CANADIAN THEiES ON MICROFICHE

, ! i.S.B.N.
THESES CANADIENNES SUR MICROFICHE
‘ k]
. * National Library of Canada Bibliothéque nationale du Canada - —

Collections Development Branch

Canadian Theses on

Microfiche Service sur microfiche * -

O1tawa, Canada
" K1A ON4

v

NOTICE

The quality of this microfiche is heavily dependent
. upon quality of the original thesis submitted for
microfiirhing. Every effort has been made to ensure
the highest quality of reproduction possible.

If pages are missing, contact the university which
granted the degree.’

-

Some pages may.have indistinct print especially

if the original pages were typed with a poor typewriter
ribbon or if the university sent ys a poor photocopy.

Prewously copyrighted materials (journal articles,
published tests, etc.) are not filmed.

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1870,
-c. C-30. Please read the authorization forms which
accompany this thesis. : ’

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL-339 (r. B2/08)

Direction du développement des collections

Service des théses canadiennes

AVIS .

La qualité de cette microfiche dépend grandement de
la qualité de la these soumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction.

S'il manque des pages, veuillez communiquer

- avec ['université qui a conféré le grade.

La qualité d'impression de certaines pages peut -
laisser a désirer, surtout si les pages originales ont été
dactylographiees & 'aide d'un ruban usé ou si l'univer-
sité nous a fait parvenir une photocopie de mauva:se\
qualité,

Les documents qui font déja I'objet d‘un droit .

‘d'auteur (articles de revue, examens publiés, etc.) ne
© sont pas microfilmes. .

La reproduction, mémeg partielle, de ce microfilm . -

“~est’ soumise & la Loi camadiénne sur le droit d'auteur,

SRC 1970, ¢. C-30. Veuillez prendre connaissance des
formules d'autorisation qui accompagnent cette thése,

* ‘ LA THESE A ETE

MICROFILMEE TELLE QUE
" NOUS L'AVONS RECUE

: Canad"'



THE ANTIBODY-DEPENDENT CELL-MEDIATED CYTOTOXIC (ADCC)
REACTION WITH RABBIT LYMPHOID AND CIRCULATING
CELLS: THE FUNCTIONAL HETEROCGENEITY OF

RABBIT ADCC CYTOTOXIC EFFECTOR CELLS

. by Marilyn Ann Keaney

Thesis presented to the Schocl of Graduate Studies
in partial fulfillment of the requirements for the

‘degree of Ph.D. in Patheology-Immunology

UNIVERSITY OF OTTAWA

OTTAWA, CANADA, 1981

<::> Marilyn Ann Keaney, Ottawa, Canada, 1982.

pric



iy

&

- ACKNOWLEDGEMENTS
I would like to express my thanks to Dr. Maxwell
A. Richter for'his guidance, encouragement and

invaluable advice during the course of this work and

to Dr. David Algom for his insights into the clinical

relevance. and application of this material.

I am indebted to Ms. Sylvia McPhail, Mr. Holger
Hirte and Mr. Richard Belanger for their technical
assistance and expertise and to Mrs. Terry Goldberger
for the typing ¢of the manuscript.

I am a;;o indebted to my parents Maureen O'Connor
Keaney and W. Gerald Keaney, to my sister Clare Keaney
Running, to Mr. Joseph Furmanczyk and Mr. Stephen Argue’
for their affection and encouragement throughout my

studies.



-

Name :

Place and year

of birth:
Education:

-

Societies:

Publications:

X

VITAE

Marilyn Ann Keaney

Ottawa, Ontario. - :
1950, - ’ -

University of Ottawa, 1968-1972.
B.A. {Premed.), 1972.

Carleton University, 1972-1973.
B.Sc. (Honours Biology), 1873.

Ontario Veterinary College,
University of Guelph, 1977-1581.
D.V.M. (Honours), 1981.

School of Graduate Studies,
University of Ottawa, 1973-1881.

Canadian VeterinaryyMedical Association.
Ontario Veterinary Medical Association.
Canadian Association of Laboratory
Animal Science.

Keaney, M. A., Hirte, H., McPhail, S.,
Ferrando, L., Belanger, R., and

Richter, M. The antibody-dependent cell-
mediated cytotoxic reaction. I. The
morphological and functional heterogeneity
of the rabbit cytotoxic cells.

Immunology, 38, 665-676. (19739)

Keaney, M., McPhail, S., Jodouin, C-A.,/
and Richter, M. The antibody-dependent
cell-medidted cytotoxic reaction. II.

The effect of the concentration of anti-
target cell antibodies on the identity

of the human effector cells. Immunclogy,
40, 205-210. (1980) -

Algom, D., Rapp, E., Hamdy, H., Keaney,
M. A., Hirte, W. E., Klaasen, D. J. and
Richter, M. A. Immunocompetent cells in
malignant disease in man. II. Clinical
and immunologic correlates in-a case of
non-Hodgkin's lymphoma. Can. Med. Assoc.
J., 118, 168. (1978)

A



Chabter

I.

IT

INTRODUCTION AND OBJECTIVES .ovvvveen..

A REVIEW OF THE LITERATURE ON ANTIBODY-

DEPENDENT CELL-MEDIATED CYTOTOXICITY ..~

2.1 Antibody-Dependent Cell-Mediated
Cytotoxicity: An Introduction..
2.2 The Role of T Cells in ADCC
Cyvtotoxicity ....iiiiineieiannns
2.3 The Role of B Cells in ADCC
. Cytotoxicity .....cciiicrenennns
2.4 The Role of Adherent Cells, Mono-
cytes and Macrophages in ADCC

Cytotoxicity ..oiiinicneeananan. '

2.5 The Role of.Neutrophils, Eosino-
phils and Platelets in ADCC
Cytotoxicity ..vieioiccencnnvann.

2.6 The Role of Antibody in ADCC
Cytotoxicity (v.ueeciiceannnnnnnn

2.7 The Mechanism of Cytolysis of
Antibody-Coated Target Cells in
ADCC Cytotoxicity ..............

2.8 The Lymphoid Tissue Distribution
of ADCC Cytotoxic Effector Cells

2.9 SUmMMATY .t icnivcnneeranscacnananna

ii

iii

vi

- wii

xiii

10

10
le6
22

28

38
53

73
97



F

Chapter
III.  MATERIALS AND METHODS .« cuvveivwennenns
3.1 Materials ....ccecececanacaces e
3.2 MethOQS vveveeieeencnenansancenns :
IV, THE OPTIMAL CONDITIONS FOR ADCC CYTO-
TOXICITY IN THE -RABBIT ..... e e
4.1 Introduction and Objectives .....
4.2 Experimental Protocols and
ReSU)lES .l nsenencecaccnnnnne
4.3 Discussion and Conclusions ......
. THE FUNCTIONAL AND MORPHOLOGICAL
HETEROGENEITY OF THE ADCC CYTOTOXIC
EFFECTOR CELL IN THE RABBIT- . .e.es.
5.1 Inkroduction and Objectives .....
5.2 " Experimental Protocols and
Results v it nrennnnnosnnnns
5.3 Discussion and Conclus}ons ......
VI. THE ROLE OF THE ADCC CYTOTOXIC EFFECTOR
CELL IN HUMORAIL IMMUNITY AND IN CELL-
MEDIATED IMMUNITY (DELAYED HYPERSENSI-
TIVITY) IN THE RABBIT +vveciccccenoons
6.1 Introcduction and Objectives .....
6.2 Experimental Protocols and
ResSUlES viwiwinceeeenenecacaena
6.3 Discussion and Conclusions ......
VII. GENERAL DISCUSSION ...%.v.ceu.. e
VIII. CONTRIBUTION TO KNOWLEDGE seeeareeenan
BIBLIOGRAPHY v covevoeaeesmamaeeiemnneaneaanns
B9 5 O 3 1

113

113
123

144
144

145
165

170
170

171
185

208

233

236

258



LIST OF FIGURES

Antibody-dependent cell-mediated cyto-

toxicity (ADCC) ..... et teaaeraaaaa

NatUrally—occurring'(antibody—independent)”

celljggélated cytotoxicity'(NOCC) .......
Mitogen-induced cell-mediated cytotoxicity
(MICC) ...... R LR R TR P PR
Preparation of rabbit lymphoid cells for
tissue culture ........ e eeceecacenanens .
Skin biopsy of a rabbit, previocusly sensi-
tized with SRBC in CFA, 24 houfs after
intradermal challenge with sheep erythro-
cytes in saline.

A. Magnification: 10 x 10 ........

B. Magnification: 10 X 40 ...

Pagé

142

204

205



IT.

C

III.

T Iv.

~

LIST OF TABLES

s

The ADCC reaction with rabbit lymphoid
cells. The effect of varying the }

concentration of anti-target cell

{ChRBC) antiserum ......... [ 145

The ADCC reaction with rabbit lympheoid

cells. The effect of varying the
concentration of fetal bovine serum

using cdl;ure medium 199‘...15 ......... | 148
The ADCC reaction with rabbit lymphoid -
cells. fhe effecﬁ‘of varying the .
concentration of fetal bovine seruﬁ

using culture medium RPMI 1640 .;.....J' 149
The ADCC reaction with ;abbit lymphoid

cells. The effect of varying the |

concentration of fetal bovine serum

TN
using culture medium CMRL 1066 ........ 150

'The ADCC reaction with rabbit lymphoid

cells. The effect of varying the thymus,
white blood cells and spleen effector °

cell concentrations ........... e 154



VI.

VII.

VITII.

IX.

-
-

—

The ADCC. reaction with rabbit lymphoid
cells. The effect of varying tpe
appendix, sacculus rotundus, Peyer's
patéhes and spleen effector cell
concentrations ......... EREEEE R
The ADCC reaction with rabbit lymphoid
celis. The effect of varying the
mesenteric lymph node, popliteal lymph
n de,.bone marrbw and spleeﬁ effector ‘

.-

1l concentrationsS c.ceeeceecascsssnanse

The ADCC cytotoxic indices_(C.I.[/S%_}

lymphoid tissue cell preparations from
normal rabbits .....cciceiiiiiieinn.n .-
The ADCC reaction wiéh rabbit lymphoid
cells. The distribution of effector
cells among the different lymphoid
tissues of the same £abbit oeeeneeennn
Thg relationship of ADCC cytotoxic
activity to the duration .of culture.
Cells of the different rabbit lymphoid
tissues cultured with antibody-

sensitized target cells for up to 72

viii

Page



XI.

XII.

XIII.

XIV.

*x

Page
The relationship of ADCC cytotoxic |
activity to the duration of culture.
Cells of the different rabbit lymphoid
tissues incubated without antibédy—
sensitized targ¢£ cells prior to
culture with antibody sensitized
SlCr-ChRBC target cells ...iveennennn.. | 164
The ADCC reaction with rabbit lymphoid
cells. The ADCC cytotoxic indices of
unfractionated and ficoll-hypaque
density gradieqt fractionated rgbbit
bone marrow and spleen cells at different
E:T ratios ......; ..... ; ............... 174
Tﬁé ADCC reaction with rabbit lymphoid
cells. The ADCC cytotoxic indices of
unfractionated and ficoll;hypaque
density gradient fractionated rabbit -
white blood cells at different E:T ratios. 176
The ADCC-reaction with rabbit lymphoid
cells. The ADCC cytotoxic indices of
untreated and phagocyte dgg}eted rébbit
spleen, bone marrow and wﬁite blood cells
at differénﬁ E:T ratios .ceeeneiiniiann. 179.
The ADCC ‘reaction with rabbit lymphoid

cells. The ADCC cytotoxic indices of



XVII.

XVIII.

XIX.

-Page

phagocyte-depleted white blo&é cellg,'
épleen,'bone marrow, thymus, appendix
and mesenteric lymph node cells as a
fﬁnction of the duration of culture ...

The ADCC reaction with’rabbit lymphoid
cells. . The efféct of soluble aggre-
gates of rabbit gammaﬂglobufin on the

ADCC cytotoxic activity of rabbit white

hblood cells, spleen, bone marrow, thymus,

appendix and mesénteric lymph node °

The effect ¢f immunization by the

intravenous inoculation of sheep erythro-

cytes in saline on the lymphoid tissue

distribution of ADCC cytotoxic effector ™

The dﬁstrigﬁtion of ADCC cytotoxic effec-
tor ceils Lﬁﬁthe ipsilateral and contra-
lateral pépliteal lymph nodes, circulating
leukocyte pool and spleen following .the

subcutaneous infection of sheep erythro-

cytes into the metatarsal footpad ....

' The disfribution of ADCC cytotaxic

*

effector cells in the ipsilatgfal and
contralateral popliteal lymph nodes,

L]

181

184

193

185

7



XXITI.

XXIII.

xi

- Page
circuléting leukocyte pool and séleen
following the subcutaneous injection

of sheep erythrocytes in complete

Freund's adjuvant into the metatarsal
FOOLPAA c.cevcsvensansssnesoanncnnances 198
The effect of immunization on the

lymphoid tissue distribution of ADCC

cytotoxic effector cells. The appear-

ance of effector cells in skin challenge

gites during the course of a delayed
hypersensitivify skin reaction to sheep
erythfocytes in s2line ciiceiveracaaans 201
The ADCC reaction with rabbit lymphoid

cells. A'sﬁmﬁary of\the morphologic and
functional properties of ADCC cytotoxic

effector %Plls in thelrabSit ........ .- 202
The ADCC reaction with human circulating‘
monahuclear cells. The effect of varying. \_,//
éhe concentration of anti-target cell'

antiserum on the ADCC cytotoxic activity

of‘;nﬁ;; circuldting mononuclear cells. 268

wyt

ThéL%DCC reaction with human circulating
white blood cells. The ADCC cytotoxic
activity of ficoll-hypaque density

gradient separated white blood cells



XXIV.

XXv.

as a function of time in c&Z:ure with
the antibody—sensitizéd target cells ..
The ADCC reaction with human circula- -
ting mononucleéf cells following the
depletion of phagocytic celis SEREERRE
The ADCC reaction with human circula-
t-:ing' white blood cells. The identity
of tﬂe ADCC cytotoxic effector cell

&
as a function of the concentration of

the anti-target cell antiserum [(.......

xii

Page

269

271

272



ABBREVIATIONS AND TERMS USED IN TEXT

ADCC:

BCG:

BSA:

ChA:
CB:
CFA:

CY2(Cy2):

iCT3 (CH3):

ChRBC:
C.I.:

CMRL 1066-PS:

-

@

antibody-dependent cell-mediated
cytotoxicity

bacillus Calmette-Guérin

bovine serum albumin

cytotoxicity

-~

complement _

complement components 1 through 9

cytochalasin A

cytochalasin B

complete Freund's adjuvant

the seéond domain in the consta;tA
portion of the heavy chain (Y)
in IgG |

the third domain in the constant
portion of the heavy chain ().
in IgG _ ~

chicken efythrocytés

é&totoxic index .

medium CMRL 1066 supplemented with
100 IU of potassium penicillin G
per ml and 160 Mg per ml of

streptomycin sulfate



-

Con A:

51Cr:

Sler_chree:

C-terminal:

CTL:
.
Culture medium:

L ——

¥

2-DG:
E:

E rosette:

EA rosette:

EAC rosette:

EDTA:

xiv

concanavalin A
radicactive sodium chromate solution
51chromium—labelled chicken erythro-

cytes

' carboxyl terminal portion of the

antibody molecule

cvtotoxic T lymphocyte

medium lé9 supplemented wi?; 100 IU
of potassium penicilg;ﬁ/& pef ml
and 100 4 g per ml of streptomycin
sulfate and fortified with heat-
inactivated (56°C for 30 minutes)
fetal bovine_seru& to a final
concentration of 6 percent

2-deoxyglucose

effector cell

formation of a cluster of erythrocytes

around a central lymphocyte -
formation of a cluster of erythrocytes
sensitized with antibody around a
cenﬁral lymphocyte
formation of a cluster.of erythrocytes
sensitized with antibedy and |
complement-~ around a centrai'lympho—
- \

cvte '

—_

ethylenediaminetetra-acetate



XV

E/ml: effector cell-concentratioﬂ per ml

E:T: ’ .effector to targét cell ratio

Fab‘: éigestion of an IgG molecule by the

_enzyme papain produces 2 Fab'

h (antigen-binding)-fragments and 1
Fc (crystallizable) fragment

F(ab')z: digestion of an IgG molecule by the
enzyme pepsin p?oduces 1 F(ab')2
molecule and small peptides

FBS: . " fetal bovine serum

Ec cell surface cell surface receptor for the Fc

receptor: _

" fragment of the antibody molecule

Fc fragment: digestion of an IgG mblecule by the
enzyme pagain-produces 1l Fc (fragmeﬁt
crystallizable) fragment and 2 Fab
(antigen-binding} fragments

FH: ficoll-hypaque

FHI: cells recovered at the blood ficoll-
hy?aque density gradient -interface

FHP: . " cells recovered in the pellet of the

ficoll-hypaque density gradient

GALT: | gut-associated lympﬁbid tissues-
hr(s): hour (s)
HBSS: . - Hank's balanced salt solution

~ HBSS-PS: - Hank's balanced salt solution supple-

mented with 100 Iﬁ of potassium



xvi

. penicillin G per ml and 100 4g per

ml of streptomycin sulfate

Heat inactivation: the .heating of serum for 30 minutes

IgD:

IgE:

IgG:

IgM:

$Inh:
IRS:
TU:

k: -

K cell:

Lagomorpha:

LPS:

M199-PS:

" horse e}ythrocytes

at 56°C in a water bath

~

human erythrocytes

immuneglobulin

immunoglobulin A (sedimentation
coefficients of 75, 9S8, 115}

immunéglobulin D (sedimentation
coefficient of 7S5) |

immunoglobulin E (sedimentation
coefficient of 88)

immunéglobulin G (sedimentation
coefficient of 7S)

immunoglobulin M (sedimentation
coefficient of 19S)

percent inhibition

immune rabbit serum

international units

kappa

killer cell

Order of the animal kiﬁgdom to which
the rabbit beiongs

lipopolysaccharide

medium 199 supplemented with 100 IU



" MBP:
M.C.:
MICC:
MLN:
MIR:.
MTV:

NOCC:

NRS:

N-terminal:

PLN:
PMN :
PPD:

PS:

RACE:

xvii

of potassium penicillin G fer m]l and
100 g per ml of'streptomYCin suifa;e
major baéi; protein

mononuclear cells

mitogen-induced cgll—mediated cytotoxicity
mesenteric lymph hodes .
mixed leukocyte reaction

mammary tumour virus

naturally-occurring cell-mediated
cytotoxicity -

normai'rabbit serum

amino terminal portion ¢of the antipody
molecule

probability

phosphate buffered saline

peripheral blcocod leukocytes

periéoneal exudate cells
phytohaemagglutinin

popliteal lymph nodes
polvmorphonuclear leukocytes

purified protein derivative of .
tuberculin

pofassium éenicillin G-streptomycin

sulfate mixture

rabbit_anti—chickeﬂ‘erythrocyte

antiserum

—
-~



xviii

-

RAGG: - _ soluble aggregates of rabbit gamma=
-globulin

RBC: X . red blooa cells (erythrocytes)

RPMI 1640-PS: medium RPMI 1640 supplemented with

200 IU of potassium penicillin h
per ml and 100 i4g per ml of

streptomycin sulfate

SIg: - surface immunoglcobulin
~SNF:, . supefhétant fluid
SPF - _') specific pathogen-free"
SR: spontaneous release
-SRBC; sheep erythrocytes
:.' targef-cells
T/ml: ' target cell concentraticon per ml

U.S.P.: United States Pharmacopoea

WBC: white blood cells



CHAPTER I

‘INTRODUCTION AND OBJECTIVES

The past decade has been witness to a revolution
in the consideration of the fole of the lymphocyte.'
Even as recently as the early 1960's, mature lymphocytes
were Still considered-to be end sfage cells, identical
in terms of mofphology and function and the progeny
qf a singie cell lineage ontogenically. By the mid
1970's, mature lymphocytes were considered to be the .
most pluripotent cells in the body and were classified
inteo numerocus categories on @he basis of properties
'such as life span (éhor£ or long), origin (central .
or peripheral); éntigenicity (thymus, bone marrow andé
appendix-derived lymphocytes bear unigue surface anti-
gens), immuhoIogic role (antibody-forming cell, ﬁelper
cell, cytotoxic cell, potentiating celi,ﬁéntigen-driven
prolifegating cell, suppfessor cell) and cell surfape
ﬂreceptorSr

Recent studies into the immunclogic role'df lympho-
cytes have disclosed the existence of lymphocytes uni-
quely capable of indﬁcing the déstruction and lysis
of lymphoid and non-lymphoid target cells possessing

surface antigené to which these effector lymphocytes
T 9

L3
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had been sensitized im vivo, or in vitro during the
mixed leukocy;e_culture reaction (MLR). 1In a parallel
'system, mononuclear leukocytes were also seen to
acquire cytotoxic activity following incubation with,
and subsequent activation by, plant mitogens. Con-
current with these studies, investigations have revealed
the existence of- three types of cell surface receptors--
one for a configuration on the sheep erythrocyte, one
for the Fc region of the ifMmunoglobulin G (IgG) antibody
moleculé subsequent to its interaction with antigen,
and one for the antigen-antibody-fixed third component '
of complement (C'3). The identification of these cell-
surface receptors allowed the classification of lympho-
cytes into three categories, notably E (E = erythrocyte),
Fc and C'3-bearing lymphocvtes. The identificétion
of an expanded fupctional role for the lymphocyteltogéther
with a systeh of morphologie classification provided
a necessary impetus in the direction of correlation
of lymphogyte function and horphology.

in the continuing investigation of 1ymphocytel
cytotoxic reactions in vitro, it was reported that
unsensitized lymphocytes from normal donors were capable
of lysing target cells in the absence of complement, v
provided that they were coated with approp;iate anti-
target cell antibodies. This reaction is currently

known as the antibody-dependent cell-mediated



cg;gggxicm(ADCC) reaction. A wvariety of target cells'
such as chicken, duck, sheep, burro and human erythro-
cytes, Chgng liver cells, human lymphocytes and
lymphoblasts énd various tumour cells have been utilized
to describe the ADCC reac?ion. To date, ADCC activity
has been generally attributed to mononuclear cells |
{lymphocytes and ﬁaérophaées) of human and animal (rat,
mouse, guinea pig, rabbit, monkey, duck, chicken) origin
(figures 1, 2 and 31;

A common dencminator characteristic of ADCC effector
cells is the presence of a cell surface receptor for
the Fc¢ portion of the IgG and in some cases IgM molecule
(Fc-receptor bearing cell). It is today generally
accepted that the cytotoxic reaction is initiated as
a consequence of the interaction of the Fc receptor
on the cytotoxic effector gell with the Fc region of
the cell-bounéd IgG (or IgM) antibody ancé that this
interaction can be blocked by soluble aggregates of
gamma—-globulin and by iﬁmune complexes. Only the Fc
receptor-bearing cell is implicated in this reaction
as removal of T cells or B cells {(defined by convention
as possessing theta ant}gens and SRBC receptors,
and surfﬁce immunoglobulins, respectively) or adherent
(phagocytic?) cells does not affect the ADCC activity
6f freshly drawn lymphocytes. The ADCC effector cell

has consequently been regarded as a "null"” cell.
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Figure l:— Antibody-dependent Cell-Mediated Cytotoxicity (ADCC)._
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Figure 2:—- Naturally-eccurring " (#mtibody-independent) Cell-
mediated Cytotoxicity (NOCC).
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- Figure 3:-—- Mitogen-induced Cell-Mediated Cytotoxicity (MICC).



ADCC cytotoxic activity has also“been variously
attributed to eosinophils and neutrophils. The confusion
regarding the precise nature of the cell mediaﬁing
ADCC activity may be attributed to findings which indi-
cate that although the reaction is dependent on target
cell-fixed IgG and in some cases IgM antibodies, never-
theless the identity of the effector cell varies with
the type of target cell used in the assay system.

In the assessment of ADCC cytotoxic activity in
man, it is invariably oniy circulating cells that are
evaluated. It is generally assumed, but not yet proven,
that circulating ADCC cytotoxic effeétor cells in man
are representative éf §imilar cells present or generated
in other lymphpid tissues and organs. The guestion
.must therefore be asked, whether in fact ADCC cytotoxic
effector cells ist in parenchymal lymphoid organs
which are simil@r in activity to circulating ADCC cyto--
toxic effect cells and if so, in which orgaﬁs are
they confined?

The resolution of this problem can be ;ealized
in the experimental animal in which one can simultan-

eously investigate circuiating WBC and cells of the

different lymphoid tissues for ADCC cytotoxic acti@ity.

In this way, one can demonstrate whether or not‘the
circulating ADCC cytotoxic effector cells are identical®
"

to their functional counterparts within the lymphoid

i
- -

LN
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tissues. It is also important to know which lymphoid

tissues possess ADCC cytotoxid‘effector cells.

These considerations constituted the rationale.

for this investigation.

The
for this

(i)

(1i)

(iii)

(iv}

outbred New Zealand White rabbit was selected

gtudy because of:

its size and ease of handling;

the accessibility of lymphoid tissues-;;d

the ease 0f retrieval of large numbefs of
cells;

its outbred nature (akin to that of man)};

the approximation of some of its physiological
anatomy to fhat of man, a point in fact being
the hematopoietic nature ¢f bone marrow in
rabbit and man. Both rabbit and man stand

in contrast to the rodent by the normal ab-

sence of hematopoiesis in spleen and lymph

node.

To date, ADCC cytotoxic effector cell function

in the rabbit has been ascribed to cells prepared from

4

thymus, mesenteric lymph nodes (MLN), peritoneal exu-

date cells (PEC), WBC, spleen and bone marrow. However,

surprisingly, cells of the gut-associated lymphoid

tissues (GALT: appendix, sacculus rotundus and Peyer's

patches) have not so far been investigated for ADCC

cytotoxic activity. ‘
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The'objectives of this investigation were there-
fore: ) _ L | L B
(1) to determine the 5ptimal culture cénditions
for ADCC cytotoxicity with rabbit cells;
(ii) to define precisely the tissue distribution
of ADCC cytotoxic effector cells in the ragbit;
(iii) to define the functional and mofphoiogical
homogeneity or heterogeneity ofv the ADCC
-, Cytotoxic effectof cell iﬁ the rabbit; and -
(iv) to define the role played by these cells in
- humoral immunity, cell-med&iated immunity and
*in local immune responses.
The tissues investigated for ADCC cytotoxicity
in the rabbit were: bone marrow, WBC, spleen, appéndix,
sacculus rotundus, Peyer's patches, mesenteric and
popliteal lymph nodes and thymus.
Itjis_hoped;that the simultaneous investigation
of numerous rabbit lymphoid tissues will.address those

guestions outlined in the rationale for this investiga-

tion.



CHAPTER II
A REVIEW OF THE LITERATURE ON ANTIBODY~
DEPENDENT CELL-MEDIATED CYTOTOXICITY

2.1 Antibody-Dependent Cell-Mediated Cytotoxicity:
An Introduction '

- <

"Cellular cytotoxicity" is a @hrase in the Immuno-
logical Literature used in part to deséfibe a group
Bf cytotoxic/reactions effected by unsensitized
lymphocyggggleukocytes.‘ fhese reactions are‘known‘_
and further defined by nqgenclaturé as antibody-dependent
cellular cytotoxicity (ADCC), mitogen-induced cellular
. cytotoxicity (MICC) and naturally-occurring ceilular
T /F\\\\\?ytotoxicity (NOCC), respectively. Antibody-dependent
| éellular cytotoxicity is the reaction of principal
interest in this work. A brief review of the experimental '
data By which ADCC has become known and characterized
is therefore in order.-
Immunologically specific cell damage mediated
by lymphocytes was first described by Gévaerts in 1960.
He reported that canine lymphocytes obtained through
thoracic duct drainage and sensitizéd to renal tissue
by means of renal allografts were capable of aggrega-

ting to, and subsequently destroying, these same
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renal cells within 24 to 48 hours of tissue culture. -
He aiso noted that lymphoid cells similarI?’bbtained
from normal dogs or cats sensitized to a third party
allograft were ineffective in destroying the renal
allograft target cells in culture. However, anti-
target cell antibody was not described by Govaerts
(1960) as being.bf critical importance to the cytotoxic
reaction in these experiments. This, however, was .
not the case in the work published by Mdller in 1965.
Moller (1965) found that non-immune murine lymph
node cells were capable of killing allogeneic and semi-
allogeneic (F1 hybrid) sarcoma cells in the presence
of heterologous heat-inactivated antiserum directed
aéﬁinst the H-2 antigens of the murine target sarcoma
cell. Non-immune lymph node cells syngeneic to the
target cells were inactive even iﬁ the presence of
the antiserum. - Although ADCC is not conclusively des-
c;ibed in this study, a non-immune cell(s) (murine
lymph node cells) is hevertheléss described as being
capable of effecting the destruétion of an antibody
(murine anti-H-2 antibody)--coated target cell (mur}ne
sarcoma cells).r The fi;st experiments, howewver, to
convincingly demonstrate antibody-dependent target
cell lysis by non-immune lymphocytes were published

by Perlmann and Holm in 1968 and further documented

by MacLennan and Loewi later in the same year.
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Perlmann and Holm (1968) found that'antisefumwfrom

guineafpigs immunized with Bacillus Calmette-Guerin

(BCG) or killed tubercle bacillus was capable of faci-

litating the lysis of PPD (purified protein deri

of tuberculin)-ccated chicken_eryphrgi?tes by‘;ormal
guinea pig spleen cells or circulating lymphoé tes.
The degree of lysis observed was com%grable to that
seen with immune guinea pig spleen cél;s. This suggeéted
the existence of aﬁvery efficient mechanism whereby
target cell destguction could be effected by normal
lymphocytes in the presence of anti-target cell anti-
bodies or antibodies directed agéinst target cell-
associated antiéens. Therge was, nevertheless, some
question about the validitf of the conclusions drawn
from these experiments (MSller, 1965; MacLennan and .

Loewi, 1968; Perlmann and Holm, 1968) as the concentration

of antiserum used in these early studies was in fact

capable of causing complement-mediated target cell

lysis. It has subsequently been determined that the
concentration of antiserum which need be used to effect
antibody-dependent cell-mediated target cell destruction
by normal, unsensitized effector cells is below that
concentration which will induce complement-mediated
cytolysis of the target cells (MacLénnan, 1972a, 1973;

Cerottini and Brunner, 1974).
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Since the initial observation of antibody-dependent
céll—med&ated cytotoxicity (ADCC) of appropriately
antibody-sensitized target cells By non-immune effector
cells (MSller, 1965; Perlmann and Holm, 1968; MacLennan
and Loewi, 1968; Perlmann and Holm, 1969; MacLennan, 19723,
1973; Perlmann et al, 1972; Cerottini énd Brunner, 1874;
Perlmann, 1976, Lovchik and Hong, 1977, Pearson, 1978),
various experimgntal models have been utilized to inves-
tigate and measure ADCC cytotoxic activity. ADCC cyto-
toxicity has been demonstrated using nucleated and
non-nucleated target cells such as fowl erythrocytes
(chicken [MacLennan and Loewi, 1968; Perlmann and Holm,
1969; Bubenik et al, 1970; Perlﬁann and Pe;lmann, 1970;
Perlmagn et al, 1972; Dennert ang Lennox, 1973; - ‘
Trinchieri et al, 1973; Wisloff et al, 1974a; Kovithavongs
et al, 1975]; duck [Bubenik et al, 1970]1), Chang liver
cells (Maclennan, 1972a and 19735; human lymphocytes
(MacLennan, 1972a) and lymphoblasts (Trinchieri et al,
1973, 1975a; Kovithavongs et al, 1975; Suthanthiran
et al, 1979); fibroblasts (duck [Trinchieri et al,
1975b] ; mouse [M6lier and Svehag, 1972]; human [Lundgren
and Moller, 1969; Timonen, 1879; Trofattér and Daniels,
19791), tuﬁour.cell lines (P8l5 [Greenberg et al, 1975a;
Lovchik éndﬂHong, 1977], Moloney virus-induced tumours

[Forman and Moller, 1973]), virus-infected cells

~* (herpes simplex [Kohl et al, 1978, 1979; Trofatter
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and Daniels, 1979]; respirdtory syncytial virus o
[Meguro et al, 1979]; equine if gg;ﬁous anemia virus
.\ b .- e -

[Fujimiya et al, 1979]), parasites (schistosomulas -

of Schistosoma mansoni [Butterworth et al, 1977; Capron

et al, l??Ba, 1978b; Glauert et al, 1978% Kassis et

al, 1§79]; Trypanosoma cruzi [Madeira et al, 1979:

Olabuenaga et al, 1979]; microfilariae of Dipetalonema

viteae [Weiss and Tanner, 1979]f and mammalian erythro-
cytes (sheep [Van Boxel et al, 1972; Perlmann, 1976];
burro [Kovithavongs et al, 1975]; human [Kovithavongs

et al, 1975; Perlmann, 1976; Lovchik and Hong, 1977; B
Shaw et al, 1978b]).

In addition, ADCC cytotoiic activity has been
-ascribed to various leukocyte populations allogeneic
(MacLennan et al, 1969; Gelfand et al, 1972; Resch
et al, 1974; Lovchik and Hong, 1977; Imir et ali 1977
xenogeneic (MacLennan et al, 1970; Lovchik and Hong,
1977), or syngeneic (McConnachie and Dossetor, 1953;
Lovchik and Hong, 1977) to thé sensitizing anti-target
cell antibodies and/or target cells.

The precise nature of the cell—m;diating ADCC
cytotoxic activity is notoet clearly defined. The
confusion regarding its identity may be largely
accounted for by the differences in the test systems
utilized. However, there is some evidencé wh;ch would

suggest. that the identity and the distribution
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- of ADCC cytotoxic effector cellsd is species dependent.
inter-species variation in ADCC has been néted both

at the effector cell and/or antibody level

(Zighelboim and Gale, 1974; ormiToa- and Jolley, 1976;
Imir et al, 1977). To date, ADCC cytotoxic activity
has been generally attributed to the mononuclea; cells
(lymphocytes, macrophéges/monocytes) of human (Perlmann
and Holm, 1969; MSller and Svehag, 1972; Holm and Hammar-
strom, 1973; Kovithévongs et al, 1975; Larsson and
Ohlander, 1975; MacDonald et al, 1975; Perlmann and
Wahlin, 1976; Shaw et al, 1978a, 1978b; 1979; Wasik, 1978;
_Hafeman and Lucas, 1979; Perussia et al, 1979; Serio

et al, 1979; Shen et al, 1979; Waytz an% Douglas, 1979),
animal {(monkey, rat, mouse, guinea pig, rabbit, swine
-[MacLennan and Harding, 1970; MacLeﬂnan

et-al, 1969; Gelfand et al, 1972; Larsson and Perlmann,
1872; Greenberg et al, 1973a, 1973b, 1975a, 1975b;

Kedar et al, 1974; Lovchik and Hong, 1977] and- fowl
(duck, chicken [Bubenik et al, 1970; Calder et al,
1974a; Imir et al, 1977]) origins. However, ADCC
cytotoxic activity has also been variously attributed
to eosinophils (Butterworth et al, 1975, 1979; -

Capron et al, 1978a, 1978b; Glauert et al, 1978;

Kassis et al, 1979) and neutrophils (Mdller and

Svehag, 1972; Gile and Zighelboim, 1974; MacDonald

et al, 1975; Zighelboim et al, 1976; Shaw et al,
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1978b; Olabuenaga et al, 1979) simEiafl?rof human and
animal origin. )

The controversy regarding the precise nature of
the cell which.ﬁediates ADCC cytotoxic activity may
be a reflection of ;urrent findings which indicate
that although the cytotoxic reaction cannot occur in
the absence of anti-target cell antibodies, nevertheless
the identity of the effector cell appears to vary with
the‘type of target dell used in the assay system
(Perlﬁann and Holm, 1969; MacLennan, 1973; Perlmann,
1976; Lovchik and Hong, 1977; Pé;rson, 1978) . This
dilemma has yet to be resolved.

-~

"2.2 The Role of T Cells in ADCC Cytotoxicity

3
The results of early investigations into the nature
of the ADCC cytoioxic effector cell indicated that |
thymus~derived lymphocytes (conventionally defined
and herein defined as cells possessing theta antigens
and/or SRBC receptors) were not effective in mediating
éntibody—dependeﬁt cellular cytolysis.of antibody-
sensitized target cells.
Van Boxel et al (1972) and Britton et al (1973)
demonstrated in the mousé that ADCC cytotoxic effectﬁr

cells were not thymus derived. Murine spleen cells

(Van Boxel et al, 1972) or purified murine spleen



lymphocytes (Britton et al, 1973} treated with anti-
theta antiserum and compleme;t (which efféctively des-
troys those cells carrying the murine T cell theta
antigenic marker) were found to retain their ADCC cyto-
toxic activity towards antibody-sensitized target
cells. Likewise, MacLennan (1973) found that splenic
lymphocytes from athymic (nu/nu) mice were cytotoxic
towards antibody*sgnsitized target cells, thus further.
substantifating the conclusions of Van Boxel et al (l§72)
énd Britton et al (1973} ;hat the"ADbE cytétoxic effec-
tor cell in the'mouse is not thymus derigéd in the .
conventional ADCC cytotoxicity assay. - -
However, ADCC cytotoxic effector cell statu§ has
been asc¢ribed to murine thymocytes under special circum-
stances. Denhnert and Lennox (1973) were the first
workers t; report that murine T cells (thymocytes)
were capable of acting in ADCC to destroy IgM-sensitized
target cells (ChRBC). This data was later confirmed
by Lamon et.al {(1975a; 1975b; 1975¢c) using a murine-
Maloney sarcoma virus-system. It would appear then,
that at least in the mouse, the assignation of ADCC
cytotoxic effector cell status to the thymocyte or
T cell necessitates £he specification of the experi-
mental system ufilized.

& Harding et al (1971) likewise demenstrated, through

the use of irradiation and thymectomy, that T cells
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were not résponsible for ADCC cytotoxicity in the rat.
In this model it was shown that the ADCC cytotoxicity
of spleen cells taken from thyﬁectomized (at 6 weeks

of age) and irradiated (a total of 1,000 rads in 5
equal doses) rats was unaltered following these manipula-
tions yhé?eas the capacity of these spleen Cellslio
mount a blastogenic fespoﬁse when cultured with the

T cell mitogen phytohaemagglutinin "(PHA) (8 weeks fol-
lowing the laét"dosg of irradiation) was almost totally
absent (l'percent resﬁonse). This fgilure to respond
to the T cell mitogen PHA suggested that the spleen
cell preéaration was devoid of PHA-reactive T cells.
The spleen nevertheless did indeed possess ADCC cyto-
toxic effector cells.

Lovchik and Hong f1977) have also found rat thymic
lymphocytes to be lacking in ADCC cytotoxic efféctor
cell activity. This is in agreement with the earlier
observations of MacLennan and Harding (1970) and

—~

rJﬁQacLennan (1972a) with rat thymocytes.

- L”\S$ﬁ§ies of ADCC cytotoxicity in man conducted
with circulating lymphocytes of patients with thymic
deficiencies revealed that these lymphocytes were capable
of effecting the ADCC cytotoxic destruction of antibody-
coated target qells (sheep and horse_erythrocyte as
well as P81l5 murine mastocytoma target cells),

indirectly suggesting that in man, as in the rodent,

~
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the ADCC cytotoxic effector cells were not thymus-
derived (Lovchik and Hong, 1977).
BEarly studies of human circuiating T-derived lympho-

-

cytes obtained through rosetting éechniques (Perlmann

et al, 1972, 1975; Jondal et al, 1972; Perlmann, 1976)

or by passage through Ig-anti-Ig columns (Perimann_

et al, 1972, 1975; Perlman, 1976) revealed that these
cells were inactive in the conventional ADCC assay

aé were similarly derived T cells in other experimental
models (Harding et al, 1971; Van Boxel et al, 1972;

Britton et al, 1973). The data of Lovchik and Hong

(1977) also concurred with the observations ofﬁthex

above workers althéugh they noted additionally that
human thymocytes directly assayed for ADCC cytotoxic
activity showed no or low levels of éctivity.depending H
on  donor age.

The data presented by Gelfand et al (1972), Resch
et al (1974) and Bona et al (1575; 1976) in the Lagomorph
indicaéed that rabbit thym;c cells were significantly
active in the ADCC assay. This was in marked contrast
to tﬁe findings of workers using rédent (rat, mouse)
and human experimentai models in the conventional ADCC
cytotoxic assay. However, it was sugportive of the
data of Dennert and Lennox (1973) and Lamon et al (1975a;

1975b; 1975¢c} in the mouse described in a non-conventional

IgM-mediated ADCC cytotoxicity assay. The apparent
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congrgdictions in ,this métter may be a reflection of
interspecies differences and/or variations in the Eésting
procedures utilized, a point in fact being the data
available on T cell ADCC activity in the mouse.

It has been recently shown that a proportion of
human T cells, previously thought to be devoid of immuno-
" globulin Fc receptors, reveal these receptors upon
incubation under the appropriate tissue culture conditions‘
(Lamon et al, 1975a, 1975bh, 1975c; Moretta et alh 1975;
Ferrarini et al, 1976; MacConnell and Hurd, 1976; Wahlin
et al, 1976; Fuson and Lamon, 1977; Smeraldi et al,
1977; Fuson et al, 1978). For example, normal T cells
{Lamon et al, 1975a, 1975b, 1975¢c; Moretta et al, 1975,
1976; MacConnell and Hurd, 1976; Wahlin et al, 1976;
Fuson and Lamon, 1977; Fuson et al, 1978) display receptors
for the Fc régions of IgM and to a much lesser exten£
IgG following overnight incubation -at 37°C with FBS.
Samarut et al (1976) obsérved that the Fc receptor
could be detected on 7 percent of T Fells. Smeraldi et
al (1977) ideﬁtified receptors for Fc-and C'3 oh more
than 50 percent of T cells followirg stimulation of the
T cells with PHA for 16 hours. They suggested that‘
receptors for Fc and C'3 are not constant characteris-
tics of normal resting cells, but can be expressed when
required. It has in fact been determined that 5 to 15

percent of human lymphocytes possess both T cell markers

. - d
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(E-RFC or E rosette-forming cells}) and Fc receptors for
IgG and Ghat these cells are indeed distinct from B cells
(SYXg-bearing cells) and are in fact thymus-derived

{(van Oers QE(al, 1977). It has been conclusively demon-
strated, ﬁsing various preparations of antiglobulih
antibodies, soluble aggregates of gamma-globulin and
.soluble immune complexes (Basten et al, 1972a, 1972b;
Dickler and Kunkel, 1972; MacLeﬁnan,1972a;Perlmann et
al, 1972; Van Boxel et al, 1972; Dickmeiss, 1974a, 1974b;
Trinchieri et al, 1975a, 1975b} that the establishment
agﬂéQntact between the Fc portion of the immunoglobulin
molecule and the complementary Fc cell surface receptor
on the ADCC cytotoxic effector cell is critical for the
demonstration of ADCC cytotoxic activity. The discovery
that human T cells may bear Fc_cell-surface receptors
leads to speculation as to théir ability to participate
in ADCC as they possess this funéamenﬂal requirement

for ADCC cytotoxic potential. This'has indeed been
proven to be the case. These Fc cell-surface receptor;
sggring T cells have been shown to demonstrate ADCC
cytotoxic activity by a plague assay (Wahlin et al, 1976)
and have been found to be distinct from cytotoxic T
lymphocytes (CTL) which are IgG independent ﬁ?d do not
possess Fe receptors.

Although the early evidence would tend to suggest

that T cells are not the principal effectors of APCC
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cyfotoxicity,'earlier experimentgikfz}dence and recent .-
evidence based on analysis and fractionation of lympho-

' cytes éccbrding to their cell surface receptors would
suggest that a population(s) of F¢ cell-surface receptor-
bearing T cells in several experimental models (man:
Lamon et al, 1975a, 1975b, 19750; Moretta et al, 1975,
1976; mouse: Dennert and Lennox, 1973; }abbit: Gelfand
et al, 1972; Resch et al, 1974; Bomatt al, 1975, 1976)
is capable of mediating ADCC cytotoxicity-. It would also
appear that this T cell-mediated ADCC cytotoxic activity
is distinct from that of cytotoxic T' lymphocytes. (CTL)

- which are IgG independent and do not possess Fc receptors.

2.3 The Role of B Cells in ADCC Cytotoxicitq™

Although various investigators ﬁave successfully
deﬂonstrated in several animal species (mouse [Van Boxel
et al, 1972; Britton et al, 1973; MacLennan et al, 1973];
rat [Harding et al, 1971; Lovchik and Hong, 1977}) and
in man (Perlmann et al, 1972, 1975; Jondal ‘et al, 1972;
Perlmann, 1976; Lovchik and Hong, i977) that ADCC cyto-
toxicity is generaliy not thymus-dependent (with the
.notable exception of rabbit thymic¢ lymphocytes
[Gelfand et al, 1972; Resch et al, 1974; Bona et al,
1975, 1976] and lymphocytes beariﬁg both Fc receptors

and T cell surface markers [mouse: Dennert and Lennox,
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1973; rabbit: Gelfand et al, 1972; Resch et al, 1974;
Bona et al, 1975, 1976; man: Lamon et al, 1975a, 1975b,
1975¢c; Moretta et al, 1975; Ferrarini et al, 1976;
MacConnell and Hurd, 1976; Samarut et al,‘1976; Wahlin
et él, 1976; Fuson and Lamon, 1977; Smeraldi et al, 1877;
Van Oers et al, 1977; Fuéon et al, 1978]) the evidence for
the participation of a cytotoxic B cell (conventionally
defined and herein defined as a cell possessing surface
immunoglobulins) in the destruction of IgG antibody-
-coated target cells is far from certain. However, the
well-docunented presence of Fc receptors on mature -
circulating B cells andIOn B cells in the peripheral
lymphoid tissues indicate ;hat some mature B cellsg
may have ADCC cytotoxic potentiél (Perlmann, 1976).
Experiments conducted by Van Boxel'et al (1972)
to identify the nature of the murine ADCC cytotoxic
effector cell demonstrated that cytolysis of SIg-bearing
murine spleen cells through treatmﬁnt with anti-~-k antiserum

and complement diminished the cab ity of the remaining

spleen cells to participate in ADCC c¥totoxicity to
an extent commensurate with the level of destruction
of SIg-bearing cells. This suggested
cytotoxic effector cell in tﬁé murine spfeen was indeed
B cell-derived. However, further experimeﬁts;by the
~ same workers showed that similar treatment of murine

spleen cells with anti-k antiserum in the absence of
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complement, while causing no lysis of B cells, was gquite

effective inireducing the ADCC cytotoxicity of the treated

spleén cell preparations, presumably through an Fc cell
surface receptor blocﬁing mechanism. These data
strongly imply that the B cells express ADCC cytotoxic
activity in the mouse.

Forman and Moller (1973) similarly observed sup-
pression of ADCC cytotoxicity by pretreatment of murine

splgen cells with anti-immunoglobin antiserum and v

complement followed by trypsinization to remove surface-

bound antigen-antibody complexes. These tfeated pre-
p@ritions showed a lowered response to mitogenic stimu-
lation with LPS (lipopol&saccharide of E. coli 0SS:BS)
but not to concanaval;n A‘KESEﬂh) suggesting that B
cells were selectively destroyed by this treatment
(LPS nén-specifically activates mouse B cells as mea-
sured by increased DNA synthesis and induction of poly-
clonal antibody synthesis [Andersson et al, 1972]).
However, the effect of anti-immunoglobin antiserum
in the absence of complement was not assessed.

Perlmann et al (1972) found that highly purified
human peripheral bklood lymphocytés were retained sn
a column of immunoglobin-anti-immunoglobin-cocated glass
beads. The lymphocytes i; the column effluent showed -

little ADCC cytotoxic activity, were significantly

depleted of cells bearing SIg and were enriched in T
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cells as determined by their ability to rosette spon-

taﬁeously with SRBC. This suggested initially that

the human ADCC cytotoxic effector lymphocyte did in
. ‘\.‘ .

fact bear SIg and therefore could be considered to
be B cell-derived. However, the low level of "ADCC
cytotoxic activity found in the Ig-anti-Ig column effluent
was later concluded by Perlmann et‘al (1974) and Perlmann
(1976) to be due to the retention of cells bearing
Fc receptors as well as SIg on the Ig-anti-Ig columns.
Perlmann demonstrated~b§ing HGG ([humankésffa—globulin]/
rabbi¥ F[ab']é)-anti;HGG columns that lymphocytes in
the column effluent were ADCC reactive although less
than 1 percent of these cells were found to possess]
SIg. These data suggegtgd that humaﬁ ADCC cytotoxic
activity was a proﬁerty of lymphocytes with Fc¢ receptors
but not o¢f:those with SIg.

Although some of the above data may allow speculation

as to the B cell identity of the ADCC cytotoxic effector

cell, the overwhelming‘evidence does not, in fact,

' support this interpretation.

The complete absence of detectable ADCC cytotoxic
activity by rat thoracic duct cells is extremely‘stroﬁg
evidenée against the B cell identity of ADCC cyﬁotoxic
effector cells in the rat as thoracic duct lymph is
an excellent sourée of antibody-forming celi precursors,

i.e., B c¢ells (Gowans and McGregor, 1963; Ellis et al,



26

1969; MacLennan, 1972a, 1973; Cerottini and Brunner,
1974). Opposite results, however, have been reported
by Fakhri and Hobbs (1972).

Other evidence which does not favour the participa-
tion of antibody-producing cells in ADCC cytotoxicity
is that presented_by Harding and MacLennan (i972). They
ocbserved that rat lymph nodes draining a site inoculated
with Chang cells, although rich in anti<Chang c¢ell
antibody-foéming cells, were a poor scurce of ADCC
cytotoxic effector cells. Similarly, Pudifin et al
(1971) observed that rats subjected to 850 r whole
‘body irradiation were unable to mount an antibody response
to Chang cells at é time when the ADCC cytotoxic activity .
of spleen cells had returned to within 10 percent of
normal, further suggesting that the ADCC cytotoxic
effector cell in the rat was not B cell-derived.

Calder et al (1974a) iﬂvestigated ADCC cytotoxicity
in untreated and bursectomized chickens and observed
that the ADCC cytotoxic activity of circulating chicken
lymphocytes was unaffected by bursectomy in ova at 17
days of incubation. At the time of analysis for ADCC
cytotoxic activity, 7 of the 13 bursectomized chickens
were agammaglobulinemic and the remainder were
hypogammaglobulinemic. This would indicate that,~in
the chicken, the ADCC Cyfotoxic effector lymphocytes

are not bursa-processed.
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The bulk of huﬁan clinical evidence, derivéd from
studies of ADCC cytotoxicity in patients with éevere'hypo-
gammaglobulinemia and éubnormal B lymphocyte numbers,
indicates that these patients.did have normal ADCC cyto-
toxic'funétion and would suggest further that the ADCC
'cytotoxic effector cell is not a B c¢ell (MacLennan, 1972a,
1973; Wislofﬁ and Froland, 1973; Lovchik ana Hong, 1977).
However, Racheiefsky et al (1975) associated deficient
ADCC cytotoxic activity in immuno-deficient patients with
decreased peripleral B cell numbers thereby postulating
a primary role for the B lymphocyte in ADCC cytotoxicity.
However, they also described deficient ADCC cytotoxic
activity in two patients with normal B cell numbers. -
Similarly Campbell et al (1972) described a patient with
macroglobulinemia who was grossly deficient in ADCC cyto-
toxic effector cells. Tcell function was normal in this
patient.

There is, thérefcre, no clear cut evidence that SIg-
bearing or Ig synthesizing lymphocytes are ADCC cytotoxic
effector cells in either rodent, human or avian experi-
mental models. Nevertheless, the possibility still exists
that a precursor lymphocyte destined to become a fully
differentiated B cell and bearing only Fc¢ cell surface
receptors constitutes an ADCC cytotoxic effector cell
population. MacDermott et al (1975) observéd that é high

proportion of "null" cells bearing only Fc receptors and
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. considered  to be ADCC cytotoxic effector cells can con-—

-vert to SIg-bearing cells (B cells) after several days in

—

culture. They (Chess et al, 1975) suggested that null
cells or a subpopulation of null cells constituted a sub-
set of immature B cells thereby inferring that ADCC effec-

tor cells be}ong to the B cell lymphocytic lineage.

. 2.4 The Role of Adherent Cells, Monocytes and
Macrophages in ADCC Cytotoxicity

o —

The minimum requirement for any cell to be poten-
tially acfive in ADCC is tﬂe possession of the Fe¢
cell surface receptor for the Fc region of the IgG,
and in some cases the IgM, antibody molecule (Dennert
and Lennox, 1973; Lamon et al, 1875a, 1975b, 1975c¢;
Moretta et al, 1975, 1976). Fc‘receptors have been docu-
mented to be present on lymphocytes, ?olymorphonuclear
leukocytes (PﬁN), macrophages, monocytes, mast cells,
platelets and on some tumour cells (Kerbel and Davies,
1974) . ‘Although the Fc receptor is essential for the
expression of ADCC, the ;ytotoxicity observed ultimately
depends on the relationship between the effector cells,
antibody molecules and target cells (Lovchik and Hong,
1977) as well as on the subtleties of the interplay
between these components. The assay system must there-

fore be clearly defined before drawing conclusions

as to the nature of the ADCC cytotoxic effector cell.
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This is worthy of particular mention in this discussion
of the role of adherent cells, monocytes and macrophages
in ADCC, as erythrocytes (avian and mammalian) are
routiqsly used as target cells in ADCC assays and more-
over macrophages and monocytes afe-well known to phago-
cytose and_destroy opsonized erythrocytes. This activity
must, therefore, be differentiated from an ADCC mode
of tdrget cell destruction which is presumably éistinct
from the above (MacLennan, 1972a,4972b; Lovchik and
Hong, 1977). _ . .
In the mouse, AﬁCC.cytotoxic effector act;yity
has been found in both adherent and non-adherent spleen
cell fractions. G;éenberg et al (1973a; 1973b) demon-
strated that murine spleen cells, depléted of phagocytic
cells and 6f SIg-bearing cells by passage through a
column of purified rabbit anti-mouse Fab-conjugated
Sephadex,.retained their ADCC activity against antibody-
sensitized ChRBC. Further depletion of the T cell-
component of the column effluent‘by treatment with
anti-T celllantiserum and complement did not alter
tﬁe degree of ADCC cytotoxicity exhibited by the re-
maiﬂzhg cells. This led the;é workers to conclude
that the ADCC cytotoxic effector cell in the mouse
spleen‘was a non-T, non-SIg-bearing cell. Additional,

work by these investigators showed that the cell effec-

ting ADCC was in fact an adherent cell whose properties



+

(cellular size, capacity to be inhibited by certain

subclasses of immunocglobulin G) corresponded to those
. LY

of the murine monocyte. This led them to conclude
that the ADCC cytotoxic effector cell ln the murine
spleen was indeed a monocyte. This cell was described
as a “myéloid K cell" (Greenberg et al, 1973a; 1973b).
These findings were confirmed by Pross et al (1974).

Greenberg et al (1975a; 1975b) went on to demon-
strate the existence of a population of non-adherent
lymphocytes capable pf mediating ADCC against antibody-
coated ChRBC. These were terﬁed "non-adherent lympho-
cytic K celis" to distinguish them from the previously‘
described murine "myeloid K cell"” (Greenberg et al,
1%75a, 1975b; Roitt ef al, 1976).

These findings were in agreement with those of
Zighelboim et al (1976) who showed that EL-4 target
cells sensitized with rabbit antibody were destroyed
by two groups of‘cells, notably adherent mPrine spleen
and peritoneal cells and non-adherent murine spleen
cells. It would also appear that in this study, the
adherent-poor cell prepafations were less effective
than the adherent-rich effector populations. A cultured
cell line of murine peritoneal macrophages has also
been shown by Walker and Demus (1975) to be capable
of effecting lysis of antibodg-coated ChRBC target

cells.
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It would therefore appear that in the mouse there
are two categories of cells that are capable of effgcting

. ADCC:

(1) a non-adherent "K cell" of uncertain lineage,

-t o

\
(ti) an adherent "myeloid K cell" with or without

phagocytic properties.
This latter cell type may be represented by immature
granulocytes, polymorphonuclear leukécytes, monocyteé
and/or macrobhages (Peérson, 1978).
(iii) Under certain circumstances, the murine T
cell has also been éemonstrated to possess
ADCC cytotoxic activity (Dennert and Lennox,"?
1373).
Several investigatdrs (MacLennan and Harding, 1870;
Maclennan, 1972a; Cerottini and Brunner, 1974) have
shown éhat in the rat, ADCC cytotoxic activity can
be fouﬁd in tﬁe\following tissues in order of their
effectiveness in ADCC: '
— _ (1) peritoneal exudate (markedly active};
(ii) spleen {(moderately active);
{iii) Elood lymphocytes (mildly active);
(iv) lymph node (poorly or not active); .
(v[ thymic or thorécig duct lymph {not active).
These w&rkers have excluded the participation of macro-

phages in this system on the basis of the observation
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that the removal of phagocytic.or adherent cells from
the periiopeal cell population had no effect on cyto-
toxicity. These data were gener&ted from éxperiments
in whicﬂ the target cells util;zed in the ADCC assay
were Chang li?er ceils.

Garovoy et al {1976)-on.the other hand, demonstratéd
_in the rat that two populatians of cells were capable |
of destroying antibody-sensitized rat thymocyte target
cells. An adherent and a non-adherent effector cell

e

population was identified. It was also noted that _
, : o

the only constant surface marker of the rat K gell

"in this study was an Fc cell surface receptor. Sanderson

-

‘et al (1975) have similarly noted that there are two
populatioﬁs of ADCC cyt;toxic effectoﬁ cells in rodent
spleens capable of desﬁroying an;ibodﬁ—coated chicken
er;;hrocyte target cells. However, non-adherent.cells
alone wére capable of effecting the destruction of
antibody-coated target cells derived from two tissue
culture lines.

These data contrast with those of MacLennan (1972a)
and MacLennan dnd Harding (1970) and emphasize the
role{of the target cell in specifying the identity

~ | -
of thé%%DCC cytotoxic effector cell.

In\EEg rabbit, Gelfand et al (1972), Gelfand and

Resch (1973) gnd Resch et al (1974) demonstrated-that

two cell populations were capable of effecting ADCC
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cytolysis of rabbit aniibody-sensitized chicken erythro-
cyte target cells:

(1} an adherent, and,’

(ii) a non-adherent ADCC cytotoxic effector cell

population. ' -
Both cell types were found to be present in the spleen
whereas thymus was noted only to contain the non-adherent
effector cell group. These two populations wére differ-
entiated on the basis of time course studies-and acti-
vity in the presence of anti-immunoglobulin.

On the basis of the‘evidence presented by a number
éf investigators (MacLennan, 1972a; MacDonald et al,
1975: Trinchieri et al, 1975a, 1975b; Nelson et al,
1976; Lovchik ‘and Hong, 1977), it would appear that
in man, the ADCC destruction of target cells derived
from tissue culture 'cell lines on the one hand is not
effected by adherent and/or phagocytic cells, but rather
by cells thatoare presumably of lymphocytic 1ineige
(non-T, non-B, SIg-negative lymph%cytes). On the other

hand, it would appear that numerous cell types of the

- human peripheral blood leukocyte pool are capable of

effecting the ADCC cytolysis of antibody-sensitized

chicken erythrocyté target cells. Human adherent cells

(MacDonald et al, 1975; Simchowitz and Schur, 1976),

monocytes (Perlmann et al, 13875}, macrophages (Nelson

et al, 1976; Lovchik and Hong, 1977) and lymphocytes
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{MacDonald et al, 1975; Perlmann et al, 1975; Cordier

et al, 1976; Nelson et al, 1876; Simchqwitz and Schur,
1976; Lovchik éhq Hong, 1977) have all been implitated
as effector cells in the ADCC cytotoxic destruction

of ChRBC taryet cells.

) !
The diversity of peripheral blood leukocytesfgapable

of effecting ADCC-induced cytolysis of ChRBC *target
cells is not observed when erythrocytes of human origin
are substituted for avian or dther erythrocytes as

the target cells in the experimental system. The human

erythrocyte is noted to be destroyed principally by

cells of presumed myeloid origin (monocytes, macrophages).

Several authors (Holm, 1972; Hinz and Chikosky, 1972;
Holm and Hammarstrom, 1973; MacDonald et al, 1975;
Lovchik and Hong, 1977; Norris et al, 1979) are in
agreemént with this obsgrvation. However, twg of the
éapers cited in this report do state that some erythro-
'lysis, albeit of a much smaller degrée, is observed

to bé effected by lymphocytes when the cells are main-
taineé in culture for a prolonged period of time (Holm
and Hammarstrom, 1972; Hinz and Chikosky, 1972). This
is not surprising as several investigators have reported
that lymphocytes are more slowly active in the ADCC—;_

mediated destruction of target cells than are non-

lymphoid cytotoxic effector cells.
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Investigation o6f the kinetics 6f the ADCC reaction
by Perlmann and Holm (1969) and Perlmann and Perlmann
(1970) lead these workérs to conclude thae“greater
thanab percenthmonocytie contamination of a lymphocyte
preparation was found to_significantly increase the
initial rate ef ChRBC cytolysis. Gelfand et al (1372)
also reported that a 0.5 percenﬁ contamination of
lymphocytes by PEC (70 to 80 percent macrophages, 20
to 30 percent granulocytes and lymphocytes) hastened
the onset Of-the ADCC cytolysis of ChRBC target cells.
Lundgren and Moller (1969) similarly noted ‘that more
than 1 percent contamlnatlon of a lymphocyte preparation
with PMNt?nd monocytes could lead to non-specific
detachment of skin fibroblasts from monolayer cultures.

The data of Lundgren and Mdller (1969) with non-
erythroid target cells contradict those of MacLennan
(1972a) with Chang target cells and those of a number
of other workers who also used non-erythroid target
cells (MacDonald et al, 1975; Trinchieri et al, 1975a,
1975b; Nelson et al, 1976; Lovchik and Hong, 19773. »
‘This contradiction may well be a manifestation'of ;ﬂe
relative sensitivities of the different assay systems
used to study ADCC cytotoxicity. |
| One would conciude onAthe basis of these data

that monocytes/macrophages and other non-lymphoid cells

are rapidly actiné in -ADCC whereas lymphocytes are

et I TP
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more slowly acting. This woulEAof necessity hold true °’
only for those target cells suséeptiblé to destruction
by non-lymphoid cells as well as by lymphocytes. When
target cells are suseeptible to destruction by lympho-
cytes only, ADCC cytotoxicity initially proceeds linearly
as a:;unction of time and is seen to level off during
sevefal days in culture (Perlmann and Perlmann, 1970;
Gelfand et al, 1972; Cerottini and Brunner, 1974; Lovchik
and Hong, 1977; Pearson, 1978).

Monocytes and.macrophages have been demonstrated
to play an importanf role in ADCC, a role whose signi-
-ficance @epends on the target cell chosen for the ADCC |
aséay as well as on the animal origin of the pfoposed
ADCC cytotoxic effector cells. _Depenaing on the animal
spec1es/9nd on the experimental parameters outlined
for a given investigation, a worker may selectlvely
choose to mgaitor the function of one or several of
the effector cell types implicated in ADCC. To date,
ADCC cytotoxic activity suggesting adherent cell,
moﬂocyte/macrophage activity has been ascribed to cells:
of rodent (mouse, rat), rabbit'and human origin. Non-
myeloid cells have also been shown to display ADCC
cytotoxic.activity in these animals. A variefy of
target cells have been utilized to elucidate effector
cell populations and mechanisms of ADCC cytotoxiéity

in these experimental models. It is particularly



aﬁ,arent, in the human system, that the choice of target
ceﬁ}Nsa.turn specifies the effector cell implicate&

in ADCC cytotoxicity. This of necessity dictates care-
ful selection of the target cell éo as to minimize

the confusion, in-an already chaotic situation, concerning
the identity of the ADCC cytotoxic effector cell in

man. This may also extend to animals and fowl. The
possibility does, however, exist that the éusceptibility
of the erytﬁrocyte target cell to monocyte/macrophage

ADCC destruction is a reflection of the inability of
erythrocytes to repair cell membrane damage in a manner

as rapid and efficient as their tisgue culture-derived
countexparts.

Monocytes have been shown to bé derived principally
from bone marrow stem cells and to migrate into tissues
and body cavities to become "fixed" or "free" macro-'
phages following a period of time spent in circulation.
The monocyte-macrophage system has been documented
(Schalm et al, 1975) to function in the defense of
the organism against microbial agents as well as in
the removal of effete or damaged cells. Monocytes/
macrophages are found at sites of acute inflammation
but are particularly prominent at sites undergoing
ch:énic granulomatous infiammation-where they may take
the form of monocytes, macrophages, epithelioid cells

or giant cells.  Monocytes have also been demonstrated

TR AR Lt -
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to function intimately in the immune response. They

are thought to process antigen and to present it to
lymphocytes in a highly immunogenic form and thereby
interact with lymphocytes in the generation of a humoral
immune response. The more recent identification of

the presence ¢f Fc celllsurface receptors on mohocytes/:
Macrqphages and the demonstration of the participation |
of these cells in ADCC may suggest yet another specific
immunologic role for monocytes and macrophages and

add to their already considerable and varied list of

activities @nd functions in the living organism.

2.5 The Role of Neutrophils, Eosinophils and
Platelets in ADCC Cytotoxicity

. e

Fc receptors have been demonstrated to be present
on the polymorphonuclear leukocytes (PMN} of several
mammalian species {(Henson, 19569) including those of
man (Henson, 1969; Messner and Jelinek, 1970). Knowing
that Fc receptors are essential for the demonstration
of ADCC cytotoxic activity by lymphoid K cells and
are also.important in the ADCC cytotoxicity effected
by monocytes/macrophages, the postulation that neutro-
phils play a role in ADCC is not unreasonable. In

fact, as early as 1970, Perlmann and Perlmann suggested

that human leukocytes were capable, as were lymphocytes,
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of mediating the ADCC cytolysis of chicken erythrocytes
sensitized-with rabbit antibody. The leukocyte pre-
parations utilized in these early inveétigétions con-
sisted of 80 to 90 percent PMN and 10 to 20 percent
mononuclear cells (lymphocytes and monocytes). The
study showed that leukbcytes were rapidly acting in
the AD&C éEsay but that target cell déstructién after
24 hours of culture appeared to-be lar§ely non-specific.
The opposite was true for lymphocytes. .Erythrophago-
cytosis by PMN™and monoc}ées was prominent and it was
suggested to be an important featu;e of leukocyte-
mediated ADCC destruction of chicken erythrocytes sen-
sitized with rabbit antibody. ’

Holm (1972) repbrted t?gt human erythrocytes
sensitized by is;antiseruﬁ éga;nstzh B or Rh blood
group factors, were lysed by human leukocyte pX¥eparations

(80 tQ.90 percent PMN). Concurrent investigation.of

lymphocytic activity showed that pure lymphocyte sus-

' pensions- (greater than 99 percent) were not cytotoxic

toward isoantisefum—sensitized human erythrocyte target
cells. Rather, it was noted that hemolysis appeared

to increase with the number of‘%%n-lymph0cytic (PMN

and monocytes) cells added to the target cells. Again,
erythrophagocytosis by PMN and mohocytes was frequently
observed and it was suggested to be one of the mechaﬁigms

of target cell destruction. Soluble hemolytic factors

-
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were not detectable nor were killed leukocytes or
leukocyte extracts capable of inducing cytolysis of
the taréét cells. This led to the suggestion that
direct contact between effector cell and target cell
was reguired in prder that cytolysis be effected. Perl-
mann and Perlmann had similarly proposed in 1970 that
the lytic steps of the ADCC reaction required close
contact between effector cells and target cells.

| Whether or not the ADCC cytolysis observed in
these early studies was the Qirect result of contamina-
tion of the leukocyte preparat%on with mononuclear
cells (leukocytes and/or monocytes) or was in fact
due to neutrophilic ADCC cytotoxic activity is unclear.
Conclusive demonstration of human PMN ADCC cyt&toxic~
.activity utilizing pure neutrophil preparations “
(greater or equal to 98 percent) was made by Gale et
al in 1974 and elaborated in subsequent studies (Gale
and Zighelboim, 1974, 1975; Zighelboim et al, 1976).
The target cells utilized in these studies were derived
from the cell line§ EL-4 (a chemical carcinogen-induced
leukemia syngeneic to C57BL/6 mice) and (C538NT)D (a
Gross-virus-induced leukemia syngeneic to Wistar/Furth
rats). The corresponding antisera were raised in rabbits
and rats,‘respectively. It was found that PMN-induced
cytolysis of antigody-sensitized target cells was

Complement independent, rapid, detectable at low PMN
[~}
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to target cell ratios and exceeded that of lymphocyte-
mediated ADCC cytotoxiciﬁy particularly at the higher
effector to target cell ratios. On this basis it was

—~——
deemed unlikely that the ADCC cytotoxic activity of
the PMN could result from mononuclear cell contamination
as the PMN celi suépensions were 98 percenf pure and
had greater or at least comparable ADCC activity to
that of the lymphocytes at all of the effector-target
cell ratios tested. This was guite unlike the situation
noted in the early studies where the ADCC cytotoxicity
attributed to PMN activity could well have been due
to mononuclear cell contamination owing to the large
compeonent of such cells (up to 20 percent) in some
of the PMN cell-preparations.(Perlmann and Perlmann,
1870; Holm, 1972).

Gale and Zighelboim (1975) also undertook serial
light microsceopic studies to find out whether or not
phagocytosis played a key role in the EL-4 target cell
destruction by PMN. This was found not to be the case
and is in marked epntrast wiéh the early reports in
. which erythrocytes were utilized as target cells for
anélysis of the ADCC reaction fPerlmann and Perlmann,
1970; rabbit antibody-sensitized chicken erythrocyte
target cells; Holm, 1972: isoantiserum-sensitized human
erythrocyﬁe target cells). Gale and Zighelbdim (1975)

noted that rosette formation between PMN and rabbit
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antibody-sensitized EL-4 target cells was é feature
of the test cultures, whereas random distribution of
effector and target ceils was seen in the control cul-
tures. In each of the rosetﬁes observed, 3 to 8 PMN
were seen to be closely associated with the cell membrane
"of .a central EL-4 target cell. This is in agreement
with the suggestions of Perlmann and Perlmann (1970)
and H61lm (1972) that the lytic steps of the ADCC
wareactioﬁ require close contact between effector cells
and target cells.
These workers additionally concluded that the .
ADCC cytotoxicity attributed to the PMN was also immuno-
logically specific. This conclusion was based princi-
pally on the results of experiments utilizing a criss-
cross matching of absorbed antiserum and target cells.
The demonstration of cbmpetitive inhibition by the
addition of unlabelled target cells to cultures aiready
containing radicactively labelled targets provided
further evidence as to the immunologic speéificity
of the reaction. Inhibkition of AbCC cytotoxicity could
also be achieved by using aggregated gamma-globulin.
This is also a feature of the ADCC cytotoxic activity
effected by lymphocytes-X cells (Basten et al; 1972a,
1972b; Dickler and Kunkel, 1972; MacLennan, 1972a;

Perlménn et al, 1972). These data and those derived

from preincubation experiments which demonstrated tRat

-
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PMN preincubated with rabbit anti-target cell antiserum
‘were ineffective in mediating ADCC unless addit;onal
antiserumryas added to the culture medium whereas
similarly treated target cells were as susceptible
to lysis as the control cells, iead Gale éﬁd Zighelboin
(1975) to conclude that the ADCC cytotoxicity observed
throughout their investigation was indeed due to PMN
activity. It was also suggested that PMN-mediatedl
ADCC activity involved a PMN population with demonstrable
Fc cell surface receptors. '
This was confifmgd by Zighelboim et al (1976)
in the following year by means of inhibition studies
using aggregates of IgG, fractionation studies using
EA monolayers and enzymatic studies using papain,
neuraminidase an&“ﬁhospholipase—c as well as combinations
of the above procedures. Fc receptors on human PMN
have been previously identified by the ability of antibody-
coated erythrocytes to bind to PMN (Henson, 1969; Messner
and Jelinek, 1970) and it was concluded that a PMN
Fe cell surface receptor was also required for the
binding of the human PMN AD&C cytotoxic effector cell
to the antibody—coated target cell in order to effect
target cell destruction. l
MacDonald et al (1975) investigated ADCC cytotoxi-
city by using various purified popﬁlations of cellsl

derived from the human peripheral blood leukocyte~lymphoéyte



'pool. _These were simultaneously assayed on three
different target cells, notably ch%cken and human ery-
throcytes and P-815-X2 murine mastocytoma cells, a
tissue culturq cell line. They demonstrated that human
PMN (more than 95 percent pure) wer; capable of lysing
the erythroq&te target cells but were incapable of
destroying the mastocytoma target cells. These findings
were corroborated by those of Lovchik and Hong (1977).
Likewise, Nelson et él (1976) ﬁqpnd that ChRBC were
susceptible to cytolysis by huﬁéETEMN (greater than
95 percent pure) whereas Chang liver cells, another
tissue culture cell line, were not. Trinchieri et
al (1975a) “Found human lymphoblastoid target cells
to be resistant to human PMN-mediated ADCC cytolysis.
It would appear then that target cell identity
is as critical to the detection of PMN ADCC cytotoxic
activity as it is to the detection of lymphocyte and/or
macrophage-mediated ADCC cytotoxicity. Furthermore,
it would also appear that tissue culture;derived target
cells are less susceptible £o'lysis by human PMN as
compared to erythrocyte target cells, a case reminiscent
of that seen with human macrophage-mediated ADCC cyto-
toxicity. N
ﬁantpvani (lQ?S)_}nvestigated the diffé;ent roles
éf IgG and complement receptors in the phagocytosis

of immune complexes by murine PMN. (The complexes
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were: EAr sheep erythrocytes coated with murine anti-
SRBC antiseruﬁ; EAC: sheep éryth:ocytes covered with
murine anti-SRBC antiserum and murine complement).

The granulocytes used in this study were obtainéd by L\
periponeal lévége following intgéperitoneal injections
of glycogen solution. Although the principal goal
of this study wa§ the analysis of cell surface receptors,
it was noted that non-immune murine PMN were-capable
of binding.to and of destroying iscantiserum-coated
sheep erythrocytes in a manner reminiscent of ADCC-
mediated target cell destruction. Penfold et al (1976)
likewise implicated murine PMN and immature granulocytes,
along with macrophages and lymphocytes, as beinglcyto-
toxic for antibody-ccated chicken grythrocfte,target
cells. All of the effector cells utilized in this
study were obtained from non-immune mouse spleens.
It was additionally noted that eosinophils and basophiis
;ere observed not to exhibit any ADCC cytotoxicity
-whatsoever in this experimental system.

Eosinophils have, however, been implicated in
the déstrucfion of antibody-sensitized parasitic organisms.
In peoint of fact, Butterworth et al (19?4; 1975) were
the first workers to ascribe a definitive role for
normal human circulating eosinophils in ﬁhe antibody-
.dependent, complement-independent degtfuction of the

schistosomula of Schistosoma mansoni. The effector
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cell in this system was purified by degsity gradient
centrifugation and was identified as a granulocyte.

Selective treatment of unpurified effector cells (i.e.

a mixed population of human periphef&l blooa leukocytes)
with anti-eosinophil antiserum and complement pointed
to the'eosinophil as being the principal, if not the
sole, effector of the ADCC destructijffgf_z?e antibody-
N

sensitized schistosomula. C

Direct ewvidence of the ADCC cytotexic effects'
of eosinophil—enriched cell preparations was presented
by Butterworth.et_al in 1977. In thiélinvestigation,
cell suspensions contéining up to 98.5 percent human
eosinophils and devoid of neutrophils, were effective
in mediatinglADCC cytotoxicity towards antibody-sensitized
schistosomula. On the other hand,'comparable preparations
‘enriched_in either mononuciear cells or in neutrophils,
and devoid of eosinophils, were inactive. It has also
been demonstrated, in parallel studies, that the ADCC
mechanism operative in man is also operative in the
baboon, the natural host for S§. mansoni in Africa
(Butterworth et al, 1976).

It would also appear that a similar mechanism
operates in the mouse. This is based on evidence pre-
sented by Mahmoud et al (i975) that in vivo ablation

of circulating eosinophils by treatment with anti-

eosinophil antiserum abolishes immunity in mice towards
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the schistosomular target organisns, whereas anti-
lymphocyte, anti-macrophage and anti-neutrophil antisera
haﬁé’nb'effect. Additional evidence of eos;nophil
involvement is presented by von Lichténberg et al (1976)
who report that a greatér number of eosinophils are
preseﬁt at tﬁe sites of cercarial challenge in the
ears of ﬁice immune ta S. mansoni than at comgsrable
sites in normal mice. .

Kassis et al (1979) documented fhat'aahefépce
to and killing of schistosomula by murine pe;;:%neql
exudate cells (PEC) was mediated through complement-—
"independent opsonizing IgG. Both PEC-derived eosinophils
and macrophages were seen to adhere firmly to the surface
of the’organisms,Ahowever only the macrophages were
observed t¢ invade them. Selective depletion'of
eosinophils by treating the PEC suspensions with mono-
specific anti-;osinophil antiserum resulted in blocking
the early adherence phase of the cellular reaction
to the parasite but a substantial part of the PEC ability
to kill the schistosomula was retained. The above
evidence in the mouse might suggest that although
eosinophils to %%ay a role in the ADCC destruction
of the schistosomula, cooperation between these and .
other leukocytes, notably macroPhageg, cannot be'ru;ed

out.
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The evidence implicating_the rat eosinophil'in

the ADCC destruction of S. mansoni antfgody—Sensitized
schistosomula is less clear. Mackenzie et al (1977)

reported that rat eosinophils could a;?efe to

S. mansoni schistosomula sensitized with infected rat

serum, howdver nd cytotoxic activity against the target
was clearlyhgxyéched (Capron et al, 1975; 1978a; 1978b).
Sher (1976), on the other_hand, found that rat eosino-
ph%ls were inactive against the schistosomula of S.
mansoni and postulated that rat neutrophils were the
major effector cell. Capron et al (1975) and Perez
(1974; Butterworth et al, 1977) have also reported .
that macrophages are active in the antibody-dependent
cell-mediated déstruction of antibody-sensitized
schistosomula. It is interesting to note that in Capron
et al's (1975{ experiments, the antibody involved was’
IgE, while in Perez' (1974; Butterworth et al, 1977),
it waé IgG.

Capron et al (1978b) presented evidence supporting
the existence, in the rat, of an ADCC mechanism in
which eosinophils were the effector cells in the pre-
sence of IgGZa' the major shbclags of rat IgG and the
second.class of anaphylactic antibody in the rat (the
first is IgE). This suggesﬁed that the class of the
antibody and not only that of the target cell deter-

mined the effector cell involved in the ADCC reaction.

P
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These workers p{oposed that rat eosinophils inter-
acted with mast cells to kill Sj mansoni schistosomula.
In fact, ultrastructural studies revealed the presence
of mast cells And of eosinophils in contact with the
schistosomula (Capron et al, 1978a; 1978b). Preliminary
experiments (Capron et al, 1578a) indicated that mast
cell depletion of eosinophil-rich cell populations
decreased eosinophil-dependent ADCC cytotdxicity.

‘These studies, along with others (C;pron et‘al,
1978a; 1978b) demonstrated that a minimum ratio of \
mast cells to eosinophils was required in order for |
eosinophils to express ADCC cytotoxic activity. 'Further-
more, the ADCC cytotoxic activity exhibited by eosinqphil-
enriched cell populations could.be inhibited in part’
by the pretreatment of mast’cells with heat aggregated
Inga immunoglobulins or with Fc¢ fragments, but not
by Fab' fragﬁents, prior to their addition to a mast
cell depleted'eosinophilié cell suspension. This latter
may suggest that adherence of the mast cell to the
antibodf;sensitized schistosomula may take place through
an‘\Ec cell surfade receptor for the Fc piece of
19G;,- =

These. data are reminiscent of that obtained in
earlier investigationé in 6ther experimental sysﬁems

where it was found that ADCC cytotoxic activity was

sensitive to abrogation by pretreatment of effector
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cells wiﬁh aggregated -IgG or by the addition of these
soluble aggregates of IgG directly to the ADCC cell
cultufes (Bassten et al, 1972a, 1972b; Dickler and Kunkel,
1972: MacLennan, 1972a; Perlﬁann et al, 19%2). However,
it ﬁust be pointed out that the data obtained in the
former case serve to propose a role for mast célls
as c;operators with eosinophils rather than .as the
principal effectors of antibody-dependeﬁt cellular
cytotoxicity towards'aptibody—sensitized $. mansoni
schistosomula in the experimental rat.

Butterworth et al (1977)., working in the human
experimental system, did not find evidence of coopera-

tion between eosinophils and neufrophils, monocytes,

lymphocyteé, bascphils or mas

cells i? the destruction
of §. mansoni schisteosomula, \in cont t with the
findings in mice (Kassis et al, 1879) énd in rats (Capron
et al, 1978a; 1978b). Enhancement of.eosinophil—mediatéd
cytotoxic activity was not obsefved following the addi-
tion of eosinophil—énriched cell preparations to
eosinophil-depleted cell preparations of lymphocytes,
neutrophils and monogytes, from whence the above con-
clusion was drawn.  Likewise the pretreatment of a

cell suspensiond{s) known to contain basophils, with

a monospecific anti-basophil antiserum'and complement,

did not alter the cytotoxicity subsequently observed.

This was in marked contrast 1o the documentation of °



51

a 90 percent reduction in ADCC cytotoxic acti%ity when
anti-eosinophil antiserum was used under similar circum-
stances. =~
Although the early work implicating eosinophils
;s effectors in ADCC in man and other experimental
animals was directed at outlining the immunoloéical ‘

atures of parasitic inﬁs;tion and/or immunity to

reinféction by Schistosoma mansoni, later work has

shown that the same mechanism(s) may be operative in

infections with other parasitic organisms émpng these

Trypanosoma cruzi, the causative agent of Chagas' disease

in man (Olﬁbuenaga et al, 1979). ‘
A 29{; has been described for neutrophils and
-~ .

\;Yfinopﬁils in ADCC with a possible supportive-cooperator
role for mast cells. Al% of these cell types afe unigque
in that they possess ‘Fc cell surface receptofs (Henson,
1969; Messner and Jelinek, 197G). The same is also
frug for platelets (Henson, 1969) and speculation as

. to the role of these latte{\in ADCC is not surprising.
Lovchik and Hong (1977),‘wofking with human platelefs
prepared from spleen by differential centrifugation,
demonstrated that platelets were capable of displaying
ADCC cytotoxicity against a panel of appropriately
antibody-sensitized target c¢ells, notably human and
chicken frythrocytes and P8l5 murine mastocytoma cells.

ADCC cytotoxic activity appeared to be a function of

™
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platelet concentration. 1In addition, piﬁtelet activity
was seen to vary with the target'ceil utilized in the
assay. Most marked acﬁivity was directed against the
huﬁan erythrocyte target cells and comparatively 1es§
towards the chicken erythrocyies and the PB1l5 target
cells with the least activity being shown against these
latter.

The combined evidence presented in this section
would outline a definitive fole in ADCC for the leukocyte,
whether neutrobhil (PMN) or eosinophil, alone or in
concert with X lymphocytes, mdnocytes—macrophages or
mast cellé in man and/or other animal species. A role
for the human platelet in ADCC is also proposed. The
pléthora of experiﬁental syséems utilized to delineate
leukocyte function in ADCC is reminiscent Of_the pre-
viously stated theme that the natureJof the target
éell sggcifies the identity of the effector cell. Appro-
priate caution agaiﬁst the interpretation and extrapolation
of data between man and animals must therefore be reiterated.

The complexity of Ehg information on ADCC may
allow speculation ;s fo its role in the immune response
iﬂ vivo. This Qery same complexity may in fact underliné
the importance of this mechanism to host survival.

That so many cell types involved in other immunologic
functions are participants in ADCC cytotoxiéity nay

allow for refinement and modulation in the immune



response through multiple interactions between these
different immunologic mechanisms. 'This would accord
flelelllty and adaptability to the immune system which
would in turn proflt the host and ensure its survival.

- The case may also be presented that such interactions
may occasionally be detrimental to host survival and

be intimately 1nvolved in-the pathogenesis(es) of disease.

" 2.6 The Role of Antiﬁody in ADCC Cytotoxicity

The early investigative work into the nature of
ADCC demonstrated that the ADCC cytotoxic reaction
was mediated primarily by antibodies of the IgG class
of immunoglobulins (MacLennan, 19723;-Perlmann et al,
1972; Cerqttini and Brunner, 1974). More reéentiy,
however, antibodies of other classes, notably IgM and
IgE, have been reported- to initiate ADCC under special
circumstances (Dennert and Lennox, 1973; Capron et
al, 1975; Lamon et al, 1975a, 1975b, 1975c; Blair-et al,
1976; Wahlin et al, 1976; Fuson -and Lamon, 1977; Pearson,
1978). Regardless of the antibody class implicated in
ADCC in any given experimenﬁal system, it is apparent
that the integrity of the antibody molecule, particularl&
with reference to the Fc portion, is essential in order

that ADCC be demonstrated.
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Rémoval, by pepsin digestion, of the Fc¢ fragﬁent
of rabbit immunoglobulin G to yiéld F(ab)'2 (cleavage
at thé level of CY¥2) was found to significantly decrease
ADCC éytotoxicity (Gelfand et al, 1972; Moller and
Svehag, 1972). It was concluded, therefore, thét the
‘recognition site on the antibody mo}eculé for the effector
cell surface reeeptors did not reside in the F(ab)'g.
antibody moiety. Similarly, Fab fragments were observed
not to have ADCC inductiﬁe capability (Moller and Svehag,
1972; Larsson and Perlmann, 1972; Perlmann et al, 1972).
Treatment of target cell sensitizing IgG antibody with
2-mercaptoethanol to cleave disulfide bonds in the -
Fc portion of the immunoglobulin molecule was also
observed to reduce ADCC cytotoxicity (Macﬁennan, 1972a;
Moller and Svehag, 1972; Perlmann, 1972; Van Boxel
et al, 1972; Denk et aﬁ, 1974; Lovchik and Hong, 1977;
Pearson, 1978). Likewise; eatment of rabbit target
cell sénsitizing IgG antibody with the enzyme plasmin
to cleévé the chains of the molecule in order to remove
107 amino acid residues on the C-terminal of the antibody
molecule was followed by a decrease in ADCC cytotoxic
activity. This suggested that the last 107-C-terminal
amino acid residues, i.e. the CY3 domain, were essential
for the initiafion of ADCC cytotoxicity (MacLennan, 19723).

This contrasted with the observations of Wisloff et

al (1974a; 1974b) who concluded that the CY2 region
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of the antibody molecule was more critical to the ADCC
reaction than the CY3 domain. These workers reported
that the "Fc fragment of the antibeody molecule containing
a part. of the N-términal part of the Fc portion
. inhibited an ADCC reaction directed at ChRBC target
cells better than did the C-terminal half (CY¥3 domain)
of the Fc fragment." The discrepancy b%tween these
studies is unexplained. Lovchik and Hong (19§7) present
data which suggest that the nature of the ADCC cyto-
toxic effector cell-anti-target cell antibody inter-
action is different for ADCC systems meéiated by phago-
cytic and/or non-phagocytic cezis. It has also been
proposed that the- ADCC destrﬁction of antibody—sensitizeé
target cells of tissue‘cu;ture origin, e.g., Chang
liver cells iMacLennan, l973)°is mediated by non-
phagocytic cells whereas that of erythrocytes, notably
ChRBC, is mediated by phagocytic és well as non-phagocytic
cells. The difference in the models chbsen MacLennan
(1972a) and Wisloff et al (1974a; 1974b): and the con-
flicting experimental ‘results may well be a reflection
of tﬁé different effector cell mechanisms operative
in these'experimental systems.

Takén collectively, these findings indicate that the
structural integrity of the F¢ region of the IgG
immunoglobulin, rather than that of the antigen-binding

region, is critical to the initiation of the ADCC



reaction. Fﬁrthermore, it is suggested that within
the‘Fc region, the necessary structural-chemical features
of ;he Fc piece do not reside exclusively -within the

CY3 domain. The integrity of the CY2 domain may also

be reguired to stabilize CT3 or to enhance the affinity
of CT3 for the corresponding effector cell membrane
receptor (Lovchik and Hong, 1977) in order to trigger [
the ADCC reaction.

: The interaction between tHe Fc piece of the antibody
molecule and the COrresponQing effector Fc cell surface
receptor has been shown to be critical for the demon-.
stration of ADCC cytotoxic effector cell activity by
several of the workers cited above. Additionally,
it has been showﬂ that any manipulation of the immuno-
globulin Fc piece which was successful in disrupting
its chemical and sﬁructural integrity was also successful
in decreasing the ADCC cytotoxic activity exhibited
by the effector cells. It would therefore be expected
that any manipulation of the Fc cell surface receptor
which likewise succeeded in disrupting its chemical
and structural integrity would also be successful in
interfering with its ADCC cytotoxic capability. This
is indeed the case. |

Blocking of theJADCC cytotoxic effector celi surface
receptor was observed to be followed by a decrease

" in ADCC cytotoxic actiwvity. Blocking could be
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achieved either by the pretreatment of ADCC qytotoxiC'
effector cells and/or by'tﬁe addiﬁion’gf immune
complexes (related and/or-unrelated.antigen—antibody .
complexes) and/or heat or otherwise aggregated
immunoglobulin and anti-immunoglobulin (Basten et al,
1972a, 1972b; Dickler and Kunkel, 1972; MacLennan,
1972a; Perlmann et al, 1972; Van Boxel et al, 1972;
Dickmeiss, 1974; Trinchieri et al, 1975a, 1975b) to

the culture vessels but could not be inhibited by the
comparable use of nétive immunoglobulin.

- Soluble aggregated immune complexes and/or immuno-
globulin are proposed to act through comﬁetition with
target cell-bound immunoglobulin for Ig-Fc cell surface
receptors-on the membranes of the ADCC cytotoxic
effector cells. The failure of native Ig to act to
. inhibit ADCC is unresolved. It is postulated that
the prefef&ed action of immune complexes ©Or aggregated
immunoglobulin is a reflection of the higher avidity
of ADCC cytotoxic effector cell surface Fc. receptors
for the complementgry sitesJof antibody molecules held
together either by antigen or through physico-chemical
Qggregation'(Cerottini and Brunner, 1974). This data
further suggests that the antibody responsible for
" ADCC cytotoxic activity is, for the most part; not .

cytophilic for the ADCC cytotoxic effector cells

(Perlmann and Perlmann, 1970; Cerottini and Brunner, 1974).
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Notwithstanding tlrlis,l}?erlmann et al (1972) and
Perlmann (1976) have shown that lymphocyte effector
cells may sometimes pick up antibody complexed with antigen
from thé surface of target éells and furthermore use l
these antibodies in an ADCC cytotoxic reaction with
fresh target cells of relevant antigenicity. These
workers reported that lymphpcytes incubated with énti-
ChRBC IgG alone had little antibody remaining on their -
surface as compdred to lymphocytes incubated with ChRBC
target cells plus anti—target.cell IgG antibody. )
Furthermore, when fresh ChRBC target cells were added
to these latter preparations, it was found that only
those lymphocytes pfetreated with anti-ChRBC antiserum
in the presence of target cells were noted tc demonstrate
significant levels of ADCC cytotoxicity. It was also
observed at that time that the cytotoxic'aﬁtivity of
the lymphocyte effector cells was specific for the
chicken erythrocyte target cell. Lymphocytes incubated
either with anti-ChRBC alone, with anti-ChRBC and duck
erythrocytes (a non-cross-reacting target é;ll) er
with normal rabbit serum IgG and ChRBC did not acquire
this type of cytfotoxicity. It was concluded on the
basis of these experiments that lyﬁbhocy;Q§ could utilize
antibddytacqqired from antigen-antibody cbmpiexes to
effect the ADCC cytotoxic dgéfractiOn of fresh antigen

added to the culture system. It was considered, therefore,
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that human lymphocytes could be "armed" to effect ADCC
cytotoxicity. It must be stated, however, that the
level of ADCC cytotoxic activity observed in this type
of experimental system wag, neveftheless, much reduced
when compared to that observed in a more confentional
experimental system (Perlmann et al, 1972). - ..
Perlmann et al (19;2) also reported that pretreat-
ment of human lymphocytes with antigen-antibody complexes
(ChRBC-anti-ChRBC antiserpm).was followed by a reduced
level of ADCC cytotoiicity when these ADCC cytotoxic
effector cells were added to culture vessels containing
anti-target cell antiserum (anti7thBC IgG) and target
cells (ChRBC). Pretreatment of these same lympﬁocytes
with anti-target cell antiserum alone did not alter
the ADCC cytotoxi gctivity subsequently'observed.
It was proposed that the inhibition of ADCC cytotoxic
activity was attributable to blocking of the lymphocytic
Fc cell surface receptors and the ensuing inability
of the anti-target cell antibody to form the nece?fary
bridge between effector cell and target celi so essential
to-éﬁe ’.itiation of the ADCC cytotoxic event.
Blocking of Fc cell surface receptors can be achieved
not only with antigen-antibody complexes and
aggregated immunoglobulin but élso with naturally-

occurring Fc reactive materials such as rheumatoid

factor and staphylococcal protein A (Austin and Daniels,

L]
-
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1976; Isturiz et al, 1976; Pearson, 1978). It is
interesting fg note that in the case of these latter,
the inhibitory effects on ADCC cytotoxicity were:
observed when antiegg'-sensitized target cells weré
pre-trggted with these Fc réactive substances. It was
proposeé that these Fc reactive materials depressed
ADCC cytotoxic ac®ivity through alteration or covering
of the Fc piece(s) on the target cell-bound antibody Ep
" prevent the iinking of the target cell to the ADCC
cytotoxic effector cell by way of.the anti-target cell
antibody (Pearson, 1978). This is unlike the proposed
mechanisms of action for antigen-ap%ibody complexes and
aggregated immunoglob&lin wheré inhiﬁition of ADCC cyté-
toxic activity was attributed to blocking at'the effector .
(by way of‘effector Fe cell surface receptors)'raéher
than'ta?get cell level.

Inhibition of ADCC cytotoxic activity by
anti-immunoglobulin antiserum as well as by immune
complexes, aggregated immunoglobulin and Fc reactive
substances is alsc a feature of ADCC (Chapuis and ‘
3;uﬁner, 1972; Van Boxel et al, 1972; Dickmeiss,
1974a; Trinchieri et al; 1975af lé?Sb; Lovchik and
Hong, 1577). The inhibitory effects of anti-
immhnoglobulin aptiSerum on ADCC may well reflect the

formation of_Ig-anii-Ig immune complexes in culture

medium and/or the shedding of such complexes fro

- \ -

i
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ﬁhe target cell surfaces into the culture medium. Th%s
may be followed in turn by the occupation of Fc cell
- surface receptors on the ADCC cytotoxic effector cells
and prevent these from interacting with the antibody-
sensitized target cells to effect target cell destruc-~
tion. Mikulski and Billing (1977) have additionally
observed ADCC inhibition following thé blocking-bf'
effector'Ep cell surfacé receptors by means of' an anti-‘
B lymphocyte alio—antiserum (Pé;rSOn, 1978). Whatever
the mechanism by which effector Fc cell surface
receptér blockade is achieved, this obstruction is
sufficient to prevent an ADCC reaction from ensuing
or to reéuce the level of ADCC activity exhibited,
provided that a critical number of such receﬁtors are
occupieq. ‘ R
This early investigative work into the identity
of the anti-target cell antibodies capable of
triggefing an.ADCC reaction revealed that these anti-
bodies belonged principally to the IgG class. These
conclusions were drawn from studiés in which anti-
'targét cell antiserum was fractionated on the basis
of ‘molecular size and charge by passage throughr
Sepﬁadex columns (MacLennan et al, 196;; MacLennan,

s —

l972a).. The eluates capable of initiating an ADCC

reaction principally contained IgG-antibody. The

macroglobq}in containing eluate was essentially
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inactive (MacLennan et al, 1969; MaclLennan, 1972a;

"Moller and Svehag, 1972; Perlmann et al, 1972;

Cerottini and Brunner, 1974; Lovchik and Hong, 1977;
Pearson,-1378).

ﬁdditional studies wi;h myeloma proteins of anti-
body classes M, A, D and E r;vealed that aggregates
of these éntibodies did not ha&e inhibitory effects
on gDCC as would be expected if they were participants
in.thé feaction {Perlmann et al, 1972; MacLennan et
al, 1873). This presumably is a reflection of the -
inability of portions of these antibody molecules to
bind to effector Fc cell surface receptors (Lovchﬁ'ﬁ
and Hong, 1977). This latter is an essential pferé-
quisite for ADCC.cytotﬁ i pofentiall However, macro-
globulins have been occasionally observed to have a
§§uppress;vé effect on ADCCjwhen present in quantitf,
élong‘éith—IgG, in anti-target cell antiserum o
ﬁPerlmann, 1976). 1In retrospect this may have been,
in fact, aWreflection of the ability of IgM éntibody

to participate in ADCC under special circumstances.

Further -experimental work attempted to elucidate

. the identity (ies) of the IgG subclasses participating

in ADCC. It is well noted that the various IgG
subclasses (Igdl, 2, 3 and 4) possess differing abili-
ties to participate in certain immunological reactions,

among these:

» Al
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(1) fixation of complement (IgGl and 3);
(i1) biﬁding to monocytes (IgGl and 3); and
(ii4) facilitation of intracellular bacterial o
Eskilling'by polymorphonuclear leukocytes
(IgGl, 2 and 3) (MacLennan, 1972a). . E
Aggregéges of human myeloma proteins belonging to
& ?IgG subclasses 1 through 4 were all found to be capable
of inhibiting ADCC cytotoxicity (MacLennan, 1872a; ' 4
Perlmann et al, 1972; Larsson et al, 1973; Pearson,

1978). This inhibitory effect was likew

to be a direct reflection of the abilify of these

gates to bind to effector Fc¢ cell surface receptbrs

and thereby block the effector-antibody-target cell

interaction so essertial for the demonstration of ADCC

cytotoxicity. It was additionally demonstrated that

igG2 anding4 had a lowef affinity for effector cells
"hEhan IgGl and 3, suggesting that more than one site

on the Fc piece could react with Fc-cell surface.

receptors (Spiegelberg et al, 1976; Pearson,.1978).

It was interesting to note that the sole imﬁﬁnological . \\

function of IgG4 was in ADCC cytotoxicity (MacLennan, !

1972a). ' .

- . -~
When the role of IgG subclasses in ADCC was examined \n{:'
from the perspective of effector cell ability to bind

to these antibodies, it was observed that only myeloma

aggregates of the subclasses IgGl and IgG3 had the

o
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ability to inhibit ADCC by human ﬁacrophage-monocyte
cells, .:hereas only thos? of the IgG subclasses 2 and
4 could inhibit the ADCC activity of non-phagocytic,
1ymphoid effector cells (MacLennan et al, 1973;
Larsson et al, 1975a, 1975b; Lovchik and Hong, 1977).
This.informatién adds to the already large compendium
of data suggesting that lymphocyte and macrcphége—
‘monocytic cells are triggered to act in ADCC by
different mechanisms.

It must alsc be noted that although ADCC cyto-é)
toxic effector cells and anti-target cell antisera
of,different animal species origin react with seemingly
equal efficiency, some differences in the level of

~ ADCC cytotoxic activity exhibited can be attributed
to the species heterogeneity of the components in the
assay system. For insﬁance, it is well documented
that murine lymphoid HDCC effector cells are more
di;criminating in theirggntibo@y requirements for_trig—.
gering ADCC destructionvéf non-erythrocyte target ‘cells
than are effectors of rat, guinea pig, monkey or human
origin (Trincheriret al, 1973; Halloran and
Festenstein, 1974; Lovchik and Hong, 1977). A require-
menﬁ for homologous/isolpgous an;iserum is noted
(Perlmann et al, 1972; Forman and.Moller, 1973;
Harada et al, 1973; Kiessling and Klein, 1973; Lamon

et al, 1974).



Trinchieri et al {1873) exgmined‘thg ability of
human célls and those derived from several other animal
sggcies (chicken, sheep, mouse rat, guinea pig and
.rabbit) to mediate ADCC cytotoxic activity against
alloantibody-sensitized human lymphoblastoid target
cells. They reported that human lymphocytes were in
general moreﬁeffiaésgézggzc cytotoxic effectors than
were ADCC cytoﬁoxic effector cells of }he/otﬁer animals

investigated. They concluded on the basis of this

study that interspecies ygriability in ADCC capabiliﬁy

did exist.
Zigheloim and Gale (1974) subsequently reported
that the quirement fo; syngeneic/allogeneic anti-
target cell fntiserum in ADCC was not-unique to the
mouse . In a study comparing the ADCC cyﬁotoxic
activities of effector cells from rat, rabbig'and man
against a battery of target cells, mnmotably EL-4 (a
murine leukemia;tissue culture cell’line syngeneic

-

to &57/BL6 mice), RPMI—Z%EGS (an es.tablished

lymphoblast cell line derived from a patient with ~\
‘chronic myelogenous leukemia)} and SRBC, they obsérved \f/
that each speci®s_of ADCC cytotoxic effector Eell
evaluated was most active in mediating ADCC when the

target cells were sensitized with antiserum allogeneic

to the effector-cell donor (Zighelboim aﬁé'Gale,
o : '

A " . X
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1974). They further went on to'repor??thét although
human cells appeared to be generally more efficient
as ADCC cytotoxic effectors than cells derived from
either the rat or rabbit, no truly distinctive
'pa%tern of activity was discernible when xenogeneic
serum was utilized. These findings were in partial
¥

agreement to those-of Trikch}er‘ et al (1973).

In a brief article discussAng ADCC in various
orders of wvertebrates, Imir éu a;ﬁ(l977) commented’
that little species s?ecifé€§ty wés shown within
mammalian classes with regard to association between
the Fc piéce of the anti-target cell anﬁibody and the
Fc cell surfacé receptor on the ADCC cytotoxic effector
cell. They stated that effector cells of the Orders
Primates, Lagoﬁorpha and Rodentia were all capabie
within reason of interacting wf?h lagomoxph or rodent
antibodies (Imir et al, 1977). Mammalian ADCC cytotoxic
effectors were not capable, on thé:othér hand, of inter-
acting with aviéﬁ‘&ntibbaies. The converse was also
~observed to be true by these workers but not by othérs
(Calder et 2l, 1974a). It was suggested on the basis )
of some of the above information that there was indeed
evidence forhinter-spedies variation in the ADCC reactive

determinant of the anti-target cell ADCC-inducing

antibody (MacLennan, ‘'1972a; JImir et al, 1977).
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Although it had been determined with relative

certainty that human antibodies of the IgG subclasses:

1, 2, 3 and 4 are all capable of initiating, with greater

or lesser efficiency, ADCC cytotbxicity:‘less is known
about the IgG sﬁbclasses in animal specles, particularly
with respect to-binding of the Fc¢ piece to the effector
Fc cell surface receptor and the subsequen£ inauction
of ADCC (Pearson, 1978). Nevertheless, Chapuis and
Brunner reported in 1971 that guinea pig antibddies
of the IgG subclass 2 were capable of sqpsftizing ChRBC
target cells to the ADCC action of normal guinea pig
iymphoid cells. They observed, however, that ngl
was incapabii of doing so a%though both-subclasses
'shoﬁed equal haemagglutinating abilities. Howevef,
Lérsson and Ohlander inr1975 reported that guinea pig
IgG antibodies of subclasses 1 and 2 were success%ﬁf
in inducing\ADCQ. This partial'contradicti?n is
uﬁrésolved._
The early investigative work into the nature of
£he antibodygsapable of initiating an ADCC reaction
revealed that this antibody belonged to the IgG(78)
class of immunoglobulins (ﬁacLennaﬁ et al, 1969, 1973;
MacLenﬂan, L972a;'ﬁollér and Svehag, 1952; Perlmann
et al, 1972). 'IgM,_#, D and E were found to be inéctive
in ADCC at that_time. Subsequent to this, aﬁ%ibodiés

of the classes M and E have been designated as being

]

S enaad
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capable of participating in ADCC. The firgt convinéing
‘evidence of IgM participation in ADCC was presented

by Dennert and Lennox in 1973. These workers reported
that murine-derived IgM (as well as IgG) anti-ChRBC
-immunoglobulin was capable of initiating the ADCC
cytotoxic destruction of ChRBC targets’ by murine effector
cells. Hoqugr, the bulk of the ev}dén e implicating

IgM participation in ADCC was outlined “in 1975 by Lamor .
“and co-workers utilizing a murine Moloney-sarcoma virus

system. <

. s - These investigators measured fhe ability of sera
/_:_/ _ g Y

N

obtging? f;om mice with regressed Molorey-sarcoma virus-
iﬁdd&ed tumours and from mice with progressively growing
tumours, to initiate ADCC bffhormal murine lymphoid -
cells against Ha2 target ¢ 5 (an established cell

;ihe from an MSV-induced tumour of aCBA mouse, which
produces infectious virus and possesses the MSV-determined
cell.surface antigen}. The 195 as well as the 7S Sephadex
G-200 fractions of the above antisera were found'to
trigger ADCCicytotoxicity by normal murine splenic
lymphocytes, as measured through the microcytotoxicity
asséy. "These Sephadex G-200 fractiops corresponded

to IgM and IgG immunoglobulins, resﬁeﬁtively {Lamon

et al, 1975a). f@is wd§ determined on the bésis of

the G-200 fraétions' molecuiar éize, immunolegic séeci—

. N _
ficity and through the use of Sepharose-coupled anti—moug?



69

IgM and anti-mouse IgG?cﬁluﬁns. Passage éf the 19S or

75 fréction over the corresponding columns fésulted

in a depletion of the ADCC triggering abili?y of these
Sephadex fractions respectifely, fheréby imﬁlicatin;
ADCC igitia;ing d@tivity to murine IgM as well as.to
murine 196G (Lamon et al, 1975a? 1975b; 1975¢). Further
studies revealed that IgM was optimally active at rela-
tivéiy high concentrations in culture whereas the opposite
was trué for IgG. Furthermore, IgM and IgG in combination
appeared to intérfere with each other in the ADCC assay
(Lamon et al, 1975a; 1975b; 1975¢). This latter was remi-
niscent of the observation made by Perlmann (1976} that
IgM antibodies were observed on occasion to have a suppres-
sive effect on ADCC when present in gquantity, along
with IgG, in anti-target cell antiserum. Lamon et al
1975a; 1975b; 1975c) additiona%ly went on to identify

a numbef of lymphocytic categories, among which £hymic
lymphocytes, as being capable 0f exhibiting ADCC cytotoxic
activity against IgM-sensitized Ha2 target cells.

The‘work of Lamon et al (1975a; 19755;‘1975c) was
confirmed 5& Blaif et al (1976j using yet another murine
tumour cell system. In this instance sefa from £emaie
mice bearing'virus-inducéd (MTV) mammary. tumours
were capable of triggering normal murine lymphocytés
.to effect the ADCC destruction, of tumour cells . & S

in culture: Gel filtration of these
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. sera and subsequent examination of these fractions

indicated thatlés (IgM) as well as 78 (IgG) antibodies;%
were capable of participating in thiis ADCC reaction.

The participation of IgM in ADCC is not unique
to the murine experimental model. Wahlin et al (1976)
demonstrated that purified human peripheral blcod lympho-
cytes were capable of effecting the ADCC destruction
of bovine erythrocytes sensitized with either rabbit
IgG or IgM anti-target cell éntise;um'in a plague assay
described by Perlmann et al (1975} and Biberfield et
al (1975). It was also reported that, in this instance,
the formatidn of plagues in the presence of IgG anti-
target cell antiserum took place within, and was complete
by, 20 hours whergas that in the presence of IgM ant;—
bodies was complete cnly by 40 hours. Not only dia
this diécovery corroborate the earlieg work inm the

1)

murine experimental medel, it also seemed to suggest

'that certain différgnces did exist with respect to

the cytotoxicteaét‘ion proper between the IgG and the
IgM ADCC systems. A%ain, the discovery that human
ADCC\cytotoxic effector phocytes could act with

IgM antibody to effect ADCC led to speculation as to
the identity of the ADCC cytotoxic effector cell. It
was determined subsequently'tg_be a subset of %he human
T lymphocyte uniquely posseséing Fc receptors specific

for IgM and not IgG antibody (Moretta et al, 1975; 1976)
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corroborating Lamoﬁ et al's (1975a; 1975b; 1975¢)
findings in the mouse. Fuson and Lamoﬁ (1977) have
additionally reported that human peripheral blocod lym-
phocytes were capable of effecting the destruction

of human heterophile IgM-coated sheep erythrocyte target
cells. Rabbit IgM antibodles were also shown to be
active in the system (Fuson et al, 1978). This mechanism
of ADCC in which IgM is the antibody class iﬁpliéated

in the.neaction is not unigue to mice and man. It

is also operative in the sub-human primate (Prevost

et al, 1975, 1976; Pearson, 1978). ) |

;y  To date there is evidence that IgG as well as

IgM antibodies directed against target.cells and/or
L

target cell-associated antigens are capable of initia- 5

o,
ting the ADCC phenomenon ultimately effected by lympho-

- cytes and/or other cell types from animals of diverse
origin and measured through a variety of assays
fmicrocytotoxicity assay, plaque assay, 51Cr-—release
assay). These two antibody classes are nevertheless
not uniéue in ﬁhis capability. IgE antibody has also:

en implicated in the ADCC destruction of parasitic

»h:::;EE\organisms and/or associated antigens (Schistosoma

mansoni wchistosomula, among others, Capron et al,

1975). A rble for IgD in ADCC has yet to- be described,

. ' LY
however a role. for secretory IgA has recently been .

‘demonstrated by Shen and Fanger (1981)..

e
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Although pure secretory IgA in this model was
inactive b*{EEEelf, it was capable of acting synergis-
tically with IgG to enhance ADCC cytotoxicity by IgG

: s
100 percent. This synergism was seen at IgA to IgG
ratios approximating those at mucosal surfaces and
in mucosal secretions. It was also observed with lympho-
cytic, monocytic and PMN effector cells éossessing
Fc receptors for IgA as well as IgG.

Regardless of the source of the antibody, it ié
“apparent that the integrity of the molecule, particularly
with reference tc the Fc porticn, is essential in order

that ADCC be demonstrated. Furthermore, iy/has been
shown that %he interaction of.the Fe¢ pieée of the anti-
body molecule with the corresponding ADCC cytotoxic
efféctor Fc cell surface receptor is akso critifal

for ADCC. Blocking of the Fc cell surface receptor

with immune complexes or aggregated immunoglobulin

interferes with the expression of ADCC cytotoxic_activity.

Similarly manipulation of the antibody Fc piece by
Fc reacE}ve substances or antiglobulin also interferes
with ADCC cytqtoxic activity.

If_is not, hqwqggr, essential thag’antibodylbe

presented directly to the effector cell in order to

~

Lhitiate the ADCC cytotoxic reaction. Human lymphocytes

can be "armed" through the acguisition of antibody

from immune complexes and sﬁbsequently interact with

}

sl
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target cells to effect ADCC. It iS'presﬁmed that this‘

mechanisﬁf:s also operative in experimental animals.
Suffice to say that antibodieé in general, and

more particularly antibodies of tpe classes IgG, IgM |

and IgE are essential components gqf the ADCC cytotoxic

reaction.in a variety of experimental animals and in man.

In the context of ongoing research ih ADCC, a role for

IgA and/or IgD has yet to ba.defined.

2.7 The Mechanism of Cytolysis of Antibody-Coated
Target Cells in ADCC Cytotoxicity

The precise mechanism of cytolysis in ADCC cyto?oxi--
city has, as yet, not been elucidated. .ﬁbwever, it is
well eséabliéﬁéd that contact between effector cell énd
antibody-coated target cell is essential for the initia-
tioh of the Eytotoxic event. This was first demozgtrated
by Perlménn and Holm in 1969. Chicken erythrocytes -
coated with either PPD (pu;ified protein derivative of
tuberculin) or thyroglobulin, were co—cultufed with anti-
serum specific for one or the other of the target cell-
~bound antigens and were then exposed to human lymphocytes.
Only those target cells which had been compleked with the
antigen specif;c for the antiserum in culture were sub-
sequently lysed. This illustration of the necessity for
effector-target cell contact achieved by Qay of anti- ~

target cell antibody was repeated by Holm and Perlmann
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1(1969) and Maclennan and Harding (1970) using.a similar

—

experimental model with Chang liver target cells and

later by Scornik (1974) who, like Perlmann and Holm (13969}.

utilized‘hapten-comp xed chicken erythrocytes as target'

ibody. Although

cells and the appropriate
these earlf experiments illustrated the necessity for
effector-tgrget'cell COntagt iﬁ ADCC, they served addi-
tionall&lto uhderliné the'fole played by ﬁhe anti-target
cell antibody in the elaboration of this contact. The
anti-target cell antibody.wéuld appear to act as a bridge
-linking effector ananxarget-cell. This bridging activity
woﬁld also appear to be:

_ (i) a function of the serum specificity for

- target cell antigenic determinants;

(i1) a funégion of the abiiity of antigerum and
target cell to interact to form‘antigen—‘
antibody complexes, and ..

. (1ii) a function of the ability of effector cells
to recognize and éo interact with these antigen-
anéibody complexes and so be triggerea to
effect the ADCC destructiég'of the targetﬁw
\y/éells (Hblm"ana.Perlmann, 1969; MacLennan
and Harding, 1969; Perlman and Holm, 1969;

Scornik, 1974).
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However, the exact mechanism of target cell destruction -
uas not elucidated by thd¥e experiments. | .
éomplement has often been suggested to act in
the- antlbody-dependent cellular destructaon of target
cells. In the experlments in Wthh ADCC was first
.described (Moller, 1965; MacLennan and Loewi, 1968;

Perlmann and Holm, 1968),'the antiseruﬁ dilutions

utilized were in fact capable of supportlng complement-
mediated. target cell destruction. However, it was
later pointe%’out by Perlmann and Holm (lSGé), after
much refinement of experimental procedures designed

to measure ADCC that the concentration of antlserum
capable of supportlng, for example, QhRBC target cell.
destruction by purified human lymphocytes in an
acceptable conventional ADCC assay system, was . _ .
1nsuff1c1ent to germlt complement-medlated erythrolysms;
'Complement was therefore judged by these workers

not to partlcipate in ADCCf It must be additionally
noted that all sera.utilized'in conventional ADCC

assa&s werefreported to be hea&iinactivated at’Sﬁ{b, oo
'for 1 hour. This effecfiﬁely ﬁbstroyed the first

a

J’fﬁjtwo complement pfételns, C'l and C'2, thereby pre— . N !
ventlng ADCC target cell destructlon through actlva—
tlon:of the c¢onventional -complement pathway by the
pfoteins C'l.and C'2. N | |
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The dlssoc1atlon of complement and “ADCC was\
further supported by the results of experiments condug;ed
with pharmacologlc inhibitors of the complement ’\
cascade; notably carrageenan. Ca;rageenan'effectlvely
blocks the cascade by binding to the.first'component
of compleme\t,.c'l (Lovchik and Hong, 1977}. Tne
1ncorporat1:>\of carrageenan into ADCC cell cultures
was not founaJ%o alter in any way the BDCC CYtOtOXlC_.
activity subsequently ob;erVed (Perlma?n et al, 1972;
Pollack and ﬁelson, 1973) . However, t%e participation
of complement by way of the alternate pathway was not
.ruled out. by these experlmental results.

Van Boxel et al (1%74) have thoroughly investigated
the role of complement\in ADCC by meens of an experi-
mental system utilizing mice éenetically deflcient
in certain complement protemns. It is important to
note that the in v1tro culture system was designed
to be dev?id of complement either throug& 1ntroduction ]
via tissue culture reegents or through endogenous synthe-
sis by normal murine'cells in culture. Effector cells
and serum froin complement-deficient mice were used
;xcluslvel o support the ADCC cell cultures and enabled
the cémplement-free status of %pe experimental system

to be maintained. Van Boxel et al (1974) demonstrated

that lymphoid cells and immune sera obtained from



77

.
mice deficient in the complement components C'4-to

C'6 were capable of mediating ADCC againgt ChRBC target
cells. A further depletion of the complement components
C'3.-through C'9 by cobra venom factor had no effect ‘
 on the ADCC exhibited by these murine effector lympho-
cytes and immune sera. The additional elimination
of the C'l and C'2 components through heat-inactivation
at 56°C for 1 hour effectively.created a ¢complement- . .,
free ADCC culture system in which the ADCC activity
of murine lymphocytes was unaltered. Complement was,
therefore, ruled out as an active cytolytic factor
in this experimental model.

_Althougﬂ'the complement cascade has been shown
to be inactive in the ADCC cytotoxic mechanism‘on the
basis of the above reports, the participation of other
cytotoxic factors in target cell destruction is still
a consideration. This point was investigated early on
in the ADCC literature by ®erlmann and Holm (1969).
These workers designed an experimeq;al system in which
chiékgn as well as duck erythrocytes were designated
as target cells in an ADCC reaction by ndrmal human
lymphocytes. They observed that chicken ervthrocytes.
were the sole target cells lysed when equal numbers
of SlCr-radiolabelled chicken and unlabelled duck ery-

throcytes were pretreated with rabbit anti-ChRBC anti-

serum {there was no cross-reactivity between these

T
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antibodies and duck erythrocytes) and co-cultured with
normal human lymphocytes in aﬁ ADCC system. When équal
"numbers of unlabelled chicken erythrocytes and, conversely,
radiolabelled duck er&throcﬁtes were similarly pretreated
with rabbit anti-éhRBC antisérum and likewise used

as target cells sin ;n ADCE-reaction witﬁ normal human
lymphbcytes, no evidence of duck erythrocyte disruption
was measurable by the release of the radionuclide Sler
into the culture medium. The converse, also held true
.when rabbit anti-duck erythrocyte antiserum was sub-
stituted for the anti-ChRBC antiserum. The participation
of soluble cytotoxic faciors in the culture medium

was, therefore, ruled out by'Perlmann and Holm (1969)

on the basis that "innocent" bystander target cells

in a target cell mixture (either unsensitized radio-
-labelled duck or chicken ervthrocytes) were not‘destroyed
during the course of an ADCC reaction Qith the antibody-
seﬁsitized tgrget cells. However, it is important

to note thag action of such factors only at the local

or cellular level cannot be excluded on the basis of

the preceding experimental observations. Moller and
Svehag (1972) arrived at similar conclusions from data
generated in an experimental system which used a sheep
and human fibroblast target.cell mixture in an ADCC

reaction by normal human lymphocytes in the presence

of the appropriate corresponding anti-target cell
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antisera.
Despite the failure to démonstraté the'participation
of complement and/or other-soluble cytotoxic factors
in target cell killing by ADCC, invesﬁigators have,
nevertheless, been able to document the neceséity“for
effector cell viabiiity as well as on~going ﬁetabolic
activity in order for ADCC to occur (Perlmann and Holm;
1969; Calder et al, 1974b). Calder et al (1974b) reported
that human lynmphoid cells twice frozen and thawed,
and confirmed to be nqn-viaple as a rqsuit of this
treatment, were unable to destroy rabbit antibody-
coated ChRBE target cells. Other’workers have documented
.. . :
further- that lysis of antibody-coated target_cells
was an energy dependent phenomenon'as.pharmacologic
inhibitors of cellular respiration also suééessfully
;nhibited ADCC cytotoxic activity. This was illustrated
by Perlmann and Holm (1969) and Strom e£ al (1975a)
with antimycin A, by Strom et al (1975a) with oliggmy{:in
and by Henney (1974) with sodium azide. ‘ ‘
Strom et al {19755) found‘that antimycin A, an
antibiocotic that inhibits the respiratory chain,'caused
a drug dose-dependent inhibition of ADCC cytotoxic
activity when it was added to effector-target cell
mixtures. Péxé%ann and Holm (lQGQ%/ggd earlier reported
that pretreatment of ADCC cytotoxig effector cells

with anfimycin A was followed by an inhibition of
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ADCC cytotoxicity thereby leading to the suggestion
that the antibody-induced reaction 'is dependent on
énergy-requiring effector processes. |
Additional evidence that this indeed was the case:
was again provided by Strom et al {1975a}) using vet
another antibiotic, namely oligomycin. This laétér

is known to inhibit cellular respiration by acting

‘upon the mitochondrial enzyme ATPase. Oligomycin,

like antimycin A, was found to produce a drug dose-
dependent inhibition of ADCC. That the action was

at the effector and not éf the target céll level was
illustrated by the data obtainea following pretreatment
of either 'of these cell groups with the antibiotic.

The inhibitory effect of oligomycin was seen only when
the effector cells were treated (Strom et al, i975a).
Henney (1974) likewise corroborated the necessity and
dependence of the ADCC cytotoxic mechanism on energy -

requiring effector cell processes by demonstrating

that sodium azide was inhibitory to the ADCC erythrolysis

of sheep erythrocytes. Strom et al (1975a) additionally
reported that a pharmacologic inhibitor of glycolysis,

notably 2-deoxyglucose {2-DG) was also observed to

. inhibit ADCC, reiterating the energy-dependent nature

of the effector-cellglar processes reduired-for the

demonstration of ADCC cytotoxic activity.
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ADCC cytotoxic activity has also been found to
be abfogated by inhibitors of microtubule -function.
Strom et al (1973a) reported that lysis of Lewis rat
antibody-sensitized BN-rat thymocyté targe£ ;;lls by
Lewis rat spleen cells was Partially suppressed by
non-toxic¢ concentrationg of colchicine and wvinblastine.
No effect was recorded when the drugs were used to
pretreat the target cells prior to culture for ADCC
suggesting that the action of the drugs was at the
effector cell level only.

Trinchieri et al (1975a; 1975b) also reported
that colcemid, another drug toxic to microtﬁbule func-
tion, partially inhibited the ADCC destruction of lympho-
blastoid target cells. In contrast to the findings
‘of the above investigators‘yith.colchicine, vinbiastine
and colcemid, Gelfand et al (1975) found that the ADCE
destruction of ChRBC was not Enhibited by these drugé:
The possibility exists that these conflicting results
are a reﬁlection of the different experimental systems
utilized in the abowve studies. The selection of erythro-
cyte targst cells by Gelfand et al (1875) is in contrast
+o the use of lymphoid target cells by Strom et al
(1973a) and'Trinchieri et al (1975a; 1975b) with thé
ébnsequence that different éffectof cells-ﬁay be acting -

in these experimental models. This may very well be

ultimately reflected in subtle differences in effector
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cell susceptibility to microtubular disruption by these
drugs. It is nevertheless particularly significant
that Abcc cytotoxic activity is semsitive to micro-
tubular disruption by colchiqine, vinblastine and colcemid
‘as microtubules are cellular organelles known to.be
intimately invelved in cellular secretory processes,
among’ others (Bloom and Fawcett, 1975).

The use of the fungal metabolites cytochalasin
A (CA) and cyvtochalasin B (CB) in the investigétion
of the ADCC cytotoxic mechanism has revealed that intact
micreofilament function is'élso essential for ﬁhe cyto-
toxic event. Cytochalasin A disrupts microfilament
function by cleaving disulfide bbnés whereas cytochalasin
B prevents the cellular uptake of hexose, nece-ssary-h
for microfilament activity (Wessellset al, 1971; Kletzien
et al, 1972; Mizel, 1973). Strom et al (1975a) have
reported that both of these chemicals inhibit the ADCC
destruction of Lewis rat antibodyasensitizeéng rat
thymocyte‘target cells by Lewis rat splenic lymphocytes.
This is in agreement with york by several investigators
with cytochalasin A {Gelfand et al,.l975) and with
cytochalasin B (Perlmann et al, 1972; Cerottini and @
Brunner, 1972; 1974; Diekmeiss, 1974a, 1974b; Gelfan%/
et al, 1975; G%eenberg et al,.1975a, 1975b; Trinchieri
et al, 1975a, 1975b) in a variety of experimental moéels.

Perlmann et al (1972) early on, demonstrated that
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CB had a profound inhibitdry effect on the ADCC destruc-
tion of rabbit antibody-sensitized ChRBC by normal
human peripheral blood lymphocytes; Cerottini and
Brunner (197é) in the same year corroborated these
results using an identical experimental model and notéd,
additionally, that CB could also inhibit the ADCC des-
‘truction of ﬁurine-allo—antibody—coated tumour cells

by normal murine spleni& effector cells. Dickmeiss
(l974a;_l974b) later illustrated that CB consistently

and almost totaliy inhibited the erythrolysis of human
allo-antibody-sensitized human erythrocyte target cells

by human peripheral blood leukocyteé._ Similarly, Gelfand
et al (1975) reported that CB inhibi£ed the lysis of
‘;abbit-antibody-coated ChRBC by rabbit splenic and
mesenteric lymph node effector cells.

It would appear then that treatment of ADCC cytotoxic

effector cell preparations with CB, presumablykleaéing

to disfupt;pn of microfilament function, is associated
with loss of ADCC effector cell capability in a variety

of experimental systems. This would imply therefore

that ADCC cytotoxic activitylrequires intact microfila-
ment activity. However, the exact role of the micro-
filament (s) in the ADCC cytotoxic mechanism is still

open to discussion. It is reasonable to suggest that

the ADCC cytotoxic meéhanism is intimately associated

with cellular motility and surface movement as microfilaments
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are closely.invblvea with these latter (Bloom and Fawcett,
1975) and both ADCC an& microfilament activity are
suséeptible to the inﬁibitory action of CB: |
- Gelfand et al (1975) and Trinchieri et al (1975a;'
1975b) have in fact documented that this may indeed be the
case on the basis of parallel studies on the pharmaco-
logic effects of CB.on ADCC and on the antibody-dependent
cellular digestion of immune complexes (bound to latex
beads im this case). This latter is a known secretory
phenomenon, ‘activated like ADCC, through the intenac;ion
of ceilular Fc cell surface receptors‘wifh immuno-
globulin Fc pieces (Trinchieri et al, 1975a; 1975b).
Fgrthermore, it has been previously demonstrated that
this latter reaction was enhanced 'in the presence of
CB as noted by an increased release of lysosomal
enzymes by effector cells (PMN in this caée) iﬁ thé
presence of antiéen—antibody compléxes (Hawkins, 1973;
Henson and.Oades, 1973).

Trinchieri et al (1975a; 1975b} reported that CB.
inhibited both ADCC as well as the antibody—depéndent
cellular digestion of antigen (by human‘mqnocytes,
granulocytes and lymphocytes), this latter conE;asting
with the findings of Hawkins (1973} and Henson and
Oades_(i973). Trinchieri et al (1975a; 1975b) therefore

concluded that the antibody-dependent cellular digestion

of antigen was not effected through cellular secretory
k4
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processes. They postulated rather that this inhibitory
phenomenon was effecfed by interference with immune
complex formation through the action of CB on microfila-
ment function and hence efféc£or cell‘mbtility. Further-
more, as ADCC was known to be triggered in a manner
similar t5 antibody-dependent cell—mediateé antigen
digestion, Trinchieri et al (1975a; 1975b) postulated
that the action of CB on ADCC was likewise acﬁieved
through interference with microfilément function and.
consequently effector cellular motility resulting'in
the inability of ADCC cytotpxic effector cell surface
Fc receptors to bind to imﬁunoglubulin Fc pieces. A
secretory mechanism in ADCC cytotoxicity was thereforé
ruled out by these authors (Trinchieri et al, 1975a;
1975b) . _

Gelfand et al (1975); however, further qualified
the mode of action of CB on ADCC, suggesting that CB
may act at an early membrane-associated step in the
triggering of the ADCC reaction becéuse CB acts rapidly
to effect an inhibition of ADCC which is reversible
upon removal of the drug from culture. They also
commented, on the basis of time course studies, that
CB acted presumably after effector-target cell inter-
action, but before the initiation of the cytotoxic
mechanism. They'additionally’consideréd that the membrane

movement and uropod formation initiated through
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éffebtor;target cell binding théough.Fc interaction
may ﬁe a prerequisite for triggering the effector cell
to become cytotoxic. | |

The fact remains that CB does inhibit ADCC pre-
sumably through interferénce with cellular motility
- by acting at the level of the microfilament. That
inhibition of secretory activity by actiqn-of tﬁe'drugs
colchicine, vinblastine and colceq}d at the level of
the microtubule was also followed by an abrogation
of ADCC cyiotoxic activity together with the observaéion
that cytotoxic factors have not been found in culture
fluids is also significant. One can pOStulate,ltherefore;
that ADCC cytolysis may be échieved by means of a secre-
tory mechanism acting at the local cellular level only, -
subseguent to effector—target‘celi‘binding through
Fc interaction.

In contrast to'the effects of colchicine, vinblastine
and colcemid on the one hénd,‘and cytochalasin A and .
B on the other hand, mitomycin C,, an antipiotic that.
selectively inhibits DNA‘synthesis by cross-linking
DNA stranas (Strom et al, 1975a), has no effézi on ADCC
{(Moller and Svehag, 1972; Calder et al, 1974b; Dickmeiss,

1974a, 1974b; Strom et al, 19875). However, actinomycin

. .

D, an antibiotic that at low concentrations selectively

inhibits DNA-dependent RNA synthesis (Strom et al, .

’

1975a) was found to cause a modest inhibition of ADCC ’%t

e - - e

e
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by some workers (Strom et al,lQ?Sa)ﬁht not by others
(Dickmeiss, 1974a; 1974b). Likewise ouabain, a cardiac
glycoside that specifiéally inhibits plasma membrane
Na-K-dependent ATPase leading to restrictién of Na-K
transport, had no effect on ADCC (Strom et al, 1975a)
cytoéoxicity. It may be concluded therefore that DNA
synthesis or ATPase-dependent Na-K transport are not
critical to the cytolytic mechanism in ADCC. The data
. on DNA4de§endent RNA synthesis is equivocal in this
respect.- |
Protelnlsynthetic mechanisms were also investigated
with a view to determinihg their role in the cyto;oxic
mechanisms involved in ADCC. Cycloheximide and puromycin,
antibioctics capable of inhibiting protein synthesis
in intact cellé {(Strom et al, 1973; 1975a) were g::ﬁi\
by Strom et al £l975a)to cause a.do%e—dependent inhibi-
tion~of ADCC wﬁen added to ADCC effector-target cell
mixtures. MacLennan and Harding (l970) however had
reported earlier that puromycin did not interfere with
the ADéC destrqption of Chang liver target cells while
Dickmeiss (1974a; 1974b) concluded that inhibitors
of proteln synthe51s vielded 1ncon51stent results in
this respeqt. The ev1dence gathered to lmpllcate DNA,
RNA, protein synthetic mechanisms as well as cellular
ionic transport mechahisms as pathways crigical to

the cytolvtic destruction of target cells in ADCC
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is not overwhelming.

It hés, however, been noted bﬁ.seﬁeral workers
(Strom et al, 1973a, 1973b, 1975a; Garovoy et al, 1975;
Perlmann, 1976; Pearson, 1978) that ADCC is‘ﬁoduiated
through alteration in thé intracéllular-levels of cAMP
and cGMP. Intracellular accumulation of cAMP has been
observed t¢ abrogate ADCC through an effect produced
on the ADCC cytotoxic effector cell (Strom et al, 197335.
1973b, 1975a; Garovoy et al} 1?75; Perlmann, 1976; Peaison,

.1978) whereas exogenous cGMP .was found to enhahce ADCC
cytotoxicity {(Strom et ai, 1973b, 1975a; Garovoflét
al, 1975; Perlmann, 1976; Pearson, 1978).

Likewise, it would appear that cations, notably Cgﬁ'
and MdFFare critical for tﬂe manifestation of lymphocyte- -
mediated ADCC cytotoxicity. Dickmeiss (1974a; 1974b) reported
the consistent inhibition of ADCC éytotoxiqity by 5 mM
of EDTA (ethylenediaminetetra-dqetéte, a chemical L.
compound that chelates cations)} and the reversal of
this by the addition of equimolar amounts of ca™ to
the ADCC cultures in gquestion. The addition of 2.5
mM of Ca * and 2.5 mM of M§h+was found to restore the
EDTA-inhibited ADCC cytotoxic regction to only one-
half of the original level of cytotoxicity whereas
Méhkalone (5 mM}-had ;o effect. These data suggested

+1
that Ca alone was critical for the manifestation

of ADCC in this expefimental-system'utilizing lymphocyte
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target cells. Pross et al (1974) likewise reported .
that EbTA at concentratipns of greater than 2 mM was
. found to decreasé the ADCC cytotoxiciéy towards
antibodf~sensitized ChRﬁC ﬁérgeﬁ cells to very low
levels. -

Goldstein and Fewtrell (1975) and Goldstein and
Gomperts (1975) reported that ;he ADCC-mediaEed destruc-
tion of ef}throcytéﬂénd non—erythrocyté targeé cells
was variably dependent on cations. The erythrolysis
of SRBC by human ADCC cytotoxic effector cells was
noted to be ﬁg++—independent és well as Mg++—depenaént.
However, the destruction of Chang liver target cells
was shown to be Ca++—independent. This segregation
of cation depéndence in ADCC.was further invéstigated
by Lovch;L and Hong (1977).

These workers reported that the lysis of PB81S
£arget cells by human ADCC cytotoxic effector lymphoid
cells could be abrogated by QPTA but that this inhibi-
tion was reversible by the addition of Mg++ ions to
the cultures rather thén by the additon of C§++ ions
as'feportea by Dickmeiss (1974a; 1974b). Lovchik and
Hong (1977) went on to report that erythrocyte térget.
cells (ChRBC and HuRBC) were partiall§ resistant to
the effects of EDTA. When ADCQ cytotoxiggeffector
cell preparétions were depleted oftadherént cells and

then tested for ADCC in the presence of EDTA, these

N
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: remaining'éells were incé able of mounting an ADEC
cytotoxit reaction. It wab proposed then that non-
adherent ADCC cytotoxic effector cells regquired divalent
cations in order to effec£ ADCC. It was proposed that
adherent cells presumably did not, on fhe basis of
circumstantial evidence gathered through similar analyses
of ADCC with erythrocyte target cells. These findings
of Lovchik and Hong (1977) supported the conclusions
of earlier work by other investigators. Scorniﬁ and
Cosenza (1974) had previously reported that murine
PEC-derived macrophages were not inhibited by EDTA
whefeas the opposite was true for non-adherent splenic
ADCC cytotoxic effector cells. The exact cation(s)
involvéd in this svstem were not identified.

On the basis of the combined evidence cited above,
oﬁe coura confidently conclude that ADCC cytotoxicity
has_variéb‘g cation dependence. Lovchik and Hong (197}),
similarly Ebncluded that this was indeed the case and
went oﬁ to éropose that this wvariable cation dependence
was a manifestation of three different ADCC cytotoxic
mechanisms, in particular: .
‘ (i) a diwvalent cation-independent mechanism

effected by adheremt cells capable of lysing-

ervthrocyte target cells;
(ii) a Mg'' requiring system involved in the de's-

truction of erythrocyte and non4erythrocyte



(e.g. P815 cells) target cells; and
(iii) a.Ca++ requiring mechanism active :a;inst
other non-erythroid térget cells.
Importantly, these data illustrate that adherent and
non-adherent cells have different cation rgquiremepté
" in order to effect the ADCC destruction of target cells.
Furthermore, as more than one cell type is capable
of effecting ADCC, it is probable that more than one
térget cell damaée mechanism is operative.

This is particularl} the case for the adherent
cell, where phagocytosis, an intrinsic property of -~
_thig category of cells, must not be oven;poked when
contemplating cytotoxic mechanisms. However, Temple
et al (I'973) demonstrated that the ADCC-medigted lysis
.of fowl erythroéytes‘by gﬁinea pig macrophages was
independent of phagocytosis as the addition of cytochalasin
B (which prevents phagocytosis but not immunocyto-
adherence n:to cell cultures did not alter the degree of
ADCC cytoiysis observed. Holm and Hammarstrom (1973)
found, on the other hand, that sodium jodcacetate, an agent
which blocks phagocytosis, was capable of abolishing the
ADCC destruction of ERBC target cells. This data is
questionable, however, as sodium iodoacetate has been
previously reported to suppress immune cell lysis by
nqn—phagothic effector cells (Perlmann and Holm, 1969;

Lovchik and Hong, 1977). Scornik et al (19274} found
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that phagocytosis by murine PEC was depressed by EDTA
while ADCC cytotoxicity was unaffected. Allison et
al (1972) had earlier suggested that phagocytosis of
erythrocyte target cells by adherent murine PEC were
not the preferred mechanism ¢of target cell destruction
in ADCC. This contrasts with reports which indicate
that phagocytosis follows e attachment.of macrophages
to opsonized erythrocytes. Taken collectively, these
data suggest that phagocytosis is not a prefegred mech-
anism of ADCC target cell -damage by adherent cells,
monocytes-macrophages. Gale and Zighelboim (1975)
a%so reported éhat this was not the éase for PMN-mediated
ADCC, based on serial liéht microscopic studies.

Gale and Zighelboim (1974; 1975) did, ﬁevertheless,
speculate on alternate mechanisms of ADCC destruction
of target cells by PMN. They.concluded tﬁat the reaction
was divalent catién dependent (éa++} and enhanced by
elevations of intracellular or'exogenous ¢cGMP and inhi-
bited by elevations'of intracellular r exogenous cAMP.
Colchicine in concentrations inhibitory to microtubule
formation and/or lysosomé release by PMN was inhibitory
to PMN ADCC cytotoxic activity. Serial light microscopic
examination of Fissue cultures revealed that PMN incu-
bated with EL-4'target cells and normal rabbit serum
(NRS) were féndomly distributed in cultures; Iﬁ was

also noted that contact between effector and target
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cell occurred in a random fashion. Examination of

cultures containing immune rabbit serum (IRS)'instead

.

of NRS revealed that PMN were‘closely associated with
EL-4 target cells. Rosette formation (a central EL-
4 target cell surrounded by 3-6 PMN} was also observed.
Some PMN in this close association with target{cells
were noted td be degranulating. Phagocytosis was not
observed even~aftér prolonged pe;iods of incubétion.
In the continuing investigation of PMN-mediated
ADCC cytotoxic activity, Gale and Zighelboim (1975}
additionally reported that target cell destruction
by PMN was complement independent, based on studies
with carrageenan and with bovine serum albumin (BSA)
as.a substitute for FBS to rule out the involvement
of the alternate complement pathway. Likewise the .
reaction was observed to be independent of DNA replication
and "de novo" protein synthesis based on studies with
X-irradiation and mitomyecin C on the one hand and puromycin,
cycloheximide and chloramphenicel on the other. It
was also reported that only viable cells were capable
of effecting this reactien. .
It would appear tﬂen that PMN-mediated ADCC, analo—‘
gous to lymphocyte-mediated ADCC, is an immunological}y
specific.reaétion requiring viable célls. It is also
cation-deépendent and subject to medulation by cyclic

nucleotides (cGMP and cAMP) as well as sensitive to
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inhibitors .of miqrotuﬁule function and'lysosome release.
It ié also complement independent as well as independent
of DNA replication and protein synthesis. Based on
these data, it was concluded that the PMN, in.its own
right, possessed the necessary "armamentarium” to effect
ADCC ¢ ic activity (Gale and-Zighelboim, 1974;
1975) . | -

It would appear -that this latter may also be the
case for the eosinophil-mediated ADCC destruction of
IgE-sensitized pa;asitié target organisms. Butterworth
et al (1979) indicated that damage to S. mansoni
schistosomular targets by the eosinéghil was complement
indeﬁendent and owing to the glycolysis-depeqdent release
of a preformed effgctor molecule of presumed lfsosoma;
Qrigin. Electron microscopic studies confirmed the
above supposition by fevealing that parasitic damage
was intimately ass;ciated with the close adherence
of the eosinophil to the parasite's surface. This
was seen to be followed: by degranulation of eosinophil
onto tﬁe worm's surface. éﬁgse data suggested strongly
that a compound of granular'origin in the eo;inophil
was responsible for the cytopathologic effecés on the
schistosomula. Butterworth et al (1879) went on to
identifv "major basic‘pfotéin“ {MBP: an arginine-
rich material localized in the cffgfalloi&'area of

the eosinophilic granule, accounting for greater-
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than 50 percent ©f the total granular protein content;
Butterworth et al, 1979) of human or guinea pig eosino-
philic origin as béing capable of damaging schistosomula

> M. The éYtotoxic

in concentrations as low as 2 x 10
capability of MBP was in part attributed to the basic

) propertiesqﬁffzgé molecule. MBP was also determined

to be non-specific in ac¢tion as mamﬁalian target cells
wére alsc subject to damage by this protein. MBP~-
mediated target damage @as also determined to be
associated with the uptake of MBP onto the parasite's

" surface with both‘uptake an? damage subject to‘inhibition
by the action of heparig. £t was also determineé that
MBP? was released during a reaction between eosinophils
and schis?@somula and was detected both on the surface

of the organism as-well as in the supernatant tissue

" culture fluid (SNF).

Target damage mediated directly by eosinophils was
found, however, not to be sensitive to the inhibitory
effects of hepariﬁ. This would suggest that the ADCC cyto-
toxic eff?ct of the eosinophil is due to the lécal release
of high concentrations of MBP into a sequestered site ad-
jacent to and/or on the schistosomula rather than due to
a generalized release of MBP intq the tissue culture medium.
These findings further suggesf that the release of MBP may

well represent a major mechanism of eosinophil-mediated

damage to parasitic organisms. in gereral and S. mansoni
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schistosomula in particular (Butterworth ét al?r1979).
The precise mechanism of ADCC-mediated target
cell damage has not yet been determined. Suffice it
to say that as many mechanisms have been proposed as
there are ADCC effector ée}l types. Nevertheless, "
there is quite some body'df evidence to suggest strongly
that (phagocytosis of opsonized £arget cells excluded)
the’cytotoxic mechanism is a secretory process occurring
at the local or cellular level. The strongest case
for this is presented by the eosinophil with MBP being
identified as the cytotoxic.agent in gquestion. The
general consensus for the rest remains, however, that
the ADCC reaction in general is immunospecific, dependent
on viable cells, energy and cations, independent of
DNA or "de novo" protein synthesis, éﬁbject to the
reciprocal regulation by cGMP and cAMP and sensitive
to the disruption of cell secretory s&stems aﬁd organelles -
as well as the disruption of cellular motility. Elucida—
tion of tﬁe mechanism(s) of ADCC cytotoxicity is pro-
jected to rest with the development of biochemical
methods to deteﬁt(;inute guantities of biochemically

active substances in the microenvironment of the.cell.
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2.8 The Lymphoid Tissue Distribution of ADCC
Cyvtotoxic Effector Cells

ADCC cytotoxic activity has seén examined in a
number of animal species as well as in birds and\in
man. Additionally, ADCC cytotoxic activity has been
studied in a Qariety of lympﬁoid.tissues taken from
this diversity of expefimental models and ADCC capability
has been attributed to a number of cell types within
individual animals and ékperimental models. Data is
available for man, subhuman primates, rodents (rats,
mice, guinea pigs), lagomecrphs and fowl (chickens):
Among the £issues investigated are periﬁheral blood,
¥hymus, spleen, lymph node, thoracic .duct lymph, bone
marrow, peritoneal exudate and fetal tissues. The
variety of tissues examined.is second only to thé variety
of assay systeﬁs used to investigate ADCC. éonsequently,
ﬁnanimity with respect to effector cell type and its
respective distribution among the lymphoid tissues
within a given-épecies‘is—difficult to realize. Even
more difficult is the interspecies coﬁparison of effector
cell distribution. This part of the review will never-
theless attempt to give a summary of the variety of
data obtaineqyénd the conclusions thereby derived.

in man, ADCC cytotoxic activity has been ascribed

to circulating leﬁkocytes (lymphocytes and granu-

locytes) agéinst appropriately sensitized erythrocytes

. . ~. ] s
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as well as other target cells (Chang liver cells:
MacLennan et al, 1969; fibroblasts: Moller and
- S§vehag, 1972;‘ca;91noma cells: _Hakala et al, 1974;
herpes-virus infécted'cells: Shore et al, 1974; and
endothelial cells: Hirschberg et al, 1975; Lovchik
and Hong, 1977; among others). The data available
on ADCC for other human lymphoid tissues is more limited? .
however. Lovchik and Hong (1977) did run a series

of comparisons between the ADCC capabilities of a variety
of lymphoid tissues tested against a battery of target
cells (ChRBC, HuRBC and P815 cells). Cells from some
human thymuses were noted to dngns;rate low levels

of ADCC cytotoxic activity tgaards ail three antibody-
sensitized target cells_wﬁereas cells from others were
observed to pe inactive. They also reported that human
-splenic cells were more strongly active agaiﬁst these ‘
three target cells tﬁan were PBL, although these latter
w?re indeed active. Lymph node cells were comparably
inactive. Additional data gathered by other workers
{Holm ét al, 1974) would seem to indicate that human
thoracic duect lymphocytes were also inaétive in

ADCC. _ ]
-Lovchik and Hong (1977) also reported that human
bone marrow was poorly active against aﬁtibody-sensitizgd

ChREC, ﬁuRBC and P815 target cells. However, when these

same bone marrow cells were processed through a ficol-



99

hypaque density gradient to remove granulocytes and
erythrocytes, the remaining cel;s were found to be
effective in ADCC against these samé three target cells.
It is possible that the earlier observation was owing .
to a dilution effect of granulocytes, erythrbcytes
and other immature cell types on the ADCC efféctor
cell population in tﬁe ﬁnfractionated bone ﬁérrow rather
than to the direct inhibition by any one or combination
of these cell groups on the‘ADCC cytotoxic effector -
cell proper. -

Lovchik and Hon; (1977) also examined lymphoid
tissue of thymic, splenic and hepatic origin from 21
to 22 week old human fetuses and found that these tissues
were poorly active or inactive in ADCC against.ChRBC,
HuRBC and P81l5 target cells. These data corroborated
those reported by other workers (Trinchieri et.al,
1975a) who observed that cells prepared from human fetal
(9 to 14 weeks of gestation) liver, spleen, bone marrow
and thymus were also inactive in ADCC against lympho-
blastoid target cells. The variatiqn between the
fetal and mature condition particularly with respect
to those tissues known to be active in man, especialiy.
spleen and bone marrow, may very well suggest thaf
a maturation process_is involved in the. acquisition

of ADCC capabilsi
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'ADCC -eytotoxic activity in man has been attributed
to PBL (lymphocytes and granulécytes) as well as to
cells derived from the spleen and bone marrow. Cells
of thymic-origin have been shown to be variably active
in ADCC while lympﬁ nodé cells and cells prepared from
thoracic duct lymph were found to be inactif;.‘ The
data, of Lovchik and Hong (1977) do not only ascribe
ADCC cytotoxic effector cell status to various lymphoid
tissue cells, but also serve to illustrate the céncept
that individual lymphoid tissues do not react with
equal efficiency in different target'ce%l systems..

For example, in the above study, human granulocytes
we;e observed to demonstrate ADCC cy;eﬁoxic Activity
énly towards the antibody—sensitizea erythrocyte target
cells (ChRBC, HuRBC). This theme reappears throughodt
this réview and is suﬁstantiated by the observations
of many of the authors cited in this work. |

Peripheral blood leukocytes from subhuﬁan primates
were also founé (by Lovchik and Heong, 1977) to act
- in ADCC against ChREC, HuRBC'ahd P81l5 target cells.

In some instan?éé, it was noted that the level of activity
shown by the monkey PﬁL exceeded that shown by human

PBL.

4

In the investigation of rodent experimental systems,

de Landazuri et al (1974) and Lovchik and Hong (1977)
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reported that rat peripheral blood leukocytes were
more active in ADCC towards lymphoblastoid target cells

than were cells taken from any other rat lymphoid tissue.

This was in contradistinction to the data of Zighelboim and

Gale (1974) who showed that rat PBL were poorly active
in ADéC against EL-4 target cells. MacLennan (19f3),
on thé other hand, found rat PBL to be intermediate

in activity, aiong with bone marrow and lymph node
cells, between peritoneal exudate cells on the one
hand, and thoracic duct lymph and/or thymus cells on
the other in an ADCC assay witﬁ Chang live; target
cells. These divergent observations reiterate the
theme presented throughout this literature review that
target cell identity in turn specifies in part the
nature of .the cell capable of effecting its des-
truction in the ADCC reaction.

Several workers, despite differences in their
exper;meﬁtal systems, have pre;ented data to the effect
thdt rat thymus cells were inactive in ADCC (Lovchik
ané Hong, 1974, 1977; de Landazuri et él, 1974;
MacLennan and Harding, 1970). Rat splenic cells on
the other hand were reported to be capable ofeeffeéting
ADCC against a variety of targeticells {(ChRBC, HﬁRBC,
P815 cells: Lovchik and Hong, 1977; SRBC: Ormerod
and Jolley, 1976). Although rat éplenic cells were

capable of effecting ADCC, Lovchik and Hong (1977)

.~
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reported that these cells were, nevertheless, less
active than.their‘human counterparts against the same”
battery of target cells.

Rat lymph node cells. have been demonstrated to
be variably active against lyﬁphoma, erythrocyte'(ChRBC,
HuRBC) and P815 target cells (Lovchik and Hong, 1977).

They were found in fact to be mildly effective against

-

lymphoma target cells (de Landazuri et al, 1974; Lovchi;
and Hong, 1977), poorly active é§ai§ét erythrocyte
target célls and inactive towardﬁiPSIS cells (Lovchik
and .Hong, 1977). Thoracic duct i;mph was also inactive
in the rat (Perlmann and Holm, 1969; MacLennan and
Harding, 1970; Lovchik and Hong, 1977) as it was in
man. Rat Péc have been found to be active in ADCC
by some (Maciennan, 1573} but not by others SOrmerod
and Jolley, 1976).

However, the most comprehensive study of the
lymphoid tissue distribution of ADCC cytotokic
effector cells in the rat was conducted by MacLennan,
1973. The data was generated through an assay in which
Chang liver cells were designated as target cells. '
The results were expressed as.the ratio of thé nuﬁber
of cytotoxic cglls contained in the test population
reiative tolfhat number contained in tbe.épleen cell

o
population. MacLennan “indicated that the bulk
. = )

of ADCC activity in the rat resided in the spleen
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.and peritoneal exudate whereas thymus and thoracic
'éuct lymph contained few or no cytoﬁoxic cells. It
is interesting to note that the spleens of rats
. tested after 3 days of thoracic duct drainage showed
\Uﬁ;emarkably high levels of ADCC cytotoxic activity,
far in excess of that observed as the normal baseline
fo; the rat spleen. The elimination of a group of
ADCC-inactive cells by thoracic duct drainage méy
have véry well led to the concentration of ADCC
reéctive cells within rat iymphoid tissues and parti-
cularly the spleen. Blood, bone marrow and lymph node
cells were also examinéd and %t was found that these
were intermediate in activity betwéen spleen and
. peritoneal éxudate cells on the éne hand and thymus
cells and cells from thoracic duct lymph on the other.
These data werein partial agreement with data on the
rat referred to eq;lier; with differenées possibly
being attributabl/ to variations in the experimental
/

systems used by fferent groups of workers to

detect. ADCC.

These findings in the rat were remihiscent oﬁ
those reported for man where PBL, spleen and bone .,
marrow were found to contain ADCC cytotoxic effector

cells while thoracic duct lymph was not. There is,

nevertheless, a distinction to be made between this
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animal species and mén with regard to the ADCC cyto-
toxic activity of lymph node and thjmﬁc cells. In
the case ¢f the former, rat lfmph;node cells possess
ADCC capability whereas those of man are poorly active
in ADCC. In the case of the létter,'rat thymic cells
are poorly ADCC }eactive whereas those of man show
variable levels of ADCC activity. -
Thymic cells taken from newborn mice or adult
mice were reported by Ralph et .al (1973) to be
relatively inacfive in ADCC. Adult liver was also
examined in this s&udy and Qas likewise found to be
inactive. However, murine thymic.cells have been
also reported to be the designated ADCC cytotoxic
effector cell in a'speeial assay usiﬁg Moloney-virus
induced tumour target cells and IgM anti-target cell
antibody (Lamon et al, 1975a; 1975b; 1975c¢c).
Th%ﬁ was a uﬁique experimental‘syétem by virtue of
the IgM identity of the inducing antibody. The point
remains, nevertheless, that murine thymic cells could
effect ADCC cytotoxicity given the appropriate exﬁeri-
mental conditions. Splenic cells.have'likewise been

reported to be active in this experimental system as

well as in more conventional systems in/which a
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~of isologous éntiserum: jKiessling énd Klein, 1973; -
P815 mastocytoma cells: Greenberg et al, 1975a; chicken
erythrocytes: Britton et al, 1973; sheep erythrocytes:
drmerod and Jollgy,_lQ?G) were Pfilized.

However, murine splenic cells havé also been reported
to0 be poor ADCC cytotoxic effectors against murine
lymphoma target cells. These cdhflicting results reiterate
the distinction between erythrocyte and mammalian target
cell destruction in ADCC {Crmerod and Jolley, i976) )
and re-emphasize the necessity of rigid scrg%inization
of data before drawing definitive conclusions as to
the presence or absepce of ADCC cytotoxic effector
cells in any given lymphoid tissue. - 2

Murine peritecneal exudate cells have also been
found bylseveral workers to be an excellent source
of ADCC cytotoxic effecfor cells against a variety
of target cells (Allison, 1872; Ceroftini and Brunner,
1974; Orme;od and Jolley, 1976).

ADCC cytotoxic activity in “the mouse has been
described for spleen and peritoneal exudate cells.
Addffionally, ADCC capability has been a;cribed to .
fetal and neonatal liver. On the other hand, variable
resuits have been obtained with thymic Eells.L'Never—
theless, these cells in some instances have been demon-

strated to be active in ADCC. The identification of

ADCC cytotoxic effectors in the murine. spleen.is
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consistent with findings in man and in the rat. Likewise,
the identification of ADCC c?totogic effector cells
in murine peritoneal exudate is reminiscent of observa-
tions made for the rati The variability in the ADCC
éytotoxic activity @emonstrated by murine.thymic cells’
is not -surprising as similar observations have been
noted for man én&*for the ‘rat. With respect to £he
study of fetal Qigsﬁes, only in the mouse has ADEC
cqpability been ascribed to fetal liver cells (BriEton
ét al, 1973; Ralph ét al, 1973). - -
Althouéﬁ the mouse and rat are important to experif
mental wbrk in biclogy and medicine, the guinea pig
~as well as thé'raEbit play equally significant roles
in the investigation of medical dilemmae and immuno-
logicél mechanisms. These animals have also been used
\\gfo further. the understanding of ADCC as have the mouse
and rat, and”ﬁﬁéc in the guinea pig has been reported
to be présent in cells of splenic origin. This wasr
confirmed through testing of splenic cell prepafgiions
against a variety of.target célls,(PPD-coated ChRBC:
Perlmann and Holm, 1968; ChRBC, HuRBC and PélS target
cells: Lovchik and Hong, ng?). Guinea pig PBL have
also been reported to be active in ADCC against PPD-
coated chicken erythrocyte target cells while thymic

cells have not. In the guinea pig as in other rodents

and man, ADCC cytotoxic capability has been described
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for cells prepared from the spleen and peripheral blooa.
Aéain, thymic éells have  proven to be unpredictable
in their behaviour and found, by Perlmann and Holm
(1969) to, be inactive in ADCC. -

ADCC cyé@toxicity has also been investiggled in
a va}iety of strains of rabbit, notably Bouscat rabbits
(Bona et al, 1975; 1976), Silver-greys (Gelfand et
‘al, 1972; Resch et al, 1974) and in Ypecies not specified
(Zighelboim and Gale, 1976). A number of lymphoid
tissues have been ﬁnvestlgated in these spec1es utlllZIDg
a variety of targgm cells. Among-the lympho;d tissues
investigated G;;;/spleen, thymus and bone marrow (Bona
et al, 1975, 1976;) PBL (Zighelboim and Gale, 1976)
and spleen, thymus and ML& (Gelfand et al, 1972; Resch
aal, 1974). ADCC cytotoxic activity-has beén reported
‘to be present in all of the abofe tissues. It is inter-
esting t& note that lymph node cells and particularly
thfmic cells were definitively active in ADCé in the
rabbit, in contradistinction to the previous experiences
of workers with cells of 51mllar orlgln in man as well
as in the rat and guinea pig. ThlS information also
gives weight to ihose reports attributing ADCC capa—
bility to muriﬁe thymic cells.

The study of the ADCC phenomenon ﬁas not been

restricted to mammalian subjects only. Fowl have also

been examined in this light (Calder et al, 1974a) and
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ADCC capabiflty has been asc;ibed to chicken per;g&sf;i
blood leukocytes (lymphocytes). ADCC was additionally
investigated in chickens bursectomized in ovo at 17
days incubation. Little difference was noted in the
ADCC expressed by PBL of either bursectomized or normal

chickens despite the fact that those bursectomized

in ovo were severely hypogammaglobulinemic or agamma-

’&oﬁulinemic suggesting that they were severely depleted

Fla

B cells. Despite the relative absence of B cells,

;

these chickens were as active in ADCC as their normal
coﬁnterparts thus‘ruling out a role fof.the bursa-
processed lymphocyte in ADCC in the chicken.

Althougq this review of the interspecies lymphoid
tigsue distribution of ADCC cytotoxic effector cells
is rather simplistic in that it does not take into
account the naturé of the assay used to measure ADCC
nor thé identification of the cell type éffecting ADCC
in-a given animal, it nevertheless does reveal certain
common featutes between species while at the same time
underlines differences. In general, ADCC cytotoxic
capability can be ascribed to PBL and to those tissues
éf principal haematopoietic aétivity in man, animals
and fowl. bata is less conclusive for thymus, thoracic
duct lymph and lymph node. Howeﬁer, this survef has

-emphasized that ADCC cytotoxic activity is not unique

to any one "Order" and further that consistencies

LN
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are evident apetween "Orders" and "Species". It remains
to determine the biological relevance of ADCC cytotoxi-

Clty- ‘
2.9 Summary

The ADCC cytotpxic reaction has been reviewed
in the context of a discussion of its individual components
(notably ADCC cytotoxic effector cells, target cells
N 4 .
and anti-target cell antiﬁodies), the lymphoid tissue
localization of ADCC cytotoxic effector cells and the
ADCC cvtotoxic mechanism proper. 'Thg immunospecifiqity
: "
'of the ADCC reaction has been considered in the context
of several discﬁssions of the components essential

-

for the demonstration of ADCC cytotoxic reactivity,

(i) ADCC cytotoxic effector cells with immuno-
globulin Fc cell surface receptors;
(ii) target cells and/or target céll associated
antigens, and
(ii4) anti-targe£ cell antibodies of the appro-
priate immunoglobulin class capable of
interacting with Fc¢ receptors gn ADCC cyto-
toxic effector cells (Zighelboim and Gale,

1976} .
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Immunospecificity is concluded to reside wiéh the
immunoglobulin molecule, because it alone is directed
in an immunologically specific way toward target cell
and/or target cell-associated antigens. Purthermore,
it alone acts in a manner to permit the linking of
target cell to ADCC cytotoxic effector cell, an inter-
action essential for the initiation of the cytotoxic
event. The immunospecificity of the ADCC reaction
together with the overwhelming documentation of ADCC
cytotoxic capability in all of the mammals and fowl
thus far analyzed lends considerable weight to the
biological relevance of ADCC and its eventual emergence
and academic consi&eration as a "true" immunologic
entity and vital component of the immune system. A
brief consideration of the possible role of ADGC in
immune responsiveness and/or immunocompetence is there-
-fore in order.

It 1is important to note that the ADCC reaction
is mediated by seemingly immunocompe£ent cells normally
present in the circulation and/or other lymphoid tissues.
It is also important to note that these ADCC cytotoxic
effector cells have not been previously exposed to,
or sénsitized with target cells. This suggests that §~
the ADCC reaction can only be triggered fol}owing |
§§nsﬁpization of the target cell by the appropriate

antibody. The ADCC reaction may be considered
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therefore as either a forerunner of the“humoral immune
response, designed as a protective mechaﬁism againste .
invasive pathogenic agents or conversely as an adapta-~ )
tion of humoral immunity.

Investigaﬁions concerned with the phylogeny of
the immune response have disclosed that antibodies
of the IgG type appeaf to have evo;ved prior to the
appearance of complement. Thgse antibodies in the
absence of complement, were incapable of causing the
lysis and/or destructioh of target organisms. However,
these antibodies acting with Fc receptor bearing ceils
were capable of destroying antibody-sensitized target
organisms; Once the complement systeﬁ made its appear-
ance, it probably gisblaced the Fc¢ receptor béaring‘
cell as the major naturally-occurring, non-immunclogically

induced protagonist in antibody-mediated lysis for

—\\\\\ .. reasons of accessibility to discrete target cell sites
AN
L_gnd energy efficiency. Thus the ADCC effector cell

may represent a primitive improvisation by nature to
serve as a stop-gap, in an evolutionary sense, between
the appearance of circulating antibodies and the later
appearance of the complement system (Richteé, 1980) .
Alternatively, the ADCC cytotoxic effector cell may
= be considered to répresent a more highly evolved immune
mechanism. It is interesting to note that the target

cell need be sensitized with very few antibody molecules



112

. in order to be susceptible to lysis by Fc¢ receptor bearing
lymphocytes. In fact, the number of antibody molecules
required for ADCé'cytotxicity is ldO to 1,000 times less
than is required fér complement-mediated target_cell lysis. .
Thus ADCC is.very effective in the presence of a limited
anﬁibody response and‘may therefore have great survival
value. It ﬁay therefore be thét Nature has retained both
antibody-dependent cellular cytotoxic and agtibody—
dependent complement mediated mechanisms tq ensure the
survival of the host in the event that one of these
mechanisms fails.

The precise niche occupied by ADCC in the immune
response is as yet undecided. 1In light of the abqve con-
siderations it is possible that ADCC may also serve to
'Izhk humoral ;mmunity on the one hand, to cell-mediated
immunitylbn the other and thereﬁore occupy a position
intermediate to these two "classical" components of the
immune response. This would compel the recognition
of ADCC as a third componen# of the immune response
whose function may be postulated to lie in the enhance-
ment (particularly in the face of an inadequate conven-
tional immune response) and/or modulation of the mammal;an
or avian response to challenge with any given antigen(s).
.In so doing ADCC would promote the ultimate goal of

the immune response, survival.
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MATERIALS AND METHODS

3.1 Materials f
3.1.1 Chemicals J

Saline Solution--0.9 percent in pyrogen-free

sterile water was obtained from Abbott Laboratories'

LY

Limited, Montreal, Quebec, and, stored at room tempera-

ture. The approximate pH of the solution was 5.7.

Dulbecco's Phosphate - Buffered Saline (PBS)--

was obtained as a -ten. times concentrate from Grand
Island Biological Company, Grand Island, New York and

<)

stored at room temperature.

Sterile Water (pyrogen-free)--was obtained from

Abbott Laboratories Limited, Montreal, Québec and stored

at room temperature.

Hank's Balanced Salt Solution (HBSS)--was obtained

in 500 ml quantities from Microbiological Associates

Inc., Bethesda, Maryland and stored at 4°C.
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Tissue Culture Medium 199--modified with 1.4 g

of sodium bicarbonate and containing HBSS and L—glutaminé,

was obtained in -500 ml quantities from Microbioclogical

Associates Inc., Bethesda, Maryland and stored at 4°C.

Tissue Culture Medium RPMI 1640--with 'L-glutamine_

was obtained in 500 ml quantities from Microbiological

Associates Inc., Bethesda, Maryland and stored at 4°C.

Tissue Culture Medium CMRL _1066--with L—glutamine
was obtained in 500 ml quantities from Microbiolpgical

Associates Inc., Bethesda, Maryland and stored at f°c_’

Penicillin --Streptomycin Mixture (PS)--containing
5,000 TU of potassium penicillin G per ml and 5,000
49 per ml of streptomycin éulfate was obtained in 100 ml
éuantities from Microbiolégical Associates Inc., Bethesda,

Maryland and stored at -20°C.

Fetal Bovine Serum [Rehatuin] (FBS)--was obtained
in 500 ml guantities as a filtered sterile solutiocn
from Connaught Laboratories, Willowdale, Ontario and {

stored at -20°C.

Rabbit Serum--was freshly prepared from adult

New Zealand White rabbits prior to immunization with
chicken erythrocytes, filtered and stored in 5 ml

aligquots at -ZO?C;
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Rabbit Anti-Chicken Erythrocyte Antiserum {RACE}--

was freshly prepared by inoculating adult New Zealand
White rabbits with a 10 percent suspension of chicken
erythrocyteg in saline at various time intervals. These
rabbits were subseqguently bled at 7, 10 and 15 days
after the‘}aSt immﬁnizing injection and thé antiserum

was {ilté}ed and stored in 3 ml aliquots-;t -20°C.

LI

Rabbit Gamma-Glebulin Fraction II--was cobtained

from Pentex Biochemicals, Kénkakee, Illinois and"%tored

at 4°C.

Chicken Erythrocytes (ChRBC)--were obtained fresh

weekly in 5 ml quantities with 100 IU of heparin sodium
as an anticoagulant per ml of blooé collected. These

were stored at 4°C.

Sheep Erythrocytes {(SRBC)--were obtained fresh
A
weekly from Qualicum, Ottawa, Ontario i@ 10 ml quantities
~

(100 IU of heparin sodium as an anticoagulant per ml

of blood). The cells were stored at 4°Cq

Horse Erythrocytes (HRBC)--were obtained fresh

weekly from Qualicum, Ottawa, Ontario in 10 ml
quantities (100 IU of heparin sodium as an anti-
coagulant per ml of blood). The cells were stored

at 4°C.
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Bacto Adjuvant, Complete Freund's (CFA)--was

obtained from Difco;Laboratories,'DetrQ}t, Michigan

and stored at 4°C.

-

Radiocactive Sodium Chromate (SlCr) Solution—--

was obtained in 3 m}_quantities bi-monthly from NEN°
Canada, Lachine, Quebec, at a concentration of
37kBg/ml of sodium chromate in normal saline (pH 8).
It was stored at 4°C.
). -
Ficoll 400 (MW 400,000)--was obtained in 500 g

quantities from Pharmacia Fine Chemicals AB, Uppsala,

Sweden and stored at room temperature. ' -

Hypaque Sodium (diatrizoate, 50% W/V, pH 6.5 to

7.7)~-was obtained from Winthrop Laboratories, &aurora,

Ontario and sfored in the dark at room temperature.

Methyl Cellulose——ﬁas obtained in 500 g guantities

from BDH Chemicals Ltd., Poole, England and stored

at room temperature.

Dextran T250 (MW 250, 000)--was obtained in 500 ¢

gquantities from Pharmacia Fine Chemicals AB, Uppsala,

Sweden and stored at room temperature.

GAF Carbonyl Iron Powder (grade SF)--was obtained

from Chemical Developments of Canada Limited, Montreal,

Quebec¢ and stored at room temperature.
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Heparin Sodium--was obtained in a concentration

of l,dOO U.S.P. units per ml from A Damon Company,
Downsview, Ontarioc and in a concentration of 10,000
U.S.P. units per ml from Organon Canadathd.[Ltee.,
Toronto, Ontario. 'The heparin sodium was stored at

4°C.

Hematall --azide-free isotonic diluent for Coulter
_countihg was obtained from the Fisher Scientific Company,

Fair Lawn, New Jersey and stored at room temperature.

zZap-o—-globin--hi-speed stromatolysing and haemaglobin

! reagent was obtained from Coulter Electronics of Canada

Ltd., Mississauga, Ontario and stored-at room tempera-

- ture.

Trypan Blue Stain--was gbtained as a 0.4 percent

solution in normal saline from Grand_Island Biclogical

" Company, Grand Isiand, New York and stored at room

temperature.

_ Wright's Stain--in crystalline form, was obtained
from Harleco, Gibbstown, New Jersey and stored at room

temperature.

Methyl Green Stain--in crystalline form, was ob-

tained from Harleco, Gibbstown, New Jersey and stored
A ©
M at room temperature.
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Pararosanilin--in anhydrous form, was obtained

from the Sigma %hemical Company, St. Louis, Missouri

and stored at room temperature.
-

.  Buffer Mixture--pH 6.8 for staining reaction con-

trol, was obtained from BDH Chemicals (Canada) Ltd.,

Montreal, Quebec and stored at room temperature.

\. Tris-Buffer--or tris (hydroxymethyl) aminomethane,

was obtained from the Fisher Scientific Company, Fair

Lawn, N Jersey and stored at room temperature.

by
-

Potassium Phosphate, Monobasic--was obtained from

the J. T. Baker Chemical Co., Phillipsburg, New Jersey

and stored at room temperature.

vl ”
\‘““-/“\\ . s . ' >
AN Sodium Phosphate, Dibasic~-was obtained from the

Fisher Scientific Company, Fair Lawn, New Jersey and

-

stored at room temperature.

Sodium Nitrite--in crystalline form, was obtained
—_— '

from the Fisher Scientific Company, Fair Lawn, New

Jersey and stored at room temperature.

Sodium Hydroxide--electrolytic pellets were ob-

tained from the Fisher Scientific Company, Fair Lawn,

New Jéqsey and stored at room temperature.

T

Sodium Azide--was optained from the Fisher Scien-

tific Company, Fair 'Lawn, New Jersey and stored at
t .
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room temperature.

Sodium Acetate--in fused-anhydrous form, was

obtained froﬁ the Fisher Scientific Company,‘Faif Lawn,

New Jersey and stored at room temperature.

Alpha-Naphthyl Acetate-~-in anhydrous form; was

obtained from the Sigma Chemical Company, St-Louis,

Missouri and stored at room temperature.

Acetic Acid, Glacial--was obtained from the Fisher
Scientific Company, Fair Lawn, New Jersey and stored
at room temperature.

-

Hvdrochloric Acid (specific gravity at 15.5°C minimum

1:1854, maximum l:1923)~--was* obtained from the Fishér
Scientific Company, Fair Lawn, New Jersey and stored

in a cool location.

Ethvlene Glycol Monomethyl Ether--was obtained -

LT

from the Fisher Scientific Company, Fair Lawn, New

Jersey and stored at room temperature.

Ethanol--reagent alcohol containing methanol,
;s R
was obtained from the Fisher Scientific Company, Fair

Lawn, New Jersey and stored at room temperature.

Methanol--acetone-free histological grade methyl
alcohol, was obtained from the Fisher Scientific Company,

Fair Lawn, New Jersey and stored in a cool location.
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Glycerol--was obtained from the Fisher Scientific
Company, Fair Lawn, New Jersey and stored at room

temperature.

Dry Ice--was obtained from Union Carbide Canada

Limited, Ottawa, Ontario.

Nembutal--sodium pentobarbital injection U.S.P.,
was obtained from Abbott Laboratories Limited, Montreal,

Quebec and stored at room temperature.
L4

Surital--sodium thiamylal, was obtained in powdered
form from Parke, Davis and Company Ltd., Brockville,
Ontario. It was stored at room temperature and dissolved

in distilled water prior to use. '

New Zealand White Rabbits—-were cbtained :‘Erom“-‘/\>

the Laboratory Animal Farm Reg'd., Wendover, Ontario.

Specific Pathogen-Free (SPF) White Leghorn Roosters--

were obtained from the Animal Diseases Research Institute,

jﬁgriculture Canada, Ottawa,HOntario

3.1.2 Apparatus

Sterile Universal Containers (20 ml)--were obtained

from Sterilin Ltd., Richmond, Surrey, England.

Conical Centrifuge Tubes (50 ml)--were obtained
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from Falcon Plastics, Oxnard, California ana sterilized

5}"autoclaving prior to use.

E

"Sterile Test Tubes (17 x 100 mm and 12 x 75 mnm) -~

were obtained from Falcon Plastics, Oxnard, California.

All Glassware--was obtained from the Fisher Scien-

tific Company, Fair Lawn, New Jersey and sterilized

by autoclaving before use.

-

Syringes--sterile disposable Plastipak syringes
of all sizes were obtained from Becton, Dickinson Co.,

Canada Ltd., Mississauga, Ontario.

Hypodermic Needles--sterile disposable Luer-Lok
hy?odermic needles of all sizes were obtained from
Becton, Dickinson Co., Canada Ltd., Mississauga, Ontario.

Pipettes--1, 2, 5 and 10 ml Pyrex disposable sero-

. .

logical pipetteé were obtained from Corning Glass Works,

Corning, New York.

Automatic MLA Pipettes--50, 100, 200 and 400 rl

pipettes were obtained from Medical Laboratory Auto-

mation Inc., Mount Vernon, New York.

» -

Automatic MLA Pipette Tips—--were obtained from

the Fisher Scientific Company, Fair Lawn, New Jersev.
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Nalgene Filters (0.22 m, 0.45 pj~-were obtained from Sybron

Corporation, Rochester, New York.

Whatman Filters--of all sizes wére obtained from

the Fisher Scientific Company, Fair Lawn, New Jersey.

The Coulter Counter--used was the model ZBI made

by Coulter Electronics, Hialeah, Florida.

Light Microscopes--were obtained from Wild Leitz

Canada Ltd./Ltee. through the Fisher Scientific Company,

we Fair Lawn, New Jersey. ’

Haemacytometer Counting Chambers—--were obtained

from the Fisher Scientific Company, Fair Lawn, New
r

-

Jersey. —
Incubator—-cultures were maintained in a National

incubator at 37°C in 5 percent CO2 in air. The interior

of the incubator was humidified by placing a large

tray of distilled water on the bottom shelf. Compressed

air was passed through a Nogren f£ilter (Littleton,

Colorade) to remove suspended oil and water.

Gamma Counter--a Beckman "Bicgamma" was obtained

from Beckman, Fullerton, California.

"Biogamma" Vials-—-were cbtained from Beckman,

Fullerton, California.
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.3.2 Methods

3.2.1 The Preparation of
Tissue Culture Medium

The tissue culture media used in this study, namely
medium 199, RPMI 1640 and CMRL 1066 were fortified
wikh 100 IU of potassium penicillin G per ml, 100 4Lg
per ml of streptomycin sﬁlﬁate and varying amounts
of heat-inactivated (56°C, 30 minutes) fetal bovine

serum to final concentrations of 0, 2, 4, 6, 10 and

20 percent of the culture medium.

3.2.2 The Preparation of Serum

Fetal Bovine Serum--one hundred ml aligquots of

fetal bovine serum (FBS) were heat-inactivated in a
water bath at 56°C for 30 minutes. -The FBS was distri-
buted in 12 ml aliguots once cooled to room temperature

and stored at -20°C.

Rabbit Anti-Chicken Erythrocvte Antiserum (RACE)--

rabbit anti-chicken erythrocyte antiserum was prepared

by inoculating normal adult New Zeéland White rabbits

(2 fo 4 kg) with 1 ml of a suspension of chicken erythro-
cytes in saline (109 cells per ml) at 2 or 3 day intervals.
A total of 3 injections were administered. The rabbits
were bled 7, 10 and 15 days after the last immunizing

injection. These bleedings were not pooled. The
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‘antisera were heat-inactivated at 56°C for 30 minutes and
stored in 5 ml aliguots at -20°C. Appfopriat§ dilutiqns
were made as required for use in the cytotoxicity assay
in medium 199 fortified with 100 IU of potassium peni-
cilliﬁ G per mi and 10049 per ml of streptomycin sulfate
{M-199-PS) . ' |

Normal Rabbit Serum—-Normal rabbit serum was ob-

tained by bleeding the rabbits a number of times prior

-

to immunization. The serum samples from any individuai
rabbit were pocoled and heated at 56°C for 30 minutes,
absorbed twice with chicken erythrocytes at 37°C (0.1 ml

of packed ChRBC per ml of serum) and stored in 5 ml aliquots
at -20°C. Appropriate dilutions were hade in M199-PS

or other fortified culture media as required for use in

the cytotoxicity assay.

HaemagglutinaiionQ—Heat-inactivated (56°C) serum

obtained from individual rabbits immunized with saline
o;'with SRBC (109 SRBC) was serially diluted (doubling
dilutions) in PBS.. A 0.1 ml aliquot of a 2 percent
SRBC p?eparatioﬁ was added to each of these serial
diluti&hs and the preparations Qere mixed gently.
These were then allowed to stand at room temperature
6vernight. Anti-SRBC antibodies were detectea by

the presence of a diffuse rather than button-like
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pellet in the test tubes. Controls consisted of PBS

to which SRBC Were added.

3.2.3. The Preparation of Cell
Separation Reagents -

\ .
Dextran Solution--Dextran T250 was made up as

a 6 percent solution in saline. After autoclaving,

this solution was supplemented with heparin sodium

-

(10,000 U.S.P. units pér ml) to a final concentration
of 150 U.S.P. units of heparin sodium per ml of

dextran solution. This preparation was stored at 4°C.

Ficoll-Hypague Solution--Ficoll 400 was prepared

as an 8 percent solution in water. It was supplemented
with 0.1 percent methylcellulose and adjusted to a
specific gravity of 1.1 at 18°C with hypague sodium.

It was then filtered through a 0.45 um Nalgene

filter and stored in the dark at 4°C.

3.2.4 The preparation of Soluble
Aggregates of Rabbit
Gamma-Globulin. (RAGG)

Phosphate Buffered Saline--one literx of Dulbecco's

Phosphate Buffered Saline (PBS) was prepared by
" @iluting the PBS tenfold in distilled water and then
adding 1 ml of 5 N sodium hydroxide. The pH of the

final solution was 7.2.
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Soluble Aggregates of Rabbit Gamma-Globulin

(RAGG) --five thdred milligrams of rabbit gamma-
globulin (fraction II) were dissolved in 10 ml of

PBS, pH 7.2. Fiveé ml aliquots were-hgat—aggregated.
in a water bath for 25 minutes at 63°C and centrifuged
at 850 g for 10-minutes to remove any clumps. The
supernatant\fluid was pipetted off and diluted in
M199-PS to a final‘concentration of'5 mg/ml and‘étored
at’=20°C until use. Further dilutions were made as
regquired in M199-PS for use in the inhibition of ADCC
cytotoxicity assay. - ‘

-

3.2.5 The Preparation of SlChfomium-
labelled Chicken Erythrocyte
Target Cells '

Erythrocytes were cbtained from young SPF White
Leghorn roosters by bleeding from the wing vein into
a syringe containing heparin sodium (100 USP units
of heparin sodium pef ml of blood collected). The
cells were allowed to settle at 4°C for a minimum of
- .

24 hours prior to use. The erythrocytes were washed
3.times in éaline with centrifugation at 540 g for

10 minutes between the washes. The supernatant £luid
was discarded._ The pelleted erythrocytes were then

diluted 10 fold in the appropriate culture medium and

an aliquot was counted in a Coulter counter. A

-



127

0.1 ml volume of this 10 percent suspension of chicken

erythrocytes was incubated with an equal volume of

sodium chromate (3700 Bg of 51chromium) specific
activity 14,800 Bé/mg and rotated in a tissue culture
rotator for 1 hour at 37°C and 5 pefcent Cozlin air.
The cells were suspénded in a 10 ml volume ¢f HBSS
fortified with 100 IU of potassium penicillin G per

ml and 1004.g of streptomycin sulfate (HBSS-PS) and
centrifuged at 480 g for 10 minutes. The supernatant
fluid“yas discarded and this washing procedure was
repeated twice more. The 51Cr—labelled chickgn b
erythrocytes were then suspended‘in 10 ml of the
appropriate culture medium and diluted to 2 x.J.O5 cells
per ml just prior to use in the ADCC cytotoxicity

assay.

3.2.6 The Preparation of Lymphoid
Tissue Cell Suspensions

The Preparation of Cell Suspensions of Thymus, °

Spleen, Appendix, Sacculus Rotundus, Peyer's Patches,

Mesenteric and Popliteal Lymph Nodes and SRBC and/or

HRBC Challenge Sites--outbred adult New Zealand White
rébbits weighing approximately 2 kilograms were used
throgghoux this study. The rabbits were sacrificed
by the intravenous injection of Nembutal or Surital

(50 mg/kg body weight). Surital was the preferred%
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anaesthetic agent as Nembutal caused a2 moderate amount
of haemolysis. The cells were prepared as outlined
in figure 4. The thymus, spleen
gut—assoéiated lymphoid tissues (GALT: appendix,
sacculus rotundus, Peyer's patches), mesenteric lymph
nodes (MIN), popliteal lymph nodes (PLN) and SRBC
and/or HRBC skiﬁ challenge sites were rapidly extif—
pated, rinsed with sterile saline fortified with
160 IU of potassium penicillin G per ml and 1004&g
per ml of streptomycin sulfate and placed into sterile
disposable plastic test tubes containing HBSS-PS. Each
organ was then individually transferred to a sterile
vessel containing 2 ml of HBSS-PS. Cell suspensions
were prepared by chopping each organ into small frag-
ments. This was followed by shaking the contents of
the tube vigerously to libérate cells from the organ
fragmen£s. The fragments were allowed to 'settle and
the supernatant fluid containing the  lymphoid cells
was pipetted off and passed through sterile,gauze into
50 ml sterile centrifuge tubes. The volume was made
up to 50 ml with HBSS-PS, and the cells were centrifuged
at 480 g for 10 minutes. The supernatant fluid was .
discarded. This washing procedure was repeated twice.
The.pelleted cells qf the final wash were then sus-

bended in the appropriate culture medium and an
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aliguot was counted in a éoulter counter. The cells
were then diluted in the appropriate culture medium
for use in the ADCC cytotoxicity éssay. All cell
suspensions were kept in an ice . bath at 4°C until
introduction into tissue culture in the ADCC cytotoxi-

city assay.- Cellular.viability was determined by the

trypan blue dye exclusion technique just pricr to

culture. = ' N : _ : );

The Preparation of White Blood Cell Susgenégons——

circulating white blood cells ijd) were obtained by;

bleeding the rabbits directly fkom the heart (33 ml)
into a sterile 50 ml syrinée containing heparin sodium
in a 6 percent dextran solution. The c0nténts of two
50 ml syringes containing tpé bldod—dextran ﬁixture
were transferred';o a sterile graduated cylinder and
kept at 37°C in air for 30 to-45J@inptes or until the
red blood cells (RBC) had settledﬁﬂﬂ;he leukocyte-
lymphocyte rich upper layer was then transferred to

50 ml sterile centrifuge tubes containing 30 ml of
HBSS-PS. The cells were centrifuged at 850 g for

20 minutes. The supernatant fluid was decanted and
the pelleted -WBC were §uspended in 50 ml of HBSS-PS
and centrifuged at 480 g for 10 minutes. This washing

procedure was repeated twice. After the last wash,

the pelleted WBC were suspended in the appropriate

o
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culture medium and an aliquot'was counted in a Coulter
counter. The cells were then diluted in the appropriate
culture medlum for use in the ADCC cytotoxicity assﬁ;.
All cell suspensioné were kept in an ice bath at 4°C
until introduction into tissﬁe culture in the ADCC
cytotoxicity assay. Cellular viability was determineé
by the trypan blue dye exclusion technigue just prior

to culture.

The Prgparation of Bone Marrow Cell Suspensions--

bon§ marrow was obtained by splitting the tibia and
feﬁur of the rabbit with a bone cutter. The marrow
was suspended in HBSS-PS in a sterile Universal

container and this was shaken vigorously for 1 to 2

minutes. The supernatant fluid containing the

liberated bone marrow cells was passed through sterile

gauié into 50 ml sterile centrifuge tubes. The

volume was made upckb 50 ml with HBSS-PS aﬁd.the bone
marrow cells were centrifugeé at 480 g for 10 minutes
and the supernatant fluid was discarded. The washing
procedure was repeated twice. The pelleted cells

of the final wash were suspended in the appropriate
culture medium and an aliguot was counggd in a Coulter

counter. The cells were diluted in the appropriate

culture medium for use in the ADCC cytotoxicity assay.
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All cell suspensions were kept in an ice bath at

4°C until introduction into tissue culture in the ADCC
cytotoxicity -assay. Cellular viability was determined
by the trypan blue dye exclusion techniqué just prior

to culture. . _;/ !

Ficoll-Hypagque Density Gradient Centrifugation

of Rabbit WBC, Spleen and Bone Marrow Cell Suspensions--—
20 ml volumes of cell preparations of WBC, spleen‘and

-bone marrow at a concentration of 5 x 106

cells per

hl in HBSS-PS were layered onto 10 ml of ficoll-
hypaque and centrifuged at 1,000 g at 18°C for 30
‘minutes. The cells at the blood ficoll-hypague gradient
ipterphase (FHI) were pipetted off, diluted in SQ ml
of HBSS-PS and‘centrifﬁged at 850 g for 20 minutes

and the supernatané fluid was discarded. The pelleted
c s of this first wash were suspended in 50 ml of
HBSS-PS and centrifuged at 480 g for 10 minutes.

These cells were'éimilarly washed once more, suspendea
in the appropriate cultﬁre medium and an aliguet was
counteg in a Coulter counter.. The cells were diluted
in'the a?propriate cultufé medium for use irt the

© ADCC cytotox;city assay.

The cells in -the pellet of the ficoll-hypaque

discontinuous density gradient ~(FHP) were similarly
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and stored at 4°C.
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washed, éuspended'in Fhe appropriate-culture mefium
and countéd in a Coulter counter. They were then
diluted in the apbropriate culture medium for use in
the ADCC cytotoxicity assay.

All cell suspensions were kept at an ice bath
at 4°C until introduction into tissue cﬁiture in the
ADCC cytotoxicity assay. Cellular viability was
determined by the tryéan'blue dye exclusion technique

just prior to culture.

3.2.7 The Treatment of Lymphoid -
Tissue Cell Suspensions with
Tyis-Buffered Ammonium
Chloride Solution to Lyse
Contaminating Erythrocytes

-

Tris-Buffered Ammonium Chloride Solution--tris

buffer (2.059 g) was dissolved in 100 ml of distilled
water and the pH of this preparation was adjusted to

7.65 with hydrochloric acid.. Ammonium chloride

" (8.3 g) was dissolved in one liter of distilled water

and nine parts of this preparation (QPO ml) were

mixed with one part (100 ml) of tris/buffer. The pH

was adjusted to 7.2 with hydrochloric acid. The

solution was filtered through a Nalgene filter (O.Z%un)

”r

- .
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The Treatment of Lymphoid Tissue Cell Suspensions

with Tris-Buffered Ammonium Chloride Solution--

rabbit cell suspensions were centrifuged at 480 g for
10 minutes and the supernatant fluids were discarded.
Ten ml voluﬁes of heated (37°C) tris-buffered amménium ~
chloride solution (0.15M) were added to the.pelleted
cells to lyse the contaminating e;ythrocytes in the
cell suspensions. These preparations were incubated

in a water bath at 37°C for 10 minutes and then made

up to a vblume_of 50 ml with HBSS-PS. -They were
céntrifuged at 480 g for 10 minutes and the supernatant .
fluid was. discarded. This washing procedure was
repeated twipe more and the pelleted cells of the final
wash were §u%pended in £he appropriate cu;ture medium.
An aliguot wés counted in a Coulter counter and the
cells were diluted in the appropriate culture medium
for use in the ADCC cytotoxicity assay. All cell
suspensions %ﬁre kept in an ice bath at 4°C until
introduction into tissue®culture in the ADCC cyto-
toxicity assay. Cellular viability was determined

by the trypan blue dye exclusion technigue just prior

to_culture.
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3.2.8 The Depletion of Phagocytic Cells
from Lymphoid Tissue Cell Suspen-
sions by Carbeonyl Iron Uptake

WBC, spleen eﬁgizgne merroﬁ cells were suspended
in a 50 percent heat-inactivated fetal bovine serum-—-
saline solution, containing 2 to 8 mg of carbonyl .iron
per ml. The final cell concentration of the preparation
was 2 X 106 cells per ml.. Five ml aliguots of these
.cell suspenslons were incubated in a tissue culture

S

rotator for 30 minutes at 27°C in 5 percent CO2 in

air. At the termination‘ef this incubation period,

the eells were resuspended. The iron particles and

the cells containing iron particles were separated

from the balance-of the cell suspension by pressing

the test tube against a magnet and pipetting off tQ\
supernatant fluid and non-iron-containing cells 1nto_

a conical sterile centrifuge tube(s). This cell suspen-
sion was made up to ; volume of 50 ml with HBSS-PS

and centrifﬁged at 480 g for lQ.minutes. The supernatant
fluid was discarded. The pelleted cells were simllarly
washed twice more, suspended in the appropriate culture
medium and an aliquot was counted in a Coulter counter,
The cells were diluted in the appropriate‘culture medium
for use in the ADCC cytotoxicity assay. All suspensioné

were kept in an ice bath at 4°C until introduction

into tissue culture in the ADCC cytotoxicity assayv.
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Cellular wviability was determined by the trypan blue

dve exclusion technique just prior to culture.

3.2.9 The Antibody-Dependent Cell-
Mediated Cytotoxicity (ADCC) Assay

* One-fifthyml volumes.of rabbit lymphoid tissue
cell suépensions (106 cells or as otherwise specified)
or WBC were mixed with 0.2 ml éf 51Cr-ChRBC (4 x 104
cells) target cells and 0.2 ml of heat-inactivated
rabbit anti-ChRBC antiserum (RACE) or normal conégol
serum. The opfimal dilution of RACE utilized (1:1,000)
was determined in preliminary experiments.

. Controls consisted of unlabelled ChRBC (106 cells
in 0.2 ml volum%s or as otherxwise specified) or medium
(0.2 ml: contrel no.l) as substitutes for rabbit lymphoid
cells or WBC. A final control (controi no.2} consisted
of culture medium (0.4 ml) and 51Cr-ChRB‘C. All cultures
were set up in duplicate or triplicate as cell numbers
would allow.

The results obtained from the control cultures,
together witﬁxthe determination of the'spoﬁtaneous

® _ 51 51

release (S.R.) of Cr-ChRBC target cells,

Cr from the
. L]

indicate the degree of target cell stability during

the culture period. A high degree of stability must

be ensurgd in order to be able to consistently measure

the ADCC activity of various cell preparations with
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any degree of accuracy.

Unless otherwise stated, the cultures were incubated
fqr 24 hours at 37°C in 5 percent CO2 in air. The
tﬁbes were then centrifuged at 480 g for 10 minutes.
Aliquots of the culture. supernatants (400 xl) were
tran;fefred to appropriate.vials and counted for 5
minutes in a'gamga counter. The data was recorded
as counts per culture pe¥ minute and the results were
expressed as the cytotoxic indeg~(C.I.) calculated

as follows:

_ Test Release - Spontaneous Release
Total Release - Spontaneous Release

~

cC.I. x 100

4

-

Test Release--refers to the 5ﬂ'Cr detected in the

supernatant f£luid of the cultures containing RACE a

rabbit lymphoid cells, WBC or their substitutes

(notably ChRBC or medium).

Spontaneous Release (S.R.)--refers to the 51Cr

detected in the supernatant fluid of the cultures
containing normal ¢ontrol serum, rabbit lymphoid cells,

. &
WBC or their substitutes (notably ChRBC}or medium) .

Total Release--refers to the 51Cr contained in

the supernatant fluid following freeze-thawing of the

‘SlCr-ChRBC suspension 3 to 4 times in an alcohol-dry

" ice mixture (-70°C).
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3.2.10 The-Inhibition of ADCC Assay
by Soluble Aggregates of
Rabbit Gamma-Globulin (RAGG)

One tenth ml volumes of rabbit WBC, spleen, bone
marrow, thymus, appendix and mesenteric lymph node
cells (107 ceils per ml) were incubated with RAGG for
2 hours at 37°C and 5 percent CO2 in air with an equal
volume of culture medium M199~PS to achieve a final
concentration of 1,00G, 500, 100, 50 or 5 Mg per ml
of RAGG. At the end of the incubation period, appropriate

concentrations of 51 4

Cr-ChRBC target cells {4 x 10
célis in 0.2 ml) and RACE (1:1,000, 0.2 ml) or normal
control serum (1:1,000, 0.2 ml) were added ©bo these

cells as per the ADCC cytotoxicity assay. The cells

were further jncubated for 24 hours. at 37°C and 5 percent
Cdznin air‘and processed for radicactive counting as

previously described. The percent inhibition (% Inh)

was calculated according to the following formula:

Control C.I. - Test C.I.
Control C.I.

Inhibition = x 100 —

Control C.I.--refers to the cytotoxic index ob-

tained in the cultures containing rabbit lymphoid cells

or WBC, RACE and 51Cr—ChRBC target cells.
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]

Test C.I.——referé t¢ the cytotoxic index obtained
in the cultures containing RAGG, rabbit lymphoid cells

or WBC, RACE and 51Cr—ChRBC target cells.

3.2.11 Histological Techniques

The Trypan Blue Dve Exclusion Technique for Mea-

suring Cellular Viability--two parts trypan blue histo-
logical stéin {0.2 percent trypan blue in physiological
saline) were added to 1 part of the rabbit lymphoid
tissue cell suspension (106 cells) and allowed to stand
5 to 15 minutes and theh counted in a haemacytometer
counting chamber under light microscopy. The cells
excluding the dye were considered to be viable and

those incorporating the stain were considered to be
non-viable. The viability was expressed as a percentage

of the total number of cells counted and examined.

The Methods for Wright's Stain-—-the smears to

be étaiged were placed on a rack over a sink. Twenty
to 40 drops (0.5 to 1 ml) of Wright's stain were care-
fully added to the slides in order to cover the smears.
The stain was allowed to stand for 2 minutes. Twenty-
drops (0.5 ml) of buffer solution (pH 6.8) were then
piggtted onte the slides and mixea with Wright's stain
by gently blbwingroniseveral portions of the slide.

This m;xture was allowed to stand for 5 minutes. After
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5 minutes, the excess staining solution was removed
from the slides by flooding these freely with distilled
water. They were then removed from the rack and allowed

to air dry.

-

Wright's Staining Reagent--Wright's spain was
prepare@ by blending 0.5 g of Wright's stain powder
"with 3 to 5 ml of glycerol and mixing these with mortar
and ézgtle._ One hundred ml of acetone-free methanol
was added to this mixture and this was allowed to stand
for 2 to 3 days bgfore filtering. It was then passed
through a Whatman number 1 cellulose filter and stored

at room temperature.

Buffer for Wright's Stain--buffer mixture for

staining reaction control (pE 6.8) was made up as direc-
ted. One vial'gf this preparation was dissolved in;
distilled water and made up to a volume of 500 ml.

It was brepared freshly as reguired for use with_Wright's,

Leishman's and Giemsa's staining methods.

Non-specific Esterase Staining for Monocytes-—-

a.l.S ml volume of a 4 percent sodium nitrite sqlution
{0.2 g of sodium nitrite in 5 ml of distilled water)
was added to an egual volume of pararosanilin solutioﬂ
and allowed to stand for 1 minute. After 1 minute,
2.4 ml of this prepar?tioh was added to a beakerxr con-

taining a2 mixture of 40 mg of alpha—naphthyl acetate
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and 2 ml of ethyigne glycol monomethyl ether. This
was followed by the addition of 35.5 ml of phosphate
buffer (0.1M, pH 7.6). This caused a buff coloured
precipitate to form. The pH was adjusted to 6.1 (5.8
to 6.5) with concentrated hydrochloric acid or 1N sodium
hydroxide and the solution was filtered through a Whatman
number 1 cellul;se filter. The precipitate was discarded.
Air dried unfixed smears of rabbit lymphoid tissue
cell preparations (rapid drying with cold air is essen-
tial) were covered with the above staining.reagent
and incubated'ét room temperature for 45 minutes, washed
with distilled water, blow dried with hot air and fixed
in methanol for 2 minutes and again blow dried. They
were then Eounterstained for 2 minutes with the 1 percent
methyl green staiﬁing égzﬁtion, washed with distilled
water, blow dried ana examined under a light microscope.
- Several leukocyte‘types in the rabbit stain for
esterase and hence this ;faining ﬁechnique cannot'be\
acecurately used to enumerate rabbit monocytic cells
exclusively. It is, however, an excellent stain for
revealing cytological differences between the ;arious
leukocyte types in the rabbit and was used with th}s
in mind.

Pararosanilin Staining Reagent--pararosanilin

staining reagent was prepared by weighing out 1 g of
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pararosanilin followed by the addition of 20 ml of
distilled water and 5 ml of concentrated hydrochloric

acid.

Methyl Green Staining Reagent--a 1 percent solution

of methyl green staining reagent was prepared by

. weighing out 1.4 g of sodium acetate and 1.0 g of methyil

green stain followed by the addition of distilled water
to a final volume of 100 ml. The pH was adjusted to

4.2 with concentrated acetic acid.

Phosphate Buffer-—phbsphaté buffer (0.1M, pH 7.6)

was prepared by mixing 1,000 ml of a 0.1M solution
of Na HPO, (14.1 g in 1,000 ml of distilled water)
and 190 ml of a 0.1M solution of KH2P04 (2.72 g in

200 ml of distilled water).
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RAB%IT
Blood . Bone Marrow Thymus, Spleen,
GALT, MLN, PLN
. Rinsed 3x in saline—PS
Dextran Shake Placed into test tubes
Sedimentation” vigorously with HBSS-PS
18

Discard Pellet

Transferred to vials
with HBSS-PS

Chop with scissors

. I
Filter through
sterile gauze

Wash 3

in HBSS-PS

<
Resuspénd in Resuspend in -
HBSS~PS Culture Medium*
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Layer onto Ficoll- Dilute cells in
Hypaque and centri- culture medium
fuge at 1000 g for e
30 minutes Trypan
blue dye
Wash 3x in HBSS-PS exclusion
o | test

Process as *

Figure %¥:-- Preparation of Rabbit

Dispense cells into

culture tubes and

place in COy + air
incubatoer

Lymphoid Cells for Tissue Culture.



CHAPTER IV
THE OPTIMAL CONDITIONS FOR ADCC CYTQTOXICITY

IN THE RABBIT

4.1 Introduction and QObjectives

N
In order to ascertain the nature of ADCC in the

Lagomorph with a view to the acceptability of members
of this Order as models for ADCC in man, it was deemed
essential to define the conditions which permit maxi-
mum APCC cytotoxic activity by rabbit cells. The objec—_
tives of the experiments carried out in this part of
the investigation were: |
(1} to evaluate the gffectiveness of/the rabbit
anti;ChRBC.antiserum (RACE) ,. culture media
and medium supplements in the ADCC cyto-
toxic;ty assay; A
(ii) to determine the activity profile (optimal
effector to target cell ratio and.time courée)
of the cells of the various rabbit lyﬁphoid |
tissues in the ADCC cytotoxicity assay, and
(iii) to determine the lyméhoid tissue ﬁ;stributioﬂ
of ADCC cytotoxic effector cells by simul-
taneous exaﬁination of the lyﬁphoid tissues of

a given rabbit(s).

A
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4.2 Experimental Protocols and Results

The data presentéd in the following tables are re-

presentative of results obtained in individual experi-
b .

ments. Each experimental protocol was repeated a mini-

-

mum of 5 times with the majority repeated 10 times.
Each value represents the mean of duplicate or tripllicate
determinations. Since the wviability of all cell prepgra-

.
tions at the time of culture was 85 to 95 percent as |

determined by the trypan\blue dye exclusion'techni&ﬂgi
the number of cells intr;EEEEE into culture were not

corrected for viability.

4.2.1 The Evaluatibn of the Rabbit
- Anti-ChRBC Antiserum (RACE)

Heat-inactivated RACE antiserum and normal rabbit
control serum were diluted in M199-PS and titrated
in the ADCC assay with a fixed concentration of spqug
cells (5 x ;06 cells per ml in -the culture medium M199-PS
supplemented with heat-inactivated FBS-to a final con-
centration of €& percent) (tégie I). The ADCC assay
was conducted as described in chapter III: Materials
and Methods, section 3.2.9.

épleen cells (E! co-cultured with 51Cr—ChRBC target
cells (T) at the effector to target cell ratio (E:T)

of 25:1 showed marked - ADCC cytotoxic activity
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with RACE dilutions as: low as 10-4, but no ADCC cyto-
toxicity at RACE dilutions of 10-5 and lower. The )\\\J
ADCC cytotoxic activity was four-fold greater at a

RACE dilution of 10°° as compared to the activity ob-

served with RACE at a dilution of 10 3. Cell cultures

with RACE at dilutions of 1072 and 10™%, respectively,

resulted in obvious but not remarkable increases in
the ADCC cytotoxic activity of the spleen cells. Thereta ~—

fore, RACE antiserum was used in all subsegquent experi-

ments at a dilution of 10 °.

'
—

4.2.2 The Evaluation of Different “
Culture Media and Medium Supplements

.
The different media (M199, RPMI 1640 and CMRL

1066) were tested to evaluate the culture conditions
for optimal expression of ADCC cytotoxic activity.
They were all supplemented with 100 IU of potassium
qgenicillin G and 1004g per ml of streptomycin sulfate.
These media were also fortified with heat-inactivated /fwh\\\
FBS tolfin£$~concentratidns of 0;7/2.5, 6, 10 and 20
percent. - \\::i>
The ADCC assay was performed as previously outlinga
(chapter III: Méterials and Methods, section 3.2.9)
using various cell preparations (thymus, WBC, spleen,
51 ~

appendix, MLN and bone marrow) and Cr-ChRBC target
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cel}s. RACE antiserum and normal rabbit control §erum
were diluted in'tp? appropriate serum-free medium.

Tables II, III, IV illustrate the effects of differ-
ent‘culture media.and variations ‘'in FBS concentration
on ADCC cytotoxic activit;. At-O and 2.5 percent FBS
in M199-PS, a relatively high S.R. was observed in
controls/no. 1 and no. 2 (81, 94 and 25 percent, res-
pectively) as well as a cytotoxic effect of thg'RACE'
antiserum on tﬁe target cells (C.I.'s in control .no.

1 are 72 and 45 percent, respectiﬁely) (table ITI).

Hoﬁever, at a concentration of FBS in M199—PS“
of 6 percent or greater, the S.R. for all cell prepara-
tions, for the ChREBC contréls and controls no. 1 and
no. 2 were very low (mean'S.R; of 4 percent) and no
cytotoxic activity was observed in control no. 1. 1In
addition, the C.I.;s of the cell suspensions'chan;,
ged only slightly with increasing FBS concentrations
in Ml99—?S {table II). It can be concluded, therefore,
that 6 percent FBS in M199-PS provides the necessary
stabilizing conditions for the target cells over a
24 hour incubafion.period. .

When the concentration of FBS was varied in culture
medium RPMI 1640-PS (table III), the target cells were
stagle only at the FBS concentrations of 20 percené
or greater as reflected by the figures for the S.R.

&

inMhe cell cultures, and especially control cultures

L[S
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no. 1 and‘no. 2. The mean vélue fof éhe S.R. in medium
RPMI 1640-PS containing 20 percent FBS was 14 percent.
The cytotoxiv index of the cyﬁotoxic effector cells re;
mained wvirtually unchanged.as the concentration of
FBS was increased tc 20 percent (.table IXI). Therefore,
medium RPMI'1640—PS supplemented with 20 percent FBS

also constitutes opéimal culture conditions for the
analysis of ADCC activity over a 24 hour period. However,
the values for S.R. in this medium are higher than
those for the former (table II).

Similarly, when the concentration of FBS was varied
in culture medium CMRL 1066-PS, the stability of the
51Cr-ChRBC target cells, as reflected by the ?igpres
for the S.R., was observed only at the FBS concentration

of 20 percent (table IV). However, the S.R. was very

high in control cultures no. I\and no. 2 (71 and 77

percent, respectively). Furthermore;

to exert cytotoxic effects on the 51Cr—ChRBC target

CE was observed

in ¢ontrol no. 1. The C.I. of the various rabbit cell
preparations also appeared to decreasé somewhat as

the concentration of FBS was increased in culture medium :
{(table IV). It would appear, therefore, that culture
medium CMRL 1066-PS fortified with FBS to a final con-
centration of 20 perceﬁt of the culture medium is not
very effective in promoting ADCC. While RPMI 1640-PS

 fortified with FBS to a final concentration of

kY
s
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20‘percént of the culturé medium is signiéiéantlf'
superior to the former, M199-PS supplemented with FBS
to a final concentration of_g'peicent of.the culture
medium is by far the most effective culture medium
for the ADCC assay and is.heretofore referred to as
culture medium.

*

4.2.3 The Determination of the Optimal

' Cell Concentration and Range of
ADCC Cytotoxic Activity for the ' (
Cells of Each of the Rabbit
Lymphoid Tissues

Lgmphoid tissues {tﬁ%mus, WBC,.spleen, appendix,
sacculus rotundus, Peyer's patcheg, MLN, PLN and bone
marrow) were extirpated from several rabbits and cell
suspensions were‘pfepared from these tissues (chapter
III: Material? ahd Methoeds, section 3.2.6). The
cells were asséYed forjADCC cytotoxic activity (as
outlined in chapter III: Materials and Methods,
section 3.2.9) at varying cell concentrations in order .
to determine the dose response profile for the cells
of each tissue. Spleen cells which consistently
demonstrate marked ADCC cytotoxic activity were used

as controls in each assay.
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As can be seen in table V, thymus cells show
minimal ADCC activity at effector to target cell ratios
(E:T) of 25:1 and higher. WBC‘exhibit marked ADCC
aCtiGity at ﬁ:T cell ratios in the range from 100:1
"to l:1. Some fesidual activity can still be observed
at an E:T cell ratio of 1:5.

It may therefore be concluded that whereas thymus
cells are only minimally cytotoxic at very high E:T
cell ratios, optimal ADéC cytotoxic acﬁivity for WBC
and spleen cells is observed at E:T cell ratios of
25:1. Since WBC and spleen efféctor cells at an E:T
ratio of 25:1 consistently exhibit ADCC cytotoxic acti-
vity similar to thét observed'at higher E:T cell ratios,
and since the number of rabbit cells needed to attain
th;s ratio is easily obtainable, subseguent experiments
were carried out with WBC and spleen cell suspensions
at the E:T cell ratio of 25:1.

Table VI illustrates the dose response profiles
of the cells of the appendix; sacculus rotundus and
Peyer's patches (gut-associated lymphoid tissues or
GALT organs) of several rabbits assayed for ADCC cyto-
toxic activity, with spleen cells serving as a reference
cytotoxic effector cell preparation. Cells of the
appendix; sacculus rotundus and Peyer's patches display
maximum ADCC cytotoxic activity over the rangé of E:T

cell ratios of 100:1 to 25:1. Some activity was

-—
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- observed below the E:T cell ratio of‘zs:l,:ﬁut it would
appear to vary greatly between similar cell preparations
from differént rabbits. |

Only 6 of 24 preparaﬁions of MLN cells were active -
(C.I.'s greater than 10 percent) in the ADCC assay
at an E:T cell ratio of 25:I, the results of 4 of which
are documented in table VII. PLN cells were difficult
to éssess a£ high E:T cell ratios due to the limitations
of cell numbers. Nevertheless, PLN cells appear to
be'relatively~inactive in the ADCC assay. Bone marrow
cells are conside&ably cytotoxic down to.the E:T cell
ratic of 1:1, with very little ADCC cytotoxic activity
recorded below this r;tio (table VII).

c; A number of cell preparations (thymus, WBC, spleen, -
GALT, MLN, PLN and bdne‘mafrow) (table VIII) of different
rabbits were a;sayed at the E:T cell ratio of 25:1
in order to determine the mean cytoto#ic index and
range of ADCC activity for each tissue under investiga-
tion. 'The data in table VIII indicate that rabbit
lymphoiﬁftiégdes'can be classified into_three cate-
gories on the basis of the levels of ADCC cytotoxic
activity exhibited. The first category (a) consists
of bone marrow, WBC and spleen-cells which show uni-
formly high levels of ADCC cytotoxic activity. The
second éategorf (b) consists of Peyver's patches, PLN

and thymus cells which are inactive or show negligible

¢
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N o—
levels of ADCC cytotoxicity and the third category (c)
consists of appendix, sacculus rotundus and MLN which
show levels of AQ%F cytotoxic "activity intermediate
to that seen in the first two categories. Note,
however, that only 6 of the 24 preparatioﬁs of MLN
ass%e@ had a cytotoxic index of greater than 10

percent.

4.2.4 The fissue Distribution
of the ADCC Cytotoxic
. Effector Cells

The lymphoid tissue distributicn of ADCC cytotoxic

effector cells was determined by analyzing ‘'simultaneously,

thymus, WBC, spleen, GALTf MLN, PLN and bone marrow

cells of a number of rabbits 1ltable IX). The cell

suspenéions wexe assayed at variable E:T cell ratios

{25:1, 5:1, 1:1 and 1:5}) and the ADCC assay was per-

formed aé outlined in chapter III: Materials and ‘Methods,

section 3.2.9. Bone marrow, WBC and spleen cells -
%consistently demonstrated high ievels of ADCC acﬁivity.

while cellé of the Peyer's patches, thymus, MLN and '

PLN aemonstrated very fittle, if.any, ADCC cytotoxic

activity. These results are similar to those presented

in table VITII.

S
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4.2.5 The Relationship of ADCC Cyto-
toxic Activity to Duration of Culture

'The ADCC cytotoxic activity exhibited by cells‘
of the various lymphoid tissues (thymus, WBC, spleeﬁ,
GALT, MLN, PLN and bone marrow) was invégzgéated to
determine the relationship of ADCC cytotoxic activity

to time in culture (table X). The ADCC assay was, pdr-

formed as outlined in chapter III: Materials and Méfﬂods,

section 3.2.89. Thé culturgs were maintained for &,
2, 6 to 8, 16 to 18, 24, 48-andj72 hours respectively,
prior to processing for radioactive counting.

Bone marrow, WBC and. spleen cells showed marked
ADCC cytotoxic activity.after 24 ﬁours in c#lture and
demonstréted an increase in ADCC cytotoxic activity

when cultured for up to 72 hours. Thymus, GALT, MLN,.

Cw ,
and PLN cells consistently showed appreciable cytotoxicity

only after 48 and 72 hours of culture.

Thymus, WBC, spleen, GALT, MLN, PLN and bone marrow

. e
cells were also cultured at concentrations

6

of 5 x 10° cells per ml for 2, 24, 48 and 72 hours

respectively, pridr to The addition of the 51Cr—ChR:B_C

target cells and RACE antiserum and/or normal rabbit

serum. The cell suspensions were then incubated for
o F ) -
a further 24 hours prior to processing for radicactive

counting (table XI).
' R "o

et

—
/
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WBC, spleen.énd bone marrow ceils displayed

a marked | level 62‘;BEC cytofbxié activity after

an initial 24 houré in culture with RACE ‘antiserum

‘and ler-ChRgc target cells. Appendix and saceulus

rotundus cells exhibited ADCC cytotoxic'act;yiéy only

if RACE antiserum and 51Cr—ChRBC target cells were

not added until 72 hours of cultu;e. Peyer's patches,
‘ MLN, PLN and thymus cells failed to exhibit ADCC cyto-

toxic activity under these conditions. How-

ever thymus cells showed appreciable ADCC. cytotoxic:

activity when co-cultured for\48 hours with SICr—ChRBC
. target cells and RACE antiserum. )

f

/

4.3 Discussion and Conclusions
N/

The‘analysis of the ADCC cytbt?xic activity ?f
ca;ls of the lymphoid tissues and WﬁC oﬁer a wide range
of E:T cell raéios in the standard 24 hour ADCC assay
indicated that the .cells could Be claséified'into tg§ee
categories: '

(1} ~"highly" cytotoxic cells (bone marrow, WBC
and spleen‘cells). -‘ e
(ii) . "mildly to ﬁbderately" cytotoxic cells
‘(appendix,. sa;culué.rotundus and MLN cells),

- and - N

(iii) ™non-cytotoxic" cells (Peyer's patches, PLN

» Lt .
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7
and thymus cells).

However, when these cells wére co—-cultured with

51Cr—ChRBC target cells for varying

RACE antiserumAand
intervals of time, it wig'thed that the "highly" cyto-
toxic cells Showed ADCC cytotoxic activity early in

the culture period (6 to 8 ilours) which in-

creased over 72 hours. The “mildly to moderately" -
cytotdxic cells, as well as the "non-cytotoxic™ cells,
exhibited ADCC éytotoxic activity only after co-culture
with RACE antiserum and 51Cr—ChRBC target cells for

48 and 72 hours.

Preculture of the cells for varying periods of -

31

time in the absence of RACE antiserum and Cr-ChRBC

»

target cells (24, 48 and 72 hours) followed by the
addgéion of RACE antiserum and 5lCr—ChRBC target cells
in the standard 24 hour ADCC assay revealed that rabbit
bone marrow, WBC and spleen cells diéplayed ADCC cyto-
toxic activity irrespective of the duration of the
preculture period. Appendix and sacculus ‘rotundus
cells were-markedly activé only if RACE antiserumland
51Cr_—ChRBC target célls were added at 72 hours-bf cul-
-ture. The other lymphoid cells, including the thymus

cells, showed no ADCC cytotoxic activity irrespective

of the duration of preculture (table XI).

I
4

.Interestingly enough, since the same preparation

.of thymus cells was markedly active when - .
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co-cultured for 48 and 72 hours with RACE antiserum

and 51

Cr-ChRBC target cells, it may bg céﬁcluded that
fthe thymic cytotoxic effector cells die in cultﬁre
-iﬁ the absence of RACE antisekum and target cells.

On £he basis of the results of the time coﬁrs.
experiments, one must be céutious before classifying
certain lymphoid tissues as being_"non—c%totoxic"
{Peyer's patches, PLN and thynus}. A ﬁore precise
classification would categorize-the célls of the lym-
phoid tissues an@ WBC as being eitherirapidly cyto-
-toxic or as exhibiting a lag phase in the.expression
of ADCC_cytotoxic_aétivity. .

Gelfand et al (1972) and Bona et al (1975, 1976)
have previously attributed ADéC'cytotpxicity to rabbit:
thymus,hspleen, bone marrow, peritoneal exudate and
MLN cells on the basis of their ability to lyse
51Cr-ChRBC target cells during a 15 to 20 nour incubation
period. In the abale?men£ioned studies, GALT or PLN
cells were.not assayed féf‘ADCC cytotoxic aétivity.

The experimental findings; in ‘t‘s study have confirmed

that WBC, bone_marrow and spleen cells were consistently

. cytotoxic. Appendix and sacculus rotundus cells, not

previously investigated, displayed only marginal ADEC:
cytotoxic activity, while thymus, MLN, Peyer's patches
and PLN cells (these latter two not having been previously

’

investigétéd for ADCC cytotoxic activity) displayed
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very low or no ADCC cytotoxic activity in the standard
24 hour ADCC -assay. ] *

| The ADCC cytotoxic_acﬁivity displayed by.the MLN
cells was very inconsistent as activity was detected
in only 6 of 24 MLN cell preparé%ions. The results
with the thymus and MLN cells would thereforelappear
to be in conflict with those of Qelfagd et al (1972)
and Bona et al (1975, 1976) who consistently detecte&
ADCC cytotoxié activity in rabbit thymus and MLN cells
(Gelfand et al, 1972) and in thymus cells (Bona et N
al, 1975;1%976) when cultured for 24 hours with

51Cr.—ChRBC target cells and RACE antiserum. °

.

Gelfand et al (i972) héve suggested, on the basis
of s®™Mies investigating the relationship of ADCC cyto-
toxic¢ éctivity to duration of cultqre, that rabbit
phagocytic cells are rapidly acting in ADCC while lympho-
cytes show a delayed onset of ADCC cytotoxic activity.

‘To date, information derived from the present
study reveals that cellg prepared from several of the
rabbit lymphoid tdissues 4o not react with equal speed
in the ADCC cytotoxicity assay. - Cells derived from
rabbit lymphoid tissues can be considered to be either
-rap;dly cytotoxic or ta exhibit a lag phase in the
expression cof ADCC‘cytotokic activity. The eaXxlier )
observations of Gelfand et al.(1972}‘may be_app ;cable w:‘w

in this case. With this in mind, it was considered
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\
necessary to délv%/zgho some of the physico-chemical
properties of the cells effecting ADCC in the rabbit
in order to ultimately identify the ADCC cytotoxic

effector cell in the Lagomorph as well as its tissue

distribution. MU

|

l\’

«




CHAPTER V

THE FUNCTIONAL AND MORPHOLOGICAL HETEROGENEITY OF

X

THE ADCC CYTOTOXIC E?EEE;ORN?ELL

e

IN THE RABBIT

5.1 Inﬁroauctibn and_Objectives

i - -
. In the previous chapter the optimal conditions

for the ADCC cytotoxic reaction in the rabbit were
defined and the ADCC cytotoxic effector cells in the -
rabbit were classified as rapidly acting in ADCC or
'as exhibiting a iag phase in the -onset of ADCC cyto-
toxic activity. In this chapter the funct;onal and \\
morphologic properties of ADCC cytotoxitc effector cells
of the different lymphoid tissues are investigated. T
The objectiveé were: : ) )
(i) to isdlate and identify relatively homo-
genecus populations of cells through dis-
continuous density gradient centrifugation
(based on the property of celluléi specific
gravity) £for further analfsis in the ADCC
assay; | ‘

.(ii} to determine the role of the phagocyte

in ABCC in the rabbitj



(iii) to determine the response'of ADCC cytgtoxic
effector cells to treatment with soluble
aggregates of rapbit gamma—globulih (RAGG) ;

and,

- (iv) to attempt correlation of selected £ ctional

and mbrpholbgic‘characteristics_of rabbit

ADCC cytotoxic effector cells.

5.2 Experimental Pfotocols:and Rssults

The data pr;séntéd ih’the following tables are
representative of results obtained in individual éx-
periments:-'Eac experiment was repeated a minimum
of 5 times with the'T9dority reéeated 10 times. ‘Each
value represeqts the mean of duplicate or triplicate
determinations. Since the viability of all cell pre- -
parations at the time of culture was 85 to 95 pércent'.
. as determinéd by the trypan b%ue dyehexclusion technigue,
the numbers of cells introduced into the cultures were

not :corrected beJviability.-



A -

. when used in equal cell ‘numbers (E:T 100:1 to 25:1;

S R i 7 N

s . -

5.2.1 The ADCC Cytotoxic Activity of
Mononuclear and Heterophil Cells
Following Separation by Centrifu-
gation in a Ficoll-Hypague Dis-

_ continuous Density Gradient

Bone marrow, WBC a spleen cell suspen51ons were

-fractlonated by’ centrlfug tion in a flcoll hypaque

discontinuous densxty:grad nt (chapteér lII:- Materlals
and Methods, sectionl3.2.6) and the.mannuclear
(inéerphase) and heterephil (pellet) cells were assessed'
for ADCC cytotoxic act;v;ty at varylng E:T cell ratlos
(100:1, 50:1, 25:1, 10:1, 5:1, ::1 and 1:5). The ADCC
assay was.perfo£mea as outlined in chapter III: -

13

Materials and Methods, section 3.2.9.

Smears were made of all cell suspensioﬁs and ’
stalned for non—spec1f1c esterase or w1th erght'
stain and analyzed mxcroscoplcally to characterlze,
on a mprpholpgleal ba51s, the‘;ells of the dlfferentﬂ
fractlons. | | |
Unfractlonated bone, marrow, WBC and spleen cells
consmstently shdwed high levels of ADCC cytotoxlc ac— g
tivity in the convent:.onal 24 ‘hour’ %CC assGay (table .

XII) . - As can,ﬁlso be seen ln table XII, the pelleted '
o

" bone-marrow cells (FHP), the majorlty.of which appeared-

to be heterophils’ (data not presented),. were almost

. e . - . ’ .
twice fas active.as the mononuclear cell preparations

-~ -

S - R - -

&

P )-D.Ollﬁ' The interphase cells which consisted of

-
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a high percgntége of mononuclear cells (data not ﬁre—
sented), were somewhat less active than the unfrac-
tionated bone marrow cells when compared on an equal
cell basis (E:T 100:1 to 25:1; p 2 0.01).

The splenic intérphase cells, which siﬁilarly
consisted of a high percentage of mononuclear cells,
expressed similarXEDCC cytotoxic activity'as the un-
fractibngted and the pelleted spleen cells (E:T 100:1
to 1:5; no significant difference between interphase
and unfractionated spleen cells). The majority of
the pelleted spleen cells_apgeared to be heterophils
(data not presented). |

Table XIII presents the relative distribution
and ADCC cytotoxic activity of the mononuclear and
heterophil cells in the unfractionated and fractionated
WBC. In genetal, all o{ the WBC preparations ({(table
XiII) demonstrated marked levels of ADCC cytotoxic
Ectivity (E:T 25:1 o 0.31:1; the differenceé between
the cell preparations were not statistically significant).

It should be noted that the WBC were treated with
tris-buffered ammonium chloride to lyse contaminating
erythrocytes (see chapter III: Materials and Methods,
séction 3.2.7). In pieliminary experiments (data not
presenﬁéd), it was consistently observed that the ADCC
cvtotoxic activity of the WBC was not affected by this

i

procedure. Furthermore, it was also observed that
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the intentibnal addition of graded nﬁmbers of erythro-
cytes to any of the syngenic cell cultures did not
alter the ADCC cytotoxic activity of these cell pre- '
parat;ons, thus demonstrating that erythrocytes have

no effect on the activity of the ADCC cytotoxic

effector cells in the rabbit.

5.2.2 The Effect of Phagocyte Depletion
on the ADCC Cytotoxic' Activity
of Rabbit Lymphoid 'Cells

Celi suspensions of -bone marrow, WBC, spleen,
‘appendix, MLN and thymus were depleted of phagocytic
cells by. incubation with carbonyl iron particles (as
outlined in chapter III: Materials and Methods, section
3.2.8). These cells were then cultured in 'a standard

24 hour ADCC assay as well as for longer periods of |

) ) -
time at varying E:T cell ratios. The ADCC assay was

performed és previously described (chapter IIIl:
Materials and Methods, section 3.2.9). All of the
cell preparations Qere‘stained and examined micro-
scopically both before and after phagocfte depletion.
jag described in chapter III: Materials ané Methods,
;ection 3.2.11).

The percentages of circulating monocytes and |
heterophils were markedly reduced in phagocyte-depleted
WBC suspensions.(O.S and 4 percent, respectiﬁéiy) as

compared to the untreated WBC (4 and 16 percent,
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* respectively). Similar results were obtained with

! -

‘Spleen cells. With respect to the bone marrow cells,

‘phagocyte dgple;ion-resulted in a drop in the percentage

" of monocytes' (6 percent to 1 percent) unaccompanied

by a c9ncomitant decrease in the percentage of hetero-
phils. )

Table XIV illustrates the ADCC cytotoxic activity
of untreated and ﬁhagocyte—@epleted bone marrow, -WBC
and'spleen cells ig the'standard 24 hour assay. Phagocyte-
depléted WBC and spleen cells exhibited negligible
ADCC cytotoxic activity as compared to the untreated-
WBC cells and spleen cells (a> b, p > 0.1; c> &,
j)};.OOS). Furthermore, phagocyte-depleted WBC and
spleen cells failed to show significant ADCC. cytotoxic
activity when the assay was e#tended for up to 72 hours
{table XV). On the other hand, phagoéyte-depleted
bone marrow cells displayed ADCC cytotoxic activity
siﬁilar fo that of the untreated cells at 6, 24, 48
and 72 hours of cﬁlture (tables XIV and XV), (the dif-
ferences between the cell preparations were not sta-
tistically sigggjgfant).

Phagocyte-depleted thumus cells, like the untreated
thymus cells, were inactive in the standard'ADCC assay
but active in #the 48 hour assay (p 2 .05), '
whereas phagocyte-depleted MLN cells. failed to show’

the characteristic lag phase (table XV)_ln;the onset
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of ADCC cytotoxic activity. Phagocyte-depleted appendix
cells consistently displayed 50 percent of the ADCC
cytotoxic activity exhibited by the untreated appéndix

cells.

5.2.3 The Effect of Soluble Aggregates
of Rabbit Gamma-Globulin {(RAGG)
on the ADCC Cytotoxic Activity
of Rabbit Lymphoid Cells

The ADCC cytotoxitc agtivity of bone marxrow, WBC,
spleen, appendix, MLN and.thymus cells was evaluated
following incubation with varying amounts of RAGG (as
described in chapter III: Materials and Methods, section
3.2.10). The ADCC assay with appendix, MLN and thymus
cells was extended'to 48 hours since it was observed
+hat these cells demonstrate a lag in the oﬂse% of
ADCC cytotgxic activity (see chapter IV: The Optimal
Conditions for ADCC in the Rabbit).

As can be seen in table XVI, the ADCC cytotoxic
activity of WBC and spleen cells could be inhibitéd
to an extent of 87 percent and 81 percent respectively,
at the highest concentration of RAGG utilized
{1,000 ;g per ml) whereas the ADCC cytotdxic activity
of bone marrow and MLN cells was much less affected
(35 percent inhibition and 52 percént inhibition, res-
pectively). Similar concentrations of RAGG did-not

appear to affect the ADCC cytotoxic activity of the

-



.

| : . ~ rauop 30N = (N
. N - *a1qentydde 0y = y/n
+
* (spoyId| pue STRTIPIBH 29§) UOTITQTYUT JDD19d = YUY xxx
‘upow 213 JO 10112 PIBPUBIS F (SPOIIDN pur STBTIIIEY 99§) Xaput 21%03034) = .H.U.*«

‘unTpow 91N1TND 3yl Jo uddiad ¢ JO UOTILIIUIDUOD
JBUTF B 0] WNIDS DUTAOQ [BIDF YITH poludwa(ddns G- SEM pasn umTpaul dyJ
"*¢-0T 1¥ JUEISUOD SPa UMIDSTIUT HEYYD-TIue L
- '2an3no 19d ST[93 LOIXYy I JULISUOD dlam (DEYUD) S1T90 1981p]
*3anynod umm ST132 01 3° URISUOD D1dA STIDD 103129334

*1:¢z I Jup1stod seA OTIBL 19D 1081v31 031 1030233



184

“

-~
1

Z1TL1 8Z¥6E YITOZ LI¥BE 9TFLL 8EF6EL N an an an v/N ZEF9Y snukiy,
(€30S L F6  TTHE olTY1 0z¥8Z 6 FC¢1  ON- aN an an v/N %170¢ x1puaddy
1 ¥z -CI¥Iz 1 ¥¢ bI¥0Z 1 %0 GTFIZ N ! QN an ++az VN 21502 NTH
c7TCE  9EFIS WTFES LEFES  L1FGT  TYF09 ci¥1Z SvF€9 ([ FO1 O0GF1L  V/N 96708 moaliey ouoy
9E¥18 9 #V1 1€T69 ¢ ¥Z1 8ZF€9 L ¥GT LEFT§ 9IFELT (0TF8L ¢ZEcE  V/N 613¢Y uaajdg
19748 [ ¥OT 1v¥6S 0z¥87 (L[E¥ES 1T¥0L CCFGy  CIFIE  9IFEL  EEFLY +<\z OVETA) oan
yury  "1'0  uwry  CITO uuIz 1D quiy "I1'D0  quiy  CI°D wyyUT% wx'1°D p231s93' S119)
1w/3%7 0001 1w/ 7006 1u/3%°001 1582705 1u/8%7s Tu/3%0 .

¥8UOTIRIJUIDUOD guiso110y 243 :ﬂ.=m~:noaw|
BuiMoT10J STT2D 10329332 lgaonuouocw 3l J

pumed 21qqel paie82133e yYaTa uoriEqNOUT
o £31AaT139® 21%030340 DOV 243 JO uoT3ITqIYU]

$11d9 AJON HAWA'L OTHIINASEM OGN
‘NFATdS ‘ST1ID q00Td ALTHH I149Vd 40 ALIA
Pummcx 10 S3LVHAYOOV d14n7T0S 40 1DIddd aHL

=t

IAX ATIVL

Vv XTANAddV ‘SNRAHL ‘MOWBVIH HNOY
110V DIXOIOLAD 020GV AHIL NO NIINGOT
‘gFIAD (TOHAWAT I1GAVY HIIM NOIIOVAY DOGV ZHL

D-VIIVO



. 185

thymus cells (2 percent inhibition). Appendix cells

were inconsistently inhibited in the ADCC assay.

5.3 Discussion and Conclusions

The findings presented indicate that the ADCC
cytotoxic effector cells in the rabbit are hetero-
geneous and constitute functional and morphologically
distinct subpopulations of cells which can be classi-
fied into a number of distinct categories on the basis
of ﬁheir‘morphology and properties in the ADCC reaction
(table XXI}.’

The cells of the bone marrow, WBC and spleen show
a rapid onset of ADCC cytotoxic-activity by 6 to 8
hours of culture which begins to level off by 24 hours
aﬁd increases only slightly dver a further 48 hours
in culture. Thé ADCC cytotoxic effecto; cells in the
" WBC ana spleen appear to be largely phagocytic as the
phagdcyte-depleted WBC and spleen cells were essentially )
inactive, whereas those in the bone marrow appear to
be non-phagocytic heterophils and/or lymphocytes. How-
ever, the additional existence of an ADCC cytotoxic
effector macrophage in the bone marrow cannot be ruled
out, as purified monocytes. were not analyzed.

-E-f:h further distinction between the bhone marrow

ADCC cytotoxic effector cells on the one hand, and
-

L -
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the WBC and spleen effector cells on the other, is
that the ADCC cytotoxicity exhibited by bone marrow
cells was inhibited by soluble aggregates of ;Egbit
gamma-globulin to only a minor degree, wiereas the
activity of WBC_ and of spleen cells was almost com-
pletely inhibited by'RAGG. -

The effector cells in the Peyer's pétcheg, thymus,
MLN and PLN reguire a period of 24 to 48 hours of cul-
ture before shoﬁing ADCC cytotoxic activiﬁy which
increases markedly after 72 ﬁours of culture. These
cells attain significant ADCC cytotoxic activity &fter
48 to 72 hours in culture only if they are co—cultured. \_vﬁ\
with RACE anti§erum and target cells for tg§ Fntire
culture period. The treatmert of thymus ceils to
deplete phagocytes did not alter in any way the ADCC.
cytotoxic‘activity exhibited. Thymic ADCC activity
was not inhibited by RAGG. On the other hand, MLN
cells lost all of their ADCC <€ytotoxic activity follow-
ing the removal of phagpcytie cells and ADCC cytotoxic
act}vity could be markedly inhibited by RAGG.. It 1is
therefore -concluded that the ADCC cytotoxic effector
cells in the thymus-and MLN are lymphgcytes and
phagocytic cells, respectiﬁely (table XXI).

fhe ADCC cyta&oxic effector cells ;; the appendix
and sacculus rotundus aiso demonstrate delayed ADCC

—

cytotoxic activity, but they do not requiré prior
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co-culture with RACE‘aﬁfI;;;:;\;nd target cells to- ‘r
facilitate the expression of ADCC cytotoxic activity
(table XXI). Since the depletion of phagocytic.cells
froﬁ the appendix cell suspensions consistently resulted
in a 50 percent reduction of ADéC cytotoxic activity,
and since appendix ADCC cytotoxic effector cells were
ijnconsistently inhibited by RAGG, it would appear that
the ADCC cytotoxic effector cells in the appendix are
voth lymphocytes and phagocytes.

Tpe ADCC cytotoxic effector cells in the rabbit,
therefore, appéér to be the heterophils and monocytes
in the circulation, phagocytic cells in the spleen
and MLN, lymphocytes and/or non-phagocytic heterophils
in the bpne marrow, lymphocytes in the thymus and lympho-
cytes and phagocytic cells in the appe;dix.

Gelfand et al (1972) observed an early onset of
ADCC cytotoxic activity by PEC cells which was attri- -
buted to a phagocytic cell component since phagocyte-
depletéd PEC cells exﬁibited a delayed onset of ADCC ‘
cytotoxic activity. The lymphocyte was identified
as the cell deﬁonstraﬁing delayed (24 hour} ADCC cyto-
toxic activity (Gelfand et al, 1972). The results
presented above do not suppof; the interpretation of
Gelfand et al (1872) since phagocytic cells Qére shown

+o exhibit both immediate (WBC and spleen cells) and

~

delayved (MLN cells) ADCC-cytotoxic activity and
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-

non-phagocytic bone marrow cells were found to exhibit
immediate ADCC cytotoxic activity only. Like Gelfand
et-al (1972f, non-phagocytic mononuclear cells were

shown to demonstrate delayed (thymus and appendix cells)’

ADCC cytotoxic activity.



) CHAPTER VI
THE ROLE 0?<'i‘1-1E ADCC CYTOTOXIC EFFECTOR CELL
IN HUMORZ}’i. IMMUNITY AND IN CELL-MEDIATED
IMMUNITY (DELAYED HYPERSENSITIVITY)

IN THE RABBIT

6.1 Introduction and Objectives

-

I have already estabiished that a variéty of cell
types {(lymphocytes, heterophils and phagocytes) from
'a variety of lymphoid tissues (thymus, WBC, spleen,
bone marrow, MLN, appendix) in the rabbit are capable
of effecting ADCC. It remains to De determined
whether these cells participate in the immune reéponse
(humoral and/or cell-mediated) in the xrabbit. Rabbits
were immunized to induce either a humoral or a cell-
mediated immune K response folloﬁing which cells of
the various lymphoid tissues were assessed for
ADCC cytotoxic activity. It was c0nsidered that any
marked change from the normal in the organ distri—'
bution of ADCC cytotoxic effector cells would be
indicative of their recruitment and/or participation

in the immune response.



120

+

6.2 ggperimental Protocols and Resultis

T@eﬂdaté presented in the following tableéjar;{
representative of ‘results obtained in individual
experiments. Each experimental protocol was repeated
a minimum of 3 times. Each value represents the mean
of duplicate determinatioqs. Sinée the viability
of all cell ﬁrepqrations at the time of culture was
85 to 95 percent as determined by the trypan blue
dye exclusion technique, the numbers of cells intro-

duced into culture were not corrected for viability.

6.2.1 The Lymphoid Tissue Distri-
bution of ADCC Cytotoxic Effector
Cells Prior to and During a
Humoral Immune Response

New_Zealand Whité rabbits were immunized intra-
venously (marginal ear vein)'with 1 ml of a 10 percent
suspension of sheep erythrocytes (SRBC) in saline
(109 cells). Control rabbits were inoculated with
1 ml of sterile saline instead of the SRBC. Serum
samples were taken prior .to immunization and at the
time of sacrifiée. The rabbits were sacrificed -
at days, 1, 3, 5, 7 or 12 post-inoculation. The
lymphoid tissﬁeé were extirpated and'éell suspen-— B

-

' sions of bore marrow, WBC, spleen, GALT, MLN, PLN
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and thymus (prepared as outlinéd in chapter III:f
Materials and Methods, section 3.2.6) were assayed
for ADCC cytotoxie activity (as described in chapter
TII: Materials and Methods, section 3.2.9).

" As can be seén in table XVII, haemagglutinating
c?ntibodies were detected by day 7 post-immunization.
The lymphoid tissue distribution of ‘ADCC cytotoxic

effectoxr cells in these rabbits was comparable

to that of control rabbits (tables XVII and VIII).

" Two of the MLN cell suspensions prepared from the

control rabbits exhibited unusually high levels of
ADCC .cytotoxic activity (C.I.'s of 47 and_54 percent,

respectively) (tables XVII and VIII).

6.2.2 The Failure to Detect ADCC Cyto-
toxic Effector Cells in the
PLN at Various Times Following
Ipsilateral Immunization (footpad)
ith SRBC in Saline to Induce
a Humoral Immune Response

—
¢

As PLN cells are consistently inactive in the
standard 24 houf ADCC assay (chapter IV: The Optimal
Conditions for ADCC in tﬁé~Rabbit), experiments were
conducted to determlne whetker or not ADCC cytotoxlc

~
effector cells were recruited into PLN actlvely en-—

gaged in antibody synthesis. The experimental protocol
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involved the unilatergl subcutaneous immunizqtioh

of rabbits with SRBC in'Saline to induce a humoral
immune respodnse in the lymph node draining the site

of antigenic challenge (ipsilateral PLN), followed

by analysis of the ADCQ cytotoxic'aetivity of the
cells of the PLN. The contralatefai PLN served as

~

a-control.

Antigen (5 x 108 SRBC in saline)} was inoculated

subcutaneously’ into the left hind metat

sal footpig of
test rabbits. Control rabbits were similar Jected with
an equal volume of sterile sdline. The ipsilateral
and contralateral PLN.weie excized, weilg \d énd pro-
cessed for testing in the ADCC assay (as outlined
*in Chapter III: Materials and Methods, sections 3.2.6
and 3.2.9) at day 7 or 12 post—inoculatian. WBC and
spleen cells were similarly assayed for ADCC cytotoxic
activity. Serum samples taken prior to immunization
with SRBC and at the £ime of sacrifice were also éssayed
to determine the presence of circulating antibodies
to SRBC.
As can be seen in table XVIII, the test rabbits
possessed circulating anti-SRBC antibodies at the
time of sacrifice. The popliteal lymph node ipsilateral
to the inoculation site was very much larger in every
case. Despite this, the ADCC cvtotoxic activity of

the cells of either the ipsilateral or contralateral
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PLN was well within the norma} low values for this

tissue (tables XVIII and VIII). - ‘ -
The spleén-cells of the control and test rabbits

displayed normal ADCC cytotoxic activity while the

WBC of 2 of 4 of the test rabbits and 1 of 2 of the

control rabbits demonstrated unusually low ADCC cyto-

toxic activity (tables XVIII and VIII).

6.2.3 The Failure to Detect ADCC Cyto-
toxic Effector Cells in the PLN
at Various Times Following Ipsi-
lateral Immunization (footpad)
With SRBC in CFA to Induce a Cell-
Mediated Immune Response

The experiments conducted in this portion of
the investigation were essentially identical to those
outlined in section 6.2.2, except that the rabbits
were immunized with SRBC in CFA to induce a cell-
mediated immune response to the SRBC.

Antigen (5 x 108 SRBC in CFA) was inoculated
subcutaneously into.the left hind metatarsal footpad of
test rabbits. Con£r01 rabbits were simila;ly injected with
an egqual volume of CFA. The ipsilateral and contra-
lateral PLN were excized, weighed and processed for
tes;iﬁg in the ADCC assay (as outlined in Chapter
III: Materials and Methods, sections 3.2.6 and 3.2.9)

~at day 7 or 12 post-inoculation. WBC and spleen cells

were similarly assayed for ADCC cytotoxic activity.
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Seru.\m samples taken priox.: to immunization with
SRBC and at tHé time of sacrifiée:(days 7 or 12 post-
immunization) were ‘assayed to déﬁefmine the Eresencer
of cifculgtingtantibédiés to the SRBC. Skin tests
were also performed on the control and test rabbits
by the intradermal.injection of 0.1 ml of a suspension
ofwlo9 SRBC per ml in saline on the dorsum of the
rabbits. The skin tests were rea@ 24 to 36 hours
after challenge and the rabbits were sacrificed when
these were positive. A positive ékin reaction was
char;ctefized by erythema, induration and heat.

As can be seen in table XIX, all of the test
rabbits were positive for circulating anti-SRBC anti-
bodies at the time of sacriflce. They all reacted po-
sitively upon intradermal-challenge witﬂtﬁﬁe immuanizing
éRﬁC antigen. The control rabbits which received
CFA subcutaneously.instead of the SRBC in CFA possessed
no circulating antibodies to SRBC and were unresponsive
following intf#ﬁékmal skin éhallenge with g%BC.

The PLN ipsilateral to the site of inoculation”
in thé control and test rabbits was at least three-
fold larger than its contralateral counterpart in-
every case. However, there was little difference
in the ADCC cytotoxic activity between the cells of
the ipsilateral and cbntralate;al PLN of the control

~

or test rabbits when assayed at day 7 or 12
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post-inoculation. The ADCC cytotoxicity exhibitedj'

]
-

by these cells was negligible in evéry.case. WBC and
spleen cells showed normal levels of ADCC cytotoxic

activity (tables XIX and VIII).

——

6.2.4 The ADCC Cytotoxic Activity of
the Cells Infiltrating Sites
Exhibiting a Delayed Hyper-
sensitivity Reaction

© o
New Zealand White rabbits were inoculated with

SRBC in CFA (10°

.SRBC in CFA into each biceps femoris
muscle group). At day 7 or 12 post-immunization they
were challenged intradermally with 0.1 ml of a
suspension of SRBC and HRBC in saline (108 cells).
The rabbits were sag;ificed;on day 8 or 13 post-
immunization at the time when the skin reaction was
opfimally positive. A positive skin reaction was
characterized by erythema, induration and heat. Cell
suspensions of bone marrow, WBC, spleen and the SRBC
and/or HRBC challenge sites were prepared accprding
to the methods described in chapter III: Materials
and Methods, section 3.2.6, and were assayed for ADCC
cytotoxic activity (as outlined in chapter III:
Materials and Methads, section 3.2.9).

Control rabbits were inoculated with CFA (1 ml
into each biceps femoris muscle group) and in every

case were unresponsive upon challenge with the above
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:::::> | gntigens_(SRBC and HRBC). They, therefore, were not
processed for‘#he assessment of ADCC cytotoxic activity.
' As cgq.be seen in table XX, all of the rabb;ts
immunized w;th CFA showed positive skin reactdions
24 hours following the intradermal challenge with
the immunizing SRBC'5;£igen. The bone marrow, WBC
and spléen cells of all of the rabbits assayed were
normally cytotoxic ({(tables ﬁx and VIII). Seven of
8 preéaraﬁions of SRE& challenge si?és were.very active
in ‘the 'ADCC assay. The cells obtainéd from the HRBC

or saline challenge sites were unreactive.

6.3 Discussion and Ceonclusions

There was no alteration observed in the distribu-
tion of ADCC cytotoxic effector cells among the various
rabbit lymphoid tissﬁes during the course of a humoral
immqpe response fofiowing antigenic stimulation with
SRBC. Similarly, ADCC cytotoxic effector cells were
not found to be recruited into normally ADCC negative
PLN (in thé standard ADCC assay) during the course
of either humoral or cell-mediated immune responses
following the unilateral (foqtpad) immunization with
SRBC'in'saline or in CFA, respectively.

significantly, however, ADCC cytotoxic effector

cells were‘found to be present in sites undergoing
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a delayed hypersensitivity reéction to intradermal
chailenge with the imﬁunizing antigen (SRBC) but not
with an unrelated antigen'(HﬁBC). Skin biopsies taken
from ;hese areas (figuré 5} showed a "classical® delayed
hypersensitivity lesion characterized by‘an infiltfration
of mononuclear leukocytes (lymphocytes and macrophagesi
into the dermis of thé skin andgerivascularcuffing
around the venules and arterioles.

pudifin et-+al (1971) observed even though réts subjected
to 850 rads whole body irradiation were unable to
mount a humoral immune response, ADCC cytotoxic
effector cells were detected in their spleens. A
similar observation in the rodent has been reported
'tfy Harding and MaclLennan (1972). Pudifin et al (1971) have
also shown that the rat PLN drainiﬁg a site of immuni-

zation is a poor source of ADCC cytotoxic effector

cells. It was, therefore, concluded by these workers

—
-

thrat éha presence of ADCC cytotoxic effector cells

was not singularly crucial in the induction of humoral
immune response, nor was the presence of humo;al iﬁmune
response followed by the recruitment of ADCC cytotoxic
effector cells into the reactive tissue(s): Siﬁilarly
in my investigation, ADCC cytotoxic effector

cells were not.detected in cell suspensions

prepared from PLN undergoing'either a humoral or addi-

tionallv a cell-mediated immune response following
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Figure 5A:-- Skin Biopsy of a Rabbit, Previously Sensitized
with SRBC in CFA, 24 hours after Intradermal
Challenge with Sheep Erythrocytes in Saline.
Magnification: 10 x 10.
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Figure 5B:—- Skin Biopsy of a Rabbit, Previously Sensitized
with SRBC in CFA, 24 hours after Intradermal
Challenge with Sheep Erythrocytes in Salire.
Magnification: 10 x 40.
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unilateral (footpad) immunizat£3H with SRBC or SRBC

-y

fh CFA, respectively (tables XVIII and XIX).

’ Thé exa;riments conducted in this portion of
‘the iﬁvestigation have, therefore, failed to demonstrate
any correlation between ADCC cytotoxic -
effector cells and-humoral or cell-mediated immunity
"in the rabbit, since ADCC cytotoxic effector cells
were not detected in lymph nodes engaged in antibody
synthesis or undergoing a cell-mediated (delayed hyper-
sensitivity) immune response. Furthermore, no marked
alteration in the distribution of ADCC cytotoxic effector

~ ' .
cells was noted among the other lymphoid tissues inves-

tigated.

quever, of more than academic interest is the("\\\\\
ldetection, in the rabbit, of ADéE cytotoxic effector
.cells infiltraﬁing skin sites showing erythema
and induration following challenge with the sensitizing
antigen (délayed hypersensitivity reactiqn). Stiller
et al (1975) have also recovered ADCC cytotoxic effector
cells from human renal allografts undergbing rejection.
These data suggest the participation of ADCC cytotoxic
effectof cells in cell-mediated immune responses.
However, their contribution to the inflammatory reaction
and the pathology asgociated with the cell-mediated

or delaved hypersensitivity reaction still remains,

to be clearly elucidated.

g
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It would appear then that the ADCC mechanism
of target cell destruction may, in fact, provide a
1ink between the two "classical" components of the
immune response, namely humoral immunity on the
one hand and cell-mediated immunity on the other.
This would compel the recognition of a third category
of immune response presumably serving to refine, ﬁodu-
late and/or enhance the response of an animal to

challenge with any given antigen or battery of antigens.



CHAPTER VII T

GENERAL DISCUSSION .~ ™ SR~y

The ADCC reaction was first described by Moller
in 1965. He demonstrated that.cells exist in the
normal animal capable of effecting lysis of antibody-
sensitized target cells. This finding was quickly
corroborated by other investiéators and it laid to
rest the dogma that the presence of cells capable
of mediatingllysis of a specific target cell must
necessarily be‘generated as a consequence of prior
immunization of the host. Today,Ait'is accepted that
sub-populations of circulating and non-circulating
human and animal cells can lyse antibody-sensitized
nucleated and non-nucleated cells, thus implying a
prominent role for these cytotoxic ceils in the
.phylogeny and ontogeny of the immune response. Fur-
thermore, at least one other cytotoxic reaction is
known to be carried out by normally-occurring
circulating cells. This is the naturally-occurring

cell-mediated cytotoxic (NOCC)  reaction.
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In the NOCC reaction circulating cells acquire,
within a few hours in culture, the capacity to lyse
target cells to which they had not been previously
exposeé (Behelak and Richter, 1974; Behelak et al,
1976; Pross et al, 1977; Prdss and Baines, 1977).
These two reactions, the ADCC and NOCC reactions,
may be grossly categorized as "para-immunoiogié“
reactions as the effector cells exist in the circu-
lation independent of prior7sensitization of the host,
in contradistinction to the conventional immunologic
reactions which are totally dependent upon induced
antibodies or sensitized cells. The "non-specific"
immunity originally described by Eli Metchnikoff
more than'80 years ago and subsequently elaborated
on by Sir Almroth Wright, takes on a new meaning in
the context of present day concepts revolving aréund
. the néturally—occurring cytotoxic cells.

In view of the cytotoxic nature of the ADCC
reaction, the effector cell has -been referred to as
a "killer" or "K" cell (Perlmann et al, 1975;
Perlmann, 1976). However, since the NOCC reaction
also involves the participation of normally-occurring

cytotoxic cells, the term "K" cell should rationally

be used to identify all normally-occurring cells media-
ting cytotoxic reactions and not pé reserved only for

the cell(s) mediating the ADCC reaction. The term
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ADCC cytotoxic effector cell is therefore utilizeé
hefe. .

One undisputed fact which has survived.intensive
investigation is that thé ADCC cytotoxic effector cell(s)
can only lyse the target/cell(s) following the intexr-
action of the target cell(s) with anti-target cell
antibodies. It is generally agreed that the initial
event triggering off the ADCC cytolytic reaction is
the interaction between the Fc region on the target
cell-fixed antibody molecule and the surface receptor
on the ADCC cytogbxic effector celi which bears a
cpnfigurétionally complimgntary'structure, the Fc
receptor. Although the results of the majority of
investigations support the 1gG identity of the anti-
bodies (MacLennan and Loewi, 1968; Perlmann and Pérlmann,
ll970; Gelfand et al, 1972; Hallberg, 1974; Wisloff
et al, 1974a, 1974b;-Larsson et al, 1975a; MacDermott
et al, 1975; Shore et al, 1976}, a not insignifitant
number of investigations have also implicated IgM
antibodies (Dennert and Lennox, 1973; Lamon et al,
1975a, 1975b, 1975c; Blair et al, 1976; Wahlin et al,
1976; Fuson and Lamon, 1977; Fuson et al, 1978).

For the purposes of this study, the immunologically
mature outbred rabbit constituted an- excellent animal

in which to investigate immunologic phenomena and

characterize and evaluate the mechanisms (cellular



211

and non-cellular) involved in antibody-dependent cell-
mediated cytoﬁoxicity. The rabbit is a relatively
large animal compared wi;h other laboratory rodents
(mice, rats, guinea pigs) and it is therefore possible
to.obtain large numbers of cells for each of the easily
accessible lymphoid tissues. Thie permits the simul-
faneous investigation of different lymphoid tissues

and several experimental parameters. Furthermore,
mice, rats and gulnea pigs utilized in research are -
often inbred, in contradlstlnctlon to the rabbit. Resulﬁs
obtained with animals of.one strain are not often ob-

served in animals of a different strain and therefore,

o

more often ﬁhan not, the investigator is tempted/to
select the strain of animal which has been pge#iodSly:h
shown to act in the desired manner. h
Additionally, man, like the rabbit, is an outbred
animal and the physiological anatomy of the rabbit
is more closely related to that of the human fhan is
that of other experimental animals used, especially
mice, rats and guinea pigs: Furthermere in all of
these latter animal species, the spleen and lymph nodes
are haematopeietic organs, guite unlike the situation
in the human and rabbit where only the bone marrow
in the adult is haematopoietic. The above similarities
between rabbit and man are important when viewed in -

the light of the considerations, cited below, which
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constituté the rationale for this investigation.
In the assessment of ADCC'cytoﬁoxic activity in
man it is invariably only the circuiation that is
evaluated. It is-genérally assumed, but not yet proven,
that circulating ADCC cytotoxic effector cells in man
are representative of similar cells present or generated
in other lymphoid tissues. The guestion therefore
asked is whether in fact human ADCC cytotoxic effector
cells exist in parenchymal‘lymphoid tissues which are '
similar /in éctivity to circulating ADCC cytotoxic effector
cells? If so, in which tissues are these cells located?
The answers to these gquestions can be best formu-
lated in the experimental ahiﬁal in which circulating
cells and cells of the different lymphoidﬂtiséues can
be simultaneously examined for ADCC cytotoxic activity.
The rabbit is the experimental animal pf-choice_for
the reafons previously cited.
‘The objectives of this investigation were:
(i) to determine the optimal culture conditions
\for the demonstration of ADCC cytotoxic acti-
#ity with rabbit cells; - .
(ii) to define precisely the tissue élstribution of
ADCC cytotoxic eff;ctor cells in the rabbit;
(iii) to determine the functional and morphological
homogeneity or heterogeneity of the ADCC cyto-

toxic effector cell in the rabbit; and



(iv)
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to defiﬂe ﬁhé‘role played by ADCC cytotoxic
effector cells in humoral*immunity, cell-
mediated immunity and local immune responses.
results of this study indicate that:

ADCC cytotoxic effector cells are present in
rabbit\WBC, bone marrow, spleen, appendix, saccu-
lus rotundus, Pey‘er'gs patches,;MLN; PLN and thymus;
that the ADCC cytotoxic effector cells of the

b

WBC, bone marrow and spleen are considered to be
rapidly aéﬁing in the ADCC assay whereas those.
of the other lymphoid tissues demonstrate a lag
in the onset of ADCC cytotoxic activity; and
that the ADCC cytotoxic effector cells in the.
rabbit are heterogeneous and constitute func-

tional and morphologically distinct sub-—

populations of-cells.

Furthermore, in vivo data would suggest:

(iv)

that ADCC cytotoxic effector cells may be
attracted to the site of a cell-mediated immune
reaction (delaved hypersensitivity reaction)

in the rabkit.

ADCC cytotoxic activity has been previously attri-

buted to

rabbit thymus, spleen, bone marrow, PEC and

MLN cells (Gelfand et al, 1972; Resch et al, 1974;

Bona et al, 1975, 1976}, and PBL (Zighelboim and Gale,

1974) , following,the cytolysis of radionuclide-labelled
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tagget.cells {51Cr—ChRBC) subsequent to their incubaﬁion
with the various lymphoid cells and rabbit anti-target
cell antiserum for periods of 15 to 2d hours under
standard tissﬁe culture conditions. So far, neither the
rabbit GALT (appendix, sacculus rotundus and Peyer's
patéhes) nor the PLN were, or have been so far, investi-
~gated for ADCC cytotoxic activity:

This investigation has confirmed the observations
of Gelfand et al (1972), Resch et al (1974), Bona et al
(1965; 1976) and Zighelboim and Gale (1976), and has
- likewise demonstrated thaﬁ'éDCC cytotoxic effector cells
can be consistently detected in the WBC, bone marrow and
spleen under culture conditions similar to those des-
cribed by Gelfand et al (1972). Additionally, this
work has shown that appendix and sacculus rotundus
cells are marginélly active. in ADCC while the cells of
the thymus, MLN, PLN and Peyer's patches are poorly
sctive or inactive in ADCC. The ADCC cytotoxic activity
of MLN cells was observed to be very inconsistent
as ;ptivity was detected in only 6 of %4 MLN cell
preparations. Comparison of data would indicate tﬁere—
fore that the present rgsults with the thymus and \
IMLN cells in ADCC would appear to be in conflict with
those of Gelfand et al (1972}, Resch et al (1974)

. i .
and Bona et al (1975; 1976) respectively.
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Furthermore, the anaiysis in this study of ADCC
cytotoxic activity of cells of the lymphoid tissues
and WBC over a wide range of E:T cell ratios in a
standard 24 hour ADCC assay suggesteQ‘the classification
o% these cells into three categories:
(i) "highly" cytotoxic cells {(bone mérrow, WBC
and spleen cells);
(ii) " "mildly to moderately" cytotoxic cells
(appendix, sacculus rotundus and MLN cells),
and
(iii) “"non-cytotoxic" cells (Peyer's patches, . Y
PLN énd thymus cells). - )
It was-noted, however, that when these cells
) were.co-cultured with target cells and anti-target
cell antibodies fof varying intervals of time, the
"highly" cytotoxic cells showed ADéC cytotoxic activity
early in the culture period (6 to.8 hours) which increased
incrementally over 72 hours. The “mildl§ to moéerately"
cytotoxic cells as well as the "non-cytotoxic® cells,
exhibited ADCC cytotoxic activity only after co-culture
with the targét\celis and anti-target cell antibodies
for 48 and 72 hours.
Preculturé of'the cells for varying pericds of
time in the absence of target cells and anti-target

cell antibodies (24, 48 and 72 hours) followed by

the addition of these reactants in the standard 24
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hour ADCC assay showed | that rabbit bone marrow,
WBC and spleen cells displayed ADCC cytotoxic activity
irrespective‘qf'the duration of the preculture period.
Appendix and sacculus rotundus cells were markgaly
active only if the target cells and anti-target cell
antiserﬁm were added at 72 hours of culture. The
other lymphoid cells,‘including thé thymus cells,
showed no ADCC cytotoxic activity irrespective of
the duration ¢f preculture. In?erestingly enough,
since the same preparation of thymus cells was signi-
ficantly active when co-éultufed for 48 and|72 hours
with target cells and anti-target -cell antibodies, it
“can be concluded that the thymic cytotoxic effector
cells die in culture iq the absence of target cells
_and anti-target celi antibodies. |

On the basis of the results of the ﬁiﬁe course
§tuaies, the cells of the various iyﬁphoid tissues
dan be additionally classified as beingr

(i} rapidly cytotoxic in the ADCC assaf, Cr as

(ii) demonstrating a lag phase in the onset of

ADCC cytotoxic activity.

Aithough the ipitial observations in this investigation

lead to the conclusion that thymus and MLN cells were
"mildly" or "non-cytotoxic" respectively, in contrast
with the findings of Gelfand et al (1972), Resch et

al (1974) and Bona et al (1975, 1976), the time

-
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course studies of ADCC cytotoxic aetivity in the New
Zealand White rabbit would indicate that these two
tissues are in fact slow-acting in the ADCC assay
but do nevertheless poTsess ADCC cytotoxic effector
cells.

Gelfand et al (1972) investigated the
kinetics of the ADCC cyfotoxic reaction. They analyzed
the ADCC cytotoxic activity exhibited by PEC and
phagocyte-depleted spleen, thymus and MLN cells over
a period of 72 hours in culture with antibody-coated
target cells. They observed that PEC (containing
70 to 80 percent macrophageé; 10 to 20 percent granu-
locytes and 10 to 20 percent lymphocytes) on the one
hand demonstrated an early onset (bx 4 to 6 hours
sf culture) of ADCC cytotoxic activity which'droppegﬁi
off markedly by 20 hours of culture. Column-purified
thymus and MLN cells, on the other hand (containing
less than 1 percent macrophages, respectively), were
found to effect appreciable target cell lysis only
after 15 and 20 hours of culture. Spleen cells
i\sntalnlng 1 percent phagocytic cells} were shown
to exhibit a rapld onset (by 4 to 6 hours of culture)
of ADCC cytotoxic activity which was noted to level
off by 15 to 20 hours of culture although a slight
increase in actdvity was observed up to 72 hours.

They also reported that the addition of PEC to
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ph&gocyte—depleted'thymus'and MLN cells (0.5 percent
of these cell preparation§) resulted in a rapid onset
Jby 4 to 6 hours of culture) of ADCC cytoto#ic activity -
which. they attributed to the phagocytic cells since
the.phagocyte—depleted cell preparations exhibited |
a‘delayed onset of ADCC cytotoxic activity. The lympho-
cyte was identified as the cell demonstrating delayed
(20 hours)-ADCC cytotoxic activity. Additicnally,
Gelfand et al (1972) concluded that ADCC cytotoxic
activity could be attributed to both a phagocytic
. and a non-phagocytic cell (lymphocyte) in'the_spleen
and to a lymphocyte iq‘the thymus and MLN. The preseﬂce
of a single ADCC cytotoxic effector cell population
in the thymus and MLN, and of 2 ADCC cytotoxic effector
cell populations in the spleen, suggestéd ;hat the
ADCC cytotoxic effector cell(s) in tﬂe rab5i£ is
heéerogenééus with respect to its capacity to effect
ADCC cytotoxic destruction of antibody-coated target
cells.

The findings in this investigation similafly
indicate that the ADCC cytotoxic efféctor cells
in the raSbit are in fact heterogeneous and constitute func-
tionally and morphologically distinét subpopulations.
These subpopulations can be cléssified into a number of
categories on the basis of their cellular morphology and pro-

perties in the ADCC reaction, as outlined in

—

. AN
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table XXI and reitefated below.

Cells ;f the bone marrow, WBC-énd spleen werse
found to demonstrate a rapid onset of ADCC cytotoxic
activity by 6 to 8 hours of culture which was seen
to almost level off by 24 hours and increase slightly

™

over a further 48 hours in culture. The ADCC cyto-

toxic effector cells in the WBC and spleen appeared

to be largely phagccytic as phagocyte-depleted WBC
and spleen cells were essentially inactive. The ADCC
cytotoxic effector cells in the bone marrow appeared
to be non-phagocytic heterophils and/or ;ymphocytes,
but the additional existence of an effector macrophage
;P the bone marrow was not ruled out as pur;ﬁied meno-
cvtes were not analyzed. “

A further distinction was noted between the bone
marrow ADCC cytotoxic effectaf cells on the one hand,
and the WBEC and spleen effector cells on the 6ther
hand. The ADCC cytotoxic rgaction with bone mérrow cells
was inhibited by soluble aggregates of rabbit gamma-
globulin to only a minor degree, whereas that with WBC and
spleencells was almost completely inhibited by RAGG.
. The ADCC-cytotoxic effector cells in the Pever's
patches, thymus, MLN and PLN were found to reguire
a period of 24 to 48 hours in culture before showing
ADCC cytotoxic activity. This was noted to increase

markedly by 72 hours of culture. These cells attained
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significant ADCC cytotoxic activity at 48 to 72 hours
only if they were ;d-cultured with target cells and |
anti-target cell antibodies for the entire culture
period. The phagocyte-depleted thyﬁus cells did not
show any ADCC cytotoxic activity. Thymic ADCC activity
was not iﬁhibited by RAGG. On the other hand, MLN
cells lost all of their ADCC cytotoxic activity follow-
'ing the removal of phagocytic cells and ADCC cytotoxic
activity could be totally inhibited by RAGG. It can

be therefore cQ_pluded that the ADCC cytotoxic effector
cells in the thymus and MLN are lymphocytes and phago-
cytlc cells, respectively. The ADCC cytotoxic effector
cells in the appendix and in sacculus rotundus were
also shown to demonstrate delayed ADCC cy;otoxic acti-
vity but did not appear to reguire prioxr co-culture
with target cells and with anti-target cell antibodies

in order to facilitate the expression of ADCC cytotoxic

.

activity. Since the depletion of phagocytic cells
from the appendix cell suspensions consistently resulted
in a 50 percent reduction of ADCC cytotoxic activity,
and since appendix ADCC cytotoxic effector cells were
inconsistently inhibited by RAGG, it can be concluded
that the ADCC cytotoxic effectof cells in the appendix
are both lymphocytes and phagocytes.

It is therefore concluded ?hat the ADCC cytotoxic

effector cells in the rabbit are heterophils and
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monocytes in the circulaﬁion, phagocytic cells in the
spleen and MLN, lymphocytes and/or non-phagocytic hetero-
* philsin the bone marrow, lymphocytes in the thymus
and l&mphocytes and phagocytic cells in the appendix.

The conclusion érrived at by Gelfand et al (1972);
that phagocytic cells act rapidly (by 4 to 6 hours
of culture) in the ADCC assay and that lymphocytes
demonstrate a delayed (20 hours) onset of ADCC cvtotoxic
activity was only partially supported by my investigation.'
Although in my investigation phagocytic cells in the
WBC and spleen were found to express ADCC cytotoxic
activity in the absence of a significant latent perié&,
the non-phagocytic bone marrow cells (lymphocytes and/or
non-phagocytic heterophils) also exprgssed ADCC cy;otoxic
activity in the absence of an extended latent period.
On the other hand, thymic lymphocytes did not demon-
strate ADCC cytotoxic activity until 48 hours of culture,
whether or not macrophages were initially removed.
Gelfand et al (1972) also reported that pure thymic
lymphocyte preparations were slow te act in ADCC. They
additionally claimed that ADCC cytotoxic activity could
be attributed to both a phagocytic and a non-phagocytic
céll in the spleén wﬂereas the results of my investiga—-
_;ion strongly indicate that the ADCC cytotoxic activity
of spleen cells can be solely attributed to a splenic

- phagocytic cell. Furthermore, MLN cells in my
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investigation were inconsistently shown to display
only marginal ADCC cytotoxic activity {cells érom only
6 of 24 animals were active), whereas the results of
Gelfand et al_ (1972) imply that rabbit MLN cells are
gonsistently active. Thus, the findings of my investi-
gation do not support the conclusiogs arrived at by
Gelfand et al (1972) since in—my experiments the phago-
cytic cells have ‘been shown to exhibit both immediate
(WBC and spleen cells) and delayed (MLN cells} ADCC
cytotoxic activity and non-phagocytic cells in the
bone marrow have been-shown to exhibit immediate ADCC
cytotoxic astivity. Like Gelfand et al (1972), however,
Iigsbe found that non-phagocytic mononuclear cells
in several organs (thymus and appendix cells) have
been shown to exhibit delayed ADCC gytotoxic activity.
My investigation has also presented evidence to
support an ADCC function for the rabbit heterophil
(tables XII and XIII). This conclusion is based on
the repeated observation that the heteropﬁil (derived
from either the WBC, bone marrow or spleen) consistently
failed to iyse target cells in the absence of anti-
targe£ cell antibodies. Ho;ever, in the presence of
antibodies‘directed against the target cells, marked
ADCC cytotoxic activity was observed by the heterophil

of either the peripheral blood, bone marrow or spleen

in the standard 24 hour ADCC assay. Furthermore, the

4
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ADCC cytotoxic activity exhibited by heterophil cells
from pefipheral blood-derived heterophil can be inhibited «
by soluble aggregates of rabbit gamma-globulin (data
not presented). It would therefore appear that hetero-
phils in general, or a class of heterophils in particular,
possess a defini;glimmunolpgic function, quite aside
from a non-specific phagocytic funétion. Similar results
have been obtained with human'neutrophils implying
that polymorphonuclear leukocytes possess a definite
immunologic role(s) (Gale and Zighelboim, 1974, 1975;
MacDenald et al, 1975; Hunninghake and Fauci, 1971;
Zighelboim et al, 1976i blark and Klgbanoff, 1977).
The confusion regarding the precise nature of
the cell which mediates ADCC cytotoxic activity may
be a reflection of é;rrent findings which indicate
that although the cytotoxic reaction cannot.occur in
the absence of anti-target cell (IgG) antibodies, or
in some cases IgM antibodies-- (Dennert and Lennox,
1973; Lamon et al, 1975a, 1975b, 1975c; Blair et al,
1976; Wahlin et al, 1976; Fuson and Lamon, 1977; Fuson
et al, 1978), nevertheless the identity of the ADCC
cytotoxic effector cell appears to vary with the type
of target cell used in the assay system (Perlmann and
Holm, 1969; Maclennan, 1973; Perlmann, 1976; Lovchik

and Hong, 1977; Pearson, 1978). For exarnple, MacLennan

and Harding .(1970)} and MacLennan (1972a) excluded the
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participation of.the raé macrophage‘in the\ADCC des-
tructio; of Chang liver target cells. Gre;nberg et
2T (1975a; 1975b) reported that antibody-sens;tized
chicken erythrocytes wefe lysed by phagocytic and non-
phagocytic murine spleen cells, wheréas antibody-coated
SL2 lymphoma cells wére lysed primarily by non—phagocytic‘,
‘murine spleen cells. Holm and Hammarstrom {I973)
demonstrated that in mang—the monocyte was implicated
in the cytolysis of human erythrocytes sensitized with
alloantiserum.

Recént evidence suggests that the identity of
the human ADCC cytotoxic effector cell is dependent
uﬁon the concentration of'énti-target cell antibodies
utilized in the_ADCC assay (see Appendix). in this’
study, the lymphocyte and/or neutrophil appeared to
be the effector cell(s) if target cells were sensitized
with antiserum at an optimal sensitizing dilution
(10~2 or 107%), whereas the monocyte was found to be
the sole effector cell if the target cells were sensi—;

tized with antiserum in a suboptimal sensitizing dilu-

4 or 107%) (table XXII).

tion (2 x 10~
These data indicate that the ADCC cytotoxic acti-
vity of the monocyte is effectively masked by that
| of the lymphocyte in the presence of optimal numbe;s
- pf target cell-bound antibodies. However, -as the number

of antibody molecules per target cell was decreased,
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it was observed that the monocyte asserted itself owing

-

to:

(i) its,gréater affinity for the Fc region‘of

the antibody molecule as compared to that
of the lymphocyte or neutrophil and/or

(ii) its activation following interaction with
a single target cell-£fixed antibody molecule
whereas

(iii) the ADCC cytotoxic effector lymphocyte or
neutrophil may require the.interaction of
2 or more adjacent target cell-fixed antibody
molecules to become activated.

This interpretation may offer an explanation for
some of the controversy surrounding the identity of
the ADCC cytotoxic effector cell and carries implica-
tions which cannot be igndred. It suggests that it
is imperative that, in any study, the target cells
be incubated with the corresponding antiserum in varying
dilutions beforé concluding that a given cell is the
only effecgor cell in antibody-dependent éell—mediated
cytotoxicity.

The apparent discrepancies in my findings and
the observations of Gelfand et al (1972) may, in part,
be explained by the differences in the concentrations

of the anti-chicken erythrocyte antibody.
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Although chicken erythrocyte target cells and
rabbit anti-chicken erythrocyte antiserum were used
in both studieé, Gelfand et al (1972) prétreatéd the
chicken erythrocytes with the unpurified rabbit anti-
chicken erythrocyte antiseium or the column-fractionated
antiserum (IgG) prior to their introduction into tissue
culture, whereas unfractionated rabbit anti-chicken
erythrocyte antiserum was directly added to. the lymphoid
and c¢hicken erythrocyte cell cultures and allowed.to
remain in culture in my-investigaﬁion. This woufd
suggest that a net difference in IgG antibody concentra-
tion between the two ADCC assays was likely. Oﬁe cannot’
rule out, however, the poésibility of "species differ-
ences" among the supposedly outbr;d rabbits. Gelfand
et al (1972) used Silver-Grey r3551f§ in their study,
whereas New Zealand White rabbitsiwere utilized in
this investigation.

The first part of my investigation was designed
to establish the organ soﬁrce of ADCC cytotoxic effector
cells in the mature outbred rabbit aﬁd to determine
whether or not such ceils constiﬁuted unique populations,
thus permitting them to be distinguished one from the
other. This information'was essential in order to
be able to.evaluate the role(s} ﬁlayed by the ADCC
cytotoxic effector cell(s) in the humoral and célij

mediated immune responses in the rabbit. Do ADCC

@
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cytoéoxic effector cells migrate to and subsequently

concentréte in organs inveolved in the immune response

and/or infiltrate sites undergeing delayed hypersensi-

tiﬁity redctions? An attempt to resqlve this question‘
. constitutes the second part ©of my investigation.

The exﬁeriments carried out to evaluate the role
of the ADCC cytotoxic effector cell in humoral and
cell-mediated imﬁﬁnity {(delayed hypersensitivity) in
the maturé outbred rabbit, showed that:

(i) there was no alteration in the distribution
of ADCC cytotoxic effector cells among the
various lymphoid tissues during the course
of a humoral immune response fol;owing anti-
genic stimulation with SRBC;

(ii) injection éf the antigen, in saline or in

‘//’ CFA, did not result in any changes in reacti-
~ . "vity of cells in the draining PLN. |
Significantly, however, it.was demonstrated that:

(1ii) ADCC cytotoxic effector cells were present
in sites undergoing a delayed hfpersensitivity
reaction to intra&ermal challenge with
immunizing antigen but not with é; unrelated
antigen,

ﬁudifin et al (1971) observed that rats subjected

to 850 rads whole body irradiation were unable to mount

a humoral immune response although ADCC cytotoxic
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efféctcr cells were detected in their spieens. They °
have also shown th; the rat PIN draining a site of -
immuniéatiog is a poor source of ADCC cytotoxic effector 4
cglls. This suggests that the prgsence_of ADCC cyto- -
toxic effec&or cells is not singularly crucial to the :
induction of thq.humo;al immune response, nor is the //
presence of a humoral immune respdnse singulaf;y crucial
to the recruitment of ADCC cytotoxic effector cells
into the reactive site. .

My investigation has likewise shoé% that ADCC

‘ .
cytotoxic effector cells are not present in cell suspen-

sions prepared from PLN undergoing either.a humoral

or a celirmediated immune fesponse following unilateral

(footpad) immunization with SRBC or SRBC in CFA. These
data also failed to demonétrate anf relationship betwé%p
ADCC cytotoxic-effector cells and humoral or cell-
mediated immunity in the rabbit. Furthermore, no marked
alteration ln the distribution of ADCC cytotoxic effector
cells was noted ~among the other lymphoid tlssues con—-
currently investigated.

Of more than academic interest was the deteétion
of ADCC cyEotoxic effector cells infiltrating skin
sites exhibiting erythema and indu;§tion following
challenge with sensitizing antigen (delayed hypersensi- /
tivity reaction). Stiller et al {(1975) also reported

the recovery of ‘ADCC cytbtoxic effector cells from

“n “ =4
<
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human renal allografts undergoing rejection. Similarly,
Strom et al (1975b) noted that as many as 50 percent

of cells recovered from rejected human renal allografts

bore Fc receptors,lsuggesting a role for ADCC cytotoxi-
¢ity in the rejection process.

Howeﬁer, this evidence is largely circumstantial
in nature. Recently, von Willebrand and Hayry (1978)
analyzea cellular infiltrates of allografted human
kidneys during primary acute rejection episodes. These
cellular infiltrates, which were mixtures of macrophages,

monocytes, lyﬁphocytes and neutréphils, were oniy weakly,

if at all, -cytotoxic to transplant parenchymal cells.

Although Ehelauthors speculated that mechanisms other .
than those dependent upon direct cell-mediated cyto-
toxicity were perhaps responsible for the deterioration
of an allograft during the rejection phase, they
neglected to test their cells for ADCC cytotoxic activiky
against endothelial cells of the transplant which,

in fact, may have been the target cells. Such a finding
wouid be. consistent with the observed pathology of ‘
a renél allograft undergoing rejection in which the

first signs of rejection—edema,_sluaging'of blood,
thrombosis and eventual cessation of bloed flow, suggest
vascular and not parenchymal disturbances. The evidence

presented by von Willebrand and Hayry (1978) points,

. 2 . ' . . :
at least circumstantially, to the potential involvement

r.
. !
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of Fc receptor-bearing cells in the pathology associated
with renal al;ograft rejection in man.’ My in§éstigation
has demonstrated the presence of ADCC cytotoxic effec—
tor cells in sites exhibiting delayed hypersensitivity
reactions in the rabbit, thereby suggesting thét an
ADCC cytotoxic effector mechanism, similar ﬁo that
documented in man, may be involved in allograft rej c;
tion in the rabbit. |

n conclusion, it has been demonstrated that the
ADCC15ytotoxic effector cells of the rabbit lymphoid
~tissues under test in this iﬁvestigation display:

(i) different patterns of reactivity on a temporal

and guantitative basis;

(i) -varying degreeé of sensitivity to inhibition

by aggregated gamma-globulin; and
(iii) varying morphology.
-Preliminary uresfllts also suggest:

{ivr;“a rolé for the ADCC cytotoxic effector cell

in the cell-mediated immune response but
not in the humoral immune response.

It would also appear that'only the splenic ADCC
cytotoxic effector Ceil resembles its circulatiﬁg counter-
part and may indeed be represented by the circulating
ADCC cytotoxic effector cell. One might therefore
propose that the circulating ADCC cytotoxic effector

cell is generated in the spleen. The ADCC cytotoxic

-
-
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effector cell in the other lymphoid.tissues would aﬁpear
to‘be confined to these tissues.

A fundameﬁtal problematic must now be addressed.
Is the information regarding ADCC cytotoxicity in the

rabbit also valid for man? On the basié of the findings

in my investigation with ADCC cytotoxic effector cellé
of the periphérallblood pool in the rabbit and concurrent
inves;igation of the ADCC cytotoxic effector cells
in the human circulating WBC population (see Appendix},
the answer would have to be a qualified no. Although |
both the rabbit heterobgil and human neutrophileare
\active in thg ADCC assay, the himan circulating mono-
nuclear ADCC cytotoxic effector ‘cells are both lymphocytes
and phagocytic monocytes, whereas the rabbit circulating
mononuclear cytotoxic effector cell is strictly a phago-—
cytic cell. Since, in both étudieé, the same target
cell and anti-target cell antiserum were used t® define
the circulating ADCC cytotoxic effectox cell and since
investigations Bf both rabbit and human WBC were carried
- out simultaneously, Fhése resﬁlts would indic;te a
species difference in this regard.

Therefore, although work aimed at understanding
the nature and interactions of immpnocémpetent cells
in the experimental animal needs further defining,
one must be on guard not to extrapolate from animal

+o man without due consideration .of their inherant:
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differences and in the absence of unequivocal supporting
empiriéal évidence. Albeit the differences in ADCC
cytoéoxic activity between the rabbit and man are signi-
ficant, the study of ADCC cytotoxicity in the rabbit

and other experimental animals may nevertheless provide
insights and shed some light on the role of ADCC and

related immunological mechanisms (MICC and NOCC) in

the normal Immune Response.
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CHAPTER VIII

CONTRIBUTION TO KNOWLEDGE

The candidate has determined the culture condi-
tions required for the demonstration of reprodu-
cible ADCCxcytotoxic activity by the various lym-
phoid tissues under investigation in fhe New &

Zealand wWhite rabbit.

The candidate” has determined that the optimal
effector cell concentration in the ADCC assay,

as weli as the range of ADCC cytotoxic activity,

is characteristic of each of the different lymphoid

tissues in the New Zealand/White rabpit.

The candidate has determined that the optiﬁbi
time of culture required for the expression @f
ADCC cytotoxic activity by'ﬁhe WBC, bone marrow
and spleen cells 1is 24 hours whereas it is 48
hours for'the appendix, sacculus rotuhdus, Peyer's
patches, MLN and thymus cells and 72 hours for

the PLN cells. .
=8

The candidate has determined that ADCC cytotoxic
effector cells are present in appendix, sacculus

rotundus, Peyer's patches and PLN, tissues which
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have not been previcusly assessed for ADCC cyto-

toxic activity in the New Zealand White rabbit.

-

The candidate has determinéd that ADCC cytotoxic
effector cells in the New Zealand White rabbit
are hetergéeneous and constitute functionally
and morphologically distinct subpopulations of
cells which can be classified into a number of
distinct categories on the basis of their morpho-

logy and properties in the ADCC reaction.

The candidate has determined that ADCC cytotoxic
effector cells in the New Zealand White rabbit
appear to be|peter§phils and monocytes in the
circulaﬁion,-phggocytic cells in the spleen and

MLN, lymphocytes and/or non-phagocytic heterophils

in the bone marrow, lymphocytes in the thymus

and lymphocytes and phagocytic cells in the appendix.

The candidate has determined that an immunological

role for the rabbit heterophil does exist.

The candidate has shown that there is no altera-
tion in the distribution of AbCC cytotoxic effector
cells among the various rabbit lymphoid tissues
during the course of a humoral immune response

following antigenic stimulation with SRBC.
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The candidate has shown that ADCC cytotoxic
e&fectﬁr cells are not recruited into normaliy
ADCC negative PLN during the.course of either
a humoral or a céll—mediated immune response

following the unilateral (footpad) immunization

with SRBC in saline or in CFA, respectively.
h

The candidate has shown that ADCC cytotoxic effec-
tor cells are present in sites undergoing a delayed
hypersensitivity reaction to intradermal challenge

with immunizing antigen (SRBC) but not with an

‘unrelated antigen (HRBC).



BIBLIOGRAPHY



BIBLIOGRAPHY
~

Abramson, N., Gelfand, E. W., Jandl, J. H. & Rosen, F.
S. (1970). The interaction between human monocytes
and red cells. Specificity for IgG subclasses and
IgG fragments. J. Exp. Med., 132, 1207.

allison, A. C. (1972). Immunity and immunopathology in
virus infections. Ann. Inst. Pasteur, 123, 585.

Andersson, J., Sjoberg, O. & Moller, G. (1972). Mitogens
as probes for immunocyte activation and cellular
cooperation. Transplant. Rev., 11, 131.

Austin, R. & Daniels, C. A. (1976). 1Inhibition by
rheumatoid factor, anti-Fc, and staphylococcal
protein A of antibody-dependent cell-mediated
cytolysis against Herpes simplex virus-infected cells.
J. Immunol., 117, 602. :

Bach, F. H., Bach, M. L. & Sondel, P. M. (1976). Differ-
ential function of major histocompatibility complex
antigens in T-lymphocyte activation. Nature
(Lond.), 259, 273.

Bach, F. H., Bach, M., Sondel, P. M. & Sundharadas, G.
(1972) . Genetic control of mixed leukocyte culture
reactivity. Transplant. Rev., 12, 30.

Basten, A., Miller, J. F. A. P., Sprent, J. & Pve, J.
(1972a). A receptor for antibody on B lymphocytes.
I. Method of detection and functional significance.
J. Exp. Med., 135, 610.

Basten, A., Warner, N. L. & Mandel, T. (1972b}. A
receptor for antibody on B lymphocytes. II.
Immunochemical and electron microscopy character-
istics. J. Exp. Med., 135, 627.

Behelak, Y., Banerjee, D. & Richter, M. (1976). Immuno-
competent cells in patients with malignent disease.
T. The lack of naturally-occurring killer cell
activity in the unfractionated circulating lympho-
cytes from patients with chronic lymphocytic
leukemia (CLL). Cancer, 28, 2274. '



o 238

Behelak, Y. & Richter, M. (1974). Cells involved in cell-
mediated and transplantation immunity in the rabbit.
VIII. The killer cell activity of the lymphocytes
in the gastro-intestine-associated lymphoid organs
of the normal, unsensitized adult rabbit.
Transplantation, 18, 229.

Biberfeld, P., Wahlin, B., Perlmann, P. & Biberfeld, G.

‘ (1975). A plagne technique for assay and charac-
terization of antibody-dependent cytotoxic effector
(K) cells. Scand, J. Immunol., 4, 839.

Blair, P. B., Lane, M. A. & Mar, P. (1976). Antibody in
the sera of tumor-bearing mice that mediates
spleen cell cytotoxicity toward the autologous
tumor. J..Imnunol., 116, 606.

Bloom, W. & Fawcett, D. W. (1975). A Textbook of Histo-—-
logy. Tenth edition. Philadelphia, London,
Toronto: W. B. Saunders Company, 1975. 1033 pp.

Bona, C., Juy, D. & Cazenave, P. A. (1975). Enhancement
of lymphocyte dependent antibody cytotoxicity by
anti-allotype serum, Cell. Immunol, 19, 318.

Bona, C., Juy, D. & Cazenave, P. A. {(1976). Origin of
effector cells and mechanism of lymphocyte-dependent
antibody cytotoxicity in rabbit. In: Proceedings
of the Tenth Léukocyte Culture Conference, Ed.
¥. P. Eijsvoogel and wim. P. Zeijlemaker. London:

- Academic Press, 1976, p. 627.

Boyum, A. (1968) Isolation of mononuclear cells and
granulocytes from human blood. Scand. J. Clin.
Lab. Invest., 87, suppl. 21, 77.

Britton, S., Perlmann, H. & Perlmann, P. (1973).
Thymus-dependent and thymus-independent effector
functions of mouse lymphoid cells. Comparison of
cytotoxicity and primary antibody formation in
vitre. Cell. Immunol., 8, 420. -

Bubenik, J., Perlmann, P. & Hasek, M. (1970}. Induc-
tion of cytotoxicity of lymphocytes from tolerant
donors by antibodies to target cell alloantigens.
Transplantation, 10, 90. v '




239

Butterworth, A. E., David, J. R., Franks, D., Mahmoud,
A. A. F., David, P. H., Sturrock, R. F. & Houba,
V. (1977). Antibody-dependent edsinophil-mediated
damage to °lCr-labelled Schistosomula of Schistosoma
“ mansoni: Damage by purified eosinophils.
: J. Exp. Med., 145, 136. = -

.

Butterworth, A. E., Sturrock, R. F., Houba, V., Mahmoud,
A. A, F., Sher, A. & Rees, P. H. (1975). Eosino- -
_phils as mediators of antibody/dependent damage
to schistosomula. WNature (Lond.), 256, 727.

Butterworth, A. E., Sturrock, R. F., Houba, V. & Rees,
P. H. (1974). Antibody-dependent cell-mediated
damage to schistosomula in vitro. Nature (Lond.),
252, 503.

Butterworth, A. E., Sturrock, R. F., Houba, V. & Taylor,
R. (1976). Schistosoma mansoni in baboons. Antibody-
dependent cell-mediated damage to 5lCr-labelled
schistosomula. Cljgm. Exp. Immurnol., 25, 95.

Butterworth, A. E., Wassom, D. L., Gleich, G. J.,
Loegering, D. A., & David, J. R. (1979). Damage
to schistosomula of Schistosoma mansoni induced
directly by eosinophil major basic protein.

J. Immunol., 122, 221.

Calder, E. A., Aitken, R. M., Penhale, W. J., McLeman,
D. & Irvine, W. J. (1974a). Lymphoid cell-mediated
antibody-dependent cytotoxicity in untreated and
bursectomized chickens. Clin. Exp. Immunol.,

16, 137.

Calder, E. A., Urbaniak, S. J., Penhale, W. J. & Irvine,
W< J. (1974b). Characterization of human lymphoid
cell-mediated antibody-dependent cytotoxicity
(LDAC). Clin. Exp. Immunol., 18, 579.

Campbell, A. D., Maclennan, I. C. M., Snaith, M. L. &

Barnett, R. G. (1972). Selective deficiency of
cytotoxic B lymphocytes in man. Clin. Exp. Immunol.,
12, 1. ’

Capron, A., Bazin, H., Dessaint, J. P. & Capron, M.
(1975). Specific IgE antibodies in immune adherence
of normal macrophages t¢ Schistosoma mansoni
schistosomules. Nature (Lond.), 253, 474.




240

Capron, M., Capron, A., Torpier, G., Bazin, H., Bout,
D. & Joseph, M. (1978b). Eosinophil-dependent
cytotoxicity in rat schistosomiasis. Involvement
of IgG2a antibody and the role of mast cells.

.Bur. J. Immunol., 8, 127.

Capron, M., Rousseaux, J., Mazingue, C., Bazin, H. &
Capron, A. (1978a). Rat mast cell-eosinophil
interaction in antibody-dependent eosinophil cyto-
toxicity to Schistosoma mansoni schistosomula.

J. Immunol., 12), 2518.

Cerottini, J-C. & Brunner, K. T. (1972). Reversible
_ inhibition of lymphocyte mediated cytotoxicity
by cytochalasin B. Nature (New Biol.), 237, 272.

Cerottini, J-C. & Brunner, K. T. (1974). Cell-mediated
cytotoxicity, allograft rejection and tumor immunity.
Adv. Immunology, 18, 67.

Chapuis, B. & Brunner, K. T. (1971). Cell-mediated
immune reaction in vitro. Reactivity of lympho-
cytes from animals sensitized to chicken erythro-
cytes, tuberculin or transplantation antigens.
Int. Arch. Allergy Appl. Immunol., 40, 321.

Chess, L., Levine, H., MacDermott, R. P. & Schlossman,
S. F. (1975). Immunologic functions of isolated
human lymphocyte subpopulations. VI. Further
characterization of the surface Ig negative,
rosette negative (Null cell) subset. J. Immunol.,
115, 1483. )

Clark, R. A. & Klebanoff, S. J. (1977). Studies on
the mechanism of antibody-dependent polymorpho-
nuclear leukocyte-mediated cytotoxicity.

J. Immunol., 119, 1413.

‘Cordier, G., Samarut, C., Brochier, J. & Revillard,
J. P. {(1976). Antibody-dependent cell cvtotoxicity

(ADCC). Characterization of 'killer' cells in
human lymphoid organs. Scand. J. Immunol., P
233. o

Denk, H., Stemberger, H. Wiedermann, G., Eckerstorfer,
R. & Tappeiner, G.,(1974). The influence of-
2-mercaptoethanol (2-ME) treatment of IgG antibody
on its ability to induce cytotoxicity in non-
sensitized lymphocytes. Cell. Immunol., 13, 489.




241

Dennert, G. & Lennox, E. S. (1973). Phagocytic cells
as effectors in a cell-mediated immunity system.
J. Immunol., 111, 1844. -

Dickler, H. B. & Kunkel, H. G. (1972). Interaction of
aggregated gamma-globulin with B.lymphocytes.
J. Exp. Med., 136, 191.

Dickmeiss, E. (1974a). Comparative study of antibody-
. dependent and direct lymphocyte-mediated cyto-
toxicity in vitro after allo-immunization in the
human. I. Xinetics and the effect of anti-
immunoglobulins. Scand. J. Immunol., 3, 808.

Dickmeiss, E. (1974b). Cpmparative study of antibody-

. dependent and direct lymphocyte-mediated cyto-
toxicity in vitro after alloimmunization in the
human. II. Chemical inhibitors. Scand. J.
Immunol., 3, 817.

- "
Ellis, S. T., Gowans, J. L. & Howard, J. G. {1969 The
origin of antibody forming cells from lymphocytes.
Antibiot. Chemother. (Basel), 15, 40. b

i

. Fakhri, O. & Hobbs, J. R. (1972). Target cell deaéh
without added complement after cooperationle€®7S
antibodies with non-immune lymphocytes. Nature
{New Biol.), 235, 177. '

Ferrarini, M., Moretta, L., Mingari, M. C., Tonda, P. &
Pernis, B. (1976). Human T cell receptor for IgM:
specificity for the pentameric Fc fragment.

Eur. J. Immunol., 6, 520.

Forman, J. & Moller, G. (1973). The effector cell in
antibody-induced cell-mediated immunity.
Transplant. Rev., 17, 108. ‘

Fudenberg, H. H., Stites, D. P., Caldwell, J. L. &
Wells, J. V., Eds. (1976). Basic & Clinical
Immunclogy. Los Altos, California: Lange Medical
Publications, 1976. 633 pp. '

Fujimiva, Y., Perryman, L. E. & Crawford, T. B. (1979).
Leukocyte cytotoxicity in a persistent virus
infection. Presence of direct cytotoxicity but
abserice of antibody dependent cellular cytotoxicity
in horses infected with equine infectious anemia
virus. Infection and Immunity, 24, 628.

n




(19

242

Fuson, E. W. & Lamon, E. W. (1977). 1IgM-induced cell-
mediated cytotoxic1ty with antibody and effector
* cells of human origin. J. Immunol., 118, 1807.

Fuson, E. W., Whitten, H. P., Ayers, R. D. & Lamop, E. W.
(1978) . Antibody-dependent cell-mediated cyfo-
‘toxicity by human lymphocytes. I. Comparison of
'IgM and IgG-induced cytotox1c1ty J.‘&mﬁﬁﬁb
120, 1726. ‘ ) ' <

b 4

. polymorphonuclear/leukocyte-mediated antibody- -
dependent cell r cytotoxicity. J. Immunol., 113,
1793. :

Gale, R. P. &_Zlghei:Z}m, J. (1974).’ Modulation of.

Gale, R. P. & Zighelboim..J. (1975). Polymorphonuclear
‘ leukocytes in antibody-dependent cellular cyto-
tdkicity. J. Immunol., 114, 1047.

Gale, R. P., Zighelboim, J., Ossorio, C. & Fahey, J. L.
{1974). Immunologically specific tumor cell des-
truction by human polymorphonuclear leukocytes.
Clin. Res., 22, 180A.

Garovoy, M. R., Strom, T. B., Gribik, M. & Carpenter, C.
B. (1976). Antibody-dependent lymphocyte-mediated
cytotoxicity (Ab-LMC), definition of the "K cell"
in the rat. Transplantation 22, 367.

Garovoy, M. R., Strom, T. B., Kaliner, M. & Carpenter,
C. B. (1975). Antibody-dependent lymphocyte-

mediated cytotoxicity. Mechanism and modulation by

cyclic nucleotides. Cell. Immunol., 20, 197.

Gelfand, E. W., Morris, S. A. & Resch, K. (1975).
Antibody-dependent cytotoxicity: Modulation by the
cytochalasins and microtubule-disruptive agents.

J. Immunol., 114, 919.

" Gelfand, E. W. & Resch, K. (1973). Antibody and cell

- requirements for cytotoxicity by non-immune
effector cells. Adv. Exp. Med. Biol., 29, 581.

Gelfand E. W., Resch, K. & Prester, M. (1972).
Antlbody-medlated target cell lysis by non-immune
cells. Characterization of the antibody and
effector cell populations. Eur. J. Immunol.,

2, 419. :

/



2A3

Glauvert, A. M., Butterwqrth, A. E.,. Sturrock, R. F. &
" Houba, V. (1978). The mechanism of antibody-

dependent, eosinophil-mediated damage to schis-
tosomula of Schistosoma mansoni in vitro. A

study by phase-contrast and electron microscopy.
J. Cell Sci., 34, 173.

Goldstein, P. & Fewtrell, C. (1975). Functional
fractionation of human cytotoxic cells using
.differences in their cation requirements.
Nature (Lond.), 255, 491l.

Goldstein, P. & Gomperts, B. D. (1975). Non-T cell-

" mediated cytolysis of antibody-coated sheep red
blood cells requires Mg++ but not Ca**: An argu-

~ ment against a conventional "stimulus-secretion"
" mechanism for cytolysis. J. Immunocl., 114, 1264.

Govaertd, A. J. (1960). Cellular antibodies in kidney
homotransplantation. J. Immunol., 85, 516.

Gowans, J. L. & McGregor, D. D. (1963). Proc. Int.
Symp. Immunopath., 3rd cd, p. 89.

Greenberg, A. H., Hudson, L., Shen, L. & Roitt, I. M.
.- (19732) . Antibody-dependent cell-mediated cyto-
N~ toxicity due to a "null" lymphoid cell.
Nature (New Biol.)}; 242, 111.

Greenberg, A. H., Shen, L. & Medley, G. (1975a) .
Characteristics of the effector cells mediating
cytotoxicity against antibody-coated target cells.
I. Phagocyte and non-phagocytic effector cell
activity agasnst erythrocyte and tumour target cells
in a 5lcr release cytotoxicity assay and

— [125]1UdR growth inhibition assay. Immunology,

Q ' 29, 719. | ) LEMUNO LOTY /\\

Greenberg$\A. H., Shen, L. & Roitt, I. M. (1973b).
Characterization of  the antibody-dependent cytotoxic

L

< cell--a non-phagocytic monocyte? Clin. Exp. Immunol.,
15, 251. ‘

Greenberg, A. H., Shen, L., Walerk, L., Arnaiz-Villena,
A. & Roitt, I. M. (1975b). Characteristics of

the effector cells mediating cytotoxicity against
antibody-coated target cells. II. The mouse
non-adherent K cell. EBur. J. Immonocl., 5, 474.




o

244

Hafeman, D. G. é Lucas, Z. J. (1979). Polymorphonuclear
' leukocyte-mediated,. antibody-dependent, cellular
cytotoxicity against tumor cells: Dependence

on oxygen and the respiratory burst. J. Immunol.,
123, 55. * . : -

_Hakala, T. R., Lange, P. H., Castro, A. E., Elliott,
A. Y. & Fraley, E. E. (1974). Antibody induction
of lymphocyte-mediated cytotoxicity against human
transitional-cell carcinomas of the urinary tract.
New Engl. J. Med., 251, 637.

Hallberg, T. (1974). Inhibition of cytotoxicity by non-
immune human lymphocytes for sensitized chicken
erythrocytes by aggregated human IgG. '

Scand. J. Immunol., 3, 117. ~

Halloran, P. & Festenstein, H. (1%74). Inhibhition of
cell-dependent cytotoxicity as an assay for mouse
alloantibody. Nature (Lond.), 250, 52.

Harada, M., Pearson, G., Pettigrew, H., Redmon, L. &
Oorr, T. (1973). Enhancement of normal lymphocyte
cytotoxicity by sera with high antibody titres
against H-2 or virus-associated antigens.

Cancer Res., 33, 2886.

Harada, M., Pearson, G., Redmon, L., Winters, E. &
Kasuga, S. (1975). Antibody production and inter-
action with lymphoid cells in relation to tumor
immunity in the Moloney sarcema virus system.

J. Immunol., 114, 1318. -

Harding, B. & MacLennan, I. C. M. (1972). Distribution
of antibody and antibody-producing cells” after
immunization with xenogeneic cells. Immunoclogy,
23, 35.

Barding, B., Pudifin, D. J., Gotch, F. & MacLennan,

. C. M. (1971). Cytotoxic lymphocytes from rats
depleted of thymus.processed cells. Nature
(New Biol.), 232, 80.

Hawkins, D. (1973). Neutrophilic leukocytes in immuno-
logic reactions in vitro: effect of cytochalasin
B. J. Immunol., 110, 294.

-

Hayry, P. ‘& Andersson, L. C. (1973). T cells in ﬁixed
lymphocyte-culture-induced cytolysis (MLC-CML) .
Transpl. Proc., 5, 1637.

£



245 -

[y

Hayry, P., Andersson, L. C., Nordling, S. & Virolainen,
M. (1972). Allcgraft response in vitro.
Transplant. Rev., 12, 81.

Henney, C. S. (1974). On the ‘mechanism of T-cell
mediated cytolysis. Transplant. Rev., 17, 37.

Henson, P. M. (1969). The adherence of_leukocyte and
platelets induced by fixed IgG antibody or comple-.
ment. Immunology, 16, 107.

Henson, P. M. & Oades, Z. G. (1973). Enhancement of
immunologically induced granule exocytosis from
neutrophils by cytochalasin B. J. Tmmunol., 110,
290. &

Hinz, C. F. & Chikosky, J. F. (1972). Lymphocyte cyto-
toxicity for human erythrocytes. In: ~ Proceedings
of the Sixth Leukocyte Culture Conference. .
New York: Academic Press, 1972, p. 699.

-

-~

Hirschberg, H., Thorsby, E. & Rolstad, B. (1975).‘
Antibody-induced cell-mediated damage to human
endothelial cells in vitro. Nature (Lond.), 235, 62.

Holm, G;/(1972). Lysis of antibody treated human ery-

- ~hFocytes by human leukocytes and macrophages in*
tissue culture. Int. Arch. Allergy Appl. Immunol.,
43, 671. ' .

Holm, &., Franksson, C., Campbell, A. C. & MacLennan,

I. C. M. (1974). The cytotoxic activity of lympho-
cytes from human lymph in vitro. Clin. Exp.

Immunol., 17, 361.

1= . .

, G. & Hammarstrom, S. (1973). Haemolytic activity

" of human blood monocytes. Lysis of human erythro-
cytes treated with anti-A serum. Clin. Exp. Immunol.,
13, 29.

Holm

Holm, G. & Perlmann, P. (1967). Quantitative studies on
phyte-haemagglutinin—-induced cytotoxicity by human
lvmphocytes against homologous cells in tissue
culture. Immunolegy, 12, 525.

Holm, G. & Perlmann, P. (1969). Cytotoxicity of lympho-
cytes and its suppressESﬁT\xAntibiot. Chemother.
(Basel), 15, 295.

Huéﬁ%ﬁhg. & Fudenberg, H. H. (1968). Receptor sites of
himan monocytes for IgG. Int. Arch. Allergy, 34, 18.




- 246

Hunninghake, G. W. & Fauci, A. S. (1976). Quantitative
and qualitative effects of cyclophosphamide
administration on circulating polymorphonuclear
leukocytes. Immunolegy, 31, 139.-

Tmir, T., Saksela, E. & Makela, O. (1977). Antibody-
dependent cell-mediated cytotoxicity in various
orders of vertebrates. Scand. J. Immuncl., 6,
827.

Isturiz, M. A., Debrac¢co, M. M., Pizzi, A. M. & Manni,

— J. A. (1976). Antibody-dependent cell-mediated
cytotoxicity in rheumatoid arthritis. Effec@,of
rheumatoid serum fraction on normal 1ymphocytes.
Arthritis Rheum., 19, 725.

-

Jondal, M., Holm, G. & Wigzell, H. (1972). Surface
markers on human T and B lymphocytes. I. A large’
populatlon of lymphocytes forming non immune rosettes
with sheep red blood cells. J. Exp. Med., 136,

207. .

Kassis, A. I., Aikawa, M. & Mahmoud, A. A. F. (1979}.
Mouse antibody-dependent eosinophil and macrophage
adherence and damage to schistosomula of Schistosoma
mansoni. J. Immunol., 122, 398.

Kedar, E. M., Landazuri, M. O. de & Fahey, J. L. (1974).
Comparative studies of immunoglobulin receptors
and antibody-dependent cell cytotoxicity (ADCC) in
rat lympheoid organs. J. Immunol., 112, 37..

Kerbel, R. S. & Davies, A. J. S. (1974). The possible
biological sxgnlflcance of Fc receptors on .
mammalian lymphocytes and tumour cells. Cell, 3,
105. .

Kiessling, R. & Klein, E. (1973). Cytotoxic potential
of mouse spleen cells on H-2 antibody-treated
target cells. J. Exp. Med., 137, 527.

Kletzien, R. F., Perdue, J. F. & Springer, A. (1972}.
Cytochalasin A and B. Inhibition of sugar uptake
in cultured cells. J. Bicl. Chem., 247, 2964.

Kohl, S., Cahall, D. L.,.Walters, D. L. & Schaffner,
V. E. {1979). Murine antibody-dependent cellular
cytotoxicity to Herpes simplex virus-infected
target cells. J. Immunol., 123, 25. '




- 247

Kohl S., Malloy, M. M., Pickering, L. K., Morriss,
F. H., Adcock, E. W. & Walters, D. J. (
Human colostral cytotoxicity. I.  Antibody-
dependent cellular cytotoxicity against Herpe
simplex viral-infected cells mediated by colo
cells. J. Clin. Lab., 1, 221.

ral

Kovithavongs, T., Rice, G., Thong, K. L. & Dossetor,
J. B. (1975). Effector cell activity in antibody-
‘mediated cell-dependent immune lysis. II.
Evidence for different populations of effector
cells for different targets. Cell. Immunol., 18
167.

Lamon, E. W., Andersson, B., Wigzell, H., Fenyo, E. M.
& Klein, E. (1974). The immune response to
prlmary Moloney sarcoma virus tumors in Balb/C
mice: cellular and humoral activity of long-term
regressors. Int. J. Cancer, 13, 9l.

Lamon, E. W., Skurzak, H. M., Andersson, B., Whitten,
. H. D. & Klein, E. (1975a). Antibody-dependenrnt
lymphocyte cytotoxicity in the murine sarcoma virus
system: activity of IgM and IgG with specificity

for MLV determined antigen(s). J. Immunol., 114,
1171. |

Lamon, E. W., Whitten, H. D., Lidin, B. & Fudenberg,
H. H. (1975c). IgM-induced tumor cell cytotoxicity
mediated by normal thymocytes. J. Exp. Med., 142,
542. '

Lamon, E. W., Whitten, H. D., Skurzak, H.M., Andersson, B. & Lidi
B. (1975b). IgM antibody-dependent cell-mediated
cytotoxicity in the Moloney sarcoma virus system:

the involvement of T and B lgmphocytes as effector
cells. J. Immunol., 115, 1288.

*

Landazuri, M. 0. de., Kedar, E. & Fahey, J: L. (1974).
Antibody-dependent cellular cytotoxicity to a
syngeneic Gross virus-induced lymphoma. J. Natl.
Cancer Inst., 52, 147.

Larsson, A. & Ohlander, C. (1975). 1In vitro target cell
lysis mediated by normal human lymphocytes (K cells)
or monocytes. Induction with, guinea pig IgG, or
IgG2 antibodies. Scand. J. Immunol., 4, .769.




248

Larsson, A., Ohlander, C. & Perlmann, P. {(1975a). 1In
vitro target cell lysis mediated by.normal human
lymphocytes. Influence of molecular properties-

and affinity of inducing antibeody. Scand. J. Immunol.,
4, 641. : : -

Larsson, A. & Perlmann, P. (1972). Study of Fab and
F(ab')y from rabbit IgG for capacity to induce
lymphocyte mediated target cell destruction in
vitro. Int. Arch. Allergy Appl. Immunol., 43, 80.

Larsson, A., Perlmann, P. & Natvig, J. B. (1973).
Cytotoxicity of human lymphocytes induced by rabbit ’
antibodies to chicken erythrocytes. Inhibition by
normal IgG and by human myeloma proteins of
different IgG subclasses. Immunology, 25, 675.

Larsson, A., Pisarri-Salsano, S., Ohlander, C., Natvig,
J. B. & Perlmann, P. (1975b). Destructjon of
dextran-coated target cells by normal human lympho-
cytes and monocytes. Induction by human anti-
dextran serum with IgG /antibodies restricted to
the IgG2 subclass. Scand. J. Immuncl., 4, 241.

Lovchik, J. C. & Hong, R. (1974). Characterization of
effector and target cell populations in antibody-
dependent cell-mediated cytolysis. Fed. Proc.
Am. Soc. Exp. Biol., 33, 780. -

Lovchik, J. C. & Hong, R. (1977). Antibody-dependent
cell-mediated cytolysis (ADCC): analysis and
projections. Prog. Allergy, 22, 1.

Lundgren, G. & Moller, G. (1969). Non-specifjc induction
of cytotoxicity in normal human lymphocyt in
vitro:  Studies of mechanism and specificity
the reaction. Clin. Exp. Immunol., 4; 435. -

Lundgren, G., Zukowski, C. H. F. & Moller, G. (1968).
Differential effects of human granulocytes and
lymphocytes on human fibroblasts in vitro.

Clin. Exp. Immunol., 3, 817.

MacConnell, I. & Hurd, C. M. (1976). Lymphocyte recep-
tors. 1I. Receptors for rabbit IgM on human T-
lymphocytes. Immunology, 30, 835.

MacDermott, R. P., Chess, L. & Schlossman, S. F. (1975).
Immunologic functions of isolated human lymphocyte
subpopulations. V. Isolation and functional analysis
of a surface Ig negative, E rosette negative subset.
Clin. Immuneol. Immunopath., 4, 415. »




249

MacDonald, H. R., Bonnard, G. D., Sordat, B. & Zawodnik,
S. A. (1975). Antibody-dependent cell-mediated
cytotoxicity: Heterogeneity of effector cells in
human, peripheral blood. Scand. J. Immunol., 4,
487.

Mackenzie, C. D., Ramalho-Pinto, F. J., McLaren, D. J.
& Smithers, S. R. (1977). Antibody-mediated
adherence of rat eosinophils to schistoscmula
of S. mansoni in vitro. Clin. Exp. Immunol., 30,
97. :

MatLennan, I. C. M. (1972a). Antibody in the induction
and inhibition of lymphocyte cytotoxicity.
Transplant. Rev., 13, 67.

MacLennan, I. C. M. (1973). Thymus dependency. In:
Contemporary Topics in Immunobiology, Vol. 2.

Fd. &. J. §. Davies and R. L. Carter. New York,
London: Plenum Press, 1973, p. 175.

MacLennan, I.C.M. (1972b). Competition for receptors
" for immunoglobulin on.cytotoxic lymphocytes.
Clin. Exp. Immunol., 10, 275.

MacLennan, I. C. M. & Harding, B. {(1970). The role of
immunoglobulins in lymphocyte-mediated cell damage
in vitro. II. . The mechanism of target cell damage
by lymphoid cells. from immunized rats. Immunology,
18, 405.

MacLennan, I. C. M., Howard, A., Gotch, F. M. & Quie,
®. G. (1973). Effector activating determinants on
IgGl. The distribution and factors influencing the
display of complement, neutrophil and cytotoxic B-
cell determinants on human IgG sub-classes.

Immunology, 25, 459.

MacLennan, I. C. M. & Loewi, G. (1968}. The effect of
specific antibody to target cells on their specific
and non-specific interactions with lymphocytes.
Nature (Lond.), 219, 1069.

MacLennan, I. C. M., Loewi, G. & Harding, B. (1970). The
role of immunoglobulins in lymphocyte-mediated cell
damage in vitro. Comparison of the effects of.
target cell specific antibody and normal serum
factors on cellular damage by immune and#fmon-immune
lymphocytes. Immunology, 18, 397.



250

hJ

MacLennan, L. C. M., Loewi, G. & Howard, .A. (196%9). A

_ human serum immunoglobulin with specificity for -
certain homologous target cells, which induces
target cell damage by normal human lymphocytes.

Immunology, 17, 897.

Madeira, E. D., Andrade, A. F. B. de, Bunn-Moreno, M. M.
& Barcinski, M. (1979). Antibody-dependent
cellular cytotoxicity of Trypanosoma cruzi.
Characterization of the effector cell from.normal
human blood. Infect. Immun., 25, 34.

Mahmoud, A. A. F., Warren, K. S. & Peters, P. A. (1975).
A role for the eosincphil in acquired resistance to
Schistosoma mansoni infection as determined by
anti-eosinophil serum. J. Exp. Med., 142, 805.

Manﬁovani, B. (1975). Different roles of IgG and comple-
- ment receptors in phagocytosis by polymorphonuclear
leukocytes. J. Immunol., 115, 15.

McConnachie, P. R. & Dossetor, J. B. (1973). Antibody-
mediated cell-dependent immunity in human lympho-
cytes. Tissue Antigens, 3, 303.

Meguro, H., Kervina, M. & Wright, P. F. {1979). Antibedy
dependent cell mediated cytotoxicity against cells
infected with respiratory syncytial virus.
Characterization of in vitro and in vivo properties.
J. Immunol., 122, 2521.

Messner, R. P. & Jelinek, J. (1970). Receptors for
human YG globulin on human neutrophils. J. Clin.
Invest., 49, 2165.

Metchnikoff, E. (1980). In private communication with
Dr. M. A. Richter.

Mikulski, S. & Billing, R. (1977). Inhibition of lympho-
cyte dependent antibody effector cell.function by )
human anti-B lymphocyte alloantiserum.. Cell.
Immunol., 28, 69. .

Mizel, S. B. (1973). Differential effect of cytochalasin
B on the two possible modes of 2-deoxyglucose
transport in HelLa cells. Nature (New Biol),

243, 125. .




251

’

Mdller, E. (1965). Contact-induced cytotoxicity by
) lymphoid cells containing foreign isocantigen.
Science, 147, 873.

Moller, E. & Svehag, S.-E._ (1972). Specificity of
lymphocyte-mediated cytotoxicity induced by-in’
vitro antibody-coated target cells. Cell.
Immunol., 4, 1. '

Moretta, L., Ferrarini, M., Durante, M. L. & Mingari,

M. C. (1975). Expression of a receptor for IgM
by human T-cells in vitre. Eur. J. Immunol., 5,
565.

Moretta, L., Ferrarini, M., Mingari, M. C., Moretta, A.
& Webb, S. R. (1976). Subpopulations of human T
cells identified by receptors for immunoglobulin
and mitogen responsiveness. J., Immunol., 117,
2171.

Nelson, D. L., Bundy, B. M., Pitchon, H. E., Blaese,
R. M. & Strober, W. (1976). The effector cells in .
human peripheral blood mediating mitogen-induced
cellular cytotoxicity and antibody-dependent
cellular cytotoxicity. J. Immunol., 117,

1492.

Norris, D. A., Morris, R. M., Sanderson, R. J. & Kohler,
P. F. (1979). 1Isolation of functional subsets of
human peripheral blood monocytes. J. Immunol., 123,
166. '

Olabuenaga, S. E., Cardoni, R. L., Segura, E. L., Riera,~
- N. E. & Bracco, M. M. E. de (1979). Antibody-
dependent cytolysis of Trypancsoma cruzi by human
polymorphonuclear leukocytes. Cell. Immunol., 45,
85. .

Oormerod, M. G. & Jolley, .G. M. (1976). The distribution
of effector cells for antibody-dependent cytotoxicity
is species dependent. Transplantation, 22, 37.

Pearson, G. (1978). In vitro and in viyo investigations
on antibody-dependent cellular cytotoxicity.
Curr. Top. Microbiol. Immunol., 80, 65. "

. Penfold, P. L., Greenberg, A. H. & Roitt, I. M. (1976}.
Characteristics of the effector cells mediating
cytotoxicity against antibody-coated target cells.

- IIIX. Ultrastructural studies. Clin. Exp. Immunol.,
23, 91. :

P



252

-

Perez, H. (1974). Investigation on the mechanism of
' protective immunity to Schistosoma mansoni in the
laboratory rat. Ph.D. thesis. In: Butterworth,
A. E., David, J. R., Franks, D., Mahmoud, A. A. F.,
David, P. H., Sturrock, R. F. & Houba, V. (1977).
Antibody-dependent eosinophil-mediated damage to
51Cr-labelled schistosomula of Schistosoma mansoni:
damage by purified eosinophils. J. Exp. Med., 145,
136. . = :

Perlmann, P. (1972). Lymphocyte cytotoxicity: technical .
aspects. Introduction.Transplant. Proc., 4, 295. °

Perlmann, P. (1976). Cellular immunity:  antibody-
dependent cytotoxicity (K-cell activity.) In:
Clinical Immunology III. Ed. F. H. Bach and R. A.
Good. New York: Academic Press, 1976, p. 107.

Perlmann, P. & Holm, G. (1968) . - In: Mechanisms of
Inflammation Induced by Immune Reactions. Ed.
B. Miescher and P. Grabar. Basel: Schwabe, 1968,
p. 325. *

Perlmann, P..& Holm, G. (1969). Cytotoxic effect of
lymphoid cells in vitro. Adv. Immunol., 11, 117.

Perlmann, P. & Perlmann, H. (1970). Contactual lysis
of antibody-coated chicken erythrocytes by
purified lymphocytes.  Cell. Immunol., 1, 300.

Perlmann, P., Perlmann, H., Larsson, A. & Wahlin, B.
(1975) . Antibody-dependent cytolytic effector .
lymphocytes (K cells) in human blood.

J. Reticuloendothel. Soc., 17, 241.

Perlmann, P., Perlmann, H. & Wigzell, H. (1972).
Lymphocyte mediated cytotoxicity in vitro. Induc-
tion and inhibition by humoral antibody and nature
of.effector cells. Transplant. Rev., 13, 91.

Perlmarnn, P. & Wahlin, B. (1976). In:- Leukocyte
- Membrane Determinants Regulating Immune Reactivity.
Ed. V. P. Eijsvoogel, D. Roos and Wim. P.
Zeijlemaker. New York: Academic Press, 1976, p.
575.

Perlmann, P., Wigzell, H., Goldstein, P., Lamon, E. W.,
Larsson, A., O'Toole, C., Perlmann, E. & Syedmyr,
E. A. J. (1974). Cell mediated cytelysis in vitro.
Analysis of active lymphocyte subpopulations in.
diffeient experimental systems. Adv. Bioscience,
12, 71. . .




253

Perussia, B., Trinchierj G. & Cerottini, J-C. (1979).
Analysis of human lymphocyte subpopulations-
responsible for antibody-dependent and spontaneous
cell-mediated cytotoxicity. Transplant. Proc.,
11, 793. - ‘

Pollack, S. & Nelson, X. (1973). Effects of
carrageenan and high serum dilution on synergistic
cytotoxicity-to tumeor cells. J. Immunol., 110,
1440. -

-

Prevost, J-M., Orr, T. W. & Pearson, G. R. (1975).
Augmentation of lymphocyte cytotoxicity by anti-
body to Herpesvirus saimiri associated antigens.
Proc. Natl. Acad. Sci. U.S.A., 72, 1671.

Prevost, J-M., Pearson, d;, Wallen, W. €., Rabin, H. &
Qualtiere, L. F. (1976). Antibody-responses to
membrane antigens in monkeys infected with
Herpesvirus saimiri. Int. J. Cancer, 18, 679.

Pross, H. F. & Baines, M:«. G. {1977). Spontaneous human
lymphocyte-mediated cytotoxicity against. tumor
target cells. VI. A brief review. Cancer Immuncl.
& Immunother., 3, 75. -

Pross, H. F., Baines, M. G. & Jondal, M. (1977).
Spontaneous human lymphodyte-mediated cytotoxicity
against tumor target cells.. IIX. Is the complement
receptor necessarily present on the killer cells.
Int. J. Cancer, 20, 353.

Pross, H. F., Tracey, D. G., Wigzell, H. & Schirrmacher,
V. (1974). Antibody-dependent cell-mediated
cytotoxicity in ‘the mouse. I. Surface characteris-
tics of an effector cell. Scand. J. Immunol., 3,
769.

puédifin, D. J., Harding, B. & MacLennan, X. C. M. (1971).
The differential effect of Y irradiation on the
sensitizing and effector stages of antibody
dependent lympheocyte-mediated cytotoxicity.
Immunology, 21, 853.

Rachelefssy, G. $., McConnachie, P. R., Ammann, A. J.,
-Terasaki, P. I. & Stiehm, E. R. {(1975). Antibody-
dependent lymphocyte killer function in human
immuno@eficiency disease. Clin. Exp. Immunol., 18,
1.




" 254

Ralph, P., Nakoinz, -I. & Cohn, M. (1973). Qgtibody
dependent cellular immunity in newborn mice.
Nature (New BlOl )y, 245, 157. -

Resch, K., Gelfand, E.» W. & Prester, M. (1974). Antlbody-
mediated target cell lysis by non-immune cells:
The use of anti-immunoglobulin to distinguish
effector cell populations. J. Immunol., 112, 791.

Richter, M. A. (1980). A Physician's Guide to the Theory
and Practice of Clinical Immunology. ' Ottawa:
University of Ottawa Press, 1980. 251 pp.

Roitt, I. M., Shen, L. & Greenberg, A. H. (1976).
Antibody-dependent cell-mediated cytotoxicity.
In: The Role of Immunological Factors in Enfectious,
Allergic and Autoimmune Processes. - Ed. R. F. Beers
Jr. and E. G. Bassett. New York: Raven Press, 1976,
p. 281l. )

©

Samarut, C., Brochier, J. & Revillard, J. P. (1976).
Distribution of cells binding erythrocyte-antibody -~
(EA) complexes in human lymphoid populations.
Scand. J. Immunol., 5, 221.

Sanderson, C. J., Clark, I. A. & Taylor, G. A. (1975).
Different eﬁﬁector cell types in antibody-dependent
cell-nmediated cytotox;cmty Nature (Lond ), 253,
376. ;

Schalm, O. W., Jain, N. C. & Carfoll, E. J. Veterinary
Hematology. 3rd. Edition. Philadelpha: Lea & -
Febiger, 1975. 807 pp. ’ ' -

Scornik, J. C.. (1974). Antibody-dependent cell-mediated
cytotoxicity. II. Early interactions between
effector and target cells. J. Immunol., 113,

1519.

Scornik, J. C. & Cosenza, H. (1974). Antibody-dependent.
cell-mediated cytotoxicity. III. Two functionally
different effector cells. J. Immunol., 113, 1527.

Scornik, J. C., Cosenza, H., Lee, W. Kohler, H. & Rowley,
D. A. (1974). Antibody-dependent cell-mediated
cytotoxicity. I. Differentiation from antibody-
independent cytotoxicity by " ormal" IgG.

J. Immunol., 113, 1510.

.



. 255

'Serﬁgé ., ‘Gandour, D. M. & Walker, W. S. (1979). Macro-"

age functional heterogeneity: Evidence for different

antibody-dependent effector cell activities and ex-
pression of Fc-receptors among macrophage subpopula-
tions. J. Reticuloendothel. Soc., 25, 197. -

Shah, S. A. & Dickson, J. A. (1974). Lymphocyte separa-
tion from blood. Nature, 249, 168.

Shaw, G. M., Levy, P. C.'& Lobuglio, A. F. .(1978a). Human
monocyte -antibody-dependent cell-mediated cytotoxicity
to tumor cells. J. Clin. Invest., 62, 1l72.

Shaw, G. M., Levy, P. C. & Lobuglio, A. F. (1978b). Human
lymphocyte, monocyte, and neutrophil antibody-
dependent cell-mediated cytotoxicity toward human
erythrocytes. Cell. Immunol., 41, 122.

Shaw, S., Pichler, W. J. & Nelson, D. L. (1979). Fc
receptors on human T-lymphocytes. III. Characteriza-
tion of subpopulations involved in cell-mediated
lympholysis and antibody-demendent cellular cyto-
toxicity. J. Immunol., 122, 599. '

Shen, L., Lydyard, P. M., Penfold, P. & Roitt, I. M.
(1979). Evidence for antibody-dependent cell-
mediated cytotoxicity by T cells bearing receptors
for IgG. Clin. Exp. Immunol., 35, 276.

Shen, L. & Fanger, M. W. (198l). Secretory IgA antibodies
synergize with TgG in promoting ADCC by human poly-
morphonuclear cells, monocytes, and lymphocytes.
Cell. Immunol., 59, 75.

Sher, A. (1976). Complement dependent adherence of mast
cells to schistosomula. Nature (Lond.4, 263, 334.

~Ahore, S. L., Black, C. M., Melervicz, F. M., Wood, P. A.
& Nahmias, A. J. (1976). Antibody-dependent cell-y
mediated cytotoxicity to target cells infected with-
type 1 and type 2 herpes simplex virus. J. Immunol.,
116, 194.

Shore, S. L., Nahmias, A. J., Starr, S. E., Wood, P. A.
& McFarlin, D. E. (1974). Detection of cell-dependent
cytotoxic antibody t& cells infected with herpes
simplex virus. Nature {(Lond.), 251, 350.

Simchowitz, L. & Schur, P. H. (1976). Antibody-dependent
lymphocyte-mediated cytotoxicity. The nature of the
effector cell and characterization of its Fc TETeptor.
Scand. J. Immunel., 5, 759.




o - 256
u v | &)

.Smeraldi, R. S., Villa, M. G. S., Perussia, B., Fabio,
G., Casali, P. & Rugarli, C. (1%77). Expression
of Fc and complement receptors on T lymphocytes _ ;
activated in vitro by phytohaemagglutinin (PHA). i

unologz 32, 827. _ . _ %

Spiegelberg, H. L., Perlmann, H. & Perlmann, P. (1976}).
Interaction of K lymphocytes with myeloma proteins

of different IgG subclasses. J. Immunol., 116,
' l464. .

Stiller, C. R., Abrahams, S., Fung, M., Sinclair, N. R.
StC., Ulan, R. A. & Wallace, A. C. (1975).
Lymphocyte~dependent antibody and renal graft
rejection. The Lancét, 1, ‘953. . '

Strom, T. B., Carpenter, C. B., Garovoy, M. R., Austen,
K. F., Merrill, J. P. & Kaliner, M. (1973b).

The  modulating influence of cyclic nucleotides upon

VP yvte-mediated cytotox1c1ty. J. Exp. Med., 4.é
138, 381. ' ‘

Strom, T. B., Garovoy, M. R., Bear, R. A., Gribik, M. &
Carpenter, C. B. (1955a). A comparison of the
. effects of metaleL% inhibitors upon direct and

antibody-dependent lymphocyte-mediated dytotoxicity.
Cell. Immunol., 20, 247.

G
Strom, T. B., Garoveoy, M. R., Carpenter, C. B. & Merill,
J. P.-{1973a). Microtubule function in immune and
non-immune lymphocyte-mediated cytotoxicity. :
S¢ience, 181, 171.

‘Strem, T. B., Tilney, N. L., Carpenter, C. B. & Busch,
. G. J. (1975b). Identity and cytotoxic capacity of
cells infiltrating renal allografts. New Engl. J.
"Med., 282, 1257.. -

Suthanthlran, M., Fotino, M., Chelgh J. S., Rubin,

- A. L., Novogrodsky, A. & Stenzel, K. H. (1979).
Adverse presensitization to renal transplants.
Detection by utilization of a D locus.antigen-
defined lymphoblastoid cell panel as targets 'in
antibody-dependent cell-mediated cytotoxicity
assays. Transplantation, 27, 333.

Temple, A., Loewi, G., Davies, P. & Howard, A. (1973).
Cytotoxicity of immune guinea pig cells. II.
The mechanism of macrophage cytotox1c1ty

— Immunologg 24 655.



257

Timonen, T. (1979). Human natural cell-mediated cyto-
toxicity against fetal fibroblasts. IV. Compari-
son of cytotoxic activity with antibody-dependent
cell-mediiged cytotoxicity. Scand. J. Immunol.,
9, 239. .

Trinchieri, G., Bauman, P., Marchi, M. de & Tokes, Z. —
(1975a). Antibody-dependent cell-mediated cyto-
toxicity in humans. I. Characterization of the

@effector cell. J. Immunol., 115, 249.:

. Princhieri, G. & Marchi, M. de (1975b). Antibody-
dependent cell-mediated cytotoxicity in humans. II. -
Energy requirement. J. Immunol., 115, 256.

Trinchieri, G., Marchi, M. de, Mayr, W., Saviy, M. &
Ceppellini, R. (1973). Lymphocyte antibody
lymphocytolytic interaction (LALI) with special
emphasis on HL-A. Transplant. Proc., 5, 1631. .

Trofatter, K. F. & Daniels, C. A. (1979). Interaction
of human cells with prostaglandin and cyclic-AMP
modulators. 1I. Effects on cell-mediated cytolysis

" of Herpes simplex virus—infected -human fibroblasts..
J. Immunol., 122, 1363.

Van Boxel, J. A., Paul, W. E., Green, 1. & Frank, M. M.
(1974). Antibody-dependent lymphoid cell-mediated
cytotoxicity: role of complement. J. Immunol. ,
112, 32&.

Van Boxel, J. A., Stobo, J. D., Paul, W. E. & Green, I.
(1972). Antibody-dependent lymphoid cell-mediated
cytotoxicity: mno requirement for thymus-derived

‘\\blymphocytes. Science, 1745, 194.

Van |

ers, M. H. J., Zeijlemaker, W. P. & Schellekens,
P. Th. A. (1977). Separation and properties of EA-
rosette forming lymphocytés in humans. Eur. J.
Immunol., 7, 143. ’ *\‘
von Lichtenberg, F., Sher, A., Gibbons, N. & Doughty,
B. L. (1976). Eosinophil-enriched inflammatory
response to schistosomula in skin in mice
immune to S. mansoni. Am. J. Pathol., 84, .
478.

—




258

//“

3
'

~von Willebrand, E. & Hayry, P. (1978). Composition and
in vitro cytotoxicity of cellular infiltrates -

in.ej_ecting human kidney allografts. Cell. Immunol.,
41, 35B. -

Wahlin, B., Perlmann, H. & Perlmann, P. (1976). Analysis
by a plagque assay of IgG--or IgM-dependent cytolytic
lymphocytes in human blood. J. Exp. Med., 14%,-
1375.

Walker, W. S. & Demus, A. (1975). Antibody-dependent
cytolysis of chicken erythrocytes by an in vitro-
established line of mouse peritoneal macrophages.
J. Immunol., 114, 765.

Wasik, M. (1978). Study of antibody dependent cellular

N cytotoxicity (ADCC). I. Lymphocyte-mediated
cytotoxicity by lymphocytes from healthy individuals.
Archivum Immunologiae et therapiae .Experimentalisy
26, 307. é/

. Wasserman, J., Packaleﬁ) T., Perlmann, P. & Perlmann, H.
’ " (1969). Cytotoxic lymphoid cells and antibodies
from guinea pigs immunized with tubercle bacilli.
Int. Arch. Allergy Appl. Immunol., 36, 115.

Waytz, P. H. & Douglas, S. D. (1979). Increased antibody-
dependent cell-mediated cytotoxicity by monocytes
. from patients with rheumatoid arthritis. Arthritis
and Rheumatism, 22, 490.

Weiss, N. & Tanner, M. (1979). Studies on Dipetalonema
viteae (Filaroidia). 3. Antibody-dependent cell-
mediated destruction of microfilariae in vivo.
Tropenmedizin und Parasitologie, 30, 73.

Wessells, N. K., Spooner, B. S. & Ash, J. F. (13971).
Microfilaments in cellular and developmental
processes. Science, 171, 135.

Wisloff, F.. & Froland, S. S. (1973). - Antibody-dependent
lymphocyte mediated cytotoxicity in man: no
requirement for lymphocytes with membrane-bound
immunoglobulin. Scand. J. Immunol., 2, 131.-

Wis{off, F., %{Q;:nd, S. S. & Michaelsen, T. E. (1974a).
Antibodyv-dependent cytotoxicity medjated by human '
Fc-receptor-bearing cells lacking markers for B~

and T-lymphocytes. Int. Arch. Allergy Appl. Immunol.,
47, 139. .

79}.

W7

s



e

|
H

Wisloff, F., Michaelson, R. E., & Froland, S. S. (1974b).

Inhibition of antibody-dependent human lymphocyte-

mediated cytotoxicity by immunoglobulin classes,
IgG subclasses and IgG fragments. Scand. J.
Immunol., 3, 23. ' - ‘

Wright, A. (1980). In private communication with Dr.
M. A. Richter. :

Yam, L. T., Li, C. ¥. & Crosby, W. H. (1971). Cyto-
chemical identification of monocytes and granulo-
" cytes. Am. J. Clin. Pathol., 35, 283.

Zighelboim, J., Bonavida, B. & Fahey, J. L. (1 ) .
Evidence for several cell populations active in.
antibody-dependent cellular cytotoxicity.

J. Immunol., 111, 1937.

«
Zighelboim, J. & Gale, R. P. (1974). Interspecies
variability in antibody-dependent cellular cyto-
toxicity (ADCC). J. Immunol., 113, 1145.

Zighelboim, J., Gale, R. P. & Kedar, E. {1976). Poly-
morphonuclear leukocyte Fc receptors in antibody-
dependent cellular cytotoxicity (ADCC) .
Transplantation, 21, 524.

<

S



APPENDIX

AT



The antibody-dependent cell-mediated cytotoxic reaction

II. THE EFFECT OF THE CONCENTRATION OF ANTI-
L4 < .
TARGET CELL ANTIBODIES ON THE JDENTITY
?

OF THE HUMAN EFFECTOR CELLS

Marilyn Keaney*, Sylvia McPhail, Carol-Ann Jodouin
‘s M. Richter**

-,
-

Su@mafy. The circulating leukocytes of normgl adultgé_
(lymphocytes, gonocyte-iymphocyte mixtures and néutro—
phlls) were lnvestlgated for thelr capacmty to induce
antlbody-dependent cell-mediated cytotox1c1ty (ADCC) .

The target cell was the rabblt antibody-sensitized
chickén erythrocyte. Under conditions of optimal ténéet
cell sensitization by anti-target cell antlbodles,

ADCC cytotoxic activity was exhibited by the neutrophlls

aqd'lymphocytes to the apparent exclusion of monocytes.

g
xPo be submitted in partial fulfillment for the
degree of Doctor of Philosophy, University of Ottawa, .
Ottawa, Qntario.
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The lymphocytes-exhibit activity more rapidly than
do the neutrophils and they are more active on an equal
cell basis. -HoweV®x%, when the effector cells were

investigated using target cells sensitized with the -~

anti-target cell—antiserum in a threshold concentration, -

thé monoéyte and not the lymphocyte or neutrdphil'dis—
played ADCC cytotoxic activity. I£ was ,concluded that
the effector cells in.the circulation are heterogeneQus
and include subclasses of lymphocytes,_mondbytes and -
neutrophils and that the' identity df the cytotoxic
effector cells appears to vary qith the ccﬁtentrétion

.of anti-target cell antibodies.

INTRODUCTION

N
-

AXthough 14 years have g;;psed since the antibody-
-depéndent cell-mediated cytotoxic reaction (ADCC).was
first described (Mller, 1965; Perlmann and Holm, 1969;
Maclennan, 1972; Perlmann et al, 1972; Cerottini ang
Brunner, 1974; Perlmann, 1976; Lovchik and Hong, 1977),
the precise identity of the cell(é) médiaﬁing this
reaction and its role in the aetiology and patho-
geneéis of disease is still very controversial. The -
majority of studies have discloseﬁ ;hﬁt the ADCC )

effector cell is neither a B nor a T cell (defined

by convention as possessing surface immunoglobulins

-

N
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and theta an;igens, respectively) nor an a@herent
(phagocytic?) cell (Perlmann and Holm, 1969; MacLennan,
1972;\€erlmann-et.al, 1972; Greenberg et al, 1973:-
Cerottini and Brunner, 1974; Wisloff et al, 1974;
Zighelboim et al, 1974; MacDermotﬁ et gi} ;975; Lovchik
and Hong, 1977). The cg{i has thereforg been referred
to as.a-'null' cell (Gieenberg et al, 1973).

Work in this laboratory is cbn;erned with relgting
the presence ana functionalIState of ;he Fc receptor-
bear ing ADCC effector cells in the circulation with
the immune status of the.patient. In order toc assess
the role of these cells in the provision of immunity,
it is eséential that they be uneq;ivocally identified.
In this investigation, rabbitIantibody—sensitized
ChRBC were used to identify the human circulating ADCC
effector cells. However, even with a single antibody-
sen:EEized target cell, it was observed that the identity
of the effector cell varies depending upon the number

of antibody molecules on the sensitized target cell.
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MATERIALS AND METHODS

éreparation of circula-
ting effector cells

Mohonuclear cells (at the interface) and neutrophils
(in the pellet) wére obtained by éentrifuging who
blood and buffy goat cells, respectively, in a ficoll-
hypaque (FH) discontinuous density gradient (89 percen icoll
in distilled water adjusted ﬁo a specific gravity of
1.077 at 18°C with sodium hypaque) .(Boyum, 1968). Red
cells were'elimina%ed by incubating the unfractionated
cells, the mononuclear cells and neutrophils in 10 ml
of tris—bufferéd ammonium chloride solution (0.15 M)
at 37°C for 10 min. The cells were then diluted to 50
ml with HBSS and centrifuged at 480 g for 10 min. -~ This
wash procedufe was .repeated twice. The cells wgre-then
suspended in the culture medium and an aliquot wag counted
in E Coulter counter. The cells were diluted in the
culture medium to the required concentration fqr use
in the cytotox":ity assay -

Jepletion of phagocytic '4
cells bv carbonylsiron up e

-
-

The WBC were suspended in autologous human serum
(diluted two-fold in saline} at a cell concentration

of 2 x'lO6 cells per ml. Eight milligrams of éérbonyl

P
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iron particles were added to each m}lliiitre of the
cell suspension and the cells were incubated in a tissue
culture rotator for 30 min at 37°C in 5 éercent Co,
in air. The tella were then resuspended and the iron-
containing cells were separated from the non—phagoéytic
cells by pre551ng the tube agalnst a magnet and [
plpettlng off the supernatant containing the non-
phagocytic cells. These latter cells were suspended
in HBSS and centrifuged at 480 g for 10 min.‘ The cells
were washed once more, suspended in culture medium
and an aliquot Was-counted in a Coulter counter. The
cells weré diluted in the culture medium to the required
?oncenttation for use in the cytotoxicity assay.

~Smears wére stained for non-specific esterase
-uaing'tne technigue of Yam et al (1971) for the detec-
tion-of monogytes. Approximately 8-2q percent of the
Mononuclear cells gave the characteristic staining
pattern attributed to monocytes (strong granular cytn—
piasmic_staining) prior to elininatinn'bf monocytes,
whereas less than 1 percent of the cells(staingd in

this fashion following elimination of the monocytes by

the carbonyl iron iﬁgesticn method.

Rabbit anti-chicken ery-
throcyte antiserum (RACE)

The anti-target cell antiserum was prepared as

described previously (see chapter III: M terials
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and Methods, section 3.2.2).

' oy
Cytotoxicity (apct) \assay
. ] y

Fd

)
The assay has éi;n described in detail (see chapter
IIT: Materials and Methods, section 3.2.9). Briefly, '

0.2 ml of a suspension of circulating effector (E) cells
51

(105 cells) was mixed with 0.2 ml of ~-Cr-ChRBC target

(T) cells“t4 x 10% cells) and 0.2 ml of heat-inactivated

rabbit anti-ChRBC antiserum (ﬁACE) or normal control

serum in sterile piastic tubes (No%. 2003, Falcon Plastics).
At the end of the incubation period, the tubes were o
centrifuged .at 480 g for 10 min.' AliQuots of the culture
supernatants (400 u&l) were fransferred to appropriate
vials and counted for 5 min in a Beckman Biggamma counter.
The data were recorded as counts per culture per minute
and the results are expressed as the cytotoxic index

(CI) calculated as follows: S -

-

c.1. = -lest release-Spontaneous release . 1qj
T Total release-Spontaneous release

51

"Test release" refers to the ~~Cr detected in

the supeérnatant of the culture containing RACE, effector

cells apd SlCrf=ChRBC. "Spontaneous release" refers )

to the 51Cr detecﬁeé"iﬁ the supernatant of the culture

containing normal control serum, effector cells and

-*

-
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51

5lor-chRBC. The "total release” of ~~Cr refers to the

s -

51Cr in the supernatant following freeze-thawing of
the 5lCr—ChRBC suspension three to four times in an
alcohol-dry ice mix (-=70°C)..

.

RESULTS

4

Preliminary experiments were darried out using’
‘aifferent media (M199, RPMI-1640, NCTC-109 and CMRL-
1066) supplemented with penicillin and streptomycin
and fetal bovine:serﬁm inhgﬁrying conceqtraﬁion. The
medium which consistently proyided.optimal conditions
for ADCC activity was M199 fortified with fetal bovine

serum (FBS) to a final concentration of 6 percent (rasults.

-

not presented in tables}. It is referred to as culture

medium.
The RACE antiserum was found not to be inhibitory
irrespective of the dilution. The cytotoxic activB;y

of the effector cells decreased incrementally as the

RACE antiserum was diluted from 1070 (CI:60-80) to 10”7

(CI:20-40) (table XXII). Maximum or optimal cytotoxicity
by unfractionated mononuclear cells and neutrophils

was attained with the antiserum used in a concentration

1 3

" of 10~ to 10 ~.

As can be seen ‘in table XXIII, the cytotoxic activity

of the unfractionated mononuclear cells was minimal
L} - -

»
-
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at I-2 hrs in culture, increased dramatically by 6-8 hrs * .

[y

- in culture, bggan to plateau at 24 hrs and increased only

4

inéfementally over the hext 48 hrs. Oh_phe other hand
the neutrophils displayed very little thdtokic activity 2
by 6-8 hrs in culture.. The cytotoxic activity increased - ////a-
markedly at 16-18 hrs and increésed,marginally'over the
next 48 hrs. Tpereéore, effector and target cells were:
co-cultured for 24 hrs ﬁn the experiments repértea upon
in this communication.

| Phagocyte-depleted mononucle;r cells appear to
be as effective as unfractionated mononuclear cells

51Cr-ChRBC

in their ability to lyse optimally sensitized
target cells (table XXIV) . However, monccyte-depleted
mononuclear cells,sﬁﬁaga decreased ADCC activity as
compareézfo the ﬁnfractionated mononuclear'cells ati
low efféctor:target ce;l ratios (2.5:1) even when the
anti-tagget cell antiserum was used at an optimal concen- }
tration (table XXV).

The phagocyte-depleted mononuclear cells and the
neutrophil§ failed to induce antibody—dependent target
cell cytolysis as compared to the unfractionated
{monocyte-containing) mononuclear.ceils w§en the target

TN . .
cells were se tized with the anti-target cell anti- |

J

serum at a threshold (sub-optimal) cBncentration !

4

(10°°) (table XXV). These results, thch,iefe consisc

tently obtained in five consecutive experiments,

-

T



-

271

01) uotieijuaduod fewrido ue

"ouop JONWY AN ¥x

.ﬁml Ul posSn SEM WNAISTIUR TT3D umwumutﬂu:m_x:h "
Ll 9L 7S . 9¢ i 7 1:6°¢ 7
9 1 89 96 Lz Y 1:¢ s{180
LL 94 9L . %9 1€ 9 1:01 paiadap-a34003eyq
. 99 LS 9¢ 15 ¥4 .9 1:6°2
€9 79 49 65 6€ 1T 1:6
L9, 09 85 65 Y aN 1:01 S1192 paieailun *1'N
Yyl 06 1y Sg 92 Y 1:6°¢
it 001 99 19 ° SS 6 1:6 S1@°
aN 001 98 - €8 88 xxUN 1:01 paia1dep-a314003eyq
6€ LL . %S zs 6¢ 6 1162
LS L 95 . SS €5 81 1:6
.29 4 001 €S 15 A4 1:01 S1192 paied1luf ‘H'H
Gl 88 LS 1€ Al £ 1:6°2
LS, ¥8 6L 65 A 9 1:6 s1192
N 19 16 18 L9 13 z1 1:01 pajatdep-a3Loodeyq i
V19 £9 0L 8¢ 82 9 1:6°2
16 69 £s 09 wh VAt 1:¢
89 . 89 69 001 15 0t 1:01 §11922 pejewaliju( ‘q4°s
Al 8y % 81" 8-9 Z otjea paisal s1120 pa1s9) [enpIAIpUT
L+ Jo juswjieax], Jo s119D

81192 198183 YiaTM 2an3Ind ui (8a1y) sawil BurmoTTo3
213 e S{13D 103033J3J2 °Yl JO Xdpul DIX03034D Byl

A

STd0 DILAD0IVHA J0 NOILlA‘id3Ad m:y

ONIMOTTIOL STTED UVATINNONOR HNIIVINOUID NVIMIH HIIM NOILDVAY D3dV dHL

AIXX TT9VL



2.
~ . - .
. L © “*S1[22 Ied]onuouocw pela1dap-23L00UQH yy
N : . . N *§1190 1BDTONUOUCEH PIIBRUOCTIIDEIAIUN &
. -0 ¢ ) 6 Y 6 - y sirydoainay
) 4 1 1 z " Y €  xx'O'R pa3121dap-2314£o0U0N
1 Vi L 01 Ze 9z * ¥ 0" pRivuctiveagug qloH
L z S .61 sz 1€ 8z s1rydoaanay
1 4 6 x4 A SE x»¥’O'R po3a1dap-a3Loouoy
: Y 01 {1 - Bé 8¢ vy ¥'J"W pedeucilouajug mlOA [4
. 0 v "2 9 z € s1Tudoaanay
e 0 4 € 9 - 11 x¥"D'W pa3a]dep-a3Loouoy
£ 01 91 | e e A% ¥"J'H P23EBUOIIOERIJUN ' ‘qon
1 . E o1 61 1€ €€ sy1ydoxanan
"6 o .S Zh 19 99 ¥¥°0'H pa391dop-23420ucy .
L1 . £e Qm« . 0§ 18 by ¥*0'W PaljeUOTIORIJUN m|o~ 1
1:1€°0 1:29'0 15621 1:6°¢ 1:¢ 1:01 paz £teue wniasTiue *ou
A S119D 1182 319381e] *3dxyg
(say 4z ST uoTjeqndul jo 2mII) SOTIRI []92 . -Tjue jo
3938183 03 1030932 3UTMO[[0J OY) B Xapul 2Ix0303AD DDAV 24l uoTInjlqg
h

_ WMEASTINY T14D0 I1A9YVI-ILNY dHL 40 NOILVHINAONOD dHIL J40 NOLILONNA V SV 'TT4D HOLIAJ43
OIXOLOLAD D0aV ZHL A0 ALIINAAL AHL °ST13D 00T FLIHM ONILVINOYWID NVHOH HLIIM NOILOVAY D04V dHL

’ . AXX 319VL



. 273
o ,

indicate that the lymphocytes, neutrophils¥and monocytég
are the effector cells when the anti-target cell anti-
serum is utiliz;d at the optimal concentration and

) that the monocytes are the only effector cells when the

" anti-target cell antibodies are present in sub-optimal or

threshold concentration.

DISCUSSION

Aeal

The ADCC reaction was first described by Mller
{1965) who demonstrated that cells exist in the ndrmal
animal capable of effecting lysis of antibody-sensitized
target cells. This finding was qﬁickly corroborated
by other investigators and it laid to rest the dogmé
thét the presence of cells capable of mediating i&sis
+of. a specific target cell ﬁust necessarily be generated
as a consequence of prior immunization of the host..
Using a variety of antibody-sensitized target
cells, investigators have shown'that the effector cells
may be lymphocytes (Perlmannﬂana Holm, 1969; MacLennan,
1972; Perlmann et al, 1972; Greenberg et al, 1973;
Cerottini and Brunner, 1974; Wisloff et al, 1974;
. Zighelboim et al, 1974; MacDermott et al, 1975; Perlmann,
1976: Lovchik gnd gggg, 1977) and/or monocytes (Perlmann
and Holm, 1969; Dennert and Lennox, 1Q73: Holm and

Hammarstrom, »1973; Greenberg et al, 1975; Kovithavongs
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~ M - - bl

.etral, 1975; Larsson and Ohlandér, 1975; MacDonald

. ) . &
et al, 1975) and/or neutrophils (Gale and Zighelboim,

1974, 1975; MacDonald et al, 1975; Hunninghake and <
Fauci, 1976; Nelson et al, 1976; Zighélboimlet al,

1976; Clark and Klebanoff, 1977). In-the present .
: i e o :
communication, it has been demonstrated that, even -

.using a single.antibody-sénsiﬁiged ta%get cell, the .
apparent identity of the effector cellﬂmay.vﬁry-by"‘- IR

altering the concentration of the antibodies on the

an -~

target cells,: a subtle change .in the assay proceaupe.

The resultsvindicate that, with the anti-target.

_céll antiserum used at an optimal sensitizing'concentratidh

3

(10~ djilution), removal of morocytes from the human

mononuclear cell preparAtion did not diminish the .lytic
'gctiv;ty-of the remainiﬁg cells excépt at lo%'effector
t6 target cell ratios, thus appearing té’éeny-a_rdle
in ADCC cyteolysis to the Firculating human monocyte.
Boph lymphocytes and neutrophils were éonﬁistently
able to induce marked lysis of oétimally sensitized
ChRBC target éelis.

A consistent but disconcerting finding is. that
the monocytes appear to be the solé effector cells
when tﬁe target cells are sensitized with the antiserum

in a sub-optimal sensitizing concentration (107% o -



- S o275

dilution). These data lndlcate that the ADCC act1v1ty
of the monocytes may “be masked by that of the lymphocytes

wheﬁ\the target cells are optlmally sen51tlzed w;th

anclbodless, However, as the number of antlbody mole-

. cules per target cei; is decreased, the monocyte assec}s.

itself as the pre-eminept cytotoxic cel}:ﬁoesibly‘due

to: - " .- !

(i) "its greater affinity for‘the.Fc.region of the.
antibody molecule as comparked to that of the
lymphocyte o:_oeutrophil, and/or )

(ii) ~its activation following interaction with a
single target-cell_fixed‘antibody while .the
effector lymphocyte or neutrophil may require
interaction with two or more adjacent target-
cell fixed antibody molecules toc become
activated.

It is %herefore possible that the utilization

of a weak anti-target cell antiserum, even when used

in the undiluted state~in the ADCC assay, may_implicate

only-the monocytes as the cytotoxic cells. i:\xpe |

other hand, a second antiserum may be a strong anti-
serum and its utilization in the ADCC assay may !hpii-
cate the lymphocytes and ﬁeutrophils to the apparent
exclusion of the monocytes. Thus,. the concent:ation‘
of anti-target cell antibodies in the antiserum is

-

a factor in the identification of the effector cells.
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This finéin;\may account for some of the controversy
surrounding éhe identiﬁy of the effector'cells. It
is imperativé that Fhe target cells be incubated with
the anti—£arget cell antiserum in varying dilutions
before advocating a role only for the lymphocyte and/§%
the monocyte and/or the neutrophil in the ADCC cyto- |
lytiélregqtionl

The demonstration by other investigators (Gale
and Zighelboim, 1974, 1975; MacDonald et al, 1875;
Hunninghake and Fauci, 1976; Nelson et al, 1976;
Zighelboim et al, 1976; Clark and Klebanoff, 1977)

;and confirmed in this communication that neutrophils
mediate the ADCC reaction carries impliéations which
cahnot be ignored. The participation of the neutrophil
in the ADCC cytolytic reaction is a speéific one since
the target cells are not lysed in the absence of anti- -

-

target cell antibodies. Furthermore, the neutrophil-
meédiated ADCC reaction is inhibiteérby soluble aggre-
gates of human gamma-globulin much in tﬁe same‘mannerr
as is the mononuclear celi—mediated ADCC reaction
{(unpublished results). It must Eherefore be inferred
‘that the neutrophil effector cell, like the mononuclear
effector cell, expresses its activity following inter-
action with the Fc'region of the target cell-localized

antibody molecule. The neutrophil should therefore

be considered to have a specific immunological role

»
v
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:in'additioq_to a non-specific pha;:lytic one.

It remains to be determined whether subblasges
of neutrophils and monocytes can b% distinguisheé on .
the basis of surface-bearing Fc receptors and whether
the presence and fﬁnctional state of the Fc-reéceptor-
bearing lymphocytes, monocytes and neutrophils corre-
late with the clinical éondition undér investigation

and with the immunocompetent (or immunoincompetent)

state.

Abbreviations: NOCC, naturally occurring cell-
mediated cytotoxicity; ChRBC, chicken erythrocytes;
RACE, rabbit anti~ChRBC antiserum; HBSS, Hanks's balanced
salt solution; culture medium, M199 fortified with
penicillin (100 units/ml}, streptomycin (100 aug/ml)
and FBS to a concentration of 6 percent; FBS, fetal

bovine serum. .
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ABSTRACT

Rabbit peripheral blood leukocytes and cells of
vari;us_lymphoid tissues (thymus, bone marrow, spleen,
appendix, sacculus rotundus, Peyer's patches, mesen-
teric and popliteal lymph nodes) were investigated
for their ébility to effect antibody~dependent cell-
mediated cytotoxicity (ADCC) of rabbit antiﬂody—cdaféd
Slchrom%um-radiéizgglled (SlCr) chicken erythrocyte
(ChRBC) target cells. Rébbit.white blood cells (WBC),
spleen and bone marrow cells demonstrate ADCC cyio- v
‘toxic activity in the absence of a prolonged latent
éeriod. Appendix and sacculus rotundus cells attain
cytotoxic éctivit§ only after 48 hours in culture, -
whether or not they are éo—cultured with the rabbit
antibody—coatéd ChRBC target cells whereas Peyer's
patches, thymus and lymph node cells demonstrate a
delayed oﬁset of cytotoiic activity only if they are
co-cultured with the tafget cells for the entire culture
period. The bone marrow énd thymus ADCC cytotoxic
effector.cellg appear';o be non-phagocytic whereas
those qf the spleen, mesentefic lymph nodgs and WBC
appeér_to be tota;ly phagocytic. The cells of the

appendix appear to be both non-phagocytic as well as

phagocytic. The ADCC activity of the bone marrow



\

and thymus cells is inhibited only marginally by soluble
aggregates of rabbit gamma—globuiin (RACG) whereas
fhat exhibited by WBC, spleen and mesenteric lymph
node cells is almost totally inhibited. Thé ADCC cyto-
toxic activity of appendix cells was inconsistently
inhibited by RAGG.
Alteration‘of the lymphoid tissue distribution
of ADCC cytoonié effector cells was not observed £fol-
lowing the inductiqn of a humoral immune response by
intravenous inoculation with ;heep erythrocytes (SRBC)
in saline or Ey unilateral subcﬁtaneous {footpad) ino-
culation with SRBC in saline. The same was also true
" for rabbits underéoing a cell-mediated immune response
following unilateral subcutanéous immunization (footpad)
with SRBC in éomplete Freund;s adjuvan£ {CFA). ADCC '
cytotoxic'effectcr'cells were detected in skin »
-challgnge sites undergoing a delayed hyﬁef;ensitivity
_{fgaction to SRBC in rabbits previously immunized by

e

the intramuscular inoculation of SRBC in CFA.





