vitro. Cultures cons{3ting of monocyte-depleted Twm and non-T
cells in the presence of PWM did not synthesize or secrete
Ig (Table 7). Monocytes could partially restore Ig synthesis
if they were added to the cultured cells to a final
concentration of 5 percent. Ig synthesis was fully restored
when the monocytes were added to the cultures to a final
concentration of 10 percent of the cultured cells (Table 7).
5.1.4 Discussion.

The cellular composition of the cultures required to
facilitate Ig synthesis, and the culture conditions which
facilitate maximum Ig synthesis, were established. It was
confirmed ﬁhat maximum synthesis of Ig by the cultured B
cells takes place by day 7 bf culture and that T cells and
monocytes are cbligatory participants in the synthesis of
ig by the B cells. Pokeweed mitogen and FCS (final conc.

20 percent) were absolutely required in the cultures of the
circulating T and non-T cells (containing monocytes) for Ig
synthesis to occur. It was also shown that maximum Ig
synthesis takes place when the B cells are cultured with

the Tw helper celis and not with the unfractionated T cells.
This may best be explained by the fact that the
unfractionated T cells consist of Tw helper cells (90-93)
and To supbressor cells (90-93). The suppressor cells are
capable of inhibitirs Ig synthesis by the B cells. Normally,

the balance of activity is tilted in favour ¢f the Ty helper
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cells. Obviously, removal of the Ta suﬁpressor cells £rom'
the T cells results in the Tx helper cells stimulating the B
cells in an unrestricted manner. Maximum Ig synthesis by the
B cells took place when the Ti and non-T cells (contalning
the B cells) were cultured in a 1:1 ratio. When lesser or
greater numbers of Tm cells relative to the B tells were
present in the culture, the percent of Ig syntheslzing B
cells decreased.

The secretion of IgM and IgG by the B cells into the
culture medium mirrored the syntheslis of Ig by the B cells,
as determined by immunofluorescence, up to day 7 of culture.
The amount of IgM secreted by the cells after 7 days of
culture was invariably much greater than the amount of IgG
secreted. Furthermore, at no time was IgG secreted ln the
absence of a gféater amount of IgM secreted. It was
therefore decided to henceforth only deteEmine the levels of

!

IgM in the culture medium as an index of secreted Ig. IgG
vas assayed occasionally to verify that it is secreted
whenever igM is secreted, and that it is not secreted when
IgM is not secreted.

The finding that IgM 1s secreted in large amounts
batween days 21 and 28, when the percent of:.IF positive
cells is negligible (suggesting no active synthesis of Ig),
was most unexpected. Nevertheless, it was consistentiy
observed in 6 experiments that the amounts of IgM, and to a
lesser extent IgG, secreted into the culture media 1ls very

high on days 7 to 14, 14 to 21 and 21 to 28 of culture even
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théugh‘véry few, If any, of the cultured cells are IF
posit_'ilve. These results indicate that there is no
correi@tion between Ig synthesis (as detected by IF) and
secretion (as detected by ELISA) after day. 7 of culture. The
B cells can secrete large amounts of I1g into the culture
medlum in spite of immunofluorescent evidence suggesting no
detectable Intracellular Ig synthesls. It Is possible that,
after day 7 of culture, the B cells can secrete Ig as
rapldly as lt is belng synthesized and thereby it is not
detected by IF. Howeve;, durlng the maturational stage of Ig
synthesis {(days 0 to 7 of culture), the capacity to
synthesizé Ig precedles the acquisition of the capaclity to
Secrete Ig. This would explain the good correlation between
Ig synthesls as detected by IF and Ig secreted as determined
by the ELISA assay up to day 7 of culture. These results
make it mandatory to utilize both the Immunofluocrescent
assay and the ELISA technique in order to obtain the maximum
information in investigations related to Ig synthesis by B
cells in vitro, especially in long-term culture experiments.

In all of the tables, the terms "insignificant",
"signlficant"”, "marked" and "optimal" refer to the
percentage of immunofluorescent cells and the amounts of Ig
secreted by the B cells In culture relative to the values of
thg cells in the contrel cultures. This approach towards the
Interpretation of the results is approprlate in this case in
view of the individual variations which are displayed by the

rd
cells of different individuals.
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TABLE 2

)

0 : : R
IN _THE_CULTURE MEDIUM AND IS OPTIMAL ON DAY 7.

Cells (Ty and non-T The concentration of The percentage of
cell1s)? cultured for FCS In the culture If positive cells
the following days medium

In the presence(+) {percent conc.)

or absence{-) of PWH | i (11

p(+)b : 204 2 3 -2
2{+) 20 0 0 0
5(+) 20 3 6 4
7(+) 20 18 28 24
1(-) 20 2 1 0
10(+) 20 12 18 13
L14(+) 20 5 7 8
14(-) 20 0 y 9
P
7{+) 0 3 5 4
7(+) |0 1" 13 10
7(+) 40 12 10 13
f

3 2 x 10° Ty and 2 x 105 non-T cells were cultured in 1 ml of
med fum.
b These cells were cultured for 15 minutes before being assessed.
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¢ TABLE 3
C!LIHREE*QE_IM_AHD_HQH:I_QELLE_ABE_SMEERIQB_IQ_QHLIHBE&_QE
UNFRACTIONATED MNC IN THE SYNTHESIS OF Ig.

Cells cultured for The percentage of [k positive cells after
7 days 1n culture 7 days of culture in the presence of PWM
medium (total 4 x 105
cells in I mi) } Y 11 (11

MNC | 1 i3

T + non-T (1:1) 1 J 12 19

Ty + non-T (1:1) - 2 / 24 30

non-T ] ] 0
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TABLE 4
IMHUNOGLOBULIN SYNTHESIS BY THE B LYMPHOCYTES IS A
. ~TQ _NON-T CELLS (NON-T
.\/ﬂH_CII.QH_QF_T.HE_EAI.I_Q_QE_‘Iu
CELLS ARE CONSTANT). :
Ratio of
Non-T cells (2 x 109) Ty to The percentage of [F positive
cultured with the non-T cells cells after 7 days Iin culture
following numbers of fn culture in the presence of PWM
Ty cellis {non-T cells -
constant) [ K 111
Ni 0:1 0 0 1
box 102 l:2 8 13 13
2 x 103 l:1 18 28 22
&
4 x 10° 2:1 8 12 i0
8 x 103 4:1 1 3 4
T T—— \ 5 \ ,\.‘
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TABLE 5

IHE RELATIONSHIP BETWEEN IMMUNOGLOBULIN (Jq) SYNTHESIgZ
OFLUQ D
[ Li] L ) BY el 19 4

TECHNIQUE.

P
Ty and non-T ig synthesis and 1g secreted by the cells cultured
cells cultured for 3, 5 or 7 days in the presence of PWH

in culture medlum
for the followling | 1t I
days
15C3  [gHP  1gGE  iSC  1gM  1gG  ISC  IgM  IgG

3 2 56 <56 2 (56 <56 3 <56 <56
5 8 845 212 5 662 134 12 592 j1z
7 24 1840 555 22 2600 640 30 4420 475

3  The percentage of immunoglobulin synthesizing cells{[5C) determined
by Immunof luorescence.

b ng IgH per ml of cell-free culture medium determined by the ELISA
technique.

€ ng i9G per m! of cell-free culture medium determined‘by the ELISA
technlque.
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7/ ~ TABLE 6

TH and

non-T cells Percentages of Ig synthesizing cells! lgM (ng per ml} secreted into the \\\\4/
cultured In at the followlng days of culture culture medium during the Following

the presence perleds of culture (days)

of PHH 3 5 7 10 14 18 21 24 28 0-3 0-5 Q-7 7-14 14-21 21-z8

Exp. | 2 4 17 1 4 4 4 5 k! <56 695 2876 5429 4404 2540
Exp, 2 1 S 20 12 7 3 | ¢ 1 56 844 2540 5578 2083 1916
Exp. 3 i 4 28 ND 10 ND 5 ND 4 125 168 1440 1032 1148 582

| Qetermined by Immunofluorescence.
2 Determined by the ELISA technique.
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TABLE 7
IMMUNOGLOBULIN (Iq) SYNTHESIS AND SEQRETION BY THE B CELLS

IN CULTURE WITH T HELPER CELLS, NUL, CELLS AND PWM 1S
DEPENDENT UPON THE PRESENCE OF MONOCYTES. -

-~

Exp. Cella cultured 19 syntheais ana secretion by the cells cultured for

no . In the presence .

of PuR ( 7 days 14 onys
1sc! nglgnd . 15C nglgh

1 Ty + non-T 21 2050 12 1958
Ty » non=T + 4.5 ron-T3 2 2198 15 2934
THIMDI4 + non=T(nD)4 1 56 [ 56
TRiMO) + non=T(MD) + Ha(2)® 3 255 5 49z
Ty(MO} + non=-T(HO) + K¥(5) 15 1228 9 1457
TuiMd) + non-T(HMD) + H¥{10) 21 2051 1& 21a1

N Ty + non-T 20 1609 7 115G
Ty + non=T + 0.5 non-T 14 1587 ) 1782
TyiHD1 + non-T(MO) . ] <56 0 [$1)
TpiMO) » non-T(MDY} ¢ Hi(D) & 156 1 Lo
TyiMD} + non-T(MD) « KIS 9 501 ] 197
TyiM0} + non=T{nD) + HI(1D) 17 1571 [ 1182

3 Ty + non-T 25 3073 15 1387
Ty + non-T + 0.5 non-T 21 2654 N ER{:¥4
Ty(HD} + pon-T{HD) 4 [:%:] 0 56
Tw(#01 » non=T{MD] + MI(2) Q 14% 0 119
TRi®0) » non-T{HDY + Mi(S) 18 2278 P 2300
TyiBD) + non-T{HD} * n:{10}Y 20 2986 ) 11 Jdds

4 Ty *+ non=7 T 1723 é 1098
Ty + non=T + 0.5 nen-T 19 1374 T -~
TniFDl + non-T(HD) n (1Y 0 151}
TyinO} + non=T{RD)] + M) ] <56 i} 56
T(HD} + non-TIHDY + HS) 5 452 5 513
TyiMO} ¢ nen-T{HD} + H21C) 15 1371 8 1523

1

| ihe percentoqQe of Immunogiobul In synthealzing ceils{|SC) getermined by
1mmunof luorescence.

nglgh per mi of cell-free cylture medium determineg by the
ELISA frechnicue.

ra

41105 non-T cella were added to the conventional cuiture af 2 x 0%
Ty ceils and 2 x 105 ron-1 crita,

4 HMonoCyte cdepleted Ty and non-T celis.  The Ty and non-1 cellsn were obtained from MNC
ewice drpleted of manocytes before amd after Incubation of the cells in the
. rulture medlum For 24 hours at 179C,

& The flgures 1n the brackess repretent the percent monocytea in the
cultares
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cultured B cells.
5.2.1 Ratlonale and objectives.

In a previous 1nveét1gation from this laboratory (144},
it &as-dembnstrated that the Null lymphocytes which, along
with the B lymphocytes constitute the non-T lymphocytes of
the clirculating Mﬁc, are requlred in culture with the Twm
cells, monocytes, B cells and PWM In ordét for Lthe B
cells to synthesize Ig. However, the cells were cultured for
only 7 days and it is possible that Ig synthesls was only
delayed in the absence of the Null cells. Furthermore, only
the immunofluorescent technique was utilized to detect the
intracellular synthesls of Ig; the amount of Ig secreted
into the culture medium was not assayed. It ls possible that
Ig could be secreted by the cultured B cells without the
cells beling IF poslitive If Ig synthesls 1s altered in the
absence of the Null cells.

The objective of thls serles of éxperiments was to
demonstrate that 1g falls to be synthesized and secreted by
the B cells in the absence of the HNull cells in the cultdpé.
5.2.2 Experimental protocol.

Normal volunteers were bled via the antecubital vein
into heparinized sterlle tubes as described in Sectlion
4.2.2. The bloods were centrifuged through a discontlnuous
gradient of Ficoll-Hypaque (S8.G. 1.077) and the MNC were

isolated as described in Section 4.2.2. The Tw cells, B
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cells and Null cells were lsolated as described in Sectlion
4.2.6. The cells were‘Eulthred for Ig synthesis as described
in Section 4.2.8. Ig synthesis was determlned using the
immuhofluorescent assay as described In Section 4.2.10. The
amount of IgM and ng secreted Into the culture medla was
determined by the ELISA technlqgue as described 1n Section
4.2.11,
5.2.3 Resulta, SN

a

Only the cultures consistlng of Tw and non-T cells

(which include B and Null cells) and the cultures

consisting of Tw cells, B cells and Null cells (both of
vhich contained monocytes at a concentration greater than 10
percent) syntheslzed and secreted Ig up to 21 days In
culture (Table 8). Cultures conslsfing of Tw and B cells or
T» and Null cells neither synthesized nor secreted Ig for
the duration of the 21 day culture‘period {Table 8).

The effect of decreasYng the numbers of eitnFr the B
cells or fhe Null cells in the culture on the synthesis and
secretion of Ig by the cultured cells was Investigated.
Decreasing the Null cells 4 fold resﬁlted in only a 4Q to 50
ercent drop in the amount of Ig zecreted by the cells and a
decrease of only 15 to ?O percent In the percent of IF
positive celis {Table 9;. Even when the Null cells were
diluted 16 fold, low but stlll significant quantities of Ig
were secreted into the culture medium although no IF
positive cells were detected. On the other hand, decreasing

the B cells by only 2 fold resulted in a 50 to 80 percent

e
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decreaéerin the percent of IF positive cells and a 60 to 70
percent decrease in the quantity of secreted Ig. When the B
célls were diluted 4 fold, the percentages of IF positive
cells were at, or near, baseline and the amounts of Ig
secreted by the cells of 2 individuals were at baseline
levels (Table 9). These results strongly indicate that it is
the B cells and not the Null cells which synthesize and
secrete Ig, and that only a relatively small number of Null
cells are required in the culture to facilitate Ig synthesis
by the B cells.

The guestion which was then addressed was - how long
into Ehg culture can the Null cells or the B cells be addedﬁ
in order for Ig synthesis and secretion to take place by day
7 of culture? It was observed that significant Ig synthesis
and secretion took place even if the addition of the Null
cells to the cultured Tw and B cells was delayed until day 4
of culture (Table 10). On the other hand, addition of fhe B
cells to cultured Tw and Null cells on day 2 of culture
resulted in the detection of very low levels of Ig by both
the immunofluorescentland ELISA assays (Table 10).

The question was asked whether Ig synthesis and
secretion is simply delayed, rather than abrogated, wheﬁ the
B cells are added to the cultured Tw and Null cells
subsequent to the Initiation of culture. Cultures were set
up bonsigting of Tw cells and Null cells (in the presence of
PWM). Autologous B cells, cultured by themselves in culture

medium at 37°C, were added to the cultures of the T« and
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Null cells on days 0, 2, 4 or 6 of the 7 day culture. The
cultures were terminated on day 7 relative to the Ty and
Null cell cultures, and oﬁ days 5 and 7 following the
addition of the B cells to the Ta and Null cell cultures. It
was observed that Ig synthesis aﬁd secretlion took place only
if the B cells were added to the cultures of Tm and Null
cells within the first 2 days, irrespective of the length of
time the cultures were left after the addition of the B
cells (Table 11).

It was speculated that the fallure to observe
slignificant Ig synthesis and secretion may be due to
degenerative changes occurring }n the B cells cultured in
medium prior to their addition to the Twm and Nufp cell
cultures. The B cells were therefore cultured in culture
medium in the presence of Ty cells and PWM aﬁd washed prior
to their addition to the cultures consisting of Twm cells and
Null cells. Significant Ig synthesis and secretion was now
observed even when the B cells were added to the cultures of
Tw and Null cells 6 days following the initiation of the
cultufe and assayed 7 days later (Table 12). These results
indicate that the B cells were maintained in a viable state
susceptible to activation into Ig synthesis by the co-
cultured Tw cells and Null cells.

5,2.4 Discussion.
It had previously been demonstrated that the B cells
must be cultured with the Tw cells, monocytes, PWM and Null

cells in order to synthesize Ig. The objective of this
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serles of experiments was to assess éhe relationship between
the Null cells and the B cells in the culture leading to Ig
synthesis by the B cells, and to measure 1g secreted into
the cultures by the ELISA technique.

The results o%® the experiments carrled out in this part
of the lnvestigation demonstrated that neither Ig synthesis
nor secretion took place in the absence of the Null cells,
even when the culture perlod was extended to 21 days. In the
absence of other findingé, it could be. speculated that 1t is
the Null cells, and not the B cells, which synthesize and
secrete Ig. However, all of the evidence presented strongly
Indicates that 1t s the B cells which syntheslze and
secrete Ig and that the Null cells have a helper or support
function which can be expressed even 1f they are present in
less than optimal numbers. Decreasing the number of B cells
in the cultures by only 2 fold resulted in a drastlic
decrease In Ig synthesls and secretlon. Furthermore, the B
cells could synthesize and secrete Ig 1n culture even when
the Null cells wvere aéggaxto the cultures (consisting of Twu
cells,‘B cells, monocytes and PWM) as late as day 4 of the 7
day culture. Thus,'the Null cell signal is not required by
the B cell until late'in the culture and conly 3 days before
maximum synthesls and large-scale secretlon of Ig takes
place. On the other hand, the addition of vliable B cells to
cultures of Tw cells, Null cells, monocytes and PWM fequired
an additional 7 days before the B cells could syntheslze and

secrete Ig. All of these findings support the conclusion
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that it is the B cells which synthesize and secrete Ig and
that the role of the Null cells is strictly a supportive

one.
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TABLE 8

LWWMW

C
7
lgH{ng per ml) secreted
Exp, Cells cultured In the Percent 15C2 Inta the culture supernatants
na, presence of PHWM and on day during the following perlods
monocytesl 7 14 21 of culture (daya!3
0-7 T-14 . 1a-21
i Ty <l <1 <l €96 56 €96
Non-T4 <l ¢l ! <56 <56 <56
B 4] <l <1 <56 (56 56
Hull ¢l ] <1 (56 56 <9h
Ty + MNon-T 19 12 ? 1525 19Ga 2740
iw+ 8 [ ¢ ¢ <56 <56 67
Ty + Hull 2 (3] <l 17 13 60
Ty + 8 + Nutl 21 10 4 2228 3763 4020
2 Ty 2 <l 3] 56 56 {56
Non-T 4 ¢l <l 178 <56 <56
B ! <l o1 212 96 93
Null <l ol <l e . 56 56
s
Ty *+ Hon-T ; 23 15 7 2265 1650 1920
Ty ¢+ 8 k| <1 ol <56 <56 (56
Ty + Hull 2 3 <l 130 56 56
T" +

B + Null 8 19 5 2653 2456 2163

1 The percentage of monacytes in all tht cultures was Invariably greater than 10 percent.

2 The percentage of Immunoglobulln synthesizing cells(ISC) vas determined
by Immunof lucrescence(IF).

3 Determlined by the ELISA technique,

4 Non-T rells = B cells + Null cella.

o
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= TABLE 9

IMMUNOGLORBULIN SYNTHESIS AND SECRETION AS A FUNCTION QF
THE CONCENTRATION OF B AND NULE CELLS IN THE SEVEN
DAY CULTURE.

Percentage of Percentage of Ig lgM secreted [nto the
Ty cellst2 x 105 cells In culture synthesizing cells!  cell-free culture
cultured with PWH and " supernatsntsing per mi)Z
B Rull Exp.  Exp. pExp. Exp. Exp. Exp.

Mon-T 8 Hull cells cells 1 2 3 1 2 3

2x 105 - - 25 25 19 17 14 2613 2645 2610

=~ 2% 103 - 50 0 7 3/ S 508 190 o

- - 2 x 103 0 50 2 b4 2 103 50 68

-~ 2x 0% 7 w 10% 1 13 21 16 12 2200 27192 2714

- 2 x 105 1 x 105 a0 20 15 14 9 1860 2261 190¢

- Tx 105 0.5x 105 44 1) .16 ] io 1650 1072 1434

- 2% 105 0.25 x 105 a7 6 12 4 4 810 224 415

- 2x10% 0.13x 105 B 3 2 / 4 1 3B 210 310

- 1 x 105 2x 105 20 40 1o ? 3 C 78S 140 9

- 0.5 x 03 Zx 105 " 44 3 6 1 ¢ 475 66

- 0.25 % 10% 2 x 105 6 47 3 3 <l [Tk ] 250 Ld6

~ 0,13 x 10% 2 x tof 3 49 2 4 «a 56 206 173

I The percent of g synthes!zing cells was determined by Immunof luorescence.

2 Determined by the ELISA technique.
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- TABLE 10

THE S D U 8
0 U s ED BY oF
THE 7 DAY CULTURE.
1]
Cells cultured for Cells added to the Percentage of IgH secreted
7 days In the presence cultures on the 1g syntheslzing Iinto the cetli-free
of PWH followlng day of tellsl! culture supernatant
the 7 day culture {ng per ml}?2
Null B Exp | Exp 2 Exp | Exp 2
Ty + B - - < { 56 ¢s6
Ty + 8 0 - 23 19 2191 2594
Ty + 8 2 - 21 ] 2665 2834
Ty + B 4 - 18 6 2105 1266
Ty + B 3 - 8 4 972 854
Ty + Mull . - <1 [ Bi ¢S6.
Ty + Hull - 1] 23 19 2193 2594
Ty + Null - 2 5 7 266 508
Ty + Null - 4 5 4 324 191
Ty + Null - 6 0 f 59 €56

1 Oetermlined by Immunof luorescence,

2 Determined by the ELISA technique.
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TABLE 11
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Celly cultured B tells? added Cultures I 3ynthesis and secretion
" * with PwHl on cn the followling terminated by the B cells.
day 0 day after the on the
{primary Initistlon of following Percentsge of Igh secreted
cultures) the primary days after 18 synthesizing Into the cell-
cultures the cella free culture
Inttiation medium(ng per mi)d
of the Exp. | Exp. 2 Exp, | Exp. 2
primary
cultures
Ty + Mufl - 1 Q 3] <56 <56
Ty ¢ Hull 0 7 24 1] 2492 2298
Ty + Wyl 2 ? 5 8 1092 672
Ty + Wuil 2 9 6 6 969 693
Ty ¢ Hull 4 1 a z 56 56
Ty + Mull 4 9 4 2 (56 56
Ty + Hull 4 1 < 3 56 56
Ty ¢ Bull 6 7 o 0 56 56
Ty + Hull 6 I 4 o 56 56
3
Ty + Hull 6 11 <1 ] 56 56
I 2% 10% Ty cella were cultured with Z » 105 Nult cells and PWH
In | ml of culture medium,
2 2% 105 8 cells In 0.1 ml of culture medium were aoded to the cultures
of Ty cells, Hull celis and PWH, The B celly were kept at 379C ynt (!
they were added to the orimary cultures,
] Oetermined by 'mmunofluareacence.
4 Determined by the ELISA technlique.
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TABLE 12

QF Twm_CELLS, NULL CELLJ AND PWM.

Cells cultured Precultured B Cultures terminated ig syntheails and secretion

with pun! cella? added on on the following by the 8 celly

on day 0 the following days after the Igh vecreted

tprimary gay after the inftlation of the percentage of into the cell-

culturaes) Initlation of primary cultures 19 synthesizing free culture
the primary cells med |l om
cultures (ng par mi14

Ewp. 1 Exp, 2 Ewp, 1 Ewp. 2

Ty ¢ Wull - H ol 3} (&1 (1]

Ty + Huly 0 1 21 20 278 2954

Ty * Hull o2 1 1 3] 1182 1327

™ Hull 2 % 1% 19 1920 (N3]

Ty + Mull 4 H z o 130 36

Ty ¢ Hult [ ? 12 " 193 ne?

Ty ¢ Hull ] AN 11 9 693, Ins

Ty ¢ Mull 3 . ! ol ol <N €56

n Hul) L [ 9 5 i 9%

Ty ¢ Hull [ 1) 1 L] B1% 94

)

2 x 103 Ty celis were cyltured with 2 x 10% Wyl cella and Pum In
1 ml af culture medium,

2 x 106 B cells wera cultured withn 2 x (08 Ty cctly ang PV in
| ml of culture medium at 190, On the sopropriste asy, 0.1 ml of this
el | wuspension, containing 2 105 8§ celia. way acded to the primary
cul tures.
-~
Determinegd by Immuncf luorescence.

Determined by the ELISA technlaue.

b
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The results‘pgesented in the previous sectlon of this
Chapter demonstrated that the Null cells have an oblligatory
participating role in the synthesis of Ig by the B cells. It
wvas demonstrated that the B cells could synthesize (to some
extent) and secrete (significant) guantities of Ig even {f
the Null cells were added as late as day 6 of the 7 day

‘culture. These results suggest that the B cells require the
signal provided by the Null cells only after they have
attained a certain degree of maturlty and that they do not
requlre input by the Null cells prior to attaining that
level of coméZtence or maturlity.

The objective of the following experiments was to
demonstrate whether the Null cells secrete a factor 1in
culture which can replace the Null cells in the synthesls of
Ig by B cells cultured in the presence of T cells,
monocytes and PWM.

5.3.2 Experimental protocel.

The methods used to lsclate the clrculating MNC, the T
cells, the Tw helper cells, the non-T cells; the B cells and
the Null cells from whole bloocd have been described in the

previous sectlion (Section 5.2.2). In order to demonstrate

yl



_.66_.
whether the Null cells secrete a replacement factor, Null
cells were cultured in the presence of Tx helper cellﬁ,
monocytes, B cells and P¥M (to mimic the conditions in which
they are riocrmally cultured for Ig syntheslis) for.up to 7
days and the cell-free culture supernatants wvere retained as
described in Section 4.2.9. In other instances, the Null
cells vere cultured with only the Tw cells, ﬁonocytes and
PWM for 7 days. The culture supernatant obtained after f
days,of culture is referred to as the 7 day conditloned
medium or 7DCM. The number in front of £he "pDCH" refefs to
the days of culture of the cells providing the DCM. These
DCMs were used as culture media for the culture of B cells,
Tw helper cells, monocytes and PWM for ; days. The percent
of Ig syntheslzing cells was determined by
immunofluorescence as described in Section 4.2.10 and the
amounts of IgM secreted by the cultured cells was determined
by the ELISA technlque described in Section 4.2.11.
5,3.3 Results.

As can be seen 1n Table 13, B cells cultured for 7
days with Tw cells, monocytes, PWM and Null cells (Tw plus
non-T celis) syntheslzed and secreted Ig, whereas the B
cells cultured for 7 days with Tw cells, monocytes and PWM
in culture medium could nelther synthesize nor secrete Igq.
However, when these latter cells were cultured in a 7DCH
obtained from 7 day cultures of Tw and non-T cells in the
presence of PWM, the B cells generatea a normal percentage

of IF positive cells and they secreted normal guantitles of’
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IgM into the culture medium. These results suggested that a
factor 1s present in the 7DCM of Tw plus ncn-T cell cultures
which can renlace the Null cells in Ig synthesls by the B
cells. It should be noted that in 2 of the 3 experlments
presented in Table 13, there was a helghtened secretion of
Ig when the Tm and non-T cells were cultured in 7DCM as
compared to thelr culture in culture medium.

Can the B cells, cultured by themselves with PWM for 7
days in the 7DCM (obtained from 7 day cultures of T cells,
non-T cells and PWM) syntheslze and secrete 1g? As can be
seen 1ln Table 13A, the answver 1s no. The B cells require the
presence of Ty cells in addition to the PWM in order ta
syntheslze and secrete Ig.

A question which wag,thé;\agdressed was - what is the
cell-source of this Nul}ﬁcell reélacement tactor referred to
as ISFF? In order to r%solve thls question, different
combinations of cells Pere cultured for 7 days and the
cell-free culture supernatants were used as culture media
&for the 7 day culturg;’tonsisting of B cells, Tw cells,
mBﬁUﬁ}tes and PWM. As can be seen in Table 14, cultures of
Ty cells and non-T cells, In the absence of PWM, did not ’
secrete ISFF. ISFF was only detected in the 7 DCM obtained
from Null cells cultured In the presence of PWM, PWM and Twm
helper cells, or PWM and IL-2 (Table 14). Null cells
cultured for 7 days with Tw helper cells, monocytes and PWM
in these 7DCM were not able to synthesize or secrete Ig in

any signlficant amounts.
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Is ISFF actively synthesized and secreted by the Null
cells or is it simply released following lysis of the cells?
In order to resolve this question, cells were cultured in
culture medium, 7DCM or filtered Null cell sonicates (FNCS).
As can be seen in Table 15, the sonicates of the Null cells
(FNCS) did not stimulate the B cells, cultured in the
presence of Tm cells, monocytes, and PWM, to syvnthesize Iqg.
On the other hand, 7DCM obtained fiom the 7 day cultures of
Null cells, Twm cells, monocytes and PWM facilitated the
synthesis and secretion of Ig by the cultured B cells.

It was investigated whether the HNull cells require FCS
in the culture in order to secrete ISFF. As can be seen in
Table 16, FCS was required in the culture in order for the
Null cells to secrete a factor which facilitated the

‘.\ . S ..
synthesis of Ig (detected by immunofluorescence) by the

cultured B cells. However, in the absence of FCS, the Null
cells secreted a factor which facilitated low but

significant secretion of 1g by the cultured B cells

(detected by ELISR) (Table 16}.

It was investigated as to whether ISFF functions in an
HLA restricted manner. 7DCM of cultures (Tw cells, Null
cells and PWM) of 4 unrelated donors were used as culfure
media for the culture of B cells, Tw cells and PWM of each
of the other donors. As can be seen iifféble 17, the 7DCH of
each of these donors could facilitatzylg synthesis by the B

cells of the other donors, thus demons{rating that the ISFF

is not HLA restricted in its activity.
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Experiments were carried out to determine wvhether ISPF
can be secreted by the Null cells in the absence of
monocytes and whether the B cells require menocytes in
culture in order to synthesize and secrete Ig in the
presence of preformed ISFF. As can be seen in Table 18, the
Null cells cultured‘for 7 days in the presence of Twm cells
and PWM, but in the absence of monocytes, did not secrete
ISFF into the culture medium as was demonstrated by the
inability of the B cells, when cultured in this 7DCM, to
synthesize and secrete Ig. Furthermore, the B cells cultured
in the presence‘of Tw cells and PWM, but in the absence of
monocytes, did not synthesize nor secrete Ig even though
ISFF was pfeseet in the culture (Table 19). These results
indicate that the monocytes play an accessory role in the
synthesis of Ig by the B cells in addition to their A}
requirement for the secretion of ISFF by the Null cells
(Table 19 and Table 18, respectively).

What 1s the mechanism of action of ISFF? R cells were
cultured in the presence of Twm cells, monocytes and PWM in a
7DCM (obtained from 7 day cultures of Tw cells, Null cells
and PWM) containing ISFF. The 7DCM containing PWM was
replaced by culture medium and PWM once on days 1 to 6 of
the 7 day culture. As can be seen in Table 20, ISFF had to
be present in the cultures up to day 6 in order for the B
cells to secrete optimal (or near optimal) quantities of Ig.
Replacement of the ISFF by culture medium prior to day 4

resulted in failure to synthesize and secrete Iqg by day 7 of
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culture (Table 20}.

The above experiment was also carried out in reverse.
The cells were cultur~d initially in culture medium which
was replaced by 7DCM containing ISFF (cobtained from a 7 day
culture of Null cells and Twm cells and PWM) during the 7 day
culture (days 1 to 6}. As can be seen in Table 21, normal
percentages of Ig synthesizing cells, and normal quantities
of Ig secreted into the culture medium, were recorded
providing thg 7DCM was added to the cultured B cells and Tw
cells in the presence of PWM prior to day 6 of culture. if
the replacement of culture medium by the 7DCM was delayed
until day 7 of the 7 day culture, then the synthesis and
secretion of Ig decreased precipitbusly {(Table 21}. Thus, it
appears that ISFF must be present with the B cells during
the last two days of the 7 day culture period in order for
optimal Ig synthesis and secretion to take place.

The question which was then addressed was - does ISFF
facilitate more rdpid synthesis and secretion of Ig by the
cultured B cells? The results presented in Table 22
definitely imply that it does. Cultures of Tw and B cells in
7DCM synthesized and secreted Ig on day 5 as did cultures of
Tw cells, B cells and Null cells. However, cultures of TM
cells, B cells and Hull cells cultured in culture medium
failed to synthesize and secrete Ig on day 5 of culture.

The guestion as to when during the culture period the
Null C81£? secrete ISFF was investigated. As can be seen in

Table 23, Null cells cultured with Tw cells and PWM secreted
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functional quantities of ISFF by day 3 of culture.

However, maximum amounts of ISFF were not secretedluntil day
7, the last day of the culture.

5.3.4 Discussion.

The results of the experiments carried out in the
previous section (Chapter 5.2) demonstrated that the Null
lymphocytes are obligatory participants in Ig synthesis by
the B cells cultured in the presence of Tw helper cells,
monocytes and PWM. However, the mechanism of action of the
Null cell, that is whether it carries out its function via a
secretea factor or via cell-cell contact, was not touched
upon. The oObjective of this series of experiments was to
demonstrate whether the Hull cell secretes a soluble factox
which can replace the Null cell in its ability to facilitate
Ig synthesis 5y the B cells.

It was indeed shown t;}t the Null® cells secizte a
factor(s) in culture, referred to as immunoglobulin
syntheslis/secretion facilitating factor or ISFF, which can
replace Null cells in the culture. The factor is secreted in
optimal functional amounts by the Null cells cultured for 7
days with Tu helper cells, monocytes and PWM or with IL-2
and PWM. Null cells cultured by themselves, or in the
presence of only PWM, either did not secrete significant
guantities of ISFF or did not secrete ISFF in a functional
state.

It is notewvorthy that the B cells, cultured in the

supernatant of a 7 day culture of Twu cells, non-T calls and
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PWM (referred to as 7DCM which includes ISFF, PWM and
interleukins secreted by the Twm helper cells), nevertheless
still require the presence of viable Twm helper cells in
order to synthesize and secrete Ig. B cells cultured alone
in the presence of-added interleukin cocktail (IL-2, BCDF,
BCGF) and PWM did not synthesize and secrete Ig. These
results indicate that the transformation, proliferation and
differentiation of the B cells into Ig synthesizing and
secreting cells reguires physical contact with the T helper
cells, or that the 7DCM and\or the interleukin cocktail is
deficient in one or more Tw derived soluble mediators in the
absence of which Ig synthesis and secretion cannot take
place.

ISFF activity is not HLA-restricted as it can restore
Ig synthesis to allogeneic B cells in culture. I5FF neeq;be
in contact with the B cells, cultured in the presence of Twm
cells, monocytes and PWM, for only the last 1 or 2 days of
the 7 day culture period. It appears that the B cells are
not receptive to the Null cell signal until they have
attained a certain level of maturity or functional state.

The Null cells require the presénce of monocytes'in
order to secrete ISFF. Furthermore, even in the presence of
ISFF, the mouocytes must be present in the culture for the B
cells to synthesize and secrete Ig. Thus, Ig synthesis ié
the result of a complex series of interactions which take

place in an .orderly sequence and which finally culminate in
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Ig synthesis by the B cells. The series of interactions may

be conceptualized as follows: ,

//
N

monocytes
T helper cells + PWM w—i» secretion of IL-2
Null cells + PWM == ISFF
or

Null cells + Tm helper cells + PWM == ISFF

Null cells or ISFF
Monocytes
Tw cells or IL-2
vy
B cells + PWM -~—— Immunoglobulin

synthesis and secretion.

2
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TABLE 13
A_COMPARISON QF THE SYNTHESIS AND SECRETION OF
NOG Y B CELLS C D IN
URE DI 0 THE S NATANTS OF 7 DA
D NON- B SENC
QF_RPWM (7DCM), ¥
Hedium used lg synthesls and secretlion by the
Celis cultured In cultured cells
the presence of PHH culture percent ig lg secreted
For 7 days med|um I0CH8  synthestzing cellsd {rng per m!})¢
Exp | Exp 2 Exp 3 Exp | Exp 2 fxp 3
Ty + non-T YES NO 14 18 13 1875 1500 1276
Ty + B YES ND [ I <56 <56 56
Ty + non=T NO YES 16 17 13 3nd 21748 (314t
Ty + B NO 1ES 17 13 9 52509 zegot 1217f

-

3 The cell-free supernatant of a 7 day culture of Ty cells. non T cells and PWH.
b Determined by Immunof luorescence.

technigue.

ng IgH per ml cell-free culture supernatant as determined by the ELI|SA

4 Includes Igh present in JDCH after 7 days of culture (324 ng per mli}.

Includes IgH present in TDCH after 7 days of culture (667 ng per ml}.
Includes IgH present tn TOCM after 7 days of culture (320 ng per ml),
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TABLE 13A
B _CELLS CULTURED IN 7 DCM (SUPERNATANT OF A 7 DAY CULTURE

OF Twn_CELLS, NON-T CELLS AND PWM) REQUIRE Tw HELPER CELLS
IN ORDER TO SYNTHESIZE AND SECRETE Iq. .

Gells cultumed 2 with Ig aynthedis and seeretion by the cultured cetls?

B for 7 days in the

700 1scC IgH secrotedd

(hg per ml}

Bxp.l  Exp.2 Bxp.l  Bxp.2

Ty + NO=T 21 2 03 2353

™M+B 18 15 1844 2048

Ty + WUILL 5 3 <56 <5

b+ L 7 Lol <56 )

B 4 6 56 <56

8 + IL~2/BODF/IXGF 6 ¥ <56 D

MULL 5 6 <56 56

NULL + 1L-2/BCDE/DOCE 1 54 <55 )

3 The concentration of sonocytes in the cultures was invarlably greater than L%,
b None of the cultures gynthesizd or secreced Ig 1f WM was absent from the culture,
¢ Peroemt Ig fynthemizing cella ag detemined by ymmanof luorescence.
¢ Derormined by the ELISA technique.,
¢ Each value represents the ng IaM un the cell-free culture supermatant leas the
g IgM 1n the 700 wowd in the culture.

f Not dona.
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TABLE 14

. 3] U
OF DIFFERENT CELLS TQ FACILITATE Ig SYNTHESIS AND
SECRETION BY B CELL3 IN THE PRESENCE OF T, HELPER CELLS
AND PWHM. .

Supernatants of Ig synthesls ond sccration by B celis kg synthests and secretion by
1 gay culturey af In the presence of Ty cells. monocytes Hull cells In the preaence of
the Fallowing and PMN after T days of culture in the Tw cell, monocytes and PwWH after
celds {20CN) TOCH 7 davy of cultyre In the 1DCH
percent Ig IQM secreted percent g Ign secreted
synthesizing cella® (ng per miIb ayntheslzing celly  (ng ocr mi)
B, | Exp, 2 Exp. 1 Ewp. 7 Exp. b Exp. T Ewp, | Ewp, 2
Ty * non=T 2 4 156 36% 1 a 196¢ (56%
Ty ¢+ non-T Bl 14 1180 178 5 2 (511 %6
+Pun
Ty + B * Myl 14 1 J: FL) 1894 H o 156 151
+ PWN
Tw ¢ 8 ¢ Pun 4 4 56 56 2 o 164 56
Ty + Hull ¢ PHH In 19 217 tozo 3 4] 764 (513
Hull + PwH a b} o600 642 ]l 1 34 kL]
RBull » §L-2 13 7 2057 50 4 < 1%6 110
+ PN
Hyll s+ 1L-2 2 <l 146 94 3] 3] (31 (%6
B+ M ] of 55 56 | ¢l 11} 56
Ty + Pum & 2 ite 54 1 ol 164 (311
Hon=T + PWH 12 11 1051 100% b 1 %11 56

0 celly cuttured In the

presence of Ty cells. 20 18 Zi06 2148 z 2 (36 (317
Hull celis. monocybes and "

Pyl for 1 days In culture

medum

B petermined by Immunofluoreagence.

D petermined by the ELISA technique,

€ [peh value represents the ng lgh In the cell-free culture jupernatant
Yess the ng gt 1n the 70CH used In the culture 83 determined by Lhe
fLISA techniaue.
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TABLE 15
I A NTH LE AND R D BY HE NUL
AND NO M RELEASED FOLLOWIN LYSIS O H FRESH
QLATED CELLS.

Cells cultured in

Medium used

lg synthesis and secretion
by the cultured 8 cellg

the presence of PWH in the culture Percent 19 IgH secreted
for 7 days3 synthesizing cellsb  (ng per mi)c

Exp | Exp 2 Exp ] Exp I Exp 2 Exp 2
T, + non-T culture mediuym 21 18 20 1567 2200 1367
Ty + B + Null culture medium 23 21 20 1443 2l4s 1518
Ty + 8 culture medium 2 0 3 <56 56 1y
Ty + non-T 70CHd 18 ra 22 2196 2020 1620
Ty + B + Null 70CH 19 18 16 1982 1944 1563
Ty + B 70CH 24 15 16 1648 1700 1335
Ty + non=T FNCSe 20 17 21 1280 1Sig 1442
Ty + B # Null FNCS 20 18 19 1263 1263 1325
Ty + 8 FNCS I | D 56 96 56

8 The concentration of manocytes fn the cultures was invariably greater than I0 percent.
b Determined by Immunofivorescence.
c Determined by the ELISA technique. The values For IgH presented are the rng 1gH per mi
cell-free cuiture supernmatant less the ng IgH In the different media used.
d The cell-free supernatant of a 7 day culture of Ty cells, Null cells and
PWM.
e The filtered Hull cell son!cate prepared from a suspension 2 x 105 Null cells
per ml. This Is |0 times the cencentrat!ion of Null cells used to prepare the
70CH.



TOCH{ISFF) obtained
from 7 day cultures
of the following cells
In the presence of PwH
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TABLE 16

Cells cultured iIn
the presence(+) or
absence{-} of FCS
(fFinal conc.
20 percent)

The synthesis and secretion of
lg by the autologous B cells
cultured in the 7DCH In the
presence of Ty cells and PWM
igM secreted

percent 153 {ng per mi)b

Exp. |

Ty + Null + 18 2822

Ty + Null -¢ 2 822
Exp. 2

Ty + Null + 21 2740

Ty + Null - | 63,
g Percent lg synthesizing cells determined by Immunof luorescence.

Determined by the ELIS

presence of PWM,

A technique.
€ The medium was fortified with FCS (Final conc.
"to Its use as culture medium for the

20 percent) prior
B cells and Ty cells in the
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ISEF_FACILITATES Iq SYNTHESIS BY THE B CELLS IN

CULTURE IN THE PRESENCE QF Twm_CELLS IN A HLA
E .

INDEPENDENT MANNER

TOCH{ISFF)
cbtalned

from cultures

lg synthes!s and secretion by B ceils of the different donors
in the presence of Ty cells, monocytes. and PWM, cultured for
7 days in 70CHM.

of Ty cells B celis of B celts of B celis of 8 cells of

+ Null cells donor A cdonor B donor O
+ PWH of Percent IgH Percent IgM Percent [gM Percent 1gH
donor ISC3  secreted b Isc secreted 15¢ secreted  |SC secreted

A 7 1010 21 1870 T 1635 14 2116 ™
B 7 1867 22 1927 21 13136 20 2013

C NDC ND ND ND 19 2763 17 .2518

D ND ND ND ND 22 2106 26 3067

3 percent lg synthesizing ceils determined by immunoftucrescence.

ng IgH per ml of cell-free culture supernatant determined by the ELiSA

technique.
€ Not done.
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- TABLE 18
c URE RE ocYT
IN ORDER TQ SECRET ISFIF.

70CM OBTAINED
FROM CULTURES

OF THE FOLLOWING
CELLS

THE SYNTHESIS AND SECRETION OF Ig BY
AUTOLOGOUS B CELLS, Ty CELLS, MONOCYTES
AND PWM CULTURED FOR DAYS IN 7DCHM.

PERCENT 1SC3 IgM SECRETEDP

Exp.1l
Ty + Null + PWM (2561 °

Ty (MD) 9+ Null (MD)+ PWM (<56}

Exp.2
Ty + Hull + PWM (€36}

Ty (MD) + Null(MD) + PWM (456}

Exp.3
Ty + Null + PWM (<56)

TM(HD) + Null{MD} + PWM (<56)

13 ) - 1002
8 ’ 118
18 . 2822

1% 2794

.o oo

MD= monocyte depleted.

Percent Ig syntheslizing cells determined by immunofluorescence. )
ng Ig4 per ml of cell-free supernatant determined by the ELISA technique.
The figures within the brackets are the ng IgH per ml of the 7DCH.
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TABLE 19
C ]
v B CELLS IN CULTURE REQUIRE MONOCYTES .
. e 1SFF SIGNAL &
J —
7DCM(ISFF} OBTAINED " Ig SYNTHESIS AND SECRETION BY B CELLS IN
FROM CULTURES OF Ty AUTOLOGOUS 7DCM FOR 7 DAYS WITH Ty CELLS
CELLS ,NULL CELLS AND PWM ‘
AND PWM : i
’ IN THE PRESENCE OF IN THE ABSENCE
AUTOLOGOUS MONOCYTES - OF MONOCYTES
PERCENT IgM PERCENT  IgM
15Ca * SECRETEDP 1SC SECRETED
~ LS
Exp.1 oo 13 1002 140
Exp.2 , 18 2822 2 . 83
. <
~ ) * \'
Exp.3 19 2794 1 70

a Percent Ig sinthesizing cells determined by immunofluorescence. ‘
b ng IgM per w:¢q§hqell—ffee supernatant determined by the ELISA technique.

L)
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AT DIFFERENT TIMES FOLLOWING THE -INITIATION OF
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TABLE 20

THE EFFECT OF REMOVING ISFF FROWM THE CULTURE MEDIUM

CULTURE OF B CELLS, T CELLS AND MONOCYTES IN THE
ERESENCE OF PWM.

B cells and Ty cells-

cultured In 70CH{contalning
ISFF)8 in the presence of PWH
from the beglnning of the 7 day
culture, The medlum(7HcH

The synthesls and secretion of lg by the B cells

percent [g synthesizing zellsb

~

Igh secreteding per m1)€

containing ISFF) was replaced Exp. 1 Exp. 2 Exp. 1 Exp. 2
by culture medium and PWM on -
followling day of the culture N
EA)
day | 1 4 205 (56
day 2 2 2 278 <56
day 3 | N 4 217 156
. S
day 4 6 4 479 - 150
day 5" 9 7 423 197
day 6 = 13 8 1 567
day 7{70CM not replaced) 14 923 1145

3 The TOCH Is the supernatant of Ty and Null cells cultured fFor 7 days in the
presence of PWH. The IgN concentration in the 70CH was less than S6 ng per ml.

b Determined by {mmunoflusrescence,

€ Determined by the ELISA technlgue.
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AND_MONOCYTES IN THE PRESENCE OF PWM. :

Culture medium and PWH

replaced by 70CH{contalning The synthesls and secretlon of Ig by the B cells
ISFF}8 and PWM on the :
following day of the

1 day culture of B cells percentage [g ynthesizing 1QH secreted(ng per ml )€
ond Ty cella In the celly .
presence of PwH Exp. 1 Exp. 2 £xp. | Evp. 2

\,‘. i :
Day 0d y 22 24 e 2683
Day 2 17 19 19270161 212710118)

Fad

) Day 3 o 24 27050107 265012963
Day 4 18 * vo TSN 27831018
Oay 5 22 1" 35059 26280163
Day 6 T 12 2109t96) £184¢140)
Day 7 s 5 S 1029096} 185¢121)

CONTROL CUWLTURES (7 days)

Ty » 0+ PUN 2 1 108 8
Ty + O ¢ Hull + PuN 20 22 2657 2256
% The J0CH 1s the supernatent of Ty and Mull cells cultured For 7 days

fn the presence of PUN.  The 1gN concentratlion In the JDCHM was 256 ng per mi,
Oetermined by lmmunof luarescence. t
Oetermined by the ELISA technloue. .

The cells were cultured in 70CK and PWK for the entire 7 days
of culture,

The flgures outaide J1d inaide the brackets are the conc. of IgM after 7 days of
culture and at the time of additlcn of the ISFF to the cultures. resoectively.
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. TABLE 22

4y
t

o ISFF FACILITATES MORE RARID SYNTHESIS
R . ANI RE B

Cells cultured for lg synthesls and secratlon on the )
7 days In the presence Cells cultured In foliowlng gays durlng the 7 day culture
of PwWM F'd - period

F .3 w5 1
ISC2 1ghd 4SC  IgH  ISC  (gH  ISC  lgM

118 2215 16 2563

Ty + B 10CH 3 118 3 ?

Ty + B culture medium. | {56 2 <56 2 <56 2 [$13
Th + § + Null 7DCH .. =% <56 k| 2712 & 1516 22 2216
Ty + B + Nul) culture medium® 3 9% & 56 2 ' N2 17 1906
Ty ¢+ non-T 70CH 2 59 2 603 § 1428 19 2208
Ty + non-T culture megioum, 2 <56 0 <56 I 206 I‘_‘.'E 1384
Tw+8 0CH 0 191 0 ilé H 1oe7 17 17174
Ty + 8 A culture medium 0 <s6 1 56 3 <56 323
Ty + B + Null T0CH ' 2 125 2 <56 14 to08 20 2002
Ty + B+ Null cuiture medium 2 56 0 56 4 203 24 1609
Ty + non-T T0CH 2z (56 3 191 10 832 20 1900
Ty + non-¥ culture mediwn 1 56 ! <56 3 280 23 1280
Ty + B JDCH . 1 B84 1 a8 5 985 | 18 2175
Ty+8 culture medium 1 56 1 <56 1 56.. 1 (56
Ty + 8 + Null culture mediun 1 56 1 <56 5 120 <17 2078

-7 i

Ty ¢ B 0CH ' 2 (5] 9 56 8. 00 16 jr02
Ty + B culture* medium 3 56 | 456 I 255 1 120
Ty ¢ B + Huld _Cutture medium’ 2 <56 2 (56 5 145 17 3790

;
3 The percent ISC(immunoglobul ln synthéslzlng cells) determined by immunof lugréscence.
Lt
D ng IgH secreted per ml of cell-free culture medium determined by the ELISA technique
{ng IgH per ml of cell-free cuiture medium less the ng lgh In the 70CH or culture
medium used). .

L3



Supernatants obtalned.
fFrom cultures of Ty
cells + Null cells + PWM
on the fo!lowing day of
culture

-83-

TABLE 23

lg synthesls and secretion by B cellsd,
cultured for 7 days in the 7DCH
In the presence of Ty cells and PWH

percent g synthesizing

[gH secreted

cells (ng per ml)t
I 2 ] | 2 3
day | 2 6 <1 (56 300 <56
day 3 1 8 <l 436 712 56
day S 18 9 10 844 968 696
day 7 22 22 18 1790 1549 1457

These B celis, cultured with Ty cells, Null cells and PWH for 7 days In culture

medium, generated 2! percent Ig synthesizing cells and secreted 2144 ng IgM
per ml of culture supernatant.

Determined by lmmunofluorescence.

Determined by the EL1SA technique.

=
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2.4 Some physicochemical properties of ISFF
2.4.L Rationale and objective.
‘ In the experiments presented in the prevlous section,
it vas demonstrated that the Null cells secrete a factor in
culture which can replace the Null cells 1in the synthegis
of Ig by tﬁgﬁé cells cultured in the presence of the Tw
helper cells, monocytes and PWM. This factor was referred
to as immunoglobulin synthesis/secretion facilitating
factor or ISFF.

The objective of the followlng experiments was to
characterize ISFF.
«2.4.2 Experimental protocol

The metﬁod used for the preparation of the 7bCM
containing ISFF was described in the previous section
(section 5.3.2). The ISFF wa=z dlalyzed for 24 hours agalnst
medium RPMI-1640 through dlal}sis tubing with mol. wt. cut-
offs of 14,000 and 50,000. ISFF in 7DCM was also kept at
4=C, 37=C, 56°C or 63°C for varying periods of time {(up to
120 hrs). In each experiment, whether the ISFF was dialyzed
or kept at the various temperatures, the ISFF was assayed
for ISFF activity, which Is its capacity to restore Ig
synthesizing and secreting capability to the B cells
cultured in the presence of Twm cells, monocytes and PWM (as
described 1n the previous section).
2.4.3 Regultg

Asﬁcan be seen from Table 24, when ISFF was dialyzed

for 24 hrs through dlalysis tubing with mol. wt. cut-offs
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~ of 14,000 or 50,000, ISFF retained its ability to
facilitate immunoglobulin synthesis by the cultured B
cells, at ievels only slightly reduced from those of the.
control cultures (20%-30% reduction as compared to
control). However, the amounts of Ig secreted by these same
B cells were very ma;kedly reduced as compared to the
control (70%-80% reduction).

ISFF did not lose its activity when cultured for up to
72 hours at either 4<C or 37°C (Table 25). However, ISFF
incubated for 120 hours at 37°C lost essentially all its
activity whereas the ISFF incubated for 120 hours at 4<C
retained its ablility to facilitate Ié synthesls by the ‘
cultured B cells and was minimally able to stimulate the
secretion of Ig from these same cells. This experiment was
only carried out once and must definitely be repeated.

As can be seen from Table 25, ISFF exposed to 56<C for
even 15 minutes resulted in a major lpss of activity. ISFF
was totally ilnactivated following'exposure to 56°C for 2
hours. Similarly, heating the IéFF at 63°C for only 15
minutes resulted 1n‘a total loss of activity.

. ‘ .

It was demonstrated, on the basis of dialysis and
temperature stability experiments, that ISFF may be
composed‘of 2 functional factors - one factor which is
capable of facjilitating intracellular Ig synthesis as
detected by immunoflucrescence microé;gpy{ and a second

factor which facilitates the secretion o@;Ig by the
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cultured B cells. The formerAfactor is not lost following
dialysis for 24 houfs through the dialysis tubing with mol.
wt. cut-offs of 14,000 or 50,000 , nor is it laost following
incubation at 4=C for 220 hours. The second factor,
however, is lost followihg dialysis through the dialysis
tubing with a cut-off mol. wt. of 14,000 and is greatly
reduéed £ollow1ng incubation at 4°C for 120 hours.

It may be concluded that ISFF is stable when incubated
for 3 days at either 4°C or 37°C. However, ISFF is not
stable at temperatures higher than 37°C as it loses
essentially all activity following exposure to 56°q for 2
hours or to.63°c for 15 minutes. It is therefore very

susceptible to denaturation by high temperature.



-87-

TABLE 24

THE_ABILITY OF DIALYZED ISFF TQ RESTORE THE
CAPACITY FOR IMMUNOQGLOBULIN SYNTHESIS AND

; . SECRETION TO B CELLS CULTURED IN THE .

.
I1SFF dlalyzed through 1g synthesis and secretion by the B cells, cultured .
dialyslis tublng with In the presence of Ty cells, monocytes., PWM and the
a molecular welght dialyzed ISFF, after 7 days of culture. .
cut-off of Exp. | Exp. 2
percent  ng IgH/mib : percent ng lgH/m!
[SC3 1sC
14,000 16 238 13 412
50,000 14 281 16 B7
Control - not dlalyzed 22 1807 18 1395

-

§

-~

2 PpPercent |g synthesizing cells, as determined by immunof!uorescence.
ng IgH per ml of culture supernatant, as determined by the ELISA

technique.
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TABLE 25

QF TIME. .

37°9C, 56°C QR 63°C FOR_VARYING RERIQDS .-

ISFE incubated at
the following temperature
for the following

-

Ig synthesis and secretion by the B cells, cultured
In the presence of Ty cells, monocytes, PWM and
the treated ISFF, after 7 days of culture

perliod of time Percent
: : 1sca ng 1g/mtb
/ L
37°C 24 hr 21 2308
379C 48 hr 23 1123
379C 72 hr 15 © . 1153
379C 120 hr 6 : 120
49C 24 hr 24 3291
49(¢ 48 hr 20 2749 e
4°C 72 hr 22 2452
40¢ 120 hr 18 509
569C 15 min- 11 1102
56°C 2 hr 2 <56
639C 15 min o 4 <56 .
63°9C 2 hr ¢ <56

2 Percent Ig
ng IgH per

LY
synthes{zing cells, as determined by immunoflucrescence.
m! culture supernatant, as determined by the ELISA technique.

o N,
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Following the demonstration in the early 1970s by a'
- number of investigators that Ig §ynthesi5 by B cells can be —
induced in in vitro culture (64,65), the primary emphasis .
in subsegquent research was the establishment of the optiﬁél
in vitro conditions for Ig synthesis - the pﬁ}sical
conditions and the cell composition. It was quickly
established (68-70) that the ogﬁimal physlcal~conditions

are 2x102 to 109 cells per mlfof culture medium fortified
with fetal ;;lf serum (ECS) to a f;nal conc. of 20 percent,
the requirement of pokeweed mitogen (PWM} in the culture,

and a culture period of 7 days. It was also demonstrated
that the maximum percent of immunoglobulin - synthesizing
cells is attained if equal numbers of Tw helpef cells and
nen-T (B) cells are cultured. Investigators d4id not culture
beyond 7 days and appeared to be~§§tlsfled that optimal Ig
s¥nthesis,'as detected by immuncfluorescence (IF), .is -
opé&mal after 7 days in culture. This assumption wés based
on the fact that the peréent oﬁ IF positive cells, that !s
the percent of cultured cells actively synthesizing
immunoglobulin (Ig), is about equal to the number of B

cells cultured. It should be recalled that approximately 60
to 70 percent of circulating lymphocytes are T cells, 10 to
20 percent are B cells and 15 to 25 percent are Null cells,
However, the percent of T, B and Null cells does not remain

static during the culture period since both the T cells (by

day 3 of culture) and the B cells (by day 6 of culture)
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"undefgo blastogenesis, mitosi; and prol}feration in
response to the PWM. It may be jﬁst a coincidence that tﬁe;
percent of B'cel;g.in the.culturesfaftek 7 days of culture
is the same as JE the initiation of culture. Neverthele;s,
it is true that the percent of IF positive cells is maximum
around day 7 of culture. Howevér, the assumptiﬁn that there
is an absolute relationghip gktuaen IF thilg ;ynthesig is
ot correct. As was shown in this investigation, ther
culturedﬁéells secreted more Ig between days 14 to 21 than
aroung?day 7. Yet, the pg;ceht IF positive cells is ' |
negligiblq petween days 14 to 21. Qne explanation for this
finding is that, initially, the B Felis attain the capécity
to synthesize Ig faster than the capacity to secretg it;
therefore, tiHere will initially be a build-up of Ig in the
cytoplasm wvhich can be detected by the 1mmunoflﬁorescence
assay.'However, within a short period of time, the B cells
learn to secrete the Ig as quickly as 1t is synthesized.
Therefore,ano Ig (immunofluorescent positivity) will be
detected in the cells. It is therefore necessary to assess
1g synthesis not just by immunofluorescence which detects
intracellular Ig, but also by ELISA to determine the =
guantlty of Ig secreted by the-cells.

Up to 1385, investigatgrs”were unanimous in their
assertion that Ig synthesis involves the participation of
only two lymphocyte lines - the T cells and the B cells

(see Chapter 3). This conclusion was based on the

assumption that non-T cells are B cells, and vice versa. As

¢
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was discussed in Chapter 3.6, the non-T cells consist of at

Y .

least two cell types or lineages ~ the ﬁ_pglls and the Null
cells, These two cell pobulations exhibit differenf
response profiles to stiﬁulants ip vitro and they possess
different surface "antigens" and receptors which
distinguish onercell type from the other (Table 1). The
éonfuslon in the minds of Investigators which prompted
them, in the early to mid 1970s to consider all non-T cells
to be B cells was due to the obs§fxation that a very high
percentage, gSometimes greater than 80 percent, of the '
freshly isolated clrculating non-T cells possess.surface
membrane Ig (smIg). However, following incubation of the
non-T cells for 1 hour at 37<C, the Null cells shed their
smlg while the B cells do not. The smlIg on the Null cell is
not, therefore, a constituent of the sur face membrane but
is rather a dissociable protein, one which is normally
bound to the receptor for FcG on the Null cell surface
wvhich is not present on B cells.

In 1285, a publication from this 1aborator§ (144)
stressed the role of the Null cell as an obligatory
participant in the synthesis of Ig by the B cells. ' It waé
demonstrated that, irrespective of the numbers of Twm
helper ceils; B cells or monocytes in the culture, or the
concentration of PWM, no Ig synthesis took place in the
absence of the Null cells. However, this publication has
two short-comings: (1) only the immunofluorescence assay

L3 :
was utilized to detect Ig synthesis, and (ii) the cultures

%
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were only maintained for the conventional 7 days.

It was subsequently considered quite possible that the B
//;eils may simply be delayed in their capacity to synthesize
' Ig in the absence of Null cells and that the cells should

be cultured for periods longer than 7 days. Furthermore, it

is also‘possible that Ig synthesis is disturbed or deranged
in the absence of the Null cells so that the Ig may be

expelled by the B cell as quickly as it is synthesized and
would therefore not be.detected by immunofluorescence.

However, Ig would then be detected in the culture

supernatanp using the very sensitive ELISA assay. ,

The objectives of this investigation therefore werek
(1) to demonstrate unequivocally that B cells, cultured in
the presence of T cells, monocytes and PWM, neither |
synthesize nor secrete Ig irrespective of/ the duration of
the culture period, (ii) to identify theEmechanism of
participation of the Null cell in Ig synthesis by the B
cells, that is, whether the Null cell secfgtes a factor
whichféan replace it or whether cell-cell contact is
essential, and {(iii) to characterize the secreted factor,
if a factEf'isﬁSecreted, in terms of its physicochemicai
propertiéé. _

It was indeed demonstrated that the Null cells

secrete a factor, after 7 days of incubation at 37°C, which
can replace these cells in the synthesis of Ig by the B

cells cultured in the presence of the Tm helper cells;

monocytes and PWM. This factor, referred to as

]
-
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immunoglobulin syntheéis/secretion facilitating factor or
ISFF 1s maximally - secreted by the Null cells providing T
cells or IL-2, mondcytes, and PWM are present. However,
Null cells in the absence of detectaﬁle T cells can
secrete lesser amounts of ISFﬁ providing monocytes and PWM
are present. Since the Null cells appeaf'to be invariably
contaminated with small numbers of T cells (<3%), 1t s
possible that these contaminating T cells provide
sufficient ;ignal to the Null cells to facilita®e the

secretion of some ISFF. What 1s more certain is that the

ionh of ISFF is monocyte aﬁd PWM dependent since no

detectable ISFF is secreted in the absence of either L
monocytes or PWM in the culture. It 1; therefore obvious
that the secretion of ISFF by the Null cells 1is the
response to at least 3 signals. However, it must be
determined whether these signals are delivered
simultaneously to the Null cells and must be in the medium
for the duration of culture, or whether they are delivered
sequentlally to the Null cells. ’

It is interesting to note thSt the B cells do not
respond to the Null cell-derived signal, ISFF, ungil day 5
to 6 of the 7 day culture period.w&hus, B cells cultured
for 7 days in the presence 0f Tu helper ce}ls and PWM will
synthesize and secrete almost maximum Ig as long as the
ISFF is added to the cultures by day 5 or 6 of culture.

Thus, the B cells must undergo maturational changes in

culture, under the influence of the Tw cells, monocytes and
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PWM signals, before they can respond to ISFF and synthesizé
and secrete‘Ig. These results support-the hypotheslis that
ISFF is the signal délivered by the ﬁull cells to the B
cells. Null gells must be added to the cultures of B cells,
Thre cellsvand PWM prior to day 4 of the culture; yet ISFF
can be added to the cultures as late as day 6. Since it
takes 2 to 3 days for the Null cells to secrete detectable
quantities of ISFF, it is necessary for the Null cells to
be added to the cultured B cells several days earlier than
the ISFF in order to achieve the same results - the
synthesis and secretion of Ig by the cultured B cells.

The monocyte appears to play a very important role, if
not a pivotal role, in Ig synthesis by the B cells since it
is required for the secretion of ISFF by the Null cells and
for the response of the B cells to the ISFF signal. ﬁhether
these activities by the monocytes can be attributed to IL-1
secreted by the monocytes remains to be determined.

The cqmposition of ISFF is not known at the present
time. It is stable for onlf several days in vitro since it
loses its B cell stimulating acfivity if it is kept at 37=C
for more than 72 hours. However, ISFF loses most of its
activity if exposed to 56=C for 15 minutes and it becomes
totally inactive i1f exposed to 63°C for 15 minutes. Results
of preliminary %xperiments suggest that ISFF consists of
two, not one, functional constituents since ISFF dialyzed
through dialysis tubing wiﬁh_exclgsion mol. wt. 50,000 or

=3 N

14,000 is still capable of stimulating B cells to
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synthesize Ig. However, it is not capable of inducing’
secretion of Ig by these B cells. One factor, that which
facilitateé Ig synthesis by the B cells, would appear to
have a mol. wt. in excess of 53:000 vhereas the other
factor, the %ne whichi faclilitates Ig secretion, by the B

’cells, would appear to have a mol. wt. lower than 14,000.

However, these are preliminary experiments and must be

repeated. -
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7. CONCLUSION

Circulating human.B ce;ls begin to synthesize and
.secrete imm;noglobulins beginning on the fifth day of
culture in the presence of Tw helper cells, Null cells,
mpﬁocytes and PWM. Immunoglobulin syntnesis reaches a '
plateau on day 7 of culture. The Null cells are obligatory
participants in the synthesis of immunoglobulins by the B
cells, as are the Tw cells, the monocytes and PWM. No
immunoglobulin synthesis nor secretion takes place in the
absence of the Null cells. The é cells can synthesize and
secrete 1lmmunoglobulins by day 7 of culture, in the
presence of T cells, monocytes and PWM providing the Null
cells are added to the cultures by day 4.

The Null cells secrete a factor(s), referred to as
immunoglobulin synthesis/secretion facilitating factor(s)
or ISFF, following 5 to 7 days in culture with Tm helper
cells, monocytes and PWM. The Null cellg can secrete lesser
amounts of ISFF in the absence of the Tw helper cells. The

QE gelis can synthesize and secrete immunoglobulins by day 7
bé culture, in the presence-of Tw cells, monocytes and
PWM, providing the ISFF is adaed to the cultures by day 6.

The secretion of ISFF by the Null cells ls dependent

upon the presence of monocytes and PWM in the culture.

- Furthermore, the B cells, cultured in the presence of Twm

cells and PWM, can respond to the ISFF signal and
synthesize and secrete immunoglobulins providing monocytes

are present in the culture.
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It is. concluded that the synthesis and secretion of
immuncglobulins by the B-cells is the result of a complex
series of sequential interactions between the B cells and
the T« helpar cells; monocytes, Null cells and PWM. In the
case of the Nuil cells, it has been demonstrated izjthis
investigation that the Null cells can be replaced by a
factor, ISFF, secreted by the Null cells during their

culture with the Tw cells, monocytes and PWM.
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