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"'Severe, chronic, autoimmune thyroiditis and thyroglobulin

(Tg) autoantibodies are induced in female PVG/c rats by

thymectomy and repeated sublethal irradiation. Evidence

is presented here that the development of thyroiditis is

under T-lymphocyte control.

T lymphocytes were detected with a specifically cytotoxic

rabbit antiserum, B lymphocytes by an immunofluorescence

test for surface membrane immunoglobulin, and other,

largely non-T lymphocyte populations by rosette tests for

Fc receptors and complement receptors (CRs).

Compared with normal rats, thymectomised, irradiated (Tx-X)
rats had a T-lymphocyte deficit but it was not total.

Tx-X rats which did not get thyroiditis had more residual

T lymphocytes than those which did. And reconstitution

of Tx-X rats with lymphocytes from normal rats prevented

the development of thyroid autoimmunity while reconstitution

with T-cell-depleted lymphocytes did not.

These results support the hypothesis that thymectomy and

repeated sublethal irradiation selectively depletes rats

of autoregulatory T lymphocytes which normally suppress

autoimmune responsiveness to thyroid antigens.

Once unleashed, the autoimmune response in Tx-X rats leads

to infiltration of the thyroid gland by leucocytes and the

destruction of follicular cells. It has been suggested

that this destruction is at least partly the work of
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cytotoxic cells which attack follicular cells sensitised

by antibodies generated within the gland. Evidence for

this hypothesis was sought in Tx-X rats.

Antibody-dependent cytotoxic cells were assayed in vitro by

lysis of sensitised chicken erythrocytes (CRBC). Lysis

was dependent upon the concentration of sensitising anti¬

serum and the leucocyte:CRBC ratio. Cytotoxicity was

induced by 73 (igG) anti-CRBC antibody but not by I9S (igM)

antibody. Cytotoxic cells circulated in blood and spleen

but were sparse or inactive in lymph nodes and bone-marrow

and absent from thymus. There were two types of cytotoxic

cell, one adherent, the other not adherent. The spleen of

PVG/c rats contained both types with the non-adherent type

predominant. But in Vistar spleen the non-adherent type

was sparse or absent. On a cell-for-cell basis, Vistar

(and August) spleen cells were much less effective as

effector cells than were spleen cells from PVG/c (and LH and

Campbell) rats.

Non-adherent cytotoxic cells were not thymus dependent and

lacked CRs. Their Fc receptors were detectable in rosette

tests; cytotoxicity was diminished when rosetting cells

were removed by centrifugation.

Only some cytotoxic cells adhered to immunoabsorbant

monolayers of sensitised CRBC. Incubation of these

monolayers at 37°C resulted in their progressive destruction

which began as small plaque-like areas of erythrocyte lysis

around absorbed leucocytes. Destruction was antibody-

dependent. Vhen examined by scanning electronmicroscopy,



these cytotoxic cells could not be categorised by surface

morphology. In contrast, human blood leucocytes which

attacked monolayers of sensitised sheep erythrocytes

were of three distinct morphological types. One was

phagocytic. The others, and the rat cytotoxic cells,

killed by an extracellular mechanism, making contact with

target cells through elongated pseudopodia. One

leucocyte killed several target cells, often simultaneously

Surface changes on the target cells suggested that

mechanical factors were involved in lysis.

The role of antibody-dependent cytotoxic cells in the

killing of target cells carrying thyroid antigen was

investigated. Cell-mediated lysis of these targets has

been regarded as the work of T lymphocytes - an in-vitro

correlate of cell-mediated immunity. Evidence is

presented here that it can be antibody-induced. Lymph-

node cells from rats immunised with Tg in Preund's complete

adjuvant killed Tg-coated CRBC only when they generated,
»

in vitro, sufficient anti-Tg to induce the lysis of

Tg-coated CRBC by non-immune lymphocytes. Immunised

spleen cells killed Tg-coated CRBC with and without

generating anti-Tg antibodies. But spleen cells from

Tx-X rats with thyroiditis did not kill Tg-coated CRBC

at all, despite (i) generating sufficient anti-Tg antibody

in vitro to induce lysis of Tg-CRBC by non-immune lymphocyt

and (2) being effective killers of sensitised target cells.

Inhibitory factors seemed at work in the cytotoxicity assay
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possibly immune complexes formed by lymphocytes and IgG

anti-lymphocyte antibodies generated by Tx-X cells during

culture. Tx-X serum contained warm-reactive, complement-

fixing anti-lymphocyte antibodies which were absorbed by

normal spleen cells and lymph-node cells but not by

thymocytes. Absorption suggested that they were IgG.

Antibodies were commoner and more effective in males.

Their presence was unrelated to thyroid autoimmunity and

was probably the result of radiation damage to lymphoid

tissue.

Thyroid-infiltrating leucocytes were recovered from

Tx-X rats. Nearly half had surface membrane immuno¬

globulin,' about 20^ had Fc receptors, but barely any had

CRs. A large proportion had none of these surface markers.

Thyroid-infiltrating cells readily killed sensitised CRBC,.

as readily as did spleen cells.

In Tx-X rats, antibody to thyroid antigen triggers cytotoxic

cells, and cytotoxic cells as well as B lymphocytes infiltrate

the thyroid. The hypothesis that follicular cells are

destroyed by cell-mediated cytotoxicity after absorbing

antibody thus deserves consideration. But the evidence for

the hypothesis is at present incomplete and indirect.

Antibody-dependent cell-mediated cytotoxicity is known

only in vitro. It cannot yet be distinguished in vivo

from other specific and non-specific means by which an

autoimmune response may damage the thyroid gland.
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I/I Clinical Lymphocytic Thyroiditis

Diffuse lymphocytic thyroiditis in man is a disorder with

several distinct variants which, clinically and

histologically, form a spectrum (Buchanan and Harden, 1965).
The variants have in common the appearance of serum antibodies

to one or more specific antigens of the thyroid gland and

histological evidence of changes in thyroid gland architecture

- depletion of colloid within acini, distortion of epithelial

cell cytoplasm, an increased amount of stroma with fibrosis,

and infiltration by lymphocytes, histiocytes, and plasma

cells, often with germinal centre formation.

The clinical, histological, and immunological characteristics

of human lymphocytic thyroiditis have been extensively

reviewed (Doniach et al., I960; Mackay and Burnet, 1963;

Shulman, 1971; Beall and Solomon, 1971; Doniach, 1975;

Doniach and Roitt, 1975). Lymphocytic thyroiditis has a

goitrous form but also an atrophic form in which thyroid

acini are completely replaced by fibrous tissue and small

lymphoid foci and the gland does not enlarge. The extent

of atrophy varies and at its most severe may give rise to

frank hypothyroidism (primary myxoedema). Patients with

the goitrous form, on the other hand, are usually euthyroid

or have only mild hypothyroidism. Hashimoto (1912)
identified goitrous lymphocytic thyroiditis only but many

prefer to widen the term "Hashimoto's disease" to include

goitrous and non-goitrous forms and their many histological

variants.

Goitres vary histologically from the hypercellular, in

which lymphocytes predominate in the infiltrate and there



are germinal centres, to the fibrous in which plasma cells

predominate. Individual thyroid glands may contain areas

with different histological features, and some areas with

no change at all.

l/2 Tjryroid Antigens and Antibodies

Patients with lymphocytic thyroiditis have serum antibodies

to one or more of four thyroid-specific antigens:

thyroglobulin (Tg) (Roitt et a1., 1956), the major colloid

protein which is the storage form of thyroxine and

triiodothyronine; a microsomal antigen (Roitt and Doniach,

1958; Belyavin and Trotter, 1959) present in lipoprotein

membranes of smooth endoplasmic reticulum: a second colloid

antigen distinct from Tg in fluorescence studies (Balfour
et al., 1961); and a surface antigen (Pagreus and Jonsson,

1970) detectable by fluorescence on the surface of living

thyroid cells.

Antibodies to Tg may be igG, IgM, cr IgA. They were formerly

detected by precipitation and antibodies to microsomal antigen

by complement fixation or immunofluorescence on unfixed

thyroid sections. Nowadays sensitive tanned-cell haemagglut-

ination tes+s are available for both antigens.

Thyroid antibodies appear in varying titres in all forms of

lymphocytic thyroiditis. Nearly all patients with Hashimoto

goitres and hypothyroidism have high titres of Tg and

microsomal antibody. And titres of microsomal antibody are

usually high in atrophic variants. But thyroid antibodies
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also appear in symptom-free people, so accurate diagnoses

require clinical observations and thyroid function tests

as well as serological investigations.

l/3 Lynrpho cytic Thyroiditis: an Autoimmune Disease

Autoimmunity is the action against the normal antigens of

a host by his own specific immune effector mechanisms.

The effector mechanisms may be antibody-dependent or the

antibody—independent activities of sensitised lymphocytes.

In practice, because techniques for detecting the latter

are more equivocal, autoimmunity is monitored by the

detection of autoantibodies.

The term "autoimmune disease" is most useful when restricted

to disorders in which autoimmunity is the cause of

structural or functional tissue damage. There are

difficulties in applying this label. It is necessary to

try to distinguish between autoantibody formation which

causes tissue damage and autoantibody formation which

results from tissue damage - caused, for example, by trauma.

There is also the difficulty in deciding whether the immune

response is directed towards an autoantigen or to a foreign

antigen which cross-reacts with it.

These constraints apply as powerfully to lymphocytic thyroid¬

itis as to any other disorder. Yet there is a current

strong conviction that clinical lymphocytic thyroiditis is

truly an autoimmune disease. Much of the basis for this

conviction is what has been discovered about animal models
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of lymphocytic thyroiditis. In animals, thyroid lesions

and antibodies to homologous Tg can appear spontaneously,

after injection (in certain circumstances) of thyroid

extract or Tg, or after manipulation of the immune system -

e.g., by thymectomy. The key observation is that

experimentally-induced thyroiditis can be transferred with

serum or lymphocytes from affected to normal animals.

This transfer, the autoantigenicity of Tg in the disease

of man and animals, and the histological similarity between

the thyroid lesions in patients and in affected animals

argue strongly that the human lymphocytic thyroiditis has

an autoimmune basis.

1/4 Spontaneous Autoimmune Thyroiditis in Animals

Although spontaneous thyroiditis has been reported in

monkeys and in a line of purebred beagles (Bigazzi and

Rose, 1975), the condition has been studied intensively

only in strains of chicken and rat.

I/4/I Obese Strain (OS^1 Chickens

The OS of Vhite Leghorn chickens have phenotypic signs of

hypothyroidism, small size, obesity, delayed maturity, cold

sensitivity, and low fertility (Cole, 1966), and histological

and serological evidence of autoimmune responses to thyroid

components (reviewed by Vick et al.. 1974). Vhen present,

the thyroid glands of 3-4 week old chicks show extensive

bilateral thyroiditis. Lymphocytes, macrophages, and plasma
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cells are seen and sometimes appear to have penetrated the

basement membrane and entered between epithelial cells.

Germinal centres abound. Follicular destruction coincides

with lymphoid cell infiltration but cysts can be found in

some epithelial cells I week after hatching. Chickens with

severe thyroiditis almost always have antibodies to chicken

Tg (which does not cross react with its mammalian homologue)
detectable by passive haemagglutination (mostly IgM

antibodies) complement fixation, or precipitation (mostly

Igq antibodies). Antibodies to thyroid constituents other

than Tg have not been detected. Immunofluorescence studies

located anti-Tg autoantibody in infiltrating plasma cells,

especially those close to follicular epithelium. Germinal

centres, however, contained immunoglobulin, predominantly

IgG, but not Tg, so antibodies to another autoantigen might

yet be discovered. Antibodies to autoantigens other than

thyroid components are hardly more common in OS chicks than

in normal leghorns, although anti-nuclear factors have higher

titres.

OS thyroids have no morphological abnormality but they in¬

corporate more I-I3I than do normal leghorn thyroids when

cultured side by side on the chorioallantoic membrane of

normal chick embryos (Sundick and "Wick, 1976) and have a

higher ratio of monoiodotyrosine to diiodotyrosine (Rose
et al., 1976).
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1/4/2 Buffalo (BUF) Rats

Silverman and Rose (I97l) provided evidence that spontaneous

thyroiditis in BUF rats was an autoimmune disease. Lesions

begin as perivascular cuffs of small lymphocytes, later

developing into extensive accumulations of large and small

lymphocytes, plasma cells, and macrophages. 30/ of females

have spontaneous thyroid lesions at 15 weeks of age and 48/

by 30 weeks, but lesions appear earlier in animals given

dietary or parenteral methylcholanthrene (10/ of I2-week-old

and 42/ of 18-week-old females) (Silverman and Rose, 1975a).
Antibodies to Tg are detectable by passive haemagglutination

(Silverman and Rose, 1971) but Noble et al. (1976) found

them to be a poor indicator of thyroid infiltration,

appearing in only 61/ of animals with lesions and at a similar

titre in 21/ of animals with no lesions. The anti-Tg

antibodies which agglutinated chromic-chloride-treated,

Tg-coated erythrocytes and adhered to sections of normal lat

thyroid were more specific, and were low in titre in animals

with mild lesions, high in those with moderate lesions, and

intermediate in the rats with the most extensive infiltration.

1/5 Experimentally-indue ed Thyroidit is

Thyroiditis can be experimentally induced in several ways.

l/5/l Adjuvant-induced Thyroiditis

Pursuing earlier work by Freund and others, Rose and Vitebsky

showed that allogeneic thyroid extract, which was non-

immunogenic in rabbits when injected in aqueous solution,
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induced circulating anti-thyroid antibodies and thyroid

lesions when injected in an emulsion with Freund's complete

adjuvant (FCA) (Yitebsky and Rose, 1956; Rose and Yitebsky,

1956).The obs ervation has been made repeatedly in other

species injected -with homologous Tg in FCA, including rats

(Jones and Roitt, 1961), chickens (Jankovic and Mitrovic,

1963), guinea-pigs (McMaster et al., 1961), and mice

(Twarog and Rose, 1968). In rats, giving Bordetella

pertussis vaccine at the same time as the tnyroid-extract-

adjuvant emulsion greatly intensifies the resultant

thyroiditis (Twarog and Rose, 1969). In thyroid extracts

Tg is generally the effective antigen: the autoantibodies

bind to the colloid in sections of normal thyroid (Beutner
et a1., 1958) and les ions and autoantibodies are produced by

immunisation with Tg in FCA (Yitebsky et al., 1957).

However, a microsomal antigen is found in monkeys with

adjuvant-induced thyroiditis (Rose et al., 1965).

Histologically, thyroid lesions are characterised by first

focal and then extensive invasion of follicular epithelial

tissue by large and small lymphocytes, macrophages, and some

plasma cells. In guinea pigs, eosinophils were noted around

small blood vessels (Cohen et al., I97l) and there was some

epithelial proliferation (Lerner et al., 1964). Follicular

destruction is very rarely complete in this model and

phenotypic hypothyroidism is not observed. The thyroid

lesions regress within weeks unless stimulation is repeated

(Jones and Roitt, 1961; Lerner et al., 1964).
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The correlation observed in guinea pigs by McMaster et al.

(1961) and Lerner et a1. (1964) between the severity of

thyroid lesions and the titre of circulating anti-Tg

antibodies is not a consistent feature of this model and

in several species circulating autoantibodies may be

generated by alum-precipitated thyroid extract (Doebbler and
*■

>

Rose, 1961) or by thyroid extract in incomplete Freund's

adjuvant (McMaster et al. , 1961; Veigle et al., 1969),
without any resultant thyroid damage. Autoantibody

production may also be favoured, and the severity of thyroid

lesions altered, by changes in the type of mineral oil

(Rose, I97l) and the source of Mycobacterium tuberculosis

(V.J.Penhale, unpublished) used in preparing FCA.

I/5/2 Thyroiditis induced by Heterologous or Altered

Autologous Tg

Rabbits and mice unresponsive to aqueous solutions of

autologous Tg will respond without adjuvant to heterologous,

cross-reacting Tg (Weigle and Nakamura, 1967; Nakamura and

Veigle, 1967; Nakamura and Veigle, 1968). Immunisation

produces antibodies reactive with autologous Tg and induces

the invasion of the thyroid by inflammatory cells (first

neutrophils and later mononuclear cells) (Clagett ei> al. ,

1974). Thyroid lesions and autoantibodies reactive with

native Tg are also generated without adjuvants by immunisation

with chemically altered autologous Tg - i.e., Tg conjugated

to diazonium derivatives of arsanilic and sulphanilic acid

(Ve igle, 1965) or partially degraded by proteolytic enzymes

(Anderson and Rose, 1971). Thyroiditis produced by altered
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autologous or heterologous Tg is, like adjuvant-induced

thyroiditis, self-limiting but can be perpetuated for a time

by a single subsequent challenge vith unaltered native Tg.

After multiple challenge, however, the animals again become

unresponsive to native Tg (Weigle, 1967).

1/5/3 Thyroiditis induced by Thymectomy and Sublethal

X-irradiation

The spontaneous thyroiditis of OS chickens is accelerated

and made more severe by thymectomy just after hatching and

the incidence of birds with antibodies to Tg is increased

(Wick, Kite, and Witebsky, 1970a; Welch et al. , 1973).
Whole-body irradiation after hatching likewise produced

more severe thyroid disease in OS chickens but also in

normal chicks (Wick, Kite,and Witebsky, 1970b), so it seemed

possible that radiation had directly damaged the thyroid.

Neonatal thymectomy accelerates and increases the incidence

and severity of experimentally induced thyroiditis in

Spraque-Dawley rats (Bucsi and Strausser, IV72) and also

induces thyroiditis in certain mouse strains (Nishizuka et al. ,

1973; Kojima et al., 1976). Penhale et al. (1973) observed

that thyroiditis could be induced in 607? of female Wistar rats

by a combination of thymectomy at 5 weeks of age and sublethal

whole-body irradiation (200 rad) done five times at 2-week

intervals. These animals did not develop thyroiditis

spontaneously. Whole-body irradiation without thymectomy

produced thyroiditis in 257° of animals but irradiation of the

head and neck area alone (including the thyroid), did not
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induce the disease, making it unlikely that the condition

arose simply through radiation-induced damage. The

characteristics of this model are considered at this point

in some detail because most of the experimental work to be

discussed in subsequent chapters was done with thymectomised,

irradiated (Tx-X) rats with thyroiditis.

Thymectomy and a single dose of 200-rad irradiation induced

no autoimmune changes. After two doses of 200 rad, 2 weeks

apart, thyroiditis appeared 6-8 weeks later with a low level

of circulating autoantibody. Mild thyroiditis appeared

2 weeks after a third dose of 200 rad but in the absence

of autoantibodies; 6 weeks later lesions were established

and autoantibody titres were high. A protocol in which

animals were killed 2 weeks after the last of four doses

of 200 rad irradiation gave consistent results (Penhale,

Parmer, and Irvine, 1975) (fig. l/l). The requirement

for irradiation in the induction of thyroid lesions is

removed if rats are thymectomised during the neonatal

period (V.J.Penhale, unpublished).

Thyroiditis in Tx-X raxs varies from mild to severe; in

the severest form the gland is goitrous, normal follicular

architecture is almost completely destroyed, and the infiltrate

is diffuse and consists of lymphocytes, monocytes, and plasma

cells, often organised into germinal centres. In milder

forms the lesions are focal and perivascular cuffing
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is observed. Antibodies to Tg, detectable by passive

haemagglutination, are generated in Tx-X rats^ often in very

high titre (more than l/20,000). The bulk of the antibodies

in Tx-X rats are IgG (Penhale, Farmer, and Irvine, 1975).
In individual animals the titre does not correlate with the

severity of the thyroid lesion. Low titres of antibody can

be detected in Tx-X rats with no apparent histological

abnormality in the thyroid. Infrequently, animals with

severe thyroiditis have no circulating antibodies. The

incidence and severity of thyroid lesions in Tx-X male rats

is less than that in Tx-X females of the same strain

(V.J.Penhale, unpublished). Thyroid lesions do not regress

with time and remain severe 150 days after the final

irradiation (Penhale et__al. , 1976).

1/6 Pathogenesis of Autoimmune Thyroiditis

I/6/I Genetic Regulation

Lymphocytic thyroiditis is much more common in women than in

men (Doniach and Roitt, 1975). There are pitfalls in

looking for familial associations (Masi et al., 1965) but

there is good evidence chat euthyroid male and female

relatives of patients with Hashimoto thyroiditis are much

more likely to have thyroiditis and/or one of the thyroid

antibodies than are appropriate controls (Roitt and Doniach,

1967). Hashimoto's disease has been found in identical

twins (Irvine et al.. I96l) and thyroid autoimmunity is more

common in patients with chromosomal abnormalities^ particularly



Down's syndrome, and in their mothers (Fialkow et a1., I97l).
The implication of these clinical studies is that the

formation of thyroid autoantibodies and thyroid lesions

requires a genetic predisposition. So far no association

•with histocompatibility antigens has been observed (Richiardi

et al., 1975).

Thyroiditis in animals also has a genetic basis. Thyroiditis

is more easily induced in some rat strains than in others

both by thymectomy and irradiation (Penhale, Farmer, and

Irvine, 1975) and by injection of Tg and FCA (Penhale, Farmer,

Urbaniak, and Irvine, 1975; Rose, 1975). In BUF rats, which

get thyroiditis spontaneously, even Freund's incomplete

adjuvant makes homologous Tg sufficiently immunogenic to

produce thyroiditis (Silverman and Rose, 1975b). In rats

susceptibility or resistance is not associated with particular

specificities of the major histocompatibility complex. In

contrast, strain variation in mouse responsiveness to mouse

thyroid extract or Tg in FCA is firmly linked to their

histocompatibility type, some haplotypes endowing good
/

responsiveness and others intermediate or poor responsiveness

(Vladut iu and Rose, 1971 ). Strains congenic except in H-2

type, respond as predicted by H-2 haplotype. The immune

response to Tg, like responsiveness to other antigens, appears

to be controlled by genes within or closely linked to the H-2

region and probably located at the K end of the H-2 complex

(Tomazic _e t al., 1974). But the production of anti-mouse-Tg

antibodies is not completely correlated with the development

of thyroid lesions, suggesting that the severity of thyroid¬

itis is controlled by additional genes outside the K region
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of H-2.

The tendency to have thyroiditis is polygenic in OS chickens

but in certain families is significantly linked to the major

histocompatibility complex (Rose et al. , 1976).

Penhale, Farmer, Urbaniak, and Irvine (1975) found the same

proportion of circulating Tg-binding B lymphocytes in rat

strains with widely different susceptibility to thyroiditis

induced by rat Tg and FCA and thus suggested that control

was exerted by some aspect of T-cell function. Yladutiu

and Rose (1975) showed that lethally irradiated,

congenitally poor-responder mice reconstituted with bone-

marrow cells from good-responder F^ mice or poor-responder
syngeneic mice developed autoantibodies and severe disease

in response to challenge with mouse Tg in FCA only if they

were also given good-responder F^ thymus ceils. Poor-
responder thymocytes transferred poor responses.

Much about how autoimmune responsiveness is controlled

genetically is not yet known but it seems likely that there

is partial control through some aspect of T-lymphocyte

function, and partial control through immune response genes

and genes which determine what target organ is involved.

1/6/2 Turning on Autoimmune Responses

On observing the absence of a haemolysin response in goats to

autologous erythrocytes, Ehrlich and Morgenroth (1901) con¬

cluded that an animal's immune system made a crucial distinction



between macromolecules of host and foreign origin and

suggested that the phagocytes were restrained from responding

to the host's own tissues. 74 years later, Lachmann (1975)
could remark that "it has become apparent that the occurrence

of autoallergic reactivity towards an animal's own antigens

is not unusual and with regard to certain autoantigens, not

abnormal". The debate in the intervening years shifted

from an emphasis on what stops an autoimmune response

getting started, to a current concern with how the response

is controlled to a level beneath that likely to induce tissue

damage. Three ideas have predominated in this debate, the

first two - clonal elimination and T-cell tolerance - with

the former emphases and the third - suppressor or regulatory

T cells - with the latter. These ideas can be usefully

discussed in relation to thyroid autoimmunity because so

many of the pertinent experimental observations were made

in that field of study.

Each idea arose out of new discoveries about how the immune

system handled foreign antigens. Each idea assumed that

unresponsiveness was aquired and was induced by self antigens

because there was no known genetic means of explaining how

unresponsiveness to the myriad self antigens could be

inherited. Lately, Adams (1978) has argued that V genes,

the structural genes for variable portions of immunoglobulin

chains, provide such a means, and has interpreted autoimmunity

as the action of lymphocyte clones with self specificity which

have emerged through somatic mutation of V genes.



The idea of clonal elimination arose as a corollary to

Burnet's (1959) clonal selection theory of antibody formation

which postulated a large pool of antibody-forming-cell

precursors. Each precursor could be stimulated to

differentiate only by the antigen corresponding to the

antibody it was destined to produce. Clonal elimination,

it was suggested, took place early in the host's development

when contact with self antigens eliminated the corresponding

antigen-reactive cells. This theory predicted that

autoimmune responses would not occur in mature hosts against

antigens which were freely available within the host during

embryonic life, unless somatic mutation within dividing

immunocytes generated cells with specificity for self antigen.

The clonal selection theory of antibody formation is now

widely accepted. And Nossal and Pike (1975; 1978) have

reported experiments showing that B lymphocytes, in different¬

iating from precursors to maturity,pass through a stage in

which they can be functionally inactivated through cross-

linkage of their immunoglobulin (ig) receptors by foreign

antigen (clonal abortion). These observations, by providing

a mechanism of inactivation, have reawakened interest in the

hitherto discarded idea that clonal elimination (or inactiv¬

ation) could account for unresponsiveness to many, perhaps

most, self-antigens. Yet it seems unlikely to apply to

thyroid antigens, at least to Tg. Daniel et al. (1967)
found Tg in small quantity but freely available in blood and

lymph, showing that it was not sequestered. Furthermore,

Tg-binding B lymphocytes were detectable in normal people



(Bankhurst et al. , 1973), rats (Penhale, Farmer, Urbaniak,

and Irvine, 1975) and mice (Clagett and Veigle, 1974).

Thyroiditis and anti-Tg antibodies could not be stimulated

in mice deprived of Tg-binding B cells (Clagett and Veigle,

1974).

These observations were more easily encompassed by the idea

that functional Tg-specific B lymphocytes escaped elimination

in embryonic life but in normal individuals were prevented

from developing, in response to circulating Tg, into antibody-

forming cells because the T cells necessary to provide

specific help in autoantibody formation had been made

unresponsive by the low concentration of freely available Tg

(Veigle, 1971; Allison, I97l). The idea that the self-

toierance of the whole animal was guided by the tolerance

of autoantigen-specific T cells arose out of the discovery

of the two lymphocyte classes and the necessity for their

collaboration in the antibody response to hapten-carrier

conjugates (reviewed by Katz and Benacerraf, 1972), and the

observation that helper T cells became unresponsive to

foreign antigens at a lower antigen concentration and for

much longer than did B cells (Taylor, 1969; Chiller et al ♦ ,

1970).

In this model, autoimmunity was seen to arise by circumvention

of the absence of specific T cell help. Allison and Denman

(1976) and Allison (1977a) have dis cussed such circumvention.

Insertion of foreign determinants may make a self-antigen

resemble a hapten-carrier conjugate, recruiting T lymphocytes

responsive to foreign determinants (carrier) which provide



help for antibody formation to self determinants (hapten).

Alternatively, agents or events may stimulate many clones of

T lymphocytes;which provide help non-specifically, or may

stimulate autoantigen-specific B cells directly. Allison

(1977a) gives several examples of antibodies which can be

stimulated by these means - for example, Tg antibodies

induced by cross-reacting heterologous Tg or chemically

modified homologous Tg. Bacterial lipopolysaccharide (LPS),
a B-cell adjuvant, induced thyroiditis and Tg antibodies

when injected with Tg, but only i^ mice which had T cells

(Esquivel et al. , 1977). LPS and poly A.poly U, a T-cell

adjuvant (Esquivel et al., 1978), induced anti-Tg and

thyroiditis in good responder but not poor responder strains.

The authors discount direct B-cell stimulation and suggest

that the adjuvants induced thyroid autoimmunity by amplifying

the normally inadequate help from specific self-reactive T

ceils, although it is equally likely that they worked by

stimulating non-specific T-cell help.

Hcwever, the thyroid autoimmunity convincingly explained by

the T-cell by-pass idea is short-lived and resolves

spontaneously. There is no evidence for a permanent

alteration in Tg structure or a chronic non-specific T-cell

stimulus in chronic thyroiditis, where autoantibody production

is continuous and either uncontrolled or controlled at an

abnormally high rate. The shift to a concern with the

control of autoantibody production arose out of the growing

awareness that T cells could inhibit as well as help

the production of antibodies to foreign antigens

(Gershon, 1973). Allison et al. (I97l)



pointed out that the existence of T cells which could exert

a feedback inhibitory effect upon the autoimmune response

would provide a means of diminishing the harmful effects of

autoantibodies triggered by stimuli which circumvented the

absence of specific T-cell help.

In 1974-75 when the experiments described here began, it was

apparent that although much about how autoregulatory T cells

might work was undefined (site of action, target of action,

specificity) their existence would readily explain several

observations about experimental thyroiditis, in particular

the induction of thyroiditis by thymectomy and sublethal

irradiation in rats which normally did not get the disease

(Penhale et al., 1973). Penhale, Farmer, and Irvine (1975)

proposed the hypothesis, outlined in fig,l/2, that in the

normal animal, specifically suppressive T lymphocytes

override the potentially triggering effect of autoantigens

and helper T cells on autoreactive B lymphocytes.

Thymectomy and irradiation, by selectively depleting T cells

with suppressor activity, leads to the triggering of B

lymphocytes by thyroid autoantigens and specifically

autoreactive helper T cells. This hypothesis gained support

from the radiosensitivity of suppressor effects in other

systems (Kapp et al., 1974) and also from the observations

that neonatal thymectomy alone provoked or potentiated

thyroiditis in susceptible animal strains (see I/5/3).

Chapter II describes experiments which test a prediction of

this hypothesis, namely that reconstitution of Tx-X rats

with normal lymphocytes would prevent the development of

thyroiditis and anti-Tg antibodies.
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Fig.l/2 Hypothesis: how thymectomy and irradiation
induces thyroiditis.

From Penhale, Farmer, and Irvine (1975).
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1/6/3 Formation of Thyroid Lesions

There is little doubt that much of the cellular infiltrate

in chronic thyroiditis represents a non-specific inflammatory

response to a primary, immunologically mediated tissue-

damaging event. The chronicity of the response may result

from persistence of the antigen to which the primary response

-was directed. Regeneration of thyroid acini may contribute

to this persistence in the hypercellular variant of

Hashimoto's disease (Doniach and Roitt, 1975)- In the

absence of regeneration, there may be histological evidence

of attempts at tissue healing in the form of fibroblast

infiltration and fibrosis. Inflammation may also become

chronic if primary or secondary damaging events -within the

thyroid alter self-antigens (e.g., by enzyme degradation),

expose previously sequestered antigens (such as the

microsomal antigen which normally may be intracellular), or

raise to immunogenic levels a normally subimmuncgenic

concentration of self-antigen. The "new" antigen

determinants presented by thes^ means could be expected to

stimulate specific humoral and cell-mediated immune responses,

with their non-specific sequelae.

Large numbers of monocytes, granulocytes, and lymphocytes

accumulate non-specifically at sites of tissue injury.

How and why they do this has had little attention in the

context of thyroiditis. But studies in other systems

have revealed complex biochemical pathways through which

leucocytes are thought to be attracted, immobilised, and

activated at sites of tissue damage.



Substances likely to be active in promoting inflammation are

generated by the union of antibody with antigen and by

contact between antigen and activated lymphocytes. It seems

likely that these substances form a series of amplification

mechanisms through which a small-scale immune reaction, which

initially involves only a small number of specifically

sensitised lymphocytes, can be widened in scope and scale by

non-specific recruitment of other leucocytes and effector

mechanisms. Twarog and Rose (1970), for example, observed

that in the lesions of thyroiditis induced in rats by

transferred leucocytes from affected animals, only 5% of the

infiltrating cells were of donor origin.

Immune complex formation can induce platelet aggregation and

the release of vasoactive amines which increase vascular

permeability, allowing an influx of polymorphonuclear

leucocytes and then monocytes. Complement fixation by the

complexes sequentially activates the complement cascade

through the classical pathway. As a result C3 is split, to

form C3b with the release of C3a and C5a, which in turn

stimulate more vasoactive amine release. Tissue injury may

result from the activation of terminal complement components

(with lysis of sensitised cells). In addition, cells with

C3b receptors,which phagocytose the immune complexes, and

polymorphs attracted by the C5b67 complex, C3a, and C5a

(Allison, 1977b) may release tissue-damaging hydrolytic

enzymes.

C3a, C5a, and C3b may also activate macrophages - enhancing

their phagocytic capacity, lysosomal enzyme activity, and



secretory activity. The products of macrophage secretion

(reviewed by Davies et al., 1977) include prostaglandins

which potentiate inflammation by increasing vascular

permeability, a substance chemotactic for polymorphs, factors

which stimulate fibroblast growth and both B and T lymphocyte

responses, complement components 1-4, and a variety of

tissue-damaging hydrolytic enzymes (lyzozyme, collagenase,

elastase, acid hydrolases). Schorlemmer et al. (1977) have

described how macrophage-activating C3b is itself generated

by macrophages in a self-amplifying system independent of

serum factors. C3b may activate macrophages to cleave the

C3 they generate, releasing C3a which is directly cytotoxic

for a number of cell types (Schorlemmer et al., 1977).

Amplification mechanisms based on the release of chemical

mediators from activated lymphocytes (lymphokines) are also

likely to be important in inflammation. The best known is

macrophage migration inhibition factor (MIF) which is

liberated by sensitised lymphocytes specifically, after

contact with the sensitising antigen (David and Schiossman,

1968), or non-spec ifically, after stimulation with mitogens

(Pick et al., 1970) or immune complexes (Kotkes and Pick,

1974). A factor which immobilises polymorphs (LIF) is also

liberated by specific or non-specific stimuli (Rocklin, 1975).
MIF and LIF, and factors which attract polymorphs can be made

by both B and T lymphocytes (Rocklin et al., 1974; Vahl et al

1974) and are stimulated by antigen or by interaction with

receptors for immunoglobulin or complement (Vahl et al., 1974)

Lymphocytes can also generate a factor which activates



macrophages (with consequences described earlier),

lymphotoxin, which may damage tissue directly, and factors

which are mitogenic for other lymphocytes (David and David,

1972).

It is obvious that lymphocyte mediators might be important

in perpetuating and amplifying thyroiditis but there is

little firm evidence for this as yet. The proportion of

thyroid-antigen-specific lymphocytes in established lesions

is likely to be small. In Hashimoto's disease the proportion

of Tg-binding lymphocytes may be higher in the thyroid

infiltrate than in the blood (Urbaniak et al., 1973;

Totterman, 1978) but it was not excluded in these studies

that Tg was bound through cytophilic antibody. Leucocytes

which produce MIF in response to Tg, thyroid extract, or

thyroid microsomes appear in the circulation of many patients

with Hashimoto's disease (Calder and Irvine, 1973; Matsui

et al., 1978) but these antigens are neither species nor

organ specific. Lin and Salvin (I976a,b) found that contact

with Tg stimulated the release of a non-specific cytotoxin

by lymphocytes from guinea pigs immunised with homologous Tg

in FCA. Lately, another possible lymphocyte-mediated

inflammatory mechanism has emerged from the work of Rapoport

et al. (1978) who showed that lymphocytes cultured on

thyroid cell monolayers released prostaglandins which

stimulated the thyroid cells.

Non-specific inflammation in thyroiditis follows a primary

tissue-damaging immune response. The nature of this response

has been debated for years, often in the fcrm of an artificial

"cell-mediated vs. antibody-mediated" argument.



Protagonists of the view that sensitised lymphocytes were

responsible, either directly or through the action of

lymphokines, had some early encouragement. Thyroiditis

could not be transferred to normal guinea pigs or rats with

serum from animals immunised with thyroid extract in adjuvant

but transfer was successful with lymphocytes from affected

animals (McMaster and Lerner, 1967; Twarog and Rose, 1970).

However, in 1974-75, when the studies reported here began,

evidence was accumulating that the event which initiated

thyroid damage, at least in some forms of thyroiditis, was

an antibody-dependent one. The spontaneous thyroiditis

of OS chickens developed only in birds with an intact

bursa (Vick, Kite, Cole, and Vitebsky, 1979). Thyroiditis

was eventually transferred successfully to normal animals

with serum from thyroidectomised donors immunised with

cross-reacting Tg (Nakamura and Weigle, 1969). Clagett

and Veigle (1974) showed that thyroiditis could not be

induced by cross-reacting Tg in lethally irradiated mice

given T cells and bone-ma,rrow from which Tg-binding B

lymphocytes, the precursors of Tg antibody-forming cells,

had been removed. Clinton and Veigle (1972) had earlier

noted that the onset of thyroiditis in rabbits immunised

with cross-reacting Tg was immediately preceded by an

accumulation in the gland of cells making antibodies to

homologous Tg. In mice immunised in this way, immune

complexes containing IgG and complement were deposited in an

Arthus-like reaction between the follicular basement membrane

and the plasma membrane of the thyroid follicular cells.



Immediately afterwards, the gland was invaded by neutrophils

and then by mononuclear cells (Clagett et al., 1974).

It was apparent from the absence of thyroiditis in people

(Doniach and Roitt, 1967) and animals (McMaster et a1..

I96l) with circulating thyroid antibodies that antibodies

alone were insufficient to trigger thyroid infiltration.

There seemed to be other factors at work to determine

whether or not antibodies would be pathogenic. Vhere the

antibody was produced seemed important, locally produced

antibody being more effective than circulating antibody

(Clinton and Veigle, 1972). And the mobilisation of other

immune effector mechanisms, such as immune complex formation,

also seemed likely to have an influence. An effector

mechanism of particular interest in this context was antibody-

dependent, cell-mediated cytotoxicity (ADCC) - the lysis of

antibody-sensitised target cells by certain types of Fc

receptor-bearing cell (Perlmann. Perlmann, and Vigzell, 1972;

MacLennan, 1972a). Anti-Tg antibodies in experimental

thyroiditis (Ringertz et al., I97l) and in Hashimoto's

disease (Calder, Penhale, McLeman, Barnes, and Irvine, 1973b)

induced AilCC and the effector cells of ADCC seemed to be

made specifically cytotoxic for Tg-coated target cells by

preincubation in Hashimoto serum (Caider, McLeman, and

Irvine, 1973).

Against this background, the possible involvement of ADCC

in the formation of thyroid lesions in Tx-X rats was of

considerable interest.
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1/7 Aims of Investigations

The hypothesis examined in these studies is that a

selective deficiency of autoregulatory T lymphocytes in

Tx-X rats permits the production of autoantibodies which

bind to antigens in the thyroid gland, activating the

effector cells of ADCC among other immunologically

mediated thyroid-tissue damaging mechanisms.

The experiments attempted to answer the following questions.

(1) Are Tx-X rats devoid of T cells, or merely

deficient in some T cells?

(2) Does reconstitution with T cells prevent the

development of autoantibodies and thyroiditis

in Tx-X rats?

(3) Do antibodies to Tg in Tx-X rats activate ADCC

in vitro?

(4) What are the in vitro characteristics cf the

effector cells of ADCC in the rat?

(5) Do Tx-X rats have functionally effective

antibody-dependent cytotoxic cells?

(6) Do antibody-dependent cytotoxic cells accumulate

in the thyroid glands of Tx-X rats?



T-CELL CONTROL OF AUTOIMMUNE THYROIDITIS



Il/I INTRODUCTION

Collaboration between thymus cells and bone-marrow cells in

antibody formation in rats, first reported by Johnston and

Vil son (1970), is similar to that originally described in

mice by Mitchell and Miller (1968). But the surface

markers characteristic of T and B lymphocyte subpopulations

in rats have been given far less attention than those in

mice, or in man.

Hayward and Parish (I974a,b,c) established that, in rats,

cells with surface membrane immunoglobulin (smlg), cells

with receptors for complement (CR), and cells with

receptors for the Fc portion of IgG were found among

peripheral lymphocytes. With rosetting techniques they

concluded that most, but not all B (smlg+) lymphocytes were

CR+ and that CR+ cells were solely B cells. Most B cells

were Fc+ but some Fc+ cells had no smlg or CR. Similar

observations had been made in mice and in man.

Since then, subpopulations of mouse and human lymphocytes

have been relectlessly dissected. Many of the resultant

axioms have proved fragile but, taking human lymphocytes as

an example, "easily demonstrable" surface Ig has been a

durable criterion of the true B cell (WHO/lARC report, 1974)

although there is now an increased awareness of the technical

problems in its detection. The proportion of IgG-bearing

cells can be overestimated if anti-Ig sera contain complexes,

aggregates, or natural antibodies, if whole antibodies to Ig

are used, and, in particular, if cytophilic serum IgG remains



bound to Fc+ cells after isolation (Vitetta. and Uhr, 1975;

Vinchester et al., 1975; Lobo et al. , 1975). ¥hen these

hazards are avoided, membrane IgM and IgD are found on

most true B cells and IgG on only a few.

Not all B cells are Fc+. The Fc+ proportion varies

according to how the receptors are detected, probably

because there are subpopulations with receptors of

different affinity: none rosette with alloantibody-coated

human red cells (Froland and Natvig, 1973; Lobo and Horwitz,

1976) but up to 30% bind aggregated guinea pig IgG (Lobo and

Horwitz, 1976); rabbit antibody-coated chicken erythrocytes

detect 12% (Gergely et al. , 1977) or 45% (Samarut et al. ,

1976); and soluble immune complexes may detect as many as

50% (Vinfield et al., 1977) or as few as 11% (Alexander and

Henkart, 1978). The rest of the Fc+ cells seem to be T

cells (10-20% of the total human blood T cell population

according to Moretta et al.. 1977) and non-T, non-B "null",

L, or "third lymphocyte" population cells (Lobo and Horwitz,

1976; Froland and Natvig, 1973).

The question of how many B cells are CR+ is also bedevilled

by technique. Some have concluded that B cells are all

CR+ (Ehlenberger et al., 1976; Lobo and Horwitz, 1976;

Alexander and Kenkart, 1978) but have done so with methods

which may detect only receptors for C3d. Ross et al. ,

(1978) found that C3d receptors were restricted to only

70% of ,B cells, which also have receptors for C3b-C4b.

The remaining B cells have receptors for C3b-C4b only.



CR also appear on a small proportion of the cells which

rosette with sheep erythrocytes (Ross et _aJ.. , 1978) and on

some Fc+, non-T, non-B cells (Brier et a 1., 1975;

Perlmann et al., 1975; Ross et al., 1978; Ault and Yeiner,

1978).

It seems likely that this sort of detailed analysis in the

rat would reveal a similar complexity in the composition

of marker-bearing subpopulations. Such analysis has been

hindered by the absence, until ve^y recently, of reliable

markers for rat T cells. So far, no rat T-cell receptor

analogous to the receptor for sheep erythrocytes on most

human T cells (Jondal et a1., 1972) has b een found.

Neithei is there a generally accepted T-cell specific

alloantigen system equivalent to Thy-I in mice (Raff,

1971).

Early investigations with xenoantisera, to rat thymocytes
♦

in mice, (Potwo rowski and Nairn, 1968) and. in rabbits

(Colley et al., 1970a,b), produced antisera to antigens

found on subpopulations of thymus cells but on a few, if

any, peripheral lymphocytes. However, later reports

described horse and rabbit antisera, produced by

immunisation with thymocytes (Balch and Feldman, 1974;

Sanderson and Franks, 1974), thoracic-duct lymphocytes

(Goldschneider and McGregor, 1973; Balch and Feldman,

1974) or nylon-column-purified lymph-node T lymphocytes

(ishii et al., 1976) which reacted with almost all thy¬

mocytes and a proportion of lymphocytes



from peripheral lymphoid organs. T-cell specificity was

proved in several ways. Sera were shown not to react

with cells which, in double-stain immunofluorescence, were

smlg-t- (presumed B lymphocytes) (Balch and Feldman, 1974).
Some sera were shown to react with a proportion of spleen

and lymph-node cells inversely related to the proportion

of smlg+ lymphocytes, and to stain only the thymus-

dependent areas of lymphoid tissue (Goldschneider and

McGregor, 1973; Ishii et al., 1976). Specificity was

also tested functionally: lymphocytes treated with the

antiserum and complement were unable to respond to

phytohaemagglutinin in vitro or to induce graft-versus-host

responses in vivo (ishii et al., 1976).

Alloantisera to the AKR mouse T-cell and thymocyte

alloantigen Thy-I.I cross-react with rat brain and rat

thymocytes (Douglas, 1972, 1973; Acton et al. , 1974).
Peter et al. (1973) found that antisera to rat brain

killed thymocytes but not peripheral lymphocytes, although

the anti-brain serum produced by Roy et al. (1976)

apparently had activity against peripheral lymphocytes,

particularly T-cell-enriched populations. Though

several laboratories have reported that antisera specific

for rat T cells can be made by xenoimmunisation, it is

fair to say that the approach has yielded no generally

accepted T-cell marker. The specificity of such polyclonal

antisera is often open to doubt; they are likely to contain



antibodies -which are functionally silent in some tests of

T-cell specificity, such as lymphocytotoxicity, but active

in other tests, such as immunofluorescence. This problem

has been spectacularly avoided by using monoclonal antibody

secreted by a clone of hybrid cells generated by in-vitro

fusion of myeloma cells with mouse cells making antibodies

to rat thymocyte membrane (Vil liams et al.. 1978). This

antibody appears to recognise determinants found on T cells

with helper or graft-versus-host activity but absent from

one type of suppressor T cell (White et al .. 1978).

Another fruitful means of raising antibodies to rat T cells

is likely to be by alloimmunisation of histocompatible

strains . This approach has barely begun, although it is

fundamental in studies of T-cell specific antigens,

particularly Ly antigens, in mice (Cantor and Boyse, 1977) .

Howard and Scott (1974) produced alloantisera in two AgB5

strains and noted that thoracic-duct lymphocytes which
*

incorporated large amounts of radioactive uridine - a T-cell

characteristic in the rat - were sensitive to these sera.

Thymocytes were not. Lubaroff and colleagues have taken

this approach further: cells treated with complement and

an alloantiserum raised betweem Ag-BI strains could not

respond to phytohaemagglutinin (Chi and Lubaroff, 1973a,b),
and on passive transfer failed to respond to a thymus-

dependent antigen (Feldbush and Lubaroff, 1975). The sera

were weak and had to be used at high concentration, but

using complement from rabbits, instead of the guinea pig

serum used by Howard and Scott (1974), improved cytotoxicity



for thymocytes to almost 100$; varying proportions of

cells in other lymphoid tissues were killed (Lubaroff,
1977) .

An observation likely to be of great practical value, if

confirmed, is that, like human T cells, rat T cells have

a receptor for Helix pomatia haemagglutinin (HP) which is

uncovered by neuraminidase treatment (Swanborg et al..

1977). T-cell specificity in these experiments was

suggested by fractionation of spleen cells on HP-

1Sepharose' columns; the cells which emerged from the

column were enriched for Ig-bearing B lymphocytes.

A summary of the proportions of T lymphocytes detected in

rat lymphoid organs by different methods (table Il/l) shows

fairly good agreement: nearly all thymocytes, 50-80$ of

lymph-node cells, 30-45$ spleen cells, and very few bone-

marrow cells have T-cell specific markers. T cells in the

mouse have a similar distribution and similar proportions

in the lymphoid organs (Raff, 1971) .

I1/2 AIM OF THE EXPERIMENTS

The experiments described in this chapter examined the

relationship between the deficit of T lymphocytes in Tx-X

rats and the development of autoimmune thyroiditis. The

T-ceil depletion in Tx-X rats had been previously judged

only by the absence of a blood lymphocyte response to

phytohaemagglutinin (Penhale et al.. 1973).



Table Il/l Percentage of T lymphocytes in lymphoid

organs of the rat

Detected by: Thymus Lymph
node Spleen TDL

Bone-
marrow

Reference

Antisera to:

TDL 99 81 50 87 13 (I)

96 53 33 n.t„ 2 (2)

Thymocytes 80-90 70 nx n.t. n.t. (3)

90 78 45 n.t I (4)

Al loantigens 100 55 33 33 5 (5)

H. •pomatia
haemaeelutinin
receptors

81-94 48 32 nf. nt (6)

TDL : thoracic-duct lymphocytes

n.t.: not tested

Ref erences

(1) Goldsehneider and MacGregor, 1973

(2) Balch and Feldman, 1974

(3) Sanderson and Franks, 1974

(4) Ishii et al., 1976

(5) Lubaroff, 1977

(6) Swanborg et al. , 1977



Three experiments -were done

(1) The production of a T-cell specific xenoantiserum

was attempted.

(2) The proportion of T cells, Fc+, CR+, and smlg+

cells in the organs of Tx-X rats was determined.

(3) Whether or not reconstitution with normal but

T-cell-depleted lymphocytes protected Tx-X rats

against thyroiditis was investigated.

Il/3 METHODS

Il/3/l Laboratory Animals

Male and female FVG/c rats were obtained from the Department

of Veterinary Pathology, University of Edinburgh, or from

our own breeding colony which derived from that source.

The rats were inbred. They were housed in groups of similar

age composed of the same sex. Normal rats were used at

8-14 weeks of age.

Female New Zealand White rabbits aged 6-9 months were obtained

from Animal Suppliers Ltd., London.

Male and female White Leghorn chickens, obtained from the

Poultry Research Centre, Edinburgh, when I day old, were

used at 5-12 weeks of age.

A single male sheep was used throughout the study. Young

adult male and female mice of a variety of strains were

obtained from the Animal House, Institute of Animal Genetics,

University of Edinburgh.



All animals were maintained in conventional animal house

conditions with free access to food and water.

H/3/2 Thymectomy and Irradiation

This procedure was designed to deplete circulating T cells

and was based on the method of Harding et al. (1971) . It

was fully described by Penhale et al. (1973) and Penhale,

Farmer, and Irvine (1975). Female PVG/c rats anaesthetised

with sodium barbitone were thymectomised immediately after

weaning (at 3 weeks of age) by an adaptation of the suction

method (Miller, I960). The timing of thymectomy and

irradiation is shown in fig. i/l. For irradiation the rats

were restrained in polystyrene boxes. Two irradiation

protocols were used: irradiation 75 cm from the source at

66.4 rad/min from a Vestinghouse unit run at 230 kV and

15 mA with 0.5 mm copper and 1.0 mm aluminium filters; or

irradiation 87 cm from source at 42 rad/min from a Siemens

Stabiliplan unit run at 250 kV and 15 mA with 0.2 cm copper

filters. Four doses (200 rad per dose) were given at 2

weeks apart starting 14 days after thymectomy. Animals

were killed 60 days after the final irradiation. Any with

remnants of thymic tissue were eliminated from the study.

No ectopic thymus was ever found in Tx-X rats.

II/3/3 Thoracic-duct Cannulation

A polythene cannula was inserted into the thoracic duct of

male Wistar rats, exactly as described by Ford (1973) .

Lymph was allowed to drain for 2-3 days into heparinised



Dulbecco's phosphate-buffered saline (PBS) at 4°C.

Lymphocytes were obtained by centrifugation.

Thoracic-duct lymphocytes from (HO x DA)Fj and Vistar rats
were also kindly supplied by Dr N. Anderson, Department of

Surgical Science, and Dr E. Bell, formerly of the Department

of Pathology, University of Edinburgh.

I1/3/4 Preparation of Rat Tg

The method was described by Penhale, Parmer, and Irvine

(1975). Thyroid glands were dissected from rats of all

available strains, pooled, and stored at -20°C. When

thawed to 4°C, the tissue was slowly homogenised in cold

0.9/O sodium choride solution (6.0 ml solution/ 1.0 g

tissue) for 5 min with a Silverson mixer and the homogenate

was magnetically stirred overnight at 4°C. Once decanted

from coagulated fibrous tissue, the solution was centrifuged

(60,000g for 60 min at 4°C), and the supernatant was

collected, avoiding the lipids adherent to the side of the

tube. The solution was warmed to 25°C, saturated ammonium

sulphate (pH 7.0) was added to 40^ saturation, and the mixtur

was held at 25°C for several hours. The resultant Tg

precipitate was sedimented at 2000g for 15 min, dissolved in

three times its volume of distilled water, and dialysed

against distilled water for 24 h. The preparation was

lyophilised in a centrifugal freeze-drier.



Il/3/5 Anti-Tg Antibodies

These were detected with a tanned-cell micro-

haemagglutination method. Sheep erythrocytes (SRBC) were

washed three times and diluted to 10% in phosphate buffer.

I ml tannic, acid solution (500 mg/ml in phosphate buffer)
was mixed with 10 ml 10% SRBC suspension and 5 ml phosphate

buffer and held at 37°C for 30 min with occasional mixing.

After three washes in phosphate buffer a 10% suspension

of tanned cells in phosphate buffer mixed with an equal

volume of rat Tg solution was held at 37°C. (The required

concentration of each Tg preparation was determined by

assessing the capacity of an SRBC-absorbed rat serum known

to contain anti-Tg antibodies to agglutinate Tg-coated SRBC

prepared with Tg solutions at 10-500 mg/ml. 100 mg/ml was

usually optimal). Control tanned cells were incubated in

buffer. 2 h later, Tg-coated cells were washed three times

in large volumes of phosphate buffer and both tanned cells

and tanned, Tg-coated cells were resuspended at 2% in borate-

succinic acid buffer.

Microagglutination tests were done by the Takatsy procedure.

0.02 ml.volumes of 2% Tg-coated SRBC were mixed with 0.02 ml

volumes of serum diluted two-fold in borate-succinic acid

buffer. After 2-3 h at room temperature, the degree of

agglutination in each microtitre tray well was assessed with

a magnifying mirror. Each test included several controls:

tanned SRBC and Tg-coated SRBC in buffer, and in rat serum



known to contain anti-Tg antibodies; and tanned SRBC

incubated in the highest concentration of each tested

serum.

II/3/6 Anti-erythrocyte Antibodies

SRBC or chicken erythrocytes (CRBC) were washed in PBS

and diluted to 1% in PBS containing 0.1% bovine serum

albumin. 0.2 ml of cell suspension was mixed with 0.2 ml

of antiserum dilured in the supplemented PBS and the cells

were allowed to settle at room temperature in the wells of

a microtitre tray.

Vhen the optimal subagglutinating dilution of an antiserum

was required, incubation was at 37°C and the cells were

aspirated and washed before being examined microscopically

for signs of agglutination.

II/3/7 Histology

Routine histological procedures were kindly carried out

by Mrs S. Dagless and Mrs S. Titterington. Larynxes with

thyroid lobes in situ were removed from exsanguinated rats

and fixed in neutral buffered formalin for a minimum of

24 h. 5 pm transverse sections were cut alt several levels
from the thyroid tissue and stained with haematoxylin and

eosin. Sections were mounted and the slides were coded to

allow their examination without knowledge of their origin.

Both lobes of the thyroid were usually examined and the



severity of thyroiditis, judged from study of 4-8 sections,

was graded as:

(1) occasional foci of thyroiditis;

(2) multiple but discrete foci;

(3) diffuse infiltration with some loss of follicular

structure;

(4) diffuse infiltration with complete loss of

follicular structure (fig. Il/l).
Normal thyroid gland architecture was scored as 0 (fig.Il/l).

II/3/8 Rabbit anti-Lymphocyte Sera

g
Rabbits were immunised intravenously with 10 thoracic-duct

9
lymphocytes or 10 thymocytes at intervals of 14 days and

bled out when the antibody titre was sufficiently high.

Sera were heated at 56°C for 45 min and absorbed twice

with a one-third volume of washed packed liver homogenate

and twice with a one-third volume of washed, packed,
*

o
buffy-coat-free erythrocytes. Sera were stored at -20 C

in small volumes.

The globulin fraction of anti-thoracic-duct-lymphocyte

serum was obtained after a double precipitation with I+l/3
volume of 28^ sod ium sulphate. The resultant precipitate

was redissolved in the original volume of PBS and

dialysed overnight against PBS at 4°C. Small volumes

were stored at -20°C.
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Fig.Il/l Histological appearance of the thyroid
gland in the normal rat (above) and in a Tx-X rat
with thyroiditis (H & E, x 80).

Thyroid destruction is extensive (pathology score

4+) and only isolated areas of colloid remain.



11/3/9 Complement

Mouse serum was the source of complement in the rosette

assay for CR+ lymphocytes, Blood drawn by cardiac puncture

from mice killed quickly in CO^ "was allowed to clot at 4°C
for 4 h and the resultant serum was stored in small volumes

at -40°C. Before use, serum was thawed quickly and absorbed
O N

at 4 C with an equal volume of washed, packed SRBC. To

determine the optimum dilution for use, lymphocytes were

rosetted with IgM-sensitised SRBC incubated with serial

dilutions of each batch of mouse serum (i/l, l/2, 1/3, etc.).

Increasing serum concentrations produced progressively higher

proportions of rosette-forming cells (RFC) until a plateau

was reached. The optimum concentration was the next-to -

lowest giving a plataau value (usually l/3).

The source of complement in lymphocytotoxicity assays was

freeze-dried guinea-pig serum (Vellcome) which was

reconstituted to a serum dilution of I/IO and stored before

use in small volumes at -40°C for no more than 14 days.

At i/lO dilution guinea-pig serum was toxic for rat

lymphocytes, particularly thymocytes. This phenomenon

is well known and may be caused by activation of the

alternate pathway of complement (Kierszenbaum and Budzko,

1977). To determine the optimum concentration of each

batch of serum, lymphocytotoxicity tests were done with

lymph-node-cell targets and the effectiveness of serial

dilutions of guinea-pig serum as complement were compared.

The dilution of> serum which consistently gave the greatest

difference in isotope rdlease between antiserum-treated

and control-serum-treated cells was judged to minimise
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most effectively the serum's natural cytotoxicity while

maintaining complement activity.

I1/3/10 Preparation of Rat Lymphocytes

Spleens, cervical lymph nodes, and thymuses (without

adjacent lymph nodes) were removed aseptically from rats

killed rapidly in CO^ and exsanguinated. The tissue
capsules were cut with fine scissors and the organs were

placed in 15 ml round-bottomed glass centrifuge tubes

containing 5 ml Earle's balanced salt solution (Earle's

medium, EM) and gently homogenised with a polypropylene

pestle which fitted loosely into the tube. Fragments of

connective tissue were allowed to settle for 2-3 min and the

cell suspension was pipetted into 10 ml round-bottomed glass

tubes. The fragments were resuspended in 5 ml EM, allowed

to settle, and the supernatant was added to the recovered

cells.
*

To obtain bone-marrow, femurs were freed from adherent

tissue and broken open and the marrow was gently flushed out

with EM. Aggregates which resisted vigorous pipetting were

allowed to settle and the cell-containing supernatant was

collected.

All lymphoid-cell suspensions were centrifuged at IOOg for

5 min at 25°C. The pellet was suspended in 10 ml EM containing

I0?6 foetal calf serum (Gibco-Biocult) (EM-FCS), and the cells

were incubated in sterile 100 ml flat-sided glass bottles

laid horizontally for 60 min at 37°C. The non-adherent



cells were washed in EM and suspended in EM (10 ml). 0.05

ml of suspension was mixed with 0.05 ml isotonic 1% trypan

blue and the concentration of dye-excluding cells determined

3 min later. The cells were centrifuged at IOOg for 5 min

and resuspended (to the concentration required for each

test) in (I) RPMI 1640 culture medium (Gibco-Biocult)

containing 25 mmol/l N-2-hydroxypiperazine-N'-2-

ethanesulphonic acid (HEPES), 20 mmol/l glutamine, 100

units/ml penicillin, and 100 ug/ml streptomycin; or

(2) in EM. The suspensions were stored in ice until

needed (seldom more than I h) .

Il/3/lI Lymphocytotoxicitv Tests

In some experiments an isotope-release assay based on that
7of Greaves et al. (1969) was used. 10 viable lymphocytes

in 0.5 ml RPMI were incubated with 0.05 mCi sodium (^Cr)-
chromate for 30 min at 37°C, washed in RPMI, and held at
o ' 5

4 C for 30min. After two more washes 10 cells in 0.1 ml

RPMI were mixed with 0.1 ml antiserum (diluted in RPMI)

in small plastic tubes (Luckham) and 0.1 ml guinea pig

serum (appropriately diluted in RPMI) was added. As a

control for antiserum, normal rabbit serum absorbed with

liver, erythrocytes, and thymocytes was used at the highest

concentration. Cells were also incubated with the highest

concentration of antiserum and heat-inactivated complement.

Total releasable isotope was assessed by adding cells to

0.2 ml fresh rabbit serum (undiluted) which was naturally

cytotoxic for all rat lymphocytes. After 60 min incubation

at 37°C, I ml ice-cold EM was added to each suspension which



■was mixed and centrifuged at 200g for 5 min. A 0.5 ml

sample of supernatant was removed and the activity of the

sample (S) and of the residue (R) was counted in a well-

type gamma counter (Vallac). Mean values of S and R were

calculated from duplicate or triplicate cultures.

% isotope release (T) was calculated as (S x 2.6/S+R) x 100

and % cytotoxicity was calculated as T (antiserum)
-T (control serum)/T (maximum releasable) - T (control serum)

x 100. T (control serum) was 5-10^ and T (maximum releasable)

was 85-95^.

In some cytotoxicity tests a trypan blue exclusion test was

5
used. 0.1 ml RPMI containing 10 lymphocytes was incubated

with 0.1 ml rabbit anti-lymphocyte serum or absorbed control

serum and 0.1 ml guinea-pig complement (all dilutions in

RPMl). After 60 min at 37°C, the tubes were placed in ice.

0.1 ml isotonic lf° trypan blue was added and after 3 min

the proportion of dye-excluding cells was determined.

% cytotoxicity was calculated as % dye-stained cells in

antiserum - % dye-stained cells in normal serum (which was

always less than 7%).

Il/3/l2 Detection of Smlg+ Cells

Fluorescein-conjugated rabbit antiserum to rat immunoglobulins

(FITC-anti-Ig) (Nordic) was absorbed with an equal volume

of washed thymocytes at 4°C for 60 min, centrifuged at

I0,0C0g to remove aggregates, and stored at -40°C.

3 x 10 washed lymphocytes were spun to a pellet in RPMI,



resuspended in 0.05 ml FITC-anti-Ig (diluted in ice-cold

PBS), and incubated at 4°C for 30 rain. After three washes
in ice-cold PBS the cells were resuspended in 0.1 ml PBS

and a drop was placed on a glass slide under a coverslip.

The edges of the coverslip were sealed with clear nail varnish.

Slided were coded by a colleague (two from each sample) and

were kept at 4°C before examination on a Zeiss microscope

with vertical illumination (Osram HB0-200 mercury vapour

lamp). Each field was examined by phase contrast for

assessment of the number of lymphocytes present and then by

epi-illumination for assessment of the number of cells

stained by FITC-anti-Ig. "Caps" and surface spots of

variable size, like those described by Taylor et al. (1971),
were seen. Any polymorphonuclear leucocytes, monocytes, or

plasma cells were not counted. 200-300 lymphocytes on

each slide were counted and the percentage of, smlg-f- cells

was recorded.
*

■9

Each batch of FITC-anti-Ig was titrated. The proportion

of cells stained by the antiserum maintained a plateau over

a range of concentrations and then dropped with increasing

dilution. A serum concentration which produced a plateau

level of stained cells was chosen for subsequent use.

II/3/I3 Detection of Fc+ Cells

Rabbit antiserum to CRBC was raised by intramuscular

immunisation at three 21-day intervals with 0.2 ml packed,

washed CRBC emulsified in an equal volume of Freund's

Complete Adjuvant (Difco). Serum was collected 21 days

later and heat-inactivated at 56°C for 45 min.



A 2 ml sample of the antiserum was fractionated by conventional

gel chromatographic methods (equipment supplied by LKB) on a

3 ft x V-jz in "Sephadex G200" (Pharmacia) column (kindly done

by Dr T. Barkas). The IgG and IgM fractions were eluted in

PBS and concentrated to 2 ml by vacuum dialysis. The

optimal subagglutinating dilution of both the unfractionated

antiserum and its IgG fraction was i/lO. The IgM fraction

had no agglutinating activity.

The rosette assay was modified from that of Parish and

Hayward (1974a). Fresh heparinised (10 units/ml) chicken

blood was washed three times in PBS and diluted to Irfo in PBS

(approximately 10 /ml) . A small volume of suspension was

added to an equal volume of antiserum (either whole serum

or IgG fraction) diluted I/lO in PBS. After 30 min at

37°C, followed by three washes in HI, sensitised CRBC were

diluted to I%. 0.1 ml of this suspension was mixed with

2 x IC^ lymphocytes in EM (0.1 ml) and the suspension was

gently agitated at 37°C for 15 min. It was then placed in

ice until needed (up to 15 min). Controls with unsensit-

ised CRBC were included in every experiment. The cells

were firmly resuspended by pipetting, drops of suspension

were placed under a coverslip, and 300-400 lymphocytes were

scanned by light microscopy (x4O0magnification). The

proportion of rosette-forming cells (RFC) - i.e., thoise

which bound three or more CRBC - was noted. The % RFC

in the control was subtracted to give a final value but

the control value was usually less than 1%.



Preliminary experiments determined the rosette formation by

spleen cells with CRBC sensitised with either whole antiserum

or its fractions (IgG and IgM) . IgM-sensitised CRBC did

not bind to lymphocytes, as reported by Basten et. al . (1972).
With CRBC sensitised with whole antiserum or with IgG antibodi

20-25% spleen cells formed rosettes. Thus only IgG anti¬

bodies appeared to contribute to rosette formation and the

whole antiserum seemed as efficient in the detection of RFC

as the purified IgG fraction. Parish and Hayward (1974a)

described an antiserum with similar properties. In

subsequent experiments CRBC were sensitised with whole

antiserum and RFC were considered to have receptors for the

Fc portion of IgG.

II/3/I4 Detection of CR+ Cells

Rabbit antiserum to SRBC (Wellcome; lot no. K8903) was

fractionated by conventional gel chromatographic methods

(equipment by LKB) on a 3 ft x I1^ in "Sephadex G200"

(Pharmacia) column and the proteins were eluted with PBS at

4°C. The fractions in the IgM peak were pooled without

concentration and small volumes were stored at -40°C to be

used only once. The optimal subagglutinating dilution

of this reagent was l/40.

The rosette assay was essentially that of Parish and Hayward

(1974a). Heparinised (100 units/ml) sheep blood, drawn less

than 4 days previously, was washed three times in PBS and

diluted to I% in PBS (approximately 2 x 10 /ml). A small

volume of this suspension was incubated in an equal volume
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of rabbit anti-SRBC IgM (1/4O) for 15 min at room

temperature. The cells vere washed three times and re-

suspended to I% in PBS. An equal volume of diluted mouse

serum was added. After 30 min incubation at 37°0, the

sensitised SRBC were washed three times in EM and diluted

to I0.1 ml SRBC was mixed with 2 x 10^ lymphocytes in

0.1 ml EM and the suspension was gently agitated at 37°C for

15 min. It was placed on ice until needed. Controls with

SRBC sensitised only with IgM antibody were included in every

experiment. RFC (cells binding four or more SRBC) were

counted as described in II/3/1.3. There were usually less

than 1% RFC in the controls.

11/4 RESULTS

In experiments preceding those described in this chapter
j

anti-Thy I.I serum (Searle) was found to react poorly with

peripheral lymphocytes although most thymocytes were killed

by it. Rabbit anti-brain sera were raised but these, too,

killed most thymocytes and only a few peripheral lymphocytes

after absorption with normal bone-marrow, liver, and

erythrocytes.

Il/4/l Cytotoxicity of Anti-lvmnhocvte Sera

After absorption with liver and erythrocytes, anti-

thymocyte sera typically killed almost all thymocytes and

a proportion of lymph-node and spleen cells but high



concentrations were needed, suggesting that the sera were

too weak to make worthwhile any attempt to increase

specificity by further absorption. Instead, an anti-

thoracic-duct-lymphocyte serum which killed more cells over

a wider range of concentrations was absorbed with normal

bone-marrow cells. This procedure reduced the serum's

killing capacity for all target cells, including thymocytes.

As an alternative, the serum was absorbed with bone-marrow

from Tx-X rats (four times, each time for 60 min at 4°C with

a one-fifth volume of packed cells). The antiserum then

had a differential cytotoxicity towards lymphocytes from

different organs but with a marked prozone, suggesting that

it had become anti-complementary at high concentrations.

Whether cytotoxicity at any dilution was free from

interference was thus uncertain and so the globulin fraction

was prepared from unabsorbed serum and the absorption was

repeated - i.e., liver, erythrocytes (twice each), and four
*■

*

times with Tx-X bone-marrow. The reagent obtained - bone-

marrow absorbed anti-lymphocyte globulin, (BM abs ALG) - had

to be used at high concentrations and was optimally effective

over only a narrow range of concentrations but it had a

differential cytotoxicity towards lymphocytes from different

organs (fig. Il/2). The plat eau level of cell death, at

dilutions i/lO and l/20, was 70-80% for thymocytes, 50-60%
for lymph-node cells, 30-40% for spleen cells, and 15-20%
for bone-marrow cells.

Two absorptions with a one-third volume of packed thymus

cells reduced the cytotoxicity of BM abs ALG to less than

10% with target cells from all lymphoid organs.
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Il/4/2 Effect of BM abs ALG on Smlg+ Cells

Pooled lymphocytes from 3 normal rats vere incubated with

complement and either BM abs ALG (diluted i/lO) or the

globulin fraction of normal rabbit serum (NRG) absorbed

■with liver, erythrocytes, and thymocytes, and diluted i/lO.
After incubation, the proportion of dye-excluding cells in

each tube was determined and the mean of triplicate assays

determined. Replicates were pooled and the percentage of

s'mlg+ cells in the remaining suspension was determined.

The fluoresceinated rabbit anti-rat Ig serum was absorbed

before use with an equal volume of packed erythrocytes and

an equal volume of buffy-coat leucocytes from the rabbit

donor of BM abs ALG (30 min at 4°C).

In each of five experiments (table Il/2), smlg+ spleen and

lymph-node cells were enriched by treatment with BM abs ALG,

forming 80-90% of the remaining cells. The proportion of

smlg+ cells in controls, in which cell death was small and

non-selective, was inversely related to the proportion of

cells killed by BM abs ALG; together these proportions

accounted for nearly all the cells in the suspension

(88-99% lymph-node cells and 80-100% spleen cells) (table

II/2).

These results strongly suggested that the populations of

BM abs ALG-susceptible cells and smlg+ cells did. not

overlap. BM abs ALG seemed to have a differential cytotoxic

effect on T lymphocytes.
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Table J.l/2 Effect of BM abs ALG on smlg+ cells

Lymphocytes
from

fo killed by
BM abs ALG *

f° smlg+ cells left after:
BM abs ALG NRG

Spleen 46 93 55

Spleen 38 91 42

Spleen 42 82 40

Lymph node 56 92 33

Lymph node 58 93 30

± Corrected for cell death in normal rabbit globulin (NRG)
(less than 5%).



54

Il/4/3 Cytotoxicity of BM abs ALG for Spleen Cells

from Tx-X Rats

Spleen cells from 9 normal and 15 Tx-X rats were tested in

isotope release assays with BM abs ALG diluted at i/lO and

l/20. NRG at the same dilutions was the control.

Thyroiditis (mean score 1.8 - 0.4) and thyroid autoantibodies

(mean log2 titre 8.0 i 2.1) were detected in 7/l5 Tx-X rats.

At i/lO and l/20 dilutions, BM abs ALG killed significantly

more normal cells than cells from Tx-X rats with and without

thyroiditis (table Il/3). At both dilutions BM abs ALG
■ftMJtr

killed more Tx-X cells if the cell donors had thyroiditis.

The subset of cells recognised by BM abs ALG was thus reduced

in all Tx-X rats but remained in substantially greater-

numbers in rats without thyroiditis than in those with the

disease.

*

II/4/4 Effect of BM abs ALG on Protecti on Against

Thyroiditis by Normal Lymphocytes

910 normal lymph-node cells were incubated with 1,0 ml

BM abs ALG (diluted l/5) and 1.0 ml diluted complement

for 60 min at 37°C. 51$ of the cells were killed (trypan
\ 9blue exclusion). 10 cells were also incubated in medium

and complement and 5$ died. After two washes, 10^ of the

remaining BM abs ALG-treated cells were injected intra-

peritoneally into each of four Tx-X rats I day after the

completion of the thymectomy and irradiation schedule.



Table Il/3 c/o cytotoxicity (mean - 3.D.) of BM abs ALG

for Tx--X spleen cells

BM abs ALG BM abs ALG

Spleen cells from dilution l/lO dilution l/20

Normal rats (10) 46 - 10 37 - 12

Tx-X rats

Vith thyroiditis (j) 19-2 (P<0. 01) 14 t 5 (p<o. 01)

¥ithout thyroiditis(8) 34 - 6 (P<0. 01) 26 i 6 (P<0.05)

Figures in parentheses are number of rats in each group.

P values refer to corresponding values given by cells from

normal rats (b l\/ilcox<yyL MrtJc sh.k>v
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5 Tx-X rats also at this stage in the schedule were each
g

given 10 of the control cells intraperitoneally and

another 5 Tx-X rats received no transferred cells.

Moderate to severe thyroid lesions and autoantibodies

to Tg were found in two of the four rats given BM abs ALG-

treated cells (table Il/4). None of the rats given control

cells had thyroid lesions or autoantibodies while all but

one of the Tx-X rats given no cells had evidence of

autoimmune changes.

Earlier experiments, described by Penhale et al. (1976),
g

had shown that 10 normal lymph-node cells given I day

after the last irradiation could protect Tx-X rats against

thyroiditis. This experiment confirmed that finding and

showed that the cells responsible for transferring

resistance to thyroiditis were sensitive to BM abs ALG-

treatment.

"9

II/4/5 Fc+, Smlg+ and CR+ Cells in Tx-X Rats

/ smlg+ lymph-node cells was 34 - 5% (mean - SD) in 8 normal

rats and 60 - 7°/° in 8 Tx-X rats with thyroiditis (mean score

2.9 - 0.3) and thyroid autoantibodies (mean log2 titre
13.5 - 6.8). Spl eens of 13 normal rats contained 34 i 7f°
CR+ and 24 - 10/ Fc+ lymphocytes while spleens from 15 Tx-X

rats contained 48 - 8/ CR+ and 40 - 9/ Fc+ lymphocytes (P<0.0l
for all compared with normal). 8 of the 15 Tx-X rats had

thyroiditis and Tg autoantibodies (details above).

* Vji!coycrri A*nJ( fu*1



Table Il/4 Effect of BM abs ALG on protection against

thyroiditis by normal lymphocytes

Transferred cells Rat no. Thyroid Antibody to rat
treated vith: pathology Tg (log9 titre)

BM abs ALG I 3 8

2 I 4

3 0 0

4 0 0

Medium 5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

No treatment 10 0 0

II 3 7

12 3 7

% 13 4 13

14 I 0

Prom Penhale etal. (1976)



In the spleens of these animals there were 52 - 5^ GR+ and

44 - 8i° Fc+ lymphocytes. Both these values were

significantly higher (P4 0.02) than the equivalent in Tx-X

rats without thyroiditis (43 - 8% and 35 - 6%, respectively).

Clearly, thymectomy and irradiation induced significant

increases in the proportions of Fc+ and CR+ lymphocytes,

and the development of thyroiditis was associated with

particularly large increases.

Il/5 DISCUSSION

Four results suggested that BM abs ALG was selectively

cytotoxic for T lymphocytes: (i) smlg+ cells, presumed

B lymphocytes, were enriched by treatment with BM abs ALG

and complement; (2) B cells and BM abs ALG-sens itive cells

together accounted for almost all the cells in spleen and

lymph nodes; (3) there were different proportions of

BM abs ALG--sensitive cells in different lymphoid organs;

(4) the proportions of BM abs ALG-sensitive cells in thymus,

spleen, lymph nodes, and bone marrow (fig. Il/2) were

similar to the proportions of T cells found by other

investigators in these organs in the rat (table Il/l).

In their distribution - fewest in bone-marrow with

progressively increasing /proportions in spleen, lymph node,

and thymus - BM abs ALG-sensitive cells were similar to

T lymphocytes in mice (Raff, I97l). But they were more

abundant in bone-marrow (15-20^ cytotoxicity) than are

T cells in mouse bone-marrow. This was also true of the

cells reactive with the anti-rat T cell serum produced by



Goldsehneider and McGregor (1973). Perhaps these rabbit

antisera detected some determinants common to rat

thymocytes and bonemarrov cells. Villiams (1976) has

shovn that Thy-I.I antigen has this characteristic.

The conclusion that BM abs ALG-insensitive smlg cells were

B cells must be criticised on technical grounds. In man,

and probably also in mice (Abo et a1. , 1976), a "third

lymphocyte" population - without T cell markers or true

endogenous surface Ig - can be falsely scored as smlg+ cells

Whole arti-Ig antibodies bind either to the very avid Fc

receptors on these cells or to the cytophilic IgG retained

on these receptors when the cells are isolated at low

temperature (Winchester et a1., 1975; Lobo et al., 1975).
A similar population of Fc+ cells seems likely to exist in

rats. These experiments employed whole anti-Ig antibodies.

Cytophilic IgG was probably not detected because, after

isolation, lymphocytes were incubated at 37°C in the absence
■*>

of rat serum for 60 min, condixions which allow IgG to elute

(Winchester et al., 1975; Lobo et al., 1975). But the

smlg+ BM abs ALG-insensitive cells may have included non-B

cells labelled by Fc-receptor-bound whole anti-Ig antibodies

Some of these may have been Fc+ T cells: after some

controversy their existence is now accepted (Parish, 1975;

Dickler, 1976). If, as in mouse spleen, 10-15^ of rat

T cells are Fc+ (Parish, 1975) and none were killed by

BM abs ALG, a maximum of 5of the Ig+ rat spleen cells

remaining after BM abs ALG treatment may have been T cells.

The remainder were probably a mixture of true B cells and



cells of the "third lymphocyte" population.

.From this indirect evidence, it seems reasonable to conclude

that BM abs ALG killed most T lymphocytes selectively.

Because only a small amount of veil-characterised BM abs ALG

was available, a direct test of this conclusion - the

response to a thymus-dependent antigen in thymectomised,

lethally irradiated rats reconstituted with BM abs ALG-

insensitive lymphocytes - was not done.

Thymectomy and irradiation was expected to reduce the

proportion of T lymphocytes. Penhale et al. (1973) found

that blood lymphocytes from Tx-X rats totally failed to

respond to the T-cell mitogen phytohaemagglutinin. The

studies with BM abs ALG, however, established that Tx-X

rats had some residual T cells, at least in the spleen.

The existence of these residual cells had been previously

only inferred from the fact that some Tx-X rats mad^

autoantibodies to Tg, for which T cell help is required

(Clagett and Veigle, 1974). But the rats which did not

have thyroiditis and Tg autoantibodies appeared to have

half as many more residual T cells as had those with

autoimmune changes.

This conclusion was supported by the studies of CR+ and

Fc+ lymphocytes. In man, as discussed in Il/l, CR-t-

lymphocytes are almost all B cells and Fc+ lymphocytes

are mostly cells of the "third lymphocyte" type with a

small proportion of B and T cells. CR+ and Fc+ human

lymphocytes are thus largely non-T cells and this is



likely to be true of rat lymphocytes too. The observation

that rats without thyroiditis had smaller proportions of

CR+ and Fc+ lymphocytes in the spleen than those with

thyroiditis is thus consistent with the BM abs ALG studies

in suggesting that thyroiditis did not develop in Tx-X rats

with a larger residual population of T cells.

g
Penhale et al. (1976) found that 10 lymph-node cells given

intraperitoneally one day after the last irradiation

protected Tx-X rats against thyroiditis. The transfer

experiment described in this chapter showed that the

protective effect of lymph-node cells was lost when

BM abs ALG-sensitive T cells were removed. Normal T cells

thus seemed to be involved in suppressing the anti-Tg

response in Tx-X rats and the development of thyroiditis.



ANTIBODY-DEPENDENT CELL-MEDIATED CYTOTOXICITY

BASIC AND ULTRASTRUCTURAL STUDIES



Ill/l INTRODUCTION

Leucocyte-mediated cytotoxicity in vitro is often

non-specific but there are two pathways to specific

target-cell death. Immunisation can generate a T

lymphocyte subpopulation with antigen-specific receptors,

which recognise, bind to, and destroy target cells carrying

the relevant antigens (reviewed by Cerottini and Brunner,

1974; Henney, 1973; Henney, 1977). Alternatively, or in

addition, immunisation may generate antibodies which by

binding to antigens on target cells make the targets

vulnerable to attack by non-immune cytotoxic cells.

Recognition in this system is non-specific, through receptors

for antigen-complexed antibody, but cytotoxicity is given

selectivity and direction by the specificity of the

antibodies.

Antibody-dependent cell-mediated cytotoxicity (ADCC) has

been intensely studied in a large number of in-vitro systems.

Target cells have been tumour cells, erythrocytes, iympho-

blastoia cells, virus-infected cells, and parasites;

xenogeneic, allogeneic, and syngeneic combinations of

leucocytes and target cells have been used. A mass of

frequently conflicting data has emerged and has been

discussed in several reviews (Perlmann and Holm, 1969;

MacLennan, 1972a; Perlmannf Perlmann, and Vigzell, 1972;

Cerottini and Brunner, 1974; Perlmann et_al., 1976;

Dickler, 1976).
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Inducing Antibodies

ADCC is induced by IgG antibodies to intrinsic target-cell

membrane antigens or antigens coated on to carrier cells

(Per lmann and Holm, 1969) and in some systems by IgM

antibodies (Dennert and Lennox, 1973; Vahlin et al. , 1976;

Lairion et al. , 1978). Not all IgG subclasses are equally

effective: guinea pig Ig&2 induces ADCC but IgG^ does not
(Chapuis and Brunner, I97l) and human IgG subclasses 2 and

4 appear to be less efficient than are subclasses I and 3

(Speigelberg et al. , 1976).

Anti-target-cell antibody and effector cells need not come

from the same mammalian species although some species

combinations are more effective than others - rabbit anti¬

body for example, can more effectively trigger rat spleen

effector cells than can rat antibody with the same hapten-

binding capacity (imir et al., 1976).

IgG-inuuced ADCC proceeds only if the Fc fragment of the

anti-target-cell antibody is intact (Larsson and Perlmann,

1972; Moller and Svehag, 1972; Gelfand et al., 1972) which

implies that the effector cells of .ADCC have receptors for

Fc. These receptors bind Fc more effectively if the

antibodies have been structurally altered by interaction with

antigen (to form immune complexes) or by aggregation. One

consequence of this is that monomeric IgG antibody induces

greater lysis when bound to target cells - only a few hundred

molecules per cell being needed for lysis (Moller and

Svehag, 1972) - than when bound to effector cells (Perlmann,



Perlmann, and Vigzell, 1972; Saksela e t al. , 1975; Imir

et a3. , 1976). A second consequence is that IgG antibodie

not directed to target-cell antigens effectively inhibit

ADCC when aggregated (MacLennan, 1972b) or when presented

as part of immune complexes in soluble form (MacLennan,

1972b) and in the form of bystander lymphocytes coated with

antibodies to cell-surface determinants (Schirrmacher et a 1

1975). A third consequence is that effector cells which

bind immune complexes made in antibody excess, with free

antibody-combining sites, become "armed" to kill target

cells of relevant antigenicity without the need for

additional antibody (Greenberg and Shen, 1973). Fc

receptors on different types of Fc+ cell differ in their

affinity for IgG (Vinfield pt a1., 1977) and the density

of antigen-antibody complexes at the target-cell surface

may influence the effector-cell type involved in killing.

The extent of lysis is dependent on this density (Lustig
and Bianco, 1976).

Are complement components Involved in ADCC? ADCC often

occurs at anti-target cell antibody dilutions far below

that able to activate exogenous complement (Perlmann and

Perlmann, 1970). C8 (and possibly C9) has an assoc¬

iation with lymphocytes which allows the cells to kill

targets carrying the C567 complex but effector-cell

treatment with anti-C8 F(ab')2 antibodies did not diminish
ADCC (Perlmann et al., 1974). C omplement components, even
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those endogenously produced thus do not seem necessary for

ADCC. But target-cell-bound complement components can

enhance cytotoxicity (Perlinann et al. , 1975; Lustig and

Bianco, 1976). Perhaps cell-to-cell contact is improved

by the recruitment of C3 receptors, which seem to be

present on at least some of the effector cells.

IIl/l/2 Effector Cells

The dependence of ADCC upon IgG antibody with an intact Fc

portion, and its abrogation by the removal of Fc+ cells -

e.g., cells which rosette with antibody-sensitised

erythrocytes (Froland and Natvig, 1973; Revillard et a1. ,

1975; Hallberg, 1974; Kedar, Ortiz de Landazuri, and

Fahey, 1974a) or adhere to antibody-coated cell monolayers

(Kedar, Ortiz de Landazuri, and Bonavida, 1974) or to

antigen-antibody-complex-coated columns (Perlmann et al. ,

1976) - show that the effector cells of ADCC are Fc+.

Because Fc receptors are ubiquitous among leucocyte sub-

populations, effector cells in most systems are heterogeneous.

Some effector cells are adherent: human blood leucocytes

and mouse spleen cells which stick to plastic or glass

surfaces are effective killers of erythrocytes (Kovithavongs
et al., 1975; Dennert and Lennox, 1973; Scornik and

Cosenza, 1974). Removal of adherent cells by incubation

on plastic surfaces, glass or plastic bead columns, or by

carbonyl-iron treatment significantly depresses the cytotoxic

activity of spleen cells of mice (Greenberg et al., 1973;



Greenberg, Shen, and Medley, 1975) and rats (Sanderson
et al. , 1975), and alters the kinetics of lysis by rabbit

spleen cells (Gelfand et al., 1972). By transmission

electron microscopy, the adherent cytotoxic cells in mouse

spleen appear to be a combination of myeloid cell types -

polymorphonuclear leucocytes and monocytes at different

stages of maturity - -which kill by a phagocytic or an

extra-cellular non-phagocytic mechanism (Penfold et al. ,

1976). When isolated, polymorphs from human blood are

effective killers (Gale and Zighelboim, 1975). Adherent

mouse or human cells readily kill erythrocytes by ADCC but

may be unable to kill nucleated mammalian cells

(Kovithavongs et al., 1975; Greenberg, Shen, and Medley,

1975).

Some effector cells are not adherent. The inactivation

of phagocytic cells by quartz ingestion significantly

increased the cytotoxic activity of the remaining cells

(Sanderson and Taylor, 1976) and removal of adherent cells

left ADCC against erythrocytes or other lymphocytes by

human effector cells undiminished (Perlmann, Perlmann, and

Wigzell, 1972; Trinchieri et al., 1975). ADCC by cells

from mice (Greenberg, Shen, Valker, Arnaiz-Villena, and

Roitt, 1975), ra ts (Sander son et al.. 1975), and rabbits

(Gelfand et al., 1972) was reduced but still apparent after

removal of the adherent population. Almost all non¬

adherent cells with lytic activity had the appearance of

lymphocytes in light microscopy (Perlmann et al., 1976) or

transmission electron microscopy (Penfold et al., 1976). The



lymphocyte-like effector cell, for which the term "K cell"
has become accepted, appears in blood but does not seem to

circulate in lymph (MacLennan, 1972a),

Some mouse K cells are Fc+ non-T, non-B cells of uncertain

lineage (table IIl/l). There is disagreement over whether

K cells fall into both CR+ and CR- subsets of these cells

(Greenberg, Shen, Walker, Arnaiz-Villena, and Roitt, 1975)
or are solely CR- (Ramshaw and Parish, 1976). This class

of K cell (which may continue to be subdivided) is found

both in athymic nu/nu mice (Greenberg, Shen, Walker, Arnaiz-

Villena, and Roitt, 1975) and in lymphocytes depleted of

Thy-I cells in vitro (Van Boxel et al., 1972; Ramshaw and

Parish, 1976). But a proportion of mouse T lymphocytes

has long been known to be Fc+ and Kimura et al. (1977) and

Lamon et al. (1978) have shown that T cells can act as K

cells against IgG-sensitised targets.

In human blood, K-cell activity segregates with the non-B,

non-T cells wnich rosette with human O-positive erythrocytes

coated with Ripley anti-CD antiserum (Froland and Natvig,

1973). Most of these cells are rhose which carry cytophili

IgG when lymphocytes are isolated at low temperature (Horwit
and Lobo, 1976). Horwitz and Garret (1977) found K-cell

activity only in the Ripley-rosette-positive CR- cells, of

which 4076 had the "la-like" antigen p23,30, 40% had antigens

defined by an anti-myeloid cell antiserum (Horwitz et al.,

1978), and the remainder were smlg+ and neuraminidase-

independent SRBC-rosetting cells. However Ault and Weiner
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Table IIl/l Characteristics of non-myeloid K cells

active against IgG-coated target cells

Man Mouse

T-cell antigens Some (I) Some (2,3)

T-cell receptors

SRBC All*
Some

(4)
+(5,17)

H.pomatia
haemagglutinin

Some (5)

B-cell characteristics

Ia antigens None

Some

(6)
(16)

None (7)

Smlg None (18) None (9)

Complement receptors Some (10) Some (9)
None (II) None (12)

Fc receptors All (13) All (9)

Intracellular enzvmes None (14,16) None (15)

Morphologv

Nuclear/cytoplasm ratio Low (14) Low (15)

Chromatin Fine (14) Dense (15)

Nucleus Central,
folded (14,16)

Eccentric.
ovoid,(15)

i Low affinity; £ high affinity
Numbers in parentheses refer to references overleaf
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Table IIl/l continued.
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(1978) found that the cytophilic-IgG-carrying cells were

20/° CR+ and only 5-10% Ia+, and 25% were cells on which

neuraminidase exposed receptors for SRBC. Vhich cells in

this heterogeneous population are the killer cells will no

doubt soon be determined. The results of Perlmann et al.

(1975) suggest that they will be both CR- and CR+ cells.

Furthermore, Vest et al. (1978) suggest that most, if not

all K cells can be separated by rosette formation with sheep

erythrocytes if the method used selects rosettes of low

affinity not detected by the customary rosette method.

The accepted technique, however, was sufficient to detect

SRBC receptors on the T cells activated by mixed lymphocyte

culture into killing alloantibody-sensitised lymphocytes

(Evans et al., 1978), a result suggesting that human T cells

like those in mouse, might act as K cells in some systems.

Most investigations of the nature of K cells have relied on

negative selection - i.e., examining the effect on ADCC of

the removal of certain cell types - combined with an isotope

release cytotoxicity assay. Cytotoxicity measured in this

way is a function of the number of effector cells in a

culture, bu+> also of their efficiency: the addition of even

a small number of very active cytotoxic cells, such as

macrophages, to less exuberant cells can strikingly alter th

kinetics and the extent of cytotoxicity (Perlmann, Perlmann,

and Vigzell, 1972; Gelfand et al, 1972). The efficiency

of any set of effector cells is likely to be determined by

the outcome of complex interactions - e.g., competition



bet-ween different types of effector cells, modulation of

Fc receptors, and the feedback effect of target cell death

upon the effectors. Zeigler and Henney (1975, 1977) have

shown how some effector cells are inactivated during ADCC.

So the observation that two sets of cells produce similar

cytotoxicity can disguise considerable differences in how

the lysis was achieved. Furthermore, negative selection

methods of cell fractionation, both in vitro and in vivo,

may remove cell types which are not necessary for ADCC to

proceed out nevertheless can contribute to it. Because the

assay method is not simply quantitative, the reduction in

the heterogeneity of the effector cells may not be detected.

Some of these difficulties have been overcome in a plaque

assay of ADCC in which the effect of K cells on monolayers

of antibody-sensitised erythrocytes can be determined

microscopically. Developed independently by Kedar, Ortiz

de Landazuri, and Bonavida (1974) from a solid-phase

immunoabsorbent method and in the ultrastructural studies of

ADCC described later in this chapter, it has been extended

by Perlmann and colleagues for the study of the surface

characteristics of cytotoxic cells. 30% of the cells which

killed IgG-sens itised erythrocytes had receptors for Helix

pomatia agglutinin, a T-cell marker exposed by neuraminidase

treatment (Vahlin _e t al. , 1976), while 5-10% of cytotoxic

lymphocytes had receptors for sheep erythrocytes (Biberfeld
et al., 1975), H% were smlg+, and 50% were CR+.

The plaque assay has also identified the killers of IgM-

sensitised target cells: few of the human effector cells



■were CR+ but 80% were smlg-negative and 60% had receptors

for H.pomatia agglutinin (Vahlin et al. , 1976). Lamon and

colleagues have found that T cells are active in cytotoxicity

against IgM-sens itised tumour target cells (Lamon et al.,

1977). It seems very likely that many of these cytotoxic

T cells will turn out to be the T cells with IgM receptors

detected in other systems (Moretta et al., 1975). A

greater awareness of the potential of T-cells in IgM-induced

cytotoxicity may well force a reassessment of the role of

antibody in some forms of immune T-cell-mediated lysis.

Newlands et al. (1978) found^unexpectedly, that immune T cell
mediated cytotoxicity to xenogeneic cells was blocked by

anti-Ig serum, suggesting that lysis was accomplished by

T cells with receptors for IgM triggered by target-cell-

sensitising antibody produced by B lymphocytes in the

culture.

Despite the controversy over the precise nature of the K

cell in IgG-dependent cytotoxicity there has always been

agreement that they form only a very small proportion of the

cells in lymphoid organs: 0.4-0.8% of mouse spleen cells

(Ramshaw and Parish, 1976), 1.5-2.5% of rat spleen cells

(Kedar, Ortiz de Landazuri, and Fahey, 1974a), and from less

than 1% (Revillard et al., 1975) to 2.5% of human blood

lymphocytes (Perlmann et al., 1976).

In summary, there is much evidence in both man and mouse that

K cells are heterogeneous. Some T cells and mature and

immature myeloid cells can contribute to ADCC, but what



seems to be the most numerous type of mononuclear Fc+

cytotoxic cell is dependent on neither thymus nor bursa-

equivalent, and is morphologically and cytochemically not

recognisably a myeloid cell (table III/l). It may be a

cell of a lineage distinctly different from that of

lymphocytes or monocytes.

IH/l/3 Mechan ism of Cytotoxicity

Kinetic studies 01 IgG-induced ADCC have shown that lysis

(^Cr release) is detectable within an hour and proceeds

linearly as a function of time (Perlmann, Perlmann, and

Wigzell, I97.2). With CRBC as targets, the lytic rate is

constant for several hours (Perlmann et al., 1976) but with

cell-line targets, lysis decreases after a few hours

(Zeigler and Henney, 1975; Trinchieri et al., 1975).

Lysis requires energy: cells treated with the metabolic

inhibitor antimycin A (Perlmann and Holm, 1.969) will not
kill. But cytotoxicity is unaffected if effector cells

are treated with inhibitors of SNA synthesis (mitomycin C),
RNA synthesis (actinomycin D) (Dickmeiss, 1974), or protein

synthesis (puromycin, eyeloheximide, chloramphenicol)

(Dickmeiss, 1974; Gale and Zighelboim, 1975; MacLennan

and Harding, 1970).

K cell killing seems divisible into a series of steps (fig.II

Binding is inhibited by agents such as aggregated IgG, immune

complexes, and Staphyloccocus aureus protein A, which bind

to effector-cell Fc receptors. How cytochalasin B inhibits
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Fig.IIl/l Mechanism of K-cell-mediated killing
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binding is not known but among the substance's complex

effects on cellular functions are the inhibition of

microfilament function and cell movement, both of which

may be important in ADCC. Agents which enhance contact -

by stabilising, binding, or co-opting other receptors,

- may enhance cytotoxicity. This may explain the increased

cytotoxicity produced by target-cell-bound complement

components (Perlmann e t al. , 1975; Lustig and Bianco, 1976.)
and by treating effector cells with low concentrations of

proteolytic enzyme (Kedar, Ortiz de Landazuri, and Fahey,

1974b). Ultrastructural studies also emphasise the

importance of contact. Although an interaction observed

by electron microscopy is difficult to define as a cytotoxic

event, membrane contact between antibody-sensitised CRBC

and effector cells from mouse spleen (Penfold et al. , 1976)
and human blood (Biberfeld and Perlmann, 1970; Fontana

et al., 1975) frequently involves complex interdigitation

of effector and target cell membranes. But in these

interactions and in the killing of tumour cell targets

(Biberfeld and Johansson, 1975) no specialised structures

such as areas of membrane fusion or cytoplasmic bridges

were observed.

What constitutes the lethal hit is unknown. Zeigler and

Henney (1975) showed that killed target cells released

^Rb before ^Cr, suggesting that a primary breach in the

target cell membrane preceded lysis, perhaps by some time.

Mouse peritoneal cells and a subpopulation of human effector

cells can kill sensitised erythrocytes in the absence of



cations (Goldste in and Fewtrell, 1975). Mg++ ions alone

were sufficient for lysis of erythrocytes by mouse cells at

low concentrations of antiserum, and by a second sub-

population of human effectors (Goldstein and Fewtrell, 1975;

Goldstein and Gomperts, 1975; Goldstein and Smith, 1976).
But Ca++ ions were required for erythrocyte lysis by mouse

cells at higher concentrations of antiserum, perhaps through

phagocytosis, and the killing of metabolically active

sensitised tumour cells by human leucocytes. (Goldstein and

Fewtrell, 1975). In the Ca independent, Mg dependent

systems, effector:target cell binding required no cations, so

Mg++ ions seemed important in the lethal-hit stage which

followed contact.

Because ADCC in some systems is independent of Ca ions

conventional secretory processes which might generate soluble

cytotoxic mediators seem unlikely. Certainly no trace of

mediators in culture supernatants of active cells has been

found and bystander target cells, whether unsensitised or

coated with F(ab antibodies (Gelfand et a1. , 1972) or with

complement (Lustig and Bianco, 1976) are unaffected. This

may exclude even labile or short-range soluble mediators, but

not substances applied directly in locally effective con¬

centrations at points of effector-target contact. Phagocytes

on antibody-coated surfaces secrete lysosomal enzymes only at

the points of contact with the surface (Henson, 1971).
Alkaloids such as colchicine, colce.mid, and vinblastine, which

disrupt microtubules and inhibit secretory processes, inhibit

the lysis of lymphocytes (Strom et al., 1975) but not



erythrocyte targets (Gelfand et a1., 1975). The role of

secretory processes in ADCC is thus at present uncertain.

Lysis may result from the activation of effector-cell

membrane-associated enzyme systems. Frye and Friou (1975)
found that mouse spleen-cell-mediated killing of sensitised

CRBC was inhibited by phosphatidylcholine and by an

inhibitor of phospholipase A, but the rather high isotope

release from targets in the absence of antibodies might

suggest that the phospholipase inhibitor had a generalised

toxicity. Trinchieri and de Marchi (1976) found that lysis

of cell-line targets by human effector cells -was prevented

by several serine-esterase inhibitors and by synthetic

protease inhibitors, which join the increasing list of

compounds with similar effects upon both ADCC and T-cell

mediated cytotoxicity. Perhaps these activities have a

common biochemical mechanism, but what the mechanism is is

far from understood.

IIl/2 AIMS OF INVESTIGATION

The experiments described in the first part of this chapter

had three aims:

(1) To develop an in-vitro assay of antibody-dependent

cytotoxic activity of rat leucocytes.

(2) To investigate the nature of the effector c°lls

in that system.

(3) To determine the antibody-dependent cytotoxic

activity of spleen cells from Tx-X rats.



III/3 METHODS

These are methods not described in Il/3.

II1/3/I Lymphocyte Separation by Flotation

This technique was based on that of Perper et al. (1968) for

human lymphocytes. 5 volumes of 34% sodium metrizoate

('Triosil', Nyegaard) were mixed with 12 volumes of 9%
'Ficoll' (Pharmacia) and the specific gravity of the solution

was adjusted to I.090 with distilled water. Lymphoid-cell
r-7

suspension (10 /ml) or whole blood (diluted by 3 times in EM)
was layered gently on an equal volume of ficoll-triosil in

round-bottomed siliconised glass tubes or plastic conical-

bottomed universal containers. After centrifugation at

400 g for 25 min at room temperature, lymphoid cells

concentrated at the interface were removed, diluted in three

volumes of EM, and centrifuged at 400 g for 10 min.
• *

Lymphoid cells from blood were washed twice by centri fuging

at 100 g for 5 min to reduce platelet contamination and cells

from other sources were washed once. The recovered cells

were incubated on glass as described in Il/3/lO.

This technique was standardised after preliminary experiments

in which blood lymphocytes were separated on ficoll-triosi1

solutions of specific gravity 1.060-2.00. Solutions of

1.090 produced the largest number of leucocytes at the

interface with the highest ratio of mononuclearipolymorpho-

nuclear cells. Parish and Hayward (1974b) also used a

solution of this specific gravity for separating rat

lymphocytes.
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IIl/3/2 Depletion of RFC by Flotation

Rosettes were formed by incubating 10® PVG/c spleen cells

(in 5 ml EM) with 5 ml CRBC sensitised with antiserum as

described in Il/3/l3 (CRBC-A) or 1% SRBC sensitised with

IgM antibody and complement as described in Il/3/l4 (EAC).
g

10 control lymphocytes were incubated with unsensitised

erythrocytes. % RFC in each was determined (as described

in II/3/13) and each suspension was centrifuged through

10 ml ficoll-triosil solution at 400 g for 25 min. Cells

from the interface were collected and washed twice, and

some were re-rosetted with sensitised and control

erythrocytes' to determine the efficiency of RFC depletion.

IH/3/3 Depletion of RFC by Absorption

This method was based on the observation of Kennedy and

Axelrad (I97l) that erythrocytes adhered to plastic surfaces

treated with poly-L-lysine.

The bottom surface of a tissue culture flask (Falcon) was

covered with poly-L-lysine solution (Sigma; mol. wt.

70,000) (0.05 mg/ml in PBS) at room temperature for 1-2 h.

The flask was rinsed twice with PBS and filled with PBS

until needed.

EAC and IgM-sensitised SRBC (EA) or CRBC-A and unsensitised

CRBC were diluted to 0.33?^ in PBS. The erythrocytes in

15 ml of each suspension were centrifuged on to the poly-L-

lys ine—treated surface of a flask at 400 g for 5 min at room



temperature. The erythrocytes then formed a dense, even

carpet over the entire treated surface. A combination of

"hosing" with a wide-mouthed pasteur pipette and gentle

rocking was sufficient to resuspend most of the sedimented

cells leaving a monolayer of erythrocytes firmly bound to

the treated surface. With a little practice, it was easy

to avoid breaking up the monolayer.

The non-adherent erythrocytes were collected without

dilution and, if necessary, used to coat a poly-L-lysine-

treated surface in a second flask. The monolayers were

rinsed with PBS. The flasks used were not uniform in their

ability to hold monolayers after poly-L-lysine treatment and

any monolayers which were not entirely confluent when

examined microscopically were discarded. Confluent

monolayers were used immediately. Spleen lymphocytes were

prepared as described in Il/3/lO and the proportions of

Fc+ and CR+ cells were determined. The PBS covering the
. 7

monlayers was replaced by 5 x 10 lymphocytes in sufficient

EM to cover the monolayer (2.5 ml). The flasks were

incubated at 37°C for 15 min in a stationary, horizontal

position, for 15 min on a rocking platform at 37°C, and

stationary and horizontal again for 15 min. The non¬

adherent lymphocytes were collected after extensive gentle

rinsing of the monolayers with warm EM and the proportion of

CR+ and Fc+ cells among them was determined.

More than 70^ CR+ and Fc+ cells were absorbed by EAC and

CRBC-A monolayers, respectively. Preliminary experiments

showed that the application of fewer lymphocytes reduced
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the proportion recovered from control monolayers and that
7

applying more than 5 x 10 lymphocytes reduced the efficiency

of RFC absorption. A combination of stationary sedimentation

and rocking gave a. higher recovery of non-RFC than did

centrifligation of lymphocytes on to monolayers.

III/3/4 Incubation in Glass-bead Columns

Fine glass beads (diameter 0.2 mm) were cleaned by 24 h

immersion in concentrated hydrochloric acid and then washed

thoroughly. They were siliconised by 5 min immersion in

1% 'Repelcote', washed thoroughly, spread thinly on filter

paper, and dried in an oven. An II ml volume of dry beads

was then thoroughly suspended in 5 ml RPMI or EM containing

10% FCS and the suspension was poured into a vertically

clamped 20 ml syringe barrel fitted with a small plug of

cotton wool at the exit and a plastic stop-cock. The

column was slowly flushed with 20 ml medium containing

50% FCS. 2-4 ml was left above the level of the bead bed.

The column was incubated at 37°C until needed. The column

was drained and 10^ spleen leucocytes (prepared without

incubation on glass) in 2.5 ml warmed medium containing

10% FCS were slowly run into the bead bed. I ml medium

containing 10%° PCS was added to the top of the column and

it was incubated at 37°C for 30 min. The column was flushed

with 10 ml medium containing 10%° FCS with a flow rate of

1-2 ml/min and the emergent cells were collected.
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II1/3/5 T reatment with Carbonyl Iron

200 mg amounts of carbonyl iron (Gaf) in 25 ml plastic

universal containers holding 10 ml RPMI with or without

10/ FCS were rotated at 15 revolutions/min for 60 min at

o 8
37 C. 10 spleen leucocytes (prepared without incubation

on glass) in 2 ml of RPMI (with or without 10/ FCS as

appropriate) was added to each container and also to a

container holding 10 ml warmed medium + 10/ FCS without

carbonyl iron. The tubes were rotated at 15 revolutions/
min for 40 min at 37°C. Cells were recovered by clamping

the tubes vertically between the jaws of a powerful magnet

for 2-3 min and carefully drawing off the cell suspension

above the iron pellet. This pellet was resuspended by

pipetting in 3 ml of the appropriate medium, the magnet

treatment was repeated}and the supernatant was added to the
recovered cell suspension. The recovered cells were

passed through the magnet twice more and the cells were

centrifuged. Magnet treatment was repeated if iron

particles were observed macroscopically or microscopically

in the cell pellet until the cells were iron-free. After

another wash, the leucocytes were counted.

Hl/3/6 Antisera to CRBC

Rabbit antisera were obtained as described in Il/3/l3 e,fter

immunisation with CRBC in Freund's complete adjuvant.

6-8-week-old male PVG/c rats were immunised with 0.1 ml

CRBC-adjuvant emulsion in each rear footpad. At intervals

beginning on day 4 after immunisation, each animal was



anaesthetised with ether and approximately 0.5 ml blood

obtained for serum by cardiac puncture. They were bled

out on day 28. Complement was inactivated by heating

the sera in small volumes at 56°C for 30-45 min. 0.05. ml

volumes were stored at -20°C and used only once. The

haemagglutination titres of anti-CRBC sera were determined

with the microtest described in II/3/6.

IgM and IgG fractions of rabbit and rat anti-CRBC antisera

were prepared as described in Il/3/l3 (fracuionation of

rabbit antiserum was kindly done by Dr T. Barkas).

II1/3/7 Assays of ADCC

Chicken blood drawn from a wing vein was washed three times

in PBS and the buffy-coat layer was removed. 0.1 ml of a

2% suspension of CRBC in PBS was incubated for 60 min at

37°C with 0.2 mCi sodium ("'"'"Cr-) chromate in sodium chloride

solution (10 mCi/ml) (Radiochemical Centre, Amersham).
0.1 ml PBS was added and 0.1 ml of this I%> suspension was

added to anti-CRBC antiserum diluted to the required

concentration in PBS (sensitised target cells). 0.1 ml PBS

was added to the remaining cells (control target cells).
After 30 min at 37°C, the cells were washed three times in

RPMI containing 10%° PCS, counted, and centrifuged for

storage at room temperature before use. *

Assays were done in flat-bottomed microtitre trays (Falcon).
, 4.A fixed number of target cells (2 x 10 J in RPMI containing

10% PCS was incubated with a varying number of lymphocytes.

0.1 ml volumes of lymphocyte



suspension at the required concentration vere placed first

in the veils. 0.1 ml volumes of target cells (2 x lO^/ml)
vere added. Cultures containing antibody-sensitised CRBC

vere set up in triplicate and those containing unsensitised,

control CRBC in duplicate. Spontaneous release from target

cells vas measured in cultures in vhich unlabelled CRBC

rj(2 x 10 /ml) vere substituted for lymphocytes. Maximum

isotope release vas measured in cultures containing 0.1 ml

volumes of target cells (2 x 10^/ml) and 0.1 volumes of

fresh undiluted rat serum from blood clotted at 4°C. 0.1 ml

of each target-cell suspension vas placed in 5-10 small,

plastic tubes: the mean activity in these tubes vas taken

to be the total radioactivity in cultures containing the

corresponding target cell.

The trays vere fitted vith loose lids and incubated

undisturbed for 15 h at 37°C in a. humidified atmosphere of

95% air and 5% C0o. 0.1 ml volumes of supernatant vere

vithdravn carefully, vithout disturbing the cell pellet, from

each veil vith a micropipetie and disposable tip, and placed

in small plastic tubes. A nev tip vas used for each set of

duplicate or triplicate cultures.

Radioactivity vas counted in a veil-type gamma counter

(Wallac), The mean value for supernatants from replicate

samples vas calculated. For each set of cultures, the

total isotope release vas tvice the mean supernatant activity

(TR). % isotope release for each leucocyte suspension and

each type of target cell vas:



TR (leucocytes) - TR (spontaneous) / TR (maximum) - TR

(spontaneous) expressed as a percentage. A cytotoxic

index for each leucocyte suspension -was then calculated

by subtracting % release wi th control CRBC from f° release
•with sensitised CRBC.

Several aspects of this technique require emphasis.

(1) CRBC have an increased fragility at high dilutions

and when obtained from birds more than 3 months

of age. Chickens were therefore bled between the

ages of 3 and 12 weeks. The preparation of CRBC

as target cells began within an hour of collection

and, except when finally diluted for addition to

cultures, CRBC were kept in a pellet or at a

concentration of at least 1% during incubation

and washing.

(2) Different effector:target cell ratios were

constructed by making serial dilutions of leucocyte

suspensions in the wells of the microculture trays

and adding a fixed number of target cells.

Leucocytes were in suspension when target cells

were added and when cultures were complete, the

plates were gently agitated to ensure that cells

were mixed.

(3) During 15 h cultures, the cells sedimenteu to the

flat bottom of the well; the supernatant was then

sampled without disturbing the cells. Preliminary

experiments with unfractionated spleen leucocytes

as effector cells compared the isotope releases

obtained by this method with those obtained by
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resuspending the ceils by pipetting and then

centrifuging before sampling; and b3)r resuspending

the cells by adding 0.1 ml of cold culture medium,

pipetting;and centrifuging before sampling.
There -was no significant difference in the cyto¬

toxic indices obtained by each method. Mixing

and centrifugation steps were therefore not

included in routine assays. Thorn et al. (1974)

reported that 4 h assays of T-ce11-mediated

cytotoxicity done in microtest plates also did not

require mixing and centrifugation.

Spontaneous isotope release from target cells was

seldom more than 8% and in general varied between

1-5%. There was usually no difference between

the spontaneous release from antibody-sensitised

and control unsensitised targets. Maximum isotope

release induced by fresh rat serum (final dilution

1:2) was seldom less than 85% and usually greater

than 94%. Distilled water was considerably less

effective than rat serum, giving lower and more

variable results.

The % isotope rel ease in replicate cultures usually

varied only by 1-3%.



III/4 RESULTS

IIi/4/I ADCC: Effect of Lymphocyte Concentration and

Antiserum Dilution

Assays of ADCC were done with normal FVG/c spleen lymphocytes

and target CRBC prepared by preincubation in one of five

serial dilutions of antiserum. Six lymphocyte:target cell

ratios were used.

This experiment was done with each new batch of antiserum.

The cytotoxicity varied but a similar pattern was apparent

in each experiment (fig. IIl/2). Lymphocytes had a low but

definite cytotoxic effect upon control, unsensitised CRBC

at lymphocyte:target cell ratios higher than 50:1. Killing

of sensitised CRBC was apparent at ratios as low as 6.25:1.

Lysis increased as CRBC were sensitised with progressively

higher antiserum concentrations, and as the ratio of

lymphocytes to CRBC increased. At antiserum dilutions o~P

1/200-1/800, increasing lymphocyte:target cell ratios from

6.25:1 to 100:1 gave a linear increase in cytotoxicity.

Lysis at 200:1 was always less than at 100:1.

Except where indicated otherwise, the experiments to be

described were done with CRBC sensitised with antiserum at

1/400 dilution.

IIl/4/2 Development of Syngeneic Cytotoxic Antibody

Serum was collected at various times from day 4 after

immunisation of 6 PVG/c male rats with CRBC. CRBC were

sensitised with these sera at dilutions of i/lO, i/lOO,
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l/lOOO and with 3 normal PVG/c male sera. Control CRBC

were unsensitised. ADCC assays were done with spleen

lymphocytes from 3 PVG/c male rats, at a lymphocyte:CRBC

ratio of 100:I.

Fig. III/3 shows that antibody which induced ADCC appeared

in the circulation between 4 and 7 days after immunisation.

Day-7 serum was effective at dilutions of l/lO, i/lOO, and

i/lOOO. Serum obtained later in the response induced no

greater cytotoxicity but was more effective at i/lOOO than

at I/IO or I/lOO.

II1/4/3 Fractionation of Syngeneic and Xenogeneic Antiserum

I9S and 7S fractions were obtained by gel chromatography

from rabbit anti-CRBC serum and from PVG/c rat anti-CRBC

serum taken 28 days after immunisation. Target CRBC were

sensitised with rabbit antiserum and its fractions at l/400:

or with rat antiserum and its fractions at i/lOOO. ADCC

assays were done with spleen lymphocytes from PVG/c rats at

100:1 lymphocyte:target cell ratio.

Lymphocytes readily killed CRBC sensitised with syngeneic or

xenogeneic antiserum and its 7S fractions (table IIl/2).
In contrast, I9S fractions from both sera failed to induce

lysis. Cytotoxic antibody from both antisera thus appeared

to be localised exclusively in the 7S (igG) fraction.
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Table III/2 ADCC with rat and rabbit antisera to

CRBC and their fractions

Exp.

No.

Rabbit anti-CRBC serum Ra t anti-CRBC serum

whole

serum

7S

fraction

I9S

fraction

who le

serum

7S

fraction

I9S

fraction

I 49 42 5 62 50 4

2 4? 39 3 53 52 8

3 55 43 2 58 58 9

4 52 46 4 65 47 7

Rabbit antiserum and its fractions were used at 1/400
dilution and rat antiserum and its fractions at I/IOOO.

Lymphocytes were from PVG/c spleen (lymphocyte:CRBC ratio

was 100:i).

r



Ill/4/4 0_rgan Distribution of Effector Cells

Two sets of ADCC assays were done with lymphocytes obtained

from blood, lymph nodes, bone-marrow, and thymus as effector

cells. In the first, lymphocytes were obtained from

6-10-week old female Vistar rats. The isotope releases

were generally low but tentative conclusions were drawn

about the distribution of effector cells. In a subsequent

experiment spleen cells from Vistar rats were found to be

poorly cytotoxic compared with spleen cells from several

other rat strains. The experiments were thus repeated with

lymphocytes obtained from one of the more effective strains.

CRBC in these experiments were sensitised with rabbit

antiserum diluted l/400.

Vhen obtained from Vistar rats, thymocytes were ineffective

in ADCC (fig. IIl/4a); lymph-node cells were slightly

cytotoxic at a lymphocyte:CRBC ratio of 100:1, and bone-

marrow cells were slightly effective at a ratio of 12.5:1

target cell but no more so at higher ra.tios. Only

lymphocytes from blood and spleen were more than slightly

effective, and blood lymphocytes were much the more active.

Cytotoxic cells were clearly present in blood and spleen but

the low levels of lysis suggested that the assay might be

too insensitive to demonstrate cytotoxic cells at other

sites.

However the cytotoxicity of Vistar spleen lymphocytes, when

directly compared with that of spleen lymphocytes from

6-I0-week-oId male rats of other (inbred) stra ins (fig.IIl/5),
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was significantly lover (P<0.05 at each lymphocyte:target

cell ratio) than that of lymphocytes from Hooded Lister,

Campbell, and PVG/c rats, and similar to that of August rats.

These results suggested that the low levels of lysis apparent

in fig. IIl/4a were at least partly due to the Vistar

lymphocytes' poor cytotoxic capacity. Vhen the cytotoxic

activity of PVG/c lymphocytes from different sites was

compared (fig. IIT/4b) levels of lysis were much higher.

Blood lymphocytes were active at a lymphocyte:CRBC ratio as

low as 6.25:1 and induced nearly 100% lysis at 50;I. Lysis

by lymph-node and bone-marrow cells was low but significant

at ratios of 25:1 and 100:1, respectively. Thymus cells

were ineffective ( 5% cytotoxicity) at ratios of 400:1,

200:1, and I00TI (data not shown in fig. IIl/4b).

IIi/4/5 Effect of Carbonyl Iron Treatment on Effector Cells

Carbonyl iron treatment removes phagocytes but other cells

are also lost by adhesion to the particles (Sanderson and

Taylor, 1976). Sander son et al. (1975) suggested that

non-specific loss was reduced if particles were pre-incubated

in solutions containing protein, so in these experiments

carbonyl-iron treatment was done in medium with and without

10% FCS. Control 1 eucocytes were rotated in plastic tubes

without iron particles, or were untreated.

In 8 experiments with carbonyl-iron treatment, 34 - 9% (SD)
of the spleen cells from male 6-I0-week-old PVG/c rats were

recovered from the protein-free medium and 34 - 12% from the

% VjilcoXtn^ Murk



medium containing FCS. 62 - 2lf° vere recovered after

rotation in plastic tubes. In 7 experiments with Vistar

spleen cells, the corresponding values were 58 - 23%,
44 ± 17^, and 75 - 20^, respectively.

PVG/c leucocytes treated with carbonyl iron in medium with

or without FCS had the same cytotoxic activity at each

lymphocyte :target cell ratio as had unfractionated cells

or cells rotated without iron (fig. IIl/6a). In contrast,

the cytotoxicity of Vistar cells treated with carbonyl iron

in either medium was significantly lower (P<0.05) than

that of untreated cells or cells rotated without iron at all

except one lymphocyte:target cell ration (fig. IIl/6b).

Carbonyl-iron treatment raised the ratio of erythrocytes

to lymphocytes in the recovered suspensions. To examine

the possibility that an excess of erythrocytes interfered

with ADCC in these experiments, samples of unfractionated

and iron-treated (in FCS) PVG/c and Vistar cells were given

a brief (10 s) hypotonic shock in distilled water to lyse

the red cells, washed thoroughly and then tested in ADCC

assays at 100:1 lymphocyte:target cell ratio.

Unf ractionated FVG/c cells had a cytotoxic index of 55 - ?•%
4- v z -f.

and iron-treated cells an index of 52 - 5/° (mean - S.D. of

4 experiments). Unfractionated Vistar cells had an index

of 36 — 8% and iron-treated cells an index of 23 - 6%

(mean - S.D. of 4 experiments). Erythrocyte contamination

thus did not appear to explain the apparent reduction of

ADCC by carbonyl-iron treatment of Vistar spleen lymphocytes.

% Wiltcnaryu rAnk -k&L.
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Hl/4/6 Effect of Glass-bead Column Fractionation or

Effector Cells

In 8 experiments, 57 - 12%> (SD) of the FVG/c spleen cells

applied were eluted from glass-bead columns. At

leucocyte:target cell ratios of 100:1 and 50:1 in 5

experiments the eluted cells had much the same cytotoxic

activity (73 - 4%> SEM and 73 - 3%, respectively) as had

unfractionated spleen cells (routine incubation in glass

bottles omitted) (84 - 2%> and 68 - 6%>, respectively) but

at 25:1 cytotoxicity was strikingly different (34 - 3%>
eluted cells; 61 - 3%° unf ractionated). Because the

increased proportion of erythrocytes in the eluted cells

was a potential source of interference in ADCC assays,

5 additional experiments were done in which erythrocytes

were removed from both eluted and unfractionated cells

by a 10 s hypotonic shock in distilled water. After

this step, at leucocyte:CRBC ratios of 100:1, 50:1, and

2511, there was no longer any difference in the

cytotoxic activity of column-fractionated cells (58 - 6%>

SEM, 51 - 3%, 26 - 4% respectively) and unfractionated

cells (54 - 2%, 50 t 3%>, 38 - 5%, respectively).

Adherent cells were recovered from the columns by

incubating the glass beads in medium containing 10 mmol/l

ethylenediamine-tetra-acetic acid (EDTA) at 37°C for 30 min



and rinsing in medium. The recovered cells were washed

three times in large volumes of RPMI containing 10% PCS.

In 4 experiments, enough cells were recovered for use in

cytotoxicity assays at 50:1 lymphocyte:target cell ratio.

The cytotoxic indices obtained were 18%, 35%, 23%, and 25%.

IIi/d/7 Effect of BM abs ALC on Effector Cells

rj10' PVG/c spi een lymphocytes were suspended in 0.1ml

undiluted BM abs ALG, 0.1 ml undiluted normal rabbit globulin,

and 0.1 ml EM. After 30 min at 37 C, 0.2 ml guinea pig serum

(prepared and diPuted as described in II/3/9) was added.

After 60 min at 37°C, % cell death was determined by trypan

blue exclusion. The remaining cells were washed twice,

resnspcnded at 5 x 10^ viable cells/ml in RPMI with 10% PCS,

and used in ADCC assays at 25:1 lymphocyte:CRBC ratio.

In 3 experiments, cell death after BM abs ALG was 50%, 62%,

and 65%; 18%, 18%, and 20% after normal globulin treatment,

and 13%, 14%. and 17% after treatment in medium. In ADCC,

lymphocytes treated with medium and globulin induced

8-2% (S.D.) and 10 - 3% cytotoxicity, respectively; cells

treated in BM abs ALG, 0%.

In 3 additional experiments, cells recovered after treatment

in BM abs ALG or medium were incubated with trypsin

(Sigma; 0.25% in EM) before use in ADCC assays. Subsequent

cytotoxicity was 9-3% (control cells) and 0% (BM abs ALG-

treated cells) .



IIl/4/8 Effect of Depleting Fc+ and CR-f Lymphocytes on ADCC

RFC -were depleted by centrifugation through ficoll-triosil

but the results varied. In a representative experiment, in

which PVG/c spl een cells were resetted with CRBC-A and

centrifuged, 16% of the applied cells were recovered at the

interface of plasma and ficoll-triosil; 3% of these cells

were Fc+, compared with 20% in the unfractionated suspension

and 25% in the control cells (rosetted with CRBC and

centrifuged; 25% of applied cells recovered), Depletion of

Fc+ cells reduced cytotoxicity four-fold compared with conrrol

(fig. Hi/7) although there was some residual activity.

In another representative experiment 18% of applied

lymphocytes were recovered from the interface after rosette

formation with EAC and centrifugation. These contained

2% CR+ cells, compared with 40% in the unfractionated

suspension and 34% in the control cells (rosetted with EA

and centrifuged, 33% of applied cells recovered). Depiction

of CR+ lymphocytes left ADCC unchanged (fig. Hi/7).

Flotation alone did not seem to alter the ratio of RFC to

non-RFC in controls but the low recovery-rates showed that

cell populations other than just Fc+ or CR+ lymphocytes

were depleted after rosetting= Modifying the technique

produced no improvement, so RFC depletion was attempted by

lymphocyte absorption on monolayers of EAC or CRBC-A

(controls EA and CRBC monolayers, respectively) bound

to poly-L-lysine-treated surfaces. Vith this technique

non-specific cell losses were small. In 5 experiments

80%-90% of the total cells applied were recovered from
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control monolayers and the proportion of RFC was unchanged:

unfractionated lymphocytes had 21 - 2% (SD) Fc+ and

33-6^ CR+ cells; lymphocytes recovered from CRBC

monolayers had 24 - 6% Fc+ cells, and lymphocytes recovered

from EA monolayers had 35 - 9f° CR+ and 19 - 2% Fc+ cells.

64-83% of the applied lymphocytes were recovered from

CRBC-A monolayers and only 7-9% of these were Fc+. But

despite this reduction the depleted population had a

cytotoxic activity only slightly (and not significantly)
less than that of control cells (fig. IIl/8).

40-83% of the applied cells were recovered from EAC

monolayers and the proportions of CR+ cells and Fc+ cells

were reduced to 13 - 5% and 9 - 6%, respectively. Despite

these specific losses the cytotoxic capacity of the depleted

suspensions was identical to that of control cells (fig,

Hi/8).
<?

HI/a/9 Effect of T-cell Depletion on ADCC

ADCC assays were done with spleen lymphocytes from 16 normal

male PVG/c and 15 female Tx-X rats. 7/l5 Tx-X rats had

serum antibodies to Tg (mean lo§2 titre 10.0 - 3.0) and
thyroiditis (mean pathology score 3.7 - 0.8).

Fig. Hi/9 shows that, when compared at six lymphocyte:target

cell ratios, there was no significant difference in the

cytotoxic activity of spleen lymphocytes from normal rats

and Tx-X rats with or without thyroiditis.

To examine the kinetics of lysis by normal and T-cell depleted

lymphocytes, cytotoxicity by spleen cells from 4 normal and
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4 Tx-X rats with thyroiditis was measured at intervals

throughout the 15 h assay. The lymphocyte:target cell

ratio was 100:1. Lysis was measured after 15 min, 30 min

and I h by removing the cultures from the wells of the

microtitre plate, centrifuging the cells, and sampling the

supernatant. After 2 h culture, the supernatants were

sampled directly without centrifuging (the normal practice

Pig. Ill/10 shows that at all times within the 15 h assay

period, +he lysis induced by normal and Tx-X spleen cells

was identical. Lysis was first detectable after a lag

period of 2 h and increased linearly for 8 h. There was

no significant increase in isotope release between 10 and

15 h.

III/5 DISCUSSION

0

The experiments described in the preceding sections were

undertaken to provide basic information about ADCC with

CRBC as targets and rat leucocytes as effector cells.

Vhen the experiments began, MacLennan and colleagues had

already characterised the antibody-dependent killing of

Chang liver cells by rat leucocytes (MacLennan, 1972a) and

much was known about the ADCC of CRBC targets by leucocyte:

from men (Perlmann, Perlmann, and Vigzell, 1972) and mice

(Greenberg et a1., 1973). The resuits of the experiment:

agree with much of what was then, or has since become, the

accepted picture of ADCC against CRBC target cells.
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7S, but not I9S, antibodies induced lysis and a syngeneic

lymphocyte!antibody combination was as effective as were rat

cells with rabbit antibody. MacLennan (1972a) found that

the syngeneic combination was the more effective but Imir

et al. (1976) reported the opposite. Syngeneic ADCC-

inducing antibodies appeared in serum between 4 and 7 days

after immunisation with CRBC in adjuvant. Antibodies which

induced cell-mediated cytotoxicity to Chang cells appeared

at the same time (Harding and MacLennan, 1972).

The characteristic organ distribution of effector-cell

activity to CRBC - high in blood and spleen, low in lymph-

node and bone-marrow, and absent from thymus - was also

observed by Kedar, Ortiz de Landazuri, and Fahey (1974a) and

resembles the distribution of antibody-dependent Chang-cell-

killing cells (MacLennan, 1972a).

The strain variation in ADCC was an unexpected observation.

Spleen cells from Wistar rats were considerably less

effective thaii were spleen cells from several other strains.

Whether the difference had a genetic basis is unknown

because the Vistars, unlike the other rat strains, had not

been derived from an inbred stock. A functional basis for

the difference was suggested by experiments on the adherence

properties of effector cells. The large number of cells

lost during carbonyl-iron treatment - which contrary to

Sanderson et al. (1975) was not improved by coating the

iron particles with protein - probably included adherent as

well as phagocytic cells (Sanderson and Taylor, 1976).

Carbonyl-iron treatment significantly reduced Wistar spleen-



cell cytotoxicity, suggesting that most of the cytotoxic

cells in this strain were strongly adherent. PVG/c spleen-

cell cytotoxicity, on the other hand, was unaffected by the

removal of adherent cells, whether by carbonyl-iron treatment

or by incubation in glass-bead columns. Most of the FVG/c

cytotoxic cells thus appeared to be poorly adherent although

direct evidence was obtained that adherent cells did have

cytotoxic activity.

Rat spleen effector cells seemed to be of two types: a

strongly adherent type was predominant among the cytotoxic

cells in Vistar spleen and was present, less predominantly,

in PVG/c spl een; the other type, less strongly adherent,

was sparse or perhaps absent in Vistar spleen but predominant

in PVG/c spl een. The scarcity of non-adherent effector cell

might explain why the cytotoxic activity of Vistar spleen

cells was so much lower than that of cells from ether strains

Removal of adherent cells from the spleen of LH rats, another

high responder strain, gave results in ADCC assays of the

PVG/c pattern. Sanderson et al. (1975), however, reported

results showing that Agus spleen cells had the Vistar

characteristics in ADCC. It is interesting that the activit

of natural killer cells - a population which may at leas+

partly overlap with the effector cells of ADCC - is also

different in PVG/c and in Vistar spleen cells (Potter and

Moore, 1978).

The distinction in adherence properties between two main

types of effector cell in ADCC was clearly enunciated by
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Roitt and colleagues (Greenberg et al., 1973; Greenberg,

Shen, Valker, Arnaiz-Villena, and Roitt, 1975; Penfold

et al., 1976) who showed that effector cells in mouse spleen

consisted of more adherent and more abundant myeloid cell

types, and comparatively scarcer and less adherent cells which

looked like lymphocytes. PVG/c spleen may be a richer source

of the lymphocyte-like effector cell than is mouse spleen, a

conclusion which, since this cell type alone can kill

nucleated mammalian target cells (Greenberg. Shen, and

Medley, 1975), was implicit in two reports that rat spleen

cells readily killed cell-line or tumour-cell targets against

which mouse spleen cells were ineffective (Sanderson et al.,

1975; Ormerod and Jolley, 1976).

ADCC was diminished when Fc+ RFC were depleted by flotation

on ficoll-triosil. Effector cells from man (Hallberg, 1974;

Revillard et al., 1975) and mouse (Ramshaw and Parish, 1976)
were removed in the same way. The depleted cells had a low

residual cytotoxic activity, perhaps because they still

contained 3%° Fc+ cells or perhaps because cytotoxic cells

developed from precursors during culture.

Absorption of lymphocytes on CRBC-A monolayers reduced the

proportion of Fc+ cells to 1-9%. It is possible that among

the recovered cells were Fc+ lymphocytes with receptors

masked by antigen-antibody complexes picked up from the

monolayer. But the proportion of absorbed cells (20-407°)

was much the same as the proportion of Fc+ RFC cells in the

original population (20-30%), so it seems likely that Fc+ RFC

cells were absorbed on monolayers, not merely inhibited.



Nevertheless, ADCC was unchanged by this procedure.

Clearly most of the Fc+ RFC were not necessary for

cytotoxicity. However, a small number of effector cells

were absorbed on to the monolayer. This was shown when

incubation of the absorbed cells was continued at 37°C and

areas of lysis in the monolayer appeared around adherent

cells (an observation followed up in Ill/b).

The effectiveness of lymphocyte suspensions containing only

2% CR+ cells after deplet ion suggested that most of the

CR+ cells, too, were not necessary for ADCC. However, the

activity of CR+ cells was not examined directly and it thus

was not excluded that among them were effector cells. It

should also be noted that EAC made with mouse serum detects

only cells with receptors for C3d (Ross et al., 1978) and

that the CR- population probably contained cells with

receptors for C3b-C4b which may have been active in ADCC.

The influence of T cell depletion on ADCC was examined with

lymphocytes treated with BM abs ALG or obtained from Tx-X

rats. BM abs ALG-treated cells were entirely inactive,

probably because effector cells' Fc receptors were blocked

by antigen-antibody complexes or perhaps by antibody which

did not fix complement and was thus not apparent in the

tests of the T-cell specificity of BM abs ALG. Such

inhibition is a well-recognised hazard of using antisera

containing whole IgG antibodies to investigate Fc-receptor-

dependent cell functions.

Considering that the target cells were presensitised, the
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kinetics of lysis - a 2 h lag period followed by a linear

increase in lysis for 8 h - were slow, consistent with the

activity of non-adherent effector cells and lacking the

rapid onset and early sharp rise characteristic of lysis by

myeloid cells (Perlmann, Perlmann, and Vigzell, 1972;

Gelfand et al., 1972). The cytotoxicity of normal and

T-cell-depleted Tx-X lymphocytes was identical and had

identical kinetics. Harding et al. (I97l) observed that

Tx-X rat lymphocytes killed sensitised Chang cells normally.

These findings show that T cells are not necessary for

lysis. Two explanations of the observation reported here

are possible. One is that thymectomy and irradiation

removed both cytotoxic and non-cytotoxic cells to an

extent which did not affect the recovered cells' cytotoxic

potential. This explanation, with its implication that

some cytotoxic cells are T cells, gains some strength from

the recent direct demonstrations that T cells from man

(Vahl in et a1., 1976) and mouse (Lamon et al. , 1978) can

kill in IgG-induced ADCC.

A second explanation, not necessarily exclusive of the

first, is that non-cytotoxic cells were removed, and hence

the potential activity of spleen cells in ADCC was

increased, by thymectomy and irradiation but some factors

were at work in the assay to prevent the increased

potential being fully realised. ADCC is readily inhibited

by immune complexes, including complexes formed by lymphocytes

and IgG antibodies to their surface determinants (Schirrmacher

et al.. 1975). IgG anti-lymphocyte antibodies generated
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in vitro by Tx-X spleen cells during the ADCC assay might

effectively reduce the killing of CRBC by binding either

to the effector cells themselves or to bystander lymphocytes

(fig. IIl/ll). The hypothesis that Tx-X rats made

antibodies to lymphocytes was the stimulus for experiments

described in chapter V.

The experiments described in this chapter established a

system for measuring ADCC and distinguished two types of

effector cell - one adherent and thus probably a myeloid

cell, the other poorly adherent, not thymus-dependent,

with Fc receptors, but no receptors for complement. These

cells were found in the spleen of Tx-X rats with

thyroiditis. An investigation of their role in the

killing of Tg-coated CRBC is described in the next chapter.

ADCC STUDIED BY SCANNING ELECTRON MICROSCOPY (SEM)

INTRODUCTION

Kennedy and Axelrad (1971) showed that when lymphocytes

sedimented on to erythrocytes bound in a monolayer to a

poly-L-lysine-treated surface in the presence of complement,

areas of erythrocyte lysis (plaques) formed around cells

synthesising haemolytic antibodies. This suggested that

when leucocytes were sedimented on to monolayers of

sensitised erythrocytes without complement, plaques might

form around cells capable of ADCC. This idea was tested

with rat and human leucocytes and monolayers of sensitised

SRBC or CRBC.

III/6
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INHIBITION

anti-lymphocyte
antibody

producing cell

bystander
lymphocyte

Fig.III/II Hypothesis: inhibition of antibody-dependent

CRBC killing by Tx- X spleen cells by in-vitro

generated lymphocyte-anti—lymphocyte

antibody complexes,or free antibody.

"K cell" here refers to any cell active in ADCC.



111/7 METHODS

These are methods not described earlier.

III/7/I Preparation of Human Blood Leucocytes

Ficoll-Triosil solution was made up as described in III/4/1,

except that it was diluted to I.O7I specific gravity

(Perper et al., 1968). Heparinised blood from healthy

laboratory staff was layered gently on to an equal volume

of ficoll-triosil and centrifuged at 400 g for 25 min at

room temperature. The leucocytes concentrated at the inter¬

face were collected and washed once at 400 g and twice at

100 g in Eagle's basal medium (Gibco-Biocult) containing

100 units/ml penicillin and 100 pg/ml streptomycin and 10/
FCS (Gibco-Biocult) (EBM-FCS). 10-15 ml of cell suspension

(I x 10^/ml in EBM-FCS) was incubated for 15-18 h at 37°C
in horizontal flat-sided glass bottles. Unattached cells

were collected, counted, and diluted Lo the required

concentration of viable cells in EBM-FCS.

III/7/2 Formation of Erythrocyte Monolayers

Fresh, heparinised (10 units/ml) chicken blood and sheep

blood in heparin (100 units/ml) or in an equal volume of

Alsever's solution was washed three times in PBS. The

required volume of i/ erythrocyte suspension in PBS was

sensitised with an equal volume of diluted rabbit antiserum

for 30 min at 37°C, washed twicer and diluted to 2/ in PBS.

The dilutions of antiserum to CRBC and SRBC were selected



(1/400 and l/50, respectively) after ADCC assays of the

design described in III/4/I were done with CRBC or SRBC

target cells as appropriate. There was no rosette

formation between leucocytes and target cells sensitised

with antibody at these dilutions. Monolayers were formed
2

on small segments (25 mm ) of flat plastic cut with a hot

wire from the bottom of 50 x 10 mm plastic petri dishes

(Falcon). The segments were immersed in poly-L-lysine

solution (0.05 mg/ml in PBS) for 60 min at room temperature

and rinsed in PBS, and each was put flat on the bottom of

a flat-bottomed 50 x 15 mm plastic bottle.

The sensitised erythrocytes in I ml of I%> suspension were

allowed to settle on to the segments which were kept

stationary and horizontal for at least 2 h at room

temperature or overnight at 4°C. Non-adherent cells were

removed by swirling, gentle pipetting, and rinsing in PBS,

and the segments, each now carrying an erythrocyte monolayer,

were kept until needed under warm EBM-FCS. Each monolayer

was microscopically checked for confluence.

II1/7/3 ADCC on Erythrocyte Monolayers

The medium above each monolayer was replaced by I ml warm

EBM-FCS containing 10 leucocytes which were allowed to

settle while the monolayers were kept stationary and

horizontal at 37°C for the required period. Incubation was

stopped by swirling, gentle pipetting, and removal of the

culture fluid, and the monolayers were rinsed with warmed

EBM-FCS. Each was covered with 2-3 ml fixative {2.5%



glutaraldehyde in sodium-cacodylate-buffered sucrose)
(Sabatini et a1., 1963).

Assays were done in duplicate. Controls were unsensitised

erythrocyte monolayers incubated both with and without

leucocytes and monolayers of sensitised erythrocytes

incubated without leucocytes.

In experiments with rat lymphocytes (prepared as described

in I1/3/10 except that incubation on glass was for 15-18 h)
the medium was RPMI containing 10% FCS.

Hl/7/4 Preparation of Specimens for SEM

After fixation for 60 min the plastic segments were immersed

successively in 5 ml of cacodylate-buffered sucrose,

cacodylate-buffered sucrose diluted l/2 in distilled water,

distilled water, and then a graded series of ethanols (25%,

50%, 70%, 80%, 90%, 95%, and two changes of 100%) (at leact

30 min between changes). The specimens remained under

liquid throughout. They wore critical-point-dried from

liquid 00^ and mounted in "Araldite" on SEM stubs, and the
monolayers were coated with 20 nm of gold in a sputter-

coater (these procedures were kindly done by Dr A. E. Villiams

and staff at the Teaching and Research Centre, Western General

Hospital, Edinburgh). The specimens were examined with a

Cambridge 'Stereoscan' scanning electron microscope.
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III/8 ' RESULTS

IIl/8/l Absorpt ion of Human Effector Cells on Antibody-

sensitised. Erythrocyte Monolayers

Plaque-formation around leucocytes adherent to monolayers

of antibody-sensitised erythrocytes was observed first in

the experiments with rat spleen cells described in III/4/8,
but absorption of these cells, even on monolayers of

erythrocytes sensitised sufficiently to induce rosette

formation, scarcely altered cytotoxic activity in isotope-

release assays of ADCC (fig. IIl/8). However, in

experiments with human leucocytes, the cells which did not

adhere to antibody-sensitised monolayers had little activity

in Ai)CC assays at a leucocyte! target cell ratio of 10:1;

cytotoxicity was 5-5$ (S.D.) with cells recovered from

sensitised SRBC monolayers and 34 - II% with cells recovered

from unsensitised SRBC monolayers.(ADCC assays wixh CRBC).

Because almost all human effector cells of ADCC appeared to

be trapped by absorption, these were studied first by SEM.

Similar studies were made later of the interaction between

sensitised CRBC and the presumed subpopulation of rat

effector cells selected by absorption.

IIl/8/2 ADCC by Human Leucocytes

Human leucocytes progressively destroyed sensitised SRBC

monolayers during 4 h of culture. After 60 min incubation,

small discrete areas of lysis were apparent at low magnif¬

ication. After 4 h incubation, there were large, irregular
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areas of clearing (fig. IIl/l2). In contrast, antibody-

coated monolayers incubated without leucocytes remained

intact and in monolayers of uncoated erythrocytes,

leucocyte-mediated damage after 4 h incubation was confined

to very small and isolated areas (fig. IIl/l3). Leucocytes

adherent to sensitised monolayers were observed 15 min after

incubation had begun and from 60 min onwards they were

clearly and frequently associated with the areas of lysis

(plaques). Leucocytes also adhered to uncoated erythrocyte

monolayers but in much smaller numbers. Some were associated

with the few plaques seen in these monolayers.

Leucocyte adherence to monolayers of sensitised SRBC was

prevented by the addition to the culture fluid of 5 mg/ml

aggregated purified human IgG prepared by the method of

Barkas et al.(1976).

High-power observations showed that plaque-forming cells in
«>

antibody-sensitised monolayers fell into three categories

distinguishable by surface morphology. On type I cells

short, stub-like microvilli evenly covered the entire

surface. These cells were found early in the incubation

period in a rounded form (fig. IIl/l4). Later, cells with

similar microvilli were more flattened and the microvilli

were less dense. Type II cells had extensive ruffles which

irregularly covered the surface (fig. IIl/l5). Type III

cells were thin and flattened with a largely featureless

surface and extensive branched membranous processes (fig.

IIl/l6). Type III cells tended to appear after the others
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Fig.IIl/l2 Antibody-coated SRBC incubated with human

leucocytes for 4 h (x 340).

Plaques have formed, usually containing leucocytes.



Fig.III/I3 Cont

human leucocytes

The monolayer is

leucocytes.

ol, unsensitised

for 4 h (x 310).

intact and there

SRBC incubated vi

are few attached



Fig.IIl/l4 Type I cell after 30 min incubation with

sensitised SRBC (x 6600).

Filopodia are attached to erythrocytes which show no

signs of damage.
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Fig.Hl/l5 Type II cell after 60 min incubation -with

sensitised coated SRBC, showing extensive filopodia

(x 6600).

Adjacent erythrocytes have partly collapsed and there

is tendril formation.
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Fig.IIl/16 Type III cells after 90 min incubation with

sensitised SRBC (x 3000).

They have spread out within an area of erythrocyte

lysis and probably contain ingested red cells.
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but all three cell types could be seen 60 min after

incubation began.

Types I and II had filopodia - fine membrane extensions

varying in length and thickness -which emerged from all over

the cell except from the uppermost region (fig, IIl/l5).

Early in the incubation period (30 - 60 min), filopodia -were

most frequently attached to the erythrocytes (figs IIl/l4
and Hi/15). Later they were attached to the plastic

surface. Membrane extensions on type III cells were usually

attached to the surface (fig. Ill/16).

Adherent leucocytes were judged to be cytotoxic because in

restricted areas immediately surrounding them, there were

erythrocytes which had either lysed completely, often

leaving membrane fragments on the surface, or had partly

collapsed and had short tendrils and small blisters or

spicules on the membrane. Tendrils were particularly

apparent where red cells were attached, by filipodia, to

type I or type II cells (fig. ITl/l5), and their appearance

strongly suggested that they were broken remnants of

filopodia. The erythrocytes in contact with type III cells'

branched processes occasionally had tendrils but spicules

were more common and erythrocyte ghosts were clearly visible

(fig. III/I6). Many type III cells gave the strong

impression of containing ingested red cells (fig. IIl/l6).

The few cells seen on control, uncoated SRBC monolayers had

the surface morphology of type I (fig. IIl/l7) and type II

cells. Typical type III cells were not seen. Filopodia
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Fig.Hl/l7 Control culture-. Type I cell after 4 h

incubation with unsensitised SRBC (x 6900).

Filcpodia are attached only to the plastic surface

and adjacent erythrocytes are undamaged.



128

were attached only to the substrate.' they came very close

to the surface-bound erythrocytes but were not attached to

them (fig.IIl/l8) and the red cells retained a normal

appearance.

IIl/8/3 ADCC bv Rat Lymphocytes

Unsensitised control CRBC monolayers remained largely intact

throughout 4 h incubation with rat lymphocytes but in

monolayers of sensitised CRBC there were discrete areas of

clearing containing lymphocytes, similar to those seen in

sensitised SRBC monolayers incubated with human lymphocytes.

These were observed at high power after 30-60 rnin incubation.

Rat cytotoxic cells could not be divided up on the basis of

surface morphology. Entirely villous and entirely ruffled

cells were rare, and most cells had a complex and irregular

surface morphology. Microvilli and ruffles could be seen

(figs. IIl/l9 and Hi/20) but the re were no uniform surface
(•

features and some parts of the lymphocyte membrane were

smooth.

The involvement of these lymphocytes in the destruction of

sensitised CRBC was inferred from their presence in areas

of erythrocyte membrane distortion and tendril formation

(figs. IIl/l9 and IIl/20). These changes were quite similar

to those induced by human leucocytes on sensitised SRBC.

Lymphocytes were attached to sensitised CRBC by pseudopodia,

some like the filopodia of human leucocytes (fig. IIl/l9)
but often thicker and more complex, making contact with the

red-cell membrane over a broader area (fig. IIl/20).
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Fig.III/I8 Control culture. Filopodia on a type II

cell after 4 h incubation with unsensitised SRBC are

clearly attached only to the substrate and not to the

surrounding, undamaged erythrocytes (x 14000).
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Fig.IIl/l9 Rat lymphocyte attacking sensitised CRBC

after 15 rain incubation (x 4500).

Pseudopodia are attached simultaneously to at least

three CRBC.
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Fig.IIl/20 Rat lymphocyte attacking sensitised CRBC

after 15 min incubation (x5600).

Pseudopodia are attached to at least three CRBC. In

one area (arrowed) discrete points of contact between

the lymphocyte membrane and erythrocyte membrane are

visible, 0.3-0.5 um apart.
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At high magnification (fig. IIl/2l) the margins between the

lymphocyte and sensitised erythrocyte membranes were hard to

distinguish.

The lymphocytes on control monolayers were almost all rounded

cells with a ruffled surface, usually showing some membrane

attachment to the plastic surface (fig. Hi/22). Traces of

cell debris were sometimes found in these cells'proximity but

erythrocyte clearing was not extensive, and the lymphocytes

had no pseudopodia attachment to the surrounding unsensitised

CRBC.

Hi/9 DISCUSSION

The addition of human leucocytes to monolayers of antibody-

sensitised SRBC induced restricted areas of lysis nearly

always containing leucocytes. Plaques were thought to be

leucocyte-mediated because the cells not adherent to

sensitised monolayers were inactive in ABCC, there were no

plaques in monolayers of unsensitised SRBC, and plaque

formation was inhibited by aggregated IgG. By staining with

Leishman's stain monolayers made in whole petri dishes after

plaque formation, it was shown (in studies not described here)
that plaque formation increased as the human leucocyte

concentration increased and as the target cells were coated

with progressively higher concentrations of antibody. In

these unpublished studies (omitted here because no similar

studies were done with rat lymphocytes) by no means all the

Fc+ cells adhered tc the monolayer because the target cells

were sensitised with antiserum at concentrations too low to
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Pig. 111/21 At-Lachment area of rat lymphocyte

pseudopudia on sensitised CRBC after 60 mill incubation

(x 9300).

Margins between lymphocyte and erythrocyte membranes

are scarcely visible.
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Pig.IIl/22 Control culture. Rat lymphocyte after

60 min incubation on control unsensitised monolayer

(x 5300).

Pseudopodia are attached to substrate and not to

surrounding erythocytes.



provoke rosette formation. Only 3.5-8.0% of all

leucocytes (probably a minimum estimate) formed plaques.

Despite the cells' prior incubation on glass, 30% of

plaque-forming cells were obviously phagocytes and

non-phagocytic polymorphonuclear cells, so that the

proportion of mononuclear cytotoxic cells was 1-3%.
Vhile these studies were being done, Perlmann and

colleagues reported that 1.5-2.5% of highly purified

human lymphocytes were cytotoxic on sensitised monolayers

(Biberfeld et a 1. , 1975; Vahlin e 1. a 1. , 1976). Kedar,

Ortiz de Landazuri, and Bonavida (1974) were successful in

reducing rat-spleen effector-cell activity by absorption

on sensitised monolayers and found that 4-6% of spleen

leucocytes were cytotoxic, 40% of these being lymphocytes.

One of the reasons for starting the SEM studies was the

hope that surface morphology of the effector cells might

betray their identity. It was then widely believed that

T and B lymphocytes were distinguishable by their SEM

appearance (Polliack et al., 1973; 1974). Tet in prelim¬

inary experiments, in which human blood lymphoc\'tes were

scanned after fixation in suspension or after settling on

poly-L-lysine-treated plastic surfaces, there were not

two recognisable subclasses - most of them were covered in

randomly distributed microvilli of varying length and

thickness and some had undulating ruffles. It is now

agreed that nearly all human lymphocytes are villous while

granulocytes and monocytes tend to be ruffled (Roath et al«
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1978). The morphology of type I and type II cytotoxic

human cells is thus consistent with the idea that effector

cells in ADCC consist of lymphocytic cells and myeloid cells.

But SEM alone cannot prove a cell's identity. Its

morphology is influenced by how it is prepared, by its

functional state, and by its environment. Elongation

and flattening, for example, which alter surface features

like villi and ruffles, are characteristic of cells settling

on a surface and are enhanced if the surface is coated with

antigen-antibody complexes (Alexander and Henkart, 1976).

Leucocytes other than lymphocytes are villous under some

circumstances and ruffles are found on some lymphocytes

(Roath et al.. 1978). The f irm identification of the

human cytotoxic cell types I and II and the rat spleen

cytotoxic cells would have needed a combination of SEM and■

histochemical staining or cell marker studies of individual

cells. Vithout this, only the identity of the human type

III cells is certain.* their similarity to the phagocytes

seen in stained preparations was inescapeable and they had

the appearance of red-cell-replete phagocytes studied with

SEM by Orenstein and Shelton (1977).

Many of the phagocytes were found in aggregates. Bessis

(1974) showed that phagocytes formed aggregates by homing

in on a single killed erytb.roC3'te, seemingly attracted by

the concentration gradient of material diffusing from it.

Phagocytes were not seen among the rat spleen cells which

killed CRBC. Perhaps rat phagocytes were more effectively

removed by adherence to glass than were human phagocytes.



Tenfold et a1. (1976) observed pilagocytes by transmission EM

among the unfractionated mouse spleen cells which killed

sensitised CRBC. Four morphologically distinct cytotoxic

cell types were observed. Rat cytotoxic cells could not

be classified into types by SEM: all shared a lack of

uniform surface features. This may have been because

those adherent to the monolayers were only a subpopulation

of cytotoxic cells.

Plaque-associated cells, except human type III cells, killed

by an extracellular mechanism. Cell debris and deformed

erythrocytes were common in their vicinity. Killer-target

cell contact was made through the attachment of leucocyte

pseudopodia at discrete points on the target-cell membrane.

Contact at multiple separate points conforms with the view

of leucocyte Fc receptors as closely spaced but discrete

motile entities in the cell membrane (Schreiner and Unanue,

1977). Douglas and Huber (1972) calculated by

immunoferritin transmission EM that monocyte Fc-receptors

were approximately 0.25 pm apart. The distance between
sites of pseudopodial attachment was not rigorously studied

in the experiments described here but, in some cells, it

was of a similar order of magnitude - e.g., in fig. IIl/20
there are ten points of lymphccyte-CRBC attachment within

3.5 pm. Pseudopodial contacts between sensitised CRBC and
two types of effector cell in mouse spleen were observed by

transmission EM among cells fixed in suspension (Penfold
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et a 1., 1976). By cutting through the areas of contact a

complex interdigitation of membranes was seen as the

pseudopodia deeply invaginated the target. By SEM the

margins between the leucocyte membrane and erythrocyte

membrane at points of contact were usually not distinguishable,

giving the impression that contact was made at the target-cell

surface but not excluding the possibility that the tips of

pseudopodia were buried within the target cell.

How close is the analogy between ADCC on monolayers and ADCC

in suspension? Attempts at SEM of leucocyte-target cell

mixtures fixed in suspension were unsatisfactory, firstly

because establishing criteria of cell death or damage was

difficult, and secondly because in the inevitable aggregations

of cells, non-cytotoxic leucocytes obscured the interaction

between targets and the small proportion of effector cells.

Pseudopodial contact was seen (figs, Hi/23 and IIl/24)
between leucocytes and targets which looked quite abnormal,

partly collapsed with sharp creases in the normally smooth,

undulating membrane, but the conclusion that this was a

cytotoxic event can only be speculative. Indeed, the main

advantages of using target cells in monolayers are the

reduction in interference by irrelevant leucocytes and the

visual evidence that targets associated with particular

leucocytes have been destroyed or damaged.

Drawing an analogy between the monolayer system and cyto¬

toxicity in suspension requires most caution in relation to

the mechanism of lysis. Lysis seemed to depend on contact

through leucocyte pseudopodia but how this resulted in
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Fig.111/23 Suspension culture. Human leucocyte

after 60 min intubation with sensitised CRBC (x 8600).

It is round, has a ruffled surface, and a pseudopodium

is attached to an erythrocyte, which is distorted.

An erythrocyte of normal appearance is also visible.



Pig. Hi/24 Suspension culture. Human leucocyte

after 60 min incubation with sensitised CRBC (x 9000).

It is round and has a ruffled surface. Filopodia

are attached to a distorted erythrocyte.

30KV 1HM 14.288
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target cell death is unknown. Target cell membranes often

appeared to have been torn by mechanical forces. These

forces might have been generated by active contraction

since leucocyte microvilli contain contractile elements

(Fagreus e t al.. 1974) but arguing against this view is the

finding that ADCC, by at least some cell types, is Ca

independent (Goldstein and Smith, 1976); there is increasing

evidence that contractility in non-muscle cells is dependent

on Ca++ ions (Schreiner and Unanue, 1976)., An alternative

explanation might be that the immobilised erythrocytes

ruptured because of the tension generated as the leucocytes

which had bound to them wandered on the plastic surface.

Ramsay (1972) described the formation of thin filopociia-like

fibres of cytoplasm by leucocytes moving away from a site of

adhesion. Clearly, a lytic mechanism like this would be

unlikely in systems where both targets and effector cells

are in suspension.
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IV ANTIBODY IN THE INDUCTION OF CELL-MEDIATED

CYTOTOXICITY TO THYROGLOBULIN-COATED TARGET CELLS



iv/I INTRODUCTION
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Histologically, thyroiditis appears to be an invasion and

destruction of thyroid tissue by lymphocytes, monocytes,

and plasma cells. In animals, leucocytes are sufficient

to transfer experimentally induced thyroiditis (McMaster

and Lerner, 1967; Nakamura and Veigle, 1967; Twarog and

Rose, 1970). There has thus been considerable interest in

whether or not leucocytes from animals or patients with

thyroiditis kill, in vitro, target cells carrying thyroid-

specific antigens.

Human thyroid cells grown in monolayers seemed to be

morphologically undamaged by 48 h incubation with Hashimoto

blood leucocytes (Ling et a1., 1964) but Laryea et al. (1973)
131

reported that I uptake by the monolayer cells was

reduced after 4-6 day culture with leucocytes from Hashimoto

patients but not normal people. In early experiments with
o

animal systems, BiBrklund (1964) reported that rat thyroid-

cell monolayers were killed by syngeneic thoracic-duct

lymphocytes from rats immunised with Tg in PCA. Lymph-node

cells from rabbits immunised with Tg in FCA adhered to and

destroyed rabhit thyroid-cell monolayers but so, although to

a lesser extent, did cells stimulated by an unrelated

antigen (Rose, I97l). Lin and Salvin (1976a) found that

lymphocytes from Tg-immunised guinea pigs, but not

unchallenged animals, would, destroy syngeneic thyroid

monolayers, provided that Tg was added to the culture

medium.



Recognition of the importance of Tg as an autoantigen in

autoimmune thyroiditis (Shulman, I97l) led to studies of

cytotoxic activity towards Tg-coated xenogeneic cells

suitable for quantitative isotope-release assays of target

cell death. Lymphocytes from Hashimoto patients but not

normal people killed Tg-coated mouse mastocytoma cells

(Podleski, 1972) and Tg-coated CRBC (Tg-CRBC) (Calder,

Penhale, Barnes, and Irvine, 1973s). Spleen cells from

guinea pigs immunised with Tg in PCA also killed Tg-CRBC

(Ringertz et al., I97l).

The mechanism of cytotoxicity was clear only in the

experiments of Lin and Salvin (1976a,b) who showed that

lymphocytes from Tg-immunised guinea pigs generated a

cytotoxic lymphokine when cultured with free syngeneic Tg.

The lymphokine was specifically stimulated but non-specifi

in effect, killing macrophages and kidney cells as w^ll as

thyroid cells, and its production was Tg-dependent?Tg-
immune lymphocytes having no cytotoxic activity in the

absence of Tg.

Laryea et al. (1973) thought they had evidence for thyroid

specific cytotoxic T lymphocytes but no evidence was given

for the T-cell specificity of the anti-human-thymocyte

globulin which inhibited Hashimoto-lymphocyte-mediated

damage to thyroid cells. Others concluded by inference

that cytotoxicity was T-cell mediated - solely (Podleski,

1972) or in part (R ingertz et al., 1971; Calder, Penhale,

Barnes, and Irvine, 1973a; Calder and Irvine, 1975).
T cells are clearly cytotoxic in some systems (Cerottini a;
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Brunner, 1974) and the lymphocytes with thyroid-specific

cytotoxic activity also responded positively to thyroid

antigens in in-vitro tests (migration inhibition, lymphocyte

transformation) presumed to detect specific antigen-sensitised

T cells. However, it is now much less certain that these

in-vitro tests, particularly migration inhibition, are

specific indicators of T-cell function (Allison and Denman,

1976) so there cannot be said to be hard evidence that

cytotoxic T lymphocytes are generated in autoimmune

thyroiditis.

Of considerable interest is the possibility that the

in-vitro cell-mediated specific lysis of thyroid-antigen-

bearing targets is antibody-dependent. Two possible

mechanisms are outlined in fig. IV/l - both require Fc+

cytotoxic cells to be. triggered, on the one hand through

"arming" by immune complexes picked up in vivo, on the

other by antibody or complexes generated in vitro.
■t

Normal lymphocytes can be "armed" by Hashimoto sera to kill

Tg-coated CRBC (Calder, McLeman, and Irvine, 1973) and some

Hashimoto sera contain immune complexes detectable by

complement-binding (Calder et al., 1974) or by inhibition

of ADCC (Barkas et al, , 1976). But thi s is not evidence

for the presence of circulating armed cytotoxic cells, and

the loss of activity of armed cytotoxic cells after 5 h at

37°C (Penfold et al.. 1978) suggests that such cells are

unlikely to be isolated from the circulation in an active state.

The more likely pathway of in-vitro specific cytotoxicity is the

one triggered by the in-vitro generation of antibody to thyroid



circulatin
O, armed
/ K cell

tophilic immune
complex freed

in vitrounarmed
K cell

thyroid-antibody
producing cell

Fig.IV/l Antibody-dependent mechanisms of in-vitro

cell-mediated lysis of thyroid-antigen-

bearing target cells.

"K cell" here refers to all cells active in ADCC.
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antigens. Its existence has been assumed (Allison and

Denman, 1976) but no direct investigation of it has been

made.

IV/2 AIMS OF INVESTIGATION

The aims of the experiments described in this chapter were:

(1) To determine whether, like leucocytes from

Hashimoto patients (Calder, Penhale, Barnes and

Irvine, 1973) and guinea pigs with adjuvant-

induced thyroiditis (Ringertz et al. , I97l),

leucocytes from Tx-X rats with thyroiditis killed

CRBC coated with homologous Tg.

(2) To determine whether cytotoxicity was the result

of the activation of antibody-dependent cytotoxic

cells by in-vltro generated anti-Tg antibody.

Before this investigation was started two questions about

technique had to be answered. Vere Tg-CRBC susceptible to

cell-mediated lysis? Did culture conditions permit the

in-vitrc generation of anti-Tg antibodies?

Accordingly, preliminary experiments were done with

lymphocytes from rats with thyroiditis induced by

immunisation with rat Tg in FCA. Cell-mediated killing of

Tg-CRBC had been shown in this model before (Ringertz et al.,

1971) and using as effector cells lymphocytes from the

lymph-nodes and spleen of animals in which the anti-Tg

response was acute and localised seemed likely to give

reliable answers to these questions.



147

The cytotoxic capacity of these lymphocytes at intervals

after immunisation was measured by 15 h culture with

Tg~CRBC. The in-vitro generation of anti-Tg antibody was

tested by culturing the lymphocytes alone for 15 h and

testing the capacity of their cell-free supernatants to

induce ADCC of Tg-CRBC by normal lymphocytes.

In subsequent experiments, the cytotoxicity and the

antibody-generating capacity of Tx-X cells were assessed

by the same methods.

IV/3 ■ METHODS

These are methods not described elsewhere.

IV/3/1 Inductlon of Thyroiditis by Immunisation

8-12 week old inbred female Liverpool Hooded rats, a. strain

known to be susceptible to thyroiditis induction (Penhale,

Farmer, Urbaniak, and Irvine, 1975)> were injected in each

footpad with 0.1 ml of an emulsion of equal volumes of FCA

(Difco) and rat Tg (10 mg/ml in saline) made in a high-speed

homogeniser at 4°C. Immediately afterwards, 10"^ killed
Bordetella pertussis organisms (B. pertussis vaccine,

Velcome) in a volume of 0.05 ml were injected into the

dorsum of each foot (suspension prepared by concentrating

the vaccine five-fold).

Identical rats were injected as controls in similar fashion

except that FCA was emulsified in sterile saline.
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IV/3/2 Rat anti-Tg Sera

Sera from Tg-immunised, FCA-immunised, and Tx~X rats were

heated at 56°C for 45 min and stored at -20°C in small

volumes. They were diluted i/5 in PBS and absorbed with

an equal volume of CRBC at 0-4°C for 60 min before use.

IV/3/3 Lymphocyte Supernatants

Lymphocytes from spleen and lymph nodes in RPMI with 10/^ PCS,

prepared as described in IIl/3/lO, were incubated at

4 x 10 /ml in loosely capped sterile, round-bottomed glass

tubes. After 15 h at 37°C (22 h in some experiments), the

cell pellets were resuspended, the tubes were centrifuged at

100 g for 5 min, and the supernatants were recovered.

After passage through a 0.22 jim filter (Millipore) they were
stored in 0.5 ml volumes at -20°C. Before use, the super¬

natants were heated to 56°C for 30 min and absorbed with

l/5 volume of washed, packed CRBC for 60 min at 0-4°C.

0.5 ml volumes of some supernatants were absorbed with

0.25 ml of packed Tg-CRBC or control tanned CRBC for 60 min

at 4°C.

0.5 ml vol umes of some supernatants were absorbed with an

equal volume of insolubilised rabbit anti-rat Ig serum

(Miles Laboratories) or normal rabbit serum, prepared by

polymerisation with aqueous glutaraldehyde (2.5 g/dl) as

described by Avrameas and Ternynck (1969).
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IV/ 3%4 Preparation of Tg-CRBC

2% CRBC in PBS were mixed with an equal volume of tannic

acid (0.025 mg/ml in PBS) and held for 10 min at room

temperature. The cells were centrifuged at 100 g for 3 min
7

and washed once in PBS. 10 tanned cells were suspended at

room temperature in I ml PBS and 10' were suspended in I ml

Tg solution (0.1 mg/ml in PBS). Cells coated in Tg

solution at this concentration were consistently agglutinated

(in tests described in Il/3/6) by rat sera containing anti-Tg

antibodies in high titre. Each new batch of Tg was titrated

to determine this optimum concentration.

After 30 min at room temperature with occasional mixing,

Tg-CRBC and tanned, uncoated CRBC were washed three times,

suspended in 0.05 ml PBS, and labelled with 0.2 mCi sodium

("* Cr-) chromate in sodium chloride (10 mCi/ml)

(Radiochemical Centre, Amersham). After 60 min at 37 C, the

cells were washed three times in RPMI with 10% FCS, counted,

and centrifuged for storage at room temperature before use.

Iy/3/5 Assays of Cytotoxicity to Tg-CRBC

Cytotoxic assays were done in flat-bottomed microtitre

trays. The medium was RPMI with 10% FCS. In assays of

lymphocyte-mediated cytotoxicity not induced by added

serum or supernatant, lymphocytes at the required

concentration in 0.1 ml medium were placed in the wells

and 2 x 10^ Tg-CRBC or wanned CRBC in 0.1 ml medium

were added. "When lymphocytes from two sources were



combined, 2 x 10^ cells from each source, each in 0.05 ml

medium}were put into the veils.

In assays of lymphocyte-mediated cytotoxicity induced by

serum or supernatant, 10^ Tg-CEBC or tanned CRBC in 0.05 ml

medium were combined -with 2 x 10^ spleen lymphocytes from

8-I2-week-old normal male PVG/c rats in 0.05 ml medium, and

0.1 ml of the test serum or supernatant was added.

Cultures containing Tg-CRBC were set up in triplicate and

controls -with tanned CRBC as targets in duplicate.

Spontaneous isotope release was measured in cultures in

which unlabelled CRBC (2 x 10^/ml) were substituted for

lymphocytes. Maximum isotope release was measured in
4 4

cultures containing 1.0 or 2 x 10 target cells and fresh

rat serum in a total volume of 0.2 ml. Spontaneous

release was 5-10% and maximum release was 80-90% of the

total activity in the culture.

The trays were incubated undisturbed at 37°C for the

required period in a humidified atmosphere of 95% air, 5%

CO2. 0.1 ml of supernatant was withdrawn carefully by
micropipette from each well without disturbing the cell

pellet. The activity of these supernatant samples was

counted in a well-type gamma counter (Vallac) and the mean

value for replicate cultures was calculated. For each

set of cultures, the total isotope release (TR) was twice

the mean supernatant activity. % isotope release for each

lymphocyte suspension and each target-cell type was:

TR (leucocytes) - TR (spontaneous) / TR (maximum) -
TR (spontaneous), expressed as a percentage. A cytotoxic
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index for each lymphocyte suspension was calculated by

subtracting % isotope release with tanned CRBC from %

isotope release with Tg-CRBC.

IY/4 RESULTS

IV"/4/1 Killing: of Tg-CRBC by Lymphocytes from

Tg-immunised Rats

Rats were killed, in groups of four, 2, 5, 8, 14, 21, and

28 days after immunisation with Tg in ECA. Serum antibodies

to Tg were found in 3/t rats killed on day 5 (mean log2 titre
3.8 - 1.2 SD). Thereafter, a,11 the rats killed had anti-Tg

/ . "f + ~ +
antibodies (mean log2 titre 9.0 - 0.8, 12 - 1.4, II.3 - 0.4,
and 13.2 - 0.4 at days 8, 14, 21, and 28, respectively).

Thyroiditis was found in I rat killed on day 8 (score i), in

all 4 killed on day 14 (mean score 1.8-0.6), in I rat

killed on day 21 (score 2), and in none killed on day 28.

No autoantibody or thyroiditis was found in the 12 control

rats which were killed in pairs 2, 5, 8, 14, 21" and 28 days

after immunisation with adjuvant and tested in parallel

with Tg-immunised animals.

Spleen cells from Tg-immunised and control rats were tested

for cytotoxicity to Tg-CRBC at lymphocyte:target cell ratios

of 200:1, 100:I, and 50:1. The results given by the

control lymphocytes were pooled.

Compared with control lymx>hocytes, immunised spleen cells
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had no significant cytotoxic effect at a ratio of 50:1

Tg-CRBC (fig. IV/2). At a ratio of 100:1, however,
. .JK

cytotoxicity was significant on day 8 (P< 0.05), day 14

(P<0. 01), and day 28 (P<0.02), but not on day 21.

At 200:1, cytotoxicity was significant as early as day 2

(P<0.05) and. increased on days 8 (P<0.05), 14, 21, and

28 (P < 0.02).

IVJ4/2 Induction of ADCC by Sera from To -immunised Rats

The lymphocyte:target cell ratio in these cultures was

200:1. Sera taken after Tg immunisation and control sera

from adjuvant-immunised rats were tested in parallel and

each was tested twice.

Pig. IV/3 shows that sera taken 5 or 8 days after Tg

immunisation induced no lysis. Control sera were also

inactive. But sera taken on days 14, 21, and 28 induced

significant ADCC of Tg-CRBC, usually to a dilution of

l/2000. Their cytotoxicity was directly related to the

titre of haemaggluxinating anti-Tg antibodies.

IV/4/3 In-vitro Generation of Inducing Antibodies by

Lymphocytes from Tg-immunised Rats

These experiments examined the potentiation by lymphocytes

or lymphocyte supernatants from Tg-immunised rats of the

killing of Tg-CRBC by spleen lymphocytes from normal rats

(a source of antibody-dependent cytotoxic cells). Control

cultures contained lymphocytes or supernatants from

adjuvant-immunised rats. The killing of Tg-CRBC by normal

VJplcwnt Wlk
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spleen cells was potentiated by Tg-stimulated lymph-node

cells taken 8 and 14 days after immunisation, but not later

(table IV/I). These lymph-node cells had a slight cytotoxic

capacity unaided, but in combination with normal spleen cells

were very much more effective. Lymph-node cells from

adjuvant-immunised rats were never cytotoxic, alone or in

combination with normal spleen cells.

Supernatants from the slightly cytotoxic day 8 and day 14

lymph-node cells potentiated lysis (table IV/2), as did

supernatants from day 21 lymph-n^de cells (which were

themselves not cytotoxic, either alone or in combination

with normal'spleen cells). Supernatants from Tg-stimulated

spleen cells had potentiating activity only when taken 28

days after immunisation (table IV/2) although spleen cells

themselves had some degree of cytotoxicity from 2 days after

immunisation onwards (fig. IV/2). Supernatants from

adjuvant-stimulated lymph-node or spleen cells bad no

potentiating activity.

The cytotoxic indices in tables IV/l and IV/2 are corrected

for isotope-release from control target cells, for which

there was no potentiation of lysis. Other control cultures

showed that the inducing activity of supernatants was

lymphocyte-dependent: there was no Tg-CRBC killing when

spleen cells were replaced by unlabelled CRBC. /

Absorption of four active supernatants (from day-14 Tg-

stiinulated lymph-node cells) with Tg-CRBC eliminated potent¬

iating activity: the cytotoxic index with normal spleen

cells was 31 - 2/ SEM before absorpt ion and 15 - 2/ afterwards.
After absorption with tanned CRBC it was 27 - iZ.



Table IV/l Mean - SEM cytotoxic index of immunised

lymph-node cells vith and without added

normal spleen cells (NSC)

Immunised with: Vithout NSC Vith NSC *

Ad.i uvant

Days 2-28 I - 0 (12) 18-3 (8)

Ad.i uvant + Ts

Day 2 I - 0 (4) n. t.

Day 5 I - 0 (4) n. t.

Day 8 6-1 (4) 38 (I)
Day 14 9 - 2 (4) 62 - 2 (4)
Day 21 2-1 (4) 22-6 (4)
Day 28 I - 0 (4) 16 ±5 (4)

* Cytotoxic index of NSC alone was 20 i 5$ (n=8)

There was no significant difference between groups in

mean $ isotope release from tanned CRBC induced by NSC

(range 10-25$).

Figures in parenthesis are number of observations in

each group.

Lymphocyte:target cell ratio in all cultures was 200:1.

N.t.: not tested.
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Table IV/2 Mean - SEM cytotoxic index of normal spleen

cells in supernatants from immunised lymphocytes

Immunised with; Supernatant from

Spleen cells ± Lymph-node cells /

Adjuvant (6)

Days 2-28 9-1 II ± I

T g + adjuvant (4)

Day 2 5 - I 16 - I

Day 5 6-1 14 ~ I

Day 8 8-2 26-1

Day 14 II t 2 31-2

Day 21 13-2 24 - 2

Day 28

-

-

M 00 1+ 18 - I

Control values (cytotoxic index of spleen cells in culture

medium) : ± 12%; ~j° 13%.
There was no significant difference between groups in mean

% isotope release from tanned CRBC induced by spleen cells

and supernatant (range 10-25%).

Figures in parentheses are number of observations in each

group.



Potentiating activity in the supernatants thus seemed to be

due to anti-Tg antibodies.

These experiments established that Tg-CRBC were susceptible

to cell-mediated lysis and that culture conditions permitted

the generation of anti-Tg antibodies in vitro, thus providing

a basis of positive results for experiments with lymphocytes

from Tx-X rats.

IV/4/4 Killing; of Tg-CRBC by lymphocytes from Tx-X Rats

Spleen lymphocytes from 30 8-12-week-old normal male PVG/c
rats and 35 Tx-X female PVG/c rats were cultured with

Tg-CRBC or tanned CRBC at a lymphocyte:target cell ratio of

200;I. Thyroiditis (mean score 3.4 - 1.0) and anti-Tg

antibodies (log2 titre 7,3 - 2.7) were found in 26/35
(autoreactive) Tx-X rats and not in 9/35 (non-autoreactive)

Tx-X rats.

■€>

The mean cytotoxic index of autoreactive Tx-X, non-auto-

reactive Tx-X, and normal lymphocytes was identical (table

IV/3). The resuits in all three groups were variable but

in each group most were in the range 0-11% (24/27, 6/9,
24/30, respectively). Lymphocytes from Tx-X rats with

thyroiditis thus had no specific cytotoxic effect upon

Tg-CRBC.

Table IV/3 also shows that, compared with normal lymphocytes
and those from non-autoreactive rats,lymphocytes from

autoreactive Tx-X cells induced significantly less isotope

release from both Tg-CRBC and tanned CRBC. This difference



159

Table IV/3 Cytotoxicity of Tx-X spleen cells

for Tg-CRBC and tanned CRBC

Spleen cells

from:

i

Mean % isotope
release from

Mean - S.B.

cytotoxic indexTanned

CRBC

Tg-CRBC

Normal rats (30) 17-9 23 - 10
+
6-4

(range 0-23)

Tx-X rats

Non-autoreac'tive (9) 10 t 5 19 - 12
-4—

9-9

(range 1-25)

Autoreactive (26) 6 - 5 13 '- 9
4-

7 I 7

(P-fO. 01) (P<0. 01) (range 0-34)

Figures in parentheses are number of animals in group.

P values refer to corresponding normal values^" Vjdcoxwi,

<
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was masked when the cytotoxic index (the difference between

the °/° isotope release from Tg-CRBC and tanned CRBCj was

calculated.

In some experiments, the cytotoxicity assay was extended

to 22 h. Table TV/4 shows that the increased culture

time made no significant difference to the cytotoxic index

achieved by either normal cells or by autoreactive Tx~X

cells. The abnormally low isotope release induced by

autoreactive Tx-X cells from both types of target cell was

apparent at 22 h as it was at 15 h.

Subsequent experiments were done to determine if the absence

of specific cytotoxic activity to Tg-CRBC in autoreactive

Tx-X rats was associated with a failure to make antibodies

which induced ADCC.

IV/4/5 Induction of ADCC by Antibodies in Tx-X Sera

Several dilutions of Tx-X serum were added to cultures

containing normal spleen lymphocytes and Tg-CRBC or tanned

CRBC at a ratio of 200:1. 10 Tx-X sera with varying

titres of anti-Tg antibodies and 5 normal male PArG/c sera

were each tested five times.

6/10 Tx-X sera induced significant cell-mediated lysis of

Tg-CRBC at dilutions of l/20 and l/200, and 5/l0 did so at

a dilution of 1/2000 (fig. IV/4). Control tanned CRBC

were undamaged. In parallel cultures, in which leucocytes

were replaced by unlabelled CRBC, Tg-CRBC were not killed.



Table IV/4 Effect of culture time on cytotoxicity of

Tx-X spleen cells for Tg-CRBC and tanned CRBC

Spleen cells
from:

Culture

time (h)

Mean - SD ^ isotope
release from: Mean - SB

cytotoxic indexTanned

CRBC

Tg-CRBC

Normal rats (9)

15 21-4 27 - 7 6-7

22 24-8 30 t 11 6-8

Autoreactive \

Tx-X rats (9)

15 7 ± 5 16 - 10 8-7

22 7-7 20 - 13 13 - II

Figures in parentheses are number of animals in each group
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Normal sera were inactive, and so were 2 Tx-X sera which

contained no anti-Tg antibodies and 2 Tx-X sera with a low

anti-Tg titre. In all the Tx-X sera, the maximum level of

cytotoxicity was directly related to the haemagglutinating

anti-Tg titre.

IV/4/6 Induction of ADCC by Lymphocyte Supernatants from

Tx-X Rats

Supernatants from 15 h and 22 h cultures of spleen

lymphocytes from 10 normal male PYX!/c rats and 15 female

Tx-X rats were added to cultures containing Tg-CRBC or

tanned CRBC and normal male FVG/c spleen lymphocytes at a

ratio of 200:1 (supernatant finally diluted l/2). II of the

15 Tx-X rats had thyroiditis (mean score 3.4 - 1.0) and anti-

Tg antibodies (7.3 - 2.7).

The cytotoxic index was identical in the presence of super¬

natants from normal and non-autoreactive Tx-X cells, and in

fresh, unconditioned culture medium (table IV/5)* But

supernatants from autoreactive Tx-X cells significantly

increased the killing of Tg-CRBC. Tanned CRBC were

unaffected. Lysis was entirely lymphocyte-dependent: there

was no killing when CRBC were substituted for spleen cells.

The characteristic lymphopenia of Tx-X rats and the demands

made by other investigations meant that the available
«7

volumes of supernatant (from cultures at 4 x 10

lymphocytes/ml) were invariably small. But 4 active

supernatants were large enough in volume when pooled to
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Table IV/5 Cyto toxicity of normal spleen cells in 15 h

culture supernatants from Tx-X spleen cells

Spleen cell

Mean % isotope
release (-SD) from: Mean - SD

Supernatant from: Tanned

CRBC

Tg-CRBC cytotoxic index

Normal rats (10) 18 - 4 33-6 15 - 8

Tx-X rats

Non-autoreactive (4) 16-9 34 - 3 18-9

Autoreactive (il) 17-8 44-9

(PcO.Ol)
27 - 14

(P<0.05)

Figures in parentheses refer to number

P values refer to corresponding normal

Cytotoxic index of normal spleen cells

culture medium was 13-8 (n=I3)-

of animals in group,

values VJiJcrttrvf

in unconditioned
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permit absorption experiments. Absorbed and unabsorbed

supernatants were added to cultures containing normal

male PVG/c spleen cells and target cells at 200:1.

In this experiment, the cytotoxic index in fresh

unconditioned culture medium was lower than in those above

{5%)' The cytotoxic index in unabsorbed active supernatant

was also lower than before but it was still higher than in

medium (14%). The supernatant's capacity to induce ADCC

was reduced by absorption with Tg-CRBC (to a cytotoxic index

of 8%) but not by absorpt ion with tanned CRBC (16%). It

was also diminished (to cytotoxic index of 6%) by absorption

with insoluble rat anti-rat Ig serum but only slightly

(to 11%) by insolubilised normal rabbit serum.

These results showed that lymphocytes from Tx-X rats with

thyroiditis generated anti-Tg antibodies in vitro.

IV/5 7 DISCUSSION

Tg-CREC are killed by lymphocytes from patients with

Hashimoto thyroiditis (Calder, Penhale, Barnes, and Irvine,

1973a) and guinea pigs with adjuvant-induced thyroiditis

(Ringertz et a 1_. , I97l) • .Adjuvant -induced thyroiditis in

rats has a rapid onset and an equally rapid resolution,

with an acute antibody response to Tg (Jones and Roitt,

1961; Jancovic et al., 1969) and the localisation in the

draining lymph nodes of lymphocytes capable of passively

transferring thyroiditis (Twarog and Rose, 1970).



Draining lymph-node cells in Tg-immunised rats acquired a

cytotoxic potential between 5 and 8 days after immunisation

which was slight at first, was greatest when measured on

day 14, declined by day 21, and disappeared by day 28.

Spleen cells had slight cytotoxic activity as early as

2 days after immunisation and this rose steadily from day 2

to day 28 after immunisation. Ringertz et a 1. ('iQTl) found
that spleen cells from Tg-immunised guinea pigs had the

greatest cytotoxic activity 28 days after immunisation and

that cytotoxicity declined thereafter. In their study,

spleen-cell cytotoxicity correlated with the severity of

thyroid lesions. In the rats described here the severity

of thyroiditis correlated only with the cytotoxic activity

of the draining lymph-node cells.

The involvement of in-vitro generated antibody in the killing

of Tg-CRBC by lymph-node and spleen cells was investigated

by the approach adopted by MacLennan and Harding (1970),

Harding and MacLennan (I972); and Schirrmacher et al. (1974)
- i.e., antibodies generated by immune cells were de+ected

because they induced ADCC to appropriate target cells by

non-immune lymphocytes. Normal spleen lymphocytes,

powerful effector cells in ADCC, killed Tg-CRBC when

combined with Tg-immunised lymph-node cells - which per se

were only poorly cytotoxic and were poor effector cells -

or with their supernatants. The absence of tanned-cell

killing, the lymphocyte dependence of cytotoxicity, and the

abrogation of lysis by absorption with Tg-CRBC suggested

that the supernatants contained anti-Tg antibodies. The



intrinsic cytotoxic activity of the lymph-node cells, although

low, rose and fell precisely in parallel with the extent of

the ADCC they induced, suggesting that ADCC was the sole

cytotoxic mechanism available to the lymph-node cells and that

it was low7 because of their poor capacity as effector cells

in ADCC.

28 days after Tg immunisation, spleen lymphocytes generated

antibodies which induced ADCC to Tg-CRBC. They also had a

normal capacity for ADCC to sensitised CRBC (data not shown),
so their ability to kill Tg~CRBC seemed to be at least

partly antibody-dependent. Spleen lymphocytes obtained

earlier in the anti-Tg response (days 2~2l) did not generate

antibodies to Tg and so appeared to kill Tg-CRBC not by

ADCC, but by some other, unknown mechanism.

Spleen lymphocytes from Tx-X rats with thyroiditis did not

kill Tg-CRBC. Yet antibodies which induced ADCC to Tg-CRBC

were found in the serum of these rats, a predictable result

because the bulk of anti-Tg antibodies in Tx-X rats are IgG

(Penhale, Farmer, and Irvine, 1975). And lymphocytes from

Tx-X rats with thyroiditis generated, in vitro, antibodies

which induced ADCC to Tg-CRBC. Since these lymphocytes are

efficient effector ceils in ADCC (Hl/4/9), why did they not

kill Tg-CRBC?

This result could be explained by the hypothesis outlined in

fig. IIl/lI. Effector cells of ADCC in the spleen of Tx-X

rats might be prevented from reaching their full cytotoxic

potential by autoantibodies to lymphocytes generated in vitro

which bind either to the effector cells themselves or to
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bystander lymphocytes. Such inhibition seems likely to be

particularly effective when the target cells of ADCC are

Tg-CRBC suboptimally sensitised by a small amount of

in-vitro-generated anti-Tg antibody.

In summary, the experiments described in this chapter

established that the killing of Tg-CRBC by lymphocytes from

Tg-immunised rats with thyroiditis could be antibody-

dependent. The possibility of other mechanisms was not

excluded. Spleen lymphocytes from Tx-X rats with

thyroidiris could sensitise Tg-CRBC with antibody in vitro

and could kill sensitised target cells, yet they could not

kill Tg-CRBC directly. The experiments described in the

next chapter determined whether Tx-X rats made

anti-lymphocyte autoantibodies which might have inhibited.

Tg-CRBC killing.



ANTI-LYMPHOCYTE ANTIBODIES IN Tx-X RATS



v/i INTRODUCTION

Anti-lymphocyte antibodies appear in many clinical diseases,

among them several thought to have an autoimmune aetiology

(table V/l). The reports of anti-lymphocj^te antibodies in

Hashimoto's disease were isolated ones. Anti-lymphocyte

antibodies have not been described in animal models of

thyroiditis.

The antibodies are frequently detected by a complement-

dependent cytotoxicity test. Naito et al. (I97l) found

that cold-reactive sera (4-l5°C) contained only IgM

antibodies while the more uncommon warm-reactive sera (37°C)

contained both IgG and IgM antibodies. Lymphocytotoxins

are usually only weakly effective, perhaps because their

titre or affinity is low but perhaps also because they often

kill only a subpopulaticn of the target lymphocytes. The

cytotoxins of inflammatory bowel disease react equally with

B-cell or T-cell enriched lymphocytes (Strickland et aI. •

1975) hut sera from some patients with systemic lupus

erythematosus (SLE) contain cytotoxins specific for T

lymphocytes (Lies et al., 1973; Vernet and Kunkel, 1973),
in some cases specific for a T-cell subset (Glinski et al.,

1976) which may include the suppressor cells induced by

concanavalin A (Twomey et al., 1978) in which SLE patients

are deficient (Sakane et al., 1978). SLE sera may also

contain cytotoxins active against B lymphocytes (Vinfield
et al., 1975).
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Table V/l Cold-reactive (I5-24°C) complement-dependent

lymphocytotoxins in sera from patients with

autoimmune disorders

Disease % +ve sera Reference

Hashimoto thyroiditis 63 (8) Naito et al. (I97l)
50 (ns) Noel and Farid (1975)

Graves' disease 62 (26) Naito et al. (I97l)
50 (ns) Noel and Farid (1975)

Pernicious anaemia 35 (60) Goldberg et al. (1972)

Rheumatoid arthritis 33 (36) Naito et al. (1971)
14 (28) Mittal et al. (1970)

Crohn's disease 17 (58) Korsmever et al.(l974)

Chronic ulcerative II (IS) Korsmeyer et al.(l974)
colitis

Inflammatory bowel 39 (56) Strickland et al.(l975)
disease

Rheumatic heart 35 (36) Naito et ai.(l97l)
disease

Systemic lupus 66 (73) Naito et al. (I97l)
erythematosus 60 (60) Stastny and Ziff (I97l)

74 (58) Mittal et al. (1970)
88 (64) Terasaki et al. (1970)

Figures in parentheses are number of sera tested
n.s. : not specified
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An antibody which kills thymocytes and some peripheral T

lymphocytes (natural thymocytotoxic antibody, NTA) appears

in New Zealand Black/Vhite (NZB/y) mice, an animal model

of SLE, and in NZB mice w7hich get spontaneous autoimmune

haemolytic anaemia (Talal and Steinberg, 1974). NTA is

most effective at low temperatures, although partly active

at 37°C. Among the NTA-sensitive, peripheral T lymphocytes

(Shirai and Mellors, 1972; Auer et a1. , 1974) are

suppressor cells of the non-specific (Klassen et al., 1977)
and antigen-specific type (Shirai et al., 1978).

Cytotoxins can appear without any associated immunological

abnormality in human serum (Naito et al., I97I; Terasaki

et al., 1970) and in serum from mice (Martin and Martin,

1975) and rats (Perper et al.. 1976). The complement-

dependent cytotoxicity test may not reveal all the relevant

antibodies. Others may appear in other in vitro assays.

Anti-lymphocyte antibodies in SLE sera inhibit mixed

lymphocyte reactions (Yernet and Kunkel, 1973) and responses

to mitogens (Horwitz, Garret, and Craig, 1977), and induce

the complement-independent antibody-dependent cell-mediated

lysis of a T-cell subset at 37°C (Glinski et al., 1976).
T cells coated with autoantibodies may be falsely scored as

B cells by immunofluorescence at low temperatures

(Yinchester et al., 1974). There is little doubt,

therefore, that anti-lymphocyte antibodies can interfere with

the accurate assessment of immune function in vitro.
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V/2 AIMS OF INVESTIGATION

This investigation was prompted by data described in

chapters III and IV which suggested that in-vitro antibody-

dependent killing of CRBC and TgCRBC by spleen cells from

Tx-X rats was prevented from achieving its full potential

by in-vitro generated inhibitory factors . Anti-lymphocyte

antibodies can inhibit ADCC in certain circumstances and

seemed worthwhile investigating in Tx-X rats (I) because

irradiation-induced damage to lymphoid tissue was a likely

stimulus to the production of such antibodies; (2) because

of the frequent association in autoimmune disorders between

antibodies to lymphocytes and antibodies to other auto-

antigens (table V/l).

V/3 MATERIALS AND METHODS

These are materials and methods not described elsewhere.

V/3/l Control Sera

The positive control serum was DA anti-HO (anti-AgB5) rat

alloantiserum kindly provided by Dr E. Bell, formerly of

the Department of Pathology, University of Edinburgh.

The negative control serum was normal male PVG/c serum

absorbed with an equal volume of washed, packed PVG/c
thymocytes and an equal volume of PVG/c lymph-node cells

(60 min at 37°C) . The sera were stored in small volumes

at -20°C.
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V/3/2 Complement

Rabbit blood from an ear vein was allowed to clot at 4 C

for 3-4 h. The serum was stored at -40°C in small volumes

which were used without refreezing within 2 A\>eeks of

collection.

Rabbit serum was selected after preliminary experiments had

shown that it was a more effective source of complement for

rat alloantisera than either rat of guinea pig serum. As

previously reported (Kierszenbaum and Budzko, 1977) rabbit

serum was cytotoxic for lymph-node cells. To determine

what dilution should be employed in cytotoxicity tests,

doubling dilutions of each batch of serum in EM were

51
incubated with Cr-labelled lymphocytes pre-incubated in

either normal FVff/c serum or anti-Ag—B5 alloantiserum and.

the cytotoxicity assay described in V/3/4 was done. The

concentration of rabbit serum which produced the greatest

difference in isotope release between alloantiserum-

treated and control, cells was considered to minimise natural

cytotoxicity while retaining comxjlement activity. This

dilution was always l/l6 (3 different serum donors).

V/3/3 Absorption of Tx-X Serum

Serum was absorbed with the required number of leucocytes

at 37°C for I h.

Rabbit anti-rat IgG antiserum (Nordic) and normal rabbit

serum were prepared as insoluble immunoabsorbents by the
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method of Avrameas and Ternynk (1969). For absorption

equal volumes of serum and immunoabsorbent gel were

incubated for I h at 37°C.

V/3/4 Lymphocytotoxicitv Assa.ys

51Normal PVG/c lymph-node cells, labelled with sodium ( Cr-)
chromate as described in Il/3/l, were resuspended at

5 x IO^/ml in EM. 10^ cells in 0.02 ml EM were incubated

with 0.02 ml undiluted Tx-X serum in small plastic tubes

for 1 h at 37°C. I ml ice-cold EM was added to the tube,

the suspension was mixed thoroughly and centrifuged at I00g

for 5 min, and the supernatant was removed. The cell

pellet was thoroughly mixed with 0.1 ml diluted complement

and incubated at 37°C for I h. I ml ice-cold EM was added,

the suspension was mixed thoroughly and centrifuged as before.

0.5 ml of the supernatant was removed and the radioactivity

of this sample (S) and the residue (R) were counted.

% isotope released into the supernatant in each tube was

S x 2.2/S + R expressed as a percentage. Each serum was

tested in duplicate or triplicate and the mean isotope

release fiom two or three replicate tubes was calculated.

The controls in each experiment were normal PVG/e male or

female sera and both positive (anti-AgB5) and negative

control sera diluted i/lO. Except where stated otherwise,

each serum was tested four to eight times against normal

lymph-node cells from individual male PVG/c rats and the
-f

results were expressed as mean values - SD. Means were

compared with Student's t test.



V/4 RESULTS

V/4/l Choice of Normal Control Sera

Because female PVG/c strain rats were used routinely for

thymectomy and irradiation, both lyrnph-node-cell targets

in cytotoxicity assays and normal sera for controls were

more readily obtained from males. Because the lympho¬

cyte toxicity of sera from both male and female Tx-X rats

was to be tested, it was necessary to establish that normal

male and female control sera had the same effect in the

cytotoxicity assay. Vith pooled lymph-node cells from

3 male donors as targets, no significant difference in the

release induced by sera, from 5 males (21 -- 2^) or 5 females
_ | ,(22 - 2%) was detected. Normal male sera were thercfore-

judged to be suitable controls in the subsequent experiments

in which the cytotoxicity of male and female Tx-X sera was

tested against male lymphocyte targets.
•t*

V/4/2 Lymphocytotoxicity of Tx-X Sera

In 15 experiments, the cytotoxicity of 44 Tx-X sera and

22 normal sera for lymphocytes from 4-8 donors was examined.

The sera were used without dilution. Positive control

serum (diluted i/lO) induced 60 - 7°/o (mean - S.D.) isotope

release and since no live cells remained microscopically

visible after this treatment, this figure represented 100^
cell death. Negative control sera induced 20 - 3^ isotope

release, presumably reflecting leakage of isotope from the

cells and the natural cell death which,by trypan-blue



exclusion, was low. 22 normal sera induced 21 - 2%

isotope release which was no different to the negative

control value. However, 2 of the 22 (9%) induced isotope

releases which were greater (P<0.05) than the negative
/ I

control value (25 -6%; 26 - 2%) and these were classed

as active sera.

44 Tx-X sera induced 25 - 4% isotope release (range 17-34%)
and 30 (68%) induced a release significantly greater

(P<0.05) than the negative control value., Active sera

were both male and female but male sera (n = 15) induced

28 - 4% release (17-34%) and 14 (93%) were active, while

female sera (n = 29) induced 24 - 3% release (18-34%) and

16 (55%) were active. Sera from males induced

significantly greater release than sera from females

(P<0. 01) ( Wilc&xm, wJ< ^6) .

V/4/3 Lymphocytotoxins in Sera Containing Anti-Tg

Antibodies

10 male sera containing anti-Tg antibodies (mean log2 titre
= 5.0 - 2.0) gave a release of 28 i 4%; 9 were active,

release 30 - 4%. 24 female sera containing anti-Tg

antibodies gave 24 - 3% release (58% active) and 5 without

anti-Tg gave 23 - 4% release (40% active) . Thus in both

male and female sera, the presence of lymphocytotoxins was

unrelated to the presence of anti-Tg antibodies.

Subsequent investigations made use of serum pools . "Tx-X

serum" below refers to pools of active male and female Tx-X

sera and "normal serum" refers to pools of normal male sera

from which active sera were excluded.
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V/4/4 K inetics of Isotope Release and the Role of

Complement

By measuring the isotope content of the wash solutions, it

was found that cells pre-ineubated in Tx-X sera for 60 min

(before complement was added) released slightly but

significantly more isotope than did those incubated in

normal serum (table V/2). After the addit ion of complement,

Tx-X-serum-treated cells again released more isotope than

did control cells.

Since all the rat sera had been heat-inactivated, there seemed

to be some form of complement-independent cytotoxicity during

the first incubation. The role of complement in the second

incubation step was thus uncertain: perhaps lysis initiated

during the first incubation was continuing during the second,

independently of complement.

This possibility was examined by comparing the effects of

active and heat-inactivated complement in the second

incubation step. Tx-X-serum-treated cells continued to

release more isotope (16 — if) than did controls (13 - if)
when incubated in heat-inactivated complement (table V/2).
Thus at least some of the lymphocytotoxic activity of Tx-X

serum was complement-independent.

The total isotope release from control cells throughout the

culture period was increased by active complement, which

induced 6-2^ more isotope release than did inactivated

complement because of the residual natural cytotoxicity of
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Table Y/2 % isotope release at each stage of the

lymphocytotoxicity test with and without

complement (mean - S.D.)

Incubation in;
Serum

p*
Normal Tx-X

Serum alone (2l) 15-3 17-3 < 0.05

Serum alone (7)

Serum + active

complement (7)

12-2

19-2

16 - I

27 - 2

< 0. 01

< 0. 01

Total 31-4 43 t 4 < 0. 01

Serum alone (7)

Serum + inactive
complement (7)

12-2

13 - I

16 - I

16 - I

< o.qoi

< 0.05

Total 27-2 31-3 < 0.05

]'Alllccrxm\^ NxnJ<
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the rabbit serum. From Tx-X-serum-treated cells, however,

active complement induced 12 - 4:/° more release than did

inactivated complement (table V/2). The difference

between these values (12 - 4 vs 6 - 2; P< O.Ol) showed

that Tx-X serum treatment made lymph-node cells susceptible

to complement-dependent killing as well as complement-

independent cytotoxicity.

V/4/5 T emperature Dependence

Lymph-node cells were pre-incubated with control or Tx-X

sera at 4°C, 22°C, and 37°C for 60 min. After the cells

had been washed.^ complement was added at 37°C and incubation
was completed at 37°C. In 4 experiments, the releases

from cells after pre-incubation in normal sera at 4°C, 22°C,
and 37°0 were 10 - 1%, 10 - 2%, and 17 - 2°/°, respectively;

after pre-incubation in Tx-X sera, these releases were,

respectively, 10 i 2^, 9 - and 28 - 2%. Lymphocyto-
V

• fl

toxins in Tx-X sera thus did not appear to be cold-reactive.

V/4/6 Absorpt ion

Lymphocytotoxicity of Tx-X serum declined after absorption

with progressively larger numbers of syngeneic lymph-node
7

cells; 4 x 10 cells/ml serum was required to reduce the

isotope release to that of normal serum (table V/3).

Allogeneic cells at this coneentration were as effective

in absorption as syngeneic cells. Syngeneic spleen and
7

bone-marrow cells at 8 x 10 / ml absorbed cytotoxic activity

but the same concentration of thymocytes was ineffective.

^ iViJc-oxm^ Agfc



Table V/3
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Effects of absorption on the lymphocytotoxicity

of Tx-X serum

Absorbant
No. per ml
serum (x 10 )

i° isotope release
Tx-X serum Normal

Lymph-node cells (4)

Syngeneic

Allogeneic

Syngeneic lymphoid cells(3

None (unabsorbed)
Spleen
Bone-marrow

Thymus

Insoluble serum protein (3

None (unabsorbed)
Rabbit anti-IgG
Rabbit serum

0
2
4
8

0
4 ±

4 f
4 £

8

8

8

37 | 3
28 J 3
25 f 2
24 1 2

28 : 2
21 ± I
21 J I
19 - I

34
T

4

25
+

5

25
+

3

3;?
+

3

31-3

24-2

28-3

22-2

17-2

27-2

Figures in parenthesis are number of experiments done.

3c ' cells from Liverpool Hooded rats (Ag-B5)

-f I cells from ¥istar rats (Ag-B2)

£ ." cells from AS rats (Ag-Bl)
Cytotoxicity of unabsorbed Tx-X serum varies in experiments

with different absorbants because different pools of active

sera were used.
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Absorption of Tx-X serum with insolubilised rabbit anti-

rat IgG reduced the isotope release to that induced by

normal serum (table V/3). However, an insolubilised

normal rabbit serum also absorbed some cytotoxic activity,

not enough to bring down the isotope release to that induced

by control serum, but sufficiently to make insignificant
%

(0.5 < P< 0.I) the difference between the release induced by

anti-IgG-absorbed and rabbit-serum-absorbed Tx-X serum,

V/5 DISCUSSION

These experiments asked if Tx-X sera contained IgG anti¬

bodies with specificity for lymphocytes. In the two-stage

complement-dependent cytotoxicity assay - in which isotope

release is considered to be an index of cell death (Vigzell,

1965) - 9/^ of normal sera but 68$^ of Tx-X sera were

lymphocytotoxic. Cytotoxicity was low, a high concentration

of active Tx-X serum was needed for lysis, and a large

concentration of target lymphocytes was needed to absorb

the cytotoxic activity, suggesting that the titre or affinity

of the antibodies was low and/or that the proportion of

cytotuxin-sensitive cells in lymph nodes was small. The

cytotoxins were not specific to strain or AgB-type and

absorption suggested that there were cytotoxin-sensitive

cells in spleen and bone-marrow and fewer or none at all

in thymus. Absorption with anti-Ig suggested that the

cytotoxins were IgG antibodies. However the monospecificity

of the commercial antiserum to IgG was not checked

and, furthermore, the low cytotoxic activity of

kit.



Tx-X sera was partly absorbed by a control absorbent so

that there was no significant difference in cytotoxicity

between the IgG-absorbed and control-absorbed sera. A

purified IgG fraction of active sera might have a suff¬

iciently powerful cytotoxic effect to allow absorption

studies with monospecific anti-IgG to be conclusive.

The presence of IgG antilymphocyte antibodies might explain

why Tx-X sera had a cytotoxic effect - albeit a poor one -

even in the absence of complement. A subpopulation

binding IgG cytotoxins would become susceptible to ADCC

during incubation at 37°C. Rat lymph-node cells have a

limited capacity for ADCC to nucleated target cells

(MacLennan, 1972a). Sera from SLE patients contain

IgG antibodies which in vitro sensitise certain of the

T cells among normal lymphocytes, making them susceptible

to lysis by the accompanying K cells (Glinski et al., 1976).

The possibility that the Tx-X iymphocytotoxins were active

in vivo was enhanced by their apparent warm reactivity.

The effects of lymphocytotoxic Tx-X sera upon syngeneic

lymphocytes from Tx-X rats were inconsistent (data not

shown) and require more extensive study. It seems unlikely

that the cytotoxins contributed materially to the

lymphocytopenia characteristic of Tx-X rats because only

about half the female sera were cytotoxin-positive. It

also seems unlikely that the development of cytotoxins was

a prerequisite for the development of thyroid autoimmunity:

lymphocytotoxins had a similar effectiveness, and were

found just as often, in sera from Tx-X males and females
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with and without autoallergic thyroiditis. Lympbocyto-

toxins in males were more effective and more common than

in females. A sex bias in the distribution of auto¬

antibodies - usually with females predominating - is a

frequent finding. Its significance here is unknown.

Also unknown is what stimulated the formation of anti-

lymphocyte autoantibodies in Tx-X rats. Attributing it

to the elimination of suppressor cell activity by thymectomy

and sublethal irradiation - the suggested stimulus for the

production of anti-Tg autoantibodies in these rats - is

attractive, but a more likely stimulus is the radiation

damage to lymphoid tissue. This possibility could be

examined by testing sera from unthymectomised sublethally

irradiated rats. This was not attempted in this study

which was done retrospectively with stored (-20 to -70°C)
sera. Another possible trigger for lymphocytotoxin

production in these partly immunocompromised Tx-X rats is

viral infection, which in man is frequently associated with

the production of antibodies to lymphocytes (Mottironi and

Terasaki, 1970; Huang et al .. 1973).

Part of the motivation for the investigation described in

this chapter was the hypothesis that antibody-dependent

killing of CRBC and TgCRBC by Tx-X spleen cells was

prevented from reaching its full potential by inhibitory

complexes formed by lymphocytes and IgG anti-lymphocyte

antibodies. The presence in Tx-X serum of anti-lymphocyte

antibodies probably of the IgG class by no means proves

the hypothesis but certainly supports it and justifies its



further examination. Attempts to inhibit normal spleen

cell ADCC of CRBC with lymph-node cells preincubated in

eytotoxin-containing Tx-X serum and in concentrated Tx-X-

spleen-cell supernatants -would be well merited.



CHARACTERISTICS OF THYROID-INFILTRATING CELLS



VI/1 INTRODUCTION

What types of cell invade the thyroid gland in autoimmune

thyroiditis is a question of considerable interest.

Histologically, the thyroid lesions in Hashimoto's disease

and the animal models of chronic thyroiditis have the look

of classic autoimmune lesions, containing lymphocytes,

macrophages or monocytes, and plasma cells,often organised

into germinal centres with T-dependent and B-dependent
!! !! !!

regions (Soderstrom and Biorklund, 1974; Wick et al..

1974). There have, however, been only a few attempts to

isolate these infiltrating cells and directly identify

their origin and function. Some have concentrated on

identifying B cells. Clinton and Weigle (1972) isolated

anti-Tg-antibody-forming cells from the thyroid glands of

rabbits immunised with xenogeneic cross-reacting Tg and

suggested that these cells had differentiated from

B lymphocytes absorbed by the thyroid after migrating from

the spleen, where the numbers of anti-Tg-forming cells had

peaked 7 days earlier. Urbaniak et al. (1973) detected

one hundred times more Tg-binding cells in a biopsy

specimen from a Hashimoto patient's thyroid gland than in

his blood, a result v;hich implied that, in clinical

thyroiditis too, autoantigen-specific B lymphocytes

accumulated in the infiltrated gland. 25% of the cells

recovered from BUF rat thyroids were smlg+ and presumed

to be B lymphocytes (unpublished, cited by Noble et al..

1976) .

The presence of cells with antibody-dependent cytotoxic



activity in the thyroid gland of a Hashimoto patient was

reported by Allison and Denman (1976) but without

experimental details or identification of the cell types

isolated. Paget et al . (1976) made a comprehensive study

of cells isolated by digestion with collagenase and

desoxyribonuclease from the thyroids of guinea pigs immunised

with autologous Tg in FCA. Lymphocytes, macrophages, plasma

cells, and neutrophils were recovered. In rosette tests

most lymphocytes were T cells (74$), 19$ were Fc+, and 14$
were CR+By immunofluorescence, 16$ were smlg+. The

recovered cells had a considerable capacity for antibody-

dependent cytotoxicity, equivalent to that of lymph-node

cells .

Totterman and colleagues have recently analysed human

thyroid infiltrates by purifying lymphocytes from cells

obtained by f'ine-needle aspiration biopsy. In juvenile

autoimmune thyroiditis (which has most of the clinical

features of Hashimoto's disease), in Hashimoto's disease,

and in Graves' disease, the infiltrate had a higher

proportion of B lymphocytes (40-50$) than bad the blood

of the patients concerned (Totterman et al.. 1977;

Totterman, 1978) . Most of the other cells recovered were

T cells (identified by rosette formation and non-specific

esterase staining). The infiltrate in Hashimoto's

disease also contained 2$ Tg-binding cells (most of which

were B cells and some T cells), suggesting that these were

concentrated from the blood, which itself contained twice



the normal proportion of Tg~binding cells (Totterman, 1978).

In de Quervain's subacute thyroiditis, however, which is

probably of viral origin, the thyroid infiltrate consisted

almost entirely of T lymphocytes (Totterman et al.. 1978).

These infiltrating cells responded positively to thyroid

antigen in the leucocyte migration inhibition test.

Totterman and colleagues thus concluded that they were specific T

lymphocytes; and from negative results in migration tests they concluded

that the infiltrate in juvenile autoimmune thyroiditis contained no

thyroid-antigen specific T cells.
But this conclusion

cannot be accepted with certainty because the migration of

leucocytes can be inhibited if they have hound antibody or

soluble immune complexes (Spitler et al.. 1969; Packalen

and Wasserman, 1971; Kotkes and Pick, 1974), both quite

likely events in tissue within which plasma cells making

anti-Tg antibodies are accumulating. Migration inhibition

is thus not a test of "the antigen specificity of T cells.

Vl/2 AIM OF EXPERIMENTS

This chapter describes attempts to characterise cells

recovered from heavily infiltrated thyroids of Tx-X rats.

Preliminary results on the proportions of smlg+, Fc+, and
CR+ cells, and the capacity for ADCC of the recovered cells

are given.
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Vl/3 METHODS

Y l/3/1 Animal s

Female PVG/c rats -were thymectomised, irradiated, and

killed by the standard Tx-X method (summarised in fig.l/l).

VI/3/2 Extraction of Cells from Infiltrated Thyroids

The larynx with thyroid gland in s11u was removed

aseptica.lly from each exsanguinated rat. Only thyroids

which were visibly swollen were used. One intact thyroid

lobe was carefully freed and immersed in EM-FCS in a small

glass petri dish. The larynx with the remaining lobe was

prepared for histological examination.

The capsule of the thyroid lobe was opened with a scalpel

blade and the internal tissue was very gently teased apart

with fine needles. The released cells were collected and

the remaining tissue fragments were gently pipetted in a

small volume of fresh EM-FCS. After the clumps had

settled the supernatant was collected. Suspensions

obtained from thyroid lobes of 4-6 Tx-X rats were pooled

in each experiment.

Vithout further washing the cell suspensions were incubated

in small glass petri dishes at 37°C for 60 min. The non¬

adherent cells were collected and washed in a small volume

of EM-FCS, and their concentration and viability were

determined in an improved Neubauer counting chamber. The
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cells for each assay were resuspended in RPMI-FCS or

required.

In each experiment, cells from single cervical lymph

obtained from 2-3 normal rats were obtained with the

technique.

Vl/3/3 Detection of Fc+, CR+, and Smlg+ Cells

These assays were identical to those described in Il/3/l3,
II/3/I4, and II/3/I2, only adapted to a microscale. 2 x ic/
thyroid-extracted cells were rosetted with 0.02 ml 1%
sensitised erythrocytes in a total volume of 0.08 ml EM,

5 „

and 3 x 10 cells were incubated in 0.05 ml fluorescein-

conjugated anti-rat Ig. Lymph-node cells obtained as

described in Vl/3/2 were used as positive control cells

in each experiment.

Vl/3/4 ADCC A ssays

These were done exactly as described in III/3/7. Because

of the paucity of cells recovered from the thyroids only

one leucocyte:target cell ratio was used, I2.5ll. In two

experiments 0.02 ml of a 2% suspension of unlabelled CRBC

was added to each well in order to avoid the possible

overdilution of the target cells and the risk of spontaneous

lysis.

4 experiments were done, each with pooled thyroid-extracted

cells from 4-6 rats. As positive controls in each, the

cytotoxic activity of spleen cells from some of the Tx-X

EM as

nodes

same



thyroid donors and from normal rats was assessed at an

effector:target cell ratio of 12.5:1; if unlabelled CRBC

were added to the cultures containing thyroid-extracted

cells, they were also added to the cultures containing

spleen cells.

Vl/4 RESULTS

Small yields of cells from inflamed thyroids were expecte

but the most disappointing feature of these experiments

was the low viability of the recovered cells: 28 - 12%

(mean - SD of 7 experiments). The recovery of viable

cells averaged 0.5 x 10^ cells/lobe. By contrast, the

viability of lymph-node cells obtained by the same means

was always more than 95%. Alternative mechanical means

of thyroid disruption produced no better results-

Attempts to remove the dead cells by clumping with low-

ionic-strength medium and cotton wool filtration resulted

in large losses of living cells, so the cell suspensions

were used without further manipulation. Dead cells were

identified, and excluded from counts, in rosette assays

by adding trypan blue to the rosetted cells and in immuno

fluores cence assays by their characteristic "ground-glass

fluorescence.

In stained smears of cells recovered from the thyroid (fi

VI/I) the ratio of leucocytes to erythrocytes was much

higher than it is in the rat's circulation (in fig. Vl/l
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Fig.Vl/l Thyroid-infiltrating colls from Tx-X

rats (Leishman's stain, x 400).

They were predominaxitly large mononuclear cells of

uncertain type. Plasma cells were seen (curved

arrow). The proportion of dead cells (straight

arrow) was high.
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it is 2;l). No cells were recovered when the technique

described in Vl/3/2 was applied to thyroid lobes from

normal rats. For these reasons the leucocytes recovered

from the thyroid lobes of Tx-.X rats were judged to be part

of the infiltrate, rather than cells of the "thyroid

circulation, but obviously this cannot be certain.

Totterman. et a.l . (1977) judged the degree of blood

contamination in thyroid aspirates by the lymphocyte:poly-

morphonuclear leucocyte ratio, but in the experiments

reported here, most polymorphs were probably lost by

adherence. Stained smears were dominated by large

mononuclear cells, many of which were difficult to classify

morphologically except as "blast-like". Cells with a

conventional lympliocyte-1 ike appearance were in the

minority.. No thyroid parenchymal cells were seen,which

was not surprising because the lymphoid infiltration in

these thyroid lobes was very extensive (3+ or 4+ pathology

score) . o

The characteristics of the thyroid-exoracted cells are

summarised in table Vl/l. Surface Ig was the most common

feature of the recovered cells (43 - 6^) : caps were seen

but more often "broken-ring" staining was found, on large

and small mononuclear cells. Only half as many Fc+ cells

were detected (18 i 9$) and barely any CR+ cells (5 - 5%).

The thyroid-extracted cells had a significant cytotoxic

effect upon antibody-sensitised target cells, °/0 cytotoxicity

was low (9 - 3%) but no less so than the cytotoxicity of

the control spleen cells (12 - 4% and 10 - yfo) at the same
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Table Yl/l Characteristics of cells extracted from

thyroid glands of Tx-X rats vith thyroiditis

(mean - SD of 4 experiments)

Thyroid-
extracted

leucocytes
Control leucocytes

% smlg+ cells 43-6 28-5 (normal lymph node)
% Fc+ cells 18-9 26-6 (normal lymph node)
% CR+ cells 5-5 39-6 (normal lymph node)
% cytotoxicity 9 - 3 12 j 4 (normal spleen)
in ADCC ± \ 10 I 3 (Tx-X spleen)

± 12.5:1 effectorrtarget cell ratio
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small leucocytejtarget cell ratio (12.5:I).

VI/5 DISCUSSION

These experiments suggested that cells capable of killing

antibody-sensitised target cells were among those invading

the thyroid gland of Tx-X rats. Adherent cells were removed

from the thyroid-extracted cell suspension, so macrophages

were diminished but probably not removed entirely - the

unclassifiable morphology of many of the mononuclear cells

obtained made it difficult to be certain about this.

Polymorphonuclear cells were not seen on stained smears.

The tentative conclusion, therefore, is that the effector

cells of ADCC were of the non-adherent K cell type.

The rosette assays supported the findings of the cytotoxicity

tests in suggesting that the infiltrate contained Fe+ cells.

The cytotoxic activity of thyroid-extracted leucocytes was

equal to that of spleen cells at the same effector-target

cell ratio, although too few cells were recovered to test

this conclusion fully by titrating the effector cells.

Whether the cytotoxic effect of thyroid'

extracted cells is conferred by a large proportion of effector

cells or by a few very active cells remains to be determined.

The infiltrate appeared to contain a predominance of smlg+

cells, presumably of the B lymphocyte lineage. This

conclusion must be partly suspect on technical grounds: whole



anti-Ig antibodies were used and may have bound to Fc

receptors of the "third lymphocyte" population and not to

the true surface membrane Ig of B lymphocytes (Vinchester
et al., 1975: Lobo et al. , 1975). Cytophilic IgG was

probably lost during incubation at 37°C. Proof positive

of the presence of B lymphocytes among these recovered

cells would have required the use of F(ab')2 antibodies
to Ig.

Even assuming the unlikely possibility that the srnlg+ and

Fc+ populations did not overlap, it is clear that about

40$ of the cells extracted f rom the thyroids were

unidentified. Could these be T lymphocytes? The

distressingly low viability of the recovered cells, and

the inability to remove the dead ones selectively, without

losses of living cells, prevented the use of cytotoxic

anti-T serum and complement to answer this question.

Staining for acid esterase, whjeh, since these experiments

were completed, has become accepted as a marker of T

lymphoc3'tes in mice (Mueller et al. , 1975) and in man

(Horwitz, Allison, Ward, Kight, 1977) might have provided

a solution.

The unidentified cells might have been (alternatively or

in addition) non-T cell populations with receptors rendered

functionally silent by their involvement in in-vitro

inflammation. This may explain the extreme rarity of CR+

cells in the infiltrates. CR+ cells which had bound

immune complexes composed of thyroid antigens and



complement-fixing antibodies would not have been detected

in the rosette assay. Clagett et al. (1974) described

the deposition of such complexes in the thyroid in another

animal model of thyroiditis. It is interesting that the

cells isolated from rat cardiac allograft infiltrates -

also cells among which complement-fixing immune complexes

seem likely to be deposited - also lacked complement

receptors (Tilney et a 1. , 1975).

The experiments described in this chapter were limited in

number and in scope, but nevertheless provided some ground

for believing that the thyroid gland in Tx-X rats with well

established thyroiditis is penetrated by both B lymphocytes

and the effector cells of ADCC.



VII SUMMARY AND CONCLUSIONS

•0
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Part of the hypothesis tested by these experiments (i/T)
was that in animals which had no tissue-damaging thyroid

autoimmunity the response of B lymphocytes and helper T

cells reactive with thyroid antigens was continuously

actively suppressed by autoregulatory T lymphocytes.

Thymectomy and irradiation disrupted this homeostasis and

induced thyroid autoimmunity by selectively removing the

regulating cells, so permitting thyroid autoantibody

production to proceed unchecked.

There were two relevant findings.

VIl/l There were more residual T cells in the Tx-X rats which did

not get thyroiditis than in those which did.

Blood lymphocytes from Tx-X rats did not respond to

phytohaemagglutinin (Penhale et al., 1973) but the presence

of residual T cells was predicted because Tx-X rats

responded to Tg, a thymus-dependent antigen (Clagett and

Veigle, 1974), by making IgG antibodies (Penhale, Farmer,

and Irvine, 1975), a process which requires T-cell help

(Taylor and Vortis, 1968). In some Tx-X rats thyroid

autoimmunity was not induced. Possibly, thymectomy and

irradiation in these rats had depleted the helper cells

necessary for Tg antibody production. But they turned out

to have more, not fewer T cells than rats with thyroiditis,

suggesting that they had helper T cells plus what the others

lacked - namely, T cells able to suppress the development of

anti-thyroid responses. This difference in T-cell numbers



does not prove a difference in T-cell function. But the

numerical difference is the one expected if the hypothesis

in i/T is right and it encourages the search for an assay

for thyroid-specific suppressor cells with which to test

the hypothesis more directly.

VIl/2 The hypothesis in 1/7 predicted that because the

homeostatic control over autoimmune responses in the normal

immune system favoured suppression, reconstitution of Tx-X

rats with cells from normal rats would prevent them getting

thyroiditis.

Penhale et a1. (1976) conf irmed this prediction, showing

that cells from lymph node, spleen, and thymus could be

preventive, depending on how many cells were given ana

when and by what route. A further prediction was that the

preventive effect of normal lymphocytes would be lost if

T lymphocytes were removed from them before transfer.

This was confirmed here in a preliminary way.

Obviously more experiments need to be done, with this and

other means of removing T cells from the transferred normal

cells. But even if confirmed this finding is only

indirect evidence for autoregulatory T cells in normal

animals. Suppressor cells responsive to extrinsic antigens

are a phenotypically distinct population of T cells (Cantor

and Boyse, 1977) which can depress a primary anti-hapten

response (Tada et al., 1972), induce the decline of the IgE

response (Okumura and Tada, 1973), and suppress



immunoglobulin allotype production (Herzenberg et al.,

1976). Suppressor cells in these systems are induced by

antigen and have a specificity related to the inducing

antigen. Evidence that cells with these characteristics

can induce the early decline of an autoantibody response

(to erythrocyte antigens) has emerged only lately (Elson

et al., 1978; Cooke et al.. 1978). There is as yet no

correspondingly direct evidence for the existence of

suppressor cells specifically responsive to thyroid antigens

Indeed, reconstitution with normal lymphocytes does not

induce the decline of an established anti~Tg response in

Tx-X rats (Penhale et a1., 1976) and there must be doubts

() 7
about the specificity of suppression when as few as ICE-JO

normal lymphocytes given intraperitoneally protect against

autoimmunity (Penhale et al., 1976). Vhitmore and Irvine

(1977) f ound that intraperitoneal injection of thyroid

extract after each irradiation prevented the development of

thyroiditis in Tx-X rats. The antigen might have induced

specific suppressor cells but other interpretations are

possible: the paralysis of thyroid-specific helper cells

or the development of antigen-antibody complexes which

tolerised specific B cells would also switch off

autoantibody production.

It should be possible, by cell transfer, to find out if in

the declining phase of the response to homologous Tg in FCA

or cross-reacting Tg there are T cells which will prematurel

diminish the primary antibody response to Tg in naive rats.

And specific suppressor cells could be looked for after



immunisation with Tg in Freund's incomplete adjuvant,

following Bernard's (197?) lead with myelin basic protein

immunisation. But it will be harder to show that such

specific suppressor cells are continually at work in the

normal individual, preventing autoaggression from starting.

Vould the development of anti-Tg antibodies in Tx-X rats

be inhibited by lymphoid cells from adult rats which had

been thyroidectomised at weaning and stabilised on dietary

thyroxine? This experiment might tell whether or not

cells which suppress anti-Tg production are induced in

normal rats by Tg. The possibility of induction of

suppression by Tg in the recipient is unlikely because the

Tg antibody titre in Tx-X rats is usually high.

The hypothesis in l/7 also lacks, as yet, direct evidence

for the existence of thyroid-antigen-specific helper T

cells. Evidence for helper cells specific for any

autoantigen is poor (Elson et a I. , 1978). Doniach and

Roitt (1975) have pointed out that autoantibodies might be

induced in T-cell-depleted rats by infection: non-specific

T-cell help or the direct triggering of B cells could be

induced by bacterial products such as LPS. If this was

true, the case for the existence of autoregulatory T cells

in normal rats (and their absence in Tx-X rats) would not

be seriously weakened - indeed, autoregulatory T cells were

originally invoked by Allison et al. (I97l) as a means of

damping autoimmune responses triggered by non-specific

stimuli. Without the influence of regulating T cells,

autoantibody production would be expected to become chronic,

as it does in Tx-X rats.
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The remaining experiments described here concerned the

possibility that in autoimmune thyroiditis ADCC contributed

to the destruction of thyroid follicular cells.

VIl/3 The antibody-dependent killer cells of CRBC in rats

included, on one hand, an adherent population, presumably

macrophages and polymorphs, and, on the other, a less

adherent population which was not thymus-dependent and

carried no complement receptors.

These are also the characteristics of the two types of

CRBC killer cells in man and mouse. The extensive analysis

undertaken in these two species still needs to be done in

rats. T lymphocytes and CR+ cells were not necessary for

ADCC in the rat but additional experiments are needed with

purified populations of these cell types to decide whether

they can be sufficient for ADCC.

VI1/4 The anLibody-dependent killer cells of CRBC in rats could

not be divided up on the basis of surface morphology in SEM.

In contrast, human killer cells were of three distinct

types. Cytotoxic cells in both species killed by contact

through pseudopodia applied to the target cell membrane.

One cell killed several targets.

SEM alone is no longer thought likely to identify leucocyte

types (Roath et al., 1978). Its most useful function in

the ADCC monolayer system was in examining the killing

process. In future studies, it would be especially

valuable if combined with transmission electron microscopy.
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It would be interesting to know what happens to the

effector cells' Fc receptors during ADCC. Do they

aggregate on pseudopodia? And what happens to other

surface components, like C3 receptors? These questions

could be answered by using SEM to study the distribution

on effector cells of immune complexes (with and without

bound complement) composed of a morjdiologic a,ny

distinguishable virus such as tobacco mosaic virus (TMV)
and IgG antibody to it. These complexes would be small

enough +o bind to Fc or C3 receptors even on microvilli

or filopodia engaged with target cells. Lipscomb et aI.

(1975) used TMV and a hybrid antibody to mouse Ig and TMV

to localise immunoglobulin on the microvilli and elsewhere

on the surface of B cells.

VIl/5 Lymj)hocytes from rats immunised with homologous Tg in FCA

killed Tg-CRBC in vitro by ADCC.

ADCC seemed to be the only way of killing Tg—CRBC available

to lymph-node cells: their killing capacity rose and fell

in parallel with the amount of Tg antibody they generated

in vitro. Tg antibody production by these cells was at its

height between 8 and 14 days after immunisation, the time

when they were best able to transfer thyroiditis to normal

rats (Rose et_al., 1973). This is firm evidence that

antibody production within the recipient is at least partly

responsible for the "cell-mediated" transfer of thyroiditis.

Lysis of Tg-CRBC by spleen cells from Tg-immunised

not correlate with their capacity to generate ADCC-

rats did

indueing
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anii-Tg antibody in vitro. Anti-Tg production was detected

only 28 da3?s after immunisation. How spleen cells killed

Tg-CRBC before this time (from day 2 onwards) was not

apparent. Production of a cytotoxic lymphokine is the

most likely explanation (see below).

VIl/6 Lymphocytes from Tx-X rats did not kill Tg-CRBC despite

making anti-Tg antibodies which induced ADCC and being

effective killers of sensitised CRBC. Something seemed to

inhibit cytotoxicity, possibly immune complexes formed by

lymphocytes and IgG anti-lymphocyte antibodies generated

in vitro during the assay. Tx-X rats made complement-

fixing autoantibodies to lymphocytes which were warm-

reactive (37°C) and were absorbed by normal spleen cells

(absorption with Tx-X spleen cells was not examined) and

by lymph-node cells but not thymocytes. Absorption

suggested that the antibodies were IgG. They appeared in

both sexes but were commoner and more effective in males.

Their presence was unconnected with thyroid autoimmunity

and they seemed likely to have been stimulated by radiation

damage to lymphoid tissue. The antibodies were sought only

in serum and further work will be needed to show whether

or not they were generated in any quantity by Tx-X spleen

cells in vitro.

Examination of the killing of Tg-CRBC by cells from rats

with thyroiditis was started because at that time the assay

was thought to be an in-vitro correlate of cell-mediated

immunity to Tg - i.e., the antibody-independent response of



sensitised T cells (Calder and Irvine, 1975). The results

given here show that cell-mediated cytotoxicity towards

Tg-CRBC could be antibody-dependent. This is true also of

the killing by immune cells of xenogeneic (MacLennan and

Harding, 1970) and syngeneic tumour cells (Blair and Lane,

1975) and CRBC coated with xenogeneic albumins

(Schirrmacher et a,1. , 1974).

Immune T lymphocytes kill, on contact, target cells bearing

the immunising alloantigens (Henney, 1973; 1977). T cells

sensitised to viral antigens or to chemically-modified

autologous cells kill target cells bearing the corresponding

antigens provided killer and target cells are histocompatible

(Zinkernagel and Doherty, 1977; Shearer et al., 1977).
There is no evidence that cytotoxic T lymphocytes can

recognise antigen presented passively on a xenogeneic

carrier cell and then kill the carrier by contact. However,

exposure to Tg, on or off a carrier cell, might induce the

release from sensitised T cells of a specific cytotoxic

lymphokine. This might explain how spleen cells from rats

immunised with Tg in FCA killed Tg-CRBC at certain times
a

apparently independently of antibody. This possibility

merits further investigation.

A better way of examining cell-mediated cytotoxicity in

thyroiditis is with thyroid-cell monolayers as targets.

This approach showed that leucocytes from guinea pigs

immunised with Tg in adjuvant were induced by Tg in vitro

to release a cytotoxic lymphokine (Lin and Salvin, 1976a,b).
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In the absence of Tg, the tigroid cells were not

susceptible to the leucocytes either alone or combined

with anti-Tg antiserum - an unsurprising result, because

any kind of contact-dependent cell-mediated cytotoxicity,

whether or not antibody is involved, needs to be aimed at

a surface antigen and there is no evidence that Tg is a

surface antigen on thyroid follicular cells. This

probably excludes the reaction of Tg with anti-Tg and

antibody-dependent killer cells from possible participation

in the destruction of thyroid cells in vivo. It does not

mean that contact-dependent cell-mediated cytotoxicity has

no part in thyroid cell destruction at all. In Tx-X rats,

for example, only antibodies to Tg have been looked for;

there may be antibodies to thyroid surface antigens yet to

be discovered. In Hashimoto's disease, microsomal antigen

seems to be an intracellular antigen, accessible to antibody

only if the cells have first been damaged (Pulvertaf't et a 1. ,

I96l). But the surface antigen detected by Fagreus and

Jonsson (1970) to which some Hashimoto patients make

antibody, is a likely target antigen for cell-mediated

cytotoxicity by contact, and deserves further investigation

in this context.

VIl/7 Among the leucocytes which invaded the thyroid gland in

Tx-X rats were smlg+, Fc+ cells, and the effector cells of

ADCC.

These were preliminary results, based on a small number of

experiments, and mortality among recovered cells was high.



Nevertheless, the results gave some indication that B

lymphocytes and the effector cells of ADCC accumulate in

the thyroid of Tx-X rats during infiltration. B cells

accumulate in the glands of Hashimoto patients (Urbaniak
et al., 1973; Totterman, 1978), guinea pigs immunised with

Tg in adjuvant (Paget et a1., 1976), rabb its immunised with

aqueous bovine Tg (Clinton and Veigle, 1972), and BUP rats

(Noble, unpublished, cited by Noble et a1., 1976).
Effector cells in ADCC were recovered from the thyroid of a

Hashimoto patient (Allison and Denman, 1976) and the glands

of guinea pigs immunised with Tg in adjuvant (Paget et al.,

1976).

Allison (1977a) has suggested how ADCC might contribute to

the breakdown of thyroid tissue. Plasma cells may produce

antibodies to thyroid antigens which form immune complexes

on or near the follicular membrane. Where the membrane is

breached, antibodies may attach to follicular cells, making

them susceptible to attack by antibody-dependent cytotoxic

cells. Alternatively, or in addition, immune complexes

produced in antibody excess may arm cytotoxic cells to be

specifically cytotoxic. Cytotoxic cells and plasma colls

may then penetrate the basement membrane to kill the

follicular cells.

This is an attractive hypothesis and the recovery of B

lymphocytes and antibody-dependent killer cells from thyroid

glands with established lesions makes sense in its context.

Further support for its relevance to clinical thyroiditis



is the presence, in electronmicrographs of some Hashimoto

thyroids, of what look like immune complexes deposited

along the basement membrane (Kalderon et al., 1973;

Kalderon and Bogaars, 1977) and the presence of what may

be circulating immune complexes containing Tg derivatives

in Hashimoto serum (Calder and Irvine, 1975; Barkas et al.

1976; Al-Khateeb and Irvine, 1978).

But all this evidence is indirect. Are the B lymphocytes

and plasma cells in the gland making thyroid-specific

antibodies? The answer (yes) is known only in rabbits

immunised with bovine Tg (Clinton and Veigle, 1972).
Are the isolated antibody-dependent killer cells K cells,

the non-myeloid type? This was settled neither here nor

by others (Allison and Denman, 1976; Paget et al. , 1976)
but must be settled for two reasons. Myeloid cells are

recruited non-specifically into inflammatory lesions where

they may be destructive in several ways (such as enzyme

release) not necessarily by APCC. So the isolation of

myeloid cells from the thyroid gland is not proof that ADCC

was in progress within it. Secondly, in ADCC in vitro,

myeloid cells kill CRBC but not certain nucleated target

cells (Greenberg, Shen, and Medley, 1975). Go if thyroid

cells in vivo are damaged by ADCC, killer cells of the

non-myeloid type must be isolated from the gland. However

because these cells are readily inhibited from killing by

previous contact with irrelevant immune complexes, their

isolation from the gland in an active state might equally

well argue against their participation in ADCC in vivo.



Despite years of study, ADCC is still a potentially

powerful biological mechanism in search of a role. Ther

is no clear evidence of its involvement in any sort of

tissue damage in vivo. The results presented here add t

the circumstantial evidence that ADCC contributes to the

pathogenesis of autoimmune thyroiditis. But only an

advance in methodology which allows antibody-dependent

killer cells to be defined other than functionally - by a

marker in electronmicroscopy, for example - will

adequately distinguish ADCC from the host of specific and

non-specific, primary and secondary tissue-damaging

mechanisms likely to be at work within the thyroid lesion
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Standard inorganic laboratory chemicals (reagent grade)
were obtained from several suppliers.

VIIl/l Solut ions

These vere stored at 4°C.

Earle1s Medium Constituents were (mg/l double-distilled
water): annhydrous CaCl^ 200; KCl 400; MgSO^.JH^O 200;
NaCl 6800; NaIIC03 2200; NaHP04.H20 140; glucose 1000;
phenol red 10. The solution was sterilised by filtration

(0.22 pm filter). 100 units/ml penicillin and 100 pg/ml
streptomyin were added before use.

Phosphate-buffered Saline (PBS) Constituents were (g/l)
NaCl 8.0; KH2P04 0.34; K2HP°4 I.21 (pH 7.2).

Phosphate Buffer (for anti-Tg haemagglutination tests)
Constituents were (g/l): NaCl 7.2; KH2P04 2.45;
NaoIIP0 8.0 8.2 4

Borate-succinic acid Buffer (for anti-Tg haemagglutination

tests) Succinic acid solution (5.9 g/l) was added to

borate solution (Na2B40 •IOH^O I9g/l) until the pH was 7.5
and NaCl (0.75 g/dl) was added. 2/ heat-inactivated hors

serum (Gibco-Biocult) was included before use.

Solutions for SEM Both fixative and wash were made from

a 14.3 g/l sodium cacodylate solution (in double-distilled

water). The fixative contained 58.8 g/l sucrose and



25 g/l glutaraldehyde (added from a 250 g/l stock solution

kept at 4°C over barium carbonate and centrifuged before

use). The wash contained 51.3 g/l sucrose. Both wash

and fixative were warmed to 37°C before use.

51Sodium ( Cr-) chromate Solution Solution in sterile

saline (100-400 mCi/mg chromate) (CJS/4P; Radiochemical

Centre Amersham).

VII l/2 B j o c. h e m 1 c a 1 s

Heparin (preservative-free) Evans

Streptomycin sulphate Glaxo

BenzyIpenicillin Glaxo

Bovine serum albumin Miles

YI11/: Glassware a.nd Plasticware

100 ml flat-sided glass bottles Vellcome

Screw-capped 10 ml glass tubes Plow Laboratorie

Conical-bottomed plastic universal Sterilin

containers

5 x 50 mm plastic tubes (LP3) Luckham

Flat-bottomed 96-well microtitre trays Falcon

Plastic petri dishes Falcon

Plastic screw-capped tissue culture Falcon

flasks

Glassware was cleaned by rinsing in weak 'Decon', soaking

in sodium hypochlorite, and extensive rinsing in tap water

and then distilled water. It was dried at 37°C and
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autoclaved. Microtitre trays were used no more than

three times and were cleaned as above- They were sterilised

by 15 h exposure to ultra-violet light.

VIIl/4 Other Equipment

Repeating pipettes (0.002 ml-I.O ml) Eppendorf

Gamma counter (Gamma GPL 300-500) Wallac

Chromatography equipment LKB

Light microscopes M20 Wild

Bactil-60 Vatson
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