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ABSTRACT

In view oF\ the Frgquent use of the. mitogen-1induced
blastogenic response of human circulating cells in vitro in the
assessment of {mmunocompetence, it Is essenf{al fhat the
resbonaer cell{(s) and accessory cell{s) which respond with
’ blastogengsis to phytomitogen. (PHA, PWM, Con~A), antigen (TT, DT,
CA, PPD) and allergen (AgE) stimulation, and the role(s) of
soluble mediators, be identified. Thé T lymphocytés are the sole
responder cells 1in the 3 day phytomitogen and 6 day antigen and
allergen—-induced blastogenic respé%ses in vitgb. The T
1ymphocytes respond optimaliy to phytomitogen stimulation
fellowing culture with autologéus or aiﬁogeneic -monocytes. or
iL-1. On the other hand, the T lymphocytes respond optimaliy to
antigen stimulation Followigg culture with non-l1imiting numbers
of autologous, bﬁt not allogeneic, monocytes, or with
subthreshold numberéloF autologous monocytes and IL-1. The Ty
1ymphocytes consistently respond betéer than the Tg lymphocytes
whereas thé Tc and fN lymphocytes respond the least with“
respect to alll the mitdgenic. stimuil. -‘Jﬁe‘ T4+ and T8+
lymphocytes respond +to the same extent. The B 3ymphocytes only
respond with blastogenesis following 7 days in culture {in the
presen of PWM and IL-2 or BCGF. The Null lymphocytes do not
respond to ény of the hitogenfc stimuli used. The absence of a
blastogenic response by the T lymphocytes may therefore be
attributed to (1) insufficlient numbers of monocytes and/or (11)
defective monocytes Incapable bF sécretlng IL-}. and/or (1i1)

defective T lymphocyte incapable of secreting IL-2, and/or (iv)

defective T lymphocyte Incapable of responding to IL-2.



~a_s

/"
. b4
. 11
4 .
T
ACKNONLEDGEHENK? _ \\
I am indebted immeasurably to Dr. Maxwell

Richter for hié supervision and encouragement during
work and also for his help and criticism in
preparation of this thesis.

1

The helpful suggestions and discussion received

Dr. Lfonel Filion during the course of this study

atso 'greatly appreciated.

—

Last but not least, I wish to thank my parents

my loving husband for their encouragement durin

_course of this study.

Asher
this

the

Trom

are

and

g the



TABLE_QF CONTENTS A .

” Page
ABSTRACT : | - L | 1
ACKNOWLEDGEMENTS /3.17}*5 ' | b
TABLE OF CONTENTS . ' LIt
L1ST OF FIGURES | | v
LiST OF TABLES - R
LIST OF ABBREVIATIONS RIEEEN : IX
L. INTRODUCTION | | 1
1.1. RATIONALE | ‘ 12
2. HISTORICAL REVIEW * 16.

——

, , ’ —
2.1. THE CIRCULATING MONONUCLEAR CELLS IDENTIFIED

AND CATEGORIZED ON THE BASIS OF CELL-SURFACE MARKERS

2.1.1. INTRODUCTION - 17
2.1.2. THE T LYMPHOCYTES _ | 23
2.1.3. THE B LYMPHOCYTES .. 40
2.1.4.0 THE NULL LYMPHOCYTES f} 46
2.1.5. THE MONOCYTES i 55

2.2. JHE INTERLEUKINS (IL) /

2.2.1. INTRODUCTION _/ 57
2.2.2» INTERLEUKIN 1 (Itjf) o 60
2.2.3. INTERLEUKIN 2 (iL-2) , 63
2.2.4. B CELL, GROWTH FACTOR (BCGF) 65

- ':\‘) .
2.2.5.'B‘C§EL DIFFERENTIATING FACTOR (BCDF) 68

N/



-

I; : //(fh ’

—t .
2.3, THE CIRCULATING ﬁéLONUCLEAR CELLS

WHIEH

PARTICIPATE IN THE IN VITRO BLASTOGENIC RESPONSE

2.3.1.

2.3.2.

INTRODUCTION .

/ .
THE ROLE OF T LYMPHOCYTES
IN THE BLASTOGENIC RESPONSE

THE ROLE OF MONQCYTES
IN THE BLASTOGENIC RESPONSE

‘MONOCYTE MéDIATED SUPPRESSION .

OF THE BLASTOGENIC RESPONSE

THE ROLE OF NULL LYMPHOCYTES
IN THE BLASTOGENIC RESPONSE

2.4. MECHANISMS OF LYMPHOCYTE TRANSFORMATION

2.4.1,

2.4.2.

2.5. SUMMARY

THE MITOGENIC STIMULI USED

BIOCHEMICAL EVENTS WHICH OCCUR
DURING LYMPHOCYTE ACTIVATION

METHODS USED TO DETECT THE
BLASTOGENIC RESPONSE

MATERIALS AND METHODS

3.1. MATERIALS

3.2. METHODS

RESULTS

GENERAL DISCUSSION

)

SUMMARY

ORIGINAL CONTRIBUTIONS TO KNOWLEDGE™ o

REFERENCES

[ 3

69

71

76"

81

83

85

B89

" 9]

93

94
99
116
213
265
268

272



. A
o
- - - I -
. - L ., . -
‘ 4 B - <
. v
= ' ’ .
LIST OF FIGURES _ . "_Page
. > . _ ‘
I. The phyébhitogen—induced“blastogen!c response 121

of MNC as a function of time in cuiture.

1il. The phytomitogen—induced blastogenic 122
’ response of MNC as a function of phytomitogen
concentration.

T

[I1. The phytomitogen-induced blastogénic response- 123 .
-of MNC as a function of celPs per culture.

IV. The antigen and allergen-induced blastogenic ‘ IV 4
-response of MNC as a function of Xime in " '
culture. : - . ' )

V. The antigen and allergen-induted blastogenic \“-\ 175

response of MNC as 8 Functfqg,of antigen and 1
allergen concentration. i

4

Vl.‘The antigen and allergen-induced blastogenic 176
response . of MNC as a funct{on of celis per
culture. o



- Vi ¢

LIST OF TABLES - N R .

l. The phytomitogen induced blastcocgenic response
of the MNC as a function of the phytomitogem
(;\\concentration and time in culture, ~

2. The demonstratiqn of the T ]ymphocytgs as the -
’ primary responding cells 1in the ' 3 day’

blastogenic. . response . tb + phytomitogen
stimulgtion. : :
3. The effect of 'monocyte depletion on the MNC
"and T lymphocyte blastogenic ‘responses to
phytomitogen stimulation. - . )

N

- -
.

4. The role of monocytes i the T lymphocytes-
blastogenic _response to phytomitogen

stimulation. ‘

5. The phytom!togen Induced blastogenic response

of T lymphocytes as a ¥function of the percent
monocytes in culture?
. \
6. The capacity of allogeneic and autologous
monocytes - to ” facilitate - the
phytomitogeneinduced-blastogenic response.

7. The phytomitogen-induced blastogenic responses
of the T cell subcliasses.
) J
8. The phytomitogen-1induced blastogenic
responses of T3+, T4+ and T8+ .lymphocytes.

9. The capacity of supernatants of 48 hr
cultures of unstimulated autologous monocytes
and MNC-MO; to /restore the blastogenic
responsiveness to'T-MOz cells,

10. The capacity of supernatants of 24, 48 and 72
hr cultures of unstimulated and
PHA-stImulated autologous and MNC-MO; cells
to restore the/blastogenic responsiveness to
T-MO2 cells.

1l. The capacity f supernatants of 24 hr
cultures of wunstimulated and PHA, PWM and
Con-A-stimulated autologous monocytes to
restore the blastogenic responsiveness to
ThMOg celts.

12. The capacity of supernatants of 48 hr
cultures of PHA-stimulated al logeneic
monocytes to restore the blastogenic
responsiveness to T~MO2’ cells.

Rl §

128

133
134
135 .
136

141
142

149

150

151

152



3.

14.

15.

16.
17.

18.

I9.
20.
21.
22.
23.

24.

Vil .
. ) . .
The relative capacities of unstimulated "and

‘PHAStimu)ated monocyte culture supernatants

24, 48 and 72 hr) and the unstimulated and
PHA-stimulated cultured monocytes (24, 48 and
72 hr) to restore the  blastogenic
responsiveness to T-MO, cells.

The blastogenic response of T-MO, cells as
a function of the dilution of the monocyte
supernatant added. P

The failure to supernatants of unstimuiated
and 'PHA-stimulated 48 hr  gultures of
unfractionated MNC or monocytes to induced a
blastogenic response by the circulating non-T

(B ‘and Null) lymphocytes following 3 days in
culture. Y ! b

The  failure of Mitomycin-C treated
mononuc | ear cdells to confer bilastogenic
responsiveness to Null or B lymphocytes.

The capacity of "contaminating” T 1ymphocytes
to confer blastogenic responsiveness to B and
pull 1ymphocytes.

At &
The capacity of ILZ1, IL-2 and BCGF to
facilitate the blastogenic responsiveness of
MNC, T, T-MOp, B and Null lymphocytes to

phytomitogen stimulatfon following 7 days In
culture.

The T responder cell in the antigen-induced
biastogenic résponses of non-allergic donors.

The T reépo‘ er cell in the -antigen and
allergen—ﬁnd&ced blastogenic responses of
ragweed allergic donors.

The role of monocytes in the antigen-induced
biastogenic response of non—-allergic donors.

The role of monocytes. in the antigen and
al tergen-induced blastogenic responses of

" ragweed allergic donors.. -~

The antigen~{induced biastogenic responses: of

T lymphocytes as a function of the percent of

"monocytes in culture.

Reconstitution of the antigen-1nduced
blastogenic response with allogeneic
monocytes of non—-allergic donors.

Q.

153

154

160

161

162

169

182

183

189

190

191

192



25.

26.

27."

28.

29.

30.

3l.

32.

33.

34.

35.

36.

VITI

The antigeh-ihduced blastogenic responses \Qf

T cell subclasses of non-allergic donors. “}
i ‘ . e

The antigen and allergen-induced bdastogenid

responses of T cell subclasses of ragweg&

allergic donors.

The antigen-{nduced blastogenic responses of
T, T4+ and T8+ lymphocytes of non-alliergic
donors. . ' -

The capacity of supernatants of
PHA-st imulated and TTZstimulated 48 hr
cultured autologous monocytes to restore the

blastogenic fesponsiveness to T-MO, cells.

The capacfty of 1L-1, -iL-2 and BCGF to

+ facilitate the blastogenic responsiveness of

T, B and Null lymphocytes to antigen
stimulation.

The statistical analysis of . the
phytomitogen-induced blastogenic responses.

The statistical anatysis " of the
antigen—-induced blastogenic responses.

The rosetting capacity of the isolated, T
| ymphocyte subclasses following®l, 2 and 3
days in culture.

The 1identification of the freshly isolated
T lvymphocyte subclasses with OKT3, OKT4 and
OKT8 monoclonal antisera and rosetting with
indicator erythrocytes. )

The capacity of IL-2 or BCGF to facilitate
the PWM-induced biastogenesis, lg synthesis
and secretion following 7 days in- culture.

The capacity of IL-1 and IL-2 to facilitate
the blastogenic responsiveness of the MNC and
T-MO, cells to phytomitogen stimulation
following 3, 5 and 7 days in culture.

The antigen-!nduced blastogenic responses of
T and B liymphocytes at 4, 8 and 15 days
post-immunization with TT.

197

198

199

203

208

212

226

227

243

247

262



IX

ABBREVIATIONS ,
AB serum Serum of blood group AB volunteers '
ADCC Anti body—'dependént cell-mediated cytotoxiclity
AFC Antibody forming cel | .
AgE . Purified ragweed antigen E
anti-TAC Hpnoclqnal antiserum which dete;ts the lc;z‘recéptor
B cells Cells which staln for smlg and rosetfe with EAC
BCDF | B.cell differentiation factor
BCGF ' B cell growth factor
c’ %_Compl ement
C’3 Thifd componént of compiement
- C’3R Receptor for tHe third component of complement
C’3b T e cleaved b molecule of C’3
C’3bf Inactivator cleaved bi fragment of C’3
C”3d The cieaved d moleéule og c’3
CA -égndida albicans
CF‘ Cytotoxic factor
CHMI Cell mediated immunity 7
CR1 ~ Gomplement receptor for C’1, c’4, C’2, C’3b comp | ex
CRZ Complement receptor for C’3d
CR3 Complement receptor for C’3bi Fragmpnf
CRL Comﬁlement receptor-bea::ng 1l vmphocytes
Con-A - Concanavatl In—-A
DARR D%rect antiglobulin rosetting reaction - -
DHSR Delayved hypersensitivity reaction .
Df Diphtheria toxoid 8
E

"Erythrocytes - red blood cells (RBC)



E rosette

EA
EAA
EAC
EAE
EAG
EAM
FACS

FCS

FITC
Fc .
FcA
FcAR
FcD
FcDR
FcE
FcER
FeG
FcGR
FeM
FcMR
HBSS
hrs
HI
HRBC

IL-1

Indicator
indicator
indicator
fndicator

*

indicator

-Fc of IgG *

X
Fozmatton of Tosettes by T cells-SRBC
Erytﬁrocyte complexed with ahfibodfes ¢
erythrocytes --1gA - myeloma complexéd ORBC
erythrocytes - C° and IgM complexed ORBC
erythrocytes - IgE myeloma complexed ORBC

[gG compiexed ORBC

eryvthrocytes
erythrocytes - lgM complexed ORBC
Fluorescien activated cell sorter

’

Fetal Calf Serum
(heat inactivated at 56°C, 30 min)

Fluorescien isothiocyanate
Crystallizable fragment of I1gG
Fc of I[gA

Fc receptor FO; IgA

Fe of IgD

Fc feceptor for [gD

Fe of IgE

- Fc receptor for I1gE

_—

/ - I
Fc receptor for IgG
)

Fc of IgM (

Fc receptor For\igh

}

Hark’s Balanced ' Salt Solution
\ :
Hogrs .

Humoral |mmunityf

Human erythrocytes

interteukin 1}



Ie~2
IL-2R
'iu

lg

IgA

Igbh

IgE

IaG

IgM

K cells
LAF

LCF

MAF
MARR
MCF

MF

MHC
MIF
MNC
‘MNC—B
MNC—HOI
MNC~MO»
MNC—-Nul 1l
MNC-T
MNCq
MNCS

MNCSP

X1
Interleukin 2
T cell receptor for 1L-2
Iinternational units.
Immunoglobul in
Immunoglobulin A
Immunoglobulin D
lmmuﬁbglobulin E
Immunoglobulin ‘G
Immunoglobul in M N
Killer cetlls
Lymphocyte activating factor
Lymphogyte chemotactic factor

Macrophage activating factor

. Mixed antiglobulin rosetting reaction

Hacrophage chemotactic factor
Mitogenic factor

Major histocompatability complex
Migration Inhibitory factor
Mononuclear cells

MNC depleted of -B cells

MNC depleted of monocvtes once
MNC depleted of monocytes twibe
MNC depleted of Null cells

MNC depleted of T cells or non-T cells
Mitomycin-C treated MNC
Supernatants of unstimuiated MNC’

Supernatants of PHA stimulated MNC

A Y



MO "Monocytes

MS Supe;natant from unstimulated monocytes
MSP Supernatant from PHA-stimuiated monocytes
MST _ Supernatant from TT-stimulated. monocytes
NK cells Natural killer celtls

NOCC .—_\ Natural-occuring cell-mediated cytotoxicity
NSE . Non-specific esterase staining

ORBC Ox erythrocytes

PGE » i:); Prostaglandin Ep ;‘ d
PHA Phytohemmaglutinin .

PPD Purlfied protein derivat}ve of éuberculfn
PuWM " Pokeweed mitogen

RBC | Erythrocytes (red blood cells)

smlgé Surface membrane Immunoglobulins '
SRBC ' Sheep ervthrocytes '(
SRS-A Slow reacting substance of anaphylaxis
STA ) “ Staphyiococgal Cowan | strain Protein A
T-ARC Antigen reécting'T celts,

T-MO T cells depleted of monocytes once

T-MO» T cells depleted of monocytes twice
T-MO,+MO . T-MO»> celrs'reconstitufed with monocytes
TCGF T cell growth Factor

TF ‘ Transfer factor vy - ;
TT Tetanus toxold

Ta T cells with FcAR

Tc : T cells with C’3R

To T cells with FcDR



X111

Te T cells with FcER
Tg+C I cells with FcGR and C’3R -
Tg T.cells with FeGR |
TM+C * T cells with FcMR and C'3R-
Ty T cel‘ls with FcMR
™ Tcells which lack detgctabl; FcGR, FcMR and C’3R
T J T cells with FcHMR |
‘
To T cells with FcGR
uv ~ Ultraviolet irradiation

o



1. INTRODUCTION .

{mmunity results from the interaction f and
cooperation of +two Functionally distinct' systems -
nonspecific (or innate)‘ immunity and specific {(or
acquired) fmmunity. The non-specific immune system
‘operates continually {n the normal individual to provide
resf;tance t;J Infection with pathogenic microorganisms.
[t consists of (1) méchanical barrfers (skin and mucous
membranes), (1!)'n?n—specific antiSacter!al constituents
present in skin secretfons, sébum. sweat and saliva,
(111) enzymes In secretions (i.e. lysozyme) , (iv) the
alternate pathway of complement fixation  (C’3,C’'5-C’9),
{v) phagocytic cells.rand (vi)'ADCC lysis of the fnvading
organism  (Barret 1983) . The  FcG and C’3b
recéptor—bearing macrophages, monocytes and neuErophlls

ki1l microorganisms by phagocytosis and intracellular

degradation most efficfently in the presence of opsonins

{Stossel 1975, Klebanoff and Clark 1978). Opsonins
consist of (i) conventional IgG. antibodies present in
subthreshold {below the level of _ detection by

con@ghtional immunoassays) conéentration and (if) C’3b
which adheres tO‘ the antfigen-antibody complex or the-
antigen ftself following C* fixation vfa the classical or
alternate pathways (Newman and Johnson 1979; Herman et al

| /

8,



The initial step in the phagocytosis of the invading

mjcroorganism (bacteria, rickettsia, fungal spores, protozoal

is the interaction of the phagocytié cell, via its re&eptors.
with  the 196G antibody  and/or  C’3b in  the (,\
antigen-ant ibody-C’3b con jugate. This results in
intrgceiiular degredation -of the antigen (Edelson 19680,
Griffim 1982). ’

The FcG receptor-bearing cells can also lyse ithe
invading ‘microbrganisms' extraceliularly following their

interacfion with minimal numbers of.1gG antibodies (5ega! and
Hurwitz 1977, Dower et al 1981}. Thié mechanism of target
cell lysis is referred to as antibody-dependent cell-mediated
Cyto}gsis (ADCCY. The effector cell isg?eferred to as the
killer (K) cell. The ADCC reaction constitutes a vefy
iﬁportant and eFFect;ve immune hechanism as it can function
optimally in the presence of antibodies which are non-C-°
fixing irrespective of their concentration or are C’ fixIng
inytoo \ow a concentration to e%Fect complement;mediated
B s
lysis of the target (Zieéler and Henney 1977).
~

An additional component of the. non-specific immune
system is the naturallx:occurring e and
ant ibody-independent ) cell-mediated cytotoxic (NOCC)

activity. The effector or cytotoxic cell is referred to a3
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the natural killer (KRK) cell. The NK cells are
}ymphocytes or monocytes which may but need not be devoid
aof the conventional surface membrane rgceptors for SRBC,
FcG, FcM and C’3p. These NK c¢cells are considered to -
- constlitute a major defense to the emergence of malianant
cells {(Quan ét al 1982). Although it }ﬁoes not provide
resistance toward infectious agents, it is nevertheless
considered by the discipline to con§titute a component of

.

.the non—sbeciFic immune system (Kaufmann et al 1981).

., The specific or égquired immune system consisté of

anNtibodies . (humoral immunity or HI) and sensitized
lymphocytes (cell mediated immunity dr CMl) as well as \\\\/ﬂd:
phagocytic cells and the cliassical pathway of comp]gment

fixation (C"1-C’9) both of which are "non—speciF%c" and

not antigenically {nduced but functisn in an accessoryf

capacity to facilitate elimination of invaders by
antibodies or sensitized cells {(tlaver et al 1981, Bovyle
and Boros 1980). Cell-mediated immun}ty is frequentiy:

associated with tissue - destrlction .. a@s occurs in
tuberculosfst allograft rejection, or an organ affected
by an autoiﬁmunq response (Waksman 1971). _ The effector
cells i{nvolved in these CHMI reaction;fr}i. vivo are
sensitized T lymphocvtes which are activated by the
sensitizing antigen(s). Subsequent interaction of these

actively—-sensitized T lymphocytes with the specific ' Y

antigen results in the release oﬁ(&ediators referred to
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as tymphokines (Cohen et al 1979, The relevant
q1ymphokines have been identified as migration inhibifory
factor (MIiF), | macrophage chemotactic factor (MCF),
macrophage gctivating factor {MAF), - lymphocvyte
chemotactig_Féctor (LCF), mitogenic factor (MF), transfer
factor (TF), cytotoxic Fac;or (CF) and gamma interferon.
These Iymphokines are responsible for the tissue damage

and lesions (Cohen et al 1979). The classical or

prototype lesion of the CMl reaction is the delayed

hypersensitivity skin . reaction (DHSR) fol lowing

intradermal chal lenge of a tuberculin—-sensitized
' ™~

individual with tubercul in or PPD {Bloom 1967,

Landsteiner and Chase 1942). The reaction evolves and
ﬁéogresses over a period of 24-72 hours. The induration
usual ly atta{ns max i mum intensity by 72 . hours
post—-challenge. Upon contact wyﬁh the antigen. the
sensitized Ilymphocytes release MIF and MCF which are
specific for monocvytes. Monocvtes chemotactically
_attracted to the challenge site are preventéd TFrom
emigrating and transform, upon interaction with MAF, into
"angry'" macrophages activated to a high tevel of
phagocvytit aﬁtivity (Waksman 1971, Edelson 1980). The
number of specifically sensitiiéd lymphocytes may be
increased by the action of TF which confers upon a
previously uncommiited cell the properties of én actively
sensitized cell %Lawrence 1969, Bloom 1967). The

sensitized lymphocytes are induced to proliferate by MF



fCohen 1979). Both TF and MF may be considered to be
amplification factors Iin the generation of sensitized
Iymphdcytes. The deaﬁh of the\'invading organfsm and
injured .cells in the reaction site is attributed to the
action of CF (van Loveren and Askenase 1984, Kops et al

1984) .

In contrést. humoral immunity is seldom associated
with tissue damage. The interaction of the precommitted
antigen receptor—béaring T cell {(T-ARC) with the
ARC~dependent antigen results in the stimulation of
previouslty uncommitted virgin B Wymphocytési These
precursors of the antibody forming cells (AFC) transF&rm

inte medium and large Iiymphoblasts and divide and

dedifferentiate into antibody-forming and secreting
lymphoblasts and plasmablasts (Richter 1982, . Ashman
1982} . The antibodies interact only with the original -

immunizing antigen as compared to the lymphokines which
act {ndiscriminately on cells in the micro-environment.
The majority of the antibody secreting B lymphoblasts and
plasmablasts transform into endstage Hon—antibody
synthesizing or secreting plasma cells withla half l1ife
of 3 - 5 days; these cells lose the capacity fo secrete
the antibodies before they lose the capacity to
synthesize antibodies and will therefore invariabiy
contain antibodies in the cytopiasm (Ashman 1982). A

minority of the B lymphoblasts differentiate into small,



mature, long-1ived (up' to 30~-40 vears) memory
lympho;ytes. These lymphocytes are capable of being
immediately reactivated to antibody synthesis  upon
reexposure to the imﬁunjzing antigen (Kiinman 1972, Teale
et al 1981). The reaquirement of memory B |ymphocytes (in
the presence of T helper cells and monocytes) In the

.
secondary _pr anamnestic response, T as cpposed ;to
clonaljy—seleé%ed . T-=ARC and uncommitted virgin B
lymphocytes in the primary response, tends to explaiﬁ £he
more explosive nature o% the secondary as compared to the
primary antibody response (Davies et al, Mitchell and

Miller).

Antibodies, which may be considered td constitute
"the ﬁ;diators of HI, interact with. and kill the invaders
following interaction with and actiyation. of the
complement system via the classical pathway (C’1 to C79).
Osmotic lysis of the invader occurs only IFollowing
activation of C’9 (Borbos and Rapp 1965). The antibodies
also neutralize toxins. prevent Qiral reinfection, ,and
form immune complexes with the extrinsic antigens which

are eliminated by phagocytosis and intracel lular

degradation (Metzger 1974).

The majority of the naturally-occurring antigens

réquire interaction with T—-ARC ceils prior to activatlion

of the. B 1ymphocytes and their trénsFormation._“ﬂ\

———



— -7-
MR
proliferation and dedifferent iation into
antlbody—seéreting l}mphoblasts and plasmablasts
" (McDougal 1982, Tada et al 1978, ImpgrigT;-et al 1982).
These antigens are referred to as T or .ARC-dependent
antigens: These antfgens characteristically consist of a
*non-immunogenic component referred to as the carrier to
which are attached multiple numbers of different
antigenfé determihants referred to as epitopes (Katg et
al 1970, Paul,et al 1970). A'sm§1l number of antigens
fnitiate antibody synthesis in the absence of T-ARC cells
and they are reFerred to as T-independent antigens.
These antigens have been characterized as large -polymeric
mo}ecﬁles with repeating identical. - antigenic
determinants. Exampies of such 'antigéns.are_dextran,
lipoporysaccharidé and polymerized flagellin. -~ The immune
response to the T-dependent antigen .is initially " IgM
ant ibody -synthesfs followed by 719G antibody synthesis
whereas the response fo the T-independent is primarily if
not éxclusively ahf}gm antibody response (Buck eF al
1979, Layton et al 1981, Pike and Nossel 1984).
9
It is generalJykagreed that two signals are required
to initiate B lymphocyte activation by the antigen.  In
the case of the T-ARC dependent antigens: these signals
are provided by the T-ARC cell and the antigen. In ‘the
case of the T-inﬁe@endent antigen, one signal is provided

by the  antigenic determinant on the antigen while the
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other is provided by the carrier constituent of the

antigen (Bradliey-Mullen 1982, Pike and Nossel 1984).

Immunoregulatory mechanisms operate -m: limit  the
extent of the {mmune response. One mechanism consists of
the T helper and T suppressor lymphocytes. The T helper
lymphaocytes augment or enhance antibody synthesis. As
they possess surface reéeptors for FcM, they are referred
to as Ty or Tu lvmphocytes. Suppression or inhibition
of antibody synthesis is e?Fected by the suppressor T
lymphocvytes., Suppressor cells have cell surface
receptors for FcG and are referred to as Tg or To celis'
(Moretta et al 1975, Moretta et al 1976, Moretta et &
1977y . With the emergence of monoclonal antibodies
specific for subpobutations of T lymphocytes, the
circulating suppressor T and helper T iymphocvytes have
been identifi®d by their interaction with OKT8 and OKT4
monoclonal antibodies and are referred to as 78+ and T4+
Il ymphocytes, respecf%vely (Reinherz et al 1980, Thomas et
al 1980, Kung and Goldstein 1980). A second mechanism
operating to limit the HI response  is feedback
suppression by antibody molecules themselves. The igM
antibodies stimulate the synthesis of 1gG antibodies and
the latter, as they increase in concentration, §pppre;s
further synthesis of I[gM “antibodies and thereby IgG
antibodies (Herzenberg et al 1981{. The stimulating IgM

antibodies and the suppressive l1gG antibodies may act by



stimulating the Ty and Tg lymphocytes, respectively.

The discovery and subsequent characterization of the
interleukins, .which ;re soluble factors produced by
monocytes/macrophages and T lymphocytes, has led tq_a
better understanding of tﬁe mechanisms which sttain the
survival and proliferation of the immunocompetent cells.
The T cell activating factor or Interieukin 1 (IL-1),
secreted by the monccyte, stimulates the production by T
lymphocytes of a T cell-growth factor (TCGF){reFerr&p to
as  Interleukin 2 (IL-2) (Maizel et al 1981, Mizel 1982,
Gery 1982, Giilis and Mizel 1981, Palacios 1982). T

Iymphoproli?eration is dependent upon the interaction of

IL-2 with |LL-2 receptors expressed on the activated T

cell (Reske-Kuntz et al 1984, Lipkowitz et al 1984). The
induction of B lymphocyte proliferation and
"differentiation involves at least two interieukins

produced and secreted by the T lyvmphocyte. These are
referred to as B cell growth factor (BCGF) and B cell
differentiation FactOﬁ (BCDF) (Ford et al 1981, Howard et
al 1982). The interaction of BCGF with activated B

lymphocytes induces B lymphoproliferation and the
synthesis or wunmasking of specific receptors for BCDE.
The interaction of these receptors with BCDF promotes

differentiation of the blasts into antibody—séc?eting

cells (Korsmeyer et al 1983( Muraguchi 1984).

A
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A parameter of the immune response which can be
mé;sured in vitro is the lymphoproliferative response.
It has been known for several decades that antigens are

capabl® of inducing the proliferation of memory cells in

culture (Chess et al 1975, Geha et al 1981, Morimoto gt
al 1981). In 1960, Nowell discovered that small,
quiescent Iymphocytes could be stimulated

L d

non-specifically in vitro by én é;;:;ct of the red kidney
bean, Phaseolus Vulgaris, to transform into large
pyroninophilic lymphoblastg. The active agent in this
extract . is- referred to as a lectin. Lectins are
multivalént carbohydrate-binding glycoproteins capabhle of
interacting with hydrophilic carbbhydrate groups' which
are constituents of many cell surface proteins (Goldstein
and _Hayes' 1978, Goldstein et al 1980, Lis and Sharon
1981). Several of the plant-derived lectins are
mitogenic -and ‘phey are reFeF?ed to as phytomitogens.
They include Phytohemagg1utinin (PHA), Pokeweed mitogen

{(PWM) and Concanavalin-A (Con-A)}. Binding with the

appropriate surface receptors results in cross linking of

surface carbohydrate moieties and conformational changes K~

in " the cell membrane compaﬁents triggering
lymphoproliferation (Nowell, 1960, Goldstein and Haves

1978, Lis and Sharon 1981).

[N

/
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Phytomitogens are ' nonspecific or polyclonal”

stimulants, activéting many different cliones of
lymphocytes (reviewed by Lis and Sharon 1981). Specific
antigens, on the other hand, are stimulants capable of

! ‘
binding to .antigen receptors which have genetically

predetermined antigenic speciFici%y 'the;eby, inducing

_proliferation. These antigens also induce  the

prd?fﬁfcatlon of memory (HI response) or sensitized (CMI
o ‘

response) Iymhhocytes which have been speciFicalu?
e

PR
generated in responses to specific antigens (Euguem and

Bona 1977). ,

Both polyclonal bhytomfﬁogens . and monoc lonal
antigens initiate a series of metabolic events following
interaction with the responding |l ymphocytes which

éufminates- in blastogenesis (Varescerio and Holden 1980,
Wang et al 1978). However, lymphocyte activation by
nonspecific phytomitogens obviates the requirement Fof
presensitization aﬁd specific recognition that
characterizes immunologic activation by specific antigens
(reviewed by Lis and Sharon 1981). The phytoﬁitogens are
therefore useful in studying the mechanism of 1l ymphocvte

activation.
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1.1. RATIONALE

S~

Phytomitogens and antigens stimulate cfrculating
]ymphécytes in unimmunized and immuntzed subjects (human
and animal), respectivel&, to undergo blastogenesis and
mitosis In vitro. The pHytomitogens (PHA, PWM and Con-A)
and a number of soluble. antigens (tetanus toxold,
diphtheria toxotd, Cand!da albicans and purified protein
derivative or PPD) are stimulants'used fn the blastogenic
response (Geha et al 1981, Lis and Sharon 1981, Alpert et
al 1981). This response of circulating lymphocytes to
phytomitogen' and antigen stimulation 1is universally

accepted as be

g primarily a‘function of T lymphocytes

and Is éonsider d to b a reflection of potential or

actuai } cell unoéompetenge (Kristensen et al 1982).
The precise’ T Ilymphocyte subclass which responds . to
phytomitogen = and antigen stimulatiorf has not as yet been
identified. |The¢é day phytomitogen-induced blastogenic
response s used 1{in the clinical setting to assess and
monftor T lymphocyte fufiction in patients presenting with
symptoms of 1mmuﬁqdeFtc!ency disease and other diseases
where the immune system fis éuspected to have a role (Dean
et al 1977, Eibl et al 1982, Hutchins and.Steel 1983).

It must be noted, however, that PWM also finduces B
<

lymphoproliferation and B lymphocyte ¢fifferentiation {nto
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Ig secreting cells following 7 days in culture (Rosenberg

and Lipsky 1981, Faucl et al 1980, Fauct et al 1982).

Helper roles essential for optimal T
lymphoprol | feration have been ascribed to B lymphocytes
{(Delespesse et al 1976) and NJU11 lymphocytes (Caraux et\
“al 1982). Both B lymphocytes (Caraux et a) 1978;
Kasahara ét al 1979b, Swain and Dutton 1980)' and Null
lymphscytes (Kasahara et al 1972a, Caraux et al 1982)
have been'sho?? to secrete soluble mediators necessary
for T iymphocyte activation. The roles of the B and Null
lymphocytes @ in the blastogenic response must be
unequivocally\ defined since a minimal or absent T
fymphocyte' blastogenic response may reflect a defect(s)

In specific subpopulations of helper B and/or Null

lymphocytes rather than in the T lymphocytes,

Attention has been FocUséd on the role of +the

nocyte tn the induction ané regulation of the
blastogenic response (Willlams et al 1984). The monocyte
is . no longer cons idered to ﬂbQ mefely a
passively-supporting, fnnocent bystander or accessory

cell, but_ratﬁer an active participant in the regulation
of the blastogenic response. Stobo et al (1972) and
r _

Mackler (1972). have shown that phytomitogens are capable

of inftiating blast transformation in "monocyte depleted”
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T lymphocytes; however other Investigators claim that

monocytes have a potentiating roles (Hedfors et al 1975,
Schmidtke and. Hatfleld, ‘1976) or are absolutely required
(Rosenstreich et al 1976, Raff et al 1976) for the
response. The role of the monocyte in the blastogenic

response must be unequivocally defined to ensure that

lack of a response not be mistakenly attributed to

efective T lymphocyte function when +the actual defect

be in the monocytes.

A defective or absent proliferative respoﬁse in
vitro may therefore be the result of (1) an alteratfon In
the function of fespondlng T lymphocytes (11) an
alteratfon in the function oF‘monocyte accessory cells,
if.e. tHe inabllity of the monocyte to synthes]ze and
secrete IL-1, (1i1) an alteration in the function of the
B and Null lymphocytes, (fv) 1inabllity of the T
1ymphoéytes to synthesize and secrete IL-2, ' and/or (v)
Tncreased' producﬁion of suppressor cells or factors. In
light of the new advances in our knowledge concerning the
multiplicity of soluble fagtors and ce[ls fnvelved In the
bitastogenic response, it is necessary to reassess the
blastogenid response and to redefine the participants.

_ \
The objectives of this Investigation are therefore

as follows: (1) to identify the subpopulations of the

S



circulating human T lymphocytes which undergo
blastogenesis upon stimulation with the phytomitogens,
antigens and allergen (1i) to delineate the ﬁple of Null
lymphocytes, B 1lymphocytes and monocytes-.dn this T

_ lymphocyte response and (111) to define the role of the

‘Interleukins (IL-t and 1L-2), in the 3, 6 and 7 day
blastogenic responses. -
f
~
¥ e -
j § .
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2. HISTORICAL REVIEW
INTRODUCTION
The historical review will acquaint the reader with
the phytomitogen and antigen-induced blastogenlic
responses of the circulating human Ilymphocytes. The

Iinftfal section deals with the Tdentigication of the
circulating l;aphocytes anq the markers used_to fdentify
the lymphocyte subpopulations thch participate fn the
blastogenic response as either responder or accessory
cells. The subsequent section ' deals wlith the
Interleukins and their role in facilltating and
sustaining the blastogenic response. The final section
deals with the mechanism of lymbhocyte transformation by
the non¥speciFic (phytomitogens) and'Spegjfic {(antigens)

mitogens.

g

e
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. 2.1. THE CIRCULATING MONONUCLEAR CELLS }DENTiFIED AND

CATEGORIZED ON THE BASIS OF CELL SURFACE MARKERS

2.1.1. INTRODUCTION

L

Until the mid 1960'51- the circulating . human
lymphﬁcytes were considered to be homogeneous and were

\ defined on the. basis of morphological characteristics
Fol}owing staining and examination by light microscopy
(Yoffey and Coutice 1956). The terms B and T lymphocytes
were Fi:ft proposed by Claman and his co}leagues (1966}
who demonstrafed that thymus (T) and bone marrow (B)
Iymbhocytes must coltaborate in the rodent in order to

- generate an ant 1body ré;;onse to the immunizing (SRBC)

antigen. Cells of different . lymphoid organs of

unimmunized mice were transferred to syngeneic mice

rendered immuno!ncomgetent by sublethal total body.

frradiation and simultaneosly immunized with the antigen.
Only those immunoincompetent mice which had been injected
with la suépension of spleen cells or a combfnatioh-of
' thymus (T) and bone marrow (B) cells synthesized .and
secreted antibodie;' 5-6 days post immunization.: In
contrast, the 1immunoincompetent mice injected Q}th

lymphocytes of the ifndividual lymphoid organs other than

the spleen did not respond with antibody production. It

.

4
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was later demonstrated that the spleen contains both T
and B lymphocytes. This finding explains why bone marrow
and thymus cells: by themselves could not restore
immunocompetence ;/«rher-eas"e the spieen cells could restore
immune responsiveness to the Irradiated immunoincompetent
mice: The T cells possess receptors for the antigenic °
determinants on the T~Lependent antigens and are referred
to as antigen receptor bearing T cells or T-ARC whereas
the B cells are the precursors of the antibod& forming
cells or B-AFC (Richter 1982). The terms T and é
lymphocytes refer to only tho;e thymus—-derived and bursa
of - Fabricius - equivalent lymphocytes which are
immunocompetent gnd participate"in immune responses. The
distinct immunological functions of the T ' a;d B
lymphocytes in antibody formation constituted the Firstw

markers for these cells (Roitt et al 1969, Cooper et al

1969} .

Xenogeneic antibodies directed toQard cell-surface
configurations (antigens), were introduced in the late
1960°s  for  the detection and classification of
lymphocytes. Raff et a)l (1970) demonstrated that all of
the thymus and a proportion of fhe circulaeting
lymphocytes in the mouse reacted with anti-T lymphocyte
antibodies. These circulating lymphocytes were referred

. to as T lymphocytes. The non-T Ilymphocytes were
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subsequently reFerred to as B lymphocytes following the
discovery of thelir bursa of Fabricius - equivalence
“Rottt et al 1969, Codper et al 1969). Concurrent with
thig discovery, human T Iymphobytes were identified by
thelr ébil!ty to interact with SRBC to form rosettes
(SRBC erythrocytes or E rosettes) (Coombs et al 1970,
Jondal et al 1972). The formation of E rosettes fis
independent 6F antibody or C’ and is attributed to the
interagtion bétween surface glycoprotein or glvycolipid
'conFié§$éfTans on the SRBC and 'their complementary
-receptors on the surFaée of .T lymphocytes (Gatiii énd
Schlessinger i975). Controversy'concerning the nature of
this receptor and its functional role, {f any, has been
ongoling since 1ts original fdentification ffn the late
1960's (Biozzi et &l 1968, Zaalberg et &l 1968). One
érq&ﬁént is that the substrate for the receptor is an as
vet unident!Fiéd microbial antigen which cross-reacts
with the SRBC. At this time, 1t 1s considered that the
receptor for SRBC serves as a marker for a particular
.Iymphoéyte population and provides a meéns for the
lso]atfon of these cells. This property of E rosette
f?rmation has been accepted as the standard. method for
identifying .and ifsotating human T lymphocytes (wybran

1979).
f
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Concomitant with the definition of the T lymphocytes
as SRBC rosetting cells, the circulating 1ymphocytes
previously referred to as B lymphocytes were demonstrated
to bear surface membran; immunoglobulins (smlg) (Raff et
al 1970, Unanue and Abbas 15?5). These cells are capable
of synthesizling and secretfng lg. The major ié classeé
present on circuiating B lymphocytes are IgM and [gG.
The presénce of smlg constitutes the classical
{(chronological ly fhe oldest) operational deFinltion of
~the B 1ymphocyte. It was subseqguently demonstrated, in
the early 1970"s +that B Iymphocytes also possess a
réCEptor for the cleaved products of C’3 - C’3b/d (Ross
et al 1973). The B lymphocytes are thereby capable of
rosetting with EAC indicator erythrocytes (Blanco et al

1970, Ross et al F1975).

A minority of circuiating lymphocytes was originally
referred to as L lymphocytes and were initially 1included
Qithin the family of B lymphocytes (Chess et al 1975,
MacDermott et al 1975). These L 1ymphocytes, like B
1ymphocytes, possess surface lg in %the freshly isolated
state. However, unltike B lymphocytes, L 1ymphocytes shed
their smlg Fbtlowinglincubatfon at 37°C for 30 minutes.
These cells therefore have labile g on their surface,
hence the ferm L lymphocytes. TheseTL lymphocytes were

inlttally referred to as non-T  non-B, or Nutl
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lymphocytes, as éhey did not bear the chéracteristfc
markzrs of the T. (receptors for SRBC) and B {smlg)
lypphocytes. The Null lymphocytes were ‘subsequently
shown to possess serace receptors For‘ the Fc of IgG
(FcG), of beggg ~capable of rosetting with .the EAG
indicator eryth;ocytes, and to have the capacity to carry

out the ADCC cytolytic reaction (Horwitz and Garrett

1977, Lobo 1981).

The circulating 1ymphocytes, ~especially thé T
lymphocytes, have also been catagorized by the use of
xenogeneic mouse monoclonal antibodies (Reinherz and
Schlossman 1980: Kung et al 1980). Moncclional ahtibodies
are synthesizéd- ‘py Hybridomas- produceds by fusing
antiboqy—Formingmsp]enic B tymphocytes of mice. immunized
with human T cells with continuously replicating
malignant (lymphoma or myeloma) cell lines. The
hybr idoma cells retain the “capaclty to synthesize
antibodles to'the oFiginal Immunizing antjigen, +the human.
T lymphocyte. The different clones of hybridoma cells
may synthesize antibodies .to unique T 1ymphocyte
configurations or anfigens expressed by the T lymphocytes

at different stages of maturation and differentiation

(Kung et al 1980). Monoclonal antibodies have Ushered in

a new approach toward the classiflication of the

H

circulating T lymphocytes.
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In the following sections, the human clirculating
Tymphocytes are discussed In terms of +their surface
receptors, smlg, and antigenic determinants.' and the

methods used to fdentify and fsolate these cells,

1

b
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2.1.2, THE T LYMPHOCYTES
'4 ’ . |
2.1.2.1. CIRCULATING T LYMPHOCYTES IDENTIFIED ON THE
: A
BASIS OF CELL SURFACE RECEﬁJORS FCR_SRBC _ !

.

o -
Can

The term rosette ~ and  the fdentification  of
lymphocytes by rosette formation date back to the late
1960°s. Blozzi et él (1968)‘and.§aalberg et’ al (1968)
“demonstrated that splenic lymphocytes of SRBC Tmmun[zed
mice were capaple of binding to SRBC and thereby Form}ng
clusters called rosettes.‘ It was inltially gssumed that
the rosetting cells constitute the fantiéody—producing B
cellé fn the 1mmunizea mouse. It was subsequentl&
‘demonstrated that the T lymphocytes initially formed

rosettes and did not form hemotytic pilagues upon

fncubation with SRBC and C’ (Zaalberg et a]-1968).

Investigations -with normal | human lymphocytes
demonstrated that rosette formation with SRBC is a unlique
property of the T lymphocytes (Coombs et al 1970, Jondal
et ala}972. Wybran 1979, Palacios and Martinez-Maza
1982) . Thk? property of E rosette formation was
attributed to thg presence of é receptor for SRBC on the

T lymphocyte. Pig, goat and horse ervthrocytes were also
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Found_ tog be capab1§ of forming rosettes with human T
lymphocyfés-but they are not as easily obtalinable as are
the SRBG. Wybran et al (1972) and Dickler {1976) found
that = the circulating lymphocytes of patients with
hypogammaglobul inemia (B cell defliciency) had normal to
increased proportions of E rosette-forming cells whereas
the circulating Jlymphocytes of patients with the Df
George’s syndrome (7 cell deficlency) displayed decreased
proportions oﬁ E rosetting cells. The exclusive capacity
of T lymphocytes to form rosettes with ShBC is today the
accepted conventional method. for the isolation and the
identiFicattonJoFrT lymphocvytes. Approx{ﬁatefy 55-75% of
human circulatiﬁg lyvmphocytes. are E rosette*Forang T

lymphocytes.
T e



2.1.2.2. CIRCULATING T'LYHPHOCYTES CLASSIFIED _ON THE

BASIS OF CELL~SURFACE RECEPTORS FOR FcG, FcM and C’3

Lo Buglio et al (1967) and Uhr and Moltler {(1968)
demonstrated that. a proportion of non—T'human 1vmphocytes

pPOsSsSess cell-surface receptors which bind

ant ibody—-ant igen cémplexes { Tmmune complexes) and
‘aggreaated 1agG. These receptors were demonstrated to

Lave a high avidity for a configuration at the éc region
of 1g9G and were Esferred to as FcG receptors (FcGR). ' The
k FcGR‘ Qere detected on T tymphocytgs in the mouse and
gulnea p!é by Grey’ (1972) and Yosh?da and Anderson
(1972).  Yoshida and Anderson (1972) reported that T
1ymphocytes of allogeneic mice transferred 1Into
irradiated mjce result in the activation of T lymphocytes
and an Increase in the number of FcGR. Further staaies
on lymphocyte pobulations have shown that T Ilymphocytes
bear FcGR (Lee and Paraskevas 1972, Yoshida and Anderson
1972, Ferranini et al 1976, Colombatti et al 1981).
Utiliztng soluble %luoresceinated—IgG Tmmune complexes]
énd a fluorescent activated cell sorter (FACS), Dickler
et al (1976) ‘separatéd human circulating T 1ymphocytes
into their FcGR positive (Tg) and FcGR negative .
(non-Tg) cell poputations. Further fnvestigations .\\

revealed cell surface receptors for the Fc of other Ig
. “ ‘ '
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{sotypes -on the T Jlymphocyte (Moretta et al 1975.‘
Preud’homme et af 1977, piegelberg 1981, Rfichter et al
1983} . Receptors for %pe FS-GF IgM (FcM receptors.or
ECHR) were first demonstrated on normal T lymphocytes by
Moretta (1975). Apbroximateiy 50-70% oFl human
circulating T lymphocytes, following culture of the T
lymphocytes for 24 hours at 37°9C in medium supblemented

with Fetal‘ calf ~ serum (FCS) poséess FcMR detected by
using EAM fndfcator erythrocytes (Moretta et al 1975,
McConnel and Hurd 1976, Ferranini et al 1976, Preud’homme
et al 1977). Mdret£a et al (197¢) proposed that the
failure to detect FcMR }n the freshly igolated cells s
attributable to-binding of native cfrculat{ng IgM to the

FcMR In vivo. The in vitro 24 hour Incubation period

¥

abpears to be necessary for the T lymphocytes to ;hed the
receptqrs and/or the IgM bound to them and to synthesize
new reéeptors (Ferraninf et al”1976). Sueport For_ this
proposal! is the fiinding that FcMR are reédlly detected on
‘Freshly fsolated ; T 1ymphocytes obtained from
hyﬁogammaglobulinemic " patfents who have low or
undetectable levels of IgM in thelr sera (Morettg et al
1977). On the other hand, Gﬁelig;Meyllng (1976) observed
that EAM indicator erythrocytes formed rosettes with a
significant prbportion of freshly isolated T lymphocytes,

~and concluded that overnight fincubation of the T

lymphocytes at 37°C was nelther an .essential nor a
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favorable condition for optimal EAM rosette formation. A
majority of fnvestigators have confirmed Moretta s
orfalnal finding of the need of T Ilymphocytes to be
fncubated For up to 24 hours at 37°C fn order to

geHerate réceptoré for FcM (angari et al 1978, Romagnini
et al 1978). I'm contradistinction, thé T IQmphocytes
1.ﬁh FcGR can be easily detected using the freshtly
fsolated cells since the FcGR have a low affinity for .
native IaG. However, they can be easily detected by
thelir ébility to rosette with EAG since the FcGR have a
hjgh affinity for FCGMT% immune complexes. This property
allows fﬁr the detection of the cells bearing FecGR by

thelr rosetting with EAG.

During the early 1970’s, there were conFIicting'
reports regarding surface receptors ?or C” components on
- T lymphocytes. Complement recéptor bearing lymphocytes
(CRL), init!ally isolated by Blanco et al (19706), were
demonstrated to have twq types of C° receptors with
distfnct speéiFicity. The C* receptor referred to as CRI
s specific for a single configuration composed of C‘4b
and C’3b, whereas the cqmplement receptor CR2 is specific
for C’3d (Ross et al 1973, Ross and Polley 1975, Wels et
al 1984). Ross et al (1978) demonstrated that human
cirEulating T lymphocytes rosefte.;onlf with EACl-;b

indfcator erythrocytes (EAC containing C’1, C’4, C’2 and
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C’3b) thereby fIndicating that human T¢ 1ymphocytes
pessess only CRI1. Thé CR2 was not detected on‘human.Tc
thphoc?tes. Walia et al. {1979) showed that
approximately 187% of mouse thymocytes bear C’3R following
éhe administratjop‘oF cortisone acetate. These cells
belong to the .cortlsone—resistant population of T
lymphocytes. Arngiz—V?l]eme et al (1974) demonstrated
that VZC% of mouse splenic T lvmphocytes énd 107 mouse
Tymph nqde T lymphocytes possess receptors for C’3 (C"3R)
detected by immunofluorescent labelled EAC Iindicator
erythrocytes. Chlao et al (1975) reported that 0.5-8% of
the circulating human T lymphocytes possess C’3R by
‘simulténgously rosetting the T lymphocytes with SRBC and
EAC coméosed of éensitized pigeon hBC. Ross et al (1978)
and Mendez et al (1974) rosetted T lymphocytes with EAC
indicator - erythrocytes and demonstrated that
approximately 2% of the circulating human T 1ymphocytes
possess (C’3R. Richter et al (1980) reported that
approximately 8% of freshly isolated human circulating T
lymphocytes possess C’3R. The percentage of T
lvmphocytes which rosette with EAC increased Follow!ng 2#

hour incubatfon at 37°C (Richter et al 1980).

Richter et al (1983) identified and -l!solated six
human . T lymphocyte subpopufations on the basis of

receptors for FcG, FcM and C’3. The monoreceptor-bearing
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Tgr Ty and T¢ lymphocytes constituted approximately
5~15%, 10-20% and 10-20% of the T Jymphocytes,
respectively. In_ addition to the T lymphocytes bearing
receptars for oniy .FcG, FcM of c’3, o sngtF!canf
proportion (15-25%) of the T lymphocytes bear surface
receptors for both FcM and C’3 (TM+c). A smaller
percentage (less than 10%) of +the'T lymphocytés bear
'receptors for both FcG and C*3 (TG+c). The remaining T‘
lymphocytes (40-50%) do not bear detectable surface
receptors for FcG, FcM o} Q’S and are designated as T
Nul i lymphocytes or TN- The nature of the- TN
lymphocytes can only be speculgted upon at the present
time. Thé& may constitute the precursors'S? any or all
of the receptor-bearing cells, or they’ﬁay constiéute a
unique population of cells with roles quite distinct from

those of the receptor—beariﬁg celis.
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2.1.2.3. CIRCULATING T LYMPHOCYTES CLASSIFIED ON THE

BASIS QF CELL SURFACE RECEPTORS FOR FcA, FcE and FcD .

i

T l1ymphocytes have been demonstrated to possess Fc

receptors for the la isotypes IgA, IQE and gD as wéll as

for IaG and IgM. The 1dentification, assessment,
function and diétributton of these T 1ymphocyte
subclasses in normal and diseased Individuals fs

currently unde; investigation. The receptors for the Fe¢
of IgA (FcA) are present on 2-18% of human'circulating T
tymphocytes (Tp) (Lum et al 1980, Gupta and Good 1980,
Lum et al 1983). The Tp lymphocytes are detected by
rosette formation with ejther IgA senslitized ORBC ‘or
TNP—ORBé conjugates coated with &a mouse IgA myeloma
(MOPC-315) that has anti-TNP specificity (Endéh et al
1981).. Lydyard - and Fange§‘(1981) demonstrated that 557
of human ciréufating T lymphocytes expressed both FcMR
and FcAR. By rosetting Ty lymphocytes simultaneously
with EAA and EAM, it was demonstrated that a proﬁortton
of the TM lymphocytes also expressed FCAR. Overnight
Incubation In culture me?jum suppiemented with [gA free

serum was found to be necessary for the optimal

expression of FcAR on T Jlymphocytes. Patients with
l_! -

Ataxia-Telangiectasfa Jlack Tp lymphocytes which may be

related to the lack oFﬂbirculatlng IgA. Gupta and Good

-
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1980, Lum et al 198@. and Hoover and Lynch 1983 proposed
thét Ig synthesizing B lymphocytes are {sotype specific
cells whilch are regutated by specific FcAR, FCMR and FcGR

subclasses of T lymphocytes.

Some human and mouse circulating T Iymphocytes
possess receptors for the Fc of IgE (FcE) (Te
Tymphocytes) (Splegelberg 1984). The 'FcE receptor is

: |
detected by rosette formation with IgE myeloma coated
ORBC (Splegelberg 1981, Jensen et al 1984). The
proportion of Tg lymphocytes fis 1ncrea$ed in patients
with the hyperimﬁunoglobulinemia E syndrome (Ricci et ‘al
1983). Approximately 47 of the circulating T Iiymphocytes
isolated from -non-allergic (nonatopic) indfviduals
consist of FcER (or Tg) 1ymphocyte3. Nonatopic healthy
'patienfs having low Igb levels show transient fincreases
in the proportion of TE'lymphocytes after exposure to
altergens during the grass pollen season. Similarly, the
proportion of Tg iymphocytes in grass pollen sensitive
atopic patients is 1ncréa§ed with measurable Increases in

.
total and speciFic'lgﬁ;éerum levels (Lanzavecchia et al."
1983, Spiegelberg 1984).. Ricci et al {l9&3) proposed
that Tg lymphoc?tes.are heferogeneous*ﬁpd may consist
of at least two dist1nct,ﬁi9nctionai subsets which
regulate IgE synthesis é; tﬁe B lymphocyte. Since a

proportfon of the Tg lymphocytes reacted with only OKT8
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monoclonal‘antibodtes. Hassner and Saxon (1984) proposed
that at least some of the Tg Ilymphocytes may be
suppressor éel]s.
. o

The receptor for ﬁwé Fec of IgD (FcD) has alsco been
detected on a proportfgn of T lymphocytes (Tp). Latex
particles coated with 1gD have been used to detect this
receptor. The formaetion of rosettes with EAD can be
inhibited by the preihcubation of these cells with IgD.
In contrast, preincubation with IgG,_-IgH or IgA had no
effect on the formation of EAD rosettes. The functional

role of this'Ceceptor s unknown (Sjoberg 1980).



B

2.152.4. CELL SURFACE DETERMINANTS DETECTED BY

XENOGENEIC MONOCLONAL ANT[BODIES

-

Monoclonal antibodies have been generated whfch. are
directed to specific. surface configurations {n-human
ciréulating.T lymphocytes. These surface configurations
(anttigenic determinants) appear to be expressed at
different stages of T lymphdcyte di fferentfation and are
therefore reFerred. to as differentiation antigens
(Reinherz.and Schlossman 1980). Human T 1ymphocytes
diFferentlation_antigens were first described by Reinherz
et al (1980) and Kung ét al (1980) Qsing the OKT'(Ortho
Klone Thymusj series of monoclonal antibodies. The mouse
monoclonal antibodies OKTl, OKT3, OKT4, .OKTB and OKT11
fdentify unique cell surface bonstituents on circulating
T 1vmphocytes wiEEﬁmolechar weights of 69000, 27000,
62000, -33000 and 50000 daltons, respectively (Berger et
al 1982). The T1, T3 and T11 antfgens can be detected on
98-100% of the circulating T lymphocytes whereas the T4
and T8 antigens are fdentified on 50~-607 and 30-40% of
the T lymphocytes, respectively (Thomas et al 1981, wvan
Agthoven et a1 1981, van Wauwe et al 1981, Ip et a1l 1982,
Rinnocoy et al 1984). The monoctonal antibody OKT11 was

found to compete with SRBC for binding sites on human T

k;»/
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lymphocytes. The perceQFage of E rosette forming cells

is hfgh]y cgrrelated with the percentage of Tl1+ cells.

Preincqbation' of lymphocytes with OKTIl prevents E
rosette formation (van Wauwe et al 1981, Ip et al 1982).
. ‘The T4+ subclass contains helper cells capable of

1nduc<zj B ymphocyte diFFerentfat}on and subsequent Ig
and antibody secretion 'n a PWM or antigen driven cell
culture. In.addition, (t has been proposed that the T4+
lymphocytes enhance lymphoproiiferatidn. The T8+
lymphocytes suppress Ig and antibody synthesis {n the PWM
or antigen driven c¢cell culture and appear to suppress
lyhphocyte.proliferation (Moretta et.al 1983, Réinherz et
.al‘1980a, Thomas et al 1981). Thé addition of OKTI
antibodies to in vitro cutures containﬂng both B and
autologous T4+ Iyméhocytes enhances B. lvmphocyte
differentiation Into Ig secréting plasmablasts. Thomas
et a1l (1984) proposed that the -OKT1 antibodies react with
T cell me%brane determinants which are intimateiy
fnvolved in the execution of helper functions of the T4+
‘lymphocytes. The OKT1, OKT3 and OKT1l! antlbodies react
'with cell surface antfgens on the majority of clirculating
T lymphocytes._ In contrast to the enhénc!ng role of the
OKT!1 antibodies, the ORTB and OKT11 antibodfes inhibit
T4+ 'gell helper Fuhction in PHM—inducgd B8 lymﬁhocyte

differentiation and phytomitogen and antigen—-induced T
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lymphoprol {feration (Thomas et al .1984). r

The monoclonal "antibodfes OKTI1, OKT3 and OKTI
appear to be Important 1n the regutation of <the T
lymphocyte b!@stogenic response. At low concentfations.
OKT11 significantly suppressed the proliferative response
of T 1lymphocytes to PHA, PPD and TT stimulation (van
' Waume et al 1981, Palecios 1982, Thomas et al 1984). The
direct 1nteractioe of OKTIl with E feceptors and the
Inhibition of proliferation implies that the E receptor
Is somehow Involved fnithe tegulation or facilitation of

the T lymphocyte blastogenie response.
R
<!

Thomas et al (1984) demonstrated that OKT3
antibodies in low concentration Induce-proliferation of T
1 ymphocytes. More Ihportently. it fnduces T iymphocytes
to produce ILZ2 and to express IL2 r‘eceptorsQ Patacfos
and Martinez-Maza (1982) demonstrated that OKTI! Inhibits
the producttgn of IL-2 1{in phytomitogen and _antigen
stimuiated T Iymphecytes and thefr becoming responsive to

[L-2.



2.1.2.5. CIRCULATING T LYMPHOCYTES IDENTIFIED ON THE

BASIS OF CELL SURFACE MEMBRANE IMMUNOGLOBUL INS

Kuritani and Cooper (1982) and Staspenko et al
(1984) have confirmed that B lymphog¢ytes are the only
cell which possess detectable lg on the surface of the

cell which constitute tntegral constituents of the cell

membrane.
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2.1.2.6. LIMITATIONS OF CELL SURFACE MARKERS

Atthough cell surface markers have proven useful for

a clearer understanding of the interactions occurring

between |ymphocytes, there are several limitations in
their application. The assumption that functional
capabllitfes assigned to a given lymphocyte subpopulation
fin vitro are also operatihg in vivo may be Tncorrect.-
Alsao, there |is a | poor correlation between an
antigenically defined subpopulation and the function of
the T lgmphocytes contalned within that subpopulation.
For example, Thomés et al }4981) demonstrated the
eklstence of suppressor éel!s In the "pure" helper T4+
population - using the . monoclonal ant i body OKT17
(TA+/T17+). This T17 surface antigen 1is expressed on
activated T4+ fymphocytes; The T4+/T17+ cells suppressed
PWM-induced B 1 ymphocyte differentiation and Ia
synthesis. ThereForé, these cetlls function as 'poteﬁt
suppressor cells.' On the other hand, the T4+/T17- cells
are devold of suppressor cell activity and can Functioﬁ
only -as 'helper cells {n the same system.’ . Hayward et al
(1978) also demonstrated that Ty lymphocytes incubated

with Con-A were effective suppressor cells in the Con-A

tnduced blastogenic response of T lymphpocytes.
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Relnherz et al (1982) have described =a monoclonal

‘ant 1body, TQ1, which fdentifles ' a different surface

antigen1on the T4+ subpopulation. "The T4+/TQl+“and
T4+/TQl~ subpopulations proliferate equally well upon
stimulation with soluble antigens and alloantigens. The

T4+/TQl+ population résponds optimatly In the MLR whereas
only the T4+/4Ql- popuiation Is eFFect}ve in facilitating
PWM induce

B tvmphocyte differentiatfon and 1Ig

secretion.
™~ | _ ‘
Corte et al (1981) identified yvet another antigen on
T4+ lymphocytes with the monoclonal antlbody 5;9. " The
T4+/5/9+ cel]é are capable of proliferating to soluble
antigens and alloantigens and displiay helper activity In
PWM induction of Ig and-antibody synthesis. Analysis of
the FcR pheﬁotype of the T44/5/9+ cells Indicated * that
this subpopulation 1Is "not homogeneous - 25% are Tg
{suppressor) tymphocytes "and 50% are Tpm (helper)

1ymphocytes.

These findings Indicate the inadequacy of the QKTd
monoclona] antfbodies in fdentifying "he lper" T
lymphocytes because 6nly a minor proportion of the ﬁT4+
yymphocytes are ac;pallyl responsible for the helper
activity. The function of individual ceill subpopulations

cannot be extrapolated simply by the presence of a given

™
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-surFéce marker. .The precise Identification of functional

-T  lymphocyte subpopulations may be possible only by the

combtined wuse of much Jlarger panel of. cell surface

markers.

L]
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2.1.3. THE B LYMPHOCYTES

s e

2.1.3.1. CIRCULATING B LYMPHOCYTES IDENTIFIED ON _THE

BASIS OF CELL SURFACE MEMBRANE IMMUNOGLOBULINS

- -

Cell surface membrane Immunoglobulins (smlg) on
circulating I1ymphocytes were first démoﬂftrated In 1961.

by Moller. Ten to twenty percent of circulating mouse

1ymphocytes exhiblted /gg;g detected ‘by
fmmunof iuorescence, using Flporescéin isothiocyanate
(FITC) conjugated anti-mouse Ig. Abney et al (1978)

detected smig on 457 of mouse spleen and bone marrow
lymphocytes and 147 of the clirculating mouse 1ymphocytes
by immunof luorescence. ‘Sell énd Gell _(1965) reported
that 507 of rabbilt é}rculating and splenic lymphocytes
possess smlg. -
\
The pres%nce or absence of the knoyn T cell marker,
the receptor for SRBC, was used to distinquish human T
from non-T circulating cells Iinto the early 1970’s.
Froland et al (1974) utillized two diFferent methods to
isolate circulating hﬁman non-T cells. Mononuclear cells
- were depleted of T lymphocytes by SRBC rosette Formaﬁion.

The maljJorlty of the SRBC-depleted MNC, or non-T cells,

stalned for smlg as detected by immunofluorescence and
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were incapaple of rosetting with ‘SRBC. The. positively
fsolated T Ilymphocytes did not stain for smlg. A
proportion of the same MNC were separated into smlig+ and
~smlg- cells by passing Freshly‘iso}ated mononuclear cells
(MNC) through a nyton column. The effluent cells'fsmlg—)
rosettéd with SRBC and did not exhibit smlg by
frmmunof luorescence., The eluted smlg+ cells were
incapable of SRBC rosette formation. The smig+ non—T
cells were treated“ with pronase to remove smlg.
- Following culture Iin vitro for 48 hrs, the majority of
the cultured cells stained positively for smlg\ by
jmmunoFluorescence. thus demonstrating the synthesis of
smlg by these cells. Froland et al (1974) proposed that
the absence of SRBC receptors (T cell marker) on smlg+
non-T cells place these cells,.in the B cell catagory.
Lobo et al (1975) demonstrated that the majority of
noanRBC rosette forming human circulati@g dells‘ are 8B
lymphocytes which possess smlg detected by .
Wmmunofluorescehce. The addition of anti-human g
" N .
antiserum to unFractfonated MNC did not inhibit SRBC
rosetﬁe formation by the T lymphocytes and the T
tymphocytes did not fluoresce when Incubated with FITC
conjugated anti-human Ig. Lobo and Horwlitz (1976)
determined that the sum of smig bearing cells (4.5-187%)
ana SRBC rosette forming cells (61-82%) ‘accounted for the

majority of the cTrculating.hqpan lymphocytes.,
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' These investjgations have been confirmed on numerous
occasions with similar reéulFs. " There fs universal
acceptance +today that the circulating B fymphocytes can
be distinguished from circuiating T 1ymbhocytes‘ by the

presence of smlg (Wu et al 19?6. Karltani and Cooper
1982, Stashenko et al 1982).

. ]
L
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2.1.3.2. k?TBCULATING B LYMPHOCYTES IDENTIFIED ON THE

BASIS OF CELL SURFACE RECEPTORS FOR C’3

In addition to smig, B lymphocytes bear cell surface
receptérs for C’3 (C’3R). ;pproxlmately l10—20% of the
clrc&lating human lymphocytes bear C’3R (Shevach et ai
1973, Ross 1973). These cells are B 1ymphocytes since,
fn all cases, C’3R are present on cells which also bear
smlg detected by utilizing double markers - FITC
anti~-human [g and EAC Indfcator erythrocytes (Ross 1973,
Abrahamsohn et al 1974, Ehlenberger et al 19765.
Clrculating human B lymphocytes bear two different cgll
surface receptors Fpr the c]ea;ed products of C’3 -~ C(CR]
which 1{s. a receptor For:a single configuration composed
of C’4b, C’5b and C’3b, and CR2 which is a receptor for
C’3d. The sequent{al addition of fluorescein labelled
EAC1423b indicator erythrocytes (EAC containing C‘1, C’4,

C’2 and the b fragment of C’3) and fluorescein labelled

EAC3d ¢é§AC contaiping only the d fragment of. C’3)

revealed that CR1 and CR2 cap independently (Ross 1975,

Lobo and Burge 1982, Weis et al 1984) .
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2.1.3.3. CELL SURFACE DETERMINANTS DETECTED BY

XENOGENEIC MONOCLONAL ANTIBODIES

In addition to smlg and C’3R which charactefize B8
lymphocytes, xenogenefc mouse monoclonal antibodies have
been produced capable of detecting antigenic determfnants
. expressed on B lymphocytes. Unfortunately at this time,
there 1is no one available antiserum which is specific In
fts detection of cell surface determinants on B
lymphocytes_ to the exclusion of all other clirculating
lymphocytes (Kung et al 1980, Nadler et al 1981). The
antisera thus far described tend to detect overlabping
cell populations including .the B lymphocytes. The
xenogenetc mouse monoclonal antibody OKlal, which reacts
with the MHC Class Il antigens (HLA-D/Dr), react with the
majority of B lymphocytes, monocyteg .and activated T
1ymphocvytes (Reinherz et al 1979, Kung et al 1980, Nadler
et al 1981). Brooks et al (1981} described the
monoclonal antibody FMC7Y which reacéed with a determinant
found selectively on 16-42% of the <c¢irculating human
non-T cells. This antigen was not found on elther 7
lymphocytes or monocytes. Thisg antiserum -stained
different percentages of B lymphocytes depending on thelir
mode of fisolatton - 36% B lymphocytes lsoléted by nylon

wool fracticonation as compared to 427 B lymphocytes



isolated by EAC rosette formation reacted with FMC7. The
monoclonal antisera OKBI1, OKB2, OKB4 and OKB7 detect
antigens not previously déscribéd on human circulating B
lymphocytes. The monoclonal antisera OKB4 and OKB7 react
with the madority of smlg+ B lymphocytes. The monoclonal
OKBZ antiserum reacts with the majority of smlig+ B
lymphocytes;, however it alsé reacted with all the
granulocytes wﬁich also  possess this antigenic
determinant. In contrast, OKBl reacts with a variable
percentage (70-95%) of B iymphocvtes (Mittler et al
1983). Most recently, the Orthe company has made
ava1iable a monoctonal antiserum, OKB6, which appears.to
stain only B lymphocytes and not monocvtes, T or Nult

lymphocytes (Richter, unpublished resuits).



2.1.4. THE NULL LYMPHOCYTES

2.1.4,1. CIRCULATING NULL LYMPHOCYTES IDENYTIFIED ON

THE BASIS OFf CELL SURFACE RECEPTORS FOR FcG

This class of lymphocytes was first described, by
Basten et al (1972) and Paraskevas et al (1972) who
demonstrated thé = resence of . mouse ., lymphocytes with
surface receptors /for FcG (FCGR); j The FcGR.bearing
tymphocytes were or \lpally fncluded fn the family of B

——

lymphocytes in view ;;xfhé\ébSEHCE on these cells of the
SRBC receptor, a T cell marker, \and the belfef that the
circulating Ilymphocytes were either B or T lymphocytes.
Froland ‘et al (1974) rbsetted human circulating MNC with
SRBC and passed the non-rosetted, non-T cells through
nylon wool columns to deplete the cells of the nylon woo!
adherent émlg+ B lymphocytes. Approximately ;3% of the
effluent c¢ells (smlg- non-T cells)f rosetted with EAG
indicator erythrocytes, thus .demonstrating éhe presence
of detectable - FcG receptors on the majority of these
cells, Froland et al (1974) proposed that the FcGR+
circulating human lymphoc?tes detected by EAG rosette

formation represent & subpopulation of B Ilymphocytes

which lack smlg.
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Chess et al (l9f4), Chess et al! (1975) and
MacDermott et &l (1975) fractionated Freshly—isblated
circulating human MNC into smlig+ and smlg- cells by
Ppassage through a Sephadex anti-Fab column. The effluent
cells, consisting of Null and T lymphocytes, were
rssetted with SRBC to remove the T lymphocyteé. leaving
behind pure Null! lymphocytes. Appreximately 1% of these
cells were smlig+ and 937 of the Null Tymphocytes were
demonstrated to rosette with EAC (not EAG) indicator
erythrocytes. The eluted smig+ cells were B 1ymphocytes
since 997 of _.these cells stalned for smlg by
fmmunof luorescence and a majority rosgtted with EAC
ﬁndicator erythrocytes. Both the Nul.l tymphocytes and B
Tymphocytes mediated ADCC cytotoxicity and responded with
blastogenests and mitos!s upon stimulation with PHA, PWHM
and Con-A. Chess et al (1975) demonstrated that the
freshly—1isolated Null 1ymphocytes were Tnitially smlg

negative and that >60% oF'the'cu1tured Null lymphocytes

developed smlg detected by fmmunofluorescence after 6,

days {in culture as compared to almost 100% of the
cultured B Iymphocytes. They also showed that .the Ig
content of the Nuli lymphocytes as well as theif capacity
to secrete 1Ig In culture was greater than thaf produced

by equal numbers of B lymphocytes following 6 days 1In

culture. ' \\

i
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Evidence that B lyhphocytéé are not {in fact Null
lymphocytes eminates from the findings of Horwitz and
Garrett (1975) and Lobo (1981), who demonstrated that the
Freshly—Qféyated circulating human FcGR+ non-T cells
(obtainedrby first eliminating'the SRBC rosette;Forming T
lymphocytes * and rosetting the remalning‘cells with EAG
indlcator ervthrocytes) possessé surface membrane smlg
which, ~however, s shed uﬁon fncubation of the cells at
'379C for 10 to 30 minutes. - These cells were capable of
binding Ig molecules. from normal human serunr at 4°C.

S,

In contrast, the FcGR- non~T fyhphocytes. the B
lymphocytes, did not shed their smlg Fbllowing fncubation
at 37°C for 30 minutés. Therefore, the ' FcGR+

lymphocytés were operationattly ‘naméd L lymphocytes
‘because of their temperatgre—labile éell—surFéce 19G. In
view of the fact that these human L Iymphocytes were
~shown.” to lack temperature stable sml'g ‘(which, by
convention, characterizes B l1ymphocytes) and the recgptor
for 'SRBC “{(which, by convention, characteriies T
lymphocytes}, these cellé were considered to be a ﬁew
'class of lymphocytes referred t; as noﬁ—T and non-B 'NQII
1ymphocytes (Lobo and Horwlti 1976, Lobo 1981). Further
suppért for the Nuil tymphocytes as a distinct class of
circutating l1ymphocytes is the Fact that only the.FcGR+
cells mediate ADCC cytotoxicity fZiegler and Hehney 1977,

Herberman et al 1979, Ng et al 1982).' Null cells



-

constitute 10-207 of human.circul'ating 1ymphocvytes.

~
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2.1.4.2. THE RELATIONSHIP BETWEEN B LYMPHOCYTES AND

NULL L YMPHOCYTES

Until the early 1970’s, +the circulating human
Iymphocytes - were considered to consist of only T
'lymphocytes and B lymphocytes. Approximately  60-75% of
the circulaétng human cells were T lymphocytes_as they
rosette with SRBC and are immunofluorecent positfve when
stalned with the ant{-T cell monocional antiserum, OKT3.
The remaining cells were considered to bel B fymbhgcytes
silnce they bear smlg as detected by immunofluorescence
using FlTC—cSnJugated anti-human Ig. Basten et al
(1972), Paraskevas et al (1972) and Froland et al (1974)
demonstrated that a proportion of Ilymphocytes possess
FeG. These cells were included In the B lymphocyte
population since, all freshly fisolated FcGR— cells
exhlbited smlg (Chess et al 1975, MacDermott et al 1975).

It was not wuntil the mid-1970°s, ~ when _spechic.
surface markers and the functional properfies for ﬁhe B
lymphécytes and Null lymphocytes Qere establlshea;' that
ft was acéeptea that these two cell types were stable and
non—-transitfiona’ ceils. The controversy as to.whether

Nutll lymphocytes _and B lymphocytes are 1In fact two

distincf_ stable cell classes generated by stem-cells of
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two different Iineages or whether a single transttional
cell may at diFFgrent times possess surface marké?s
characteristic of B and Null 1ymphocytes may be
attributed to different methoddlogy and the sensitivity
of the technique used to detect and {solate these cells.
A »
Depending on the methods wused 't4p‘isolate B and Null
lymphocytes {nvestigators have ég}ived to different

conclusions.

. Haegert et al (1978) uttlized the direct
antlglobulin rosetting reaction {(DARR) and the mixed
antiglobul in ‘ rosetf!ng reaEtion (MARR) in thelr
|nvestigafion of Null and B lymphocytes. These rosettes
consist of only lymphocytes with Iintrinsic or
membrane-1incorporated non-labile 1g, and not cells with
abéorbed.temperature Iaﬁile Ig. Null lymphocytes were
fsolated from circulating human MNC depleted of
monocytes, T and B lymphocytes. The negatively isolated
Null '}ymphocytes were incubated at 37°C Foé 30 min%fés
to remove their temperature-labile Ig. JApproximately 83%
of these Null lymphoéytes "rosetted with antf—F{ab)z
sensitized " SRBC Indicator erythrocytes {DARR) .
Approximately 93% of the Null lymphocytes {ncubated with
'anti-F(ab)z anfibodies formed conjugates which rosetted

with F(ab), sensitized SRBC Indicator erythrocytes

(MARR). 1t must be concluded that the DARR and MARR

J
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rosetting procedures are capable of detecﬁ!ng very smail
Euantities of Ig molecules on Null- Ilymphocytes not
éetected by 1mmunoF1uorescénce {Haegert and Coombs 1979,
" Haegert 1979). However, {f Ig molecules are not detected
by immunoflucrescence but by MARR and DARR, how relevant
are thg Ig molecules? Every cellr may contalin smatl
quantities of Ig on thelr cell surface. ~It must be
determined 1{f +the Ig molecules detectea by the MARR and
DARR are functionally relevant on the Nul} lymphocyte.
Chess et al (1974), "Chess et _al (1975)  and
MacDermott et al (1975) isoiated circulating human Null
lymphocytes by passing MNC through a Sephadex anti{-Fab
column (thereby removing smlg+ B lymphocytes) followed by
the removal of T 1ymphocytes by SRBC rosette formation.

They demonstrated that the freshly isolated Null

lymphocytes rosetted with EAC (not EAG) indicator

erythrocytes and were initially smig-. Following 6 days
in culture »60% of the Null lymphocytes were shown to
develop smlg and secrete Ig. Both the B and Null

lymphocytes mediated ADCC cytotoxicity and responded with

blastogenesﬂs and mitoesis upon stimulation with PHA, PWM

and Con-A.

¥
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Horwitz and Garrett (1977) and ﬁobo {1981) fsolated

circulating human RNull lymphocytes by rosetting MNC,

»
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depleted of T lymphocytes- and monocytes with EAG
fndicator erythrocytes. They fncubated the Nuly
'lymphocytes for 30 minutes at 37°C. These positively

isolated Null ‘lymphocytes did not stain for smlg, as
detected by ftmmunofiuorescence, nor did they rosette with

EAC Indicator erythrocytes. ~

-

On the basi3 of the above mentioned investigations
the non-T lymphocytes can be classified into two sepefate
! ineages, the true B lymphocytes which display stable
smlg and are FcGR-, and the Nulil lymphocytés which

possess temperature lablle smlg, which bannot synthesize

smlg, and are FcGR+ (Lobo 1981). Several functfonal .
properties also distinguish the Null lymphocytes from the .
T and B 1 ymphocytes: Qonly the ‘Nufl lyhphocytes

"participate in the ADCC reaction. The B lymphocytes and
the T Ilymphocytes cannot mediate the AbCC reaction
(Herberman et al 1979, Ng et al 1981). Fthhermorg! hull
1ymph6cytes do not undergo blastogengsis a%d mitosis uppn
stimulation with phytomitogens (PHA, PWM, Con-A and-éTA)
and' .antligens in culture whereas T lymphocytes and B
lymphocytes do (Sakane and Greeﬁ_ 1977, Horwitz and

Garrett 1977, Carapx et al 1982).
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2.1.4.3. CELL SURFACE DETERMINANTS -- DETECTED BY

XENOGENEIC MONOCLONAL ANTIBODIES -

UnFortuna%ely. there {s no avallable antiserum which
ig specific in its detect(ohﬁ@F Null lymphocytes. The
antisera thus far described tend to detect overlapplng‘
cell populations including the Nulil iymphocytes (Zaarling'
and Kung 1980, Ortaldo et al 19811}. Nuli 'lymphocytes
appear to share an antigenic determinant ;ecbgnized by
the xenogeneic mouse monoclonal antibodies OKMI and OKlial
{Reinherz et al 1979, Kung et al 1980, Breard et al 1980, .
ﬁaﬁler.et al 1981). The monocyte monoclonal antiserum
OKMI and the B lymphocyte monoclone OKlal detect 12% and

207 of the Null .lymphocytes, respectively (Kay and

Horowitz 1980, Lohrmann—-Matthes et al 1979, Breard et al

1980). The monoctonal ant[:ody HNK -1 detects the
majority of Null lymphocytes and 60% of the Tg
lymphocytes. The monoclone B73.1 reacts with a 50000

dalton surface antigen on the majority of Null
|l ymphocytes. The cells detected by B73.1 are the
effector cells in the ADCC agsay (Abo and Balch 1982,
Tilden et al 1983), thus attesting to their being Null

1ymphotytes.
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2.1.5. THE MONOCYTES

2.1.5.1. CIRCULATING MONOCYTES IDENTIFIED ON THE BASIS

OF CELL SURFACE RECEPTQORS FOR FcG AND C’3

Approximately 70-95% of human circulating monocytes
express ;he FER for IgG on the bqsis of rosetting with
EAG Indicator erythrocytes (Romans et al 1976, Furth et
al 1979, "Norris et al 1979, Barnett-Foster et al 1980,
Zembala et a! 1984)._ Approximately 65-75% of circulating
human monocytes express C’3R on the basis of rbsetting
with EAC indicator erythrocytes. Two types 6F C”3R have
been fdéntified on Humén monocytes CR1- (a single
configuration composed of C’4b &hd C’3b) and CR3 ( the
fragment reis;fed to as C"3b! which remains after the
digestion -by‘ the C’3b fnactivator) (Ross et al 1978,

Fearson 1980).

'
-,

a?



2.1.5.2. CELL SURFACE DEYERMINANTS DETECTED BY

XENOGENEIC MONOCLONAL ANTIBODIES

One antiserum-which has ;bcently become available
LEU M3 (éeckton Dickinson) stains only cifculating ﬁuman
moﬁocytes to the exclusion of all other circuiating
cellss The monoclonal ‘antisera OKMI and 4F2 identify
antigenic determinants - on human circulat[ng moﬁbcytes.
Null lymphocytes, %ranulocytes and a small peréentage of
T lymphocytes (Breard et al 1980, Eisenbarth et al 1980,
‘Reinherz et al.1980, Kay et al 1980). The antiserum OKMS
ldentiFies only the circulating ﬁbnocytes and bone marrow
monocytes and does not react with T, B or Null-
lymphocytes as does OKMI (Talle et al 1980, Shen et al
1983). The monoclone Mac—-120 fdentifies only fhe human
monocytes which have the pfoperty of adherence and does

not reéct with any other popuﬁation-of cells (Hausman et

al 1980). -



2.2. THE INTERLEURINS

2.2.1. INTRODUCTION

=

Many non-—-specific ;oluble factors "have been
tdentified which either .Facilitate immune reactions or
are generated as a result of the immune reaction and are
responsible for the sequelea .oF the Immune reaction.
Included 1n this broad catagory of so]uble‘mediators ‘are
the I1ymphokines, leukotrienes, Interleukins, B cel]l
growth factor (BCGF) and B cell differentiation factor
(BCDF).  Sensitized T lymphocytes, following thelr
Iinteraction withl the original sensitizing antigen,
secnefe' soluble proteln or peptide mediators reFerred_to
co]léctively as lymphokines. The mast cells of allergic
individuals, upon challange with the specific a}lergen,
release a host of mediators among which s the slow
reacting lsubstaﬁce of anaphylaxis or SRS~A. There are a
number of iRSfA’S and they are rngrred to collectively

as the leukdtrienes (Parker et al 1979).

The Interleukins are syrthesized and. secreted by
monocytes and T lymphocytes. The monocyte generated

-Interleukin referred to as IL-~1, was originally referred
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to as the lymphocyte activating factor (LAF). IL-1 has
been shown  to replace the monocytes. in the
phytomitogen-induced but not the_ ant igen-induced
blastogentc responses of the lymphold cells {n culture.
It also enhances the blastogenic response to phytomitogen
and antjgen stimﬁlation in the presence of limited
numbers of monocytes (Gil1l1is and Mizel 1981, Mizel 1982,
Gery 1982). IL-! does not support the proliFérat!ve
response of T.lymphocytes dlrectlya it providés a élgnal
for certaln T lymphocytes to produgce the.T cell growth
factor (TCGF).re%erred to as Interleukin 2 (IL-2). IL-2
has been shown to facilitate the mitogen—induced
blastcgenic response and to maintain T lymphocytes In
long term culture (Smith 1980, Gillis and Mizel 1981,
Palacios 1952). Two other mediators sécreted by T
lymphocytes are referred to as B cell growth Fact§r
(BCGF) and B cell'difFerentiatfon factor (BCDF), both of
which should also be referred to as Interleukins. BCGF
and ‘BCDF facilitate B Iymphoproll?eration and
differentiation, respectively (Howard et al 1982,
Nuraguchi ét al 1984, Yoshizak! et al 1983, Hirano et al
1984). Both BCGF and BCDF are secreted by T 1ymphocytes,
théy faclilitate the B lymphoproliferative response and
they matntain B lymphocvtes in long term culture. The
relationship of BCGF and BCDF 1{s very similar to the

relattonship of IL-1 and 1L~2 to T lymphocytes.
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Interleukins differ Féom | ymphokines and
leukotrienes i{in one malJor respect - they are secreted.by
non-sensitized and non—commffted cells In the absence of
"antigen challange. The lymphokines are secreted by
sensitized lymphocytes upon interaction with the_ antigen
and leukotrienes are genersated by IgkE-sensitized
monocytes and mast cells following intérac;fon with the
allergen. The Interleukins are necessary to sustaln
lymphold cells In a visble functionail state, " capable of
undergoing blastogeﬁeSis Followiné stimulation even after

several days In culture.
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2.2.2. INTERLEUKIN 1
\

. 4
P

.‘;i
Kasakura and Lowenstein (1965) and. Gordon and

MacLean (1965) working = independent of each other
demonstrated that cells in mixed Ilymphocyte cultures

generatéa a soluble factor (which could by 1tself

stimulate third party cells). This factor wss referred
to as Blastogenic Factor. Although 1t has been
. mistakenly identified as‘IL—l, it possesses properties
quite distinct from IL-1 both functionally and

biochemically. Gery and Waksman (1972) demonstrated that

‘supernatants of  PHA stimulated cultured MNC

‘synerglistically - enhanced the PHA and Con—-A I1nduced

blastogenic response of circulating human T lymphocytes
isolated by .rosetting with SRBC. These tnvestigsetors
were the first to detect yhat has since become known as
Interleukin 1 (IL-1), a monocyte-derived factor which is

required for a T lymphocyte blastogenic response.

Supernatants from PHA stimulated adherent monocyte
cultures és wer | as nonadherent T lymphocytes
{contaminated with mdnoéytes to a final cell
concentration of 1~-5% as .detected by stainfng for
non—specif!c- esterase) were both effective In

reconstituting the blastogenic responsiveness to purified
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T lymphocytes (obtaftned from monocyte-depleted MNC which
were rosetted with SRBC) (Malzel et al 1980, Maizel et al
1981, Palacios 1982). However, supernatants of cultured
1l ymphocyte (<0.5% monocyte contamination) were
Ineffective In reconstituting the blastogenic response.
Maize; ef al (1980) proposed that IL-1 was a soluble

factor secreted from only adherent monocytes.

Monocytes appear to secrete IL-1 spontaneous)y after
they are allowed to atfach to the surface of a culture
vessel. However, PHA and Con-A stimulation of monocytes
Increases the amount of IL-! secreted by the cells
(Unanue and Klely 1977). Supefnatants of 24  hour
PHA-stimulated human monocyte cultures . significantly
enhanced the .blastogenic respopse of pure T Iymph&cyfes
(deVries 1979). The 24 hour monocyte culture
supernatants were more effective than 72 hour monocyte
supernatants, lndlcating that the greatest production of

IL-1 took place within the first 24 hours of the monocyte

culture {deVries 1979). Supernatants from Con-A
stimutated monocytes can also reconstitute the
phytomi togen-{nduced blastogenic response of T

lymphocytes (Maizel et al 1980).

The role of IL-1 and {ts mechanism(s) of actton 1in

the antigen;{nduced human T Ilymphocyte blastogenic
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response are illfde>1ned. Ultraviolet (UV) 1rradiation

interferes with the production of IL-1 by the monocyte.
Uv-irradiated teéénu; toxoid (Tf?—pulsed autologous human
ménocytes falled to augment the 1ymphoprot i ferative
response of T lymphocytes.' Both exogenous IL—i and
supernatants lFrom Con-A stimulated human monocytes
'eFFectively recoﬁstituted the blastogenlé response of +
l;mphocytes fn the . presence of UV iIrradiated tetanus
toxoid-pulsed mbnocytesf Netther IL-1 nor the
'supernatant fhom.COn—A'stimu}ated monocytes reconstituted
the antigen—iﬁduced blastoéenic response in the absence
of the mohocytes (Jakway and Shevach 1983, defFreltas et

al 1983)." In ‘addition, rabbit antibody to  IL-1

(anti-IL-1}) Inhibited the human T lympﬁocyte btastogenic

response to TT-pulsed monocytes and reduced ﬁﬁé cagécity
of exogenous lL—l,/énd supernatants of Con-A stimulated
monocytes to recdnstitute the T. lymphoprol i ferative
response in the presence of UV trradiateq TT-pulsed
monocytes. This suggests that IL-1 is solely responsibie
for the reversal of the bﬁastogenic re?ponse abrogated by

UV irradfation (deFreitas et al 1983, Jakway and Shevach

et al 1983).

i
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2.2.3. INTERLEUKIN 2

Circutating human T lymphocytes following éxposure

to IL-1 are induced to produce a factor referred to as
iL-2 and to express_ functional 'receptors for IL-2
(1L-2R). The interaction of IL-2 with IL-2R" is

considered to be obligaiory in the phytomitogéﬁ”féhd
antigen—ind;ced_proTiFeration.oF T lymphoeytés {Andersson
et al 1979, Larsson et ai 1939. Ruscetti et al 1981).

Morgan et al (1976) were the first to demonstrate
that supernatants from PHA-stimulated human circulating
monoﬁuclear cells could sustain long term cultures of T
lymphocytei. Empioying OKT monoclonal antibodies (OKT3,
'OKT4 'and OKT8), Palacios (1982) demonstrated that human
T4+ lymphocytes were solely responsible for the synthesis
of IiL-2 wupon Con-A. PPD or TT stimulation. Recent
studies have demonstrated thayfit—Z éan also be secreFed
by 78+ lymphocytes. The antigens (TT, PPD) and mitogens
(PHA and OKT3) stimulate both T4+ and T8+ celis to
secréte IL-2 (Palacios 1982, Meuer et al 1982, Luger et
al 1982, Welte et al 1984, Reske-Kunz et al 1984, Depper
et al 1984).i

Lipkovitz et al (1984) and Reske-Kunz et al (1984)
examined the role(s) of monocytes, IL-1, IL-2 and IL-2R

expression in the -mitogen-1induced human T
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lymphéproliferative resbonse. The T lymphocyfe cultures
céntaining autologoué monocyte§ developed IL-2R as early
as 2-4 hours after Con-A activation and exhibited maximal
numbers of  IL~2R  after 18-24 hours. This early
expression of ILhZR-was detec%ed by. the binding of a
anti-IL-2R monoclonal antibody {anti-Tac) to éctivated T
ﬁymphocytes. -Moreove:'these authors demanstrated that
the production of IL-2 iswﬁtrictly dependent upon the
secretion of IL-=1 by éccessory monocyfes. whereas the
expreésion of IL-2R seeméd tto be independent of accessory
-cells. The pronCtion of IL-2 by T lymphoéytes apﬁeared‘
to require ‘continuous mitogen stimulatién since T
tymphocytes did noﬁi' prodqce IL-2 in detectable
concentrations or [L-2R after remoyal of the mitogen and
monocyteé. * Despite early expression of llL—ZR and
‘production of IL-2 by mitogen-stimulated T lymphocytes,

these cells were not committed to prolifera the

absence of IL-2 until more than 23 hours ;%E% elapsed

following 1ncubation( with monocytes phytom ogen.

.

After more than 40 hours of actixation, the cells

proliferated equaliy well in the presence or absence of
,_lL—Z(’-ProliFeration of uncommitfed T ‘lymphocytes was

“inhibited by anti-Tac; however, anti-Tac antﬂserum

did not affect the proliferation of T es which
had become committed to proliFeréte itz et al

1984, Reske~Kunz et al 1984).
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2.2.4. 8 CELL GROWTH FACTOR (BCGF)

Several soluble factors secreted by human T
lymphocytes have been shown to play a role in the
. regulation of human B lymphocyte proliferation and
differentiation. One such ¥factor, referred to as B cell
growth factor (BCGF), appears to be required for the
proliferative response of B Ilymphocytes (Ford 1981,
HHoward et al 1982, Leanderson et al 1982, Lernhardt et al
1982, Yoshizaki et al 1983, Okada et al 1983, Butler et
al 1983, Butler et &1 1984, Muraguchl et al 1984). A
secénd factor, reFérred to as B cell differentiation
factor (BCDF), s inQolved In  the terminal
dI?Feréntlation of prolifegating B lymphbcytes into Ig
secret[né cells (see below) (Takatsu et al 1980, Swain et
al 1981, Korsmeyer et al 1983, Hlngar; et al (<84,

Muraguchi et al 1984, Hirano et al 1984).

Supernatants obtained from PHA or Pwﬁ—st!mulatéd
human circulating MNC were effective In maintaining'the
prolfFerat%gﬁgﬁpsponse of purified circulating human B

o) :
lympégcytesA (Srendi et a! 1981," Muraguchi et al 1982).
4 B
The active factor iIn the supernatant wss shown to be
distinct From.IL—l and 1L-2 and was referred to'as‘BéGF.

-

Muraguchi{ et al'(1982) proposed that [L-2, BCGF and 8CDF

N
\
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are present in the superndtants of PHA-stimulated MNC and
that BCGF s indeed a distinct soluble growth factor
which augments and Fac1llt§te:38 }ymphoproliferatlon in a
manner analogous to the proliferation of T 1vmphocytes

facilitated by IL-2. _

-

-

In the absence of d%her stimulating signals, BCGF

augments ﬁwm and. STA-Tnduced B Iiymphoproliferation
.(Howard et ai 1983). Similarly, F(ab’), fragments of. -
goat ant i —~human IgM antibodies st imulated the
proliferation of human B lymphocytes only in Fhe presence

of BCGF. Circulating human B Il1ymphocytes faltled to

proliferate in response to low concentrations of anti—lgMg

antibodies 1In the absence of BCGF (Howard and Paul 1982,
Hirano et al 1984). Falkofﬁ;gt al  (1983) qﬁggnstrated
that STA and anti-IgM antibod;gé\\gn high coﬁéégtrat!ons.
induced the proliFeratfon of Bklwﬁphocytes rigorously
depleted of T lymphocyﬁés and monocytes. Since no
exogenous BCGF was added or produced,_.STA and anti-IgM
antbodies In high concentrations iqduced B
lymﬁhoprpllferation in a BCGF - ndependent mannef.
Falkoff et al (19833 proposed that a certaln degree-of B
Iymphbpro}iferatiqn fs possible n the absence 'oF
exogenous BCGF In the presence of the mitogenfic stimulus

in high concentration, or that two populations of 8

”
lymphocytes exist which respond-to mitogen stimulation In

A
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a differentfal manner. Howard et al (1982) proposed that
the fInduction of proliFeratidn by STA or  anti-IgM
antibodies fn high concentration in the absence of BCGF
- may, in fact, be dependent Lpoh accessory cells and T

lymphocytes which are In too low a concentration to be

detected.

C
%
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2.2.5. B CELL DIFFERENTIATION FACTOR (BCDF )

In the early 1970’s, 1t was demonstrated that the
terminal differentiation of proliFeratfng B lymphocytes
Into Ig secreting cells was mediated by a T.éell factor.
This‘Factor was originally‘designated as T éeli replacing
factor but s now referred to as B‘cel] diFFEﬁentiation
#actor (BCDF ). Korsmeyer et al (1983) proposed that the
initial activation\ of B lymphocytes Is assoclated with
the ekpression of receptors for BCGF. .Activated B
lymphocytes can, in turn, respond to BCDF by the binding
of this factor to B cell membrane receptors (Korsmeyer et
al 1983). In the absence of BCDF, these cells continue
to proliferate withoqt terminal diFFerentiét{on. The
addition of exogenous éCéF to protiferating B lymbhocytes
stimulate the celtls to: dif?erent!ate and secrete Ig

(Muraguchi et al 1984, Mingar! et al 1984).

3
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2.3. THE CIRCULATING . MONONUCLEAR CELLS WHICH

PARTICIPATE IN THE IN VITRO BLASTOGENIC RESPONSE

2.3.1. INTRODUCTION - oo

Since fhe report in 1960 by Nowell that PHA can
induce mitosis and blastogenesis of human and animal
lymphocytes in vitro, a vast |iterature .has accumulated
onxthg actjvation of lymphocytes by mitogens (reviewed by
Lis and Sharon 1981). The phytomitoééﬁs PHA, PWM and
.Con—A are polyclonal mitogens as they can éctivate
1ymphocytes 1ndiscriminateliﬁ irrespective of the
functional role or status PF the thphocytes. Other
mitogenic agents such asl the immunizing antigen can
activate specifical ly-induced memory lyﬁphocytég (August
et al ;1970. Clot et a1 1975). Controversy has evolvéd
with respect to the precise identification of the
responder cells and the | accessory cells in thé
phytom1£ogen and antigen-induced blastogenic responses.
Im the foltowina chapter, the evidence for (i) the T
lymphocyte as fhe‘ sole responder cell the 3 day
phytomitogen—induced and the 6 day..antigen—induced'

blastogenic responses, (11) the B lymphocyte as_;he sole

-

responder cell to PWM stimulation in the 7 day
"~ blastogenic responsé, (ifii} the non—-participation of the
Null Jlymphocyte in the phytomitogen and{antigen-induced



blastogenic response, (iv) the monocyte as the accessory

cell in the phytomitogen and antigen-induced blastbgenic

‘response, will be presented.

? | o " ¥ %

a—

PRl
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2.3.2. THE ROLE OF T LYMPHOCYTES 1IN THE BLASTOGENIC

RESPONSE

The oblective of {nvestigations conducted over- the
past 10-15 vyears has been to determine whether one or
mbre of the Iymphocyte classgs (T, B and Null
1ymphocytes) re;pond with blastbgenesis and mitosis upon
stimulation with mitogenic agents (phytomitogens and
antigens) in vitro. Geha and Merler (1974), Geha et al
(1974), Greaves et al (1974), Lohrman et al (1974),
Jenossy and Doenhoff (1975), Weksler and Kuntz.(i976).
van Ogrs ethal (1979) and Dosch et al (1980) demonstrated
that purified circulating human T Jlymphocytes fsolated
followlng rosetting with SRBC responded to PHA ;nd Con-A.
The negat[Qely purified B lymphocytesAcontamjnateéfﬁ{th
<37 T lymphocytes fesponded minimally to PHA and Con-A

~stimulation (Geha and Merler 1974, = Geha et al 1974,
Greaves et al 74, Lohrmann et al 1974, Dosch et al

1980). . Pure B lymphocytes (<1I% contaminat!ng‘ T

1ymphocytes) .were unresponsive to PHA (Jandssy and
Doenhoff 1975). On the other hand, Ahderssbn-et'al 1972,
Phillips and Roitt (1973), Phillips and.-Weisrose (1974j, .

Epsteln et al (1974) and Chess et al (1975) have reported

. that enriched circulating human 8 lymphocytes fsolated By

x
o



—72-

Qassage through and elution Ffom‘ ‘anti-Fab columné
responded to PHA and Con-A. These results are most
likely e*plained by leFerenceé in the techniqueé used to
Isolate the human circulatihg B 1lymphocytes and the
purity of the cell populatiéns obtained. Howevér. eveﬁ
the "pure" smIg+ B lymphocvytes isolated 1n all of the
above studles, were contaminated_wj£h.T ]ymphocytes to

the extent of 3~15% (determined bny’rQ?epté formation).

Circulating human B and T lymphocyteé have been
reported to respond with a considerable blastogenic.
response to PWM stimulation following 3 days {in culture
(Greaves et al 1972, Chess et al 1975, Geha et al 1974,
‘Mellstedt 1975, Brochier et al 1976, Keightly et al
1976} . The B lymphocytes were Iisolated from T cell
degleted (by SRBC rogette Formation). MNC eAd were
contaminated 'with) 1-3% T lymphocytes as detected by E
rosetting. Whereas, ‘enr{ched. circulating human non-T
cg]ls or B ,ymphogytes obtalned ?ollowing rosetting wlth
SRBC twicg"responded minimally to PWM (Janossy and
Doenhoff 1975, Weksler and Kuntz 1976). Circulating
human B r;mphocytes isolated"Ffom MNC first depleted oFLT
lymphocytes by rosetting with SRBC followed by _treatment
with . OKT3 antiserum and C° (to eliminate resfdual
contaminating T Iymphocytes) were unresponsive to PWM

stimulation. TEE//T Iymphocytes were the only cells
. ‘ N . .
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capéble of responaigg té PWM stimulation following 3 and
5 days of culﬁure (Stevenson et al 1983). In an attempt
to Tdenttfy the speciFié human T lymphocyte subclass
which responded to PWM stimulation, Puck et al §l984)
{solated T4+ lymphocytes (by lysing T8+ lymphocytés in
the presence of OKT8 antiserum and C’) and T8+
lymphocytes (py lysing T4+ lymphocytes in the presence of
OKT4 antiserum and C’). Enriched T4+ lymphocytes
responded vigorously to PNH' stimulation, Hhereas T8+
lyﬁphocytes responded insfganfcantly following 3 'qu 5

days of culture.

Both Ty and Tg lymphocytes respond to PHA X and

Con-A; .however Ty Ilymphocytes have been shown
consistently respond better . than Tg lymphpc tés
(Moretta et al 1976<kkfauci et al 1980, Gomez-Réln
Habicht 1980, Victorino et al 1980, Kay et al 1683).
Victorino et al (1980) finvestigated the relationship
between the proportion of the Ty and Tg 1ymphocytes
present 1n the _circulatioh and tﬁeir blastogenic

‘résponslveness'to PHALﬂ/PWM and Qoh-A stimu{ation. A

positive correlation.fas found between the proportion of

Ty. " lymphocytes and  the  magnitude of  the

\
lymphoprol {ferative response. This relationship between

the actual Ty lymphocyte‘ number and increas

respohsiveness to phytomitogen may be due to incréased

—

/
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numbers of helper cells or may be a reflection of a
functional property of the . responding cells. . In
additlon.‘ Victorino (1980) dembnstggted a decrease in
blastogenic . responsiveness to% PHA, PWM and Con-A
stimulation as the proportion of Tg Iymphocytes was

Increased. The phytomitogen-induced blastogenic response

: of Tg lymphocytes was less than that observed with

unfractionated T lymphocytes. Kay et al (1983) also
showed a simitar negative ‘correlation betwggp the
proportion of TG'lymphocytes and PHA rébponsf@eneggj

The. decreased\blastogenig response may be due to a large
number of cells whtch.are less sensitive to phytomitogen

stimulation or due to the 1mmunoregulatory'suppressor'

function of* the Tg lymphocytes.

\
Ay

Controvefsy has evolved‘ﬁith respect‘té the precise
identification of the responder gell fn .the
antfgen—-induced blastogenic respsnse. Geha et al- (1973)
demonstrated that circulating human B lymphbcytesr
cultured In supernatants from cultures of PPD-stimulated
sensiti;edﬂT ' ymphocytes, prollFerated in response'fo PPD
étimulation_- Chess et al (1974) were unable to
demonstrate B lymphopro]iferation in response to'PPDf TT
and DT stimuiat!on{ 'Onfy T lympﬁocytes of 1mmun|zed
donors respondedﬁto‘TT.. DT, PPD, SKSD, mumgh and rubella

stimulation (Geha 1979, van Oers et al! 9, Geha et al
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1981, Alpert et al 1981, Chu et al 1984).

Buckley et. al (1977) reported that MNC .Ffom norma}
non-allergfic humans I{solated from elther peripheral or
coqd bleood couldlbe-lnduced'to undergo blastogenesf; by
purified ragweed Antigen E (AgE). In _conffast,
circulatting MNC obtained from only‘ ragweed hayfever
alleragfic individuals evbkéd a considerablg;blastogen1c
response to AgkE following 6 days in culture. Clirculating
MNC obtalned from normal non-allergic Tnéividuals did not
respond with blastogenelis to AgE stimulation (Richter et

al 1968, Brostoff and Roltt 1969, #atien et al 1975,

Rocklin et al 1976, Racklin et al 1980). Gatfen et al™ .

(1975) and Black and Marsh (1980) demonstrated that only
the T lymphocytes'obtained from ragweed hayFever é1Ier94g
Jndividuals responded with blastogenesis to AgE or wﬁéle
ragweed pollen extract. Moreover, they pfoposed that a
correlation exists between an Increased AgE—Tnduigd
"btastogenic response and Tncreases In both skin

)

sensitivity and mast cell histamine release in vitro.

o
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2.3.3. THE ROLE OF MONOCYTES IN _THE BLASTOGENIC

RESPONSE .

The role of monocytes | in the activation of
lymphocytes by imitogens Is { st11l1 controversial, The

op!niéns vary Frqm that of monocyte indepeﬁdence of "~ the

proliferative résponse (Stobo et @l 1972, Mackler et al

t
1972, Jones eﬁ al 1973) to a potentlating effect

(Lohrmann et al 1974, Hedfors et al 1975, Schmidtke and

Hatfleld 1976) to absolute méhocyte dependency

{Rosenstreich et -al 1976. ‘Raff et al 1976}. . Stobo et al
(1972), Mackler et al (1972) and Jones et al (1972)

proposed that PHA wasy capable of Inftiating blast

.transformstion by direct mitogen-1ymphocyte {nteraction

“fndependent of monocyte participation. Oppenneim et al

(1968) and. Stobo et al (1972) demonstrated that
monocyte-depleted circulating humary,  MNC (purified
lymphocytes) . responded to the same. extent\« as
unfractionated MNC upon stimulatfonr with an optimal
c§ncentré£ion of PHA. BT
‘Levis and Robins (1970) were the first to
T . ",._‘——"". “—'-\ . .
demonstrate that the. phytom!togénulnﬁugggq_blastogenlc

. . ™
regponse “‘was monocyte dependent. Human ctrculating

~

non—-adherent cells eluted from a8 nylon wool columns

e
~

——
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responded minimally to PHA stimulation. Sinflarly, . a
markedly _ diminfshed proliferative response of

mongcyte—depleted human MNC to Com-A stimulation was
*  demonstrated by Hedfors et al (1974).
. a4 r
—~ .
Autologous or. ahlogene!c glass—adherent monocytes

were capable of reconst!tuting the proliFerative response

-

of enriched human T lymphocytes (Arala Chaves et al 1978,
de Vriéa\Ff\el 1979. Maizel et al 198!, Bruszewski‘ét al
1984) . " Hedfors et al (1975) demonstﬁpted that the
_.bla&togenic' response of purified circulating "humarr T
-lymphocytes could be potent lated byr the addition . of
autoiogous ‘monécytes {(to =a Fiﬁal cefl concentrafion of
50%) upon stimulatlion with 20-99 ‘Con—A. Scﬁmidtke and
Hatfleld ‘(1§76) b:;bésed that the potentiating effect of
_adtologbus or.allogenelic monocytes was dependent on the
concentration of the mitogen used. In the presence éF 10‘
ug Con-A, the édditlon‘ of autologous: monoeytes to
pur{Fied ‘ circulating human T lymphécytés (Fihal
Eoncentratlén of 15% monocytes) resulted in a blastogenic
respohse which was 75% of the oﬁtimal Con-A - induced
blastogenic response of the unfract fonated MNC. lHowever.
the addition Tof autoloéo;s- monocytes tg purlfied
-circulating humanx)T-lymphocytes (Flna\'conﬁentratlon of
// «15% monocytps) ?n ;he‘presence of | ug Con—-A resulted In

a blastogenic response that was 150% compared to the

- A
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opt1ma1%blastogéqlc response of the unfractionated MNC. .
v 4

1

‘Potter and, ﬁooreq (1§77) demonstréted that the
;dditlon zoF on\y sﬁall humber?’o%.édherentrmonocytes to
purified T lymphocytes were required for an dptlmal
PHA-fnduced blaétogenic response of the clrc%JatIng human
T 'lymphocytes, | Human circulating MNC ‘were dep{efqp of
monocytes by ,treatment with carbény!} Iron and nylpn
co n filtration followed by SRBC rosette formation.
The monocyte contamination of theée T\ lymphocytes was’
<1%. These circulatfng kuman phécytes ga;e an
[ns!gniFicénf PHA-induced blastogenft response.. The
addition of a small number of autologous'monbcyte§|£F1nal
- : )
concentration 2-5%), whichzwere obtalned by édherence‘to
glaés. réconstituted the phytomltogen—induced,blastoasnlc
responée of the-T lymphocytes: Haizef et al (1979) - and
de Vries (1979) demonstrated that the add!tion of <1%
autoloéous monocytes reéu}ted’ f; a'_ significant
-~ enhancement of the T 'Iymphpcyte Blaptqgenlc résponse ,
‘whereés 47, monocytes were éuFFic!ent to total]y
reconstituté the PHA-{induced blastogenic reuponse éF the
Trdymphocyﬁééﬁ Approximately 14% monocytes were required
to fully ”restore ‘t;e~ b1§3togénlc."responsg .to' Con-A

stimulation.
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Rosenstreich et al (1976) demonstrated that the
phytomitogen—-induced blastogenic re;ponse of guinesg plig
tymph, node lymphocytes s absolutefy monocyte—-dependent.
The blastogenic responsiveness'to‘PHA §£1mulat|on was not
affected by fehovlng monocytes by a single passage of the
guinea plg Ilymphocytes thﬁough columné‘conta&ning ny lon
wool and glass beéds,: although the same cells falled to
respond “to the anfigen DNP~ovalbumin to whfch the guinea
plgs had been immunized. 5.second passage of the cells
through the nylon wool colummr resulted in a signiFjgant
loss of réesponsiveness to PHA by the residual cells.
Addition of purified autologous peritoneal macrophaggs
fully rechstTfuted the Fesponse {Habu and Raff 1977,
Rosenwasser and"Rqééntha1 1976, Andersson et al 1979).
Simfilarly, guinea plg }ymph node cells passed through
glass bead columns lost the capacity to respond to PPD
stimulation; thever the addition of autologous
peritoneal macrophages recohgfitdteq the antléen—lnduced
blastogenié response {(Hersh and Harris 1968, Seeger and
Oppenhefm 19703 Waldron et al 1973). The degree of
blastqgenic'céspongivene?s was proporticonal fo the numbef

of monocytes added.

. Oppenheim et al (1968) demonstrated that circdlatfng

. —

human lymphocytes could not undergo blast transformation

upon exposure to antigens such as streptolysin-0, PPD or

—

hl

]

1
/
rd
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vaccinia vacc}ne after removal of glasé—bead adherent
~monocytes. ~AUtol ogous monocytes obtained by adherence to
plastic reconétituted the respons{veness oF. the
m6n0c9te4depleted MNC (purified lymphocytes) to the
anéigens. In addition, Oppenheim et al (1968)
demonstrated that c9ntactw QEtween monocytes and
l&mphocytes was also required éince monocytes separated
from lymphocytes by a Millipore F{lter could not restdre
responsiveness to the purified iymphocytes. Similarly,
ciréulating human .T lymphocytes 'esséntially free of
monocytes (<0.5% monocytes) were unresponsive to tetanus
toxold (TT) and diphtheria téxoid (DT) " stimulation and
only the addition .of autologous monocytés was ablelto
reconstitute the antigenminducedk blastogenic response
(Alpert et al 1981, de Fre!tas et at 1983, Chu’et al
1984). Allogeneic monocytes did not reconstitute the

responsiveness to the T Iymphocytes (Geha et al 1980,

Alpert et al 1981).
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2.3.4. __MONOCYTE  MEDIATED SUPPRESSION _ IN _ THE

BLASTOGENIC RESPONSE

The discussion in the previous subsection implficated
monocytes as facllitating aécessor; cells In the n vitro
blastogenic réspohse of T lymphocytes. However, evidence
has also been presented 'n support of & suppressive role
for monocytes 1n this response. Keller et al (1975)
demonstrated thét the phytomitogen-induced blasﬂfgenic
response . of rodent lymphocytes was enhanceqf by the
addition of freshly }solated auto!ogoLs ‘J;éritoneal

macrophages but was inhibited by the addjtlon of the same

number of autologous monocytes cultured fop- 48 hrs.

Rinehart et al (1979) anﬁ Passwéll et al- (1982)
réported that PHA-induced human T lymphoproll#eration was
markedly inhibited by monocytes which had been cultured
for 48 hrs -but was lenhanced by freshly {solated
monocytes. - Human monocytes added in ékpess (>20%) to
circulating human T‘ lymphocyte  cultures inpjblted
phytomltogen and antigen-induced lymphocyfe proliferetion
and PWM-induced B Iymphoproliferation. However as the
monocyte concentration was 1ncrea§ed, a dose dependent

9 .

suppreséér effect was demonstrated 1in the blastogenic

response of the ceIls stimulated with PHA and PPD.

B
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The monocyte suppressor activity for phytomitoagen
and antigen~Iinduced lymphoproliferation 1S{Prostaglandln
Ex (PGEp) éependent (Fischer et al 1981). Human
monocytes are 1nduced by Cdn-A to secrete PGE;. Webb-
et al (1978) demonstrated that exoéénous PGE o inhibited
mitogenfinducedllymﬁhopro}TFeration in the presence of T
1ymphocytes. Fischer et ak (1981) demonstrated thgt the
addition bF excess human monocytes and the addition of
exogenbus PGE > were capable of suppressing the
phytomitogen and antigen-induced blastogenic response of
T Jlymphocytes and PWM-induced B i1ymphoproliferation and
differentiation. Fischer et al (1981) proposed that the
suppression of the phytomitogen and ant!gen-indQCed

blastogenic response resulting from the addition of

excess monocytes was actually to to égv increased

-secretfon of PGEpy by fincreased concentration of

monocytes.
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2.3.5. THE ROLE OF MNULL LYMPHOCYTES AS ACCESSORY CELLS

A

IN THE IN VITRO BLASTOGENIC RESPONSE

&
Q

Null lymphocytes have been implicated as

¢

Fac1litating_ accessory cellis in the phytomitogen-induced.
blastogenié response. Evidence has been presented in
suppert of an accessory role for Null ly%phdcytes in the
‘T lymphocyte blastogenic response (Caraux et al 1978) .
Null cell depleted-T - iymphocyfes {(by EAG rosette

formation) respond minimally to phytomitogen stimulation.

The finding that the removal of Null lymphocytes from T
Iymphocytes }esults in a diminis%ed response does not
necessarily imply thag Nuil I;mphécytes enhance or
facilitate the phytomitogen—-induced T !ymphocyté

blastogenic response. Monocytes as well as Nul |
lymphocytes possess FcG receptOﬁs'on their cell surFacé.
Since the monocytes and . Nuil ‘ceyjs are _simultaneously
eliminated following rosetting with EAG, :the,ﬁemaining
‘lymphocytes are unable to respond. The synergy between T

and Null 1ymphocytes is in fact due to - the

"eontaminating” monocytes which are the true accessory

ceil in the mitogen-induced bliastogenic response.
. . A3
Null i1ymphocytes and supernatants from cultured Null

"1ymphocytes have been shown to augment the
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phytomitogen-1nduced T lymphoprol iferative response
(Caraux et al 1982). The addition of only a few Null

lymphocytes (f.iinal concentration 2%) reconstituted the T

Jdymphoprol iferative response. However, this responsé
cannot be attributed to Null lymphocytes since it has
been shown that the circulating human ‘Null lymphocytes
ére unresponsive to PHA, PWM, Con-A, \STA and PPD
stimuiation in vitro (Caraux et al 1982, Sakane and

Greene 1977.&Horwitz)znd Garrett 1977). Furthermore, the
Null lymphocytes canrfot be induced to proliferate even in
the presence of soluble T lymphocyte products (Caraux et

al 1982).
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2.4. MECHANISMS OF LYMPHOCYTE TRANSFORMATION
2.4.1. INTRODUCTION ¥
Since the recognition, in 1960, &
phytohemagglutinin as a iymphocy%e mitogen, a vast

1{terature has accumulated on polyclonal activation of
lymphocytes by lectins (Nowell 1960, reviewed by Lis and
Sharon, 1981). In the following section the
phytomitogens and antigens, the mechanism of |ymphocyte
activation and the morphoclogy aﬁd biochemical changes
'éésociated with- lymﬁﬁocyt; transFoEmatjon will be

discussedj?

S



PHYTOMITOGENS |

) The 5$Bstogenjc response of |lymphocytes to in vitro
stimulation 1s an indication of lymphocyte responsiyéness
to either ndnspeciFic phytomitogens. or specific éntigens
(Harina et al 1979). The nonspecific phytomitogens
include PHA, PWM or Con-A. Lymphocyte activation by
phytomitogens is inftiated by the Interaction of the
.stimulant with specific carbohydrate moieties on cell
surface glycoprofeins or glycolipids (Goldstein and Hayes

.
1978, Lis and Sharon, 1981). The majority of the binding
slites are irrelevant +to mitqgen activation since the

interaction of the mitogen with only a small percentage

of the receptors results in cell activation.

Phytohemaqqlutinin

Phytohemagglutinin (PHA) is extracted from the red
kﬁdney bean (Phaseolus Vulgaris) (L and Osgood 1949,
Rigas and Osgood 1955). .It "binds to 'Cell. surface
glycoproéeins yith N—acetyl—D—galaEtosamine moieties.
This lectin s a tetramer with a8 molecular weight of
115,000-~140,000. PHA binds to both B and T lymphocytes;
‘however, only the T l1ymphocytes are activated to undgrgo
a blastogenic response (Allen et al 1969, Yachnin and

Svenson 1972, Miller et al 1975).



Pokeweed Mitogen ' \\&\\N‘—n‘f

Extracts of pokeweed (PWM) (Phytolacca Americana)

a

Jeaves and roots possess mitogenic properties for T and B

Iymphocytes (Lis and Sharon 1977). The specific binding

site has been jdentified on the T and B cell surface as

glycoproteins br glycolipids containing the
: ]

B(1—4)N—acetyl—D~glucosamine sugar moiet[es. PWM  has

been fractionated by ion exchange chromatography into
five isolectins with approximate molecular weights of

19,000-31,000 (Waxdal 1974, Lis and Sharon 1981).

Concanavalin A

Concanavalin A (Con-A), prepared from the Jack bean
{Concanavalia ensiformis), is a pure protein with binding
affinity for D-mannopyranoside and 0DO-glucopyranoside.
Lon—-A is a T cell mitogen. In solution at pH below 5.6,

Con-A exists as a single molecule composed of two

protqméfs with a molecular weight of approximately '

e o
51,000 Above pH 5.6, the protein forms tetramers with

an approximate molecular weighf “of 102,000. A
‘metal loprotein, Con=A binds Mn¢* and Ca?* {ons which

are required for its canbéﬁydrate binding properties
(Becker et al 1975, éecker et al 1976, Baénzigér et al

1979, Lis and Sharon 1981).

T

—~—
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‘Antigens

"By deFinitioh gn antigen may be a protein, a
glycoprotein, 'a‘ iipoprotein a nucleoprotein or a
microbial-deri{ived carbohydrate. Antigens bind to antigen
receptors which have gengtically . predeterﬁinedll
specificity thereby finducing proliferation. An antigen
will stimulate tHe circulating celis of those individuais
which have been actively or passively }mmunized to the
particular antigen._ Antigens do not Induce blastogenesis
of lymphocytes .sensitized to other antigens. The
sﬁeciFic éntigens fnclude TT, DT, CA and PPD  (just to.
name a Few)‘Etnd to receptors which have a high binding
affinity for the antigen (Lis and Sharon 1977, Ashman and
Raff 1973). Schwartz et al (1985) reported that the
ahtfgen receptor is a heterodlmer. composed of two

transmembrane poiypeptide chains § ("immunoglobulin-1like")

I 1inked together by interchain diquFide bonds.

~ .

\o
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2.4.2.  BIOCHEMICAL EVENTS WHICH OCCUR DURING
LYMPHOCYTE_ACTIVATION °
} Fal

- . Ca

It has been proposed that the ?o)lowiﬁé events chur_

p

sequentiafiy followling m!togen—]ymphécyte fnteraction and

culminate 1n,the'b|astogenic resﬁéﬁ?e. The f{nteraction

. v . \ .
of the mitqgen with the appropriate surface binding sites

result in crogss—-linking of receptors, which Teads to

increased membrane fluidity and permeabil ity (Ldor 1980,

Kaplan apd Owens 1980),. accelerated turnover of membrane

phosphol iplds (Michell 1975), enhanced uptake of ca2+
and Kt fons (Whitney and Sutherland 1973,
redistribution of surface receptors (patching) and

"accumulation of patches at the poles of the cell (Loor

1980, Ashman 1981). Such perturbations on the outer

surface are transmitted through the "carrier" brbteins'or

l1ipids to cytoskeletal elements Inside the membrane, such -

as the microtubules and microfilamenté. whicH transmit a
signal(s) to ~“cytoptasmic and nuclear constituents.

Intracelluiar evehts sych as stimulation of histone

acetylation, phosphorylation of nuclear proteins,’ and -

changes 1in 1lipid .and carbohydrate‘metabolism result in

blastogenic transformation of the cell.

M
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Many of these changes are secondary aspects of

™~ -

1 ymphocyte transFormat!on and’ are not necessarily related

" to cell | triggering. Changes .in the intraceilular

‘ -
concentration of calclium and cyclic mucleotides have been
/]

~d1rectl§ Implicated {In lymphocyte activation (Alford

1970, Krishnaraj and Talwar 1973, Hadden et al 1975).
Haddenv et al (1975) demonstrated that -cyclic GMP
Increases 10 to 56 fold in PHA and Con-A-stimulated cells
ana proposed that cGMP fs the nucleaf messenger
reéponsible For, activation and proliferation. Since
ca[éium levels regulate cGMP, T£ has been pfoposed'that
|ncre§3ed calt uptake may.stimﬁlate an increase in the

concentration of cGMP, resulting In lymphocyte activation
(Haéden et al 1975, Coffey et él 19?7). The role of cAMP
In  lymphocyte activation is not Fully ciarified, 1t has

been proposed that it functions to 1imit cell division

{Averdunk and Wenzel 1973).
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2.4.3. METHODS USED  TO _DETECT _ THE _ BLASTQGENIC.

P

RESPONSE

>

Morphologic changes are associated with 1ymphocyte

trénsformatiqn - progressive Increase 'in cell slzé.

cytopiasmic basophilia and fncreased number of wvacuoles.

The small, medium and larée lymphocytes and their
progeny, the lymphob1astsg and plasmablasts may be
detected with 1ight microscopy. Howéver. assessmenf of
the blastogenic response by tﬁis method is laborious andé'
highly subjectiye. The. prol i ferative ‘capacity of the

Ipmphocytes, as routinely assessed today, is determined

By measuring the incorporation of tritiated-thymfdine‘

uridine or leucine Iinto the DNA, RNA or protein,

respective]y,lFollowing suitable periods of igcubation of
the lymphocytes with the mitogen (Udey and Parker 1981),
Thymidine is the rad1oacptve compoung of chofce for the
assay (Sample and CretienRIQzI)a_ The amount of thymidine

incorporated into the nuclear DNA 1s a reflection of the

.degree of DNA synthesis. Thymidine 1s phosphorylated as

it enters the cell to form thymidine-triphosphate, an

immediate precursor for DNA {(Buckley and Wedner 1978).

Lymphocyte activation results In DNA synthesis and

transformation of the cell ifnto a lymphoblast followed by



~
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Z

mitosis. Cells In the Gg phgse contain the normal
diploid amount of DNA and minimum amounts of RNA.
. -

Following exposure to a wmitogen, the cells begin to
synthesizek RNA thereby enterfing the G| phase and
subsequenhtly the S phase when (DNA synthesis is initiated.
In the short Gy, phase, the cells contain twice the
normal diplold amount of DNA. The cell divides by
mitosis 1{n the M phase, returning the daughter celis to
Gy or Gp. The absence of DNA synthesis characterizes

a resting cell in the Gg phase (Betel et al 1979,

Buckley and Wedner 1978).
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2,5, SUMMARY

Y]

Although numerous investigators have demonstrated

that T iymphocytes proliferate in the 3 davy phytopitogen

and 6 day antigen-fnduced-blastogenic responses, it has

not vyet been ascertalined which T lymphocyte subclass(es)
respond(s) in the mitogen-induced blasfogenlc response.
Evidence has also been p;ésented by some i{nvestigators
that B lympheoecytes proliferate in the phytomitogen and
antigen-induced blastogenic responses. Accessory or
helper function{s) have been ascribed to B lymphocytes,
Null lymphocytes and monocytes. ﬁghever, these latter
findings require corroboration. It must also be
established whether or not the  accessory or helper
Funcfions are mediated by celi—cell interaction or by
scluble mediators ;:;reted'by the cells. The aims of the
proposed research, as presented in the Ratiocnale, ére to
unequivocally ldentify <the responder cell(s) and the

accessory cell(s) and to demonstrate the mechanism of

acgessory cell éctién. in order to'better understand the

phytomitogen, antigen and allergen—-induced blastogenic
responses.



37 MATERIALS AND METHODS

3.1. MATERIALS

‘REAGENTS -
AB sera - obtained from the Canadiah Red Cross.
x—naphthy] acetate - obtained from Sfgma Chemical Cd..

5t. Louis, Missouri, and stored at 18°C.

Ammonium chloride - obtained form British Drugy Houses,
Montrea]. Quebec, and stored at 18CC.

Antisera - The chromatographically pure rabbit IgG and
IgM antibodies to .QBBC were obtained from Cappel
Laboratories, Westchester, Pennsylvania, and stored at
40C,

B Cell Growth Factor - was purchased from Cellular
Products, Buffalo, New York, and stored at 4°C.

Candida _albicans (CA) - obtafined from Hollister-Stier,
Berkley, California, and stored at 4°C.
/—"'\ . .
Carbonyl iron grade SF -~ obtained from Dyestuffs and’
Chemlcaﬁs. Toronto, Ontario, and stored at 18°C.
AN

Complement - The source of C’3 was serum from a normal
¥olunteer. "

Concanavalin-A - obtafned In a Ilyophilized powdered
form .in 250 mg quantitfes from Calbiochem, La Jolla,
Californiaj and stored at 4°C.

|
Culture medium ~ The culture medium was M199 fortified
with 10% AB serum (M199-AB), penicillin (100 units/ml),

streptomycin (100 ug/mi), gentamicin (50 ug/ml) and 25 mm
Hepes.

Diphtheria Toxoid (DT) - (5050 Lf/ml}) obtalned from

Connaught Laboratory, Willowdale, Ontario, and stored at
=-20°cC.

Erythrocytes ;‘Heparinized ORBC and SRBC were obtafned
fresh weekly from ,Qualicum Laboratories, Ottawa, and
stored at 4°C until required.

v
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FCS - was obtained in 100 mi quantities from

Microblological Assoclates’'and stored at 4°C. FCS was
decomplemented (heated at 56°C, 30 min) before use.

Ficoll 400 - (500 g} obtained from Pharmacla Fine
Chemicals AB, Upsala, Sweden and stored at 18°C.

. ' AN

Gentamicin - obtalined from Schering Inc., Pointe
Cltafre, Quebec, and stored at 4°C.

H3-Thymidine -~ (uCi/mi) - was obtained from New
England Nuclear, Boston, Massachusetts and stored at
-IZOOC_. \

Hanks Balasnced Salt Solution (HBSS) (500 ml) =~ was
obtained from Microblological Assoclates, Bethesda,

Maryland, and stored until use at 4°C.

Heparin (mucosa) sodium - (1% Benzyvialcohol as
preservative) was obtaftned In concentrations of 1000.USP
units/mT from Organon Canada tLtd., Organdh, Ontario, and

stored at 4°C.~

HEPES buffer - obtafned from Microblological

Associgtes, Bethesda, Maryland, and stored unt!l use at
18°C.

Hypaque sodium (diatriozate) 50% w/v pH = 6.5-7.7 was
obtained from Winthrop Laboretories, Aurora, Ontario.
The 30 mi ampules were stored In the dark at 18°C.

Hytex Polystyrene Latex Beads (T.099 um dfameter) -~
obtained from Hy1and Laboratories, Los Angeles,
California, and stored at 4°C.

Interleukin 2 -~ was 5urchased’From Cellular Products,
Buffalo, New York, and stored at 4°€C.

Lidocaine Hydrochloride — 20. mg/m] - obtained 'From
Squibb, Montreal, Quebec, and stored at 4°C.

Methyl green - obtained from Sigma Chemicat Co., St.
Louis, Missouri, and stored at 18°C.

Mitomycin-C - obtained In 2 mg vials (powder form) from
Sigma, S5St. Louis, Missourri, and stored in the dark at
40C, Imnmediately before use the powder was dissolved

in 2 ml of M99 to give a solution of | mg/ml.

Monoclonal antisera - THe OKT3, OKT4, OKT8 monoclona)
antisera were obtalined from Ortho Diagnostics, Don Millsg,

(S 3
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Ontario, and stored at —époc.

Pararosanilin - obtalned from Sigma Chemical Co., St.
Loutis, Missouri, and stored at 18°C,

. Phytohemagglutinin-M (PHA) - obtalned lyophilized from
Difco Laboratories, Detroit, Michigan and.stored at
40(C, :

Pokeweed mitogen (PWM) - 6Btained Iyophilized from
: Gibco Laboratories, Chagrin Falls, Ohio, and stored at
4°C,

Potasstum -  peniciliin G (5000 _units/ml) and

streptomycin_sulphate (5000 ug/ml) - - were obtaine
pre-mixed {n 100 ml quantities. from Microbiologica
Associates, Bethesds, Maryland, and stored until use a
-20°cC. ' -

Purified protein derivative (PPD) - obtained from
Connaught Laboratory, Willowdale, ®ntario, and stored at
~20°C.

Saline solution — (0.9% NaCl) in pyrogen free -steriie
water was obtained 1n 1000 ml quantities from Abbott
Laboratories Ltd. Montreal, Quebec, and stored at
189C, " :

Scintillation liquid - premixed cocktail obtalned from
Beckman Instruments, Fullerton, California and stored at
18°C, - ' -

Séd@um acetate - obtained from Fisher Scientific, Fair
Lawn, New Jersey and stored at 18°C.

Sodium_nitrite - obtalned from Fisher Scientific, Falr
Lawn, New Jersey and sﬁgred at 18°C.r

Tetanus _Toxoid (TT) = (2250 Lf/ml) obtafned from

Connaught Laboratory, Willowdale, Ontarfo, and stored at
-20°C, :

. ) .

Tissue culture medium M199‘and RPM1-1640 (500 mi) were
obtained from Microbliological Associates, Bethesds,
Maryland, and stored until use at 40C,

Trypan blue - obtained from Grand Island Biologicail
Co., Grand Istand, New York., and stored at |8°cC,

Wrights Rapid Stain - kabtained from British Drug
Houses, Montreai, Quebec, and stored at 18°C,

2

o
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SUPPLIES

Culture tubes - weré 17100 mm plastic sterile
disposable tubes were obtained from Falcon Plastics,
Cockesville, Maryland. .

Eppendorf repeater 4780 - automatic pipette and sterile
disposable tips were obtained from Brinkman Instruments,
westbury,'New York and Eppendorf, Hamburg, West Germany.

’

Liquid scint!llation vials - these plastic vials were
obtained from Fisher Scientific, Fair Lawn, New Jerdey.

Microtiter plates and ljds - Micro Test 111 filat bottom

plates were- obtained from Becton Dickinson Labware,
Oxnard, Callfornia. '

Nalgene 0.22 upm filtérs — obtalined from Nalgene
Labware, Rochester, New tgpk. -

Pipette alid {Automatic Pipette}) - obtalned from
Drummond Sclentific Co., Broomall, Pennsylvania.

u

Pipettes -1, 2, 5 and 10 ml Pyrex sterile disposable
serological pipettes were obtained from Corning Glass
Works, Corning New York. A pro-pipette or a Pipette aid
was always used to maniputate fluids.

Syringes - 1, 3, S5 and 10 m! Plastiplate sterile
disposable plastic syringes . obtained form Becton
Dickinson Labware, Oxnard, California.
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EQUIPMENT W
COo 1ncubator - cultures were maintained 1in a

National fincubator (NAPCO, Portland, Oregon).

Coutter counter - obtalned from Coulter Electronics
Inc., Mialeah, Florida.

Harvester -~ Titertek - obtalined from Flow Laboratories.
Rockville, Maryland.

Ligquid Scintillation Coulter LS-230 - obtained from
Beckman Instruments, Fullerton, California. )

Multipurpose rotator - obtained from Sclentific’ .
Industries, Inc. Springfield, Massachusetts.

Refrigerated centrifuge CRU 5000 - obtained from Fisher .
Sclentific, Falr Lawn, New Jersey. :

Zelss fluorescent microscope with a mercury vapor light
source (bright field, dark field and epi-itiumination) -

obtained from Zeliss, West Germany.
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3.2. _METHODS

-

~

3.2.1. Erythrocytes -~ Heparinized ORBC ana SRBC were

obtained fresh weekly from Qualicum Laboratories, Ottawa,
and stored at 4°C until required. The RBC were washed
three times in HBSS at 490xG for 10 min at 18°C and

reguspended In M199 to the desired concentration.

3.2.2. Ccmpl ement - The source of C’3 was  an

ambulatory and apparently healthy volunteer. A volume of
this serum was absorbed with.a 0.1 volume of packed‘%RBC
at 4°C overnigﬁt. centrifuged at 490xG for 10 min at’
189C and absorbed once more with ORBC at 379C for 60
min. The absorbed hﬁman serum dfd not agglutinate ORBC

even Iin the undiluted state.

3.2.3. E Indicator ervthrocytes — SRBC were washed

with Hanks three times at 490xG for 10 min at 18°C and
resuspended in RPMI-1640 to the required cell
concentration.

\

3.2.4. EAG Indicator Ervthrocytes - ORBC were washed

three times at 490xG for 10 min at 18°C. One ml'oF a
5% ORBC suspension was mixed with 1 ml of rabbit

antibodies to human 1gG (17200, which fs the maximum

.
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. L\“
subagglutinating concentration) incubated for 1 hr at
379%C oand washed three times with HBSS at 490xG for 10
min at 18°C. The pelleted cells EAG were resuspended

-

fn RPMI-1640 to the desfred cell concentration.

-

3.2.5. EAC Indicator ervthrocytes - One ml of 5% ORBC

were mixed with | ml rabbit antibodies to human IgM
(1/100). The cells were incubated For‘30 min at 37°C,
washed three times in HBSS at 499xG for 10 min at 18°C
and resuspended In | ml of RPMI~1640. - dh§;2L¥E§ humen C
(i/B) was added.. After 30 min of incubatfon, the cells
were-washed three times with HBSS at 490xG for 10 min at

18°C and resuspended in RPMI-1640 to the desired cell

concentration. Nefther the rabbit Igﬁ antiserum nor the

human serum wused as a source of complement, in the
N . ,

concentrations used In the preparation of EAC, were

capable . of independehfly sensitizing the oRrRBC

sufficlently to Impart to them the ability to form

rosettes.

A &

3.2.6. EAM Indicator erythrocytes - Two ml of 27 8C

were was mixed with 2 ml of rabbit antibodies to human
IgM (1764, which {3 the maximum g4 subagglutinating
concentration) and {ncubated for 30 mlpfat 49C. The

cells were Jg;hed three timestwith HBSS at 490xG for 10

min at 189C and resuspended in RPMI-1640 to the desired
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cell concentration.

-
¥

3.2.7. Blood donors - The blood donors were ambulatory
and apparently hgalthy adults (maie and 'Female{ between
the ages of 20-40 who had no recent history of {1lness
‘nor were they taking any medication at the time 6?
bleeding.

1 . ——

3.2.8. Mondhuclear cell separation

The mononuclear cells (MNC) were separated from
whole péripheral blood as origlinaliy described by Boyum
(1968). Heparinized venous blood (50 Unit Heparin/mi
blood) was_dilufed with an equal yolume of M199, lavered
on 10 ml of Ficoll-Hypaque (specific gravity 1.077) a%d
centrifuged at 400xG for 30 wmin '180¢. The
mononué1ear—rich Interphase layer was removed and washed
in HBSS at 314xG for 20 min at 18°C. The pellets were
resuspended in HBSS, pooted and repelleted twice by
.centrifugation-'at 490xG for 10 min at 18°C. Tﬁese
cells were resuspended atla final ratio of 1 ml oF. M199

i10'/. AB per 10 ml of whole' blood. Viabllity was

eonsistently »>98% as determined by trypan blue exclusfion.
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3.2.9. Mitomycin C treatment of mononuclear cells

Mononuclear cells (10 célls per tubé) were
incubated with 75 ug _mitomycin—C at §7QC for 1 hr.
These cells were subsequently washed +three times with ‘
HBSS aE_ 490xG for .Yo'mln at‘18°C to remove residual

‘mltomybln—c and resuspended in culture medium to the

appropr {ate concentration.

3.2.10. Monocvte—depleted mononuclear cell {MNC—MO

and MNC-MO»2) preparation

Monocyte—-depleted MNC were prepared by incubsting
107 MNC with 5 ml of M19%9 contalining 507 autg)ogous
serum and 10 mg of carbonyl fron. Thése cells were
Incubated on a tissue culture rotator for 45 min at
37°C. They were then layered on a Flicoll-Hypaque
Hiscontlnuous gradient (SG 1.077) and centrifuged at
400xG for 30 min at 18°C. - The non—-phagocytic cells
Isolated from the interphase were washed twice in‘HBSS at
490xG for 10 min at 18°C and are referred to as once
depleted mononuclear cells or MNC-MO;. The - MNC-MO,
cells were cultured overnight tn  culture medium aﬁd
subjected to monocyte depletion with carbonyl I{ron as
described above. These twice monbcyte—depleted cells are

referred to as MNC-MO>. Ninety-six to ninety—-elight
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percent of the MNC-MO; cells were Ilymphocytes, as
fdentiFled by differential stalining of the cells for
non-specific esterase (NSE), . whereas >997% of the

MNC-MO, cellis were fdentified as Iymphocytes.

>

3.2.11. Isolation of monocytes

Mononuc lear ce]ls'-‘ (5x106 cells/ml) were
resuspended in warm (37°9C) M199 supplemented with 20%
autologous serum. Aliquots of the célls (100 M1) were
transferred into sterfle 5 m]l Falcon tubes and incubated
for 90 min at 37°C. To maximize monocyte exposure to-
the plastic surFace}oF the tuﬁes. the tubes were gently
shaken every 30 min. The non-adherent cells were
aspirated and the residual adherent monocytes were washed
three times with warm Hi99 at '490xG For‘lo min at 18°C.
Loosely adhgrent cel&s detached during an overnight
Incubation at 37°C in 5% CO5. Thesé loosely adherent
cells were aspirated. The _adherent monocytes were

.1ncubated wléh warm 20 mM Lidocaine solution for 30 min

at 370C with frequent gentle shaking to detach the

monocytes from the surface of the tubes. The monocytes .

from several tubes were pooled and washed with warm H199
at 490xG for 10 min at 189C. Greater than 99% of the
recovered adherent cells were 1dent|FiedQ*EBPpholochaily

as monocytes feollowing staining for NSE (Yam et al 1971)

-
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and by the capacfty of +the <cells to i{ingest latex
particles. The biabillty of the cells was »987 as
determined by the trypan blue dye exclusfon test.

¢

3.2.12. ls'olatlon-o'F T lymphocytes

The isolation of T lymphocyte§ was performed ' by
rosetting with sheep red blcod cells (SRBC).. Méﬁonuc]ear
cells (90x10%® MNC in 10 ml) were mixed with 10 ml1 HBSS
containing 3x10° washed SRBC, incubated for 15 mi§$ at
379°C and centrifuged -at 140xG for 5 mins at 18°C.

The cells were incubafed at 4°C overnight, . gently
resuspended, Iayefed over 15 ml Ficolleypaque, and
centrifuged at 400xG for 40 min 18°C. The non-rosetted
or non-T cells ;t the interphase were {splated and washed
three times in HBSS at 490xG for 10 min at 18°C and
resuspended {n M199 10% AB prior to use. The rosetted T
cells in the pel}et were washed once in saline at 490xG
rf-'or 10 min at 18°cC. The OSRBC adherent to the T

" lymphocytes weYe 1Ilysed with 0.83% buffered ammon;um
chioride (pH 7.2). Ten: ml of -8.83%7 buffered ammonium
chloride (pH 7.2) was added to 10 ml of RBC and Incubated
"at 4°C for 2 min with constant agitation. The reaction
was stopped with 30 ml o# salfne. The T lymphocytes were

washed three times in HBSS and resuspended 1in culture

medium prifor to use. Approximately 98% of these cel]s\?J
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were fdentified as T celhskw*rerosetting wlith SRBC,

3.2.13. Monocyte—-derived culture supernatants

Monocytes (107 cells in 1 ml) were cultured in
M199+10% AB serum 1in the presence'lér absence of PHA
(1/100) for 48 hrs at 37°C and 5% COp. At the end o#
the incubafion, the cells were centrifuged at 1750xG for
10 min at 18%°C. The supernatants were collected and
passea through a sterilel0.22 um Nalgene fiiter. The
monocyte-—derived culture . supernatants were tested

1mmed18tely or frozen at —-20°cC.

3.2.14. T lymphocyte—der?ved culture supernaténté

T lymphocytes (i07 cells in 1 ml) -were cuttured in
monocyte—derived supernatant in the pf?sence- or absence
of PHA (1/100) for 48 hrs at 37°9C and 5% CO». At the
end of the incubation period, the cells were centriFLged
at 2500 rpm for 10 min at 189C. The supernatants were
collected and passed through a sterile 0.22 pm Naygene

filter. The T cell-derived culture supernatants were

tested immediately or frozen at —-20°C.
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3.2.15. Isolation of Tr and non-T; lymphocytes

The Tg lymphocytes were isolated from f
1ymphocytes by incubating 90x106 T cells in 10 m! with
10 ml HBSS containing Sx10? EAG indiéator erythrocyteé.
;Thls cell suspension was i;cubated at 379C for . 15 min
and centrifuged at 140xG for 5 min at 189C. These
cells were gently reSuspended. lavered on 15 ml
Ficoll-Hypague and centrifuged at 400xG for 40 min at
18°C. The nonrosetted (Tg-depleted) T cells were
Isolated from the interface anq.washed three times with
HBSS at 490G for !0 min at 186C. The TG—depléfed T
cells were resuspended to the desired concentration in
culture medium. The Tg'rogétted cells in the pellég
were washed once in HBSS at 490xG for 10 min at 18°C
and the ORBC were lyéed with 0.83% buffered ammonium
- chloride (pH 7.2) for 2 min at 4°C. The Tg cells

N
. )
were washed three times in HBSS at 490xG for 10 min at

’

18°C and the ORBC were Ftysed with 0.837 buffered
ammonium chloride (pH 7.2} for 2 min at 49C. The Tg

" cells were washed three times in HBSS at 4;0xG for 10lmin
at i8°C and resuspendedl_ to the appropriate
concentration in M199 10% AB. The viability of the Tg
cells was >958% as deternvned by the trypan blue dve

exclusion test.
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3.2.16. isolation of Ty and Ty 1ymphocytes

[

The isolatton of Ty and Ty cells wgs " performed by
removing T¢ and Tmic qe}ls from Tg—depleted T cells
by rosettiﬁg}/gaése T cells with EAC fndicator cellg.
Following overnight culture of the Tg-depleted T cells
at 37°9C in M199+207% FCS (3%106 cells tn 3 ml), the
Tg-depleted cells (45x10® cells ,in 5 ml) -VEE?-
incubated with 5 ml of 5x109 EAC indicator erythrocytés
For_ 15 min at 37°C and centrifuged at 140xG for 5 min
at 18°C. The cell mixture was gently resuspended and
layered _over 10 ml of Ficoll-Hypaque and centrifuged at
400xG for 40 min at 189cC. The Tc-depleted (and
Tm+c—depletéd) ﬁells at the interphase, consisting of
Tq and Ty T cells, were washed three times in HBSS at
490xG for 10 min at 18°C and-resuspended to the desired,
"concentration in MI99 10% AB. These cells (10x106
cells 1in 3.ml) were -then incubated w1€T.3 ml of 2x10°
EAM indicatoer erythocytes, éen£riFuged at 314xG for 5 min

at 49C and Incubated on ice at 4°C for a mingpum of

45 'min. The cell mixture was gently resuspended and
layered over 4 ml of Ficoll-Hypadque and centrifuged at
400xG for 30 min at 18°C. The Ty cellis at the -
interface were washed three tﬁmes;in HBSS at 490xG for 10
min at 180C and resuspended to the desfred

L

concentration 1in MI99 10% AB. The Ty pelleted cells
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were washed once in HBSS at 490xG for 10 min at 18°C

" and the OxRBC were ‘lysed with 0.83% buffered ammonium

chioride (pH 7.2) for 2 min at 4°C, The Tm cells
were washed three times with HBSS at 490xG for 10 min at
189C and resuspended to the appropriate concentration
in MI99 0% AB. The viability of the Ty and Ty
cells, as determihed by the trypan blue dye exlusion

. H.:.’%; -
test, was greater than 92%. ..

3.2.17. Isolation of T and Ty lvmphocvtes

.ok

The isolation of “the Tc and Ty cells was
performed by removing Ty and Tuic cells by rosetting
the Tg-—depleted cells with EAM indicatqr erythrocytes.
Following overnight incubation the TG—depieted T cells
at 379C, the Tg-depieted cells (107 cells in 3 m])
were incubsted with 3 ml of 2xi10° EAM indicator
ervthrocytes, centrifuged at 314xG for 5 min at 4°C and
incubated on fce at 4°C for a minimum of 45 min. The
mixture was gently resuspended and lavered over 4 ml of
Ficoll-Hypaque and centrifuged at 400xG for 30 mjn.at

18°©C. The Ty-depleted LeNMNs at the interface,

- consisting of Tc and/Ty T cells, were washed three

times {n HBSS at 490xG for 10 min at 18°9C and
resuspended to the desired concentration in M199 107 AB.

These cells (27x10® celis in 3 ml) were incubated with
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3 m of 5x109 EAC Indicator erythrocytes st 379C for

15 min and centrifuged at 140xG for 5 min at 18CC. The
mixtﬁre was gently resuspended and layeFed over 3 ml of
Ficoli-Hypaque and centrifuged .at 400xG for 30 min at
18°C. The Ty cells at the Interphase were washed
three times with HBSS at 490xG for 10 mtnrat 18°C and
resuspended to the‘appropriate concentration in M199 10%
AB. The pelleted Tc cells were washed once in HBSS at
490%G For 10 min at 18°C and the ORBC were lysed with
0.837 buffered ammonium chloride (pH 7.2) for 2 m}n at
49C. The T cells were washed three times with HBSS

at 490xG for 10 min at 18°C and resuspended in M199 10%
'.‘ The viability of the T¢ and Ty cells, as
determined.by the trypan blue dye exclusion test was

greater than 92%.

o+

3.2.18. T4+ and__ T8+ lyMthcyte depletion

-

!

T cells (5x10® cells/ml) were incubated with 100

Nl of OKT4 or OKT8 monoclonal antfserum (1/20 ditution)

for | hr at 189C. The tubes were aglitated every 15

)

min. Fresh rabbit or guinea pig C’ was added (107 final

concentration) and(:;cubation was continued for 60 min at
i _ o
379C . The cells were washed three times fn HBS5 at

490xG for 10 mim_at 18°C and the viability was

e

'deteﬁmihed by trypan blue dye ekciusion. To assess the
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effecttveness of killing, the residual cells were stained

wifh OKT4 and OKT8 monoclonal antisera, counterstained

with FITC conJjugated anti-mouse 1g, and counted using
fluorescent microscopy. .,
3.2.19. [solation of B tymphocytes .

The B lymphocytes were {solated from non-T cells by
EAC rosette formation. Non-T celis (90x106 cells per
10 ml) were incubated with 10 ml of HBSS containing

5109 EAC indicator erythrocytes for 15 min at 37°C

and centrifuged at 140xG for 5 min at 18°C. The cell
suspension was gently resuspended, layered on 15 ml of
Ficoli-Hypaque and centrifuged at 400xG for 30 min. The

non-rosetting cells (Null cells and monocytes) were
washed threé times fn HBSS at 490xG for 10 min ét“ 189C
and resuspended In culture medium. The pelleted B cells
were washed once fn HBSS at 490xG for 10 min at 180C
and the ORBC were lysed J'nwith 0.8§% buFFéred ammon fum
chloride (pH 7.2) for 2”m1n at 4°C. The B cells were
washed three times 'with HBSS5 at 490xG for 10 min at
18°C and and resuspended to the appropriate
concentration. iTheir viability, as determined by the

trypan blue dye exclusion test was approximately 987.
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3.2.20. Isolation of Null tymphocytes
The Null lymphocytes were Isolated from non-T cells
by EAG "rosette formation. The non-T cells (gpx106

cells in 10 ml) were f{incubated with 10 ml of HBSS
containing 5x102 EAC indicator erythfocytés at 37°C

for 15 min and centriFuged‘at 140%G for 5_min at 1B°C.
The cell suspension was gently resuspended aﬁablayered on
15 mi of Ficoll-Hypagque and céntriFuged éf'400xG for 30
min at 18°C. The non-rosetted celis (B cells and

monocytes) were washed three times in HBSS at 490xG for

10 min at 18°9C and resuspended in M199. The pelieted
Null cells were washed with HBSS at 490xG/ for 10 min at
189C and the ORBC were ‘lysed with 0.8 buffered

ammonium chloride (pH 7.2} for 2 min at 4°C.~ The B

cells were washed three times with HBSS at‘iéOxG for 10
min at 18°C and resuspended to the apprdpriate

concentration. Their‘viability. determined by e trypan

v

bltue dye excilusion tést, was approximately’ 95%.

3.2.21. Antigenic determinants stained Y honoclonal

antisera and detected by immunofluorescence

To stain the cells with monocional antibodies, 5 pi-

of the mohoclonaﬁ antiseruh was added to 1x106 ce\ls in

0.1 ml. The cell suspénsion was incubated {n an
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fce-water bath for 30 min and agitated every 10 min. -The
cglls were washed three times with HBSS at 490xG for 10
min at 4°9C. and The pellet was.gently resuspended to

which- was added 106 Ul of fluorescein-labelled anti-mouse

fmmunoglobulin. Following a further {incubation in an

ice-water bath- for 30 mitn, the cells were washed three

> mxx\v/,with HBSS at 490xG‘For 10 min at‘ 40C, One drop of

-~

mounting medium was added for counting by filuorescent

microscopy, using a Zeitz microscope.-

3.2.22. Assessment of cell viability

The viability of the cells was determined by the

conventional trypan blue dye exclusion test.
»

-

3.2.23. Ingestion of latex particles by |ymphocytes

Latex ' particle' 1n§est10n was .determined by
Incubating 1x106 mohoc?tes in 0.1 ml of culture hedium |
with. 0.1 mi of a 0.017% suspension of Hytex polystyrene
iatex beads (1.099 um - diameter) at 37°C for 30 min.
Two hundred cells were counted and the percentage of
cells fngesting three or‘ more laﬁex particles was

'

ascertained by }ight microscopy.

~
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3.2.24. Non-specific esterase staining

The morphology of monocytes and Iymphocytes was
identified by staining for non-specific ééterase. The
staining reagent was preparea as follows: 10 mi of
distilled water was added to 0.4 g.sodium‘nitfite. i0 mi
of ethvylene glycoi monoethy | etﬁer (EGME) was added to
0.2 é u—naphtyléépetate. 7.5 ml of pararosanilin sclution
was added to 7.5 ml of 4% sodium nitrite solution‘
Fo]lowiqg exactly 1 minjlz ml of EGME solution was added.
Following the addition of 178 ml of PBS a buff colored
precipitate formed and was Fi]téred. The pH was adjusted
to 6.1 wusing HCI or lﬁ NaOH. Afr dried cytocentrifuged
cells were stained Foéi30 min with the above mentioned
reagent. The *slides were washed twice In distilled
water, fFixed in methanol for 60 seconds and dried-in cold
air. The slides wefe counterstained with 17 methyl green

for | min, washed twic& with distilled water and afir
dried at 18°C.
A
Methy! green was prepared as fQllows: 100 ml  of
distilled water was added to 1.4 g sodium acetate and 1.0

g methyl green. The pH was adjusted to 4.2 with Acetic

acid.
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3.2.25. Cell Culture
4 L}
Al

Cells were cultured in vitro in sterile flat—-bottom
microtiter plates consisting of 96 wells (each well has a
capacity of 300 al). The kculture medium was M199
supplemented with decomplemented (56°C, 30 min) human
AB serum (107 final concentration), penficillin (100 U
per ml)>streptomycfn (100 pg per ml). The cells, 5x104
or 2x10° 1n a volume of 200 ul culture medium, were
incubated with the appropriate-phytbmitogen or antigen
(25 pl), respectively. THe plated were covered with
sterile plastic lids and kept in a 5% COp incubator at
3f°C} i?’wenty—ﬂve Ul of tritiated thymidine (Spechic
activity 6.7 uCi/mM) was added to mitogen cultures after

48 hrs of culture and to antigen culture after 120 hrs.

Following another 24 hr Incubation, . the cells were
harvested with a 'cell harvester. The Ffilter discs

containing the cells were placed in scintiilation vials
containing 6 ml of scintillation solution. The extent of
the H3—thymldlne incorporation by the cells was
*

determined by scintillation bounting and recorded as

counts per minute (cpm) per culture.

The results will be presented and discussed below in
terms of the blastogenic responsiveness which is defined

as the percent_ of the blastogenic response of .the
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ﬁsolatqg cells relative to the optima) blastogenic

response of the MNC (which equals 100%R).

R
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4.  RESULTS .

Fach experimental protocol was carried out with the
cells of at Jdeast 15 healthy donors (unfess otherwise
stated). '~ The results presented in the tables are
representative of the results obtained with the celis of

all the donors.

4.1. OPTIMAL CONDITIONS FOR THE IN VITRO BLASTOGENIC

RESPONSE OF THE CIRCULATING MNb TO STIMULATION WITH THE

PHYTOMITOGENS PHA, PWM AND CON-A ‘

Objective

The objective was to establish the optimal
conditions for the phytomitogen-induced blastogenic

responses {n cell cultures In this laboratory.

Protocol

Healthy volunteers were bled by venipuncture. The
MNC were obtalined from the tnterphase of Ficoll-Hypague
separated whole blood as described in Chapter 3.2.8. The

MNC were cultured at varying cell concentrations and for
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‘varyiﬁg perfods of time with varying quantities of the.
phytomitogens as described in Chapter 3.2.25. The cells
were_harvested and the blastogenic responses, as defined
by the degree of incorporation of H3—Thym1d1ne by the

cell cultures {(cpm), were determined as described in

Chapter 3.2.25.

Results

As can be seen in Tabie 1 and Figures [ and 11, the
MNC consistentty generated ‘a .biphasic blastogenic
résponse, with peaks at day 3 and day 5, to all three of
the phytomitogens irrespective of the coqcehtﬁéﬁ&on of
the phytomitogen in the culture. The concentrations of
the phytomitogens in the cultures which induced maximal
blastogenesis (the optimal phytomitogen concentrations)

were PHA 1/100, PWM 1/100 and Con-A 1/1000.

The blastogé%ic responses were consistent\; greater
at day 3 than at day 5 (at-optimal phytomitegen and cell
éoncentratton). 'Since’ at no time was a blastogenic
response generated at day 5 and not at day 3, it was

deéided to 1imit ail subsequent cultures to 3 days.

The relationship between the 3 day blastogenic

response and the MNC cell concentration is presented in
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Figure 111. It can be  seen that optimal blastogenic
responses are given by 5%104, 10x104 and 20x104 MNC

per culture. In.view of the #requent limitations in the
acquisltﬁon of jarge numbers of MNC, it was théref¢re
decided to carry out all subsequent cultures with Sx104
cells per culture. |

-

Discussion

The MNC of alil the healthy volunteers responded
markedly to phytomiteogen stimulation. The blastogeﬁic
responses genérated by the MNC were consistently
bi-phasic with respect to phytomitogen stfmulation in
vitro. Etheridge et at (1980), Bernhard et al (1980),
Maizel et _al (1981), Yen and Lewis (1981), and Millef
(1963) observed optimal phytomitogen—-induced blastogenic
responses at days 3, 4 and 5 of culture. However, these’
investigators have not offered any explanation for this
prolonged optimal blastogenic response. It' has been
suggested that the cells in the circulation are not in
synchrony as to their state of readiness to enter the
mitotic cycle (Sasaki and Norman 1966). The resting
cells (Ggp) would be in second divisl&ﬁ metaphase by day
3 of phytomitogen stimulation. Thus the initial
blastogenic response {s reflected at day 3. The

subsequent Iincorporation of H3—Thymidine reflects the
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stimulation of cells which were not at the resting state
at the iniﬁiation of culturé (Mizel et al 1981, Sasaki
and Norman 1966). In view of the fact that the’
phytbmitogen—tnduced blastogenic responses were

consistently greater on day 3 than on day 5 and since at
no time were responses observed explicitly at day 5 and
not at day 3, it was therefore decided to 1imit ail cell

cultures to 3 days In all subsequent protocols.

o - ¢
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TABLE 1

. THE PHYTOMITOGEN-INDUCED BLASTOGENIC RESPONSE OF THE MNC AS A
FUNCTION OF THE PHYTOMITOGEN CONCENTRATION AND TIME IN CULTURE

Control day 3 day 4 day 5 "day 6 day 7

\ . - cpm . cpm cpm cpim cpm cpm
N ) .
PHA 1/250 398 40382 30978 23543 ~ 22509 20674
17100 . 593 166961 9791} 135082 30982 24536
1/50 287 126862 BZ2614_ 111444 27830 11673
1/25 446 97345 32038 53369 - 24570 7035
1/10 202 APTBT 8658 20227 22094 - 257
PWM '1/250 904 5379 4680 6272 3870 3799
17100 264 69425 25641 52404 7893 20587
1/50 573 69984 25492 50404 9090 19847
1/25 442 64662 24853 42229 . 14256 19802
1/10 696 62984 22463 40767 15613 17825
CON-A ~ 1/2500 893 48357 25727 36353 20162 11038
1/1000 756 104520 51545 B6650 38904 25668
A1/500 732 98810 62756 96916 27831 23429
. " 17250 - 223 3469 1122 2121 7369 5378

.. 1/10 690 1061 1284 1120 4790 - 2435

These cpm reflect cpm due to Con-A precipitation not mitosis.
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L. P M.

FIGURE I. ‘The phytomitogen—-indugced blastogenic response
of MNC as a function of time in culture.
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4.2. THE DEMONSTRATION OF T LYMPHOCYTES AS ' THE SOLE

RESPONDER - CELLS IN THE 3 DAY PHYTOMITOGEN-INDUCED

BLASTOGENIC RESPONSE

Objective

The objective of the Followlng- experiments was ‘to
determine.. the 1dentity of the responder ceill(s) in the 3

;Eﬁ phytomitogen—-induced blastogenic response. -
Protocol

Blood donors were bled by venipuncture. The - MNC
were obtained from. the interphasé of choll—Hypaque
separated whole blood as described in Chapter 3.2.8. Theu
MNC were depleted of T, B or Null Iymphocytes‘\by
rosetting procedures as described In Chapters 3.2.12.,
3.2.19. and 3.2.20., respective!y. The B and Null
lymphocytes werer positively fsolated from the non-T
lymphocyteg by rosetting procéaures with EAC' and EAG
1ndfcator erythrocytes, respectivelyﬂ as described in
Chapterg 3.2.19. and 3.2.20. The B and Null lymphocytes
were also negatively isolated from the non-T whocytes
by thé removal of EAG and EAC roéetting cells,

respectively, as described 1in Chapters 3.2.20. and

3.2.19. The blastogenic responses in the cell cultures
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were assessed as described in Chapter 3.2.25.

Resuits

As can be seen in Téblé 2, only the unfractionated:
MNC _and the T lymphocytes gave marked proiliferative
responses to phytgmifogen stimulation and the - responses
were comparable. Nelther the positively nor the
negatively selected B and the Null lymphocytes' responded
signi?lcantly (Table 2). The MNC-B lymphocytes and the
MNC-Null 1ymphocytes gave highly sfagnificant blastogenic
responses. The blastogenic responses of the MNC-B
lymphocytes were consistently greater than those givem by
“the MNC-Null lymphocytes. The MNC-T lymphocyfes gave°

minimal to insignificant blastogenic responses (fable 2).

Discussion

The results obtained demonstrate that the T
lymphocytes are. the sole responder cells In the 3 day
phytomitogen—-induced blastegenic response since. only
these 'céjls in culture. gave blastogenic resgpnses. None
of thé celi cultures depleted of T lymphocytes generated
significant blastogenic responses in the 3 day

phytomitogen—induced blastogenic response. 0On the other

hand, all of the cell cultures containing T lymphocytes,
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irrespective of the presence of absence of the B and Nul[

lymphocytes, responded.

The blastogenic responses generéted by the MNC-B
lymphocytes were consistently greater than thdse given by
the MNC-Null 1ymphocytes since T lymphocytes were not |
removed by the rosetting procedgres to depiete the MNC o%
B and Null lymphocytes. The explanation for this finding
would not appear obvious. An explanation Ffor - this .
finding 1s . provided by the experiménts in Chapter 4.3.
which demonstrate that monocytes. are essential
*participants in the T lymphocyte blastogenic response.

wance monocytes as well as Null lymphocytes possess the
FcG receptor, it is obviéus that the MNC depleted of Null
i ymphocytes following rosetting with EAG would be
‘depleted of monocytes. as well. On the other hand, the
monocytes would sfill be present in the MNC depleted of B,
lymphocytes‘ Following removal of the B lymphocytes by

rosetting with EAC.

4 -
S

It may therefore be concluded that, within the terms

of réFerence of the culture conditions, only the T

lymphocytes undergo blastogenesis and mitosis following 3

~days in culture with the_convehtional phytomitogens (PHA,
PHH and Con-A) providing monocytes are present in the

cultures. The B and Null lymphocytes do not respond to
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phytomitogen stimulation, efther individually or

cocultured for 3 days.

if
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TABLE 2

THE DEMONSTRATION OF THE T LYMPHOCYTES AS THE PRIMARY RESPONDING
CELLS IN THE 3 DAY BLASTOGENIC RESPONSE TO PHYTOMITOGEN STIMULATION

Cells of donor

-donor 1
MNC(a)
T(b}
B(c)
NULL (d)

NON-T-B(e)

NON-T-NULL (f)

MNC-T{g)
MNC-B(h)
MNC~-NULL (1

donor 2
MNC
T
;]
NULL
NON-T-B
NON-T-NULL
MNC-T
MNC-B <
MNC-NULL

donor 3
MNC
T
B
NULL
NON-T-B
NON-T-NULL
MNC-T
+HNC-B
HNC-NULL

)

a
b
c
d
e

f.‘

e = T (D

A

Control

cpm
312
204
265.
300 '
452
243
521
320
488

948
612
751
554
293
100
200
621
688

739
651
320
301
716
312
300
381
258

MNC
T
BTN

NULL

NON-T~B

NON-T-NULL

‘MNC-T
MNC-B

MNC-NULL

1R

‘PHA. %R(J} PWM %R Con-A
cpm cpm cpm
98824 100 44681 100 91222
81432 82 40411 90 88219
1202 1 821 2 1000
- -1508 2 1214 3 1821
1283 "1 742 2 982
1003 1 465 .1 948
2550 3 1679 4 2013
71428 71 34882 78 68421
56821 57 24130 54 50218 -
98008 100 48572 100 95026
B4216 83 36241 75 90412
1918 - 2 2358 5 2168
1520 2 1458 3 1783
1823 2 938 1 1983
1037 1 892 ] 1563
2334 2 1663 . 3 1977
77131 79 33757 69 72188
41281 42 20190 42 40211
149255 100 57652 100 100789
80789 54 49198 85 79288
1282 1 1146 2 1275 .
1204 1 901 2 1588
1193 1 783 1 1124
942 1 465 l 1043
2025 g 1988 3 2685
78812 53 38121 66 77112
59959 40 21265 37 56579

urfract fonated mononuclear cells
MNC which rosette with SRBC

Non-T cells which rosette with EAC
Non-T cells which rosette with EAG
Non-T cells depleted of B cells
Non-T cells depleted of Nuli cells
MRC depleted of T cells

MNC depleted of B cells

MNC depleted of Null cells

% of the maximum response given

by the unfractionated MNC

*R

10
i

7
5

10

B~

10
7

oo~

0
7
1 .
2
|
1
2
5
5

0

NN —=NMNN

0
9

N o W o= = ) —
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4.3. THE __.DEMONSTRATION OF ~ MONOCYTES AS OBL IGATORY

ACCESSORY CELLS _IN_THE 3- DAY PHYTOMITOGEN-INDUCED T

o :
LYMRHOCYTE BLASTOGENIEC RESPONSE .

Objective

The objective of the following experiments was to
define the role(s), if any, of the monocytes in the

phytomitogen—induced T Iymphocyte blastogenic response,

Protocol

The MNC wefe .obtéined from the interﬁhase' of
Ficoll-Hypaque separated whole blood as described in
Chapter 3.2.8. The T 1lymphocytes were obtalined by
roéétt}ng the MNC with SRBC as described in Chapter
3.2.12. The MNC and T Ilymphocytes were dep]eted of
monocytes once, and twice over a period of 24 hrs, as
described in Chapter 3.2.10. The method for isolating
pure monocytes I{s described fn Chapter 3.2.11. The
T-MOp cells were reconstituted with varying.numbers of
pure (>99%) autologous or allogenelic monocytes so as to

establish a concentration gradient of monocytes from

0.157 to 50% of the cultured :ce}ls. The cglls were

cultured and the blastogenic response determinqd as

described in Chapter 3.2.25.
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“‘Results : .

The blastogenic responses of the MNC-MO; cells . to
phytoﬁitogen stimutation were markedly reduced as
compared to the reéponses ngeh by the unfractionated MNC
while the HﬁC;MOZ cefls gave only .minimaf blastcgenic
responses ‘(Tab]e 3. Similarly, the T Ilymphocytes
'résponaed well to phytomitogeﬁ stimulation; however the
T-MO; cells gave diminished responses t6 phytomitogen
stimulation and the T-MOp gave only insjghiFicant

blastogenic responses (Table 4).

As caﬁ be seen in Tabte 4, neither pure monocytes
nor the T-MO» celis responded 1in culﬁure with
blastogenesis to phytomitogen stimulation. ?owever, the
addition of lautologous monocytes to T—MO!j;ells (to a
final cell concentration of 10%) restored the b]astogeniq
Eespénse to phvytomitogen stimulation. These responses
equalled or exceeded the blastogenic responses of the T
lymphocytes. or MNC not'_gepleted o? monocytes. The
blastogenic response of the T-MO» cells.to phytomitogen
stimulation 'could not be restored by the addition of an

ultrasonicated preparation of monocytes equivalent to a

final monocyte concentration of 207 (Table 4).
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Monocytes in a concentration as fow as 0.6% of the
cultured cells Qere capable of Imparttng to the T-MO>
celis the capacity to g}ve highly significant although
but. still low blastogenic responses to phytomitogen
stimulation (Table 5). However, the addition of
monocytes to T-MOz cells to a final cell concentration
of 2.5% reconstituted blastogenic responsiveness to a
level oF 50% oF- the maximum blastogenic response te

phytomitogen.stimulat1on¢(Teble 5).

There was no eyidenee for a suppresslee rote for the
monocytes 1rrespeetive of their concentration fm the
cultures (Table 5). The}addﬁtfon of autoloéous monocytes
to the T-MOp cells cells to a final concentratfon of
201 or 507 resulted in higher-'blestogen}c responses by
the  T-MO2 cells as compared to the counterpart
.responses of . T lymphocytes_ or ﬁNC not depleted of
monocytes. Therefore, monocytee even n
unphysiologically high coﬁcentrations were unable to
suppress the phytomitogen-induced blastogenic response of

the T lymphocytes.

Autologous and allogeneic monocytes were equatly
capable of facilitating biastogenic responses by the
T-MO, cells. As can be seen in Table 6, T-MOp cells

of all the donors reconstituted with autologous or

4
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allogenelic monocytes (final ce]l concentration 107%.)
responded optimally to phytomitogen stimulation following

3 days In cultﬁre (Table 6).

Discussion !3

The T Iymphdcytes respond with blastogenesis .to
phytomitogen stimulation in vitfo providing a minimum
number of monocytes are‘present in the cultures. The
eliminafion of monocytes twice over a period of 24 hours
did‘qgt have a deleterious effect on the responder T
1ymphocytes since they responded optimally when
reconstituted with pure monocytes which, by themselves,
were - fncapable of responding. There is no evidence of a
suppressive.role #or thT; monocytes as even excé531Ve
numbers oF<imonocytes haQe a stimulatory, and not a
suppressive, effect in the phytomitogeh—induced
blastogenic response. [t 1s essential to stress that
éllogenéic monocytes are’ as effective as autologous
monocytes in the | restoration of blastogenic
respons{veness | to the T lymphocytes in the

phytomitogen-induced blastogenic response.

It may be conciuded that monocyfes are required in
small numbers in the cell cﬁWtures to facilitate optimal

blastogenic reéponses to phytomitogen stimulation.

.
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TABLE 3 /)

THE EFFECT OF MONOCYTE DEPLETION ON THE MNC AND THE T LYMPHOCYTE
YTOMITOGEN-INDUCED BLASTOGENIC RESPONSE

’

-

Control PHA %R PuM TR CON-A %R
Cell of donor
donor 1 cpm cpm cpm cpm -
MNC(a) 374 ‘89263 100 23617 100 71504 100 :
MNC-MO1 (b) 36l 17320 19 3127 13 8463 12
MNC-MOZ2{c) 178 4065 5 1780 8 4459 6
T(d) 514 74569 B4 22289 94 69196 97
T-HO1(e) - B22 36939 41 11192 47 32486 46
T-MO2(f) 609 3842 4 1584. 7 3796 5
donor 2 ’ .
MNC . B55 95791 100 41958 100 89692 100
MNC-MO1 900 .. 26829 28 5197 12 9975 11
HMNC-MO2 - // 283 4075 4 ° 3329 =8 5129 - 6
, T S 751 85696 89 37151 89 78875 88
T-MO1 174 25875 27 7748 18 20376 23 -
T-M02 159 2373 2 1637 4 3775 4
donor 3
MNC 336 88525 100 - 41814 100 84886 100 .
MNC-MO1 768 29003 33 11869 28 17656 21
MNC-MO2 103 4487 5 1269 3 .. 1922 2
T 946 73936 84 36344 87 72391 85
T-MO1 552 43446 49 13253 32 34400 41
T-MO2 413 3047 3 1476 4 2172 © 3
a MNC unfractionated mononuclear cells
b MNC-MOIMNC depieted of monocytes once
c- MNC-MOZMNC depleted of monocytes twice
d T MNC which rosette with SRBC
e T-MO1 T cells depleted of monocytes once
f T-MOZ2 T cells depleted of monocytes twice

~
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TABLE 4 " ' g

THE ROLE OF MONOCYTES IN THE T LYMPHOCYTE BLASTOGENIC
RESPONSE TO PHYTOMITOGEN STIHULATION

: - Control PHA %R PWM %R CON-A %R
Cells of donor . ‘
donor | cpm cpm cpm cpm
MNC(a) 212 138827 100 75648 100 144409 100
T 943 B0BIS 58 51168 68 76411 53
T-MO! (b) 310 51679 37 10681 14 = 41503 29
T-M02(c) 444 11444 8 3300 4 7100 5
HO(d) 244 2489 2 1973 3 2237 2
T-MO2+MO{e) : 185 148852 107 61191 81 122280 85
T~MO2+U(F) 368 9842 7 2689 4 7320 5
donor 2
MNC 295 104028 100 58692 100 93339 100
T : 7151 65696 63 37151 63 68875 74
T~MO! 329 14257 14 6177 11 14712 16
T-M02 812 2882 - 3 1632 3 1844 2
MO . 2lz 280 0 217 0 300 0
T-M02+M0 234 117476 113 60524 103 88527 95
T-MO2+U 298 2534 2 1532 3 1900 2
" donor 3 ,
MNC 574 74569 100 32289 100 69196 100
T 538 42586 57 20530 o4 35489 51
T-MOI 999 12539 17 9846 30 12590 18
~ T-M02 320 1282 -2 1275 4 1126 2
MO 839 2063 3 958 3 1826 3
T-M02+M0 302 64959 87 21265 66 56579 82
T-MOZ2+U 415 1129 2 1049 3 1208 2
a MNC unfractionated mononuclear cells
b T-MO1 T cells depleted of monocytes once
c | .T-MO2 T cells depleted 6f monocytes twice
d MO pure (>99 percent) monocytes
e T-MD2+M0O monocytes added to T-MO2 cells (final conc 101)
4 f T- H02+U ultrasonicate of monocytes (equivalent to 20%)

added to T-MO2 cells
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TABLE 5

THE PHYTOHITOGEN—iNDUCED BLASTOGEN1IC RESPONSE

FUNCTION OF- THE PERCENT MONOCYTES IN CULTURE

- r

Cell of donor Control PHA iR
donor 1 %MO (b) cpm cpm
MNC(a) 26 212 150012 100
T ;4 318 - 95633 64
T-MO2 41 444 ™ 9444 6
MO >99 244 2486 2
T-H02+M0 50 700 184355 123
T=MO2+M0O 20 962 123493 B2
T-M02+M0D 5 348 84797 57
T-M02+M0 2.5 510 71315 48
T-MO2+MO 1.3 310 51679 34
" T-MOZ+MO 0.6 211 . 31197 21
T-M02+M0 0.15 262 10320 7
donor 2
MNC 28 295 144228 100
T 5 245 102084 71
T-MO2 <1 324 8257 . 6
MO. 799 218 2180 2
T-M02+M0 50 234 167476 116
T-M02+M0 20 481 137815 96
T-M02+M0 5 209 95993 67
T-M02+M0 2.5 720 76842 53
T-M02+M0 1.3 298 46409 32
T-M02+M0 0.6 248 27054 19
T-M0Z2+MO 0.15 272 11052 8

a De#fned as in Table 3
‘b percent of monocytes in culture

o«

OF T LYMPHOCYTES AS A

PWM

cpm
75648
48815
3104
1973
75233
26296
12576
11314
10681
2245
1842

77692
43219
2171
301
80524
68182
51909
3432t

R

too
65
4

3
99

35

17
15
‘14
3

2

100
56
3
0
104
88
67
44

9706712

3231
2777

4
4

CON-A

cpm
154109
99841
7134
2237
159602
92106
60023
57980
41503
22230
8350

109332
82691
6112
3290
118527
104028
86253
70054
40648
‘20642
8853

%R

100
65
5

]
104
60
39
38
27
14
5

100
76

108
95
79
64
37

19" -

T



THE CAPACITY OF ALLOGENEIC AND AUTOLOGOUS MONOCYTES TO‘
FACILITATE THE PHYTOMITOGEN-INDUCED BLASTOGENIC RESPONSE

Cells of donor
donor. 1
MNC{a}

T
T-MO2
MO o

donor 2
MNC
T

- J=H02
MO

i

donor 3
MNC
T
T-M0O2
MO

MO + T-MO2
donor  donor

<

I
2 + 1
3

+
[N

+

3
3
7 2 + 3

a Defined_as in %able 3

Control

. cpm
459
218
643
452

446
342
592
231

532
681
857
31z

622
714
357

829
9535
682

988
30!
920

PHA

cpm
97182
78461
6784
423

82825
66250
5031
673

86191
57190
4561
292

86612
64266

" 73182

79218
69842
63913

70067
79028
63671
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TABLE 6

%R

100
8l

100
80

100
66

100
14
B84

100. -
88
81

100
113
91

PWM R

cpm

40171 100

24218 60
4363 1
490 |

32402 100
21535 66
1858 6
336 1

35423 100
20461 58
1909 5
275 l

38642 100
34804 90
34145 88

31988 100
30764 96
37621 118

36587, 100
31518 86
32298 88

CON-A

cpm
95453
73364
6356
407

72132
58115
4671
405

84744
5699
. 3312

297

- 74851
66365
79766

62456
67738
61074

63113
66796
68478

%R

100
71

100
ai

100

67

100
89
107

100
108
98

100
106
109

L
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4.4, THE BLASTOGENIC RESPONSE OF THE T LYMPHOCYTE

SUBCLASSES IN THE 3 DAY PHYTOMITOGEN-1NDUCED BLASTOGENIC

RESPONSE

Objective

) The objective of the following experiments was to
assess t blastogenic responsiveness 6F the -T
lymphocytes In the different T I1ymphocyte subciasses -
TMs Tgr Tgr TNy T4+ and T8+ lymphocytes in the 3

day phytomitogen—-induced blastogenic response.

Protocql

Blood donors were bled by venipuncture. MNC .Qere
obtained F;om the 1nterpHasé of Ficoll-Hypaque separated
whole blood as descEibed' in Chapter 3.2.8. The T
lymphocytes were obtained by rosetting the MNC with SRBC
as described in Chapter 3.2.12. The T - lymphocyte
subclasses defined on the basis of rosetting procedures -
the Ty, Tgs Tc and TN lymphocytes, were isolated
as described in Chapters 3.2.15., 3.2.16. and 3.2.17.
The T4+ and T8+ T iymphocytes wer; isolated by lysis of
T8 cells and T4 cells in the presence of OKT8 and- OKT4

monoclonal antiserum and complement, respectively, as

‘described in Chapter 3.2.18. The methcd for Isoclating
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pare monocytes is described in Chapter 3.2.11. It should
be noteq that monocytes were gdded (to a final cell
concentration of 5%) to the cultures of the T I|ymphocyte
subclasses . to ensure optimal blaétogenic responses. TQe
cells were. cultured and the blastogenic responses

determiﬁed as described in Chapter 3.2.25.

\'\

-

Results - - ‘

The celils in all four T .lymphocyte subglasses
tsolated by rosetting procedures - Ty, Tg» Tc and
TN T lymphocytes, Qave highly s1gnificaht blastogenic
re§ponsés to . pHytomitogen stimulation (Table 7).' The
conéistently best respohders were.the Ty Iymphocytes.
The blastogenic responses by the Tg lymphocytes were.
consistently lower than those given’-‘by the TM
1ymphocytes. The blastogenic responses of the T and
Ty lymphocytes were lower than those given by the Tg |

lymphocytes (Tablie 7).

The T4+ and T8+ T lymphocytes gave  similar
blastogenic responses to phytomitbgen stimuiation (Table

8. -
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Discussion

The Ty, Tg» Ty and Tc lymphocytes generated

marked. blastogenic responses 1in the'phytomitogen—lnduced
bfasfogenic response. Howeveg, the Ty lymphocytes
consistently gave the best responses and the Tg
1ymphocytes consistly‘gave lower blastogenic responses.
- The phytomitogen—-induced blastogenic responses " of the
Tc lymphocytes and the Ty fymphocytes were generally
lower than those given by the Tg lymphocytes. The
b1§stogenic responses to phytohitogeﬂ stimulation
generated ) by the T4+ and T8+ T lymphocytgs were
comparable. Since the T4+ lymphocytes are -presumed to
consist of the helpef cells, as are the Ty lymphocytes,
and ﬁhe- T8+ lymphocytes are presumed to_consist'oF the
suppreésor celis, as are the Tg Ilymphocytes, it 1s
difficult to un&;rstand why the T4+ and the T8+ responded
to the same degree to phytomitogen stimulation whereas
the Ty Iymphocytés gave markedly superior ‘blastogenic
responses té ‘pPhytomitogen stimulation than did the Tg
lymphocytes. Obviously, the T lymphocyte subclasses,
irrespective of the mode of isolation are heterogeneous.
These results findicate . that these twé T lymphocyte
classes, ‘which are considered to exhibit helper and
suppressof activity, respectfvely, nevertheless cannot be

distinduished on the basis of the phytomitogen-induced

—
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blastogenic response.

It must be emphasized that the monocytes were not
the '1imiting cells In any of the blastogenic responses as
all the T lymphocytes subclasses were always cultured

with opt1mal numbers of monocytes. ﬁ

It may be concluded that |ymphocytes in all the T
1ymphocyte subclasses are capable of Tesponding to
varying degrees in the phytomitogen—-induced blastogenic

response. The ™ iymphocytes are the best responders.

t.
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TABLE 7

THE PHYTOMITOGEN-INDUCED BLASTOGENIC RESPONSES
- OF THE T LYMPHOCYTE SUBCLASSES

Cells of donor Control PHA %R PWM TR CON-A
donor 1 cpm cpm cpm cpm
MNC 338 91388 (00 44770 100 112834
T 3i7 65088 71 15104 33 56699
™(a)* 312 91647 100 40188 89 70636
TG(b)* 458 48357 b2 25330 56 36404
TC(c)* 927 . 29776 31 10291 22 26587
TH{d)* 944 29003 31 11347 25 21212
donor 2 :
MNC 616 103152 100 40416 100 101034
T 591 90037 87 25278 62 78974
™ 133 72375 10 16687 41 79872
- TG 107 - 50301 48 12578 31 43012
TC 246 23479 22 12083 29 10450
TN 292 . 66084 64 14752 36 49431
donor 3 '
HNC 739 149255 100 27652 100 140789
T 600" 86206 57 13314 48 84268
™ 735 88548 ,59 22656 81 82743
TG 502 49360 33 7409 26 32245
TC 322 - 42061 28 9362 33 25336
TN 810 27643 18 14522 52 26393
donor 4 ' '
MNC 366 88525 100 24886 100 70814
T 946 73936 83 16344 65 76344
™ 895 74964 84 30634 123 74621
TG 714 47149 53 8408 33 45200
TC 228 29432 33 5413 21 17054
TN 700 36835 41 9608 38 29429

T™ T cells which rosette with EAM

TG T cells which rosette with EAG

TC T cells which rosette with EAC

TN T cells depleted of TG, TM and TC T iymphocytes
All cell preparations were reconstituted with
autologous monocytes to a final concentration of 5%

R

100
50
62
32
23
18

100
18
79
42
10
48

100
59
58
22
17
18

100
107
105
63
24
41
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TABLE 8

THE PHYTOMITOGEN-INDUCED BLASTOGENIC RESPONSES
OF T, T4+ AND T8+ T LYMPHOCYTES

Control PHA %R PWM %R Con-A
Ceils of donor
donor | cpm cpm cpm cpm

MNC(a) 486 70730 100 35822 100 76266
T(a) 412 70095 99 33456 93 67774
Ta+{b)* 628 55081 77 28222 78 . 54382
. Te+(c)* 342 51919 73 26838 74 59673

donor 2
MNC 347 106260 100 57922 100 105995
T 421 106111 99 53194 9| 995061
. T4+ 912 67508 63 20670 35 64285
T8+ 829 66345 62 19292 33 63787

donor 3
MNC 780 99364 100 58031 100 94768
T 255 95164 95 55760 96 87477
T4+ 713 55531 55 29206 50 51138
T8+ 957 55784 56 28211 48 52648

a defined as fn Table |
b T4+ T cells treated with OKT8 and C’
c T8+ T cells treated with OKT4 and C’

Ail cell preparations were reconstituted
with autologous monocytes to a finail
cell concentration of 5%

-

%R

100
88
71
78

100
93
60
60

100
92
53
55
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4.5. THE ROLE OF SOLUBLE MEDIATORS IN THE 3 DAY

PHYTOMI TOGEN-INDUCED BLASTOGENIC RESPONSE

Objective

The objective of the following series of experiments

was to determine the capaciiy of the monocytes, and the

2 upernaﬁants of PHA-stimulated or unstimulated monocytes;
to restore blastogenic responéiveness to T-MO2 cells iIn

' he phytomitogen-induced blastogenic response.

ST

—n

LY

Protocol .

The MNC and T lymphocytes were isolateq as describeéed

in Chapters 3.2.8. and 3.2.12., respectively. The T

~ lymphocytes were depleted of monocykes twice over a 24 hr
periéd as descr ibed }n Chapter 3.2.10. Monocytes
(obtained as descf}bed in Chapter 3.2.11.) were jncubated
in the presence or absence of PHA for 0, 24, 48 and 72
hrs following which they were centrifuged and the

cell—-free supernatants were obtained as described 1in

Chapter 3.2.13. The T-MOy cells were cultured in the

presence of -(1) autologous monocytes (F{nal cel;'
concentration 10%), (11) supernatants from 48 hr
unstimulated monocyte cultures, or (i1i{) supernatants

from 48 hr unstimulated MNC-MO2 cells (MNC depleted of
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monocytes twice) 1n oFder to ascertain the capacity of
the monocyte culture supernatants to restore b1astogen1c
responsiveness to the T-MOz cells in the 3 day

phytomitogen—-{induced blastogenic response.' The celts

were cultured arfd the blastogenic responses determined as

described in Chapter 3.2.25.

Results

As can be seen<'1n Table 9, the T-MO> cells
cultured In the presence of supernatants .From 48 hr
unstimulated autologous MNCJMOZ 'cultures (NMS) gave
insignificant .iblastogen1c responses to phytomitogen
stimulation Foilow!ﬁg 3 days in. culture. In contirast,
the T-MO, cells cultured in the presence of
supernatants obtained from 48 hr unstimulated autologous
monocyte cultures (MS) gave highty significant
b]aétogenic responses. These monocyte~derived
supernatants were, at best, only 56% as effective as

viable autologous monocytes In restoring blastogenic

responsiveness to the T-MOp cells.

Super&étants from cultures of autq]qgous monocytes
and MNC-MOp cells Incubated for 24, 48 or 72 hrs {n the
presence or absence of PHA were compared for their

ability to enhance the blastogenic resbonsiveness of -the

»
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T-MO2 .cglls. Supernatants from 24 hr PHA-stimulated
autologoLs monocyte cutltures (MSP) restored partial
blastogenic responsiveness  to the T-MO; cells whereas
the supernatanfs from 24 hr unstimulated aQtologous
mohocyte cultu}es {(MS) did not (Table 10). The
supernatants from ‘48 hr PHA-st fmulated cultured.
autologous monocytes {MSP) reconstltufed blastcgenic
responsiveness to the T-MO> cells slightiy better than
afd the supernatants from 48 hr unstimulated cultured
autolégous mpnocyfes (MS) (Table 106). Similarly, the 72
hr MSP enhanced the blastogenic responsivaness of T-MOp

cells better than did the 72 hr MS (Table 10). The

supernatants from the 24- hr PWM and Con-A-stimulated

"autologous monocyte cultures were also capable of

restoring blastogenic responsiveness to the T-MOz cells
(Table 11). The supegﬁatantsofrom 24, 48, aﬁd 72 hr
PHA-stimulated MNC-MOp cell cultures (NMS) were.unable
to facilitate the blastogenic responsiveness_ of the
T-MOp cells (Table 10).

Supernatants Frém 48 h% PHA¥stimulated allogeneic

monocyte cultures reconstituted blastogenic

responsiveness to the T-MO, cekls to the same extent as

. did the supernatants from 48 hr PHA-st imulated autologous

monocyte cultures (Table 12).
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The capacity of the monocytes to restore blastogenic
responsiveness to the T-MO> cells decreased as their

incubation in culture Iincreased from :24 to 72 hours

-
——

(Table 13). The addition of 24 hr i{ncubated monocytes
almost totally restored the blastogenic responsiveness to
the f*MOZ cells. Thé 48 hr cultured monocytes wére not

as effeétive and the 72 hr cultured monocytes were even
less effective’ in restoring the blastogenic
responsiveness to the T-MO, cells to phytomitogen

atimulation. In contrast, the . capacity of the
PHA-stimulated (MSP) and unstimulated (MS) monocyte
culture supernatants Increased following 24, 48 and 72

“OF the 48

hrs of culture (Table 13). The eFFeétiveness
énd 72 hour culture supernatants wefe comparablé. As was
observed {n Table 10, only the 24 hr MSP and not the 24
hr MS was effective in restoring btastogenic

responsiveness to the T-MO; cells to phytomitogen

stimulation (Tabie 13).

The capacity of the monocyte culture supernatant to
enhance the blastogenic response of T-MO» celfs to
phytomitogen stimulation diminished with serial dflution
_oﬁ the supernatant. The undfluted MS restored
blastogenic responsiveness to the T-MO; éells to a

degree 50-70% of the optimal response. However, the
|

T-MO2 cells augmented with the ‘MS diluted eve% ten fold
E
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were still capable of. mounting a low but stonificant

blastogenic response (Table 14).

Discussion

Y
L]

The monocytes have been ghown to be obl igatory
'participants in the phytomitogen-induced blastogenic
respﬁnse (Table 6). However, monocytes can be replaced
by supernatants from Qnstimuléted and from PHA, PWM or
Con—-A-stimulated . monocyte cultures. . Supernatants
cbtained from PHA-stimulated or unstimulated autologous
MNC-MO, cells (MNC totally depleted of monocytes)
cu]tured' for 24, 48 or 72 hrs were at no time able to
restore the blaétogenic response to the T-MOp cellé.
on the other hand, supernatants obtained from
unstimulated (48 or 72 hr) or PHA-stimulated (24, 48 or.
72 hr) monocyte cﬁltures were invariably able to restore *®
"blastogenic responsiveness to the T~M0é cells. It s
therefore obvious that monocyte must be present In the
cell cultures An order for '£He blastogenic enhaﬁclng
factors to be secreted. As is_dlscussed fn depth in
Cﬁapter 2.2, it has been demoﬁstrated that at least two
mediators facilitate the phytomitogen—-induced blastogenic
resbonse - IL-1 and IL-2. The monocyte generated'solublel

nediator 1s referred to as IL—1 (Gilifs and Mizel 1981,

Mizel 1982, Gery 1982).. [IL-1 does not support the
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proliferative response of T Iymphocytes direé%l?: it
proyides a éignal for certain T lymphocytes_ to ‘produée
IL-2 (Gillif and Mizel 1981, Palacious 1982). IL-2 has
been shown to faciiitate the mitogen-1induced blastogenic
response and/;o maintain T lymphocytes in a viable state

in long term culture.

-
-,

Although this {nvestigation has not characterized
the med{ator secreted by - the ‘monocytes, it is
neverthefess assumed that the active factor or mediator
fs IL-1, since it can réblace the monocytes in the 3 day -
phytomitogen-induced blastogenic response:

4

Supernatants from 48 hr PHA-stimulated autologous

. and allogeneic monocyte cultures were equally effective

in ﬁestoring the bJlastogenic responsiveness to the T
| ymphocytes in the phytomﬁéogen—indﬁped blastogenic
response. The blastogenic response in the presence of
the monocyte supernatant is, however, always less than
that observed In the presence of autologous or allogeneic
monocytes. These‘résults suggest that factors other than

monocyte—-secreted mediators are essential for the maximum

1

T vmphocyte blastogenic Tresponse and that T

lymPhocyte—monocyte contacﬁ may be required to Faci?itate.

4

maximal blastogenic responsg%.'
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TABLE 9

THE CAPACITY OF SUPERNATANTS-bF 48 HR CULTURES OF UNSTIMULATED
AUTOLOGOUS MONOCYTES AND MNC-MO2 TO RESTORE THE BLASTOGENIC
RESPONSIVENESS TO T-MOZ CELLS

Gontrol
Cells of donor
- donor | cpm
MNC (a) 309
MNC-MOZ2(a) 785
T(a) ‘ 422.
T-MC2(a) 513
MO(a) 185
T—MOZ2+NMS(b) 759
T-MO2+MS5(cC) 565
T-M02+M0(d) 514
donor 2
MNC 218
HMNC-MO2 667
T 192
T-MO2 247
MO 825
T-MO2+NMS 774
T-M02+MS 414
T-M0O2+MO 839
donor 3
MNC L 928
MNC-MO2 357
T 297
T-MO2 312
MO 681
T-MOZ+NMS 965
T-MO2+MS 693
T-MOZ2+MO 84z
a defined as in
b T—-MO2+NMS
o T-MO2+MS
d T-MOZ+MO

PHA = %R PWM %R CON-A 1R

CPin cpm cpm

83803 100 38654 100 72826 100
1964 2 - 1240 3 1758 2

79967 95 36719 95 69950 96
4880 6 2309 6 4476 6
1657 2 1477 4 1907 3
3316 4 1464 4 3809 5

45671 54 19927 52 37270 51

94717 t13 45110 117 85318 117

109788 100 47200 109 73559 100

1705 2 643 2 1943 3
77884 71 36518 77 " 64767 88
8176 1 2415 5 6237 8
1099 1 .980 2 1226 2
2253 2 936 2 1527 2

52865 48 32520 69 47535 65
104940 96 49350 105 71738 98

104909 100 50966 100 82564 100

1316 1 912 2 133! 2
83672 80 22188 44 58799. 7!
7288 7 1697 3 5092 6
3896 4 2611 . 5 3084 4.
4929 5 2154 4 3232 4

52068 50 1621z 32 47424 57
2 108658 104 50563 99 83408 10!

Table 3 — .

T-M0Z cells cultured in supernatants

from 48 hr unstimulated autoicgous

MNC-M0Z cultures

T-M02 celis cuitured in supernatants

from 48 hr unstimulated autologous

monocyte cultures

T-MOZ cells cultured with

autologous monocytes (finai monocyte conc 10%)
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TABLE 10

THE CAPACITY OF SUPERNATANTS OF 24, 48 AND 72 HR CULTURES OF
UNSTIMULATED AND PHA-STIMULATED AUTOLOGOUS MONOCYTES AND MNC-MO2 CELLS
TO RESTORE BLASTOGENIC RESPONSIVENESS TO T-MO2 CELLS '

\ L
Cel 'S of donor Control PHA 1R PWM %R CON-A . %R
donor | " ocpm cpm cpm cpm-
MNC ’ 588 127991 100 69109 100 114658 100
T . S 514 103235 81 . 66250 ©5 105999 92
T-MO2 513 6088 S 2309 3 4476 4
MO 185 1657 1 1477 - 2 1907 2
T-MO2+MO 727 118419 93 64385 93 110296 96
T-MO2+MS{0) (a) 134 1029 1 866 1 872 1
T-MO2+MS (24) (a) 159 5020 4 2340, 3 4949 4
T-MO2+M5(48) (a) 316 75194 59 46118 67 66214 58
T-MO2+MS(72) (a) 422 79967 62 46719 68 67950 59
TZMO2+MSP{0) (b) 825 1099 | 980 | 1226 |
T-MO2+MSP(24) (b) 565 35671 28 9927 14 27270 24
T-MO2+MSP(48) (b) 398 81101 63 55821 81. 70284 61
T-MO2+MSP(72) (b) 309 82803 65 58654 BS 72826 64
T-MO2+NMSP(24) (c) 398 1268 | " 638 | 1335 1
T-MO2¥NMSP(48) (¢) 279 1584 1 672 1 1634 |
T-MO2+NYSP(72)(c) - 170 1882 1 421 1 1765 2 ’
donor 2 :
MNC - 366 116254 100 78364 100 109247 100
T 327 128027 110 77864 99 108609 99
T-MO2 2at 7243 6 2415 3 6238 6
MO 159 2029 . 2 ~1343 . 2 1979 2
T-MO2+MO 429 115329 99 . 75301 96 108083 99
T-MO2+MS(0) 347 1428 1 . 1372 2 .[ 4650 4
T-MO2+MS (24) 681 3896 3 . 2811 4 5084 5
T-MO2+M5(48) 218 69947 60 36018 46 66268 61
T-MO2+MS(72) 693 72068 62 36212 46 67424 62
T~MO2+MSP(0) 520 4080 4 3962 5. 4233 4
T-MO2+MSP(24) 37t . 34068 29 15213 19 25432 23
T~-MO2+MSP(48) 316 72189 62 42981 55 68717 63
T-MO24+MSP(72) 615 73120 63 44418 57 70813 65
T-MO2+NMSP(24) 256 2257 2 962 | 1673 1
T-MO2+NMSP (48) 258 1143 | 469 . | 940 1
T-MO2+NMSP(72) 114 952 1 495 | 931 |

a M5(0), M5(24), MS5(48), MS5(72) represent supernatants of
unstimulated monocytes cultured for 0 min, 24 hrs, 48 hrs
and 72 hrs, respectively

b HSP(0), MSP(24), MSP(48) and MSP(72) constitute supernatants of
PHA-stimulated autologous monocytes cultured
for 0 min, 24 hrs, 48 hrs and 72 hrs, respectively

¢ NMSP(24), NMSP(48) and NMSP(72% constitute supernatants of
PHA-stimulated MNC-MOZ cells cultured for

24 brs, 48 hrs and 72 hrs, respectively
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< " TABLE 11

THE CAPACITY OF SUPERNATANTS OF 24 HR CULTURES QF "UNSTIMULATED AND
PHA, PWM AND CON-A-STIMULATED AUTOLOGOUS MONOCYTES
TO RESTORE BLASTOGENIC RESPONSIVENESS TO T-MO2 CELLS

Control PHA %R PWH %R Con-A %R
Cells of donor
d%mr 1 cpm cpm cpm cpm
NC . 295 104028 100 58692 100 93339 100
T-MO2 324 4257 4 1117 2 4712 5
MO 212 280 0O 215 . 1 300 0
T-MO2+M0O{a) ’ 245 117476 100 60534 100 88527 95-
T-MO2+MS(a) . 255 3791 4 1950 3 2692 3
T-MO2+MSP (b} 970 . 39204 38 1394B 24 35109 38
T-MOZ+MSPW(c) 969 - 27398 26 9834 |7 23698 25
T-HO2+M5C (d) 990 34963 34 10606 18 33547 36
donor 2 . )
MNC 514 94569 100 52289 100 109196 100
T-M02 . 320 2063 2 987 2 1826 17
MO 187 282 0 136 1 420 0
T-M02+MO 498 79301 84 32136 6l 79579 73
T-MO2+MS 377 8903 9 1946 - 4 7008 6
T~-HO2+M5P . 738 ‘41867 44 26681 51 40572 . 4
T-MO2+MSPW 898 30290 32 17325 33 = 29893 27
T-MO2+MSC 994 34038 36 17946 34 31334 29
donor 3 ' ‘
MNC 738 103635 100 52106 100 108090 100
T-MO2 675 1013 ] . 645 1 1379 1
M 206 845 | T 224 725 1
T-MO2+MO 603 100757 97 56303 100 98343 9|
T-MOZ2+MS 651 4873 5 1889 4 3429 3
T-MO2+MSP 740 41345 40 11279 22 40238 37
T-MO2+MSPW 985 2560t 25 9965 19 23260 22
T-M02+MSC 802 30106 30 11281 22 32958 30
a defined as In Table 8
b T-MO2 cells cultured in supernatants from 24 hr
* PHA-stimulated autologous monocyte cultures
c T-MD2 cells cultured in supernatants from 24 hr
PWM-stimulated autologous monocyte cultures
d T-MO2 cetls cultured .in supernatants from 24 hr

Con-A-~stimulated autologous mPnocyte cultures
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TABLE 12

THE CAPACITY OF SUPERNATANTS OF 48 HR CULTURES OF PHA-STIMULATED
"ALLOGENEIC MONOCYTES TO RESTORE BLASTOGENIC RESPONSIVENESS
TO T-MO2 CELLS

Control PHA 2R PWM %R - Con-A
Cells of donor
donor 1 - cpm cpm - cpm cpm
MNC - 248 109788 100 57200 100 105590
T-M02 .240 1976 2 14950 3 1862
MO 159 502 0 343 | 670
donor 2
MNC 297 83672 100 42188 100 88737
T-M02 312 1278 3 1097 3 1093
MO ' 681 896 1 284, 0O 364
dohor 3 .
MNC 728 94206 100 40992 \H00 9077t
T-M02 721 1862 2 919 2 1850
MO 200 . 1201 | 468 | /996
T-MO2+MO(a) - o
1+1 - . 839 104948 96 49457 86 100730
1+2 ~ 671 88121 80 43514 76 87673
1+3 ) 924 85225 78 . 40633 71 83464
2+2 639 70490 84 30966 14 62564
2+1 © 294 71120 85 34298 82 69813
2+3 687 65288 78 29843 71 65970
343 329 81966 87 36385 89 80294
3+ 652 73241 78 32860 80 72946
342 314 75231 80 30738 75 70293
T-MO2+MSP (h) f
1+1 519 42111 38 28904 51 .- 46113
142 : 384 43877 38 23535 41 41608
143 , 563 . 52205 48 27389 48 40286
2+2 928 v 32203 38 16122 38 30424
241 614 22338 27 12594 30 21928
243 314 29894 36 20331 48 26583
343 : 218 32138 34 15925 39 31827
341 498 32901 34 19647 48 29280
3+2 900 28262 30 12299 30 30693

a T-MO2+MO T-M02 cells cultured with monocytes (final
concentration 10%)

b T~MO2+MSP T-MOZ cells cultured in supernatants from
48 hr PHA-stimulated monocyte cultures

96
83
19
71
79
14
88
80
77

44
39
38
34
25
30
35
32
34
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! TABLE 13 ) é

THE RELATIVE CAPACITIES OF UNSTIMULATED AND PHA-STIMULATED MONOCYTE CULTURE
SUPERNATANTS (24, 48 AND 72 HR) AND THE UNSTIMULATED AND PHA-STIMULATED
CULTURED MONOCYTES (24, 48 AND 72 HR) TO RESTORE THE BLASTOGENIC
RESPONSIVENESS TO T-MOZ CELLS

Control PHA TR PWM %R Con-A 1R

Cells of donor
donor | ' cpm cpm cpm cpm
MNC » 309 102800 100 58650 100 102826 100
) T 219 88129 86 34218 58 86531 B4
T~MO2 513 -4881 5. 2314 4 4470 4
MO - : 185 1051 | 1077 2 1068t 1
T-HO2+MO(0) (a) 466 128122 125 64620 110 114871 112
T-MO2+M0O(24) (a) 514 94717 92 55110 94 85318 83
T—H02+H0(48)(8).\H 565 65671 64 39272 67 64270 63
T-MO2+MO(72) (a) 575 38618 138 26851 | 46 36724 36
T-H02+M5(0) (b) 6l2 4918 S 2422 4 4930 5
T-MO2+MS(24) (b) 825 1821 8 " 3621 6 6126 6
T-HO2+M5(48) (b} - 422 79967 178 46719 80 67950 66
T-MO2+M5(72) (b) 410 80121 78 46912 B0 68122 66
T-MOZ2+MO(0){c) 499 105235 102 66260 113 116000 113
T-MO2+M0O{24) (c) 618 96818 94 57143 97 108610 106
T-M02+MO(48) () 412 69991 68 41618 71 68418 67
T-MO2+MO(72) (C) 8l6 44921 44 29919 51 -42988 42
T-MOZ+MSP{0) (d} 1344 4827 5 2866 5 4872 5
T-MO2+MSP(24) (d) 938 38910 38 24981 .43 48226 47
T-MO2+MSP(48) (d) 565 s8iz271 79 46922 80 72692 71
T~-MOZ2+MSP{72) (d) « 422 82967 81 46799 80 79950 78

a unstimulated MO pre-incubated in medium for 0, 24, 48 or 72 hrs
b MS denotes supernatants of MO cultured for 0, 24, 48
or 72 hrs in the absence of PHA :
c MO pre-incubated with PHA for 0, 24, 48 or 72 hrs
d MSP denotes supernatants of MO cultured with PHA
for 4, 48, or 712 hrs,.
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j -
' TABLE 14 j
THE BLASTOGENIC RESPONSE OF T-MO2 CELLS AS A FUNCTION
OF THE DILUTION OF THE MONOCYTE SUPERNATANT ADDED.
Control PHA %R PWM %R Con-A 1R
Cells of donor : o
donor | cpm cpm cpm cpm
MNC(a) . 218 109788 100 57200 100 95559 100
T(a) . 310 84981 77 39181 68 813 85
T-MO2 (a) 247 8176 7 2415 4 6237 7
MO(a) 201 . 918 1 741 1 . 899 1
- T-M02+M0(a) 519 102111 93 51906 91 91614 96
T-MO2+MS(b) undil '~ 192 77884 71 36189 63 64767 68
T-MO2+MS(b) 1/2 417 . 59549 54 24581 43 48214 50
T-MOZ+MS(b) 1/5 444 44416 40 1352t 24 31677 33
T-MOZ2+MS(b) 1/10 . 218 18761 17 7121 12 15230 16
donor 2 )
MNC 397 93672 100 42188 100 88799 100
- T 419 72492 717 24801 59 69519 78
T-MO2 3iz 7218 8 1597 4 5092 6
MO ' . 218 - 1121 I 481 1 770 I
T-MOZ+MO 628 90909 97 38960 92 82564 93
T-MO2+MS undl | 317 50052 53 18525. 44 44114 50
T-~-MO2+MS 1/2 689 42838 46 14246 34 37521 42
T-MO2+MS 1/5 270 30374 32 7133 17 17533 20
T-MO2+M5 1/10 418 13270 14 3912 9 10788 12
‘a Defined as in Table 3 _
N b, MS 48 hr unstimulated monocyte supernatants diluted
\ 2, 5 and 10 fold with culture medium
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4.6. TJHE FAILURE OF B AND NutL LYMPHOCYTES TO GENERATE

SIGNIFICANT BLASTOGENIC RESPONSES T0 PHYTOMI TOGEN

STIMULATION IN THE ABSENCE OR ‘PRESENCE OF MNC-SECRETED

MEDIATORS FOLLOWING 3 DAYS IN CULTURE

Ob jective

The objectivg of this series of experiments was to
determine the responsiveness of non~-T cells (B and Nuli
lymphocytes) to;phytomitogen stimuiation in the absence

or presence of MNC—secﬁeted mediators following 3 days In

culture.

Protocol

The MNC and monocytes were isolated as described in
Chapterg 3.2.8. and 3.2.lI., respectively. The non-T
lyvmphocytes were isolated from the MNC by rosetting with
SRBC as described in_Chaptér 3.2.12. The T, B and Null
1ymphocytes were positively . Isoclated as described 1In
Chapters 3.2.12., - 3.2.i9. and 3.2.20., respectively.
The T lymphocytes were'depleted of monocytes +twice as
descr}bed in Chapter 3.2.10. Unfractionated MNC or pure
monocytes were cultured for 4é hours Iin the absence or.

the presence of PHA as described in Chapter 3.2.11. The

supernatants optéined from these cultures were pipetted
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Into the microtiter wells td which were added non-T
cells.' Mitomycin C treated MNC (MNC,) were prepared as

" described in Chépter 3.2.9. The cells were cultured and
the blastogenic responses determined -as describea 1n

Chapter 3.2.25.

Three and five day cultures were. carried out with

MNC, T-MO2, non-T and‘HNCm celis. Combinations of
'MNC, and T-MOp, MNC, and MNC, MNC, and non-T
cells were '5130 cultured in the presence of the
phytomitqgens in .order tq ascertalin whether soluble
mediators released from the MNCp, In culture could
faciiitate the blastogenic responses of the non-T cells.

The Null and B |ymphocyte cultures (reconstituted with
autologous monocytes to a final cell concentration of
10%) were also fntentionally "econtaminated" with
autologous T lymphocytes at the inftfatfon of the culture

(Final T lymphocyte concentration 1% and 5%).

Results

The T lymphocytes and not the non-T Ilymphocytes
responded to phytomitogen stiﬁulation following 3 and 5
days in culture (Tables 15, 16). The non-T lymphocytes

falled to respond with blastogenesis in the presence of
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{nonocytes {(final monocyte  Concentration 10%) . or
supernatants of 48 hr ufistimulated or PHA-stimutated

monocyte or unfractionated MNC cultures {Table 15). .

The MNCH by themsélves did not undergo
blastogenesis to phytomitogen stimulation as expected,
since Mitomycin C inhibits DNA synthesis. The MNC+MNCp
and the T-MO2+MNC;, responded well following 3 and 5
days 1in culture (Table 16). The non-T cells and the
non-T+MNC,, failed to generate a blastogenic response to
phytomitogen ,stimulaf!on in the presence of MNCr,

following either 3 days or 5 days in culture (Table 16).

The positively isolated B lymphocytes (cultured :in
the absence of other cells or factors) did not respond to
phytomitogen stimulation Foliowlng 3 days in culture
(Table 17). S1m1]ar rééults were observed with the
positively 1solafed Nutl iymphocytes. The addition EQ;
autologous monocytes (final monocyte cohcentration 10%)
to-either the B or Null lymphocytes did not resuit. in the
facilitation of the blastogenic responses by the B or

Nutll 1ymphocytes (Table 17).

Normally .unresponsive B lympﬁocytes appeared to

respond following thelr 1ntentionalmfcontamlnation“ with

small numbers of T lymphocytes (final concentration 1%).
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Similariy, normal ty unresponsive Null {ymphocytes
appeared to respond when intentionally "contaminated"
with‘ small numbers of T lymphocytes (final cqnhcentration
1%2). Significantly greater blastogenic responses w;re
observed when larger numbers of T lvmphocytes were added

to the B and Null lymphocytes (final concentration-—%% T

lymphocytes (Table 17).
Discussion

Optimal plasfogenic responses were observed in
cuitures of MNC+MNC, and T-MO2+MNC, at day 3 and at
day 5 1in culture, thus demonstrating that the MNCp
cells did nét secrete non-specific inhibitory factors
during the culture period. The M&Cm were unresponsive
to phytomitogen.stimulation. The fact that the T-MOp
cell cuttures in the présence of the MNC, gave marked
blastpgenic reéponses upon stimulation ~with the
phytqmiFogens attests to the fact that MNCm.are, in
fact, quite capable of secféting the mediator(s) which
facilitates the blastogenic response. ’Thislmediator must
originate from the monoéytes in the MNC; since the
responding T iymphocytes were totally depleted of
monocytes. .  Although this 1n¢estigation .has not
'characterized the mediator secreted by the monocytes, it
is nevertheless. agsumed that the active factor is IL-1.

In these studies and others the major source of human
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T IL-1 has beenﬂbrude supern@tants from autologous ménocyte
or MNCh, cell cultures stimulated with PHA. which are
known to contain several biolog}cally gctive factors,
inciuding IL—-1 (Gery and Waksman 1972, Maizel et al 1980,
" Palacious 1982, de Vries 1979).

It’is essential to note that neither the B nor the
Null 1ymphocytes culturedrindividually nor in combination
(non-T Tymphocytes) responded to phytomitogen stimulation
following 3 or 5 days of culture in the presence oFx
optimal numbers of autologous monoéytes (fFinal monocyte
céncehtration 10%) or MNC . These results
unequivocal ly demonstrate that the B and Null |ymphocytes
cannot respénd with blaséogenesis gnder condigigns. which
facilitate optimal blastogenic resbon;eé ‘by the T

lymphocytes or unfractionated MNC.

-

As 1s discussed fn Chapters 2.2 and 5.‘_a number of
1nVestlgators have conéluded that B and Null lymphocytes
generate signiFicant albeit min{mal Slastogenicfreéponses
to phytomitogen stimulation. On the.basis oF-the resu[ts
reported in this 1nvestigation whatever responses are
given by the B or Nuil Tymphocytes should be attributed
to residual T Iymphoc?tés since Intentional céntaminatlon
with T.iymphécytes ﬁn as low a concentration ‘as 1% s

sufficient to confer apparent blastogenic respons{veness

to the B and Null lymphocytes.
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~ TABLE 15

THE-FAILURE OF SUPERNATANTS OF UNSTIMULATED AND PHA-STIMULATED
48 HR CULTURES OF UNFRACTIONATED MNC OR MONOCYTES TO

INDUCED A BLASTOGENIC RESPONSE BY THE CIRCULATING

NON-T LYMPHOCYTES FOLLOWING 3 DAYS IN GULTURE

Nt bWt

. Control PHA %R PuM %R Cop-A %R
Cellis of dgnor* . '
donor ] - cpm cpm cpm “cpm
MNC 728 94206 100 60745 100 75773 100
T - 200 85225 90 52953 87 73164 97
Non-T(a) - 796 3854 4 2858 5 3544
Non-T+MNCS{b) 911 3241 3 1286 2 2946
Non-T+MNCSP(c) 962 4698 S 2691 4 3642
Non—-T+MS{d) 246 i966 2 842 1 2041
Non~T+MSP{e) B66 2160 2 1638 3 1988
Non-T+MO({f) 660 3948 4 2766 5 ‘3882
donor 2 -
MNC 728 140981 100 81963 100 125846 100
T 212 104012 74 60351 74 92300 73
Non-T 574 3769 3 2508 3 3472 3
Non-T+MNCS 241 © 2138 2 1142 1 2011 2
Non-T+MNCSP - 468 2920 2 2001 - 2 2844 2
Non-T+MS 7 138] 1962 1 (186 1 . 1821 |
Non-T+MSP 946 2281 2 1348 2 2169 2
Non-T+MO , 443 4053 3 2232 3 3100 2
8 Non=T MNC depleted of T cells . i
b MNCS  supernatants of unstimulated MNG cultured
' for 48 hrs. .
o MNCSP supernatants of PHA-stimulated MNC cultured
for 48 hrs. ' :
d - M5 supernatants of unstimulated MO cultured
. . for -48 hrs. ‘
e MSP  supernatants of PHA-stimulated MO cultured
’ for 48 hrs.

f Non~T+MO non-T cells reconstituted with 10% )
autologous MO (final concentration 10%).
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TABLE 16

THE FAILURE OF MITOMYCIN-C TREATED MONONUCLEAR CELLS TO
CONFER BLASTOGENIC RESPONSIVENESS TO NULL OR B LYMPHOCYTES

Tontrol  PHA © PwM | CON-A

1 day 3 day 5 ‘“day 3 day’5 day 3 day 5 day 3. day 5

donor 1 -“cpm cpm cpm . cpm . cpm cpm cpm cpin
- MNC 588 292 127991 211623 49109_ 56401 114658 156965
MNCm({a) 278 193 307 829 254 147 333 257
T-HO2 667 780 3200 2929 2455 1936 2245 = 2923
NON-T 317 230 5559 7218 1464 2167 1977 6917
NON-T+MNCm 220 328 4712 9004 .1896 3268 2605 6759

MNC+MNCm 301 691 118688 195856 49423 46144 106588 134798
T-MOZ2+MNCm  Bo64 643 89696 76597 41688 43688 83897 81591

donor2 .
MNC 366 676 116254 142465 51364 62746 92471 136790
MNCm . 109 188 150 243 11 102 112 162
T-M02 622 426 6970 33 5117 2029 5972 3527
NON-T 528 342 4091 2966 6982 . 4238 6988
NON-T+MNCm 243 120 3894 2942 7700 3276. 6143
MNC+MNCm 848 147 92090 % 140648 50704 62606 90728 127440
T-MO2+MNCm 829 481 72179 2739 43509 46790 70052 72748
a  MNCm Mitomycin C t:zzébd MNC
b NON-T+MNCm NON-T Teconstituted with MNEm (final concentration 50%)
c MNC+MNCm HNC reconstituted with MNCm (final concentration 50%)
d T-MO2+MN T-M0Z reconstituted with MNCm (final concentration S0%)
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TABLE 17 -

THE CAPACITY OF "CONTAMINATING" T LYMPHOCYTES TO CONFER
BLASTOGENIC RESPONSIVENESS TO B AND NULL LYMPHOCYTES

~ %T(&) Control PHA %R PWM %R CON-A %R
Cells of donor
donor | cpm cpm cpm cpm
MNC 65 211 117539 100 50081 100 106950 100
T 90 489 109328 93 46219 92 100290 93
MO 0 368 986 | 321 1 808 |
Non-T 0 455 1687 1 635 1 1371 1
T+MO 5 298 48212 41 22418 45 45916 43
NonT+T 5 213 23880 20 11824 24 23274 22
Non-T+T 2.5 299 15590 13 7128 14 14141 13
Non-T+T 1 290 . 11831 10 4930 10 9349 9 -
B n 278 290 0 286 1 299 0
B+MO 0 145 3 0 308 1 328 0
B+HO+T 5 298 25880N\.22 13240 26 24555 23
B+MO+T ! 142 11021 9 4924 10 9638 9
NULL 0 178/~ 307 0 255 1 338 0
NULL+MO * 0 243h) 422 0 369 |, 494 0
NULL¥MO+T 5 383 ° 23211 20 10645 21 22050 21
NULL+MO+T | 14 10619 9 4045 8 8996 8
. e
donor 2 ‘ .
MNC 70 588 1279061 100 69218 100 125658 100
T 84 279 100984 79 53236 77 101944 8] -
MO 0 108 1061 1 523 1 966 1
Non-T 0 278 976 1 832 1| 947 1,
T+HO 5 342 67619 Si 30919 45 66618 53
NonT+T 5 230 30559 2 16768 24 29605 24
Non-T+T 2.5 190 25698 20 10423 15 23320 19
Non-T+T 1 482 14532 1 . 7611 11 13798 1}
B 0 139 424 0 390 | 480 0
B+HO 0 323 799 | 474 | 791 1
B+MO+T 5 L 349 29654 23 17211 25 29004 23
B+MO+T I 246 16951 13 7074 10 1453z 12
NULL 0 i53 780 - 1. 453 i 703 |
NULL+MO O 248 799 1 524 I 83z |
NULL+MO+F S 419 26243 21 13274 19 24498 19
NULL+KO+T | 310 12880 10 7282 11 12992 10
a 1T Final concentration of T lymphocytes added

tc 8 final cell concentration oF‘OI. 12 and 54
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-4.7. Tﬁg CAPACITY OF 1L-1, 1L-2 AND BCGF TO FACILITATE

,JHE _ BLASTOGENIC RESPONSES OF THE MNC, T, B AND NULL

LYMPHOCYTES TO PHYTOMITOGEN STIMULATION FOLLOWING 7__DAYS

————

IN_CULTURE
-
Objective

The objective of the following experimenps was to
determiné the blastogenic responses of the MNC, T, _B and
Nul | lymphocytes +to phytomitogen stimulation In  the
presence of IL-1, IL-2 and BCGF following 7 days in

culture. - L

Protoco! ' ~

.

The MNC and monocytes were isolated as described in
Chapters 3.2.8. and 3.2.11., respectively. THe T, B and
Nuil lymphocytes were positively Isolated as describedjln
Chapters 3.2.12., 3.2.19. énd-3.2.20.. respectively.
The T lymphocytes were depleted of monocytes tyice as
described {in Chapter 3.2.10. Supernatants from 48 hr
PHA-stimuiated, monocyte cultures were isclated ag'

“described in Chapter.3.2.f3. Phytomitogens wetre -added at

the 1n1tiation'3hd at day 4 of culture. _Similarly, IL-1,

IL-2 and BCGF were added at the inftiation and at day 4

LN
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o? culture to ascertain the capacity of .these sqluble
factors to facilitate the biastogen{c responses of the
cuitured lyméhocytes to phytomitogen stimulation. The
cellsl were culfured for 7 days and the degree of

blastogenesis determined as described {n Chapter 3.2.25.

" Results -
The MNC responQed well on day 3 to phytomitogen
stimulation; however they responded Insignificantly on

day 7 of culture (Téble 18). They also did not respond

in the presence of iL-1. In contrast, the MNC cuitured

in the presence of phyfomltogens and IL-2 or BCGF
) P T .

proliferated markedly following 7 days 1n culture (Table

18).. Neither IL-2 nor BCGF were capable of inducing

blastogeﬁesis by the MNC in the abseﬁce of the

phytomitogehs.

The T-MOz. cells did not generate a sfignificant
blastoéenic response  to phytomitoggn stfmulatloﬁrin the
presence df IL-1 Following'7,days fn ¢culture (Table 18).
Both IL-2 and BCGF were however capable of-%acllitating
the phytom!togen—-induced blastogenic response of T-MO»

cells following 7 days in culture {Table i8).
o ’ -
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The B lymphocytes 1ike the T-MO, cells falled to
generate a blastogenic response to phytomitogen
stimuiationAFoilowing 7 days in culture In the presence
of IL-1. However, +the B 1ymphocyte§'consistently gave
marked blastogenic respénges when _cultured in the
bresence of PWM and IL-2 or BCGF (Table 18). 1t fis
fmportant to stress that +the B |ymphocytes responded
insignificantly to PHA and Con~A stimulation Foflowlng 7

days of culture irrespective of the presence of IL-2 or

BCGF (Tabie 18) .-

The Null lymphocytes cultured 1in +the presence "of
IL-1, IL-2 or BCGF faiiled to respond to phytomitogen
(PHA, - PWM or Con-A) stimuiation following 7 days in

culture (Table 18).

Discussion

The B Igmphocytgs cultured for 7 dayé—”1g//the
presence of JL-2 }or BCGF gave significant blastogenic
responses to PWM stimulation bué not to PHA and Con-A
st!mu}ation; Pure Null lymphocytés cultured unde:
1dentical conditions fafiled to respond. The MNC and

T-MO, cells ({ncubasted for 7 days, in the presence of

IL-2 or BCGF gave marked blastogenic responses to

k)

stimulation with all three phytomitogens (PHA, PWM and .



3

—~166-
Con-~-A}.

The ocptimal phytomftogen-induced blastogenic
response occurs 3 days and 5 days following stileatiﬁn
(Table 1 and Figure 1). A However, . the blastogenic
responses of the MNC at day 7 of culturé to phytomitogen

stimulation were barely significant even though the

‘phytomitogens and the Interleukins were added at the

inftiation and at day 4 of culture. IL-1 was incapabtle
of resto;Ing the blastogenic responsivenesas of MNC
following 7 days o% culture, However, both exogenous
IL-2 (wh!ch' contains BCGF/BCDF) and BCGF/BCDF (which
contains 1L-2) eFFéctthlQ facilitated the blastogenic
responses of the MNC and T—N02 cells to phytomitogen

stimutation following 7 days 1in culture, It may be

concluded  that the 'T Ilymphocytes. do not generate

sufficient amounts of endogenbus IL-2 in the presence of

it-1 to . facilitate a 7 day phytomitogen-induced

- ¥ !
blastogenic response. Since both MNQ and T-MOp, cells

in the . presence of IL-1 generate' optimal

phytomitogen—1{induced blastoggﬁic responses on day 3 and’

¥

day 5 of culture it must be asked why the celis respond

fnsignificantly only 2 days later. It may be that

‘monocytes lose their!capacity to secrete IL-1 following

the first Few'days of culture and thus the T 1lymphocytes

cease’ to be stimulated to produce endogenous IL-2.
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Conversly, it may be that under the constraints of the
cell culture conditions whichze after all artificial
and unphysiological, %he T lvmphocytes cease to be ablé
to secﬁete endogenous [L-2 gFter the fourth aﬁd fifth day
of culture and require exogenous IL-2 to facilitate the

blastogenic response following 7 days of culture.

Since the commercially obtainéd IL-2 containes BCGF
and BCDF and the commercially obtained BCGF/BCDF
contained IL-2, one cannot conclﬁde from these
experiments whether the responses\oF thé B IympHocytes to

- : ‘ .
PWM stimulation were facilitated by IL-2, BCGF or IL-2
and BCG# acting Synergistﬁcal]y. The induction of B
lymphbcyte prol iferation to PWM stimulation Following-f
days in culture in the pfeseﬁce of IL-2 or BCGF; may, in
fact be dependent on T lymphocytes which are in too low a

®

concentration to Ee detected by SRBC rosette formation or
OKT3 monoclonal antiserum. [t has been shown t@at thg B
lymphocytes must undergq protiferation in vitko before
they transFoFm; into I'g secreting cells. These resulté

demonstrate that B lymphocytes do, indeéd prol iferate in

vitro by.day 7 of culture.

Null lymphocytes cultured {in the presence pF IL-1,
IL-2 or BCGF fafled to respond with blastogenesis to

stimulation with any one of the phytomitogens Fblloylng 7

I
I
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'days of cuiture.
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TABLE 18

THE CAPACITY OF IL-1, 1L-2 AND BCGF TO FACILITATE THE BLASTOGENIC
RESPONSIVENESS OF MNC, T-MO2, B AND NULL LYMPHOCYTES
TO PHYTOMITOGEN STIMULATION FOLLOWING 7 DAYS IN CULTURE

Control PHA %R . PWM %R Con-A 1R

donor 1 S cpm
MNC (a) 451 © 94272 100 - 42062 100 95008 100
e 340 1050 | 1982 2 . 1613 2
MNC+IL-1* 837  -2954 2 2400 2 2749 3

‘MNC+IL-2* 625 75285 70 34075 53 66984 66
MNC+BCGF * 847 45150 42 29197 46 41216 40
T-MO2+IL-1* 748 2561 3 2009 5 2668 3
T-MO2+1L-2" 475 52280 55 22977 55 59235 62
T-MO2+BCGF* 708 38237 4t 25975 62 32979 35

B+IL-1 * 282 1248 1 849 2 1013 ]

B+iL-2 * 173 1990 2 11610 28 1953 2

B+BCGF * 378 1303 1 13218 31 1167 1

NUEL+IL~-1" 130 1050 l 1002 2 1613 2

- NULL+L-2* 281 - 93] 1 466 l 508 1

NULL+BCGF * 648 969 1 349 ] 834 |
donor 2 ' A

HNC 261 92109 100 43616 100 84417 100

A MNC* 259 1354 1 2183 1 1412 2

MNC+I1L-t 253 1629 1 2325 I 1433 2

MNC+IL=-2 - 339 ' 64859 70 35729 75 66253 78
MNC+BCGF 483 61267 66 32453 74 63421 715
T-MO2+IL-1- 485 1650 2 629 1 1316 2
T-MO2+I1L-2 803 57784 63 = 29664 68 58660 69
T-MO2+BCGF 561 46027 95 31916 73 43150 51

© B+IL-1 400 . 1916 2 923 2 1032 1
B+IL-2 512 968 | 14271 33 1009 1
B+BCGF 113 437 1 11916 27 ° 1034 |

NULL+IL-1 - 327 875 I 563 1 738 1

NULL+iL-2 225 440 1} 225 1 791 1

| 412 1 441 1

NULL+BCGF 158 972

a MNC cultured for 3 days
*. MNC cultured for 7 days and IL-1, lL 2 or BCGF
added at the initiatfon and at day 4 of the 7 day culture
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4.8. OPTIMAL CONDITIONS FOR THE IN VITRO BLASTOGENIC

RESPONSES OF THE CIRCULATING MNC TO STIMULATION WITH THE

ANTIGENS (TT, DT, CA AND PPD) AND ALLERGEN (AQE)

Objective

The obJective of the experiments was to establish

the optimal conditions for the antigen and
allergen—-induced blastogenic responses in cell cultures

in this Iabbratoryf

Protocol

, The subjects are all doctors, nurses and

\\ .
technologists employed by the Ottawa Civic Hospital.

They are all between 20-45 years old "and all had been
routinely immunized with Diphtheria _Pertussds Tetanus

‘toxotds (DPT) 6n at least several occations but not In

the preceeding 5 years. .
N N

LS

The non-allergfc and Fagweed - allerglic healthy
voluntegrs were bled by venisyn ture. The MNC were
obtainéd from the interphase of Ficdll-Hypaque separated

whole blood as described in Cha\\er 3.2.8. The MNC- were

™.
cultured at varying cell qoncentrat?bns and for varying

J
;

"periods of time with varying guantities of the antigens

-
%

- 1‘
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or allergen as described in Chapter 3.2.25. ‘The ce]ls

were harvestéd and the b]astogenic response, 3s defined
by the degree of incorporation of H3—Thym1dine by the

cell cultures ‘(cpm), was determined as described in

Chapter 3.2.25.

Results

-

As. can be seen in Figures [V, the MNC generated the
maximum blastogenic responses on day 6 of culture to

antfgenl' and allergen ‘stimulation, The optimal

]

congentrations for the_antigené and a[lergen (Anﬁlgig/ig

PR

which facilitate maximum blastogénic résponses oF.the MNC

foliowing 6 days in culture were found to be as follows:

TT 10 ug/ml, DT 10 ug/ml, CA 20 ug/ml, PPD 50 ug/m! and

'AgE 0.1 ug(mf (Figure VS. The, relationship between the 6
day blastogénic response and-jke MNC cell ~concentration
is presented iq Figurg.VI. It can be séen that optimal
blastogenic responses are giQeﬁ by 20><104 MNC ber

culture.

-
L}

.Discussion

. In spite of the Fg that the MNC were cultured

under optimal  conditions (cell = concentration and

antigen/allergden concentration) insignificant blastogenic

I

”

o
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responses were -detected on day 3 of  culture to antigen
and allergén‘ stimutation, lﬁ' contrast, = the
phytomitogen-induced blastogeh1é respdnéehof MNC .occurs
“as early as day 3 and endbre#_on day 5; however the
responsé s insignificant by day é in culture (F{gure I);
Furthermore, it must be noted that"maximum ‘bfasfogenic
responses ‘obtained FollZQing antjgeﬁ and allergen‘is much
lower than  that _génefated Follbwing phytomitpgen
stimulation. This is expected since the antigen binds to
antigen receeﬁgﬁs‘which have lgeneticéjly predetermined
ant;gen speéiFiqit} thereby stimulating these cel]é and
stimulateslthe antigen—spechic memory ce!ls' which are
the praogeny qF \previousi§ committead éntibody—Forming
cells (Schwartz 1985).  On fﬁé" - other ha;&, the
phytomitogens are polyclonal stimulant; ‘capabfé‘ of
stimulating randomi? atl of fhe ‘ﬁymphocyteé capable of
proli#erating ‘ when aﬁpropriately stimulated. This'
interpretation is supported by the fact that Ffar fewer
humbers of ‘cells are’ necessary to facilitate maximum
blastogenic responsivenessl to phytomitogen stimulation
than are required for éhe éaximum blastogenic response to
antfgen and atiergen stimulation. Obviously therelare
more cells capable of responding to the phyfomitogens

*

than to any one of the antigens in the cultured MNC.

R
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It is not'at all understood as to why thel responée.
to phytomitogeq stimu]aéion is more rapid than it is to
antige .stimu}ation. Sué%ice it to say that th¢ results
are' r produéib]e and have béen verified by nu%g}ogs
iﬁvestigatérs (reviewed by LIs and Sharon 1981, Goidétéin
and Hayes 1978, ‘Ashman’ and Raff 1973, Miller et al 1975,

Udey and Parker 1981).

. -
-

- Q Ve
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4.9, THE IDENTIFICATION OF THE RESPONDER CELLS IN THE 6

DAY_ANTIGEN AND;ALLERGEN—INDUCQQ BLASTOGENIC RESPONSES

Ob lective

The objective of the following experiments was to
determine the idehtity-of the responder cell(s) in the 6

day antigen and allergen-induced blastogenic responses.

4

Protocol

The subjects used in this part of the investigation
were defined in Chapter 4.8. The non-allergic and

allergic volunteers were bled_by venipuncture. MNC were

obtalined from the interphase of Ficoll-Hypaque separated'

" whole blood as described in Chapter 3.2.8. The MNC were
depleted of T. B or Nulf lymphocytes by rosetting
procedures as described in Chapters 3.2.12., 3.2.19. and
3.2.20., respectively. The T, B or Null lymphocyte; were
positively !solated as described 1n- Chapters 3.2.12.,
3.2.19. and 3.2.20., respectively. The lymphocytes of
normal non-allergic and allergic individuals were tested

for their blastogenic responsiveness to stimulation with

conventional -antigens (TT, DT, PPD, CA) and to an

)«
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allergen Antigen E (AgE) derived from ragweed pollien.
The cells were cultured for 6 days and the degree of

blastogenesis was determined as described in Chapter

3.2.25.

Results

Insofar psithe non—-allergic Qolunteers are concerned
only the unfractionated MNC and T lymphocytes gave marked
proliferative respoﬁses to the antigens (Table 19). The
MNC—T lymphoqyﬁés. B lymphocytes and the Null lymphocytes
gave Insignificant b]astogeﬁic responses n the presence
of the antigens‘(Table 19). The HMNC-B lymphocytés andﬁ
the MNC—~-Null jymphbcytes gave marked blastogenic
responses. The blastogenic responses of the MNC-B
lymphocytes were conslistentiy greaﬁer than those given by
the  MNC-Null lymphocytes. Not surprisingly, the
1yvmphocytes of the.non—a11e}gic'donors did not respond to

stimulation with AgE (Table 19)..

The MNC and T lymphocytes of the ragweed allergic
donors}-responded vigorously to AgE 'and to éll of the
antigens (Table 20). As. with the cells of the
non~allefgicilnd1viaua1s nelther the HNC—T lymphocytes, B
lymphocytgs nor +the Null I1lymphocytes of the ragweed

. L) .
- 4
allergic donors gave marked blastogenic responses in the

5

£
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presence of the'antigens and the allergen (Table 20).
Furthermore the blastogenic responses of the MNC-B
lymphocytes were consistently greater than those given by

the MNC-Null lymphocytes.
Discussion

The clirculating T Ilymphocytes (non-ailergic and

allergic) are the sole circulating lymphocytes which

respond with‘blastogenesis and mitosis to antiggn and
a}lergen. stimulation (in the presence  of éutologous
monocytes) following 6 days iﬁ culture since neither the
B nor the Nuli lymphocytes respopd to antigen stimulation
(under these culture conditions). . As expected, bnly the
circq}ating T lymphocytes Kin the presencé-oF' autolocgous
monocyteij of ragweed - a]lérgic _individuals undergo
blastogenesis upon the allergen stimulation . following 6

days in culture. - . -

The antigen and _ aliergen—induced ) bliastogenic
responses generated by the MNC-B Ilymphocytes were
consistently greater than those given by the MNC-=Null
lymphocytes. An explanation for this finding is provided
by the experiments in Chaﬁter 4;10. which diyonstrated

that monocytes are essential participants in the T .
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A
. 1ymphocyte blastogenic resﬁgnse. Sthe{mgnocytes és well
_ as’ Null lymphocytes possess FcG r;ceptorst' the MNC—Nulf
{ymphocytes wouid be depleted of both moqocytes and NU|L
1ymphoby£¢s following the remdvgl of the Null lymphocytes
from the MNC by fpsett1né with EAG. Therefore, the
remaining MNC-Null Jlymphocytes will be deficient 1in
monoccytes following rosetting Awith EAG and not respond
weil to antigenic étimulation. on tﬁe other hand, the
MNC-B lymphbcytes will retéin the monocytes and respond
well to antigen stimulat{on. These results are simllar
to~ those obtained in Chapter .4.3. where it was
demonstrated‘ that phytomitogen—inducedr blastogenic
responses generated by the MNC-B lvymphocytes were ———
consistently greater than those given by thé MNC—-Nul1l

. lymphocytes.

It may ge therefore concludéﬁ that, within the terms
of referende of . the cultufe conditions, only the T
jymphocytes undergo blagtogénesis and mitosis following 67
days in culture with fhe antigens (TT, DT, CA and PPD) ,
and allergen (AgkE) in the case oF\tbe MNC from altergic
individuals providing ﬁonocytes are present in the
cultures. The B and Null lymphocytes do not respond to
antigen and allergen stimulétion efther individually or

if cocultured for 6 days.
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Nevertheless, a major concern is that circuating T
lymphocytes and not circulafing B lymphocytes-are the -
sole clircuiating lymphocytes which respond to antigen and
allergen stimulation providing a minimal number of
mondcytes are present in the cultures. This consistently
observed! result is rather surprising since antigens 1ike
TT and DT are presumed to induce an antibody and not a.
celi-mediated response. Similarly, allergens are khéwn
to induce an Igt ant ibody response . and not a
cel i—-mediated response. Thus, one might anticfpate that
circulating 8 (memory) lymphocytes would respﬁnse and not
the circulat}ﬁg T lymphocytes. This question is

addressed in depth in the General Discussion (Chaptef 5).

.
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4.10. THE DEMONSTRATION OQF MONOCYIES AS OBL I GATORY

“ACCESSORY CELLS IN THE 6 DAY ANTIGEN AND ALLERGEN-INDUCED

. o

BLASTOGENIC RESPONSES

Objective

The objective of the foliowing experiments was to
define the role(s), if any, of the monocyte in. the

’
antigen and allergen-induced blastogenic responses.

-3

Protocol

The subjecfs used in this part of the Investigation
were defined in Chapter 4.8. - The MNC'were obtained from
the interphase of Flcdll-HQpaque separated whole blood as
described in Chapter 3.2.8. The T Jymphocytes were
obtained by rosetting the MNC with SRBC as described In
Chapter 3.2.12.. The MNC and T lymphocytes were depleted
of monocytes, once and twice over a period of 24 hrs}f as
described in Chapter.3.2.10. The method for Isolating
pure monocytes Is deséribed\'iq Chaptér 3.2.11. The
T-MO»> cells were cultured with(;éﬁying numbers of pure
{(>997%) autologdus and allogeneic"monocytes so as to
establish a concentration gradient of monocytes from 1%

to' 50% of the cultured cells. The 1ymphocytes from

normal non—alle?g1c and allergic individuals were assayed



A
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1
i

for their blastogenic responsiveness to stimulation with
the antigens TT, DT, PPD and CA and the allergen AgE.
The cells were cultured and the blastogenic responses

were determined as described fn Chapter 3.2.25. -

Resu'ts
As can be seen in‘:TéBTes 21 and 22, the
unfractionated MNC and the T 1ymphocytes from
non-allergic and allergic individuals responded well to

antigen stimulation. Neither the cultured pure monocytes
nor  the T-MO> cells responded with significant
blastogenesis to antigen stimulation; however the
addition oF‘ autologous monocytes to cultures of T-MO»,
celis (final monocyte concentration 15%) restored ‘the
antigen-induced . bfastogenic responses of the T
lymphocytes (Table 21). These responses equalled or
exceeded the blastogenic responses of the MNC or thg T <
lymphocytes not depleted of monocvtes. ~As demonstrated
in Table 22 the unfractionated MNC and the T Iymphocytes,

but not the T-MO; ceils from ragweed allergic
—— \

individuals responded significantiy " to AgE stimulation.

Autologous monocytes {n as low a concentration as 1%

of the cultured cells were capable of imparting to the



\\ : 41654

T-MO» cells the céggéityhrto give highly significant

albeit low blastogenic responses to antigen ‘st{mulation.
However, the addition of autologoﬁs monocytes to };,02
cells to a final cell concentration of 15% of the
cultured cells totally_ restored fhe blastogénic
reépons!veness to the ‘,T lymphocytés to antigen
stimulation (Table 23). It would therefore appear that
minimal numbers 6F "contaminating" monocyteé are.
effective  in facilitating the \ 4 ’ lymphocyte

-

antigen-induced blastogenic response.

Autologous monocytes did not suppress the
antigen—1nducedn_blastogen}c resﬁonse even when édded to
T;MQZ cells in large numbers . In the presence of an
equal number of monocytes (50% of -the culitured cells},
the T-MOy cells gave blastogenic responses which were

equal or .greater than those given by the unfractionated

MNC and the T lymphocytes (Table 23).

11logeneic monocytes (Irrespective of thelr numbers)
added to the cultures of the T-MOp cells falled 'to

facilitate sjgnificant blastogenic responses by the Tfﬁaé
cells to antigen stimulation although they invariably

reconstituted the blastogenic responsivenegs of the

T-MO, cells to PHA stimulation (Table Z4).
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Discuss(:n ) ot

L

The T”lymphocytes respond with bléstogenesis and

-

mitosis 'to antigeﬁ and allergen {st!mulation In vitro
providing a minimal number of autalogous monocytes are

present In the cultures. The elimination of monocytes on

éwo-separate occasions over a 24 hour period did not have

r~ . .
a deleterious effect on the responder T lymphocytes since

’

they responded optimally when reconstiﬁuted with pure

autologous monocytes, X ﬁhtch, by themselves, were

—5\_4_;_

incapable of respondinﬁ? to antigen and allergen.

stimuiation. 'Futhermore. excessfive numbers of monocytes
have a stimulatory, and not a suppressive, effect in the
antigen and allergen—induceq bléstogenic responses.
| /

. ' ( ) . . :

It i1s Important to note that-only the addition of
autologous monocyfes' to cultures of T-MOp cells can
effectively restore the blastogenic responsiveness of the
T - lymphocytes in the antigen-induced blastogenic

respdnse. The additfon of allogeneic monocytes falled to

restore the antigen-induced blastdgenic responsfvenESS'ﬁa

the T-MO, cells although they could very effectively

restore the phytomitogen—-induced blastogenic response.

1t may be concluded that autologous monocytes are

required 1n small numbers in the MNC or the T lymphocyte

¥
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cultures to facilttate optimal blastogenic responses to
‘antigen and allergen stimulgtion. Allogeneic monoé}tes
(irrespective of their numbers) addeﬁz- to cultures
containing T—MOzv'cells do not restore the blgstogenic
responses to antigen and allergen stimulation foVlowing 6

I

days in culture.

»-
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4.11. THE BLASTOGENIC RESPONSES OF THE T LYMPHOCYTE

SUBCLASSES .TO ANTIGEN AND ALLERGEN STIMULATION FOLLOWING

6 DAYS IN CULTURE

ObjJjective

<

™~ . ’ : .
\ . . Vs
" The oblective of the following experiments was to

assess the blastogenic responsiveness of the T 1ymphocyte
subclasses -~ Tms» TGe Teo TNy T4+ and T8+ -
lymphocytes In the 6 day antigen and allergen-induced

blastogenic response.

Protocol

The stjects used in this part of the investigation
have been defined in Chapter 4.8. The non-allergic and "
allergic. volunteers were bled by venipuncture. The MNC
kere obtained ,From the interphase of Ficoll-Hypaque
separated whole blood as described in Chapter 3.2.8. The
T lymphocytes were obtained by rosetting the?/hNC with
SRBC és described in Chapter 3.2.12. The T 1ymphocyte
subclasses defined on the basis of rosetting with the
EAM, EAG and EAC indicator erythrocytes - Ty, Tg»
Tc and Ty T lymphocytes, were isolated as described
In Chapters 3.2.15., 3.2.16. and 3.2.17., respectively.

The T4+ and T8+ T lymphocytes-were isclated by 1ysi§ of

~

RN
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78+ i{ymphocytes and T4+ l&mphocytes in the presence oF

OKT8 and OKT4 monoclonal antiserum and comp l ement,

" respectively, as described in Chapter 3.2.18.

- J

Monocytes were iso]a;ed as descrlbed In Chapter
3.2.11. [t should be noteq that the final concentratjon
of monocytes was adjusted to 10% of the cultured cells fo_
ensure the presence of sufficient: numbers of monocytes’

for optimal blastogenic responses.

The T lymphocyte subclasses of norﬁal nonsa{yergic
and allergic individuals were assaved for thelr
blastogenic responses toe stimuiation with conventional
antigens (TT, DT, PPD, CA) and to an allergen AgE. The
cells were cultured for 6 days and the biastogenic

responses were determined as described in Chapter 3.2.25.

2

' Results

-
All four T Jlymphocyte subclasses isolated by
roéetting prodegures ( TMm TG Tcend TNy T
lymphocytes), of the non-allerglc and alﬁergic
fndividuals gave highly significant blastogenic responses
to antigen stimutation (Tables 25, 26}. Furthermore, all
four of the T Ilymphocyte subclasses bf the allerglc

individuals responded to allergen-AgE stimulation (Table



L)

/

L\ —195~

N
N
26). The consistently best ressgﬁdgrg_ were the Ty
1 ymphocytes. The blastogenic responség/;by the Tg
jya;hocytes were consistently lower thén those generated
by (the Ty lymphocytes.. The T¢ and the TN
lymphocytes consistentiy gave much lower blastogenic

b

responses than the Tg 1ymphocytes (Tables 25, 26).

The T4+ and the T8+ T lymphocytes generated similar
blastogenic responses to stimulation with all the

antigens and allergen used {(Tables 27, 28).
Discussion

The Tgy TMey TNy and T T lymphocytes from
non-allergic and allergic individuals are all capable of
generating significant blastogenic responses to antigen
stimulation. The Tpm Ilymphocytes consistently gave
better ;esponses than did the Tg lymphocytes with all
the antigens and allergen tested while the T¢ and thé
TN lymphocytes consistently gave poorer blastogenic
responses. The question why the TM lymphocytes are the

o

best responders to antigen stimulation is addressed in

Chapter 5.

The blastogenic responses gene;ited by the T4+ and

fon were comparable.
B

A,

T8+ T l&yphocytes to antigen stimul

£3
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Since the T4+ lymphocytes are présumed to consiat of the
heiper cells, as are the Ty lymphocytes, and the T8+

lymphocytes are presumed to consist 6? the suppressor
cells,‘ as are the Tg lymphocytes, 1t is difficult to

understand why the T4+ and the T8+ lymphocytes responded
to the same degree to antigen and allergen stimulation
whereas the Ty lymphocytes gave markedly superior

blastogenic responses to antfgen and alliergen stimulatioh
than d]d the Tg lymphocytes. Obviously, the T
lymphocyte subclasseé, irrespective of the mode OF-thelr
isolation areuheterogeneoué. These resuits indicaterthat
these two T lyTphocyte classes, which are considerqd. to
exhibit helper and suppressor activity, respectively,

., nevertheless cannot bEjdistinquished on the basis of the

antigen and allergen-induced blastogenic responses.

it must be emphasized that the monocytes were not

the limiting cells in any of the blastogenic responses as

a]] the T 1lymphocytes subclasses were always cultured
with optimal numbers of monocytes. \
1t may be concluded that lymphocytes in all the T

lymphocyte subclasses are capable of responding to
varying degrees in the antlgeh_ and allergen-induced
blastogenic response. The Ty lymphocytes are the best

responders.
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4.12. THE _CAPACITY OF SUPERNATANTS OF PHA AND

TT-STIMULATED MONOCYTES (IL—1) TO RESTORE THE 6 DAY

ANTIGEN-INDUCED BLASTOGENIC RESPONSES TO_ THE __T—MQO»

LYMPHOCYTES

Ob jective

The bbJective of the Following series of experiments
was to determine the capacity of autologous monccytes and
the supernatants From_PHA or TT—-stimuliated autologous and

allogeneiq monocyte cultures to restore the blastogenic

responsiveness of T-MOo, cells to antigen 3timulation;f'

Protocol

The subjeéts used In this part of the I{nvestigation
have been defined in Chaptgr 4.8. The MNC were obtélnpd
from the Interphase of Ficoll-Hypaque separated whole
blood as described in Chapter 3.2.8. The T lymphocytes
were obtalned by rosetting the MNC wi@h SRBC asldescribed
In Chapter 3.2.12. The T lymphocytes were depleted of

monocytes twice as described in Chapter 3.2.10.

Monocytes were obtained as described in Chapter 3.2.11.

and were fincubated 1{in the presence of PHA_or TT for 48

hours as described in Chapter 3.2.13.
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: The T-MO> cells were reconstituted with autologous

mpnocytes (Final concentration 1%) and/or chi-fFree
monocyfe culture supernatants fo ascertain the capacity
of the supernataﬁts to facilitate the blastogenic
response by the T lymphocytes. The T lymphocytes were
cultured in the presence of the antidens TT, DT, PPD and
CA for 6 days and the blastogenic ‘response was determined

as described in Chapter 3.2.25.

Results

Supefhatants from 48 hr PHA-stimulated and
TT—stimulatedl cultures of 'allogenelc .monocytes were -
compafed for their ability to enhance the blastogenic
responstveness of the T-MOz cells. Supernatants
obtalined from 48 hr PHA-stimulated allééeneic monocyte
cultures (MSP) restored the blastogenic responsiveness of
the T-MO; cells to PHA stimulation but failed to
restore # the blastogenic responsiveness to antigenic
stimulatioq to any significant degree (Table 28).
Similarly, supernatants obtained from 48 hr TT-stimulated
cultures of allogeneic monocytes (MST) restored ‘the
blastogenic responsiveness of T-MO; cellis to PHA
stimulation but falled to restore the blastogenic

responsiveness to antigenic stimulation (Tabie 28). The

MSP and MST restored the blastogenic responsiveness of
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the T-MOp cells to antigen stimulation only when
threshold concentration of autologous monocytes {@Final
monocyte concentration of I%). were added to the T

1ymphocyte cuitures.

Discussion

Autologous monocytes have  been shown to be
‘'obl tgatory participants in the antigen and
allergen—induced_ blastogenic responses. Supernatants
from 48 hour PHA-stimulated o} TT—stimulated autélogous
and allogeneic monocyte cultures were efﬁgctive in
restoring . the biastogenfc responsiveness to the T
lyvmphocytes only in the presence 6? threshoid numpers of
autologous‘ monocytes in the antigen—-induced bilastogenlic
response. [t 1s the:;Fore necessary to assume that the
blastogenic responses of the T lymphocytes to antigenic
stimulation require direct contact w1tﬁ‘mggoéytes. These
results should be contrasted with those obtained in
Tables 10-12 which \demonstrated that monocyte culture
superﬁatants were effective In restoring the T lymphocyte
blastogenjc response to phytomitogen stimulation 1in the

absence of Iintact monocytes. This matter is further

. elaborated on in the General Discussion (phapter 5.).
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4.13. _THE CAPACITY OF IL-1, IL-2 AND BCGF TO FACILITATE

THE BLASTOGENIC RESPONSIVENESS OF THE T, B AND__ NULL

. LYMPHOCYTES TO__ANTIGEN STIMULATION FOLLOWING 6 DAYS IN

CULTURE
Oblective ) ///*

The objective of the followihg experiments was to
determine the blastogenic resﬁonsiveness of MNC, T, B and
Null lymphocytes to antigen‘stimulatlon Iin the presence

of 1L-1, IL~2 and BCGF following 6 days In cu);ure.

Protocol

The subjects u§gq;1n this part o#,the investigation
have been defined in Chapter 4.8. The MNC and monocytes
were 7isolated as described 1in Chapters 3.2.8. and
3.2.11., respectively. The T, B and Null lymphocytes
were positively {Isolated as described in  Chapters
3.2.12., - 3.2.19. and 3.2.20., respectively. T
‘lymphocytes'were depleted of monocytes twice as described
in Chapter 3.2.10. Supernatants from 48 hr
PHA-stimulated mo&ocyte cultures were ‘prepared as

described In Chapter 3.2.13. and is referred to as IL-1.

F‘\
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The antigens (TT, DT, PPD and CA) were added with or
without the lnterlykins (-1, .IL—2 or BCGF) to the
lymphocytes at théﬁinitiation of culture to ascertain the
capagity of the Interiukins to Facilitate;the‘b}aétogenic

respense of the T, 8 and Null lymphocytes to antigen

stimulatié‘g'-(pTT, DT, PPD and CA) following ©& days in.

culture. The degree of blastogenesis was determined as
described in Chapter 3.2.25. 4
Resuits
The T-MOz cells, 1{n the absence of monocytes, did

not generate a significant blastogenic response to
antigen stimulation foliowing 6 days in culture (Table
29). The addition of IL-1, IL~-2 or BCGF did not exert
any additional stimulatory effect. However, the additioﬁ
of threshold numbers of autologous monocytes (final
mdnocyte concentration 1%) to the T-MO, celis cultured
fn the presence of IL-1, I1L-2 or BCGF, now gave
“sfgnificant blastogenic responses to antigen stimulation
following 6 days fn culture. Nelither IL-1, IL-2 nor BCGF
fn the absence of antigens were capable of Iinguc

blastogenesis of the cells (Table 29).

Neither the B nor the Null lymbhocytes, in <the

presence of monocytes and in the presence of IiL-t, I1L-2
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or BCGF were capable of generating a blastogenic résponse
?o antigen stimuliation following 6 days in culture (Table\\\‘"“ﬁ—\

29).
Discussion

As was discussed in Chapter 2.2.2., IL-l Is secreted
by monocytes whereas [L-2 and BCGF are secreted by T
iymphocytes in the presence of monocyteé ;r IL-1. Hente.
IL-2/ will not be secreted in the absence of monocytes or
preformed IL-1. iL-2 is required for the long term
blastogenic response of T lymphocytes.
>
The absence of biastogenic response by the‘ B and
Nuil lymphocy g? in the presénce' of the antigen may
therefore be attfibuted to the absence of }L42 or IL-2
secreting T Iymphocyﬁes. However, since neither the B
nor the Null lvymphocytes generatea blastogenic responses
in the presence of .antigqg ‘and iL-2 or BCGF, 1t is
obvious that the cells do not, in fact, possess the
capacity to respond under the culture conditions utilized
in this invést{gation.
/\
't must be noted that neither IL-1 not u_‘tz (nor BCGF)
- confered on T lymphocytes the capacit to undergo

blastogenesis to antigen stimulation fn the ghgsence of
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autologous monocytes.

The Interleukins, IL-1, IL-2 or BCGF facilitate the
blastogenic  responsiveness of T lymphocytes to antigen
stimutation only in the presence of autologous monocytes
following 6 days in culture. Tge requirement of the T
lymphocytes to undergo bléstogenesis in vitro to antigen
stimulation and phytomitogen stimulation ‘aré quite
different. The T l%%phocytes do not require monocytes in
the phytomitogen~induced blastogenic response provided
monocyte culture' supernatants (or 1L-2) is added to the
cell cultLres. Fu#thérmore. the IL-1 may be derived from .
autologous or allogeneic monocytes. On the (@Eﬁer hand,
the T lymphotytes undergo blastogenesis in vitro to
antigen stimulation providing autologous, not aliogeneic.
monocytes are 'present. I.-t, IL-2 or BCGF cannot
facilitate the blastogenic responses of the T Iymphp;ytes
to antigen stimulation in the _absence of autologous

monocytes present in threshold concentration.
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4.14, STATiSTICAL ANALYSIS OF DATA

The raw counts per minute, mean and standard

deviation were obtained for the stimulated and the

control cultures ,For' each experimental ' protocol and

representative data is presented. The déta was derived
from 52 individuals for the phytomitogen—igduced series
of experiments aﬁamh??oﬁ’32 individuals for the antigen
and allergen-induced series of experiments so as to
perform statistical ‘analysis to delineate the
relationships between the blastogenic responses generated
by the MNC and those of the populations obtained

foliowing fractionation.

The various statistical pro#edures emploved were:
coefficients of variance (CV=5SD/X*100 where 5D is
standard deviation and X is the mean) and paired T-tests.
The statistical cqmputat{ons were performed by computer.
Transformed means and square root transformed means were
compared by one way and two way analysis of variance
(ANOVA) and the variance ratios (F) and the probability
(P) values were calculated. A 1inear regreSsipn mode |
was designed to fit the data and the sfignificance of the
ggrious cell populations were evaluated. The square root

—

transformation oF‘data did not change- the fundamental

statistical relationships derived from ANOVA of raw data.

3
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h

The  conclusions derived in this thesis were based on the
|
statistically analyzed data.

tee
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5. GENERAL DISCUSSION : ‘5
. I\/"
/ikw’ The In vitro blastogenic responses bf circulating
mononuctear cells stimutated with poltyclonal

(non-specific) the phytomitogens (PHA, PWM and Con-A) and
‘the specific aatigens (TT¥, DT, PPD and CA) bave been
recognized . as fndicators of pétential and actual
Immunocompetence,« respectively, for the past 15 vears
(Chapter 2.3.2.). . The antigens stimulate those .
lymphocytes which have genetically predetermined antigen
receptors and the circulating memory lymphocytes (those
lymphocytes which are the differentiated progeny  of

previously generated antibody-forming cells, the AFC) to

undergo. bTastogenesis in vitro (Pike and , Nossel 1984,
Bradley-Mullen 1982). These committed immunocompetent
lymphocytes constitute only a very small percentage of

the circulating lymphocytes (probably less than 1%) (Geha
1981).  On the other hand, the phytomitogens stimuiate
the majority of the T lymphocytes in an apparently
indiscr?hinate. ‘random manner to undergo blastogenic
transformation fn vitro (reviewed by Lis and - Sharon
1981). The Tflymphocytes constitute a very heterbgeneous
cléss of celfs consisting of fmmunocompetent T

lymphocytes and T |ymphocytes with functions other than

i
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immunologic ones. The former consis%% of heiper cells,
suppressor cells, natﬁrally occqrin; and antigen~induced
cytotoxic cells, antigen-receptor bearing celis (ARC) and
sensitized (delayed hypersensktivity) célls {Moretta

1983, Richter 1982, Reinherz et al 1980).

It has been unequivocally demonstrated that the
Il ymphocytes which respénd in the three day
phytomitogen-induced - blastogenic response are T°
lymphoéytes (Geha and Merler 1974, Dosch et al 1986.
Moretta 1976). However, it has not been demonstrated
whether al}l subclasses 6F T Iymphocyte§ respond or

e

whether it is a particular subclass of T Iymphocytes

which responds.  Furthermore, the extent to which the
circulating B8 and Null | vmphocytes participate as
accessory cells in this response 1is controversial

{Chapter 2.3.5). There is also uncertainty as to the

role of the monocyte in this T lymphocyte blastogenic

~

response. The evidence so far presentqg has been
overwhelmingly In favor of a monocyte function; however
the minority of reports which have repudiated a role for

L]

the monocyte 1n the phytomitogen—induced blastogenic
Wt .

response necessitates a systematic evaluation of the role

6f the monocyte (Lohrmann et al 1974, Hedfors et al 1974,

Schmidtke and Hatfield 1976).
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The clrcutating T lymphqcytes of normaf adults have
also been shown to respond wifh blastoggneéis to
antigenic stimulation In vitro (Geha 1973, Chess et al’
1974). However, the r#les of the other circulating cells
- the B @nd Null Iymphocytes and the monocytes, have not.

been established In the antigen-induced blastogenic -

responsé. The evidence that, they participate in this
response is conflicting (Caraux 1982). In blastogenic
response to in the assessment of immunocompetence, it is

vitai that the identity oF-the circulating cells which
respond with blastogenegis to antigen stimu}atipn be
unequlivocally identified. The éuestion as to whether
only the T lymphocytes respond irrespective of the nature
of the immunizing antigen and the interval between
fmmunization and testing must also be ascertained. One
would expect that those antigens which induce a humoral
(antibody) immune response following immunization, f.e.
Tetanus toxoid and Diphther{a toxoid, would induge
’_proliferation of the circulating memory B tymphocytes In
vitro whereas those antigens which induce celi-mediated
ihmune responses (de]ayed. hypersensftivity) following
immunization f.e. PPD and Candida, would {induce
protiferation of the circulating memory T lymphocytes in
*vitro. The failure to date to unequivocally identify %he
responder and participating cells in the blastogenic

responses to'antigen stimulation has tended +to detract
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from +the interpretive value of the assay in spite of its

-

.wide use in the assessment of the immunologic status of

[

the patient (Chapter 2.3).

The circulating cell(s) roF allergic Individuals
which participate in the blastogenic response. to
. allergens have not been identified although it has been
) demonstrateq that circulating T \Iymphocytes respond
(Gatien et al 1975, Black and Marsh 1980). This
blastogenic response  to alleﬁ@%ns is wused by many
investigators to conFirm the existence of an ailergic
state. Since the allergic reaction.is attributed to the
IgE antibodies secreted by the B lymphocytes, ‘one migﬁt
anticipate that the circulating B lymphocytes participate
in the in vitro blastogenic responses to allergens.

-

The objectives of this investigation were therefore
as follows: ({i to determine whether only the * T
ﬁi}culating | lymphocytes undérgo' blastogenesis upoﬁ'
stimulation with phytomitogens, antigens and ailergen in
vitro, (ii) to identify the subpopulations of the
circulating human T | ymphocytes which undergo
blastogenesis upon stimulation with the phytomitogens,
antigens and ailergen, (ii1) to delineate the role(s) of
Null 1lymphocytes, B lymphocytes and monocytes in this T

2

lymphocyte btastogenic response, and (iv) to define the
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role of the Interieukins (IL-i, IL-2 and BCGF) in the
blastogenic responses to ph&tomitogen. antigen and

allergen stimulation. :

. The methods utildzed in tﬁjs inﬁest{gation are well
esfablished and have been used by many investigators over

the past 20 vyears. Briefly, Ficoll-Hypagque is a

" discontinuous. density gradient utilized for purifying MNC

and lymphocytes in high yiéid and purity from peripheral
blood wusing a simple and rapid centrifqgation procedure
based on-the methodé deveioped by Boyum in 1967. The MNC
isolated from the blood - Ficol | -Hypaque 1nter?acé
consist primarily .of lymphocytes (70-80%) and monocytes
(10-207.) and émall numbers of contam}nating granulocytes
{2-5%) and erythrocytes (2-5%). The viabitity of the
cells is greater than 98%. The percent recovery of the

lymphocytes {s 60X20%.

The methods used to isolate monocytes from the MNC,
to deplete the ANC of monocytes with céfbonyl fron, and
the rosetting proceduﬁes For-the isolation of the T, B
and Null lymphocytes and the T 1ymph$cyte subclasses have
been utliized For‘%he last 10-15 vears and have withstood
the test of time. Therefore, there is no reason to

question the Qalidity of the methocds and materials
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utilized in this investigation..

The culture .conditions ‘utilized to assay the
blastogenic responses to antigen an& allergen stimulation
were identical to those used to assay the blastogenlic

ﬁ:Eépﬁn;es to phytomiteogen stimulation (described in
Chapter 3.2.25). The only difference i{s that the
cultures, used t6~ assay thg phytomitdgénﬁinduced
blastogenic responses were terminated athr-three davys
whereas the cultures used to _asséy the antjgen‘ and
. allergen-induced blastdgenic responses.wefe extended to
six daQs as the .blastogenic ‘Tresponses ‘to' antfgen and .
élleigeh st?mulation are delaved jﬁ onset and do not ﬁeak

until six days in Culture.

The resulis presented in this thesis permit the

.

following concilusions to be made:

1. Only the circulating T Ilymphocytes respohd- with
blastogenesis following stimulation with phytomitogens
» . . . PR .

’ S
(PHA, PWM and Con-A) after three days in culture. The B

and Null lymphocvytes do ndt respond.

2. Only the circulating T Iymphocytes respond with

blastogenesis following stimuiation with antigen (7T, DT,
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CA and PPD), and allergen (AgE) in the case of allergic

volunteers, following six days in culture. The B and

Null lymphocytes do not respond.

3. Only the circulating B lymphocytes in the presence of
IL~2 or BCGF respond with blastogenesis Fol]owiné
stimulation wftﬁ- the phytomitqgen PWM following seven
days in culture. The B lymphocytes In the presehce"oF
1L-2 :SngCGF do not respond with blastogenesis following
stimulation with the phytomitogens PHA and Con-A, or
specific antigens with which they haﬁ beeh previously
been immunized, following culture of the cells for seven

days.

L3 — y -

4. The moﬁocytes are obligatory lparticipants in the
phytomitogen—{nduced - biastcgenic response.
Monocyte—-depleted MNC do not respond to the mitogenic -
stimulus. Reconstitution of the monocyte-depleted MNC.
with either autologous or allogeneic monocytes restores
to the T lymphocytes the capacitty to undergo
blastogenesis following stimulation with phytomitogens in

vitro.

5. The monocytes are essential participants in the

antigen and allergen-induced btastogenic «esponses of the
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T lymphocyfes. Monocyte-depleted MNC do not respond in
b
vitro to antigen or allergen stimulation. Reconstition

with aufologous monoccytes restofes to the T lymphocytes
the capacity to undergo blastogenesis following
stimulation with the antigens and éllérgen in vitro.
However, in contrast to the phytomitogen response,
reconstitution w;th allogeneic monocytes does not
restore blastogenic responsfveness © to antigenic

stimulation.

6. Supernatants from PHA, PWM and Con-A-stimulated or
unstimulated cultures of autologousi or allogeneic
monccytes are capable of restoring’ T lymphpcyte
blastogenic responsiveness “to phytomitogen stimulétion.
Viable monocytes are not required for °~ the
phytomi%ogen—induced tﬂfstogenic reépqnse to také place.
It is presumed that the mediator generated is similar to,
if not identical with, IL-1.
) <

7. Supernatants from phytomitogen (PHA) or antigen
(TT)*sti%ulated cultures ‘oF- autologous or alilogenelc
monocytes are capable of restoring T Iymphoéytes
blastogenic responsiveness to antigenic stimulation
providedwautologous, and not allogeneic, monocytes are

present in threshold numbers. Thus, for the
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antigen-induced blastogenic response, IL-1 by itself
cannot replace monocytes as it can in the phytomitogen
(PHA, PWM, Con—-A}-induced blastogenic response.

8. The Ty -lymphocytes consistently give greater
blastogenic responses’ than do  the Tg lymphocytes
frrespective of * the mitogenic stimulus used
(phytomitogen, antigen or aliergen). The Tc and the
TN lymphocytes consfsténtf;\zgive léwerb.plastogenic
responses than do the Tg |ymphbcytes.

9. The T4+ and T8+ T lymphocytes consisfent1y respond to

a similar extent, {rrespective of the mitogenic stimulus.

The results presented demonstrate that the T
lymphocytes are the only circulating cells which.respond
with blastogenesis and mitosis to phytomitogen
stimulation in the conventional 3 day blastogenic
response providing a minimum number of monocytes are
present in the cultures (as démonstrated in Tables 4-6).
This conclusion is based on thé repeated findings that
the eliminatfen of T Iymphocytes from the MNC abrogated
_the capacity of the remaining MNC (B and Nuli

| ymphocytes) to mount a blastogenic response to

phytomitogen stimulation (Table 2). These results are in
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agreement wit%-those presented by other investigatore
{discussed 1n'Chapter 2.3.2). In point of fact, optimal
blastogenic responses QF the T lymphocytes were observed
on day 3 and S5 of culture.. A very low or insignificant

response was recorded after 7 days of culture. Since at
v .

.No £ ime was _ the phytomitogen-induced blastogenic

_responses observed on day 5 of culture and not on day 3

LY

+ of culture, only 3 day cultures were carried out in the

part of  this investigation concerned with the
identification of the cells which respond to phytomitogen
stimulation. ' The reason for the absence of a blastogenic

response after 7 days in culture will be elaborated upon

later in the .discussion {see page'245).

Although it has been unequivoeaWIy demonstrated that
the T 1ymphocytes respond in the 3 day
phytomitogen—induced blastogenic response, it has not,
however, - been demonstrated whether.all the subclasses of
T ,lymphocytes respond or whether 1t is a particular
subcf%ss of T lymphocytes which responds to phytomitogen

stimulation (Moretta 1983, Geha 1973, Chess et al 1974).

" The results of this investigation clearly demqnstrate

»

that all of the receptor-specific T Tymphocyte subclasses
- T+ Tges Tc and Ty, respond with blastogenesis

to phytomitogen stimulation  (Tables 7). The ™
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lymphocytes wefé consistently the best responders in tﬁe‘
phyﬁomitogen—jnduced b]aétogenic response. The .
blastogenic response by the T lymphocytes were always
less than that of the T™ lymphocytgs. The
ytomitogen—induced blastegenic responses of the Tc
and Ty  lymphocytes were consistently lower - fhan_ those
given by " the Tg lymphocytes (Table 7). The increased
responsiveﬁess of the T  iymphocytes to . phytomitogen
stimutation may be attributed - to increased numbers of
heiper cells or may be a reflection of a functional
property 'oF thésé' responding cell. The decreased
blastogenic responsiveness of the Tg lymphocytes may
reflect a population of cells which s innately less
responsive to phytomitogen stimulation or is due to the
immunoreguiatory suppressor Funétion attributed to Tg

lymphocvtes.

It has already been amply demonstrated that the Tg
lymphocytes function as the suppressor cells (Hei jnen et
51'1979. Dosch and Gelfand 1979, Moretta et al 1979) and
that the Ty lymphocytes function as the heiper cells
(Ballileux and Heijnen 1983, Moretta et al 1979) in the
immune response In vitro. It has also been amply

demonstrated that the OKT4 and the OKT8 ~monoclonal

antisera detect the helper and suppressor cells,
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respectively (Reinherz and Schlossman 1980, Refnherz et
al 1980, Kung et al 1980, Thomas et al 1981). Since the
™ (helpe}) lymphocytes were more responsive than the

Tg (suppressor) lymphocytes, it was anticipated that

the T4+ (helper} lymphocytes would give & better response
to phytomitogen stimulatfon than would ‘the T8+
(suppressor) 1 ymphocytes. However, the blastogen{c
responses &F | the ~ T4+ and T8+ T Ilymphocytes to
phytomitogen stimu1atfon were comparable (Table: 8).
These results Indicate that the rosetting procedures and

the monoclonal antisera do not Identify the same

‘populations of T lymphocytes - that 1s, the Ty and Tg

lymphocytes are not identical to the T4+ and the T8+
1 ymphocytes, regspectively. This ppint must be stressed

A

since it is general]y'assumea_that the terms T and T4+
and Tg and T8+ l;mhhocytes are synonymous as they
jdentify identical T lymphocytes, which they obviously do

not.

The Tg, TM,» Tc and Ty lymphocytg-subclasses
isolated by rosetting procedures afe not tramsitional’
cellis with respeéf to the receptors for FcG, FcM and C’3
as has been suggested (Gomez-Reino and Habicht 1980,
Pichler et al 1978). These receptors are stable and the

cells are receptor-pure as they remalin stngle
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receptor-bearing cells over a period of at least‘ three
days in culture_(Tané 32). These Tg, TMs Tg¢ aad

Ty lymphocyte subclasées statn Qith both .of the OKT4
and OKT8 monoc!onal antisera (Table 33). /Both, the T4+
and the TB+ lymphocytes, isolated by C’ mediated lysis of
OKT8 and OKT4~stained T 1ymphocytes, respectively,
rosqtte with EAG and EAM indicator erythroéyte% (Téble
33). Therefore, It may be concluded that fhe T
lymﬁhocyte gubclasses. {rrespect!Ve of the mode of
isolation, are heterocgeneous and cannot be distinguished

on the basis of thelir responses to phytomitogen

stimulation.

As discussed above, IL-1 and IL—é are essential for
the T lymphocyte blastogenic response. Two other
med{ators aré secreted by T Ilymphocytes and these are
referred to as- B cell growth factor (BCGF) and B cell
differentiation Factor.(BCDF)T Both BCGF. and BCDF have
been shown to facilitate the proliferation of B
1ymphocytes and their trang?o;aatton fnto 1mmunoglobulin
secreting cells and to maintain B lymphocytes ifi tong
term culture (Howard et al 1982, Ford 1981, l(eanderson et
al 1982, Lernhardt et al 1982, Yoshizak! ef al 1983,
Okada et al 1983, Butler et al 1983, Butler et al 1984,

Muraguch! et al 1984, Hirano et al 1984). The
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TABLE 32 - ../ '
THE ROSETTING CAPACITY OF THE ISOLATED T LYMPHOCYTE
SUBCLASSES FOLLOWING 1, 2 AND 3 DAYS IN CULTURE

.Cells cultured Percent of cells which rosette with
donor EAG EAM "EAC
TG day * R 1

' day . 1

day

TM day

day

day

TC day

day

day

TN day

day

day

=
[~=]

l
]
0
. 0
0

WE = WA WA= W — -
*
o

.
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oo

donor
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=
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oo
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TABLE 33

THE IDENTIFICATION OF THE FRESHLY ISOLATED T LYMPHOCYTE SUBCLASSES
WITH OKT3, OKT4 AND OKT8 MONOCLONAL ANTISERUM AND ROSETTING
WITH INDICATOR ERYTHROCYTES

donor 1 , % OKT3 1 OKT4 1 OKTB % EAM 1 EAG %LEAC

MNC . . 73 46 37 * . *

T 85 58 33 0 6 5
TG 68 11 45 0 . 0
™ 89 6l 11 " 0 0
TC " 85 48 33 0 0 .
™ 93 42 33 0 0 0
T4+ * 99 0 . 20 6 3
T8+ : * 0 98 9 3 3

~ donor 2
. MNC 65 30 30 . » .

T 84 - 63 38 0 5 4
TG 68 9 - 54 0 . "Q
™ ) 89 65 26 . 0 0
TC . 65 32 29 0 0 . .
TN 80 46 35 0 0 0
T4+ . 96 0 18 6 1
T8+ o 0 95 11 3 2

donor 3 :

MNC 74 34 " 29 * " Y
T 84 . 1 26 0 6 6
TG 81 "“*?3 52 0 " 0
™ ‘ 92 48 15 * 0 0
TC 68 24 25 0 0 »
N 77 45 18 0 0 0
Ta+ * 98 0 15 3 4
T8+ » 0 97 8 4 3

* Not done
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relationship of BCGF and BCDF to B lymphocyfés is very
similar to the relationship of IL-1 and IL-2 to T
lymphocytes and these two mediators should therefore also

be referred to as Interieukins.

The results in Tables 2 and 17 demonstrate that

purified B lymphocytes respond insignificantly to
phytomitogen stimulation after 3 days in culture. The
additibn of "autologous monocytes, IL-2, BCGF and

-

supernatants from cultures of monocytes or MNC were‘

incapable of conferring to the B iymphocytes blastogenic
responsiveness to phytomitbgen stimulation during 3 days

in cutture (Tables 15, 17). These results do not support

those of Phillips and Roltt (1973), Phillips and Weisrose
(1973) and Epstein (1974), who demonstrated that
circulating human B lymphocytes respond to the

phytomitogens PHA and Con-A. These conFiicting results
may be explained by the differences in 'fhe techniqgues
u§ed to isolate the circulating human B |ymphocytes and
the purfty of the cell populations obtained and cultured.
The "pure" smlg+ B lymphocytes cultured by Phlllips and
Roitt (1973), Pﬁillips and Weisrose (1973) and Epstein
(1974) were oQntaminated with T 1ymphocytés to the extent
.QF 3-157 as détermined by E rosette ?ormatiohl It may be
aégued. in light of the results obtained Iin this

investigation, that the responding cells were not the B
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lymphocytes but 'the;ﬂcontaminating T lymphocytes. A%
demonstrated in Table 17, pure B lymphocytes cultured in
the presence " of the optimal numbers of autolpgous
monocytes (ffpal concentration of fO%) did not respond
with a blastogenic response to phytomitogen stimulation.
However, the intentional "contamination" of the B
lymphocytes with 1% T lymphocytes resulted in a
~signiFicént phytomitogen-induced blastogenic response
which can be totally attributed to the  added T

Tymphocytes.

Deleséésse et at (1976) an?PKasahara et al (1979)
demonstrated a certain. synergism between T and B
lymphocytes Jin  the phytomitogen—induced blastogenic
response. In this investigation, removal of +the B
lymphocytes by rosetting with EAC had no discétrible
‘effect on the phytomitogen-induced blaétogenic responses
of the remaining RNG (Table 2). It might be argued that
not all of the B lymphocytes were removed by rosetting
thh.EAC and that a sufficient number of B lymphocytes
were left behind to Faci]itate an enhanced T lymshocyte
response. However, cells with smlg were not detected by
immunofluorescence among the MNC depleted oF
EAClrosetting cells (Rﬁchter 1$85), indicating the

absence of B 1ymphocytes.
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»
Caraux et al (1978) claimed that Null Yymphocytes or a
soluble product secreted by Null 1ymphocytes enhanced the T
1yvmphocyte blastogenic response. However, their Nul i

lymphocytes were contaminated with monocytes tolan éxtent of
507 as demonstrated by peroxidase staining (Laraux et al
19781} . I refrospect, it is probably not the Null
lymphocytes nor- a soluble product secreted by the Null
lymphocvtes which facilitated the phytomitoggn-induced

blastogenic response but rather the "contaminating™ monocytes

and thé IL-1 secreted by them which augmented the blastogenic.

response. The results in this investigation do pot provide
evidence for a supportive role for Null\lymphocytes nor for a

soluble‘enhancing factor secreted by the Null jymphocytes.

The results in this investigation also demonstrate that
the aNull lymphocytes do not respond with a blastogenic
response to phytomitogen stimulation even when auamented with
optimal numberé of monocytes (Tables 2 and 17). These
results support +those previousiy reported by Horwitz and

Garrett (1977), Caraux et al (1982) and Ng et al (1981) who

concluded that Null 1ymphocvtes Qere vnable to proliferates in
the presence of the phytomitogens. The Intentional
"contamination” of Null lymphocytes with 1% T lymphocytes

resulted in a phytomitogen-induced blastogenic response which
can be totally attributed to the added T lymphocytes (Table

17) .
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It is essential to note that neithe} the B nor the Null
lymphocytes cultured individually or in combination (non-T
lymphocytes) responded to phytomitogen stimulation Following
3 or 5 days In culture in the presence of optimal numbers of
autologous monocytes (final monocyte concentration 107 of the
cultured cells) or Mitomycin C treated MNC {(MNC,) (Tables
15-17). Mitomycin C inhibits DNA synthesis. The fact that
the T-MOp 'cell cultured 'in the presence of MNC,, gave
marked phytomitogen-induced blastogénic responses attests fo
the fact thaf MNCf are, in fact, quite cépabie of secreting
the mediator(s) whigh facilitates the phytomitogen-induced
blastogenic response. This hediator must. originate From‘ the
monocytes in the MNCh since the T Iymphpcytes were totally
depletéd of monocytes. , Although this investigation has not
characterized the médfator seerefed by the monocytes, it is
nevertheless assumed that the active factor is IL~1. In
these 'studies and others the major source of human 1L-1 has
been crude supernatants from autologous monocyte cell

cdltures stimulated with PHA which ”are known to contain

several bidlogically active factors, inclluding IL~1 (Maize]
et! al 1981, deVries 1979, Mizel 1982). These results
unequivocally demonstrate thét the B and Null _lymphocytes

cannot respond with blastogenesis to phytomitogen stimulation
foillowing 3 and 5 days in culture under the conditions which
facilitate optimal blastogenic responses by the T lymphocytes

or the unFFactionated.MNC:
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The phytomitogen-induced blastogénic responses of the
MNC depleted. of B lymphocytes (MNC-B) were élways greater
than those given by the MNC depleted of Nuil lymphocyteé
fMNC~NJl1) (Tab]e 2), suggesting that the Null lymphocytes
participate in the blastogenic response ‘and that their
removal therefore 'results in a diminished response by the
remaining cells. Roéétting the MNC wifh EAC eliminates the B
lymphocytes'and only'; few monocytes (Bianco et al 1975,
Bianco 1977, Blanco and Edelson 1978). The mbjority of
monocytes remain to uFacilitate the  phytomitogen~induced
blastogenic”responses of the MNC—B lymphocytes. On the 6ther
-hand. " rosetting the MNC with EAG results in the removal éF
the:Null lymphocytes and the majority of the monocytes sincel
the latter cells possess receptors for FcG (Rabinowitch et, al
1975, Schroitt et al 1576, Haegert 1979, Norris et al 1979).
These results suggest that the monocytes are essential in the
phytomitogen:fnduced blastogenic response and that there é}e
insuFFicienf monocytes in the MNC-Nulil lymphocytes to
facilitate a phytomitogen-induced blastogenic response by the
T lymphocytes (Tabies 4-6}. In point of fact, the additién
of pure monoéytgs to the MNC-Null lymphocytes totally

restored blastogenic responsivenédss to +the T Ilymphocytes,

. &
thus leaving no doubt as to the need for monocytes in this

)

response.
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A role for the monocyte as an obligatory accessory

cell in the T lymphocyté blastogenic response has
gradual ly galined support since the mid-1960‘s. 1t has
been variously stated that the in vitro T
tvmphoprot iferative response  is 1ndependent of,
synergized, potentiated, augmented, suppressed or is
dependent upon monocytes.l Maizel et al (1979),

Rosenstreich et al (1976), Mookerjee and Balliarg (1970), "
N 7 .
and Arala-Chares et al (1978) demonstrated an absolute

. monocytes dependency Fogg/;he phytomitogen—-induced T

lymphocyte blaétogenic responsé; On the other hand,

_Hersh ‘and Harris (1966), Stobo et al (1972), Jones et al

(1972),  Mackler (1972) and Blaese et al (1977) claimed
that this response is independent of monocytes. The
results of these two groups of invest}gators would appear
to be frreconcilable. A primary reason for the
conflicting conclusions arrived at by different
investigators 1is evident - from the results presented in
Tables 3-5, which show that monocytes are obligatory
participants fn the phytomitogen-induced blastogenic
response but tﬁét the number of monocytes required in the
cultures to facilitate a significant blastogenic responée

is very low. Monocytes in a concentration as low as 0.69
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of the cultured cells _ facilitates a discernable
phyt&mitoéenjinduced blastogenic response whereas
monocytes in a concentration of 6n|y 1% faclliitate a
sfgnificant phytomitégenninduced blastogenic resbonse by .
the T lymphocytés (Table 5). Tﬁus. it is essentlal' to
recognize that "contaminating" monocytes in
insigni#icantly low numbers may ' nevertgj}ess be

sufficient to facilitate the biastogﬁpfé.response of the

T Yymphocytes to phytomitogen stimulation;

Incubation of freshly-isolated MNC or T Iymphocytes

with carbonyl iron results in the elimination of 90 to
957 of the monocytes, (MNQ—MOI and T-MOy) .

Nevefthe1ess fmmature, non—ph;;ocytic monocytes remaln
behind since the circulating' moqpcyteé are not in

synchrony WEth respect to their staég\of maturation {(Rook
and King 1978, Fernandez and MacSwéen 1977). Thus,
immature monocvytes gxist in the circulation which ar? not
detected in the freshly isolated state by staining Fpr
non—specific esterase and for the capacity to phagocytize
fron or :latex particles. 0n the assumption that these
cells wouid ﬁature.in culture, the MNC-MO; and T—MOi

cells were cultured overnight and treated with carbonyl
}ron a second time in an attempt to elimtnate these newly

matured phagocytic cells, The MNC-MOp» and T-MO»
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matured phagocytic cells. " The MNC-MQOz and T-MOp
cells were now found t0‘be.contaminated wiéh le;s than
0.57% monocytes and they“ were fncapable of mounting
significant blastogenic responses to phytomitogen
stimulation (Tables 3-5)}. It may be argued . that_
subJecting the MNC to the monocyte-depletion technligue
twice within a short time span of 24 hr may nadvertently
result in the simultaneous removal éF or damage ‘to‘
non—-monocytic cells egssential for the blastogenic
responsé;' However, the addition of pure .autélogous or
al\ogeneic monocytes to these MNC-MO> or T-MOs cells

(to & flnal cell concentration of 10% for  the
phytomitoéen—induced blastbgen1E respohse) totally
restored the blastogenic responsiveness of these cells
{Tables 4, 5}, thus_demdnstrating'that only the monocytesA
were removed by the carbonyl 'iron t;eatments. Tﬁe
accessory cell functlon of the monocytes requires viable
cells since ultrasonicated monocytes falled to enhance
the blastbgenic responses of the T—MOZ cells (Table 4).
These results indicate that essentially all (grqater than
‘ 98-99%) the monocytes must be eliminated before the
blﬁstogenic respons?s'by the T Iymphocytes or the MNC are
ab;ogated and that. fatlure to remove all éhe monocytes

may result in the erroneous conclusion that monocytes are

unnéCessary in the phytomitogen—-1nduced blastogenic
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f
responses (Table 3). Hence, it is probable that stdbo et
al (1972), Mackler (1972) and Jones et al (1972)
erronecusly concluded that the  phytomitogen-{nduced
blastogenic response is ménocyte'!ndependent since It is
likely that their T 1'ymphocvte cultures were
"contaminated" with minimal number of monocytes which

facilitated the . phytomitogen-induced blastogenic

-

responses.

The results obtained clearly indicate that
autologous and allogeneic monocytes are equally eFFect%ve
in restoring T lymphocyte biastogenic responsiveness to
phytomitogen stimq]étion (Tabke 6). de Vries -et ai
(1979) proposed <that the aééessory helper function

i

provided by the monocytes ts not;jgenetically restricted
but s mediated by a non-specific mechanism. The fact
that the accessory monocytes are noﬁ MHC restricted was
clearly demonstrated by Schmidtke and Hatfield (19.76) who
reported that mouse macrophages were able-to‘potentiate
humén'Twlymphocyte blgstogenic responses to phytomitogen
stimulation.

On the other hand, Gerrard and_Faucl ‘(19825 and

Passwel’l (1982) showed that monocytes can suppress the

phytomitogen—-induced blastogenic response. Pasawell
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(1982) and  Goodwin (1979) demonstrated that the
phytomitogen—-induced blastogenic responses decreased as
the"mondcyte=lymphocyte ratfo was Increésed. Monocytes
added to T Ilymphocytes to the point where they
constituted 20% of the cultured cells Iinhibited the
phytom}togen~Induced blasteogenic response. The results
ih this Investigation fafled to demonstrate a suppressor
effect by monocytes even when ‘they were added in
excessive numbers to the phytomitogen stimulated cultures
(20-50% of the cultured cells). In fact, the "excessive"
numbers of monocytes n the cell cultures enhanced the

phytomitogen-induced blastogenic responses (Table 5).

At least two mediators facilitate the.
phytomitogen-induced b1astégenic response.— Interleukin 1
-and Interleukin 2. The monocyte—generated soluble factor
15 referred’ to as IL-1. Although the mediator secreted
by the monocxﬁgs has not been chafacterized 1n? this.
—Jnvestigation, It Is assumed that the active factor or
-’,\;;dtator is IL-1 since 1tﬂcan functionally replace the
monocytes. Majzel et al (1980) and de Vries et al (1979)
both fdentified the .-active factor in thelr
monocyte-derived supernatants as IL~1. The method used

fn this finvestigation to prepare the monocyte-derived

supernatants was identical to that used by Maizel et al

S
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{(1980) and de Vries et al (1979).

The Interleukin IL-1 . does not support the
prol iferative reépoﬁse of T iymphocytes direcfly; rather
it provides a signal for certain T lymphocvytes to produce
IL-2 which hés been shown to faclilitate the
phytomltogen;induced blastogenic response and to maintain
T Jlymphocytes in a viable state Iin long term culture
(Smith 1980, Gillis™ang Mizel 1981, Palacious 1982, Mize]
1982). Moﬁocytes can be replaced by supernatants
obtained from unstimulated (48 and 72 hr) and PHA, PWM or
Con—A—étimulated (24, 48 and 72‘_hr)k autologous or
allogeneic monocyte " cultures {Tables 10-14).
Sgpernatants obtained from phytomitogen—-stimulated and
unstimulated autologous or gllogeneic HNCjHOZ cells
(MNC totally depleted_ of monocytes) were unabfe to
restore the blastogenic responsiveness to ’the T-MO2
cells (Table 10). Hence It may be :ctl:;ncluded that
autologous ot'allogeneic monocytes must be present in-the

cell cultures in order for the IL-1 to be secreted.

It must be stressed that the supernatants of
unstimulated monocytes « were ' capable of restérlng,
blastogenic responsiveness to the T lymphocytes.' The

A .
SUpérnatants of -unstimulated autologous or allogeneic

K

/

\

™~
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monocytes cultured for 24 hrs were ineffective in
restoring or facilitating ithe phytomitogen-1{nduced
blastogenic responses of the T-MO2 cells whereas 48 or

72 hr culture supernatants restored the blastogenic
responsiveness quT—HOz cells to a lével of 40-707 of

that observed with the MNC (Tables 9 and 10). 1In
contrast, supernatants of 24 hr and 48 and 72 hr PHA, PWM
and Con-A-stimulated éutologous and allogeneic monocyte
cultures were more effective (50 ) in reconstituting
the blastogenic responsiveness of the T-MOp cells

(Tables 10, 11). Therefore, the secretion of I1L-1
appears to be ‘hastened by but not "dependent upon the

presence of the phytomitogens. These results are {n
agreement with those of other investigators who concluded
that the secretion of IL-1 by the. monoéytes Is not
mitogen dependent (Unanue and Keliy 1977, de Vries et atl
1979, Maizel et al 1981). De Vries et al (1979)
demonstrated ;Ehat supernatants of 24 hr unstimutated
autologous mohocyte culturés significantly augmented the
phytomitogeﬁ;jnduced blastogenic " Tesponses of
monocyte-depleted T I1ymphocytes. Moreover, 24 Jhr
autologous and a\logenéWc monocyte culture supernatants
were more effective that 72 hr monocyte culture
supernatants. They proposed that the greatest production

of IL-1 took place with!in the first 24 hr of culture. In
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contfast, Maizel et al (1980) reported that.only the 72
and 96 hr mohoayte culture supernatants could effectively
res;ore the blastogenic responsiveness to the T-MOp

cells.

It must belﬁoted that viéble monocytes are more
effective than monocyte culture supernatants fn
reconstituting the bla;Eo enic résponses of T-MOp
cells. The addition of/monocytes (107 of the cultured
cells) reconstituted the ngstogenic responsiveness §F
the T-MO> cells to 70-100% of the maximum blastogenic
responses observed with the unfractionated MNC whefeas
- monocyte supernatants reconstituted the reéponsiveness to
‘only 50-707% of the optimal blastogenic resﬁonses~observed
with the unfractionated MNC (Tables 9 to 13). These
results suggest that factors otHer than monocyte-secreted
mediators ;re essentfal for the ‘ﬁgxtmum T Tympﬁgcyte
blasfogenic response and that T lymphoc§te—monocyte
contact may‘_bé required . to facliiftate the .maximum
phytomitogen~induced blastogenic response.

The results in this investigetion demonstrate that B
lymphocytes cultured for 7 days In the presence of IL-2

or BCGF respond with bliastogenesis to PWM stimulation but

not to PHA and Con-A stimulation (Table 18). The BCGF
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and IL-2, In the absence of the phytomitogen, were not
mitogenic. These results are {n accord with those
reported by Howard et a8l (1983) who demonstrated that
BCGF'éugmented PWM, anti-IgM or STA-induced B 1ymphocyte
proliferation. The commercially obtained LL—Z used in
this Investigation contained both BCGF and BCDF and the
commercially obtalined BCGF contained I[L-2 and BCOF.
Thereforé. one cannot conclude from these experiments
whether the ™mesponses of the B Ilymphocytes to PWM
stimulation were' facilitated by IL-2 or BCGF end BCOF .
It 1s also possible that the {nduction of P | ymphocyte
iﬁErolifération te PWM stimulation following 7 days In
«culture In the presence of IL-2 or BCGF may, in fact, be
dependent on small numbers of T lymphbcytes which are in
too low a congentrat1on to be detected by SRBC rosette
formation or staining with OKT3 mohopldnal antiserum.

Cooper et al (1971) demonstrated that circulating

human B Ilymphocytes synthesize Ig following culture of

MNC for 7 days In the présence of PWM. Since then, many

1nve3tigators have confirmed thisl finding and have

. demonstrated that PWM induces” both B lympﬁocyte
proliferation and differentiation into\lg-secreting cells

followling 7 days in culture In the presence o; T

lymphocytes and monocytes. The Interteukins, BCGF and
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BCDF (secreted by a population of (T4+7) T lymphocytes) have
been , implicated as the mediators which facilitate Ig
synthesis and-sgsrétionléy the B lymphocytes stimuiated with
PWM ., Current eQidence (Jelinek and Lipsky 1983) sﬁggests
thét the B .lymphocytes must undergd proliferation In vitro
before they can EransForm into lg secreting cells. Jelinek
and Lipsky (1983) treated MNC and an—T cells: (MNC depleted
of T lymphocyfes)ﬂ‘ the B and Nutll lvmphocytes and monocytes,
with Hydroxyurea (HU), an'inT}bitor of Ceilular DNA synthesis,
prior to culture. This treéément' completeiy inhibited the
blastogenic response, and the syntheslis and secretion of Ig
Tnlresponse to PWM stimulation  in vitro. They therefore
" conc luded t%at ig secreting‘B célls cannot Be agenerated in
the absence of proliferation of these cells; However, It is

possible that +the faflure to synthesize Ig may be due fto

other as'yet;UndeFined properties of HU ‘quite unrelated to

DNA synthesis and cell replication., 'In this {nvestigation,

Non-T cells (B and Null lymphocytes) were cultured for 7 days
1 ' . |

in the presence of PWM and I[L-2 or BCGF (Tabie 34). lg

synthesis and secretion by the B cells were defined as the
" percent oF'celfé which were immunofluorescent positive (If+)
after 7T days in culture and the amount of [gG and IgM

secreted into the supernatant as determined by the ELISA

technique, respéctiyely. The results demonstrate that lg
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synthesis and sebretion is not a direct consequence of
Pwn?induced B lymphocyté proliferation. The B 1ymphocytes
responded with bilastogenesis and mitosfs after 7 days‘ in
culture fin the presence éF PWM and IL-2 or BCGF. However,
these cells Qere IF- for intracytoplasmic 1gG or IgM; nor did
they secrete significant quantitigs of 1gG or IgM 3nto the
culture supernatants kTable 34); Furthermore, the non-T cells
(B and Null lymphocytes) cultured for 7 days In the presence
of T Jlymphocytes and PWM did not generate a blastogenic
response but did synthesize and secrete 1gG and 1gM. These
data therefore 1ndicate that Ig synthesis 'and secretion may
take place in the absence of a détectable blastcgenic response
and that Ig synthesis by the B cell§ is not an immedlafe,‘and
aﬁtomatic consequence of B lymphoéyte proliferation. 1t mévﬂ,_‘
be argued khat these results are more valid than those
présented by Jelinek and Lipsky (1983) since the B iymphocytes
were not treated with a toxic agent prior to culture.

. Pure Null lymphocytes'cultured-1n the presenée of IL-1,
iLt-2 and BCGF failed to respond wity blastogenesis te
stimulation with any one of the phytomitogens following 7 days
of culture. Thesé results uneguivocally demonstrate that Null
'lymphocytes -Eannot resﬁond with blastogeﬁesis even when
cultured -in the presence of so!uble mediators which Facllltéte
B lymphoprol1FefatIon to PWM stimulation following 7 déys in

cuituhe.
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As was stated previously, thé optimal
phytom}togen—induced biastogenic' response qccufs 3 days.
and 5 days Folloﬁihg stimulation (Table. 1 Filgure 1).
However, the blastogenic responses of the 3:2

Va

culture to . phytomitogen stimulation were barely

at day 7 of

sfgnificant even though the phytomitogens and IL-1 were
added at the/ Iinftiation and at day 4 of culture.
However, both_exogenous IL-2 {(which contains BCGF - and
BCDF ) and BCGF an CDF (which coﬁtginé IL-2) eFFectively'
facllitated the blastogenic responses of the MNC and
T-MO2 cells to phytomitogen stimulation following 7
days 1In culture. As demonstrated in Table 35 1t may be
concluded that - under the -conétraints of the culture
conditions. J;ed. the T 1lymphocytes do not‘geperate
sufficient amounts of endogenous 1L-2 fn the presence of
IL-1 tp facilitate a 7 day phytomitggen-induced
blastogeﬁ{C‘;;sponsé. Since both MNC and T-MO> cells ‘f
in the presence of IL-1 generrte: optimal
phytomitogen-induced blastogenic responses on day 3 and
day 5 of culture, 'it must be asked why the celfs respond
insignificantly only 2 days later. It may be that
monocytes lose thefr capacity to secrete IL-1 following
the first few days QF culture and thus the T lymphocytes.
cgaSe to be stimulated to produce endogenous IL72.

Conversely, it may be that under the constraTnté of ‘{he

L

N
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e .

. cell culture,conditions, which are after all artificial
“and unph?siologica], the T lyh#hocytes cease to be able
to secrete endogenoﬁs IL-2 after the fourth and fifth day
of culture and require exogenous IL.-2 to facllitate the
blastogenic response following 7 days of culture (Table
35). Tﬁe results in Table 35 demonstrate that this is,
16 point, the case. Addition of exogenous IL—E to the

MNC cultures containthg the phytomitogens on day 4

resulted in near-optimal blastogenic responses on day 7

" of culture.
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‘"It should be _ noted that the antigen and

altergen-induced blastogenic responses of the MNC, which

".o-“
are maximum following 6  days Yo F -cutture, were
consistently lower - than the blastogenic responses
obtained to phytomitogen stimulation. This should be

expected since, as discusséd'previously, the antigeQQ are
monocional stimulants and they stimulate only
antigen-specific memory cells (clonally committed cells)
which are the progeny of' préviously " committed
antibody-forming cells, On the other hand, the
phytomitogens are polyctonal stimulanfs capable of
randomly stimulating the 1ymphocytes capable of
proliferating when appropriately stimulated. This
interpretation is supported by the fact that far fewer
cells are bnecessary to Fac1litéte maxlmum blastogenic
.responsiveness “to -phyfomitogen stimulation than are
‘requlred for maximum antigen ,and allergen stimulation
since there are more cells capable of r%sponding to the
phytomitogens than to any one of the antigens. It s not
atl all understood why the response to phytomitogen
stimulation :is more rapid than 1t Is to antigen
stimilation. Sufffce it to say that the results are

reproducible and have been verified by numerous
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_tnvestigators.
C.

On the basis of the results presented in this
investigation, It ‘may be concluded thagdthe T lymphocytes
are the only circulating cells which reépohd with
blastogenesis ahd mitosis to antigen stimulétion
providiﬁg a minimum number of autologous monocytes are

present In the cultﬁre (as dembnstratea fn Tables 21-24).
Theserresults are 1n.aggreEment with those presented .by
'van Ders et al (1979), Lohrmen et al (1974), Geha et al
(1974)._ Maizel et a (1975) and. Geha et él‘(1984). fhey
are disimiler  to | those obtalned ~for the
phytomitogen—ihauce blastogenic respons; discussed abd?e
Iin that only autngZ;us monocyteé can restore blastogenic
responsiveness .to . the ~ T lymphocytes to antigen
stiﬁulation whefeas. autolgous or allogenelic monocytes

~

can restoﬁe blastogenic responsiveness to phytomitogen

stimulation.

The blastogenic responses of the receptor-specific T
jymphocyte subclasses - Ty, TG.. Tc and Ty, to
antigen and ph?tomitogen st{mulation are comparable
(Tables 25 and 26). As {n the phytomitogen-induced
blastogenic response, the T 1ymphocytes were

consistently the best responders In the antigen-1induced
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blastogenic responses. The blas oééntc responses by the
Tg lymphocytes were always }eés than thbse of the Ty
1ymphocytes. ° The antigen-{induced bigstogenic responses
of the Te¢ and Ty fyﬁphocytes were consistently lerr
than those gfiven by the Tg lymphocytes (Tables 25 and
26). The anttgen-induced blastogenic resﬁonses of the
T4+ and the T8+ lymphocytes weré comparable. Since the™
T4+ lymphocytegoare presumeﬂ to consist of the helber
cells, as ‘are the Ty -lymphocytes, and the T8+
lymphocytes are presuﬁed to consist of the suppressor
célis, as are thé Tg lymphocytes, It Ts difficult to
understand why the T4+ and the T8+1ymphocytés"responded
to the same degree. to antigen stimulatién whereas the
Ty lymphocytes gave markedly superior blastogenic
responses to antigen stimulation than did the Tg

L}

lymphocytes.

The ant!gen—1nduced‘b1astogenic responses generated
by the MNC-B lymphocytes were consistently greater then
 thoSe glven by the MNC-Null lymphocytes. These results
are simi]ar to those obtained with “respect to the
phytomitogen fnduced blastogenic responses ( le 2). An
explanation ;é this finding (Chapter 4. 10) . that
monocytes are essential participants in the f lymphocyte

antigen-induced blastogenic response. As was discussed



L
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j“
previously {n this chapter, monocytes as well as Null

lymphocytes possess FcG receptors. Thérefore, the

MNC-Nul ] lymphocytes would be depleted of both monocytes
and Null lymphocytes following the removal of the Nul}

lymphocytes from ?he-HNC by rosetting with EAG. On the
other hand, rosetting the MNC with "EAC eliminates the

majority of B lymphocytes and only a few monocytés.

Thus, the MNC-B lymphocytes retaln fhe monocytes and

"respond well to antigen stimulation (Tables 21 to 24).

Autologous monocytes are obligatory accessory cell | .

tn the antigen-induced T lymphocyte blastogenic respénses
(Tables 22 and  23) however, the number of monocytes
required in the cultures to facilitate & significant
blastogenié response {s very low. Aptologous monocytes
in as low a 66ncentration as 1% of the cuftured cells
were capable of Iimparting to the T-MO2 cells the

capacity to glve highly significant, albeit low,
blastogenic resppqses to antigen stimulation (Tablie 23).
However, the addk&fon of autologous moﬁbcytes to T-MO2
cells to a f!na1\ cell concentration of 15% of the
cultured cells totally restored 'antigen—séimulated
blastogenic responsiveaess to the T lymphocytes (Table
23). Itlwould therefore appear that minimal numbers of

"contamlnating" monocytes are effective In facliitsting
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the T 1ymphocyte antigen—induced blastogenic resp&nse.
The elimination of monocytes on two separaté occasions
over a 24 hr period resulteg in a total loss of the

capaéity of the remaining cells to undergo blaStogenesis
to antigen stimulation. The procedure to eliminate the
monocytes did not have a deleterious effect on the
responder Tllymphocytes since théy responded optimally
when ‘reconstituted with pure autologous monﬁcytes. The
monocytes themselves were Incapable of rgspondlng to
antigen stimulation. Furthermore, autolqgous.monocytes
did not suppress the antigen-1induced blastbgenic response
even when added to T-MOs cells in- large numbers. In

the presence of an equal number of monocytes (50% of the
cultured cells), the T-MO» celis gave blastogenic

responses which were equal or greater than those giQen by
the unfractionated MNC and the T lymphocytes (Table 23).
These results do not support those presented.by Passwell
(1982), Gerrard and fFauc! (1982) and Goodwin (1979) who
demonstrated that the ant igen~induced blastogenic
responses decreased as the monocyte:lymphocytes ;atio was
1ncreased} As In the.phytomitogén;}nduced blastogenic
‘response, the "excessive" numbers (>20%) of monocytes in
the cell cultures enhanced the ant fgen-induced

blastogenic responses (Tables 5 and 23).
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. Allogeneic monocytes (irrespgctive of their numbers)
added to the cultures of the T-MO» cells falled to
Facllifate significant blastogenic responseé by the T-MO2
cells to antigen stimulation although éhey fnvariably
reconstifuted the bilastogenic responsiveness of the
T-MOo> cells to phytomitogen stimulation (Table 24).
These results are In support of the data presented by
deVrieQiet al (1979, Arala—Chevés ét al (19%8), Haiiel et
al (1979), Geha et al‘ (1981) and Sonderstrup et al
(1978). Jakway et aj (i983) proposed thaf _monocytes in
the antigen-induced blastogenic response function to
present the antigen to the T Ilymphocytes. The T
lymphocytes recognize .antigens only fn associatioﬁjwith
appropriate histocompatability antigens (HLA—b/DF) on the
surface of the monocytes. It may tﬁerefore be concluded
that autologous, but not allogenetic, monocytes are
rquired in smatl ﬁumbers in the 'T 1ymphocyte cultures fo
facilitate optimal blastogenic responses to antiaen

stimulation.

Supernatants from 48 hour PHA-stimulated or
TT-stimulated autologous and allogenelc monocyte cﬁltures
wére ‘eFfective in restoring T Iiymphocyte blastogenic
résponsiveness to antigen stimulation providing threshold
numbers_df autologous monocytes (1% of the cultured

\
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\\eells) were present In the-cultures. These results are *

in accord with those reported by Chu et al (1984) ‘who
reported that supernatants .From Con-A-stimulated
allogenelc monocytes could effectively re;onstitUte the
blastogenic responsiveness of T-MO, cells to TT

stimulation In the presence of UV-irradiated autologous
monocytes. It is therefore necessary to assume that the
bléstogenic responses of the T lymphocytes to antigenic
stimulation require-direct contact with monocytes. These
results should be contrasted witﬁ those results which
demonstrated,-that monocyte culture supernataﬁts were
e?Fective- in restoring the T 1lymphocyte blastogenic
response to phytomitogen stimulation In the absence of

Intact monocytes {(Tables 10 to 12).

As was discussed In Chapter 2.2.2, IL-1 s seeretéd
by monocytes whereas [IL-2 and BCGF are secreted by T
lyhphoéytes In the presence of monocytes or iL—l. In
this fnvestigation, !t was demonstrated that IL-1, IL-2

or BCGF facilitate the the blastgogenic responsiveness of

T 1ymphocytes to antigen stimulation only in the presence

of threshold numbers of autologous monocytes added at the
initiation of the 6 day culture. The requirement of the
T 1ymphocytes to undergo blastogenesis i{in vitro to

A

antigen and phytomitogen stimulation appear to be quite

-\'
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different. The T lymphocytes do not require monocytes inj
the phytomitogen—induced blastogenic response provided
IL=] or IL-2 is added to the ce{l cultures. Furthermore,.
the IIL-1 may be derfved from autologous or allogeneic
monocytes. On tﬁe other hand; the T lymphocvytes undergo
blastogenesis In wvitro to antigen stimulation providing
autologous, but not allogenelic, monocytes are present.
More Importantly, IL-1, IL-2 or BCGF cannot facilitate
the blastogenic responses of the T lymphocytes to antigen
stimulation In the absence of .autologous monocytes
present 1in threshold concentratfon {1% of the culfured

cells). . -

As discussed Tﬁ Chapter 2.3.5, a- number of
invéétigators have - demonstrated ﬁhat B and Nuil
- 1lymphocytes generate sfanificant, albgit minimal,
antigen-1nduced blastogenic responses. The resuilts 1n.
.Tables 19 and 20 élear{y demonstrate that purifiéd B
lymphocytes respond Insignificantly . to antigen
stimulation. These results do not  support those of Geha
et al (1973) who also demonstrated that B ]ymphocytés
cultured in supernatants from PPO-stimuiated sensitized T
'lymphocytes' proliferated to TT . .stimulation. These

conflicting results may be explained by the differences

in the techniques used to i1solate the human circulating B
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Iymphocytes and the ‘puriﬁy of the cell populations

obtained. and cultured. The "pure”™ smlg+ B 1ymphocytes
cuTtured. by 'Geha (1973) were contaminated with T
lymphocytes to the extent of 5% as determined by E
rosette formation. | Ip' this investlgation.‘. the
intentional contamination of the B 1ymphoé§€;s with small
numbers of T lymphocytes (1% of the.culfured‘tells)
resulted in a discernible antiéen-indaced blastogenic
response whereas the intentional contamination of the B
_lymphocytes with greater numbers of T lymphécytes (5% of
£he cultured ée]]s)_- resulted In a signiflcant.

antigen-1nduced blastogenic . response which can be'totally

attributed to the added T 19mphocytes (Tablé 17).

~ The results in this Investigat!on' also demonstrate

thaf the‘ Null lymphocytes do not respond with a
blasteogenic response to_antigen gstimulation. {Tables 19
and 20). These results support thoée prevlously reporteJ
by Horwitz and Garrett (1977). Caraux et al (1982) and Ng
et al‘ (1981), who concluded that Null'lymphocyteQ\Were.
unable to proliFerate 1n' the presence of ‘antigens.
Furthermore, reconptituting the Null lymphocvtes with
autologous monocytes (to a final cell concentfation - 10%)

did not faclilitate +their blastogenic responsiveness

(Table 17). The: intentional ‘'"contamination™* of Null



-257-

Iymphocytes with 1T 7T 'lymphocytes ‘resulted in an
antigen-induced blastogenic response which can be totally'

attributed to the added T !ymphocytes.

The absence of blastogenic responses by the B and
Nitid Iymphocytes in the presence of ant{gens may
concelvably be attributed to the absence of 1L-2 or IL-2

secreting T lIymphocytes. Howeveh. since nelither the B

nor the Null lymphocyfes generated blastogenic responses .
in__the presence of antligen and 1L-2 or BCGF , i€t Is
‘obvious that these cells do not, 1In Fact,‘ possess the

capacity to respond under the culture conditions utilized
in th}s investiqation.
N

It may therefore be concluded that only the T
\ymphocytes, and.not tﬁe B and Null lymphocytes, generate
blastogenic responses to antigen stiéaTéfion in culture.
This T lympﬁgcyte blastogenic response regquires the
presence of éutologous monocytes or exogenous [L-2 in the
presence of theshold numbers of gutologous monocytes.

s

The blastogenic responses of "normal" ' non-allergic
and ragweed allergic individuals to phytomitogen, antligen
and allergen stimulation were also determined in this

Investigation. Not surprisingly, the phytomitogen and :
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antigen—-1nduced blastogehlc responses of the cells of the.

ragweed allergic Individuals were essentially the same as
those generated by the celils of the .non-allergic
individuals. Only the circplating MNC and T 1ymphocytes
of ragweed allergic 1nd1viduaL§ {dlagnbsed by history and
by the RAST test ahd skin testing for immediaté skin
reactivity) evoked a sigﬁtiant blagtogenic response fo
the allergen AgE (Tabie 200.‘ The data presenfed here

leaves 1ittle doubt that allergic patients possess

'cirqulating T lymphocyteé sensitized to AgE'whlle the

non—-allergic |ndiv1dﬁa]s do qot (Tables 19 and 20).
Strannegard et al (1979) demonstrated thet individuais

with hayfever, asthma or atopic eczema .had decreased

hnumbers‘ of ~circulat1ng T lymphocytes which were

hyporesponsive to PHA and Con-A stimulation. "The result
presented ‘here do not ™ demonstrate a decrease

responsiveness of the MNC or the T lymphocytes of rag

allergic patients to phytomitogen or antigen
(Tables 19, 20, 22, 25 and 26).

—

A question which must be addressed

s why only the

circulating T lymphocytes respond to antli and allergep

stihulation (providing a minimal number of monoktytes ar

1
present in the cultures) Irrespective of the Immgpizing

antigeﬁ\: and the interval between _immunization and
. _ :
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testing; Certaln antfgens (for exampie TT and DT) are
known to Induce an antibody immune response following
Immun}zation which protects the individual. This Immune
response involves primarily B lymphocytes and it would be
logfcal to gexpect ‘that. following {mmunization, the
cikculating B lymphocytes would undergo prol {feration in
vitro upon stimﬁlation with these antigens. On the other

hand, antigens which induce cell-~mediated immune

_responses (delayed hypersensitivity) followling

¥

Immunization (for example BCG, Candida and PPD) {induce

the generation of sensitized T I1ymphocytes. One ould
therefore expect circulating T lymphocytes to proliéZEEteﬁsk

upon | stimulation with these antigens in vi Fé. However,
. -y A ” .

ft is well recognized that antigens whigh induce a
humoral fmmune response also Induce the ggneration of a

cell-medisted immune response (sensitized T. lymphocytes)

Foﬁlowlng tmmunization - erowfe 1960). The sensitized T

iymphocytes are continually recirculating. They can be

detected‘ fn the circutation by their abilfty to undergb
blastogenesis %Pon stimulation with the sensitizing

antinen and byjétﬁéir abllity to transFer delayed skin

“ eacti\"ty. On the othzr hand, the antibody-Formlng B

}ymphocyte$ cre found in the circulation only transfently

v

at ‘the peak ot antlbody formation folliowing immunization

. »

and the memory B lymphocytes are normal ly sequéestered to

"~

\



-260-

the spleen. It {s therefore 1oghytically difficuit to
demonstrate circulating B 1vmphocytes capable of

proliferating to antigen stimulation tn vitro.

.

"

Geha et al (1981), Eugeuth and Bona (1977) and Oers
(1979) !mmunizea individuals with TT to 1induced a
secoﬁdary fmmune - response In otherwise norma !
indjviduals. On a dafly basis they assessed the ant ibody
titers and the capacity of clirculating T and 8
1ymphocytes to respond to antigen stimulation in vitro.
Thél antibodf titer (anti-TT 1gG) reached a peak at day 8
post—immuntzation. The circulating T 1 ymphocytes
- responded with blastogenesis to TT stimulation in vitro
irrespective of the time of testingA (prlof‘ or
post-Immunization). Thé proportion of circutating T
lymphocytes which proliferated to TT on day 5 was greater
than prior to fmmunization. This -lncreased blastogenic
response was sustalined until day |4 post-immunizaetion.
The circuiating B lymphocytes did not reépond to TT
stimulation -in ‘ vitro either‘ -p¥!or to nor
post-Immunization. Since B fymphocytes can be deéected
in the circulation post-immunization which are capable of
.secreting éntlbodies in \x}tro. it is necessary to
reconcile this finding with the Failures\Fo detect B

i

lymphiz:fYTFeration to antigenic stimulation In vitro.

b S
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Aé hés been demonstrated previously (Table 18), B
lymphocytes proliferate to PHM ?timplation on day 7 in
vitro only In the presence of IL-2 or BCGF. The question
.ls therefore not whether circulating B Ilymphocytes are
capable of responding with‘ blastoéenesis to antigenic
‘stimulatfon but rather why a sfgnificant blastogenic
response isA not»lobserved when .antibody forming B
1ymphocytes are deménstrated tg be present in the
circulation. The explanation would appear to pe that thé
ahtibody forming B lymphocytes in the circulation are
present Iin exceedingly low  numbers, In  -numbers
Insufficient ta generate a perceptéble blastogenic
response. In point of fact, Geha (1981) demonstrated
that jmmunizatton with TT Fesulted in the transleng,
appearance in the ‘circulation of B lymphocytes which

secreted IgG anti-TT antibodies. The number of

antigen-reacttive B Ilymphocytes capabfe of binding,_

S

125 177 Feached a mpeak by day 8 post-immunization
*(<.00017%) end subsequently declined. On the other hand,
the frequency of TT reactive T lymphocytes 1n the

circulatidn Increassd dramatically following immunization

o

(2.5%) and peaked by day 14 post-immunization (Geha 1981,
Oers 1977). The results preéented {n Table 36 concur

with these findings. The circulating T lymphocytes, but
+ L‘ : [

not the B |ymphocytes obtained from TT fmmunized

-—
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individuals Just prior to ifmmunization and at days 4, 8
and 15 posf—immunization;responded gsignificantly to TT
stimulation. The additfon of IL-2 or BCGF to the B
lymphocytgs did not faclilitate antigenf stimulated B
1ymphocyte blasfogenic responsiveness. These results
Indicate that the small numbers of antibody-forming B
lymphocx;eé in . the circulation even at the time of peak
ant {body formation (103 per 106 clrculating

lymphocytes) are present In too low a number to generate
a signiflicant blastogenic response ég TT stimulat{on In

vitro even in .the  presence of IL-2 or BGCEGF under the

conditions utillized in this laboratory.

" The 3 day phytomitogen-induced and the 6 day
ant igen-1nduced blastdgenic responses are used in the
clinical seéttng to assess and monitor T lymphocyte
function . In patients presenting with symptoms of -
fmmunodeficiency disease and other diseases where the
fmmune - system Is suspected fo have a role (Dean et al
1977, Efibl et al 1982, Hutchins and Steel 1983). The
findings presented in this _-thegis nepessitate a
reagppraisal of the currently-accepted .interpretation géf
the phytomitogen, antigen and allergen-induced
blastogenicr responsés and thefr relafionéhié to the

fmmune system unde7f Thvestigation. ‘1t is generally
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assumed that the fallure to mount a normal blastogenic

[}

respoﬁge is Indicative of defective T Iymphocyte;iﬁk

function. However, -it must now be considered that the
defect 1s not In the T lymphocyte but in the monocyte:

monocytes may elither be deficient in numbers or they may

be defective and be unable to secrete IL-1 which fs

required  for the subsequent proliferation of the T
iymphocytes. 1t must also be recognized that the

blastogenic responses to what are usually considered to

be "antibody—inducing“ antigens i.e. fT. bT, does not

infer intact antibody-forming = capacity ‘but rather

indicates . that cell-mediated sénsitizatibn took place
since only the T lymphocytes, and not the B lymphocyfes.
responses. Therefore, the blastogenic response of the
clirculating lymphogytes to antigens in vitro reflects
only upon the function state of the celi-mediated
compartment of the immune system agd not the

antiquy—Forming compartment.
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6. SUMMARY

The results of +this investigation unequivocally
demonstrate that only. the T lymphocytes respond with
blastogenesis and mitosis following stimutation with
phytomitogens (PHA, PWM, Con-A) for 3 days in culture,
and antigens (TT, DT, CA, PPD) and éllefgen {ragweed
pollen AgE) in the case of allergic indiviqualsdfollow{ng
& days in clUlture. The Ty’ lymphocytes consistently
generated a greater blastogenic response to phytomitogén
and antigen stimulation than did the Tg (or the T¢ or
TN) l?mphocytes.‘ ‘ The T4+ and T8+ Ivmphocytes

consistently responds to the same extent, irréspective of

the mitogenic stimulus used.

The monocvtes are ” obl igatory partiéipants in _the
phytomitogen.' antigen and al lergen-induced blastogen!c'
responses. Reconstitution NoF the monocyte—dep[eted T

‘lympﬁocytes with either autolbgﬁus or allogeneic
monocytes restoréd tec the T 1ymphocytes the capacity - to
undergo blastogenesfs‘ following stimulation with

- : -
phytomitogens in vitro. In contradistinction,’ only
. ‘ .
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;
autologous and not allogeneic monocytes restored to the T

lyﬁphocytes y» the apacity to undergo blastogenesis

following stimulatipn with antigens and aliergen in-

vitro.

Supernaténts from phytomitogen~ét1m0]ateq. or

M

unstimuigted

cultured monocytes -(auﬁoidgdﬁé . or
allogeneic) were capablie of restoring to T»-IQmphocytes
blastogenic responsi@eness‘ to .phytomitogen stimuiation
without the need of monocytes in the cultures, On  the
other hand, supernatants from phyﬁ;mitogen or
antigen-stimulated cuitured  monocytes {autologous or
allogeneic) were capable of restoring to T 1ymphocytes
blastoggnic responsiveness to antigenic stimulation

| ) )

providing autologous mbnocytes are present in-the culture

in threshold numbers. . }

The B lymphocytes cultured in the presence of IL-2
or  BCGF responded with blastogenesis to PWM stimulation
T_Féllowing seven qéys in cultﬁre.- The B lymphocytes dfd
not respond with blastogeénesis following stimulation with
ant igens .(TT. DT, . CaA, _PPD), allergen (Ag?) or the
phytomitogens;PHA and Cén;A. The Null Iymphocyfes do not
respond to phytomitogen, aqtigen and.allergep gtlmulat!on

even whenrcultured for up %%az‘days in the presence of

monocytes, IL-1, IL-2 or BCGF. -

LN
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it should be stressed that, although the TT and DT

antigens are considered to 1Induce primarily humoral

{(antibody) fmmune responses, nevertheless only the

circulating T lymphocytes and not the circulating B
lymphocytes undergo blastogenic responses {n vitro when

incubated with these antigens irrespective whether the

circulating cells were obtained 4, 8 or 15 days or 5 to,

10 years following immunization. The failure to&g§;eqt B
lymphoprol i ferative respdnses to antigenic stimulation in
vitro may be attributed to the absence 9F antigen
responsive B Iymphdcytes in the  circulation or their
.presence in the circulation in numbers"tdo low to

generate significant blastogenic responses.
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7.  ORIGINAL CONTRIBUTIONS TO KNONLEDGé

; )

l. The appl!caﬁt-’has demonstrated that only the

circulating T lymphocytes respond with blastogenesis and

mitosis following stimulation with phytomitogens (PHA,
;7’PwM and Con-A) after three days In cultﬁre.r The B and

Null JVymphocytes do not respond nor do theQ participate

in or contribute to the T Ilymphocyte Dblastogenlic

response.

2. The applicant has demonstrated.: that only thg
circulating T lymphocytes tespond with 'blastogenesis
Foliowing_stﬁmulatfon\with antigen (TT, DT, CA and PPD),
and ailergen (AgE) In the case of allerglic volunteers,
" following six days 1in culture. The B and Null
1ymphocytes do not respond nor do they participate in'$ .
contribute to the T Iymphocyte blastogenic response.

3. The appllcant has demonstrated. that only che T
1ymphocytes are the sole respondef cells which
pro]TFeréte to antigen stimulation wlrrespective of the

immunizing antigen and the interval of time bétween

-L\i__Jlmmué4zation and teﬁting (4, B8 or 15 days or 5 to 10

years). ‘ - . ‘ /
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]

4. The applicant has demonstrated that the . Ty
lymphocytes consistently generatg. greater biaéto@enic

response than do the. Tg Iymphocytes'jrrespectiQe of the

Jnitogentc stimutus _uéed {phytomitogen, antigén or

-allérgen): ' The T¢ 1ymphocytes and the TN cells
' ' . .
consistently glve lower blastogenic responses than do the

TG Iymphocytes. _ -

5. The applicant has demonstrated that the T4+'and T8+ T
. L]
1ymphocytes consistently respond to a8 similar extent

) e T-t‘f:
" frrespective of 'the mitogenic stimulus.™>% '

6. The épplicant has demonstrated that only - the
cFrculating B lymphocytes in the presence of IL-2 or ECGF
reépOnd_with bﬁastogenesls Foilowing stlmulag}on with the
phytomitogen PWM following seven days in cuiture. The B
lymphocytes in the presence of. IL-2 or BCGF do not
respond with blastogeﬁesTs follow{ng stimulation with the
phytomlfogens PHA and Con—-A or the antigens following

culture of the cells for Qp to. seven days.

7. The applicant has demonstratedhthat the monocytes are
ob]igatofy participants In the phytomitogen-induced T
lymphocy¢e blastogenic'respoﬁses. Monocyte—depleted MNC

do not respond to the mitogenic stimulus. Reconstitution
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s’ . ' v o .
of the monocyte-depleted MNC with efther autologous or
alleogeneic - mondcytes restores to the T-lymphocytes the
céﬁacity to hndergo blastogenesys following stimutation
' Qit? prtomltogehg in vitro.

4
i
4

8. The app{icant‘has1demonstrated that the monocytes are
essential particip;nts In the -antigen | and
allergen-1nduced . blqstogpnic | responses of __fhe T
'1ymphdcytés. 'ﬁonocytg—depTeted MNC do not. respond 'Tn
vitro to antigen or af}ergen stimulation. Reconstitution
with autologous ' monocytes reétoreé to the T lymphocytes
the capaclity to undergo  blastogenesis " following
stimulation with thé antigéns. and a!lergén in vitro.
However, in contrast to. the blastogenic response to °

. phytomitogen gtimu1ation. reconstitution with allogenelc

monocytes does not restore blastogenic responsiveness to

entigenic stimulation.

L

9. The applicant has demonstrated that supernatants from

4

N

PHA PNM and ConFA stimulated or unstimulated cultures of
auto}ogous or al]ogeneic monocytes ‘are cgpable of
restOfing to the + 1ymphocyte blas?ogenlp régponéivgness =~
to ghytom1t§gen stimglation. Viable monocytés: afe not .
eésentiai for the ﬁhytomltogen—induced blastogenic

-

reébonsq to take place. It 1s presumed that the mediator

—

' generated is simtlar to, {f not identical with, IL-1.

g
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4

10.. .The applicant: hés demonéfratéd that supernaéants
Froé 'phytomltogen (PHA) or antigen (TT)rstimulated
éultures .oF autdlogous or allogeneic monocytes are
cépable of restoring to the T lymphocytes blastogenic B
reSpbnsivenéss to antigenic stimu1é£ioﬁ ’ provided
autologéus. Qqs‘not allogeneiq; . monocytes are present in «
“threshold numbéré.‘ Thus, for the  antigen-induced
blastogenlic response, IL-1 by I{tself cannot repilace
monocytes as It . can 1in the phytomitogen (PHAT  PWM,

Con-A)=-induced blastogenic responses.
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