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SUMMARY

A search has been made for the presence of an initiating
antigen in rheumatoid arthritis to which rheumatoids would

specifically respond in vitro tests of delayed hypersensitivity.

This has involved the testing of 25 synovial specimens
prepared in a variety of ways. - Crude synovial homogenates
containing soluble and insoluble material have been tested
in the leucocyte migration test (IMT) and the lymphocyte
transformation test (LET). Protein eluates and detergent
solubil;zed protein have also been tested.

Results have been presented indicating that rheumatoid
arthritis patients and age and sex-matched controls will
respond to the same extent to an ubiquitous test antigen,
streptokinase and to a non-specific cell membrane antigen
from homogenized erythrocytes. However RA's do respond
specifically to IgG in both native and aggregated forms to

which controls do not respond in the IMT.

A protein has been eluted from inflammatory synovium
which induces equal inhibition of migration in the IMT of
both RA and control leucocytes and stimulation of RA and
control lymphocytes in the LTT. The mechanism of action of
this protein in the IMT and LTT has been discussed in the light
of reports in the literature.

A role for this protein as an initiating factor in
rheumatoid arthritis has not been established. A
speculative role in the perpetuation of this chronic rheumatoid
regponse has been presented in terms of the aetiology and

pathogenesis of this disease.
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SECTION I =~ DEFINITION OF HEZUMATOID ARTHRITIS

mheumatoid Artaritis (RA) is a systemic disease in which a
non-supplredive inflammatory polyarthritis in the diathrodial
Joints is the predominant feature. Characteridtically it
involves peripheral joints (often symmetrically) and runs a
sub-acute to chronic course of exacerbation and remission,

depending on the degree of synovial involvement.

)

That joint involvement is the predominant feature is
exemplified by the American Rheumatism Association's Diagnostic
Criteria, in wiich nine of the eleven criteria involve joints

(Rodnan, 1971).
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The aetiology of R4 is unknown.  Clymn (
Phillips (13972), Barland (1973) and Denman (1975) have all put
forward the hypothesis that R4 is a disease of vimxal origin

winlch manifests itself only in genetically pre-disnoged people.

The pathologically damaged joint which is charzctarisiic of

03

A is due to an on-going immune response, either to the persistin

virus or to antigens evoked during the initial rezc

infective agent.



SECTION ITI - T=Zn PATHOLOGY OF JOINT TINFLAMMATION IN RA

The pathology of Jjoint inflammation in the cnronic lesion

has been extensively renewed (Gardner, 1972; Zvaifler, 1973).
The synovitis of RA is a predominantly polymorphonuciear (Prv)
exudation of the synovial fluid, and a mono-nuclear cell
infiltration of the deep synovium. 3Branemark (1971) stated
that microvascular disturbances constitute a basic phenomenon
predisposing to tissue lesions. Weissman (1971)

characterised the lesions in RA joints as follows:

e
3

a) Margination of leucocytes and their appearance
synovial fluid.

b) Yypertrophy and nyperplasia of synovial lining cells.
c) Infiltration of the synovium by many lymphocyies.

da) The transformation of synovium to granulation tissue
which, as pannus, overgrows and invades cartilzge.

e) Brosion of cartilage; initially nrotecglycan, followed
by collagen breakdown then accompanied oy chondrocyte death

and attempts a2t regeneration.

(i) Synovial Fluid

In chronic X4 the volume of sgynovial fluid increases fron

011 - 0.4 ml. to as much as 200 - 400 mls. Wnen seen at
arthroscopy the fluid appears turbid, containing fibrinous

clots or strands of fibrin which are most conspicuous on the
synovial lining cells. The protein content increases to levels
obtained for serum. Many agents capable of influencing the
coagulation mechanisms are found, e.g. the Hageman Factor
(Kellermeyer and Brekennage, 1966) and fibrin. Complement
joint

v

levels are characteristically low when compared with other
diseases. Patients sercpositive for Rheumatoid Facter (RF)
usually display high synovial fluid levels of RF, The fluid
also contains immunoglobulin (Ig) of other specificities. Many
enzymes are found, including protezses, hydrolases and

collageneses.



The predominant cell (75j% - 90%) is a mature PMX leucocyte
which has a half life in the joint of four hours (Zvaifler,
1973). Its trarsudation is via the syncvial membrane. The
remainder of the cells consist of lymphocytes, monocytes,

occasional macrophages and synovial lining cells.

(ii) Synovial Cell Changes

There is hyperplasia and hypertrophy of the synovial

lining cells when the synovium appears oedematous and inflamed

and protrudes into the joint space as slender villous projections.
The lining cell lzyers, norﬁally appearing as 1 - 3 cells deep,
are 6 - 10 cells deep. Multinucleate giant cells are common, and
located in areas of lining hyperplasia or in the subintimal layer.
These are derived from the A cells of the synovial lining and were
originally thought to be unique to RA. They nave since been

observed in other forms of chronic arthritis.

4 fibropurulent exudate frequently present in interstitial rezions
between the lining cells occasionally causes these lining cells %o
assume a palisading appearance with their cytoplasmic processes
extending into the fibrinoid material (Fassbender, 1971).

Persistant vascular permeability and a deficient synovial fibrinolfftic
system are unlikely to be the entire explanation of tne persistance

of fibrin within the chronically inflamed joint.  Repeated small
intra-articular haemorrhages may contribute to its persistance
(Caughey ané Highton, 1967).

Following the onset of inflammation synovial cells are able to

speed up their metabolism and Lindﬁer (1971) suggests that this
behaviour may contribute to the characteristic self-perpetuating
lesion of RA. Persistant differences in rheumetoid and normal
synovial lining cells are also propogated through many generations

of cell culture in vitro (Gardner, 1972). This suggests a

"primary defect" (Castor, 1971) although it could be due to infection
(Rodnan, 1971).



(iii) Infiltration of Synovium

The connective tissue stroms is packed with mononuclear
cells. They are thought to leave the post-capillary venules
(Ziff 1974) by migrating mainiy througn ihe endotheilal cells;
a2 process known as emperipolesis. Lymphocytes form
perivascular collections composed predominantly OF small cells.

A large fraction of these undergo transition to form plasma
cells, indicating that they were initially of the R cell line
(Kobayashi and Ziff, 1973; Ishikawa and Ziff, 1976).

However a high proportion of lymphocytes with the surface markers
characteristic of T-lymphocytes are present (Sheldon and
Holborow, 1975; Van Boxel and Pagét, 1975; Wangel et al, 1975;
lLoewi et al, 1975; Abrahamsen et al, 1975, 1976; Bankhurst et
al, 1976). In all the revports except those of Sheldon and
Holborow, 1975 and Wangel et al, 1975, there was an increase in
T-cells when compared with peripheral blood lymphocytes. The
reports of the percentages of T- and B-cells in the peripheral
blood of rheumatoid patients (frgland et al, 1973; Sheldon et al,
1974; Brenner et al, 1975) indicate that there is no significant
difference from the percentages in control blood. However,

Mellbye et al, 1973, reports a decrease in B-cells.

The small lymphocytes migrate into the extravascular region where
a mixture of cells is found: small lymphocytes, undifferentiated
blast cells, plasma blasts, plasma cells ant macrophages, all in
significant numbers. The presence of these cell types in close
contact suggests the interaction of T- and B-lymphocytes with
liberation of lymphokines which attract and immobilize macrophages
and stimulate B-cells to produce antibody (2iff et al, 1974).

It has been czlculated that the immunoglobulin synthesising
capacity of rheumatoid synovium is similar to that of pormal human
spleen and lymph node (Smiley et al, 1968 )-. These

immunoglobins have different specificities from those synthesized
by blood lymphocytes (Herman et al, 1971).



Structures similar in appearance to rheumatoid nodules are
found only in the presence of R¥. They consist of a central
mass of necrotic tissue surrounded by a characteristic palisade
of macropnages. ‘'ne necrosis of the tissues is mediated by
the capillaries or substances carried by the capillaries
(Fassbender, 1971).

PMNs are occasionally seen but are not a prominent feature of
chronic synovitis. Macrophages with iron containing pigment,
perhaps from haemorrhages (Muirden, 1968), are found in both

superficial and deep layers of the synovium.

(iv) ©Pannus Formation

Histologically composed of proliferating fibroblasts,
numerous small blood vessels, various numbers of.inflammatory
cells and occasional collagen fibres, a vascular granulation
tissue, or pannus, extends over the surface of the cartilage and
burrows into the subchondral bone. Pannus and cartilage
depletions are zlmost invariably associated, but cartilage
destruction can occur where no pannus exists (Hamerman et al,

1967).

(v) Destruction of Cartilage

Uehlinger (1971) states that the nutrition of joint
cartilage is provided by diffusion of the Joint fluid to the line
of calcified cartilage (a maximum depth of 5 mm.). The fibrinous
A exudation.following primary microvascular changes increases the
viscosity of the fluid, decreasing its ability to diffuse. The
proteoglycans are dissolved, perhaps by enzymes from the
chondrocytes, and the joint cartilage systems and the collagen
fibres can then be broken by mechanical stress (Holt, 1971). Any
enzymatic activity from the synovial fluid must first attack the
surface proteoglycans, since intact cartilage does not allow
diffusion of large molecules such as proteases (Muir, 1971).
However, if the situation envisaged by Holt (1971) occurs, then

this might alter the diffusion capacity of the cartilage. Also,



the regenerated prdleoglycans are of smaller molecular weight
(Pruir, 1971) which might alter its diffusion capacity. Given
these alterations in the basic structure and characteristics of
cartilage it is possible to envisage a situation where the action
of collagenase could lezd to a breakdown of collagen andé the
formetion of antigenic material. Herman and Carpenter (1975)

discuss fully the antigenicity of cartilage.

ON



SECTION ITI - INFLAMMATION

Infiammation is a process which begins following sublethal
injury to tissue and ends with permanent destruction of tissues

or with complete healing {Ebert and Grant, 1974).
The inflammatory process can be summarized as follows:

As a conseguence of a change in the microcirculation in the
vicinity of tissue insult due to the action of chemical, thermal,
mechanical oxr biological "irritants™ capillary permeability
increases permitting exudation of protein and leucocytes to
remove either the inciting agent or damaged tissue. This is an
obvious oversimplification of a process dependent upon a series
of interrelated and controlled events. It must be emphasized
that in considering the role of any possible participant,
mediator or reaction in this process one must be aware of the
initiating stimulus, the severity of the injury, the orgua or
tissue affected and the species investigated. L generalized

series of events are shown in Figure 1.

A. OUTCOME OF INFLAMTMATION
Once formed, the inflammztory exudate can suffer one of four
fates:
a) It can resolve, leaving virtually normal tissue.
b) It can become organised to form a scar.
c) It can suppurate, forming an abcess if massive PMN
accumulation and tissue degradation exist.

a) It can become a chronic inflammation.

B. CHRONIC INFLAMMATION

The difference between aéute zné chronic inflammation is
predominantly quantitative, chronic inflammation being an
inflammatory response that persists, certainly for months if not

years.

Granulomatous chronic inflammation is characterised by



persistant and highly celluler reactions, which are often
destructive. The classic examples are tuberculosis, leprosy
and syphilis. Fungi may cause similar damage, a2s do certain
chemicals, minerals and foreign bodies. Chronic
granulomatous inflammation of unknown aetiology includes

sarcoidosis and RA (Spector, 1974).

The macrophage is the major cell involved in chronic
inflammation. During this process macrophages will form giant

cells, epitheloid cells and histocytes.

The fibrotlast is prominent when organisation is occurring,
as in the'periphery of a tubercle or when the reaction is
fibrinogenic as in silicosis. It most probably originates from

local connective tissue cells and it secretes collagen.

Lymphocytes enter the inflammatory area from the eaily stages

of the reaction. These cells are of bone marrow origin
(Spector and Willoughby, 1968) but their orevalence depends

only on the nature of the inciting stimulus. If the irritant
carrageenan is used lymphoid cells are rarely seen. Similarly,
only marrow cells enter a lesion induced by Freund's Incomplete
isdjuvant (FIA). Freunds Complete Adjuvant (FCA, induces a
delayed hypersensitivity response associated with infiltration by
lymphocyte cells; possibly as part of a recirculatory mechanism.
Spector (1974) concludes that the presence of members of the
lymphoid séries is, in fact, evidence that a particular

inflammatory reaction is associated with an immune reaction response.

A wide variety of radio-labelled irritants have been used in the
study of chronic lesions. Spector et al (1968) states that there
is no observed instance where a granulomatous reaction is not
accompanied by intracellular persistence of irritant or where
disappearance of irritant is not accompanied by disappearance of
reaction. This does not preclude a situation where the persistent

stimulus may arise during the acute inflammatory reaction against



the initiating stimulus. There migihht be continuous or
recurrent production of the stimmlus. Alternatively there
could be incomplete clearance of the irritant as in the
incomplete degr&iation of irritants by macrophages or inadequacy
of lysosomal enzymes or seguestration (Spector 1974).

i
An excess of antibody over antigen in the formation of immune

complexes leads to granuloma formation as opposed to transient
inflammation, (Spector and Heesom, 1969). These lesions

develop in thymectomised animals {Rothwell and Spector, 1972).
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SECTION IV - ELAYEﬁ HYP=RSENSITIVITY

A, T-LYMPHOCYTES

Tt ie gene__1ly accepted that there are two different small

lymphocyte populations (Raff, 1972):
a) -lymphocytes, processed by, or in some way dependent
on, the thymus and responsible for cell-mediated immunity.
b) B-lymphocytes, bursa dependent and concerned in the

synthesis of circulating antibody (Roitt, 1974).-

T-lymphocytes are a heterogeneous population of lymphocytes

whose members have surface receptors (of unknown chemical
constitution) witn variable affinity for different antigenic
determinants. On exposure to antigen, T-lymphocytes of
appropriate specifity are activated. The main manifestations of
their action are in transplantation rejection, cytotoxicity,
delayed hypersensitivity and T-cell help and suppression of B-cell

responses.

During activation T-cells synthesize and secrete mediator
substances called lymphokines (Dumonde et al, 1969). These
substances are named after the test situation in which their action
can be demonstrated in vitro. Their in vivo significance is to a
great extent a maiter of debate. The lymphokines can act directly
on target cells, invading organisms and the vasculature. . Others
attract, activate and in various ways modify the behaviour of
immunologically non-specific cells which may become the principal
effectors of cellular hypersensitivity; i.e. B-lymphocytes,

monocytes, macrophages, basophilic leucocyles and other granulocytes.

B. DEFINITION OF DELAYED HYPEZRSENSITIVITY
The classic. example is the tubercular reaction, i.e. the
inflammatory drea which evolves if a person who has previously been

exposed to Mycobacterium Tuberculosis is challenged by skin test

with a preparation, usually Purified Protein Derivative (PPD) of

M. Tuberculosis. This is characterised by a prolonged time course,

11



several hours elapsing before gross evidence of a developing

process.

The fundamental property is tne dependence of these reactions on
sensitised lympnocytes. Landsteiner and Chase (1942) and Chase
(1945) revealed that delayed hypersensitivity (TH) reactions
could only be transferred from sensitised to normal animals by
means of living lymphoid cells and not by immune sera. Lawrence
(1970) has shown transfer with viable lymphocytes, non-viable
lymphocytes ané extracts from such cells, which he terms Transfer
Factor, ané wnich transfers az state of IH not associated with

antibody formation.

Cellular hypersensitivity can exist in the absence of detectable
‘zntibody and equally need not accompany the production of antibody
to a given antigen. The instigating antigen is usuélly protein

or contains a large protein constituent.  lMost polysaccharides are
uneble to induce IH unless conjugated with protein when the

epecificity is for the protein-carbohydrate complex (Turk, 1967).

C. EISTOLOGY OF DZLAYED HYPLRSENSITIVITY REACTION

The histolog is cheracteristic but by no means specific, thus
perivascular accumulations of mono-nuclear cells, a hallmark of
these reactions, do not only occur in DH reactions. The appearance
of the lesion can also be greatly modified by the presence of
specific antibody (Dvorak, 1974).

The initial exudation is mono-nuclear and this differs from
ordinary inflammztory lesions (Dvorak, 1974). Neutrophils do
participate to a certain extent but contamination of the skin test
with irritant, e.g. bacterial endotoxin, results in reactions
severe enough to involve tissue necrosis and the co-existence of
anaphylactic and Arthus reactions, all of which are characterised
by neutrophils, may lead to a falsely high estimate of their

frequency.

12



In guinea pigs, after challenge with PFD, the local site
initially contains a sparse infiltrate of mono-nuclear cells

and some neutrophils in the deep dermis and sub-cutis, ang,

more diffusely, through the superficial dermis, Ismphatic. wre
dilated and fixed tissue cells, including fibrocytes and
endothelial cells, apvear activated. These changes occur in

sensitized, non-sensitized and tolerant animals.

After six hours vascular permeability has started increasing.
Positive reactions can be recognised by the presence of
perivascular infiltration of mono-nuclear cells in the deep
dermis, sub-cutis and, more diffusely, in the upper dermis. The
vessels around which the cells accumulate are venules and small
veins, ané within their lumens are a variety of leucocytes, most
commonly mono-nuclear, frequently in mitosis, and said to pass

through endothelial cells by a process analagous to emperipolesis.

The cellular accumulations occur progressively and by 24 hours
infTiltrating cells form prominent perivenous cuffs. In some
cases dermal lymphatics are packed with cells which may infilirate

the epidermis and other epithelial structures.

The morphological classification is difficult. Kosunen et al
(1963) classified them as 5 - 15% monocytes, 25% histiocytes and
approximately 20% small lymphocytes. The otner 40 - 50% he
classified as medium or large lymphocytes shown to belong to a
population of cells that was rapidly dividing both before and after
arrival at site. Bosman and Feldman (1970) categorised these

40 -~ 50% as monocytes, macrophages and precursors, while Astrom et
al (1968) regards them as activated lymphocytes. DIvorak (1974)
concludes that the vast majority belong to a rapidly dividing
population ultimately derived from the bone marrow and without

specificity for antigen. They are atiracted and activated by the

13



few antigen reactive cells (Rocklin, 1976). Bone marrow cells
of the type and in the proportions reported here are not unique
to DI reactions and have in fact been shown to participate in a
variety of non-immunological inflammatory lesions (Volkman and

Gowans, 1965).

The round cell accumulation which is a regular feature of DI is

a consistent finding in the rheumatoid synovium ( Zvaifler, 1973)

In the lymph nodes there is a proliferation of cells in the para-
cortical \thymus dependent) zone which also contains large cells
with pyrininophilic cytoplasm termed immunoblasts thought to
derive from small 1ymphocyfes. Fellowing antigen stimulation
which leads to DH tiiese immunoblasts appear in large numbers and

proliferate rapidly. fney and their descendants are responsible

(¢

for lymph node enlargement. They appear in the draining sinuses
and so enter the circulation. Toey are the only lymphoid cells

waich 'home in' to inflammatory sites (Asherson and Allwood, 1973).

(S

‘nere is an increased level in R4, systemic lupus erythematoszis

(SLZ)(Bacon et al, 1971; Bacon et al, 1975; Telbarrd et al, 1975)
and polymyalgis rheumatica (FMR) (Eghtedariet al, 1976), but not

* N 'l
in psomatic arthritis, osteozrthritis (Caj or gout (Delbarré, 1975)

ot related to inflammation

jo]

suggesting that immunoblzst levels are
(Delbarre, 1975). Sevarzl studies of RA shiow correlation between
inflammatory activity znd immunoblast levels suggesting chenges in
inflammatory activity are due to an immune reaction {Crowther et

al, 1969a; Crowther et 21, 1969b). Immunoblasts are present in
the circulation in both viral and bacterial infections, and their
presence suggests an immunological basis for disease. It is
difficult to distinguish between B and T immunoblasts (Delbarré:1975)

but in most responses B cells vredominate (Hall et al, 1967).
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SECTION V. -  PATHOGENESIS

The scheme of events summarized in Figure 2 derives from the
hypothesis of tissue injury in RA suggested by Hollander et al
(1965). The presence of Igl - IgG complexes in the synovium
and synovial fluid led to phagocytosis by PMNs' leading to
leakage of lysosomal enzymes which effected tissue damage. It
is also possible to envisage the situation whereby the complexes
iniviate tissue damage through activation of the complement

sequence.

However, the arguments agsinst the complexes of Rheumatoid
Factor (RP) and IaG being the only iniviating stimulil and
perpetuating stimuli have been fully documented (Boyle and
Buchenan, 197%1):
a) R is not always present in patients with RA, even in
severe disease.
b) Normal subjects may have RF.
c) The transfusion of RF into non-arthritic volunteers
produces no i1l effects.
d) Red cells coated with IgG which react in vitro does not
show increased destruction in _vivo in patients with rheumatoid
factor titres. Conversely, infusion of large amounis of JzG
into patients with RA causes onily a slight transient fall in
rF.
e) lore specifically IgG of GM(1) infused into patients
known to have RF with anti-GM(1l) specificity have failed to
demonstrate a decrease in circulating half-1life of the GM(1) IgG.
£) Cne third of children with agemmaglobulinaemia develop a
disease clinically and radiologically identical with R
g) Ri" is also prcduced in cirrhogis of the liver, Waldstrom's
macroglobulinaemia, sarcoidosis, idiopethic pulmonary fibrosis,

syphilis, leprosy, subacute bacterial endocarditis.

Therefore, due mainly to this circumstantial evidence, it is
necessary to postulate the presence of an on-going delayed

hypersensitivity reaction against some antigen present in the



chronically inflamed rheumatoid joint. In the folléwing
paragraphs the evidence will be put forward to suppoft the

presence of a cell-mediated immune reaction in RA.
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SECTION VI -  ANTMAL ARTHRITIS

Much of the evicence for the importance of cell-mediated

. immune reactions being important in RA derives from studies of
various experimental models of chronic immune arthritis produced
in laboratory animals. There are two experimental animal
mocdels of arthritis which have been widely studied in an attempt
to elucidate the mechanisms of joint inflammation. One model
is the adjuvant-arthritic rats (Pearson, 1956) and the second is

the experimental allergic arthritis of rabbits (Dumonde and
Glynn, 1962).

A. ADJUVANT ARTHRITIS OF RATS

Adjuvant arthritis is induced in rats by injecting Freund's
Complete Adjuvant (FCA) into one of the hind foot pads. Not all
strains of rat are equally susceptible, indicating a genetic
influence. The inflammatory condition which subsequently develops
after 2 minimum of ten days involves intrzphalangeszl. carpal,
tarsal and ankle diarthrodial joints and synarthrosis of the tail.
Extra-articular menifestations, which may be strain specific,
include balanitis and urethritis, uweal tract inflammztion and,
later, dermatitis with alop@cia, which has a histopathology similar
to human psoriasis. Nodulaf lesions develop in the external ear
and, less frequently, elsewhere in the skin with underlying
vasculitis. It is 2 syndrome frequently compared with Reiters
Syndrome (Hadler, 1976).

Because it follows injection of FCA investigators have focussed on
the immunological aspects, and particularly cellular immunological

aspects of the syndrome.

The obligate ten day latent period and the mono-nuclear infiltration
of the inflamed synovium are reminiscent of the hallmarks of delayed
hypersensitivity. By careful attention to the time of harvesting

of donor cells, strain of rat and number of cells transferred,
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passive transfer has been accomplished (Fawson and Wood, 1964;

Whitenouse et 21, 1%69; uuzgliate and Phillips-Quagliata, 1972).

Pearson and Wood (1963) suggested that the disease process is
the result, at least in part, of DH to disseminated antigen,
probably derived from the injected tubercle bacillis, possibly
wax fraction D, Alternatively the animal mounts a response to

an altered tissue component linked to the Mycobacterium

tuberculosis which is specific to this model. A suggested

non-specific mechanism is that the M. tuberculosis causes

alteration in the host tissue, revealing new antigenic sites, and
thus causing the animal to become hypersensitive to its own tissue,
(Dumonde and Glynn, 1962; Glynn, 1968).

The leucocyte migration test has been used to study the onset of
delzyed hypersensitivity to 3CG and an extract of an inflammatory
lesion. The hypersensitivity to the inflammztory extract
parallelled the disease course. Berry et al (1973) concluded

that an endcgenous antigen was involved.

E. SAPTATHMENTAL ALLERGIC ARTHRITIS OF RABBITS

xperimental allergic arthritis in rebbits is a chronic disease
which is produced by immunising rsbbits with a soluble antigen in
FCL and taen injecting the antigen intra-articularly (Dumonde and
Glynn, 1962). The arthritis has been shown to last for over itwo
years (Consden et al, 1971). At first fibrin was used as the
initiating antigen but later it was realised that any antigen could

be used.

Using radiolabelled antigen for the seconéary challenge it has
been established that most of the antigen disappears rapidly from
the joint (Consden et al, 1971). Doble et al (197%), using

horse radish-~peroxicdes as antigen, noted that it disappeared
completely from the synovium. However, some does remain localised
as immune complexes in the surface layers of cartilage, ligaments
and menisci (Cook et al, 1972a). Further similarity to R4 is the

finding of immunoglobulins and C3 trapped in collagenous joint



tissue obtained from pztients with the disease (Cook et al,
1972b).  Fox and Glynn (1975) showed persistence of antigen,
IgG and €3 in animals immunised with both FCA and FIA, but

the animals injected with FIA recovered. Therefore although
the ides of persisting complexes activatiing complement and thus
initiating tissue damage (Eollander, 1965) is an attractive
proposition, this does not seem to be the sole mechanism acting

in rabbit arthritis.

4is has been suigested for rats (Pearson and Wood, 1963) the
disease process could result from delayed hypersensitivity to a
disseminated tubercle antigen. However, Hirschowitz et al
(1977) has shown that excision of the injection site granuloma
one day before intra-articular challenge did not affect the

development of the arthritis.

MIF is produced by synovial cultures from rabbits with EAA
‘suggesting a continuing delayed hypersensitivity reaction
(Stastny et al, 1973; Steihl et al, 1975). Injection of MIF
intra-articularly causes arthritis (Andreas et al, 1972)
histologicelly comparable to a delayed hypersensitivity action
(Andreas et al, 1972; Ishikawa, 1973).

Lymphokines have also been found in the synovial fluid of

rabbits with BAs (Stastny andé Ziff, 1971). Such studies are
hampered by the fact that these mediators of CMI are as yet
poorly defined chemically and are, thus far, identifiable only by

their biological actions.

The synovitis associated with a pronounced local response in

which lymphocytes and plasma-cell infiltration is prominent

(Glynn, 1968).

The various observations of EAA lead to the suggestion that
delayed hypersensitivity to some unknown antigen is necessary for

the chronicity of the arthritis.
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C. OYHER ANIMAL MODELS

It has been shown that macrophages ffom mice with arthritis

induced by Mycoplasma pulmonis are inhibited by extractis of

normal synoval membranes (Harwick et al, 1973). Tais lends
support to the unmasking theory of arthritis induction.

(See Page 15) -

Induction of granulomatous arthritis lesions in ankles of
neonatally bursectomised cnickens which persist for many weeks
has to be achieved (Cates et al, 1971). “he experiments

show that the inflammatory mechanisms of cell-mediated immunity
alone are able to provide sufficient basis for the development

of allergic arthritis.
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SECTION VII - DiLAYED HYPSRSZNSITIVITY IN RHEUMATOID ARTHRITIS

As has been outlined in the earlier parf of this chapter the
nistology of tThe :hronically inflamed joint is quite consistent
with an ongoing delayed hypersensitivity response. This has led
to research into the feasibility of CMI being involved in RA and
to the pathogens and antigens capable of eliciting the DH

response.

Viral infection of cells causes an alteration in the cell surface
membrane of the infected cell. The infected cells are eliminated
by T cells which reorganise the cell surface as foreign. Thus,
with the emphasis on a viral aetiology for RA, it is necessary to
consider the possibility that there is an ongoing CMI reaction.
Much of the evidence of a CMI pathogen@sis for RA has been reviewed
by Yu and Peter (1974).

Arthritis has been induced by a graft-versus-host reaction in
joints. An intense synovitis follows the injection of spleen
cells of Wistar rats into the knee joints‘of Pl hybrid recipients
(Bacon et al, 1973). The graft-versus-host reaction is regarded

as a pure CMI reaction.

Having established the ability of a joint to support a cell-mediated
immune reaction the evidence - admittedly circumstantial - that Ciil
plays a role in the persistence of inflammation in RA will be
presented:
a) There is evidence that thymus derived lymphocytes are found
in at least the same proportions in synovial effusions as in
peripheral blood in rheumatoid patients (Frgland et al, 1973;
Winchester et al, 1973; Vernon Roberts et al, 1974; Sheldon et
al, 1974; Utsinger, 1975; IBrenner et al, 1975; van de Putte
et al, 1976). Most workers have reported an increase in the
proportion of T cells (Winchester et al, 1973; Frgland et al,
1973; Vernon Roberts et al, 1974; Sheldon et al, 1974) or a

decrease in B cells (Brenner et al, 1975).



is nes been stated before (Sect.VII,a) most workers (Van
Boxel and Paget, 1975; Abrahamsen et al, 1975; Loewi et

al, 1975; Bankhurst et al, 1976) report an increase in the
proportion of T cells in synovium wien compared with
peripheral blood. Some workers (Sheldon and Eolborow, 1975;
Wangel et al, 1975) report a decrease in T cell proportion.
It is possible that the methods of preparing lymphocytes from
tre synovium, wikich include enzyme ¢figestion, affect the cell
surface. Van Boxel and Paget (1975) found no difference in
the proportions of T and E cells in peripheral blood before anéd
after treatment with collagenase and deoxyribonuclease. .
These enzymes had been used to isolate the lymphocytes from

inflzmmatory tissue.

T cells zre present and, presumably, able to meciate a delayed
hypersensitivity response.

b) Lymphocyte depletion by prolonged thoracic cuct drainage
emel{orates the activity of RA (Wegelius et 2l, 1970; Paulus et
ai, 1973; Yu et 21, 1973). Tnis nas also been cCemonstrzted in
rats with adjuvent disease ( Yu and Peter, 1974)

These are the same thoracic duct cells which were used
successfully to transfer AA from one rat to another of the same
strain (Quagliata and Phillips-GQuagliata, 1972) although lymph
node or spleen cells have beern used (Pearson, 1963).

c) Seronegative rheumatoid-like diseases occur in patients
with agemmaglobulinzemia (Good, 1957).

d) Mediators of cellular immunity - lymphokines - are present
in the synovial fluid or RA patients (Stastny et 21, 1973) and
in synovial membrane culture supernatants (Steihl et al, 1975).
They are evaluated by their ability to cause inhibition of
macrophage migration and blastogenesis of mouse spleen cells.
The presence of cytotoxin in synovial fluid has also been

reported (Peter et al, 1971).

The difficulties of detecting lymphokines in heterogeneous
biological fluids have been highlighted by Maini (1975).



dowever, it has been reported that MIF may also be produced
by B-lymphocytes (Yoshida, 1973) in equal if not greater
quantities than T cell production (Rocklin, 19¢74).  These
observations cast doubt on the validity of lymphokines as
markers of T cell activity. Experiments carried out by Bloom
and Shevach (1975) on guinea pigs provided evidence that a

T cell helper effect was necessary for B cells to produce
lymphokines. Bloom and Shevach (1975) concluded that MIF
production is a valid qualitative assay of T cell competence
but it cannot be regarded as a guantitive measure of T cell

function.

AL PUTATIVE ANTIGENS

Lssuming that there is an ongoing delayed hypersensitivity

response in rheumatoid arthritic joints it is necessary to consider
the possible candidates for the role of antigen. They are
infectious agents, immanoglobulins, components of joint fluid,

[l
(<]
components of cartilage, fibrous tissues and synovial tissue.

a) Infectious agents:

The role of an infectious agent in the aetiology of RA has been
well received (Bland and Phillips, 1972; B2arland, 1973; Denman,
1975). The hypothesis of an infective agent is attractive for
tne following reasons:

1. Arthritis may accompany many infectious diseases in man;
for example rubella and gonorrhea..' .

2. Many chronic infective diseases, such as subacute bacterial
endocarditis, infectious hepatitis, pulmonary tuberculosis,
syphilis, leprosy etc. may stimulate the production of
rheumatoid factor (RF). This RF differs from that in
rheumatoid arthritis in that it reacts with human IgG (as
in latex fixation) rather than mammalian IgG (as in sheep
cell agglutination test) and its titres are lower.

It must be born in mind that RF is also produced in
cirrhosis of the liver, Waldenstrans macroglobulinaemia,

sarcoidosis and idiopathic pulmonary fibrosis.
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3. Arthritis in enimels can be caused by a variety of
infectious agents with close clinical and pathologiczl
similerities to Ri, for instance pigs infected with
Erysipilothrix Insicusa (Hadler, 1976) and these also
exnibpit serum RF.

4. 'Tne Gisease process exhibits many clinical features
suggestive of an infective process especially in
children, who present with hign fever, marked
enlargement of the lymph noles and spleen, together
with aigh ZSR and BM¥ leucocytosis.

5. Agammaglobulinaemics have low resistance to infection
and suffer from a variety of connective tissue dicsease
{Botstein and Good, 1961).  The hypothesis is that the
nicro~orgaanicsm sets up an imrune resoonze znd the

regponse is dirscted assinst the breakdown

nroducts.

(i} sltheagh mzny organisms heve Veen sustected, or

n isolated with any

{ii} frznsfer of disease into healthy joints by synovizl
filuid nzs failed (levimsizy, 1951).

{iii) Tiere is no increased prevalence of diseaze in ile
spouses of sufferers of R2 (Dalakos, 1970). Laine et al
{1962) showed no increase of prevalence in nursing staff.

(i) BPacterial Infection

Dirhtheroid bacilli were isolated from 21 of 78 synovial

mermbranes and from 12 of 126 specimens of synovial fluid obtained

from patients with RA (Stewart et al, 1969), while other joint

[oR

iseases yielcdel few organisms. However, more stringent techniques
greatly reduced the frequency with which diphtheroids were isolated
(Claseur 2né Biersteken, 1969). Maini et al (1970) tested

diphtiheroid organisms in the IMT and reported negative results.



There have been both positive and negative reports on the
isolation of Mycoplasma from RA joints. However the chances of
contamination are higk (Sabin, 1967) and evidence that established
cell lines carry this kind of organism hzs tended not to support

the pathogenic relationships of these organisms to RA.

Having successfully isolated lMycoplasma from rheumatoid joints

(Williams, 1968) Mycoplasma fermentans was used as the test

antigen in IMT (Williams et al, 1970) and results were obtained
indicating that rheumtoid leucocytes were specifically inhibited.
IgG adsorbs to Mycoplasmas and it could have been the IgG which
wes responsible for tae specific inhibition of rheumatoid

leucocytes in the IMT (Frgland and Gaarder, 1971).

Tenman (1970) stressed that the hypervascular synovial membrane
with its rich content of macrophages is an obvious .nidus for

seconcdary infection znd septic arthritis is a recognised

complication of the disezge even in petienis not receiving
1

-

corticosteroids (Kellgren et zl, 1959). It is know that during

yetemic infection antigen apvears in the joints (Zvaifler, 1973).

Y

n

{ii) Viral Infection

A variety ol means have been used to exmlore the possibility
of a virus as the aetiologic agent. Ultrastructural studies of
the rieumatoid synovial membrene have revezled no conclusive

evidence of z virus (Gyorkey et al, 1972; Denman, 1976).

4nalyses of sera for antibodies to a variety of viruses have been
carried out and although there have been %eports of increased
anti-measles and anti-rubella antibodies others have reported no
difference (Denmen, 1975). Nor is there any evidence that the
antibody is specifically synthesised in the infected joint
Stanford, 1974).

Using conventional virological technique or rheumatoid synovial
fibroblasts no virus has been isolated (Smith and Hamerman, 1969).

Lowever there was increased resistance to infection with rubella



and Newcastle Disease of fowls Virus ( XDV )

in the case of rheumatoid cells. This has been-attributed

to the increased hyaluronic acid content of the rheumatoid cells
compared to the non-rheumatoid (Patterson RL, et al, 1975). It
is possible that the virus is non—lytic'and would not be detected
by normal means. Various other means have been tried, all

producing negative results (Norval and Marmion, 1976).
No tests for DH have been éttempted using viruses as antigens.

(iii) Immunoglobulins in Rheumatoid Arthritis

Rheumatoid factor (RF) is an antibody with specificity for
antigenic sites on the autologous IgG heavy chain determinants
(common specificities are GM(a), 'nm-a' andAGa) (Natvig,Munthe and
Gaarer, 1971).

Approximately 85% of rheumatoid patients' serum contains RF P
when tested for by classical méthods, i.e. Rose-Waaler (Copeﬁan,

1972).

225 complexes have been found in rheumatoid sera {Franklin, 1957),
which dissociate to yield one IglM molecule and five IgG molecules.
The IgM displays RF activity. It is this RF which is detected by
the Rose-Waaler and other in vitro tests and only 60 - 80/ of

rheumatoid patients contain this rheumatoid factor (Copeman, 1972).

In its reactions with human IgG, Igl RF activates complement through
its own complement attachment sites via the classical pathway
(Zvaifler and Schur, 1968). Although evidence is still scanty
non-rheumafoid RFs appear to be poor complement activators (Bianco
et al, 1974). |

Some rheumatoid sera on centrifugation yield complexes of
intermediate size (9-175) which are composed entirely of IgG
molecules which on dissociation yield rheumatoid factor activity
(kunkel et al, 1961). Free IgG RF is often present in rheumatoid
sera and the levels are the same in both seronegative and

seropositive individuals (Holborow, 1977).



IgG rneumztoid factor is produced in the affected synovial
membrane of seronegative as well as seropositive rheumatoid
patients. Complement binding in the synovial membranes is
identified more closely with IgG than IgM deposits and in the
phagoeytic synovial lining cells from seronegative patients'
joints, complement may be demonstrated in company with IgG
alone (Kinsella et al, 1970).

High moleculzar weight IgG complexes have been found in rheumatoid
synovial fluid as well as serum (Winchester et al, 1970) and have
also been eluted from synovial membranes (Munthe and Natvig, 1971).
Whether from serum or from joint fluid these display the ability
to fix complement via the classical pathway by binding:dlq
(Lambert et al, 1975).

There is some evidence that alternatle pathway complement

activation “akes place in the rheumatoid joint (Gotze et al, 1972).
4llotype analysis of the IgG protein conient of complexes derived
from joints shows that it is of restricted type and hence likely

to have been synthesized in the Joint ratner than to have reached

it from extra-articular sources. FPepsin digestion of rneumatoid
synovial membrane sections shows that tae Fab fragmentis of the
immunoglobulin product of many of the IgG plasma cells present in
both seropositive and seronegative petients possess rheumstoid
factor-like anti-IgG activity, but this is blocked in vivo through
complex formetion with adjacent Fc portions of other intracellular
IgG molecules which presumably have identical combining specificities,
(}iunthe 2nd Natvig, 1971). Thus the solely IgG intermediate
complexes in rheumatoid serum ané joint fluids appear to take origin
as unique self-associating IgG RF molecules (Pope et al, 1974)

synthesized in the rheumatoid synovial membrane plasma cells.

There is well documented evidence of an autoimmunity of the humeral
type which occurs in RA. It is also possible that the complexes
formed can to a great extent be responsible for the damage to the
rheumatoid joint. For reasons which mave been discussed before
(see Sect. V} humoral autoimmunity does not provide a complete

explanation for the pathogenesis of rheumetoid arthritis.
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There have been attemnts to show the presence of a delayed
hypersensitivity reaction to immunoglobulins, especially IgG
in rheumatoid patients. These have been summarised in the

introduction to this thesis (see .Section VII).

Chamberlain et al (1970) elicited an Arthus reaction in

6/11 His and only 1/15 controls to intraderm al injection of
heat aggregated IgG. No delayed hypersensitivity reaction was
observed. Runge and Mills (1971) observed no reaction to
autologous native and aggregated zutologous IgG in nine RAs and

three controls.

Attempts to induce lymphocyte transformation of RA lymphocytes
using native ané aggregated IgG has been unsuccessful in some

hands (xZecaki et al, 1969; Runge and lMills, 1971) but successfully
carried out by others using autologous IgG and IgM (Dorner et al,

1969; 1974) and using agegregated IgG in autoserum (Kinsella, 1974).

There have been numerous reports of specific inhibition of RA
leucocytes in the IMT using native IgG (Massoud et al, 1976),
autologous native IgG in agarose test (Weisbart et al, 1975) using
native and aggregated IgG (Froland and Gaarder, 1971; 1973) and
aggregated IgG (Brostoff et al, 1973). Eibl and Sitko (1975)
induced inhibition of human monocyte migration by aggregated

homologous and autologous IgG.

(iv) Joint Fluid

Joint fluid has been used as a source of antigen in tests for
delayed hypersensitivity mainly due to the assumption that
irrespective of the initial location of the antigen it would

eventually be found in the symovial fluigd.

The use of synovizl fluid in skin tests elicited negative results
(Landsbury, 1955). Subsequent investigations were able to detect

an in vitro response of buffy coat lymphocytes to synovial fluid



from patients with R4 (Kinsella, 1970).  Autologous synovial

fluid induced blast formation in 7 out of 10 rheumatoids and 2 out
of 10 osteoarthritics {Okamoto et al, 1973). Rheumatoid
lymphocytes underwent blast transformation in response to rheumatoid
and control synovial fluids more frequently than control

lymphocytes (Lycette, 1965).

Kinsella (1976) showed that autologous rheumatoid synovial fluid
was an effective stimulant of raneumeatoid lymphocytes, whereas
autologous non-rheumatoid fluids were not effective. Allogeneic
rheumatoid fluid was as effective as autologous against rheumatoid
lympnocytes ancé more effective against non-rheumatoid lymphocytes
than non-rheumatoid fluid. Non-rheumatoid fluid has very little
effect.

Synovial fluid lympnocytes and synovial fluid from most patients
with RA induced blastogenesis of autologous peripheral blood

lymphocytes.

It couléd be that there are lymphokines in the rheumatoid fluid

inducing these transformations (Stastny et al, 1973; 1975).

There are plentiful antibody-antigen complexes in rheumatoid
synovial fluid {Zvaifler, 1973) and these can stimulate even non-
immunized lymphocytes to transform (Block-Shtader, Hirschhorn and
Uhr, 1968).

It is possible for RF~-IgG complexes to induce transformation

(Dorner, 1969; 1974; Kinsella, 1974).

Ciobanu (1975) reported the ability of fibrin to cause increased
3H thymidine incorporation in rheumatoid cell cultures when compared

with controls.

Fibrin has been isolated from rheumatoid symovial fluié and it has
been shown to inhibit leucocytes in the IMT (Hall, 1974 ).



(v) Cartilage Components

Patients with RA have a much higher incidence of antibodies
against denatured and naiive human collagen in their serzs than
control subjects (Michaeli et al, 1971; Steffen, 1972; Menzel
et al, 1976). Anti-collagen antibodies have also been detected
in the synovial fluid (Cracchiolo et al, 1972). Collagen and
IgG have been detected in identical places in the BRA inclusions
of synovial fluid using double-staining immunofluorescence
(Steffen, Ludwig and Knapp, 1974). Some of the antibody at least
is produced in the rheumatoid synovial membrane (Mestecky and

Miller, 1975).

Herman et al (1973) set up cultures of R4 and normal leucocyte to
various cartilage antigenic components, i.e. crude protein
polysaccharide complex (FPC) and protein polysacchériée lizht
fracetion and revorted that the rheumetoids were stimuisted more

than the controls.

Statistically significant specific inkibition of migration of
rheumatoid leucocytes by collagen wnen compared with the control

leucocytes was reported (Bernacka, 1972).

(vi) Synovial Tissue Antigens

It is the synovium which is infiltrated with the inflammatory

cells and the synovial cells which appear abnormal in culture
(Norval, 1976). Therefore perhaps there is an immune reaction

against the synovial cells.

The aetiology of RA could be attributed to a viral agent, which
would account for the differences in cultures of rheumatoid

synovizal fibroblasts (Ishimoto, Temin and Strominger, 1966).

It had been shown that rheumatoid synovial fluid can cause
lymphocyte transformation (Lycette, 1969; Okamoto, 1973;
Kinsella, 1970, 1976) anéd it was conceivable that these

stimulatory substances had arisen from the synovium.



Landsbury et 2l (1955) used test material from synovial fluid,
synovial tissue and raeumatoid nodule. It wes filtered and
cultured to test sterility. This was injected subcutaneously
in 20 RAs and 20 controls and induced no skin reaction. Iultz
et 2l (1968) injected homogenized synovial tissue and standard
antigens S/C into 16 RA and 17 non-RA patients. Rhis were less
reactive to the standard antigens: mumps and PPD, and to
homologous synovial tissue. 4 out of 9 Ris gave maximal
responses to autologous synovial tissue. All 5 non-RAs injected
with autologous tissue gave minimal or weaker responses.
Braunsteiner (1961) found greater reactivity to synovial

homogenates in rheumatoids. '

Rothenberger and Thiele (1970) first reported that using the

IMT as an in vitro correlate of DE they were able to induce
specific inhibition of migration of rheumatoid leucocytes when
compared with contrcl leucocytes using a crude RA synovial
homogenate, but not with non-rheumatoid homogenates (Rothenberger
and Thiele, 197la). Using a similar homogenate in the LTT they
were unable to elicit positive results. This they attributed to
the high incorporation of tritiated thymidine in the control
cultures (Rothenberger and Thiele, 1971b).

In 1973 Bacon et al revorted specific inhibition of rheumatoid
leucocytes when compared with healthy, gouty or osteoarthritic
controls in the IMT using a rheumatoid synovial homogenate. The
inhibitory material was not obtained from a psoristic or osteo-

]
artiritic synovium.

Since then there have been two conflicting reports of use of

synovial homogenates as antigen in the IMT.

One reported no difference in the migration of RA and age and sex
matched controls using rheumatoid synovial homogenate as antigen
(Panayi, 1975). '

N
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A second (Thonar and Sweet, 1976) reported a specific
inhibition of rheumatoid leucocytes when compared with control

leucocytes using normal synovial homogenate as the antigen.
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SECTION VIII - INTRINSIC IMMUKOLOGICAL DEFECT

Many exveriments have been carried out in an attempt to

determine whether rheumatoid arthritic patients have any defect
in their ability to mount delayed hypersensitivity reactions.
These experiments have included in vivo testing of delayed
hypersensitivity by intradermal injection of standard antigens
known to elicit a response in a large percentage of a control
population. It has been reported that rheumztoids have depressed
skin reactivity to common antigens, i.e. PPD, streptokinase-
‘streptodornase, candida albﬁans, mumps, trychophytin (Waxman et
al, 1973; Andrianakos et al, 1977). Waxman et al (1973)
correlated this anergy to duration of disease, while Adrianakos

et al (1977) reported that the degree of anergy was related to age
but not to duration of disease. Normal skin responses (Azoury et
al, 1967; Muller, 1971) and increased responses (Hiemeyer, 1971)

have also been reported.

The in vitro tests have been either mitogenic stimulation or mixed

lymphocyte cultures as tests of lymphocyte function.

liost reports of mitogenic’stimulation (Giswold anc McIntosh, 1973;
Waxman et al, 1973; Laine and Knight, 1974; Sturrock, 1975;
Lockshin et al, 1975; Silverman et al, 1976; Rawson and Huang,
1974a) have noted a decreased response of RA cells to PHA
stimulation. Jowever the responses are not statistically
significantly lower than control responses {Waxman et al, 1973;
Lockshin et al, 1975; Sturrock, 1975). Silverman et al (1976)
used more than one concentration of the mitogen, established a

dose response curve and then compared the areas under the curve of
RA patients with either normal controls or controls with chronic
inflammatory diseases e.g. tuberculosis. They reported two groups
of rheumatoid patient: those exhibiting normal responses and those
with consistently and statistically significantly low responses who

had severe erosive disease. Rawson and Huang (1974b) showed that
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R4 lymphocytes did not bind PHA as well as control lymphocytes.
Crout et al (1976) showed that decreased responses to PHA were
obtained after incubation of peripheral blood lymphocytes in

synovial fluid.

Responses to Concanavalin 4 (Con 4) - another T cell mitogen -
have not been so frequently documented and again there is
divergence of results. Sturrock et al (1975) reported no
difference in the response of rheumatoid and normal cells while
Lockshin et 21 (1975) and Silverman et al (1976) reported a
decrease in the response of rheumatoid peripheral blood cells.
Rawson and Huang (1974b) reported no difference in the ability

of RA and control cells to bind Con A.

Pokeweed mitogen - 2 B cell mitogen - induced a reduced response
(&)
in rneumatoid cells which was not statisticzlly significant
(Lockshin et 21, 1975) while Silverman =t al (1976) and Sturrock
b2

et al {19735) founé no difference.

On the whole there is a tencency for rheumatoid cells to respond
less well to mitogenic stimulation, especially T cell. Iowever
it is extremely &ifficult to snow that this cdecrease in response

ic statistically significant.

Hheumatoid cells have also been culiured in the one-way mixed
lymphocyte culture (MLC) which is used as a means of assessing

thymus derived cell function (Roitt, 1977).

Studies have shown normal responses of rheumatoid cells stimulated
by normal allcgeneic cells (Astorga and Williams, 1969; Hedberg
et al, 1971; Rawson and Hueng, 1974; Hetzger et al, 1974;
Caperton et 21, 1975). Although rheumatoid cells from unrelated
donors mixed together showed decreased responses (Astorga and
Williams, 1969) Williams et al (1973) found that pre-incubation of
normal cells with certain rheumatoid and SLE ¥ -globulin fractions

decreased their reactivity in the PMILC, Using pooled donor

1)



stimulating cells 1t was found that rezctivity of rheumatoid
cells wes stimulated when the cultures were carried out in
pooled human sers and depressed when compared with normals if the
cultures were carried out in autologous sera (Keystone et al,
1976). Keystone et al (1976) suggest that experimental details
could account for differences in results, e.g. percentage of
lymphocytes in stimulatory cells (4storga and Williams, 1969),
bizsed recovery of different populations of mononuclear cells,
limited antigen pool, ratio of stimulatory cells to responding

cells.



SECTION IX -~ TESTS OF CBLL MSDIATED IMMUWITY (CMI)

A, IN VIVO

In humen patients the only test for CIMI which hzas been employed
with any regularity is skin testing. This suffefs from the
disadvantage tnat contaminants which are able to induce Arthus
and Schwartzmann reactions of any severity are capable of giving
félse positives. In man, wihen the DH is tested to PPD the

injection site is studied at 48 hours.

B. I VITRO

The initial contact between antigen and sensitized T cells

leading to the production of the various mediators of cellular
immunity is tested by the actions of that mediator on indicator
cells. The tesis are named according to the particular

lymphokine action they are demonstrating, i.e. migration
inhibition test (to test for MIF), lymphocyte transformation

test, macrophage migration inhibition test (to test for MIF) and
cytoxicity tests (to test for cytotoxin) (Pick and Turk, 1972).
Thus disparity arises between an in vitro test and the physiological
skin test which is dependent not orly on the initial contact of
cell and antigen, releasing lymphokines, but also on the production

of the mediators of inflammation leading to a visible response.

Two tests which have been used with most regularity are the

leucocyte migration test and the lymphocyte transformation test:

(i) Leucocyte Migration Test (IMT)

The observation that tuberculin in tissue culture media
inhibited the migration of cells taken from either the spleen or
lymph node explants of tuberculous rabbits or guinea pigs presented
the first description of an in vitro model for studying delayed

type hypersensitivity in animzls (Rich and Lewis, 1932).

By demonsirating the passive transfer of contact hypersensitivity

to normal guinea pigs from hypersensitized animals by means of

A1)



lymphoid cells and not serum, the cellular basis for delayed-
type hypersensitivity was established (Landsteiner and Chase,
1942). This finding intensified the search for an improved in
vitro correlate of delayed hypersensitivity, which culminated in

the introduction of the capillary tube migration assay of George

and Vaughan (1962).

Peritoneal macrophages from tuberculin sensitive guinea pigs
were transferred into capillarytubes which were then sealed at
one end and placed in tissue culture chambers, allowing the
cells to actively migrate across the chamber floor in a fan-like
fashion. Delayed hypersensitivity was expressed as a migration
index; this was the ratio of the areas, as measured with a
planimeter, of the cells' migration in the presence and absence

of specific antigen (Tuberculin FPPD).

later it became apparent that the peritoneal exudate cells used

in these experiments were a heterogeneous cell population
consisting predominantly of macrophagesplus a small but significant
number of lymphocytes. Studies to assess the contribution of the
two cell types demonstrated that the inhibition of cellular
migration was due to the liberation of a protein, termed Migration
Inhibition Factor (IMIF), from sensitized lymphocytes on contact
with a specific antigen (Bloom and Bennett, 1966; David, 1966).

The original method of George and Vaughan (1962) was later modified
into a two-step assay, and demonstrated delayed hypersensitivity of
human lymph node cells to microbal antigens (Thor, 1968). The
lymphocytes in question were incubated with specific antigen for

72 hours before the MIF containing supernatant was tested on normal

guinea pig macrophage migrations.

A direct migration inhibition of human peripheral blood leucocyie
that correlated with the presence of delayed hypersensitivity to

brucella antigens in vivo was introduced by Bendixen and Sé¢borg



(1969}. in improvement in method sensitivity was presented by
Federlin et al (1971) who correlated migration inhibition with
pesitive Mantoux skin reactions in the detection of tuberculin

hypersensitivity.

It had been shown that MIF reduced or inhibited the migration

of macrophages and monocytes (Rosenberg and David, 1970) and so

in the human situation it seemed necessary to remove polymorphs
during leucocyte prepvaration (Falk, 1971). However, Rocklin (1974)
showed that human activated lymphocytes produced a lymphokine which
ne called leucocyte inhibitory factor (LIF) which had no effect on
guinea pig macrophages or humen monocytes, but utilizes human PN
cells ag indicator cells. He reports that the receptor molecules

on monocytes and PMNs are different for MIF and LIF (Rocklin, 1976).

Tavid {1971) states that ii is likely that the in vitro system is
measuring only some of the initizl steps tnhaet occur in in vivo
reactions of cellular hypersensitvivity. It does not take into
account the possible release of lysosomal enzymes from macrophages
andé the subsequent reactions, nor does it assess the effects of
other medictiors, blood clotting factor or local tissue conditions

(i.e. conditions of blood vessels).

wnen attempting to correlate the leucocyte migration test with
delayed hypersensitivity in vivo it must be remembered that much of
the earlier work, and the majority. of the more definitive work,

has been carried out on guinez pig macrophage migration innibition.
Zowever since Rocklin (1974) showed trhe production of LIF by
previously sensitized human lymphocytes in the presence of the
specific Ag. the macrophage inhibition test anéd the leucocyte
migration test parallel each other, i.e. the production of lymphokines
by sensitized lympnocytes, which act on their respective indicator

cells.



40

(ii) Correlation of In Vivo and In Vitro Observations

a) Animals must be sensitized either Ty trotein antigens

in Freund's Complete Adjuvant or by living BCG. Human
subjects are sensitized by natural infection. Peritoneal
cells from sensitized animals are inhibited by antigen from
migrating in vitro and lymphocytes from such animals or

from sensitive human subjects produce migration inhibitory
factor (MIF) when stimulted by antigen in vitro.

b) Guinea pigs sensitized with antigen-antibody complexes

in Fréund's Complete Adjuvant by the method of Uhr, Salvin

and Pappenheimer (1957) demonstrate delayed hypersensitivity
without detectable antibody. Peritoneal exudate cells from
such animals are also inhibited from migrating by specific
antigen.

c) Guinea pigs immunized by the I.V. or I.}. route without
Freund's Complete Adjuvant, which produce certain antibodies
but do not exhibit delayed hypersensitivity, yield peritoneal
exudate cells which are not inhibited by antigens. In
addition lymphocytes from such animals produce no MIF.

a) The specificity of inhibition of migration has been
studied with hapten-protein conjugates and chemically defined
hapten-oligobeptides (David and Schlosman, 1968). The
carrier specificity found correlates with that of DH reactions
in vivo and does not exhibit the specificity of the reaction
between antigen and humoral antibody.

e) Peritoneal exudate cells are not inhibited from migrating
by specific antigen when the donor animals have been made
partially tolerant, i.e. they have diminished or absent DH
but are still producing antibody.

However numerous investigators have failed when using human
peripheral leucocyte as the indicator cells to obtain adequate
reproducibility of results (Thor, 1968; Lockshin, 1969;
Kaltreider et al, 1969; Alzer et al, 1973). It is probable
that disparity of results, difficulty in interpretation and
experimental failure could largely be due to lack of precision

and experimental design (Maini, 1973).



(iii) Lymphocyte Transformation Test

Leucocytes suspended in serum and a simple culture medium
having been left at 3700 in en airtight container with the
addition of a small quantity of an extract of red kidney bean,

Phaseolus Vulgaris, (PHA) underwent marked changes in morphology.

Large active cells appeared with large nuclei and prominent
nucleoli. On the third or fourth day of culture mitotic cells
were seen (Hungerford et al, 1959; Nowell, 1960). These

large active cells are variously referred to in the literature
as blast cells, trensformed cells, stimulated cells or activated
cells. Carstairs (1961, 1962) was the first to show clearly

that the smzll lymphocyte was the source of the dividing cell.

Pearman et al (1963) reported thet lymphocytes from tuberculin
positive individuals cultured in the presence of PPD produced
mitoses whereas lymphocytes from tuberculin negative individuals

cultured under the same conditions did not.

Schrek et al (1963) noted that antigen cultures needed 5 days to

show blast formation compared with only 3 days for PHA cultures.

It is generally accepted that the transformation and proliferation
of lymphocytes when cultured with antigen in vitro parallels that
situation in vivo in which antigen stimulated sensitive cells

(Pearman, 1963; Valentine, 1971).

Lymphocytes have been stimulated by a wide variety of antigens,
including viruses, bacteria, fungi, protozoa and pollen, as well
as purified znimal proteins, hapten protein conjugate, syntnetic

amino acids, polymers and drugs (Valentine, 1971).

It was reported (Kasukura and Lowenstein, 1965; Dumonde, Howson
and Wolstencroft, 1968) that supernatants from antigen stimulated,
previously sensitized lymphocytes are able to cause an increased
DNA synthesis in a secondary lymphocyte population. In some cases

this was found to be antigen dependent (Valentine znd Lawrence,
1969). It was then reported that unstimulated lymphocytes also



release a mitogenic factor in vitro (Xasukura, 1970).

However, as stated by Pick and Turk (1972) the secretion of
mediators by lymphocytes incubated with mitogen is a phenomenon
preceding transformation and is independent of DNA synthesis.
Work has been carried out using MIF as the lymphokine because
its presence can easily be detected. It hzs been shown that
MIF production is dissociated from lymphocyte transformation and
the two pheﬁomena may be induced by functionally separate
lymphocyte populations (Chaparas et al, 1971; Bloom et al, 1972;
Rocklin, 1973). Bennett and Bloom (1967) susgested separate

pathways for the induction of MIF ané lymphocyte transformation.

(iv) Correlation of In Vitro and In Vivo Observations

Much effort nas been expended in correlating tais in vitro
observation with delzyec hypersensitivity in wvivo. Tize work has

been carried out both on humans and experimentzl animals,

Leucocytes from approximately 607 of RCG-vaccinated or tuberculous
donors were found tc respond to tuberculoprotein (Rauch, 1967).
However the response correlated well with the passive haemagglutinin
test using tuberculoprotein-coated cells and with tuberculin skin
tests. Several other authors (Gump et al, 1967) heve correlated
blastogernesis with tuberculin skin test. The disparity between
various workers' results may in part be explained by resultis of work
whichh show that the degree of transformation is dependent upon the
nature of the Mycobacterial antigen used and the source of serum
(Eeilman, 1966)., Failure to obtain tuberculin-induced mutosis with
the lymphocytes of patients with active tuberculosis (Pearman et al,

196%) was due to the inhibitory effect of tuberculous serum.

Rabbits received a four week course of intravenous injections of
aluminium-precipitated proteins, and four weeks later they were
killed anéd their cells exposed to the antigen in vitro. Although

a slight non-specific stimulation was often found, this did not

obscure the sitrong response of cells from the immunized animal to



the immunising antigens. A straight line relationship

between the rate of DNA synthesis of cultured cells and the log
of the antigen concentration was observed (Dutton and Eady, 1964;
Dutton and Bulman, 1964).

Oppenheim et al {1967) produced DH in guinea pigs in the absence

of detectizble antibody, to PPD and guinea pig a2lbumin-orthnanilic
acid conjugates. Ten deys later peripheral cells and cells from
lymph nodes, spleen and thymus cultured with stimulated antigen.
411 cultures containing cells from peripheral lymph nodes and about
4057 of the spleen and peripheral leucocyte cultures contained
increased numbers of cells in DFA synthesis and increased total

DA synthesis in response to PPD or albumin-orthanilic acid

conjugates.

In animale *he main evidence for in vitroe lymphocyte transformation

being e correlete of in vivo DH stems from the carrier specificity
the transformztion. Lymphoid cells from animzls immunized with

napten~-protein conjugates I.V. or in complete Freund's Adjuvant

will transform in vitro only when cultured with a hapien-protein

(@]

onjugete used for sensitization (Dutton and Bulman, 1964; 1Mills,

1966; Oppenbeim et 21, 1967).

.

Carrier gpecificity of this sort is also reguired for the
elucidation of the IZ skin test and the initiation of the secondary
antibocly response. These two phenomena, like the stimulation of
lymphocytes in vitro, require the interaction of antigen with

antigen-sensitive cells (Bloom, 1971).

FTurther evidence is tiie report of experiments with DNP-poly-IL-lysine
which have demonstrezted that a lysine chain length of seven oxr more
is required for immunogenicity, the elicitation of DH skin response
and the siimulation of lymphocytes in vitro (Schleossman et al, 1966;

Stulberg ané Schlossman, 1968).

In human subjects we rely on the occurance of congenital

abnormalities of the immune system. Cooperbamnd (1966) reported



that the gquentity of DNA and RNA synthesised by the lymphocytes

of hypogammagiovulinaemnic patients stimulated with PHA was not
significantly different from that of lymphocytes of normal
individuals, i.e. they have T cells capable of responding to

T cell stimulants. This work was repeated and furiher extended

to include response to S.K., streptolysin O and various other
antigens (Bradley and Oppenheim, 1967). Fudenberg (1964)

reported normal responses to PHA and streptolysines but hypo-
responses to typhoid antigen, diphtheria toxoid and tetanus

toxoid. Conversely a child with complete failure of the thymus
(Lischner et al, 1967) retzined primary and secondary skin
homographs, did not show DH responses, and although immunoglobulin
‘levels were normal did not always produce immunoglobulin. The -
1ymphocytes responded poorly to PHA, leucocyte antibodies and other
stimulants. The tissue origin of the peripheral lymphocytes was
not established, but it supports the idea that the responsive cells

in the peripheral blood are thymic in origin.

Work on disease states is eguivocal. Patients with Hodgkin's
disease who were anergic as revealed by impaired skin DE reactions
were correlated with diminished levels of transformation afier
stimulation of the periphersl lymphocytes of these patients (Hirsch

and Oppenheim, 1965; Eisenberg, 1965).

Alternatively work on sarcoid patients with positive kviem skin
test were found not to transform when exposed to the antigen in

vitro ( Cowling et al, 1964).

The lymphocyte transformation test is widely accepted as an in vitro

correlate of in vivo delayed hypersensitivity (Bloom et al, 1973),

although it can only be said with certainty that the transformation

and proliferation of lymphocytes when cultured with antigen in vitro

parallels those situations in vivo in which antigen stimulates

sensitive cells (Valentine, 1971).
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SECTION X - DEFINITION OF PROJECT

The in vivo delayed hypersensitivity reaction can be
paralleled in vitro by the leucocyte migration test and the
lymphocyte transformation tests. These tests will be used
to test for the presence of a synovial antigen in crude
synovial homogenate and any purified solutions that are

prepared.
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DOTION T =  DMATERTALS

411 chemicals ané reagents were of analytical grade whenever
available and, unless otherwise stated, came from normal
commercial sources such as British Drug Houses Ltd., Poole,

Dorset.

Radiocactive 73 trhymidine was obtained from the Raliochemical
Centre, Amersham, Bucks.

411 tissue culture media were obtained from Wellcome Rezgents
itd., Beckenham, XKent, or Flow Laboratories, Irvine,

Scotland.

inti-human IgG, enti-normal human serum, Test Streptokinase were
obtained from Hoechst UK Litd., Hounslow, lMiddx.

Sephadex G-100, G-200, Sepharose 6B, Dmiz-Sephadex 4-50,

TUltrogel ACA from Pharmacia, Uppsala, Sweden.

2
Cholic acid,bg IS (Zvdroxymethyl) amino ethane Buffer,

p-octyl puenoxy-polyoxyethylene (TRITON x 100) from Sigme Chemical
Co., Kingston Upon Thames, Surrey.

Heparin (5000 i.u./ml) from Zvans ledical Ltd., Liverpool.

Diaflo PM10 and X150 membrane filters from Amicon Corporation,
Lexington, Mass.

Spherical macroreticular styrene-divinyl-benzene copolymer
(Biobeads SK-2) from BioRad Laboratories, Kent.

5, 2-diphenyloxazole (PPO}, 1, 4 Di (2-(4-methyl 5 phenyloxazolyl))
benzene (dimethyl POPCP) from Koch light Laboratories Ltd.,
Colnbrook, Bucks.

Chlorhexiéine gluconate from ICI Ltd., Macclesfield, Cheshire.
Streptokinase-Streptodornase (Varidase) from Lederle Laboratories,

Cyznamid, Gosport, Hants.

ILAX 1020 homogenizer from Scientific Instrument Centre Ltd.,

London W.C.1l.
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SECTION II -  LEUCOCYTE MIGRATION TEST

A, MATERIALS
A1l tissue culture supplements used in tne migration studies
were obtained from Wellcome Reagents Ltd., Beckenham, Kent, and

Flow Laboratories, Irvine, Scotland.

Capillary tubes of dimension 0.4 mm internal diameter and length

T5 mm were supplied by Drummond Scientific Company, U.S.A.

The migration plates (Sterilin), each containing 12 chambers,

were obtained from Arnold R. Horwell, Ltd., Kilburn, Lordon.

The tissue dulture medium used in the migration studies was
prepared in 100 ml batches by ascevtically adding the following
supplements in tne stated”volumes: '

10 mls Eagles Medium (MEN)

12.5 mls Yorse Serum

2 mls Hepes Buffer (one M)

2 mls Penicillen-Streptomycin (5000 units/ml)

T3.5 mls Sterile Water

The addition of 20 mM Hepes (4-(2 hydroxyethyl)-l-piperazine
ethane sulphuric acids) yielded a physiological pH of 7.35 at
3700. All media was filtered (0.45‘pm millipore) into sterile

glass bottles and stored at 400 until used.

The Bank's Physiological Salt Solution was diluted from a 10x
concentrate to single strength by the addition of sterile water,

and adjusted to a final pH of 7.35 using 4.4% NaHCO3.

B. METHOD

The method outlined below was used for all studies in this thesis,
Basically the method of S¢berg and Bendixen (1969),it was modified
as a result of experiments by Brown (1976) carried out in our

laboratory.



Having drawn 20 mls blood from a2 cubital vein into a plastic
syringe it was expelled into two 10 ml sterile tubes, each
containing 250 units of heparin. To ensure complete mixing
of the blood and anti-coagulants the tubes were gently shaken
for 2 minutes; the two tubes were then spun at 800g for 10
minutes. The plasma and leucocyte layers, which had settled
on top of the erythrocytes, were removed using a NaElO cannula
and 20 ml syringe. After removal of cannula the syringe was
inverted and stood vertically in a 3700 incubator to allow

spontaneous sedimentation of the remaining erythrocytes.

After 1 hour incubation at 37°C the leucocyte-rich plasma was
gently aspirated through a hypodermic needle which was bent at
an angle of 450 to the upright syringe into a conical plastic
tube. This was centrifuged at 200g for 10 minutes at room
temperature. The resulting plesma supernatant was discarded
and the leucocyte pellet re-suspended in an excess of Hank's

Bzlanced Salt Solution. Re-suspension was effected by repeated

withdrawals into a clean syringe through a Ne.El8 cannula (Horwell).

The spinning at 200g and the re-suspension was repeated an? the
cell suspension spun for z third time. This final cell pellet,
suspended in a small volume of Hank's Solution, was adjusted to a
cencentration of 4 x lO7 cells/ml. Thorough mixing was enéﬁred
by whirlimixing ané repeated passages through a cannula into a

syringe.

Each capillary tube was filled to its maximum capacity (8.5}u1)
with the cell suspension and one end immediately sealed with

"seal ease" (Cley Adams; Horwells). After the preparation of
every 10 tubes the cell suspension in the plastic tube was
thoroughly mixed using the cannula and syringe, thus maintaining
an adequate cdistribution of the heterogeneous cell population.

At least 30 capillary tubes were prepared from every 20 ml sample,
the absolute number depending upon the original cell concentration

of the donor's blood. All the leucocyte packed capillary tubes

48



-
\O

were placed in a centrifuge tube containing a cotton wool plug
and centrifuged at 200g for five minutes. Prior to the
completion of this final centrifugation the upper edge of every
migration chamber was covered with silicone grease and filled
with an excess of ZEagles tissue culture medium with or without
the test antigen. In every migration plate (12 chambers) used,

a control series of migrations were set up.

After centrifugation each capillary was cut at the cell-fluid
interface and the leucocyte pellet was immediately anchored by a
small amount of silicone grease horizontally onto the floor of a
chamber with its sealed end tightly adjacent to the inner wall and
its open end extending towards the centre of the chamber. This
was repeated for every capillary tube. Chambers were rendered
air-tight by applying cover slips onto the previously greased
edges. Extreme czution was taken to prevent the introduction of
any air bubbles. The migration plates were carefully placed on
a horizontal (adjusted using a spirit level) incubator shelf and

left for 21 hours at 37°C.

At the end of this incubation period the cells were seen to have
moved out from tne tube and migrated along the floor of the
chamber in a fan-like fashion. Bach migration was projected
onto paper by a photographic enlarger, the image drawn and its

area measured using a planimeter.

C. READING OF MIGRATION AREAS

The human leucocytes used for migration analysis in this study
congisted of a heterogeneous population. After 21 hours of
incubation two migration areas are discernible: a peripheral
monolayer, which has previously been demonstrated to consist
predominantly of polymorphonuclear cells (PMNs) and an inner area
composed of mononuclear and PMN cells in approximately equal

proportions (Rosenberg ané David, 1970; Egeberg, Bendixen and

Nerup, 1972; UNordquist and Rorsman, 1972).
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Migration areas in this fhesis are defined from tne outer zone
wnich was reported by Jokipii and Jokipii (1974) to be more
sensitive and less variable in the detection of inhibition.

211 migration areas were measured by planimetry and expressed in

square centimetres.

]

The control area of migration was the mean of the areas of
migration of leucocytes in media contzining no added antigen.

iny deviation in the size of this area in test migrations was
expressed either zs a percentage stimulation or inhibition of
control. A students' T-test was used to analyse any significant

difference between control and test migrations.

. CZLL VIABILITY ‘

Cell viability was measured using the trypan blue dye exclusion
test (Boyse, 01C and Ceroulintz, 1972). 0.16% trypan blue in
isotonic sazline solution vas incubated with an equal volume of the
cell suspension for 10 minutes at 3700. The cells were exanined
microscopically within 15 minutes of contact with trypan blue

solution. Viable cells excluded the dye.

E. PHEPARATION OF APPARATUS
Siliconisation of glassware did not modify the gquality of

migrations in any way (Brown, 1976).

A1l glass and plastic apparatus was washed in Rapidex (Arnold
Horwell), followed by several rinses in boiling tap water and
[}

distilled water.



SECTION ITT ~  LYMPIOCYTE TRANSFORIMATION TEST

A SEPARATION 07 LYMPHOCYTES FRCM PTRIPHERAL BLOOD
(i) Materials

Ficoll : Pharmacia Fine Chemicals, Uppsala, Sweden.

Triosil : Nyegaard and Co., Oslo, Norway.

2 mls of Triosil were diluted with 2.4 mls of water and mixed
well and added to 10 mls of 9% Ficoll. The Ficoll was made up
and stored at -20°C in 10 ml aliguots ready for use.

Ficoll-paqueTM : Pharmacia Fine Chemicals, Uppsala, Sweden.
This was used in some later experiments instead of Ficoll-Triosil.

R.P.M.I. 1640 : VWellcome Reagents, Beckenham, Kent.

(ii) Kethod

(Based on Boyums method of lymphocyte separation, 1968).
30 mls of blood were withdrawn from a cubital vein and expelled
into three 10 ml sterile tubes each containing 250 units of heparin.
To ensure complete mixing of the blood and anticoagulant, the tubes
were gentily shaken for 2 minutes. ‘The tubes were spun at 200g for
10 minutes. The plasme and leucocyte layers, which settled on top
of the erythrocytes, were removed using a le.E1l0 cannula and 20 ml
syringe and aspirated into a 50 ml measuring cylinder and diluted
1:1 with R.P.M.I. 1640. 3 mls aliquots of Ficoll-Triosil or
Ficoll-paqueTM were placed in conical test tubes and 4 mls of the
diluted cell suspension were layered onto this gradient. After
spinning at 400g, at lé—ZOOC for 30 minutes a white band of
lymphocytes was visible at the plasma-Ficoll interface. Taking
great care to avoid contamination with the Ficoll-paque the
lymphocyte-rich layer was removed and washed twice with R.P.M.I.

1640 media, spinning at 100g to pellet the cells.

B. PREPARATION OF LYMPHOCYTE CULTURES
(i) HMaterials

All tissue culture supplements used in the migration studies
were obtained from Wellcome Reagents Ltd., Beckenham, Kent, and

Flow Laboratories, Irvine, Scotland.
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Microtitre plates (Sterili
£

0.25 ml volume obiained

Oxford Sampler micropipetting system
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each containing 96 chambers of

Horwell Lid., Xilburn, London.

and plastic tips - Oxford

Laboratories International Corporation, Ireland.

Tritiated Thymidine obtained from the Radic-chemical Centre,
Amersham,
P.H.A. (Reagent grade dried) from Wellcome Reagents, Beckenham,
Xent.
CULTURE MIDIUM
10 x concentrate medium 199 : 10 mls
Newborn Czlf Serum : 10 mls
Penicillin-streptomycin (5000 units/ml) : 2 mls
Gentamycin : 20 pal of 50 mg/ml
4.47 MaHCOS solution : 4 mls solution
Sterile Water : to 100 mls
SCINTILLATION MEDITM
PPO (2.5 diphenyl oxazole) : 12.5 g
POPOP (14 Di (2—(4-methy1 5 phenyloxazolyl)) : 0.75 g
Benzene) TUriee
Toluene : 2.5 litres
MK ibre filter vavers GF/C fx
Faes fiome %2i§£§ ;Méostgd{: Bristol ¢ Whatman 2.5 cas.
(i1) Hethod
Having isolated and washed the lymphocytes, they were then
re-suspended in liedium 159 containing 10% Newborn Calf Serum, and
~
adjusted to a concentration of 1 10° lymphocytes/ml. 2G0 pl
of the cell suspension were pipetied into each culiure well. The
necessary concentration of antigen or mitogen was added in a volume

of 1o,u1. The control culitures rece

The microtitre vlate was covered with

foil and incubzated in a

munidified atmosphere (54 CO

ived 10 mal of culture medium.

g 1lid of sterilized aluminiun

o7 955 air) at
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0 ; . . . ‘ .
37 “C for 72 hours (mitogen stimulations) or 120 hours (antigen
7
Y . P N . ey 5 « 9
stimulations). Six hours before hervesting {methyl )ﬂi thymidine
.
specific activity 5.0 curies/mmol was added at a concentration of

0.5/nCi per culture and mixed thoroughly.

The cells were harvested into test tubes and macro-molecules
precipitated by the addition of 2 mls ice-cold 107 trichloroacetic
acid (TCA). After standing for not less than 30 minutes at 400
the nucleic acid incorporating the radio-labelled thymidine was
filtered onto a giass fibre filter whichn. had first been washed with
a mixture of 3 parts ether to 1 part ethanocl, and then ether alone.
'he filter papers were dried at 3700 for 60 ninutes and placed in
2" x 4" glass vials, covered with 2.5 mls of

toluene PPC POPOP, The concentration of iriiizted thymidine was

Ia}

counted in a Phillips liquid scintillaticn analyse:

C. CALCULATILG ARESULTS

i) 'fritiated Thymidine Incorporation

The antigen or mitogen conceunvrations wers tested in triplicate,

. . t . . . / \
xpressed as disintegrations per minute {d.p.m.} and
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ultimately used to quantify
cell division. The conirol vaziue was the mean of the d.p.m. of
tliree lymphocyte cultures not subjected o any stimulation by antigen
or mitogen. Any deviation in tne d.n.m. of the test cultures was

expressad as a percentage of the control.

[

(ii) Microscopic Examination of 211 Cuitures

Each person's lymphocytes were tested in triplicate against
each antigen or mitogen concentraziion and the transformaiion
occuring was measured by the amount of tritiated thymidine
incorporated. A fourtn culture was set up at ezch mitogen or antigen
concentration and tnis was exanmined microscopically at the end of

the cuiture pericd.

The cell suspenzion was dropped onto the slide in overlapping circles
(Weithe and Hirschhorn, 1973 )
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It was stained with Wrights Stain (B.D.H., Foole, England) for
L minute. Then diluted 1:1 with buffer pH 6.8 (3.I.H., Poole,
England) for 8 minutes. Having been washed thoroughly with

pH 6.8 buffer, the slide was allowed to dry.

The cells were examined microscopically and divided into groups
on the basis of size: 7.5 um or less, 7.5 to 10.0 um, 10 um to

12.5 um, and greater than 12.5 um.

D. CELL VIABILITY
Cell viability was measured using the trypan blue dye exclusion
test (SECTION II, D).

E. FREPARATION 0¥ MATERIALS
A1 laboratory ware was prepared as previously described
(SECTIOX II, E). It was sterilized by autoclaving at 15 psi,

121°C for 15 minutes.

Ui
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CHAPTER 3

THE EFFECT OF STREPTOKINASE ON THE
MIGRATION OF CONTROL AND RHEUMATOID
LEUCOCYTES FROM PATIENTS RECEIVING
VARIOUS DRUG REGIMES IN THE LEUCOCYTE
MIGRATION TEST.
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SECTION I -  INTRODUCTION

A, DRUG EFFECTS
In addition to the possible intrinsic defect of the immune
system in rheumatoid arthritis (Chapter 1, Section VIIJ}, it is
known that the drugs routinely used to treat these patients
do have effects on the immune system (Furd, 1977). Drugs
normally used in the manégement of RA are as follows (Constable,
11975):
(a) VNon-steroidal anti-inflammatory drugs, e.g. aspirin,
indomethacin, ibuprofen, naproxen, flurbiprofen,
phenylbutazone, ketoprofen, fenoprofen.
(v) Anti-melarial, i.e; chloroquine, hydroxychloroquine.
(c) Gold salts, i.e. sodium aurothiomalate.
(a) Chelating agents, i.e. D-penicillamine.
: (e) Immunosuppressives, i.e. azathioprine, cyclophosphémide,
methotrexate. ‘ |
(£) Corticosteroids, e.g. acdrenocorticotrophic hormone
(ACTH), prednisolone, betamethasone, dexamethasone,
triamcinolone
(g) Recently imidagzole derivative,.i.e. levamicole.
(h) Patients may also be given additional analgesics, e.g.

distalgesic, paracetamol.

The éetiology of RA is unknown and the use of the above druze in
the treatment of RA has arisen from empiricsl observations. The
efficacy of these drugs in the treatment of RA has not been shown
to be due to any known pharmacological action of the drug.
Therefore their effect on DH reactions cannot be predicted. When
using the in vitro tests of DH it has been considered good policy

e e

to exclude patients on high dose steroids (Caperton, 13975),

corticosteroids, chlorogquine, azathioprine or other imnunosugrpressive
therapy (Keystone et al, 1976). It was therefore essential io test

various patient groups for deviation from the response of a contirol

group of subjects in the INMT using a standard antisen

LAl e



B, STREPTOXINASE
Streptokinase is a bacterial extracellular protein produced by

group C Streptococcus hemolyticus. It is not a proteolytic

enzyme, although it activates humen plastminogen through reaction
with a serum precursor called a proactivator to form the true
activator (De Barbieri, 1965). Its use in the treatment of
thromboembolic disease had been accompanied by side effects,

later attributed to its antigenicity.

It has been shown that 867 of adults exhibited delayed skin

test reactivity to intradermal challenge by appropriate
concentrations of streptokinase-streptodernase (SX-SD) (Lawrence,
1954). Confirmation of it ﬁeing a delayed-type hypersensitivity
response was obtained by transferring SK-SD reactivity from
sensitized donors to unsensitized recipients witﬁ peripheral blood
leucocytes (Lawrence, 1952). The histology of the reactionlto
incubated streptokinase was examined and found to be cnaracterisiic

of delayed-type hypersensitivity (Biergio et al, 1969).

Work has been carried out to define the antigen which elicits

these responses, and it has heen found that it is not the
streptokinase but a,@—globulin, molecular weight 21,500 wnich is
consistently found in the heterologous preparation Vandase (Lederile)
(Taylor et al, 1971; Tomar, 1976). Its ability to stimulate
lymphocytes in vitro shows good correlation with skin reaction in

the same subjects (Tomar et al, 1972).

The antigen has been used to induce MIF production (Rocklin et al,
1972) by cultivating SK-SD with lymphocytes from previously
sensitized individuals. The MI¥ was assayed on guinea pig

macrophages.

The inhibition of human leucocyte migration by SK-SD in égarose
has been correlated to skin reactivity in thé same individuals
(Astor et al, 1973). It is thereforc a suitable antigen to use
in the standardisation anéd investigation of repéoducibility of

the leucocyte migration inhibition test.,
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SECTION IT -  METEODS

A, STREPTOXINASE-STREPTOLORNASE EVALUATION

The commercially available Varidase contqins Streptokinase
100,000 units, Streptodornase 25,bOO units and 2.0 mg of the
preservative thiomersal. These preservatives affect the

viability of cells.

"It was therefore necessary to remove this preservative before
! the SK-SD as the test antigen in the IMT.

(i) Removal of Thiomersal from SK-SD

The method used was an adaptation of that described by
Rocklin et al (1970).
To the commercial preparation of SK-SD (Vaﬁdase) was added
10 mls sterile distilled water. The solution was dialysed
against 5 litres of Phosphate buffered saline (PBS) at 4°C for
48 hours, and a further 5 litres for 24 hours at 4OC. The
preparation was packed into multidose containers and kept at

4°C for a maximum of 2'weeks.

To ensure that there was no residual inhibitory activity, 10 mls
of 0.2 mgs/ml thiomersal solution was subject to the same
dialysis procedure and used in the IMT.

(ii) Results

See Tables 1 and 2 for effects of thiomersal on leucocyte
migration.

See Fige 3 for results using SK-SD as antigen in LMT.
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TABLE 1:-

(4) RESULTS OBTAINZD USING THE DIALYSED VARIDASE SOLUTION
(Section II, A (i)) AS AVTIGEN IN THE IMT AT 500 i.u. AND
1100 i.u./ml CULTURE MZDIUM.

+(B) ESULTS OBTAINED USING THE DIALYSED 0.2 mgs/ml
j THIOMERSAL SOLUTION (Section II, A (i)) AT EQUIVALENT

' VOLUMES TO TiE SX-SD SOLUTION USED IN (A).

Ls in all experiments the Migration Index (MI) is calculated

from the mean of four readings at each antigen concentration.
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TABLE 2:-

(4)  RESULTS OBTAINZD USING TEE DIALYSED VARIDASE
SOLUTION (Section IT, A (i)) AS ANTIGEN IN TUE LMT
AT 1000 i,u. AND 500 i.u./ml CULTURZ MEDIUM.

(B) RESULTS OBTAINED USING T2 DIALYSED 0.2 mgs/ml
THIOMERSAL SOLUTION (Section II, A (I)) AT
EQUIVALENT VOLUMES TO THE SK-SD SOLUTION USED IN (4).
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Figure 3:~

DOSE RESPONSE OF S?REPTOKINASE—STREPTODQRHASE (s%-sD)
on MIGRATIbN OF LiTCOCYTES FROM PATIZLTS WITH
RHEUMATOID ARTIRITIS &—— AND AGE AND SEX MATCHED
HEALTHY CONTROLS A——-—-A.

Each point is the mean of eight subject responses

¥ one SD.

There is no significant difference between the

rheumatoid and the normal responses.
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B. TEST STREPTOKINASE EVALUATION ’
A second commercially available preparation is Test

Streptokinase. This contains no preservative, and is

therefore éasier to handle.

(1) Results
See Figure 4.
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Figure 4:-

RESPONSE OF RHEUMATOID ARTHRITIS PATIENTS AND AGE AND
SEX MATCHED HZALTHY SUBJECTS TO 500 i.u.. TEST '
STREPTOKINASE (ECECHST) IN THE IMT (Section II, B).
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C. COMPARISON OF PATIZNT GROUPS

Various patient groups were tested against 1000 iau. of

streptokinase (Test Streptokinase, Hoechst) in the IMT.

(i) Results

See Pigure DHe
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Figure 5 :- , 7 '
RESPOHISE OF HEALTHY AND RHEUNMATOID LEUCOCYTES TO 4000 i.u.
STREFPTOKINASE IN THE LEUCOCYTE MIGRATION TEST.,

Each patient group,as indicated, was compared by Student's T
test with the response of the healthy subjects, testing NULL HYPOTHESIS

HEALTHY less - than patients on CYCLOFHOSPHANIDE - P{0.001
HEALTHY . less. than patients on D-PENICILLANINE P{0.001
HEALTHY 1less: than patients with LATE INACTIVE DISEASE

| on NSATD PL0.05
HEALTHY less than patients with EARLY ACTIVE DISEASE
on NSAID P0,001

- HEALTHY greater than patients on ANTI-NALARTALS " P€0.001
HEALTHY greater than patients on CORTICOSTEROIDS  F<0.001

HEALTHY greater than patients on GOLD THERAPY P<0.001

HEALTHY greater than patients with LATE ACTIVE DISEASE

, on NSAID P<0.01
" HEALTHY greater than patients with LATE SERO-NEGATIVE DISEASE
‘ on NSAID P{0.01

HEALTHY greater than all patients on NSAID P = 0,6
which is NOT SIGNIFICANT. '
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SECTION ITI -  DISCUSSION OF RESULTS

It is difficult {to compare the results obtained using the two
streptokihase preparations. The products are prepared by
different prbcesses and since the:antigeh eliciting the immune
response is not the sireptokinase but an associated proteih\:\
(Taylor, Green and Tomar, 1971} it would not be expected that
ﬁdifferent preparations of the Streptokinase would have

Q;comparable levels of an associated ﬁrotein.

)

/

From a purely practical point of view the Test Streptokinase is
a much easier preparation to use and was the preparation of

choice in the succeeding experiments.

There was no significant difference between the responses of
healthy controls and rheumatoids receiving non-steroidal anti-
inflammatory drugs (NSAID) to SK-SD (Figure 3) or streptokinase
(Figure 4) in the IMT.- . | !

Inhibition in the IMT is a ratio of two values. When discussing
the effect of a drug on antigen induceéd migration inhibition we.
have to congider its effect not on the absolute migration of the
lymphocytes, monocytes and PMﬁs but on the production of
lymphokine and its effect on the indicator cells. Thus a drug
could interfere at many different points in the process, i.e.:

(a) The interaction of antigen with lymphocytes.

(b) Protein synfhesis‘of the lymphokine,

(¢) Release of the lymphokine.

(@) Availability of the 1ymphokine once in culture medium.

(e) 1Interaction of lymphokine with the indicator cells, either

PMls or monocytes.

Resulis obtained are shown in Figure 5, and discussed in th

following section.
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A, HNSAID

In vitro indomethacin, phenylbuteazone, ibuprofen, aspirin

and sodium salicylate were demonstrated to directly impede the
random migration of human leucocytes in a dose-related manner.
The effect.was more pronounced on Pils fhan on lymphocytes
(Brown, 1976). |

Aspirin in physiological. dose range will inhibitl the incorporation
of 3H-thymidine in the lymphocyte transformation reaction in
response to PHA. If the lymphocytes were incubated with aspirin
and then washed the inhibitory effect was lost (Opelz et al, 1573; .
Pachman et al, 1973).

When the drugs are given to the patients and the peripheral Dblood
cells tested in vitro it was found that the minimum absolute

migration occurred at the maximum salicylate levels (Brown, 1976).
No effects on lymphokine production in vitro have been documeénted.

In our results we found no significant difference between the

various patient groups on NSAID and the healtiyy control subjects.

B. PERICILLAMINE

There have been reports of effects of penicillamine on inflammation
and immune responses in vivo.  Acetyl-penicillamine given to
rabbits in repeated doses reduced the severity of induced
inflammation of the skin. It was concluded that thiols, e.g.
penicillamine, had a direct effect on the inflammatory process
(Bailey and Sheffner, 1967). |

Liyanage and Curry (1972) were unable to show any effect on
adjuvant arthritis in rats. It has a bimodal effect on immune
responsiveness in rabbits (Tobin and Altman, 1964; Altman and

Tobin, 1965; Hubner and Georgiai, 1966).

D-penicillamine has been reported as having no effect on
lymphocyte transformation (Zuckner et al, 1970) ‘and thus no

significant effect on T cell function (FMaini et al, 1975).



72

Huskisson (1976) reported that penicillamine had been shown

to enhance cell-mediated reactions to tuberculin.

Thus results such as those shown in Figure 5 have not been
previously reported. However, we conclude that patients
receiving penicillamine will show a creater degree of inhibition
in the IMT than control or RA receiving NSAID. This could be

due to a stimulation of the T cell response.

C. GOLD
Adrianakos et al (1977) reported that gold treatment had no
effect on rheumaloid patients' ability to response to standard

antigens in a skin testing regime.

When added in vitro to cultures gold irhibits lymphocyte
transformation by PHA, PPD or allo geneic cells (Lies et al,
1977). Harth et al (1976) has concluded that gold prevents .the

amplification of the immune response.

Williams and Bruckner (1971) state tnat rheumatoids are
specifically inhibited when compared with normals in the ILIT

using Mycoplasma fermentans as antigen. Patients receiving

chrysotherapy respond in the same manner as other RAs. However

a further report (Brostoff and Roitt, 1974) states that rheumatoids
receiving gold and in remission are only inhibited to the same
extent as control subjects. They attribute this to the action of

gold on M., fermentans.
A ,

We found that gold decreased the inhibition of migration of
rheumétoid patients to streptokinase in the IMT. Our results were
not unlike those of Brostoff and Roitt (1974), but we do not
attribute the diminution of the inhibitory response to the same

cause. However they were comparing control population,

H

heumatoid population against agsregated IgG, and the negation of
inhibition of the rheumatoid population receiving chrysotherapy

caused inhibition to only the same extent as the conirol population.



We have shown that gold affects the inhibition of migration
against standard antigens when the control and rheumatoid

population have the same resnonse.

D, ANTI-MALARIALS

Chloroquine will inhibit blastogenesis induced by mitogen
(Hurvitz and Hirschhorn, 1965; Panayi et al, 1973) but will
'not inhibit the release of skin reactive factor from guinea
{ pig lymphocytes (Pick, Krejci and Turk, 1970). It was also
" found to have a direct action on rabbit PMNs, rendering the

cells incapable of responding to a chemotactic factor (Ward,

1966).

Therefore it seems that chloroquine has no effect on the
release of lymphokine, but might affect the response of the
indicator PMN cells in such a way as to prevent inhibition. ;.

This reasoning could explain the results obtained on Figure 5.

E. STEROIDS

There have been many reports of the in vivo and in vitro effects
of corticosteroids on leucocytes. It ms beén stated that in
clinical situations in which the glucocorticoids are used to
prevent the consequences of CMI reactions, e.g. graft rejection,
the steroids do not interfere with the normal processes in the
development of DH. Rather they prevent or suppress the

inflammatory responses that take place as a consequence (Cohen,

1971).

Following the administration of corticosteroid two observations‘
have been reported, (1) granulocytosis due to increased release
from bone marrow and decreased rate of . removal (Eishop, 1968) and
(2) a lymphocytopenia: following a single dose of cortisol, a
70% decrease in circulating lymvhocytes at 4 - 6 hours. T cells
are decreased more than B cells due to redistribution (Fauci and
Dale, 1974).
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In vitro hydrocortisone has a dual action on human leucocyte
motility : the movement of total leucocyte population is
stimulated while PMNs are inhibited (Stevenson, 1973) at high
doses, at low doses PMNs' migration is also stimulated
(Stevenson,-1974). Methyl prednisolone'increases leucocyte
migration under agarose (Bendtzen, 1975). The effect of
leucocyte migration inhibitory activity was also abolished by
methyl prednisolone added in vitro at thefapeutic drug levels
(Bendtzen, 1975). Glucocorticoids added to MIF containing
supernatants abolishes migration inhibitory activity on guinea
pig macrophages (Balow and Rosenthal, 1973) as does
dexamethasone (Lockshin, 1972). The production of leucocyte
migration inhibitory activity is inhibited by methyl

prednisolone in man (Bendtzen, 1975).

In man glucocorticoids also suppress antigen and PHA induced.
lymphocyte transformation and the mixed lymphocyte reaction i
(Nowell, 1961; Heilman and Leichner, 1971; Heilman et al, 1973).

Very few experiments have been carried out in which the drug has
been given in vivo and the cells (macrophages or leucocytes)
tested in vitro. PIils' migration has been shown to be stimulated
(Stevenson, 1976) but there seems to be little information on the
préduction and effect of migration inhibitory activity on cells
cultured in vitro without steroid. Hydrocortisone and prednisolone
have very little effect on PHA induced transformation, but
dexamethasone suppresses it (Fauci, 1976). In guinea pigs
hydrocortiébne did not suppress funétional capabilities on
lymphocytes in circulation, while cortisone acetate markedly
suppressed antigen-induced lymphocyte blastogenesis and macrophage

inhibitory factor production (Balow et al, 1975).

Hydrocortisone and prednisolone have been found to have a direct
action on rabbit Piills, rendering the cells incapable of reacting

to a chemotactic factor (Wood, 1966).

4
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In our experiments it seems that the in vivo corticosteroids
are either preventing the release of LIF or rendering the Fls
less able to respond to the LIF since the degree of migration

inhibition is reduced.

F. CYCLOPHOSPHAMIDE (CY)

In whole guinea pigs CY has been reported to deplete B cells

(Turk and Poulter, 1972) and cause an increase in intensity of the
DNCB skin reaction (Turk et al, 1972). Mitsuoka et al (1976)
reported that low dose CY enhianced both the primary and secondary
DH reactions in mice due to an effect on suppressor T cells. In .
mice it has been reported that the proportion of cerrying lympho-

cytes increases after CY treatment.

In man Alepa et al (1970) and Strong et al (1973) reported that

in vitro PHA and PWM stimulation decreased on treatment with®

cyclophosphamide, but five of the nine patients were also receiving
prednisolone,. Skin reactivity to standard antigens decreased
(Strong et al, 1973).

CY in vitro had no effect on human leucocyte migration under
agarose, but it did prevent the production of leucocyte migration

inhibitory activity (Bendtzen, 1975).

The observations that CY depletes lymphocytes from the non-thymus
dependent areas of the lymphnodes and spleen (Turk and Poulter,
1972) and increases the proportion of € carrying cells (Poulter and
Tu}k, 1972) are consistent with our observations that migration
inhibition is potentiated by CY treatment. Alternatively the CY
could be acting firstly on the short-lived cells which are the

suppressor T cells, thus causing a magnification in the CMI response.

In the light of the results presented we felt justified in excluding
from our further tests all patients rcceiving steroids, goid,

penicillamine, cyclophosphamide and anti-malagrials.



SECTION IV -  CONCLUSION

In the light of the results present we felt justified in
excluding from further tests all patients receiving steroids,

gold, penicillamine, cycloPhosphahide and. anti-malarials.

It has been shown that the LMT tested against a standard .
antigen is sensitive enough to detect differences in patient
fgroups on different therapies, an observation which has many

/ applications.

It is imbortant to note that if patients are receiVing no
anti-rheumatic drugs but only NSAID, then their mean response

to the test antigen is not statistically different from the
responses of control subjects. Thus any difference in response
to further test antigens can be attributed to an effect of the
antigen on the cell population, and not an intrinsic difference

in the cell populations{ Chapter 1, Section VIII. )
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SECTION I . -  TINTRODUCTION

Much work has been carried out in an attempt to define

a DH reaction to rheumatoid synovium. The results have
been equivocal, but nonetheless encouraging. The
hypothesis of aetiology of RA indicates that the synovium

is the site of an ongoing immune response, possibly of

‘the CMI type.

The tests of CMI employed, and the antigens which have
been used, have been fully discussed in the introduction

to this thesis (Chapter 1, Section VII A )

T7




SECTION IT - METHODS OF SYNOVIAL HOMOGENISATION

Tissue obtained at synovectomy was kept in a sterile
container at 4°C in Eank's solution for:a minimum of 1 hour.
After removal of fat and ertilage the tissue was minced,
hand homogenised and, lastly, sieved through a 60 gauge steel
mesh (Bacon et al, 1973). After standing for 16 hours at
40C the crude suspension wzas treated in one of two ways to

give two different antigen solutions:

(a) "Low Spin" Homogenate
Spin at 1000 g for 20 minutes, which will cause
sedimentation of whole cells. Remove supernatant
and keep at -20°c.

(b) "High Spin" Homogenate
Spin at 100,000 g for 1 hour. This procedure
will cause sedimentation of membrane fragments
and is used to establish solubility. Remove

supernatant and keep at -20%¢.
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SECTION III -  RESULTS,

Eight synovial. specimens were homogenised and subjected to
the 1000 g centrifugation and the gupernatants tested in the
IMT against RA and age and sex matched control buffy cells.

The control and rheumatoid cultures were run in parallel.

In the original method the homogenate was settled under
fgravity for 16 hours. Graph 2 shows results obtained when
fthe homogenate was allowed to settle for 16 hours and then

divided into two parts, and the one subjected to centrifugation

at 1000 g for 20 minutes.

Although the difference in result was not statistically
different the settled homogenate tended to be more inhibitory
and when examined microscopically‘this solution still contained
whole cells. Both RA and control cells were equally inhibited
by both supernatants.

Figure 7 shows the first resulis obtained testing RAs and

controls against a crude synovial homogenate.

As an initial attempt at purification the supernatant was
subjected to a high speed spin, 100,000 g, for 1 hour, such as
would be used to establish solubility.

It was found in all five synovial homogenates treated in this
way that all the inhibitory material was removed, see Figures
9, 10, 11, 12 and 153, In these cases the protein concentrations

of the solutions tested were the same.

In two experiments, see Figures 12 and 13, the low spun

homogenate was significantly more inhibitory.

In none of the experiments were rheumatoid leucocytes more

inhibited than control leucocytes. In one experiment



(See Figure 7) control leucocytes were inhibited to a greater
extent than RA leucocyteé and this was statistically significant

P < 0.02.

At the end of each type of experiﬁent the cells involved in
the IMT test were found to be viable as assessed'by trypan blue

dye exclusion.

fThe total results obtained when testing rheumatoid and control
l

jleucocytes against low spin crude synovial homogenates in the
IMT are shown in Figure 16 and against high spin crude synovial

homogenates in Figure 17.
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DOSE RESPONSE OF FD RHEUMATOID SYNOVIAL HOMOGENATE ON
MIGRATION OF LEUCOCYTES FROM PATTENTS WITH REEUMATOID
ARTHRITIS AND HBEALTHY AGE AND SEX MATCHED CONTROLS.

At the doses of 320, 160, 40, 20 and 10 pg of
/”protein/ml there was no significant difference between
f rheumatoid arthritis patients e——— and control

subjects A~ —---- A . Each point represents the mean

¥ SD of six subjects.
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¥iare 8~ e

DOSHE RESFONS® OF JC RIBUMATOID SYHOVIATL TIOWOCINATES
AITHER SEDIMENTED AT 1 g (A) 0i 8TUR AT 1000 g FOR
20 MINUTES (B) ON IMTGRATION 0F LIUCOCYTES TROM
PATIENTS WITH REHBUMATOID ARTHRITIS AND HEALINY AGE
AND SEX FiA (Gl CONLIKOLS.

(1) At the doses of 800, 400 and 200 ng of

protein/ml of culture medium, there wag no significant
difference between rheumatoid arthritis paticents e———o
and control subjectsd----&. Each point represents

+ . s . : C
the mean = standard deviation (SD) of six subjects.

(B) At the doses of 800, 400 and 200 pe of
protein/ml of culture medium there was no significant

differeénces; between RAs and controls.

RA settled was more innhibited than RA spun

P <0.05.

Control settled was more innibited tuen control spun
P <o.001.

Combined RA and control settled was more inhiivited
than combined total spun P /O 001.
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DOSE Ri~SPONS* 07 imSUTIiATOID SYIIOVDIL ITOHOGHfATL'S
BITilP;i( 813.I3JECIED TO ],0d SPIN (A) OR HIGH SPIN (P) ON
I'UGILilTION OP LjJUCOCYTES IAIKM PATIENTS WITH RZIEWIATOID
ARTI-miTIS AND HEALTHY AGE AI"ID SSC I'LITCHED CONTROLS.

(a) At 800, 400, 200 and 100 jaa/ral there wac no
significant difference between rheumatoid arthritis
patients ————-—- », the mean of loin? observations> and

control subjects " —————— -A, the mean of five subjects.

(b) There were no tests of sifpnificance of these
readincG, since they were means of rhrec or loss

observations.
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Figure 10 :-

DOSE RESFONSE OF JB R:EUMATOID SYNOVIAL HOMOGENATE
EITHER SUBJECTED TO 1OW SPIN (A) OR HIGH SPIN (B) ON
MIGRATION OF LEGCOCYTZS FROM PATIENTS WITY RHEZUMATOID
ARTHRITIS AND AGE AND SEX MATCEED CONTROLS.

(A) At 800, 400, 200, 100 and 50 pg/ml, there was
no significant difference between rheumatoid arthritis
‘patientse——o and control subjects &---A. Each point

is the mean of five subjects' responses T one sD.

(B) At 1600, 800, 400, 200 and 100 pg/ml, there was
no significant difference between arthritic and control
subjects, each point is the mean of four subjects'

+
response - one SD.
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Figure 11 :-

DOSE RESPONSE OF LC RAEUMATOID SYLIOVIAL HOMOGENATE
EITHER SUBJZCTED TO LOW SPIN (4) OR HIGH SPIN (B) ON
MIGRATION OF LEUCOCYTHS FROM PATIENTS WITH RUEUMATOID
ARTHRITIS AND AGE AND STX MATCHED CONTROLS.

+(A) At 400 and 200 pg protein/ml there was no

; significant difference vetween rheumatoid arthritis
patients &—————0 and control subjects &----- A .
Each point is the mean of a maximum of six subjects'

+
response - one SD.

(B). At 400 and 200 pg protein/ml there was no
significant difference between arthritic and control
subjects. Each point is the mean of a maximum of six

subjects' responses ¥ one SD.

The points with no SD are the means of three or less

separate observations.
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DOSE RESPONSE OF JM HRLsTMATOID SYNOVIAL HOMOGENATES

EITHER SUBJECTED TC 1LOW SPIN (A) OR HIGH SPIN (B) O
MIGRATIOR OF LZUCOCYTES FROM PATIENTS WITH RHEUHATOTD
ARTHRITIS, 4ND AGE AND S7X MATCHED CONTROLS.

N

]

(4) At 500, 250 and 125 /ug protein/ml culture mediun

there is no significan rence beitween the resnonse

(-+.
[o]]
[
[ b
|-k
O]

s 2

of rheumatoid arthritis patientseé——oand control

subjects &--—------ -4

L)

acih point is the mean of four

separate observations.

(B) At 500, 250 and 125 ug protein/ml culture medium
there is xo significant difference betwesn the response
of rheumstoid artaritis patients and control subjects.

Each point is the mean of four separate observations.

RA resvonse to low spin nomogenate is more ink

b
than RA response to high spin homogenate P<0.005.

Control response to low ¢pin nomogenate is mors irhibitoxy

than control response to high spin homogenate P L 0.002.

Total response to low spin homogzenate -is more inhih

i
than total resvonse to hignh spin homogenate P £ 0.00001.
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Fi e 13 :-

DOSE RESPONSE OF NS RHEUMATOID SYNOVIAL HOMOGENATES
SUBJECTED TO EITHER LOW SPIN (A) OR HIGH SPIN (B) ON
MIGRATION OF LEUCOCYTES FROM PATIENTS WITH RA ¢——8@
AND AGE AND SEX MATCHED CONTROLS A----- A.

(A) Each point is the mean of five subjects' response
I one SD. At 500 pg protein/ml culture medium the
control leucocytes are more inhibited than the RA

leucocytes tested by student t test, P = 0.02.

At 250 pg protein/ml culture medium tae control
leucocytes are more inhibited than the RA leucocytes,
P = 00025.

(B) At 500, 250 and 125 pg protein/ml there is no
significant difference between the response of RA and
control subjects. Each point is the mean of four

subjects' response : one SD.

RA response to low spin homogenate is more inhibitory than

RA response to high spin homogenate P <0.002.

Control response to low spin homogenate is more inhibitory

than control response to high spin homogenate <P’ 0.0001.

Total response to low spin homogenate is more inhibitory

than total response to high spin homogenate P(p.OOOOOS.
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rigure 14

DOSE RESPONSE OP ITJ 11TZE:$TOID SYNOVIAL HOMOGENATES
SUBJECTED TO LOW SPIN.

(a) The mean respone-: of four RA patients A 9
to 400, 200 and 100”ng/ml on the 1.6.75 (I), '
11.3.75 (2), 18.3.75 (;), and. the 2 .9.75 (4).

(3) The mean response of four age and sex matched

controls A ——————- A to 400, 200 and 100 jig/nl on the

1.6.75 (1), 11.0.75 (2), 13.3.75 (5) and the 2.9.75 (4)

Wo significant difference between Ans and controls .can

at tle so.no time was foimd.
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Figure 15 :-

DOSE RESPONSE Of MW RFFuMATOID SYNOflAL HOMOinNATES
SUBJECTED TO DOW SPIN, THE PROTEIN SOLUTIONS EITRFR
WITH OR WITHOUT GLYCEROL TO PREVENT DENATURATION OF

PROTEIN.

@) The mean response of eight rheumatoid arthritis
patients against crude homogenate with glycerol o o,

without giveero .»—---- » .

(L) The mean response of eight control subjects
against crude homogenate with glycerol A—-———— A, or

wi thout glycerol A———-- A .

o
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Pigure 16 :-

DOSE RESPONSE OX ALL T:=3 LOW SPIN CRULE RHXUMATOID
SYNOVIAL HOMOGENATES LCGATNST REBEUMATOID ARITRITIS

PATIZNTS & © 44D CONT20L SURJECTS A---—--A,

Each point is the mean of the number of observations
indicated at the highest protein concentrations

tested for each synoviwa.
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figure 17 -

DOS3 RZSPOUSE O0F ALL I8 HIGH SFIN CRUDE RIEEUMATCID
SYMOVIAL HOMOGENATES AGAINST RARUIIATOID A

PATIENTS e————= AUD CONTIOL SUBJRCTSA---- - A.

J.)._J,LJ. .A.IO

Bach point is the mean of the number of observations
indicated at tne highest protein concsntration tested

for each synovium.
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SECTION IV -  DISCUSSION

The results showed that in our hands rheumatoid symovial
homogenates-as prepared by Bacon et al (1973) were inhibitory
in the IMT. However, in no instances were rheumatoid cells
more inhibited than controls. That the inhibitory material

was not soluble was shown in five cases (Figures 9 - 11).

It would seem therefore that the inhibitory material would be
the membrane fragments or insoluble aggregates of protein.
An attempt was made to resuspend the high speed pellet without

success.

It has been shown that membrane frasments can still be
immunogenic (Viza et al, 1972), and the possibility of absorbed

IgG cannot be excluded, perhaps in a manner analogous tc the 3,

adsorption of IgG by Mycoplasma spp (Williams et al, 1970).

The possibility exists that membranes could physically prevent
the buffy cells from migrating by crosslinking. The indicator
PMNs, if actively engaged in phagocytosis, might not migrate as

far as in control cultures.

. One cannot exclude the presence of immune complexes large

enough to be spun out. These might cause non-specific 1lymphokine
production (Iuller, 1969), though in the light of other work
immune complexes seem to cause specific production of MIF in

rheumatoid lymphocytes (Eibl and Sitko, 1975).
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SECTION V. -  CONCLUSION

When synovial homogenates are prepared as described in
previous paperé (Rothenberger and Thiele, 1971; Bacon et
al, 1973%) inhibition of migration of leucocytes in the
IMT is achieved using these homogenates. The inhibitory

material is not soluble.

The mechanism of inhibition will be more fully discussed

in the lignt of further experiments.
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THE EFFECT OF CELL=MEMDRINE ELUATES Q1
RHEULATOID iND CONTROL LEUCOCYTE NIGRATION
IN THE LEUCOCYTE MIGLATION TEST.
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SECTION I .~ INTRODUCTION

" In the preceding chapter work was presented which showed that
homogenized rheumatold synovium could cause inhibition of
leucocyte migration in the IMT. ’

P

That inhibition of migration is not necessarily an expression
of delayed hypersensitivity is known (Brostoff, 1974).

In the 1light of previously reported results (Bacon et al, 1973;
Thonar and Sweet, 1976) it was decided to further investigate the
" possibilities of DH to synovial membranes in the rheumatoid
patient. Attenpts were made to extract protein by several

" methods, and to partially purify the inhibitory fraction using
the technique of colurmn phromatography..

It was believed that if a cell-mediated immune reaction was -

occuring in the rheumatoid Joint, then this was directed against
altered cell surface proteins expressed on the cells of the

synovial membrane. It is known that cells infected with viruses -
do have altered cell membranes due to the expression of either

virus proteins or a virus-induced altered surface protein (Rothman

and Lodish, 1977).
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SECTION II - EDTA/IE

The initial method chosen was one used by Marchesi et al

(1970) to extract spectrin: a protein component of erythrocyte
membranes.- It had also been used to e£tract HLA antipens
(Verrier-Jones, 1973). The method employed mild non-denaturing
conditions in an attempt to obtain the protein in its native

conformation.

A, METHOD

Tissue obtained at synovectomy was kept in phosphate buffered
saline (PBS) containing 2 mM phenylmethyl sulphonyl fluoride
(PISF) as protease inhibitor. After removal of fat and cartilage
the tissue was subjected to homogenisation wsing an ILAX 1020

homogeniser.

The suspension was spun.at 1000 g for 20 nminutes and the reshlting
rellet washed three times and subjected to centrifugation. This
pellet was then extracted by EDTA/ME (see Fig. 18).

After dialysis against PBS to restore isotonicity the solutions
could be used in the LMT. The pH of the solution was T.4.
Marchesi et al (1970) states that the tendency tcwards aggregation
is reduced at alkaline pH and in the presence of salt.

This procedure is comparable with the hypotonic treatment and water
extraction used by Bacon et al (1973).

-
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PELLET RESUSPENPED N SOLUTEN T

EDTA

3 WM

2 MERCAPTOETHANCL (ME)  5mM gPH 75 wah NaOH

DIALYSED FR 24 HORS AT 4°C
AGAINST SOLUTION T '

CENTRIPUGED AT 10006 FOR 20 MNUTES

PELLET RESOSPENDED IN
soLotioN IT

GLYCINE S .
2ME MM f’m*fs
EDTA 1aM NaOH

DIALYSED FOR 24 HOURS AT
4°C AGAINST SOLUTICN ITT

CENTRIFUGED AT 10004
FOR 20 MINUTES

SUPERNATANT DALYSED
AGAINST 20 LMRES PBS T©
REMOYE ME AND PMSF

RESULTING SOLOTION M1
STORED At —20°C

PELLET RETAINED

SUPERNATANT DIALYSED
AGAINST 20 LITRES PBS
To REMOYE 2ME. AND PMSF

RESLLTING SoLUTION ML
STORED At -20°C

ELUTION PROCEDURE

Fig 2
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SECTION III -  CHOLATE SOLUBILISATION

About 90-95% of lymphocyte membrane protein is soluble in cholate
solution.  The resulting solution conta%ned the same relative
amounts of all the major polypeptide chains as the original
membrane dissolved in sodium dodecyl sulphate (Chauvin and Holliman,

1975).

Neither deoxycholate (Crumpton and Parkhouse,1972) or cholate
(Chauvin and Holliman, 1975) significantly affects the antigenicity

of immunoglobulin.

- Critical micellar concentration of deoxycholate is approximately

10 mM (0.39%"/v) whereas cholate is 45 mM (1.89%/v).  Therefore

a higher concentration of cholate is needed than deoxycholate.
However, the molecular weight of cholate (819) is lower than that
of deoxycholate (1963). - Therefore cholate is more rapidly rémoved
by dialysis. Solutions of cholate do not gel and precipitate as do

those of deoxycholate.

A. MATERIALS
phosphate buffered saline

sodium chloride : 8.00g/litre
" potassium chloride 0.20g/litre
di-sodium hydrogen phosphate 1.15g/1itre

potassium dihydrogen phosphate 0.20g/litre

21% Y /v.cholate solution: prepare a stock solution
of 21% Y/v cholic acid solution and, when ready for use,
adjust the pH to 7.4 at 21° using a 6M-NaOH solution.

B. METHOD

The tissue collected at synovectomy was kept at 4°C in PBS.

After homogenisation with ILAX 1020 the resulting cell suspension
was spun at 20,000z for 1 hour,. The pellet was extracted b& the

process shown in Fig, 19.
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The method was also carried out using the cholate solutions
without the pellet. This is referred to as the cholate

blank.



PEILLET RESUSPENDED: Bl I5M TRIS sH T4

ADD 5 mls 21% Y& CHOLATE SOLUTON ¢H 7.4

STIR Af IROOM TEMPERATURE FOR 20 MINUTES

ADD 45 mls DISTILLED WATER

STIR AT 4°C OYERN)GHT

SPIN AT 200009 FOR 1 HOUR

DIALYSE AGAINST 4 littes of ISOTONIC SUCROSE

SPIN AT 20,0004 FOR 1HOURA,
RESULTING SUPERNATANT STORED AT —20°C.

CHOLATE SOLUBILISATION

-
-t
(@]

a 19
J




SECTION IV -  TRITON x 100 SOLUBILISATION

Although bile salts are easier to remove than non-ionics
e.g. TRITON x 100, they are not always as mild in their effects

on proteins (Helenius and Simons, 1971).

It has been shown that TRITON x 100 (p-octyl phenoxy-poly
oxzyethylene) can be removed from solutions using BioBeads SM-
down to a concentration of 0.01% (Holloway, 1973). The method

of protein extraction used was that described by lMelcher (1975).

A, MATERIALS

Preparation of BioBeads: Methanol (200 ml) was added to

30g BioBeads Sii-2 20-50 mesh at 3700. The mixture was stirred
for 15 minutes and the co-polymer beads were collected on a

sintered glass funnel and wasned with a further 500 mls of

methanol. The beads were not allowed to dry, but were immediately

washed with a further 1,000 ml glass distilled water. The moist

beads were then slowly washed in a chromatograpny column with

2,000 mls of distilled water. They were stored under water until

required.

B. METHOD oo

The tissue obtained at synovectomy was kept in PBS at 3700,
homogenised with the ILAX 1020 and spun at 2C,000 g for 1 hour.
This supernatant is comparable to that used in Chapter 3,

Section II.
]

The resulting pellet was extracted as described in Fig. 20
(Holloway, 1973).
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PELLET RESUSPENDED IN IOwls % ‘.“/Q.\mrrm X100
INCUBATE AT 37°C FOR/ 8ONIHNUTES |

ADD [Omls PBS B gnve 06% TR\TOH X-100

SPIN AT 20,0009 FOR 1 +HOUR

S

1O SUPERNATANT ADD 4gram BIOBEADS SH - 2

STIR OVERNIGHT At 4°C

FILTER OUT BEADS

CENTRIFUGE AT 20.000g FOR 1 HOUR/
RESULTING SUPERNATANT STORED AT -207C

TRITON X-100 SOLUBILISATION




SECTION V-  COLUMN CHROMATOCRAPHY

A. SEPHADEX G-100
Sephadex G-100 was swollen in and equilibrated with 150 mM
NaCl in 10 mM phosphate pH 7.4 (buffer 10/150).

90 x 1.5 cm column was poured and equilibrated with 10/150
at 4°C. The void volume was estimated using blue dextran
10/150. The flow rate was 8 ml/hour and 4 ml fractions were

collected on an ILKB Ultra rac 7000 overnight.
A 280 nm profile was recorded.

'B. ULTRAGEL ACA22

‘Ultragel was obtained pre-swollen and washed extensively with
distilled water on a Blchner funnel to remove sodium azide (Waly ).
The washed gel was resuspended in 10/150 (see Section V, A) and

a 90 x 1.5 em colum poured. The column was run at 8 mls/hour at
.4°C and 4 ml fractions collected.

A 280 nm profile was recorded.

C. SEPHAROSE 6B

Sepharose was obtained pre-swollen and a 90 x 1.5 cm column
poured. It was equilibrated in 10/150. The column was run at
-8 mls/hour at 4°C and 4 ml samples collected.

A 280 nm profile was recoxded.

D. GEIERAL
In all cases fractions were pooled as described in the text, and
concentrated under nitrogen at 75 psi at 4OC over a2 Diaflo PIM10

membrane (nozinal exclusion weight 10,000 daltons.)
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DOSE RESFONSS 0F EDTA/HZ SLULTAES OF RIBUMATOID
SYNOVITM (2S) OF KICKRATION OF LEUCCGCYTES FROM PATIENTS
WITH RESTNATOTD ARTHRITIS —————e AND AGE AND S3X
MATCHED SOHT0L SUBJECTSA --- —--A.

MT (A) OR MIT (B) BLUATES.

(4) At the dose of 50 pg protein/ml the mean of

eleven rheunatoid responses is significantly different

from the mean of eleven contrel responses P <:0.01.

At 100 pg and 25 /lg/ml the differenc
~

P)>O.10; the readings are the mean one SD of five

observations.

there is nc significant differenze betweesn rheumatoid and
control resdings. The reacin

maximum of Ffour observations,
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Figure 22 :-

DOSE RESPONSE OF EDTA/ME BLUATASS OF EY RUBUMATOID
SYNOVIUIT ON MIGRATION 0F LEUCOCYTES { PATTENTS
WITH RA €—————¢ AND AGE AND 3=X MATCHZED CONTROLS

SUBJECTS &——-——~ A, MI (a) or MII (B).

P‘:.l

(4) At 160, 80 and 40 pa/ml there is no

R

o

significant difference between rheumatoid or control

v

I

ot

ne mean of a

D.

lymphocytes. The response is

wn

. ~ . +
maximum of four readings - one

(B) At 200, 100, 50 or 25 pg/ml tnere is no
significant difference between rieumatoid or control
lymphocytes., Tae response ig the mesn of a

+ e
meximun of four readings - one SD.
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figure 23 :-

DOSE RESPONSE OF TDTA/ME SLUATES Or 1A RETUMATOID

SYNOVIUII ON MIGRATION OF LIUCOCYTES FRCM PATIZNTS

YITH RUSUMATOID ARTHAITTS 6o AVD AGE AND SEX
MATCEED CONTROL SUBJECTS & --— - ON MIT (B).

(4) At the dose of 320, 160, 80 and 40 pg/ml
there is no significant difference between the
responses of this mean of 2 maximum of three

subjects' responses to KMI elvate.

(B) 4t the dose of 720, 360, 180 and 90 pjg/ml
there is 0 significantv difference between the

resuonse oif tne means of

-

subjects' responses to MII eluate.
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Figure 24 :-

DOSE RESPONSH 0F EDTA/ME
SYNOVIUM ON MICRARION 0F

WITA RA 06— AND AGE

SUBJECTS A---- —4&.

(2)

At the dose of 200,

o,

ELUATES OF P RASUMATOID
LYTCOCYTES FROM PATIENTS

AND SEX MATCIHZD CONTROL

100, 50 and 25 pg/ml

there is no significant difference between the

means of eleven RA patients and eleven control

subjects.
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DOSE RESPONSE 07 EDTA/UE EIUATE OF GR RHEUMATOID
SYNOVIUM AGAINST RHEUMATOID ¢———--— "AUD AGE AND SEX
MATGrllU) CONTROL SUBJECTS'A————-— ALTTJCOCYTES 1IN

THE IMT.

At 100 50 pc;, and 25 yrg/rnl there was no signifleant
difference between the RA and control reeponcee. Each

point represents the mean of four subjects' responses.

At 200 /ig the control population is more inhibited than

the rheumatoid P <% .005.
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SPOUSL OF DDPA/IE DIUATSS 07 LC HTRUHATO
SYHCVIUM APTSR 1,000 o 70R 20 HILUTLS 02 100,00
FOR 1 HOUR AGATINWIT A=

A“ - 7‘% lJubuOUY'p

VECTD grmime—py 433D COTIT

(i) %he low spin solution was inhibitory at

400 pg/ml alter low gpeed snin. After high sp
spin over hzlf the protein is ramoved, ond what
L

remaing is not inhibitory.

(B) Twe low spin solution was not inhibitory.
c

1 point represents thie mern of three or less

1 =
1

Thne results in this Figure compare with those i

Pigare 25, where bthe protein consentrotion of v

1D
Og

.-\OL

eced

spun homogenate wzs adjusted to that of the ovizin

solution.
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Pi Hlre 2B

DOSE UP EDTA/ME EEEATES M1 (A) Aim ini (B)
U? LD PICIEJTTBD VIELONODE1:'CE SYMOWn:AL SPEODEa:
AGATE3T RG.EEITATOI1) AR1ilRXTIS FATI]a?TG«———-—- e AT
AGS Aim GEZ MTCR:3) CON.I30L GITIXTECTS * A DT
Tim DmCOCYTS MIGRATION TEST.

No inhibition occurred even at high protein

concentration.

Each point represents the neon of five subjects'

responses - one SD,
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Fl-njre -

DOSiI RURPONSB 0°? VJUATFS M1 (A) AID) MI1 (B)
QF DR AITKYLO'olIxG SPOTADYLITIC UYAmVIAL SPaOD-IFIfU

AGAI3ST BHZUMATOID ARTHRITIS PATIENTS o———-————-
AHD AGW AKD SRX HATCHUD CONTROL SUPJECTS/A---—--

Lbch point is the niean of three subjects' response,
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DU3Y 0? Ali, £ EDTA/KE UT ELUATS
AGAIXi'r MI/jmiTOID AiiffRITIC PA"L:i21TS' # o
AM) AC* /xl) E/iX KArOTIED COETaOL SUBJECTS'
A."————- ai.aUCCUYTES ]N TlIE UTT.

LB " pij¥eniod viilonodnlnr synovitis
DR ~ ank”tlooing spondyiitio
Ail o Lhero ars rheumatoid arthritio synovial

specimens.

jiio eluaocoo from the 'A ann AS syriov'-MlL "peoioens

were tiinil.i'ory al- 200 j'v/m' except 1c,

11> 1'iipires in “rackets are t le number of

observations made for each point.
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Fi; "u.re -

DOSE RESPONSE OF ADD I'RE ISTA/1-iE Mil EDPAT
AGAINST RHEn?'I\TOID ART-iRITIS PATir”NTS'#—
AND AGE AND SEX KiTCDED OON'fROl, SDDJECTS'
A —————- A LEUCOCYTES IN TEE HIT.

LD - pigmenbed vill.onodnlar synovitis
All others are rheumatoid arthritis s;”niovial

specimens.

See Fig. 50.
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Fi-ure 32 -
AL D |

REBPOIES 00 LuyClCYTas Falil RUDUMATOID ARTHEAITIC
PATTENTS AND AGH AND 52X MATCTED CONTROLS.SUBJInlTS
TO FRACTICHS OBTAINND RO A SEPHADDX G-1GC0
ANALYSIS CF 28 EDTA/IM MI ALUATE T1f T8 109D,

el

The trace of protein concentraiion is obiained

by absorbince al 280 nn.
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O'igrire 55 -

HBSrONSS C? RITT'JmCVem AR'FTHITIC Aim AG,C ™ SjIX
MATCR'UD CONTROL LvlUCOCYTCS IN BTf TO E'tAGTIONS
OBTAINED FROM DTEIAGEL ACA22 "JTALYSIS vF RS
SDTA/ME MI ELUATE.

See Figure 52 and 21.

The brace of protein concentration is obtained by
measurement of absorbance at 280 nra«
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FIThre 34 :-

RESrOKSE 0?' RRiUjlI'GiTOID ART[aiTIC PATIEIffS A'a)
AGE Ain) 2EX IIiTCGiTclD COM YiOL L/RiCOCYTES I T!IE U-iT
) FiiACTIOMS OBTAINED FROM A SEilL'iDEX G-100
ANALYSIS OF CDTA/ilE Mil ELUATE EH miEUILA.TOID
SYI\UVIAL SPECII-m*.

A knovm volume of the original solution 200 yig
protein/nl culture medium was layered on the
column and the fractions concentrated hack to
the original volume, t.ius tne pro Lein

concentration is expressed as 55 200 7jig.
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RUSPONET O 2 iRIATOID ARTINITIC PATIHITSS AND AT AMD

NS

NIROL PLUCCOYTHS IN THY Lal. 10 FRACTIONS
C ULIIAGEL ACAZ2 AWALYSIS CF LDTA/LE

FATOTL SYNOVIAL SFICIMGT.

MI 1A

Sce Pigure
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Fifcuro $7 :-

RFSFOMSL: OF RFFUIRLTOID /iRT1DaTIO ARD CONTROi, LAUCOOYTFS
TO FRACTIONS ORTAIICID FROM ;i SFFIIADiirC G-ioO ;U'IALYSIS OF
HIGH SPIN CRUDE hOKOGENATF OF Ajl RjIR%$YTOID SYNOVIUl-L

The trace obtained measuring absorbance at 280 nn is
broadly similar to RS 1lil eluatc, Fig. $2, but AA is not
inhibitory.



V47

cocfory

-y

b

Cco0o'Cf~~ cooes

Sity

|

codlos = o©coloy

-~
S

T CITA NO LT

[IR=2}

T

M.Mi\ PR

o6 ‘ool

-
G

M|

cﬂom.«wﬂA

-

Tlltll/.llnll\\\\l/_

SalGEMNMTRAOTION

T

o
-

Pre

Y y 7
ey pLtaT (4

v atuw Ty

e 3
R ]
WY

STRADCT T Sty
P ey maariliov g Tl
e g/

PNCSLFE T TEE™S R P

bom §TT oyl @ & e o e T 0y P
O ARADVTI e ey L

) A
TLGHIRT 2



1,8



Fimwre %8 1~

DOZE RESPOHSE OF CHOLATE LAURACT ¥ROM AJ RHEUGILATOLD

SYROVIUGL AGATHST L URHATIGTD Ab

CONTROL A ~~—~ -4 LEUCOCYTHS I Tt IMT.

{TTTS grmermmememmmy K370

() Protein of melecular we
10,000 daltons (See Chapter
(B) Protein of molecular weisnt less ihan

10,000 dalions (See Chapter 5, Section TII).

ight greater than
5, Section IIT),

There is no signficant difference betueen rhe

and control lesucocytles. Each point represents the mean

of four subjects' responses.
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Figure 39 :-

RESPONSE OF RHEUNMATOID ARTHRITIC AND AGE AND SEX
. IMATCHED CONTROL LEUCOCYTES IN THE LNT TO
FRACTIONS OBTAINED FROM A SEPHAROSE 6B ANALYSIS
. OF A CHOLATE SOLUBILIZATION OF AJ RHEUMATOID
SYNOVIUN,

The protein is of molecular weight greater than
10,000 daltons,
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Fipnrije /10

RIISPOZISI: O~ RRIJim'lTOID ARTimiTIC AND AGR AND Si3X MATCE.'2)
CONTROL LRUCGGYTEG TO FRACTIONS ODTAIITED FItOITI A SEP"ROSE
6B ANAIYSIS OF C*'OLATF, SOLUDILIZATION OF AJ ITriSDIiAlOID
SYNOVim.

The protein in of molecular weight less than 10,000

daltons.

See Fig. 509.
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Pioure 41 -

I OSRE i

KAESYONS G RIETLATOID AND AGH AND SEX MATCHLD COHTROL

OTTAINLT ™ini A&
SOLURICH.

Hel O]

tod

4-(

LEUCOCY TS SRACTLIONS
ALALYSTIS OF A ChOLATH BLATK

There should be no provein presenti. See Tigs. 39 and 4C
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Bigure 42 :-

RESPONSE OF RHEUMATOID AKTHRITIC AND AGE AND SEX
MATCHED CONTROL LEGCCCYTES TO FRACTIONS OF GIVEN
MOLECULAR VEIGHT OBTAINED FAON A SEFHAROSE 6B
ANALYSIS OF CHOLATE SOLUBILIZATION OF DH
RHEUMATOID SYNOVIUN3JN THE LMT.

The Student T test i1s not applied to these results

because they are the mean of only 2 readings.

¢
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DOSE RESFOLISE CURVE OF HIGH SPIN PBS SUPERNATANT OBTAINED
AFTER HOMOGENIZATION OF MA RHEUNATOID SYNOVIUN AGAINST
RHEUKATOID e~ AND AGE AND SEX-MATCHED CONTROL SUBJECTS
A——-——As TN THE LNT. |

Supernatant is comparable with crude homogenates see Fig., 17

There was no significant difference between rheumatoid and

control responses,

Each point represents the mean of a maximum of 4 subjects

response,
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Fioure L) :-

—

RESPONSE OF RHEUMATOID AND AGE AND SEX MATCHED CONTROL LEUCOCYTES
TO MA PBS SUPERNATANT ( SEE CHAPTER 5, SECTION IV B )
FRACTIONATED ON A SEFHAROSE 6B COLUNN,IN THE LMT.
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. Pigure 45 ;-

DOSE RESFONSE CURVE OF TRITON X100 EXTRACTED PROTEIN FROM MA
RHEUNMATOID SYNOVIUM AGAINST RHEUMATOID @———@ AND AGE AND
SEX MATCHED CONTROL SUBJECTS &c——-&.IN THE LMT.

There is very little inhibition and there is no significant

difference in response of rheumatoid and control leucocytes,

Each point represents the mean of 4 subjectes responses,
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Figure L6 :-

RESPONSE OF RHEUMATOID ARTHRITIC AND AGE AND SEX MATCHED CONTROL
LEUCOCYTES TO FRACTIONS OF GIVEN MOLECULAR WEIGHT OBTAINED BY
SEPHAROSE 6B ANALYSIS OF MA RHEUNATOID SYNUVIUM% IN THE LMNT.

MA synovium had been subjected to aTriton X100 solubilization

Fraction of molecular weight 200,000 is more inhibitory for

rheumatoid than control leucocytes P < 0.05.
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SECTION VI -  RESULTS

A. EDTA/ME EXTRACTION

Nine synovia were subjected to this elution technique. It

was found that material inhibitqry in tite LIT could be exiracted
by this method. It was to be found in both the MI and MIT

eluates of the rheumatoid and the ankylosing spondolytic (AS)

synovia (Figs. 21 - 27)..

Inhibitory material could not be extracted from a pigmented

villonodular synovium(Fig. 28). Of the rheumatoid synovia, all

except one (Fig. 23) yielded material which was inhibitory at

200 pg or less. The crude homogenates (Chapter 4) except one

(Fig. 7) were not inhibitory at this protein concentration. The

AS synovium zlso yielded inhibitory m terial.

If the inhibition of migration caused by the crude homogenates

was an immunological, not a physical, effect, then we are poésibly

concentrating the inhibitory protein by this method of exiraction.

It was found that at a given protein concentration if the solution

was subjected to high speed spin the majority of the inhibitory

material was removed (Fig. 27). However, if after spinning the

supernatant is concentrated to the same protein concentration as.

the unspun eluate,the soluble protein was as inhibitory as the

protein which had not been subject to centrifugation (Fig. 25).

The three synovia on which the most work was carried out were

compared. " It can be seen that inhibitory material could be present

predominantly in MI (RS Fig. 21) or MII (84 Fig. 22) or equally

distributed (FM Fig. 23).

In one case there was a significant difference
responses of rheumatoid and control leucocytes
found that the inhibitory material was present
that rheumatoid leucocytes were inhibited more
leucocytes. This specificity was significant

cultﬁre medium,

between the
(RS Fig. 21). It was
in the MI eluate and

than contrcl

only at the 50 pg/ml

-t
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The protein solution was subject to column chromatography.
Sephadex G-100 analysis indicated thét the majority of the
inhibitory material was‘2.120,000 molecular weight. This
protein retained its specificity for inhibition of rheumatoid
leucocytes and the results were statistically significant.
Some inhibitory material was also present in the fraction with
M.Wt. > 80,000 but { 120,000 (Fig.32).

© The same protein solution fractionated on an Ultragel column

gave slightly differing results. There was still protein at
approximately 100,000 M.Wt. which was slightly inhibitory but not
specific for Ris. The majority of the inhibitory material
appeared in the fraction M.Wt. > 800,000. This had no specificity
for RA leucocytes in the IMT (Fig. 33).

The eluates from FM (Fig. 23) werealso subject to analysis by
column chromatography.  The MII eluate was analysed on Sephadex
G-100. Again the majority of inhibitory material was in the

2 120,000 M.Wt., and also some in the approximately 100,000 M.Wt.
fraction (Fig. 34). The MI eluate was fractionated on Ultragel
ACA 22 (Fig. 35). The most inhibitory material was » 800,000

M.Wt., although all fractions were to a certain extent inhibitory.

A protein solution derived from a crude synovial homogenate

subject to high speed spin (Chapter 3, Section II, B) (Fig. 36)

was analysed on Sephadex G-100 (Fig. 37). The proportions of the
different M.Wt. proteins were similar to those in the MI and MII
eluates (Figs. 32 and 34), but there was an extra peak at 10-80,000

M.Wt. None of these fractions were inhibitory.

B. CHOLATE SOLUBILIZATION

Two rheumatoid synovia were subject to this cholate solubilization.

The cholate extract was concentrated over a Diaflo filter {cut off
10,000 M.Wt.) and the solutions containing protein of greater than
10,000 M.Wt. and less than 10,00C M.Wt. were tested in the LMT.



It was found that despite its very low protein concentration
the protein solution of M,Wt. less than 10,000 was extremely
inhibitory (Fig. 38b). The solution containing protein of

greater than 10,000 11,Wt. was also extremely inhibitory (Fig.38a).

The solution containing high molecular weight protein was
fractionated on a Sepharose 6B column (Fig. 39). All fractions
were inhibitory, fraction 1 more than fraction 2 or 3. Fraction
4 was the most inhibitoxry. ' It should contain very little protein,
since all protein of <10,000 M.Wt. has been removed.

The solution containing protein of less than 10,000 M.Wt. was
fractionated on a Sepharose 6B column. Although no high molecular
weight protein was present due to its previous treatment (see above)

all the fractions were again inhibitory (Fig. 40).

A cholate solution which had been subject to the same procedﬁres
but using no synovial homogenate,i.e. a control solution, was also
fractionated on Sepharose 6B (Fig. 41). This was found to be as

inhibitory as the eluate containing the protein.

A second rheumatoid synovium was subject to the same solubilization
technique and fractionated on a Sepharose 6B columm (Fig. 42).

This contained very little protein which was not inhibitdry.

C. TRITON x 100 SOLUBILIZATION
A Triton solubilization was carried out on one rheumatoid

synovium,

A PBS supernatant which is the same as the high speed crude
homogenate (Chapter 3, Section II, B) was tested for inhibitory
activity wnich was present only at very high protein concentration,
i.e. 1,250 and 2,500 pg/ml culture medium (Fig. 43).

This protein soiution wag subject to column chromatography on a
Sepharose 6B column (Pig. 44). DYMone of the fractions contained

inhibitory material.
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The TRITON x 100 solubilized protein was tested in the IMT
and found to be only slightly inhibitory and the inhibition
did not titrate out (Fig. 45). When fractionated on a
Sepharose 6B column all the fractions were very slightly

inhibitory but none to any great extent (Fig. 46).
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SECTION VII -  DISCUSSION

A. EDTA/ME

A protein was eluted which was inhibitory in the LMT. That

it did not act by killing the cell was tested using trypan blue
dye exclusion. The extracted protein was inducing innibition

by a non-toxic means.

‘Weight for weight the protein in these eluates was more

inhibitory than that in the crude homogenates.

That the inhibitory material cannot be removed by spinning

indicates that a true extlraction has occurred.

The inhibitory material is soluble. The extraction procedure
can be compared with that used by Bacon et al (1973), who showed
that using hypotonic solutions an inhibitory material could be
removed from rheumatoid synovial specimens. iz
Synovia from all patients suffering from infiammatory conditions .
(RA and AS) yielded this inhibitory material.

The non-inflammatory pigmented villonodular synovium did not

yield any inhibitory material.  Although only one inflammatory
non-rheunatoid synovium was tested, it might be that the inhibitory
material is not associated specifically with RA, but with chronic

inflammation.

When column chromatography was carried out, inhibitory material
appeared in the void volumes using Sephadex G-100 and Sepharose 6B
or Ultragel. To elute in the void volume of Sepharose 6B or »

Ultragel indicates that the protein has a M.Wt. of 800,000 or greater.

In view of the nature of the extraction procedure, it seems unlikely
that protein possessing M.Wt. 800,000 daltons is a native protein.
There is no hard evidence for such a statement. The possibility

still exists that there could be antigen-antibody complexes present.
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The fraction of M.,Wt. approximately 100,000 from column
chromatography has also tended to be inhibitory. This is of
interest, since the protein cannot be antigen-antibody

complexes once the molecular weight is too low.

It must be borne in mind that since this method does not enploy
solubilising agents only proteins are_extracted. The
carbohydrate content of the cells is virtually untouched

(Tanner and Boxer, 1972) by such a procedure. Thus
glycoproteins are not removed by this method. Many of the
integral membrane proteins are glycoprotein, and it is accepted
that the carbohydrate is responsible for cell-surface specificity
(Tanner and Boxer, 1972). lMembrane proteins synthesised in
response to viral infection are glycoproteins (Rofhman and Lodish,

1977).

:
It is possible that the inhibition caused by these proteins-fs
due to their ability to alter the cell-surface charge in a manner

analogous to that proposed for the action of NSAID (Brown, 1976).

B. CHOLATZ FXTRACTION

From the traces from column fractionation it would seem that a

great quantity of protein has been solubilised by the cholate.

What is significant is that much of this protein is of low moleculsr
weight, contrasting with both EDTA/ME and TRITON x 100 extraction,

when the vast majority of protein appeared in the void volume.

I% is unfortunate fhat wnen a cholate blank solution was run down
the column the fractions obtained caused a similar degree of
inhibition to those fractions containing protein. The majority of
the cholate was removed from the solution by dialysis (Chauvin and
Holliman, 1975). The very small quantity waich remzined was

obviously not removed by column fractionation.

The method by which cholate czuses inhibition of leucocyte migration
is debatable. The cell fractions were still viable agz indicated by

trypan blue dye exclusion.
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C. TRITON x 100 EXTRACTION

The amount of protein presént was comparable to that obtained
by the EDTA/NE procedure. The amount in the void volume aflter
Sepharose 6B analysis was not much less than that obtained from
RS MI void volume after Ultragel Analysis (Fig. 33). The RS
protein was inhibitory, whereas the TRITON extracted protein was

not.

It is possible that the trace of the column fractionation is
misleading, since TRITON x 100 absorbs at 275 nm. The

focusing instrumentation on the LKB UltraRac TO0O is not accurate
and is set to measure the absorbance of proteins at 280 nm. It
is unlikely that TRITON would interfere with a Folin-Ciocalteau

protein determination.

TRITON does not cause alteration in the antigenicity of protéins
(delenius and Simons, 1971). Since much of tne protein is high
molecular weignt, aggregation would seem to have occurred on
removal of the detergent. Why this protein does not cause
inhibitioh of migration, when the EDTA/ME eluted protein does, is

unresolved.

This method of extraction was carried out on only one synovium,

and it would be wrong to place too much emphasis on these results.
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SECTION VIII - CONCLUSION

Soluble inhibitory material was eluted from synovial membranes
using EDTA/IE. The inhibilory material was perhaps associated
with the ongoing inflammatory reaétion as opposed to being
gpecific for RA: +the AS synovium yielding inhibitory material
wnile the pigmented villonodular synovium did not. From only
,one synovium was. inhibitory material obtained which was specific

| for rheumatoids.

In an attempt to extract more of this inhibitory material two
detergent extractions were employed. Both of these proved
unsatisfactory. There are great difficulties inherent in using
detergent solubilizations on material intended for use in
systems utilizing viable cells, principally the'complete
elimination of the detergent. Despite aggregation occuring' on
the removal of detergent it was to be hoped that different ;
proteins with different antigenic sites would be extracted than
using hypotonic salt solutions, This was not borne out by the

results presented.



CHAPTER 6

THE EFFECT OF NATIVE AND AGGREGATED
IMMUNOGLOBULIN G ON RHEUMATOID AND
CONTROL LEUCOCYTE MIGRATION IN THE
LEUCOCYTE MIGRATION TEST
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TCTION I -  INTROTUCTION

Rheumatoid factors have been implicated in the pathogenesis
- of rheumatoid disease. The effects of these immunoglobulins
in the LMT are well documented (Chapter 1, Section VII, A (iii)).

It would be useful to repeat these results to see if the method
employed will give results comparable to those published.

AS
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SECTICN II .-  PREPARATION OF IMVUNOGLOBULIN G

A. NATIVE IgG ,

The method is based on that of Ishizaka et al (1965). 4 quantity

of DZAE Sephadex A50 was swelled in a 10m!M phosphate buffer containing
0.002/%5 chlorhexidine gluconate, pH T.4 and stored at 4°C.

J

Serum was taken and placed in a 100 ml beaker. The DEAE
suspension was filtered on a Buchner funnel to’ remove excess buffer.
It was added to.the previously prepared serum to form a paste, and
stirred for 1 hour at 4°C. During this procedure all proteins bind
to the DEAE except IgG. The mixture of DEAE Sephadex and serum was
filtered and washed with 10 mM phosphate buffer. The filtrate was
concentrated by pressure dialysis at 4°C under N2 over a Diaflo
Ultrafiltration Membrane 150 - molecular weight exclusion 50,000.
The concentrate was dialysed for 16 hours against a 10/150 }_

"‘(Chapter 5, Section V,A)chlorhexidine gluconate buffer pH Ted.

The protein concentration was determined by the Falin-Ciocalteau -
 method (Lowry et al. 1951). The solution was divided into small
aliquots and stored at -20°c.

B. AGGREGATED IgG

~.The previously prepared native IgC solution was incubated at 63°C
in a shaking-waterbath for 1 hour. The solution was divided into ’
small aliquots and stored at -20°c.

C. TEST OF IDENTITY ‘
The IgG was shown to be immuncchemically pure using immunoelectro-
phoresis against commercial anti~human IgG and anti-normal hvman

gerume.
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Figure L7 :-

EFFECT OF NATIVE AND AGGREGATED IgG 250Pg/ml on MIGRATION OF
LEUCOCYTES FROM PATIENTS WITH RHEUMATOID AKTHRITIS AND HEALTHY
ACE AND SEX MATCHED CONTROLS, IN THE LKT.

AGGREGATED IgG

Testing 10 RAs and 10 controls the aggregated IgG causes greater
© inhibition of the rheumatoid leucocytes P £ 0.001

NATIVE IgG
Testing 7 RAs and 7 controls the native IgG causes greater

inhibition of the rheumatoid leucocytes F < 0.001
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Figure 48 ;-

DOSE RESPONSE OF NATIVE IgG (A) AND AGGREGATED IgG (B) ON
MIGRATION OF LEUCOCYTES FROK PATIENTS WITH RHEUKNATOID ARTHRITIS
~ @—o AND HEALTHY AGE AND SEX MATCHED CONTROLS £y~ —-% ,IN THE LNT.

(A) At all dose levels the native IgG causes significantly
more inhibition in the RA leucocytes compared with
controls.

At 100yg P< 0,001
At 200pg P < 0,001
At 400pg P< 0,001
At BOOPg P < 0.001

(B) At all dose levels theaggregated IgG causes significantly
more inhibition in the RA leucocytes compared with
controls,

- At 100pg P < 0.001
At 200pg P < 0.001
At l;.OO)ig P < 0.001
At BOO}Ag P < 0.001
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SECTION III - _RESULTS

Experiments had been carried out to establish that chlorhexidine
gluconate in the concentration used in these experiments was not

inhibitory in ‘the IMT.

The results presented show that both native and aggregated IgG
will cause specific inhibition of rheumatoid leucocytes in the
IMNT.

Fig. 47 shows that both native and aggregated IgG will inhibit
rheumatoid and control lymphocytes in the IMT over a range of

concentrations.

Fig., 48: a concentration was chosen which would be comparable
with previously published work, i.e. 250 mg protein/ml culture
medium, At this concentration rheumatoid lymphocytes were
significantly inhibited more than controls in the presence o%"
aggregated IgG Pp¢ 0.001 '

In the presence of native IgG rheumatoid lymphocytes were again

more inhibited than controls P{ 0.001



Discussior

It has baen previously been reported tint native and
~“ggrej”ated IgG wJ 1l cause inhibition of migration in the
UjT. In particulier it ciuccs specific inhibition of
rhoorn-: boid leucocytes nid and Gaarder, 1971? 1975»
ErosLoff. Hov/nll and 1lloitt, 1973j Hassoud et al, 1975;

Sany et al, 1975)*

It is not known whether the observed effect in the JU'iT is
due to a T-coll effect, i.e. production of 1lyiTiphokincs, or
is caused by ofner ne :ms, i.e. cytophilic antibody causing

cross-bridging between cells (.Brostoff, 1974).

In our test system we also showed specific inhibition of
rheumatoid cell mi'.ration using native IgG. This would
seen to decrease the possibility of inhibition due to a
binding effect. The IgG was prepared from a non-rheumatoid
subject ; wnich would preclude the presence of immune
complexes in the nttive IgG solution. Tvras inhibition
could not be caused by bhe presence of complexes in the

native IgG solution.

What exact]y is causing inhibition is a mystery since HP is

an antibody directed against the Gm locus which is exposed

by immune complex formation and probably ag*gregation of IgG.
Therefore 1f tnis is an expression of delayed hypersensitivity
it must be directed against some components of normal native

IgG.

In previous experiments using aggregated IgG there was no

correlation between the derrsG of migration inhibition and the

Rose-Waaler titre. Fowever, in those patients in which IgG
antiglobulins .;ero detected th'.cre was correlation between
the antibody titres and t.'.e degoree of inhibition. In those

patients lac :ing t.:is auoi.body the inhibi tion apueared to be
a true expression of dclsyed hypcrc‘'nsilivity (Brostoff,

Howell and doiti, 1975).
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Timune commloxes are tnown to ceuse lymphocyte trenslformaiion

in nen-songitised Indivicnnls (Eollor, 1769:  Block-Schtader ot

al, 1°62). Tor the purposes of thiz discussion it hizs been

mation

cmsumed vht alteration in IgG conlormation on heat aggres:
is the same as the slteration on complex formation (Givol et al,

1974).

1ibl and Sithe (1975) showed that antigen-antibody complexes

PR R L N T R T 0t o Lot . ~
caused speciiic inhibition of rrevmatoid mononuclear peripheral
blood cells. There w.s no correlation with the Rose-Yoaler
titre. Wnen cultured with immune complexes 16/20 Ri patients'
lymnrocytes produced Mr as assayed on guinez pig peritonexl
nacronnages, but only. 2/20 control lymphocytes produced IMIF.
Weisbart et al (1975) showed production of MNIF by aggreguted
150 by sutolozous rnevmatold leuwcocytes. The cvidence indicates
thot immine complexes and aggregated IgG could cause

immunologically specific inhibition in the ILMT.



SuCTION Voo - CONCLUSTON

The experinents presented in Cnapter 3 indicated that there was
no difference in rheunatold and control leucocytes' response to an

a
uvbiguitous antigen : streptokinase.

hen rheunatold and control leucocytes are tested against the
various synoviol homogenates and eluates it has heenw difficult to

demonistrate a difference in response.

In these experiments it has been shown that there is an antigen
which consictently induces differing responses in control and
rhneumatoid lencocytes in the IMT, i.e. XIgG in both native and

aggrecnted forms.
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SECTION T -  INTRODUCTION

In an attempt to elucidate the mechanisms involved in the
inhibition of leucocyte migration. by synovial homogenates,
red blood cells were subjected to.a homogenisation and spinning
procedure comparable with that used for the synovial specimens.
The 4im of the following experiments was to determine Whether
;/1eucocyte migration could be inhibited by cell membrane

i, fragments.
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SECTION IT -  METHODS

A. HOMOGENISATION

20 ml blood from a cubital vein drawn into a plastic syringe

was expelled into two 10 ml sterile tube§, each containing

250 units heparin. To ensure complete mixing of the blood and
anti-coagulant the tubes were gently shaken for 2 minutes. The
tubeg were than spun at 800g for 10 minutes. The plasma and
leucocyte layers were removed leaving the lower erytthCyte layer.
The red blood cells (RBC) were washed in distilled water to

effect lysis and the ghosts pelleted by spinning at BOOOé for

30 minutes; the supernatant was then poured off.

(a) The pellet was subjected to the washing and spinning
process six more times. The ghosts were then homogenised
using an ILAX 1020 homogeniser, They were allowed to stand
.overnight at 4°C and then spun either at 1000g for 20

minutes or 20,000g for one hour. These directly paralle&
low and high spin homosgenates prepared from the synovium
(Chapter 4, Fig. 6). These preparations were made isotonic
using 10x concentrated PBS. The protein determinations were
carried out using the Lowry method (1951). The solution

was divided into aliquots and frozen down to store at -20°c.

(b) The original supernatant was made isotonic using
10x concentrated PBS. The protein was estimated using
Folin-Ciocalteau reagent (Lowry, 1951). The solution was

divided into aliquots and stored at -20°Cshaemoglobin preparation.

B. DPREPARATION OF SEPHADEX G-200

Sephadex G-200 was swollen in and equilibrated with 150 ml NaCl

in 10 mli phosphate buffer pHd 7.4. 4 90 x 1.5 cm column was poured
and equilibrated with 10/150 at 400. The void volume was estimated
using blue dextran in 10/150. The flow rate used was 8 ml/hour

and 4 mi fractidns were collecited on an IKB UlitraRac 7000 overnight.

A 280 nm profile was recorded.
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The solution was concentrated over a Diaflo XM50 filter(nominal
exclusion, M.Wt. 50,000. )
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Figure 49 ;-

 DOSE RESPONSE OF HOMOGENIZED HUMAN KBC SPUN AT 1,700g ¥FOR 20

MINUTES (A) AND 20,000g FOR 1 HOUR (B) ON NIGKATION OF

LEUCOCYTES FRON PATIENTS WITH KHEUMATOID AKTHRITIS AND AGE 9——©

AND SEX NATCHED CONTKOLS e — — —'&:,IN THE LKT.

(A) At 600 and 1 50‘Jg/ml there is no significant difference
between RA and control responses,

At BOOTg/ml the difference is significant P<i‘0.001

(B)Thzre is no significant difference at any of the "antigen"

levels.
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Figure 50:=

- DOSE RESPONSE OF HAENOGLOBIN SOLUTION (preparation p.185 ) SPUN
AT 3,000g FOR 20 NINUTES (A) AND 20,000g FOR 1 HOUR(B) ON
MIGRATION OF LEUCOCYTES FROM PATIENTS WITH RHEUWMATOID ARTHRITS
AND AGE AND SEX MATCHED CONTROLS: 1N THZ LiT.

(A) At 800ug/ml control more inhibited than RAs P < 0.01
At 300ug/ml RA more inhibited than controls P < 0.01
At 600ug/ml there is no significant difference

(B) At 1,200, 600, and 300ug/ml there is no significant

difference between contrdl and rheumatoid response.

RA response @—g mean of 7 patients responses

Control response A -A mean of 7 subjects responses
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Figure 51 :-

BSFONSE OF RHEUMATOID AND AGE AND SEX MATCHED CONTROL LEUCOCYTES

IN THE LMT TO HAEMOGLOBIN FROM LYSED RBC FRACTIONATED ON A

SEPHADEY G200 COLUMN AND TO THE ORIGINAL HAEMOGLOBIN FREPARATION ,IN THE LNT
’ ]

A known volume of the original solution 800ug/ml of protein
was layered on the column and the haemoglobin containing fractions
were concentrated back to the same volume.thus the protein

concentration is expressed as= 800ug/ml.

" The original haemoglobin solution was more inhibitory for
rheunatoid leucocytes P < 0.001
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Figure 52 :-

DOSE RESFONSE OF SUFERNATANTS OF HONOGENIZED RBC SPUN AT

1,700g FOR 20 MINUTES (@&———@ ), 20,000g FOR 1 HOUR
(O~——0) AND HAEMOGLOBIN @&----A) PREPARED ON SEPHADEX G200

_( see Fig., 51 ) AGAINST RHEUNATOID AND CONTROL LEUCOCYTES
-COMBINED RESULTS - IN THE LMT.
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Figure 52 :-

DOSE RESPONSE OF SUPERNATANTS OF HOKOGENIZED RBC SPUN AT
1,700g FOR 20 MINUTES (@———@ ), 20,000g FOR 1 HOUR
(O=——0) AND HAENMOGLOBIN @&----A) PREPARED ON SEFPHADEX G200

( see Fig. 51 ) AGAINST RHEUNATOID AND CONTROL LEUCOCYTES
~COMBINED RESULTS - IN THE LNT.
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SECTION IIT -  RESULTS

Results illustrated in Pig. 49a show that homogenised
red blood cell (RBC) membranes were inhibitory for both control
and RA leucocytes in the IHMT. There was né difference in

response between RAs and controls.

Wien the supernztant was subjected to high speed centrifugation
it was not possible to spin out all the inhibitory activity

f(Fig. 49b), although it was considerably reduced.
I

~

A haemoglobin preparation.was prepared from the same RBC and
tested as antigen in the IMT (Fig. 50). It was shown that
600 ug of haemoglobin/ml of culture medium was slightly
inhibitory, (Fig. SOa). When subjected to high spin the
haemoglobin preparation lost some of its inhibitbry activity (Fig.50%).
The degree of inhibition obtained using high and low spin haéppglobin
preparations are not significantly different from each other. The
haemoglobin preparation was subject to analysis on a Sephadex G-200
(Fig. 51) and the fraction tested in the LMT. It was found that

the only peak eluted in the 22-25th fractions corresponded to a
M.Wt. of 68,000 daltons and was haemoglobin. Wnen this inhibitory
activity was compared with the unfractionated solution, the

haemoglobin accounted for all the inhibitory activity.
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SECTION IV -  DISCUSSION

Homogenised RBC membranes are inhibitory in the IMT.
Unfortunately not all the inhibitory material can be spun out
of the homogenates, in contrast to the results with crude
synovial homogenates (Chapter 4, Section III)e  The situation

was further complicated because haemoglobin was inhibitory.

The inhibition produced by these materials was the same in

both rhneumatoid and control leucocytes.

It is not possible to directly compare the results just
presented with those in Chapter 4, Fig.16’17.However, it is
possible to say that the amount of inhibition is of a similar

magnitude.
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SECTION V.~  CONCLUSION

It is possible to induce inhibition of migration in the

IMT using RBC membrane homogenates.

This inhibition is not specific for rheumatoid cells.



CHAPTER 8

THE LIPECT OF PUTATIVE ANTIGENS ON
RHZUMATOID AND CONTROL LYMPHOCYTES
IN THE LYMPHOCYTE TRANSFORMATION
TEST



G'L\PTER 8

THE EFFECT OF PUTATIVE ANTIGENS ON
R'1IEUMATOIU A'T) CONTROL LWIPTiOCYTES
IN: T IE LYI-TPHOCYTE TRANSFORMATION
TEST
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SESTION T - THEGRUSITON

I
|

1
L

In the previous ciapters results have been presented to cghow
that leucocyte migration can be inhibited by strevtokinase
(Chapter 3), crude synovial howogenates (Chapter 4), various
protein solutions eluted from synovial cells (Chapter 5),
imrunoglobulin G (Chapter 6) and red blood cell membranes

(Chiapter 7).

It hzg been reported that an in vivo delayed hypersensitivity
reaction can be detected in vitro by inhibition of leucocyte
nigeation in the IMT,. It is also known that this is not the
only means by which leucocyte motility is altered so as to
produce leucocyte migration inhibition in this test (Brosteff,
1974; Bryant et al, 1966).

The lymphocyte transformation test (LTT) has also been used as
an in vitro correlate of in vivo DH.  Again the transformtion

cen ve caused by a variety of mitogens, and not only a

sensitizing anticen (Loeb, 1974).

However, the ability of a substance to induce blast formation
would add weight to the argumeat that the leucocyte migration
inhibition is due to the production of the specific lymphokine

1T
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A.  HATERTALS

o

Tiie antigens tested were crude synovial homogenate and a

combined IiI and IIT eluate.

g

In addition standerd cultures were set up using Test
tokinase. SK-5D is known to cause lynmphocyte
transformation (Spitler et al, 1972; Tomar et al, 1972;
Rocklin, 1974). In this case the antigen used was Test
Streptokinase (Tloechst), the reactions of which have not been

well documented.

Cultures were also set up using PHA, a standard mitogen, as

+

a4
v

a positive control for the

est systemn.
B. METIODS

(1) Culture Technique

The culture tecanique used was that described in

Chapter 2, Section III.

(ii) Antigen Preparation
a) Test Streptokinase was made uwp as described in
Chapter 3, Section
b) Crude homogenate was that used from JC, see Chapter 4,
Fig. 8 Bomogenate subjected to low spin was used.
c) A variety of MI and MIT eluates which had previously
been shown to be inhibitory in the IMT (Chapter 5, Figs.
were pooled. They were filtered through an 0.22 J filter
(millepore). A Folin-Ciocalteau protein determima tion
was carried out (Lowry, 1951). This protein gsclution was

then tested in the LTT.

’






TABLE 1=

DOSE RESPONSE OF PHA AT GIVEN CONCENTRATIONS AGAINST HEALTHY (C)
AND RHEUMATOID ARTHRITIC (KA) LYMPHOCYTES IN THE LYNPHOCYTE
TRANSFORMATION TEST. '

THE CELLS WEXE HARVESTED ON DAY 3 OF CULTURE.

The stimulation is presented as a TRANSFORNATION INDEX.

st
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TABLE 4 :-

DOSE RESPONSE OF FHA AND TEST STREPTOKINASE AT GIVEN CONCENTRATIONS
AGATNST RHEUMATOID AND CONTROL LYNFHOCYTES IN THE LYMFHOCYTE
TRANSFCRMATION TEST.

PHA cultures harvested on day 3
Streptokinase cultures harvested on day 5

The stimulation is presented as a transformation index
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TABLE 2:=

DoSE RESPONSE OF PHA AND COMBINED ELUATES AT GIVEN CONCENTRATIONS
AGAINST ONE RHEUNATOID'S AND ONE CONTROL'S LYMPHOCYTES IN THE
LymPiOCYTE TRANSFORMATION TEST.

“pHA cultures harvested on day 3

(omrined eluates cultures harvested on day 5

7wy series of cultures were run in parallel |

~The stimulation is presented as a transformation index.
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TABLE 6:-

DOSE RESFONSE OF PHA AND CRUDE HOMOGENATES AT GIVEN CONCENTRATIONS
AGATNST ONE RHEUKATOID'S AND CNE CONTROL'S LYMPHOCYTES IN THE
LYMPHOCYTE TRANSFORMATION TEST. '

FHA cultures harvested on day 3

Crude homogenate cultures harvested on day 5

The stimulation is presented as a transformation index,

JW and WW cells also respond to a test antigen - streptokinase -
see Table 6.
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TABLE 7 :-
DOSE RESFONSE OF PHA AT GIVEN CONCENTRATIONS AGAINST NORMAL
LYMPHOCYTES IN THE LYNPHOCYTE TRANSFORMATION TEST.

Cells harvested on days 1,2,3,4,5,6,8, and 10.

The stimulation is presented as a TRANSFORMATION INDEX,
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TABIE 8:-

DOSE RESPONSE OF TEST STREPTOKINASE AT GIVEN CONCENTRATIONS
AGATNST NORNAL LYMPHOCYTES IN THE LYMPHOCYTE TRANSFORMATION
TEST.

Cells harvested on days 1,2,3,4,5,6,8,10,

The stimulation is presented as a TRANSFORMATION INDEX.

’
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Figure 53 :-

MICROSCOPIC EXAMINATION OF CULTURES OF EKHEUMATOID AND CONTROL
LYMPHOCYTES WITH PHA.

CULTURE No. 1 = no mitogen

CULTURE No. 2 = 5ug/ml culture medium

CULTURE No. 3 = 20ug/ml culture medium

CULTURE No. 4 = 100ug/ml culture medium

{

Cells divided into groups by size:{ 7.5y, 7.5 - 10.QP, 10.0 - 12.§p,
12.5 - 15.0p, and:XS.Oy.

Each histogram represents the mean of 16 readings * oNE SD.
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Figure 54 :-

MICROSCOPIC EXANINATION OF CULTURES OF RHEUFATOID AND CONTROL
LYNPHOCYTES WITH TEST STREPTOKINASE:

CULTURE No. 1 = no antigen

CULTURE No. 2 = 5 pg/ml culture media

CULTURE No. 3
CULTURE No. 4

20 fg/ml culture media
100 ).lg/ml culture media

Cells divided into groups by size:<7.5 P 15 - 10.0),\,
10.0 - 12.5 P 12.5 - 15.0p and>15.0}1.

Each histogram represents the mean. of 1, readings t oNE SD
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Figure $-

MICROSCOFIC EXAMINATION OF CULTURES OF RHEUMATOID AND CONTROL
LYMPHOCYTES WITH COMBINED ELUATESp199.

CULTURE No. 1 = no antigen

CULTURE No. 2 = 25pg/ml culture medium
CULTURE No. 3 = 5OPg/ml culture medium
CULTURE No. 4 = 1OQPg/ml culture medium
CULTURE No. 5 = 200pg/ml culture medium
CULTURE No. 6 = 4OOpg/ml culture medium

Cells divided into groups by size:(?ﬂSp, 7.5p = 10.Cp, 10.0 - 12.§P,

>12.51u.

Each histogram represents the mean of 14 readings ¥ onE sp.
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Figure 56 :-

MICROSCOPIC EXAMINATION OF CULTURES OF RHEUMATOID AND CONTROL
LYMPHOCYTES WITH CRUDE HOMOGENATE(JC).

CULTURE No. 1 = no antigen

CULTURE No. 2 = 25pg/ml culture medium
CULTURE No. 3 = 50pg/ml culture medium
CULTURE No. 4 = 100Fg/ml culture medium
CULTURE No. 5 = 200pg/ml culture mediug
CULTURE No. 6 = LOOPg/ml culture medium

Cells divided into groups by size:<'7.5p, 10.0 - 12‘5P’ 12.5 - 15'OP'

Each histogram represents the mean of 11 responses I ONE SD.
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SECTION IIT - RESULTS

The initial cell population contained not less than P/

lymphocytes. The contaminating' cells were usually erythrocytes,

occasionally Pi'lls. The viability of this population of cells
v/as at least 99/* as tested by t]y/pan dye exclusion (Boyse et al,
1972) .

The cell population after culture for three days both with and

without mitogen contained at least 99p viable cells.

T/ie cell population after culture for five days contained not
less than 97/'viable cells, except when cultured with 500 or
greater i.u, streptokinase or 400 “aj/ml or greater of the crude

homogenatc.

Results are expressed as a Transformation Index (TI).

mean dpm for test culture containing entigen or mitogen
mean dpm for control culture

Three cultur'c-s were set up at each antigen or mitogen concentration,

a) Piiytohaemagglutinin Cultures
Results are presented in Table ) and Fig.
In Table ) the results are presented as TI derived from the

%
incorporation of h thymidine in BNA.

Fig. 5% shows the results expressed as size distribution of the

cultured cells. In the presence of KIA the number of large

cells, irC'c i.reute:’ tliah 100 )' diameter, increases from less

than 9,- control cultures to 29g in the test culture

containing 20 yog of FRA.

series of cultures were set up to determine- on v.'hich day
PuA induced maximum stimulation of lymphocytes. This was

A

day
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A similecr series of cultures were set up for
streptokinase. The day on which maximum stimulation
occurred was day 5, although 5H thymidine incorporation

was slightly increased on day 4.

In future experiments the PHA cultures were harvested

on day 3, and the test antigens on day 5.

Since tiniese results appear to validate our culture

system, the test antigens were next used in this system.

b) Streptokinase

Table 4 presents the results obtained using streptokinase

as our test antigen. Pig.54 is the microscopic examination
of a further 12 cultures. The control cultures after five
days contain less than 5% large cells, whereas the test

cultures consistently contain more than 5%.

c) Combined FEluates

The combined eluates (Table 5) show some increased 3H
thymidine incorporation. The microscopic examination
indicates that again the control cultures contain less than

5% of large cells, while the test cultures contain more
than 5% (Fig.55 ).

d) Crude Homogenates

The crude homogenates caused no increase in 3H thymidine
incorporation (Table 6). The microscopic examination
indicates that the number of large cells are the same in

test and control cultures. (Pig. 56)



SECMIOif IIf DIJOU33ION

The results presented cannot be taken as convincing evidence
of the ability of the test substances to cause blast

transformation, but trends can be elucidated,

Fot'i Il ..nd control lymphocytes transformed in response to

PHA, The low incorporation of H thymidine must be attributed
to the ®™Mlvure technique. A micro-cudture technique was us=d,
based on that employed by .Thcoekel et al (1975), who successfully

used it for both antigenic and mitogenic cultures.

Certain criticisms must be made of the system as developed by
myself.
a) PHA was rcagenr, grande used primarily to agglutine te
erythrocytes (hi and Osgood, 1949).
b) Risk of contamination is very hiyt. since the foil
overnaps do not form as good a seal as one would obtain
noin;; culturo bot Lies.
c) The cells form a pellet in the bottom of the culture
well, which is difficult to redistribute on addition of
'IT thymidine. The redistribution is perhaps not helped

by the cell agglutinating: properties of the crude PHA used.

The stropilokina.se did cause transformation. Tnis validates
tie results obtained in Chapter 5 using this particular

s creotokintse preparation as an antigen in the II'iT.

Tno crude ho.movenales did noL cause blast transformation of the
lyiiiphocytes, despite their being inhibitory in the ITiT. Crude
homogenates have been used to r-Aimulcte lymphocytes in the HIT.
Haslemon et al (1975) used homo.'enised artery and muscle in
pclymy-'1 pla rhoumatica, v die Hsiri (1975) used muscle im

myopathy, ' haviy workers have foiled to cause stimulation of



22%

bleast transiormntion with c¢rude homogenztes, including
Rotuenberger ant thiele (lQ?Ob) vsing crude synovia
honepenates. The possibility exists that thig could be
due to the crude nature of the antigen presentation, and
not to the lack of zntigen. “he possibiiity also exists
that the fragments are so large that they mask the
receptors, or they could induce agglutination of the

cellys preventing movement.

The eluates did cause transfermation in both rheumatoid
and control lymphocytles. These protein solutions had,of

cource, causcd inhibition of migration in the LiiT.



Using the microculture technique it is possible to show
stimulztion of rheuvnatold ané normal lymphocytes with

combined X1 and IIT synovial eluates.
The crude homogenate was nct stimulalory in this culture
The implication of these resgnlts will be discussed in

the light of resulis obtained Ly testing the homogenates
p < <O

zand eluates in the ILMT.
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TABLE 9

THE L :R)CnCYTB ijIG'i vTION TI.HT

Author Year
Packalen and 1971
Washerman

Brostoff, 1973
bowell and

Roikt

Brostoff 1974
Eibl and 2975
Sitko

Bryant oL 1966
al

Brown 1976

Observation

Thyroglobulin c-.n cause inhibition

of migra.tion of g'.inea pig

peripheral blood leucocytes passively
sensitised with X2 scrum fraction of
an immune animal.

Bridging mechanism for the inhibition
seen wncn rheumatoid arthritic cells
are cultured in the presence of
aggi'ogated IoG., i.e. cytophilio Iftd
forms complexes wita the aggirogatod
T&G.

PIBIc are capable of releasing a
facti.-r which will cause migration
inhibition of numan leucocytes.
Antigen-'antibody complexes can cause
production of iilP by rheumatoid
lymphocytes. Tnoy believe the
difference in response of the
rheumatoid and control lymphocytes is
quantitive and not qualititivo.
Inhibition, of wiiite blood cell
migration after ingestion of latex
particles.

Leucocyte migyalLion - both lymphocyte
and HIM - inhibited by NSAlb in vitro
due to a ary™Q gn sur.frce charge
induced by the small drug molecules.
A toxic effect of tue putalivu .ctigon
on tie cell iretabulicm w m'ch does not

neces ririJ~' c¢ 'use cell deeth.
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S - [iTTIODUCTTON

The aim of this discussion is to examine the results
presented in the preceding chapters in the context of
of published work. The mechanisms of inhibition of
migration in the HIT and stimulation in the X.TT of the
various putative antigens will be explored. The
possibility that the effect might not be that of a
trigger antigen, but perhaps that of a perpetuator of

chronic inflamination, is discussed.

SECTION IT - CAUSES OF INHIBITION OF MIGRATION IN

T1liC HIT
This work was carried out assuming that the IIIT and the
LTT were in vitro correlates of in vivo delayed
hypersensitivi ty. ilvidecncce culled from the literature
to substantiate this assumption was presented in Chapter 1,
Section IX, B (ii) and I.C, B (iv). During tne course of
the experimental work it has become obvious that leucocyte

migration can be inhibited by a variety of mechanisms.

The causes of inhibition of leucocyte migration have
been suji:marized in Table # . Brostoff (1974) has
reviewed the mechanisms for innibition of both peripheral

blood leucocytes and peritoneal macrophages.

SECTION III SEITAR QP Aim
CONTROT, hCCCOCYTFC TO A CTA':D:1RD ANTICEN

When RA pa-ionic received only NSAII) the mean response of
tncir leucocytes in the HIT to the antigen sircptoki.nase was
the same as 'jsalihy control volunteers. however, the

vari ation wi ihin tw- rheum i.oid population was eireatcr tlian

that of the control nopulalion - i.e. one CD -/3*7 compared

wxi.h '> ~ (C ante?" 5. Fig. 57. The rneum-atoid population



had larger standard deviations than the control in many of

tno experiments carried out. The results are reproducable
from week to week w len the same antigen is used to test

the same subjects' 1leucocytes (Fig, 14). The difference in
response bebv/ .en rheumatoid individuals in the LUT is such

that when using Student's t-test as a test of significance
only gross differences will be significantly different.
Streptokinase caused an increased incorporation of 'Ii thymidine
and an increase in the number of lorge blast-like cells in the

LTT.

SECTION IV - D1bSH'ITIIAR RESrONSES 0? RHAid”LiWID AND CONTROI,

LEUCOCYTES TO A TEST ALTIGLN - IgG

The results obtained using native and aggregated IgG as an
antigen in this test showed chat there is an antigen to which
rheumatoid and control leucocytes give statistically significant

different results (see Figs. 47 and 48).

A. COHP"LRISON OF THE RESULTS RBPOKTED IN CHLiPTER 6 V.UIE

THOSE IN THE LITERATURE
The results reported in Fig. 47 are tested against 2bO yig of
native or aggregated Ig0/nl culture medium. For rheumatoids
the IIT was S'2 and 72 respectively, and for controls the NI was
100 and foO. The results for the aggregated IgO compare well
with tiose obtained by Brostoff et al (1973)? which were 92 and
77 using 250 /ig/ml of aggregated IgG as antigen, Hassoud
(1975) reports NTs of 112 and 61 respectively. Fr~land and
Gaarder (1971) used 270 yug/ml of aggregated IgG and the reported
ills were 92 and 66 for control and RA leucocytes respectively.
They obtained migration indeces of 106 and 92 testing control and
rheumatoid leucocytes against 400 y.ig/ml native" IgG. In Fig, 48,
migrabinn fndec.ra of 97 and 89 are reported. Of interest is that

whe source of IgG v iric:: from experiment ro experiment” some using

oT/
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commercial proDorav.ionc (Fr/l'.nd and GaarJcr, 1971-)? others
i.'-rcearing t'.uir own by fio method of Ishisaka (1905) (Brostoff
et al, 1973).

ibus the results reported by the various researchers using

IgG are consistent from report to report.

ShCTION V ST11ILld Rb'BPFOHSEd 0l1' Rn .milWTD AND QXTIP.C'L
1EbCOCT1IVr; TO HRYTHROCY'I'E KONOGENATEG

In Chapter 7 evidence was presented boat red blood call
homogenates cause inhibition of leucocyte migration, The

mechanism of action has not been elucidated.

A. COITARISOIT OP RESULTS REPORTED IN GILAuPTZR 7 ITITIT THOSE

IIT TIE LITERATURE
Bcndixen (1969) used homogenised kidney, liver and adrenal gland
as control antigens for experiments using intestinal muscle tissue
homogonate as a test antigen in the HIT. Tic states that he
titrated out "toxic inhibition" of these tissues in control subjects
at 100 /<g/ml for the kidney, IpO "“rg/ml for liver, and 200 pg/ml for
adrenal gland. The quantity of tissue boraogenate was measured as
pQ protein/ml of culture medium. Therefore tissue homogenates can
cause non-specific inhibition of leucocyte migration in the LET.
Using our synovial tissue homogenates (Fig, 16) they are invariably
inhibitory at 400 yig/nl, but the inhibitory activity titrates out
between 200 and $0yug/ml. This is the same order of magnitude as

that reported by Bendixen (1969).

The preparation of our erythrocyte membrane homogenate did vary
from tmo.b used for the crude synovial homogenatc. Firstly an
I1'.iX 1020 homogeniser was used, wcich is much more effective than
the h.and hpmogeniser and sieve which were used for t ie r ieurnatoid
synovi -1 homogene .es (Cr.pber 4). ne HLO homogenate was also
spun at 5000 g, because coisning at 1000 g for 20 minutes sbill left
"ucn rnembr nous m serial in the supornatanr, wscn examined micro-

scopically.
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B. N'.TURE G? INHIBITORY MEGHAIIISM

It is perhaps obvious tint it is easier to homogenise a

single cell suspension then a vissue suel as synovium, complete
wit.i its basement membrane and fibrinous denosits. The

nature of the inhibition is unknown, but could be due to
phagocytosis of membrane fragments by the I'Mls. The mature
cry U-irocyte does not express Hb-A antigens on its surface, so
it is unlikely to be an antigenic inhibition (Kahan et al,
1973)' Haemoglobin was also found to be inhibitory, but its
mechanism of acmion is also imkno'.ai. It is important to

state that the synovial specimens were washed thoroughly before
homogenisation, and so contamination with haemoglobin should

be minimal.

BECTTQTt VI - SimIHR R 0? HUiIbiATOIb AND COUrHOL
J.tUCOOYTfd 10 CAUfE SYNOVIAI. dOMOGllkTEf

A. COMPARISON Of RESULTS RWfORTLD IN CHAPTER 4 WITH THOSE IN
LITERATURE

(i) Synovial homorena:es

In preceding experiments (C lapter 4 ) it has been shown that
rheumatoid synovial homogenatea were inhibitory in the LMT, but were
not specific for rheumatoid leucocytes. When previous reports of
specific inhibition of rheumatoid leucocytes in this test system are
examined in depth certain discrepancies become apparent. Bacon et
al (1973) report specific inhibition of rheumatoid leucocytes using
a rhcumatcid synovial homogenate as antigen at a protein concentration
of 45 jey protein/ml culture medium. They report no specific
in'jibition of rheumatoid leucocytes induced by 90 py/ml of a psoriatic
synovial homogenate. Osteoarthritis synovial homogenate was also
ineffective. Rothenberger and Thiele (1971) do not state their
protein concentration, but t.iey find specific inhibition of
r'leu’ivtold leuococyiw™-.; only wit 1 rheumatoid synovial homogenates, and
not with an uus"'“cifis'd no.i-rheumatoid synovial homogenate. In a
p;s;evdo\is rarer (fou lenbergcr an'. Tniele, 19709.) they report a protein
conc'-n tretion od 5.5 “rwwnl used in the cultures which caused specific

inhibition o" rheumatoid lencocvtes in the JHT.
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,'ixperi.Tncn-s , ve been c .rried out using high concentrations
01 albumin (1600 ugs/'ml) in tiie Jiii. These concentrations
e'excre not innibitory, but those migration areas were more

difficult to read accurately (Korgan, 1974) 9S the protoin

ooncen tr-;tion increases,

Thonar ana Sv/oeb (1976) quantify their antigen concentration
as 2 mg v;et weight/ml wiiicn mares it impossible to compare
these protein concentrations with the other reports. They
are the only workers to report a specific inhibition of

rheum itoid leucocytes migration using normal synovium as
antigen. They also report that rheumatoid cells were
inhibited more tnan control populations by a homogenate of
cartilage and uvea-retina. It is thus impossible to compare
tuese results with tie ot.icrs reported. Therefore unlike the
reports of various workers of experiments using IgG which were
reproducible5 tnese reports bear little relationship to one

another.

(ii) Other ticsue JMmogenates

T.is type of experiment using crude tissue homogenates
has not been confined to synovial homogenates against rheumatoid
peripheral cells. Work has been carried out using homogenised
intestinal mucosa in ulcerative colitis (Bendixen, I969); liver
nornogonates in alcoholic hepatitis (Mihas ot al, 1975) and ].iver
homogenates in active c.ironic hepatitis, primary biliaig” cirrhosis
and cryptogenic cirrhosis (Smith ot al, 1972). All workers
report specific inhibition of the test population of leucocytes,
homogenised muscle in Crohn's disease (Bendixen, 19&9) and
homogeniv?d muscle and tlymus in myasthenia gravis (Behan et al,

1975) did noV cause specific inhibition.

(iii) Biscjrepency in me chodol o.;:y
In the above experiments the merhodolgy is of interest

since none of the reports contain dose/rcsponse curves* The
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inhibitory zctivity of “lhez tissue homogenata is tifrated out against
control or ncinl leuwcocyten., Thou the test population is tested with
~ the firat dose that was not inhibitory for the control leucocytes.

It is possible that a bias is inlroduced into the results.

(Doniach et al, 1975).

B. NATURE OF INMIBITCHY MATERIAL I THE CRUDE SYNOVIAL BOMOGENATES
It is possible that the inhibitory material is fibrin which has

“been shown to be inhibitory in vexry low concentrations for both normal
and rheumatoid leucocytes (Hall 1974). However, it has been suggested
that rheumatoid fibrinogen is altered when compared with that from normal
subjects, and that the rheumatoid fibrinogen will induce specific
stimulation of rheumatoid peripheral blood lymphocytes which normal
fibrinogen will not (Ciobanu, 1975). Falk (1970) has shown inhibition
of migration of human mononuclear cells using lymphocyte cell fragments

as a source of HI~A antigen, however the leucocytes had to be taken from
A subjects previously sensitized to the antigen by other grafts or other
means. There was no "non-specific" inhibition which would parallel

the non-specific blast transformation induced by HLA in the MLC.

Biberfeld (1974) has shown that after immunization with mycoplasma both
inhibition of migration and stimulation of transformation were positive

but after months only this lymphocyte transformation test was positive.

Since it is possible to gpinou all the inhibitory activity from the
crude synovial homogenates it is likely that the inhibition is due to
a physical barrier, a non-specific toxic effect or a decrease in

migration caused by phagocytosis.

C. OTHER SOURCES OF ANTIGEN IN THE RHEUMATOID JOINT

Other sources of antigen from the rheumatoid joint have been used.
Joint fluid has been used as antigen in the LIT and has been shown to‘
caugse stimulation of rheumatoid lymphocytes (Kinsella 1970, 1973, 1976;
Crout , 1976). It is logical to assume that anything produced in the
synovium by the various cells would eventually find its way into the
synovial fiuid. It is also true that substances could be degraded by the
various enzymes known to be present and might not maintain their

original conformation.

It is of iﬁterest that autologous fluids are more stimulatory than
homologous (Kinsella 1976). It is easy to dismiss the stimulatory
material as IgG which has been shown to be stimulatory in the LTT



(Dorner, 1969, 1974; Kinseclla, 1974). Crout (1575) reports that
not all the synovial fluids contained &F and that immune complexes

were not present in all fluids and some containecd neither.

Macrophage cytoplasmic membranes localize the antigen used to

induce immune synovitis (Webb et al, 1972). IRunge (1976) has taken
autologous synovial fluid macrophages and used them to stimulate
peripheral blood cells., Some stimulation occurs but not enbugh to

be consistent with the presence of foreign antigen.

One system which has not been examined in such depth as a source of
antigen is cartilage although some work has been done (Chapter 1
Section VII . Jasin (1975) showed that in experimental allergic
arthritis antigen-antibody complexes become sequestered in cartilage.
PMN's still attempt to phagocytose these complexes

causing release of enzymes with their inflammatory effect (Chapter 1.
Figs. 1 and 2).

SECTION VII - EFFECTS OF SYNOVIAL ELUATES IN TEE IMT

The synovial specimens collected were subjected to 3 protein

elution or solubilization techniques.

(A) (i) EDTA/ME EXTRACTION.
Hypotonic solutions will elute lipoprotein (Bacon et al, 1973). Bacon
et al (1973) succeeded in eluting a protein which maintained its
specificity for inhitition of rheumatoid leucocytes. No rheumatoid-
gspecific inhibitory material was eluted from the psoriatic membrane.
In the results presented in Chapter 5 only one rheumatoid synovium
yielded material which was specifically inhibitory for rheumatoid
leucocytes ( RS Fig. 21) and the difference shown to be statistically
valid. The protein retained its specificity in the void volume
protein after fractionation on Sephadex G 100 (Fig. 30 ) and lat it
after fractionation on Ultragel ACA 22 (Fig. 33 ) although
inhibitory material still eluted in the void.volume. In all other
cases there was a tendency for slightly increased inhibition of
rheumatoid leucocytes but this was not statistically significant.
It must be noted that the ankylosing spondylitic synovium yielded
inhibitory material whereas the pigmented villinodular synovium did
not. Thus; on rather slim evidence it would seem that the inhibitory



materinl could be sssociated only with inflammatory reactions.

(ii) HNature of iwhibitory material.
Iy chapter one the inflemmatory reaction was examined in some
detail (Fig. 1) &nd in particular the inflammatory mechanisms
contributory to the rheumatoid arthritic synovitis (Fig. 2). There
are nanry poasibilities for the origins of the inhibitory material.
There sve lymphocytes (T and B), plasma cells, synovial cells A and
B prescat in the inflamed synovium. The inhibitory material could
have been eluted in the membrane of any of the mentioned cell types
and be either a neo-antigen or HL-A antigen. In addition the protein
solution could contain fibrin or immune complexes. The protein
could be acting in a non-specific manner such as haemoglobin (Chapter 7)
or NSAID (Brown, 1976). Cracchiolo et al (1972) washed the synovial
specimens six times to be certain of removal of "non-fixed" immune
complexes. The homogenised synovial specimens used in these
experiments were washed three times before being subjected to the
elution procedure so the majority of the complexes should have been
removed. To remove fixed complexes the homogenates were subject
to elution with high molarity or acidic buffers. Our technique
involved slightly alkaline water which should not remove the complexes.
Hall (1978) has shown that large complexes i.e. those which run in the
void volume of Sepharose 6B -~ a minimum molecular weight of 2 x 106
daltous - can cause inhibition of leucocyte migration at concentrations
as low as 5 mg/hl. The rheumatoids are specifically inhibited when
conpared with control subjects. Immune complexes appear to cause
production of MIF only by rheumatoid lymphocytes (Eibl and Sitko 1975)
as does aggregated IgCG in autologous rheumatoid subjects (Weisbart, 1975).
"HLA antigens are known to be eluted by this method (Verrier Jones, 1973).
After fractionation the inhibitory material is of molecular weight'

80 - 100,000 daltgns (Fig. 33 ) or 800,000 by Ultragel ACA 20
analysis or 2 x 10 by Sepharose 6B analysis. Soluble HLA antigens
have a molecular weight of 31,000 (Kahan et al, 1973). Carbohydrates
do not contribute to the antigenic determinants of HLA antigens

(Prat and Comoglio, 1975). As previously stated lymphocytes cell
fragments used as a source of HLA antigens did not cause inhibition

of migration unless the subjects had been previously sensitized

(Falk, 1970). Tanner and Boxer (1972) report that proteins which



254

cannot be eagily solubilized by gentle aqueows procedures represent
about half of the erythrocyte "ghost" protein. They carry a large
proportion of the cell surface carbohydrates. Tanner and Owens (1971)
. report that following the extraction method of Marchesi (1970) which
was used in chapter 5 the insoluble residue consists of protein 47%,
total phosphate 58%, cholesterol 57%, hexose 75% and salic acid
509% of that present in intact membrane. Therefore the glycoproteins

are not removed.

B. DETERGENT SOLUBILIZATION

Viral-coded membrane antigens are generally glycoproteins (Rothman
and Lodish 1977) and glycoproteins are generally integral membrane
proteins which can be stabilized only by detergent methods (Helenius
and Simons, 1971). It was decided to subject the synovium to detergent
solubilization. Deoxycholate will solubilize 95% of plasma cell
membrane (Chauvin and Holliman, 1975) and this seemed an ideal way
of solubilizing the total protein content. However, even the control
blank solutions were inhibitory (Figs 40, 47, ) so that the cholate
effect on the leucocytes could not be separated from any effect of
solubilized membranes., It is known that numerous substances, among
which are microbial products and other naturally occurring compounds,
several surfactants and pharmacological agents which elicit metabolic
processes which may be indistinguishable from those that occur during
phagocytosis. The common property is an effeét on the surface of the
cell, It has beeh shown that the detergent deoxycholate can do this
(Elsbach, 1973). There is very little difference between deoxycholate
and cholate so presumably the latter can elicit the same type of
response. Phagocytosis of particles causes inhibition of leucocyte
migration due to the alteration in the respiratory pathways (Bryant
et al, 1966). This is perhaps the mechmnism of inhibition observed
when the cholate extracted protein was used as antigen in the IMT.

The detergent Triton X100 is not known to have the same effects on
leucocytes as deoxycholates (Elsbach, 1973). In fact in the IMT the
Triton X100 extracted protein had no inhibitory effect at all. After
column fractionation when the protein in the void volume was at a
similar concentration to that extracted by EDTA/ME from rheumatoid
synovium (Fig. 32 ) there was still no inhibition. It is possible
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TABLE 10 :- CAUSES OF STIMUIAWIO OF LYMFHCUYTE TRASCOAATION

IN Til2 LYMPHOCYTE TRANSFOR-GATTON TEST.

Author Year Category
LOEB . 1974 non=-specific
BLOCH-SCHTADER
et al 1968 non-specific
MOLLER 1969 non-specific
LOEB _ 1974 specific
unknown

Stimulatory substance

PHA
Con A
P
Divalent cations: Hg2+,
Zn2+’
mi*,

Bacterial oroducts e,g,
streptolysin O

lipopolysaccharide

Antibodies apgainst

cell surface components

Anti-immunoglobulin sera

Enzymes : trypsin
chymotrypsin

papain

Antigen-antibody
complexes.

Antigen to wiich the
animal has been
sensitized. e

HLA antigens
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that some Triton still remains. It could react either with the

cell membrane to block receptors or with the protein preventing its
attachment to receptors. Perhaps in its absence i.e. in the EDTA/HE
extraction the proteins assume a different conformation than in its

presence.

C. CONCLUSION

The protein which is inhibitory in the IMT is not present in
-the original crude homogenate after high speed spin so it would seem
to have arisen during the EDTA/NE elution procedure, presumably from
the insoluble fraction spin out of the crude homogenates.
The nature of the protein is a matter of speculation but it seems to
be present only in inflammatory exudates. It is unlikely that it is
of viral origin since these produce glydoproteins (Rothman and Lodish,
1977) which are not eluted by EDTA/ME technique (Tanner and Boxer,
1972). Therefore it is a cell membrane antigen, it éannot arise by
viral coding.

VIII. CAUSES OF TRANSFORMATION IN THE LTT.
Loeb (1974) gives a comprehensive review of the causes of blast trans-
~-formation : in the lymphocyte transformation test. See Table 10.

IX. = COMPARISON OF IMT with ITT.

When the contents of this Table are compared with those causing
inhibition of migrates in ILMT., See Table 9 only 2 types of compound
will cause both inhibition of IMT and stimulation of ILIT i.e. specific
antigen and antibody-antigen complexes. Our protein mixture contains
a variety of proteins and it is conceivable that more than one active
protein might be present, one having an effect in the IMT and a different
one in the LTT. / '

X. THE EFFECT OF CRUDE HOMOGENATES ON LTT.
The crude homogenates were not found to be stimulatory. There L .
.+ have been reports of specific stimulation of patient groups crude tissue
homogenates. Artery antigen has been used against patients with
- polymyalgia rheumatica (PMR) (Bazleman, 1975), muscle in PMR (Esiri,
Maclennan and Hazleman, 1973) and muscle in polymyositis  (Saunders’
et al, 1969) which is the only confirmed observation (Esiri et al, 1973).



In our situation due to the 1ack‘of stimulation in the LTT it would -
be possible to attribute the inhibition of the IMTI to a non-specific
toxicity or phagocytosis.

XI. THE EFFECT OF EDTA/MME elvates on LIT.

} The EDTA/ME eluates were stimulatory.in the LIT. Unfortunately
" both RA and control responded to these proteins.. The stimulatory
material could be immune complexes but it is unlikely for the reasons
‘discussed previously (Chapter 9, Section VII) i.e. immune complexes
would not be equally  inhibitory for RA and controls in the LMT.

It could be an antigen but-one to which both RA's and controls had been
sensitized. It is possible that the excised synovium became infected
possibly during preparation and an ubiquitous microorganism to which
both rheumatoids and control subjects have been exposed and to which
they would react in the in vitro test solution. Only molecular
weight prevents it from being HLA antigenic material (Kaha®, 1973)
which is known to be stimulatory in a soluble form (Viza et al, 1968).

It is possible that this material which is stimulatory in the LIT accords
with non-degradable biological protein. Protein has been eluted which
is stimulatory in the LTT for both rheumatoid and control cells. 1Its
mechanism of action could be antigenic or autogenic.

XII. POSSIBLE FUTURE LINES OF ENOUIRY.

It has been established that the inhibitory material possibly has
a molecular weight of 80 - 100,000 (Fig. 32 ) but more likely it is
> 800,000(Fig,32 ). One of the first lines of enquiry would be to

establish the approximate molecular weight of the stimulatory material.

Thus the possibility of the presence of one or more active proteins
could be established. The nature of the material in the eluates which
cause inhibition of migration of leucocytes and stimulation of
transformation of lymphocytes should be investigated. One of the
major points of debate has been the presence or absence of immune
complexes. These can be identified using the following biological
‘techniques: Clq precipitation, inhibition of platelet aggregation,
~mixed cryoglobulins, ultracentrifugation and electron microscopy of
pellet and inhibition of antibody - dependent cytotoxicity
(Cream, 1973 , Johnson et al, 1975, Hay et al, 1976,
Penttinen, 1977). It would be of value to determine the presence or



absence of fibrincgen and collagen which could be carried out using
immunczlectrophoresis. Anti-immunoglobulin sera could be used as a
prelimina %0 the testing for immune complexes or to establish the
immunoglobulin clasz of imrmane complexes are present. These tests
should be carried out on the high spin supernatants from the crude
homogenates (Chapter 4 section 77 ) which are not inhibitory and the
EDTA/EE eluates which are inhibitory in the IMI'., It is of interest

that the active components were only eluted from inflammatory
arthritides. It would be useful to test this further by extracting
some non-inflammatory synovial specimens. The material might be
associated with one or more of the cell types present in the inflammatory
nidus. The individual cell types are T cells, B cells, macrophages,

A and B cells of the synovial membrane, FPMN's. The inflammatory
arthritides are associated with granuloma formation and this rapidly
proliferating tissue may produce this material. By looking at
inflammation in another tissue e.g. Crohn's disease it might be possible
to establish its presence in association with granuloma formation.,

The disadvantage of using the gut is the presence of bacteria and the

" inevitable endotoxins associated with +them.

XIII. IMPLICATIONS OF THIS WORK

A. Assessment of test system.

One of the basic shortcomings of this work is the relative lack
of specificity of the test procedures. Inhibition of leucocyte migration
and stimulation of lymphocyte transformation can be induced by many
types of compound (Chapter 9, Figs. 9 and 10). The variation of
response in the test populations is very large. This is particularly
true of the rheumatoid population. It is perhaps not surprising. We
are testing an immunological parameter and there are various immunolpgical
abnormalities of this group of patients. The presence of high titres
of rheumatoid factor, anti-DNA antibodies and high levels of IgG are
serological examples. The proportions of T and B cells in the peripheral
blood has been a subject of much debate (Chapter 1, Section VII ), as
has been the immunological capability of rheumatoid leucocytes. There
has been much work carried out in search of a basic immunological defect
of rheumatoid lymphocyteé (Chapter 1, Section Vv:73 ). Work involving
antigenic stimulation of cell cultures using PHA has suggested the
inability of RA cells to respond as well as healthy controls. This



work culminated in the paper of Silverman et al (1976) . They defined

two populations of rheumatoid patient: those with the same responses

ag a normal population and those with significantly lower responses

who had severe erosive disease . Thus it would seem that RA's are a
heterogeneous population whose intrinsic response would vary and who would be

.

expected to respond less well to a given stimulus.

B. Aggessnent of fntigen Preparation.

Given this variation in test population the IMT might be too
insensitive to pick up the presence of an antigen which would only be
present in small quantities. _Compouhding the insensitivity of the test
population is the heterologous nature of the tantigen' especially in the
crude preparation. Even if antigen were present its membranous nature
could physically impede the attachment of enough antigen molecules to
receptor sites to initiate the necessary changes in membrane to cause
an obvious response. Even when the nature of a neoantigén is known
and the means to detect it are chemically defined, its actual characterization
in a different tissue can be difficult (Unger and Panayi, 1977). In this
gituation an unknown is being tested for using a variable indicator.
Consideration of the theories of the aetiology of RA leads to the
agssumption that viral infection may be the factor leading to initiation
of the immune response. It is known that virally-coded antigens may only
be expressed on the cell membrane during defined stages of the cell cycle
(Denman, 1975). In our experiments the inhibitory material was protein
not glycoprotein which is normally the chemical composition of viral-

coded antigens.

C. Conclusion.

In these experiments using many synovial preparations subjected to
various biochemical manipulations and tested against many rheumatoid and
control subjects there has been no consistent evidence of an antigen to

which rheumatoids are specifically sensft?ized.

D. Implications for aetiology and Pathogenesis of RA.

One point which has arisen from the literature and which is relevant
is that many re positive results are obtained on various test systems
when autologous material ie used as the test 'antigen' (Kinsella, 1976).
It might indicate a different initiating stimulus in each individual
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leading to the same clinical picture. In the preceding experiments a
homologous test system was used, not autologous. A very similar
clinical picture is seen in seropositive and seronegative arthritis.

Yet it would seem that the immunological defect is more fundamental

in the seropositive disease since in seronegative arthritis the

switch has been made from the production of IgM to the production of
IgG. This concords with the increased severity of disease in patients
who present with early RA and a high Rose-Waaler titre.

The perpetuation of the disease becomes the important mechanism in
disease pathogenesis. It could be that the patients have inadequately
controlled immune responses to the antigen leading to an inability to
switch off the immune response. Alternatively the original stimulus
induces a different compound which is responsible for the perpetuation
of the disease either by its continued presence or by its ability to
override the controlling mechanisms of the immune response. In Fig. 2
"the perpetuating mechanisms in RA are presented but there seems to be
nothing whicﬁ would be present that would mot be present in any other
inflammatory response to an immunological stimulus. This leads to the
possibil ty that it is the site of the immune inflammator& response
which causes the chronicity. If a protein which was too large to be
removed through the synovial membrane by diffusion and was incapable of
being degraded and removed by the reticulo-endothelial system was
present then this could perpetuate the chronicity, especially if it were
antigenic and stimilated an ongoing immune response. In our experiments
a protein which caused inhibition of migration of both rheumatoid and
control 1eucocytes.in the IMT and stimulation of both control and
rheumatoid lymphocytes in the LTT was eluted from inflammatory synbvium.
It could be that it was acting by a mitogenic mechanism or it could be
that it was a protein to which both rheumatoids and controls were commonly
sensitized and to which both would react in in vitro tests. It persists
in the joints of the rheumatoid patient. Its mechanism of action could
be iikened té that of non-degradable bacterial cell walls (Ginsburg et
al, 1976). ’

XIV. CONCLUDING STATEMENT.

Thus a protein has been eluted which is inhibitory in the IMT for
both rheumatoid and age and sex-matched control subjects. Itnis
stimulatory for both rheumatoid and control lymphocytes £n the LIT.
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It is perhaps an ubiquitous antigen to which both rheumatoids and
control subjects respond in the in vitro tests but which is not cleared

'by the normal mechanisms in the rheumatoid joint.
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