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PREFACE

It is interesting to ponder the reason for the flowering of
interest, observation and experimental activity centred on the notion
of auto-immunity, observed over the past degeade. An important element
in this development must be attributed to the refinements in
immunological techniques for the detection and study of antibody, not
the least among which was the observation of Coons et al. (1953) that
tissue antibody can be identified specifically by an immunofluorescence
sandwich technique and by White (1954) of the antibody nature of i
Russell bodies experimentally produced in rabbit spleen cells. These
observations were the prelude to an important series of immunofluorescence
studies reported in 1957 and 1958 showing anti-thyroid antibodies
(White 1957), auto-antibodies to nervous tissue in experimental animals
(Beutner et al. 1958) and the simultaneous report from three different
laboratories of anti-nuclear activity in Systemic Lupus Erythematosus
(Friou 1957, Holborow, Weir and Johnson 1957, and Holman and Kunkel 1957).
Since this time, a flood of reports of different aspects of '
anti-nuclear activity have been published, the last in September 1962.

The implications of an antibody to the ubiquitous nuclear material



seemed immense. The nuclear antigens which appeared to be concermed
were not included in the category of substances known to be antigeniec.
With the support of a Fellowship from the Empire Rheumatism Council, i
the author undertook a study of the anti-nuclear factor during the l

period June 1957 to August 1960 under the supervision of Dr. E.J. Holborow

and Dr. L.E. Glynn. The author wishes to acknowledge the advice and i
|

constant encouragement of both these colleagues and the interest and J
support of Professor E.G.L. Bywaters in whose Rheumatism Research Unit
the work was carried out. Thanks are due to the following:-

Dr. D. Doniech, Dr. W. Hijmans, Dr. A. Scott, Dr. E.G. Rees, Dr. B. Ansell,
Dr. Dolle and Dr. A. Dixon who made this study possible by providing
specimens of sera and clinical information on their patients; Dr.

R. Consden who advised and assisted in biochemical problems; Mr. P. Fiske
and Mr. T.C. Dodds who prepared the plates and figures; and lrs. G.
MeCallum who typed the manuscript. Professor R. Cruickshank kindly

read the manuseript and gave valuable criticism.

The results of some of the work incorporated in this thesis have
been published, as noted in the text. Other relevant references not
quoted are:- Weir, D.M. and Holborow B.J. 1962. Ann, Rheum, Dis. 21,40.

and Holborow E.J. and Weir D.M. 1959. Lancet, 1, 809.
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INTRODUCTION

The classic studies of Ehrlich and Morgenroth carried out at the
beginning of this century were of the greatest importance in inweatigatingi
the ability of the individuel to react immunologically against its own
body material. In their third communication on haemolysins (1900) they

1
I
state "In pathology the changes foremost to be considered are those |
resulting from the absorption, by an organism, of its own cell material.

Such occasions are presented by many different diseases." "If an

individual suffers a considerable subcutaneous haemorrhage or one into |
a body cavity, or if part of his blood corpuscles are destroyed and }
ly=sed by certain blood poisons, the essential conditions, just as in i
experiment; are given for the formation by reaction of substances |

possessing specific injurious affinities for these blood cells.”

|
|
Later in the same communication they point out that "it is of the highest
pathological importénce to determine whether the absorption of its own
body material can excite reactive changes in the organism, and what the 1
nature of these changes is."  Accordingly, Ehrlich and Morgenroth |
| immunised a "strong male goat" with nearly a litre of blood obtained .
from three other goats. The serum which they obtained following
immunisation lysed the cells of all but one of nine goats they tested.
Significantly the cells of the immunised goat itself were completely

unaffected by the haemolytic serum.



Ehrlich expleined this phenomenon by means of his side chain theory
of antibody production and proposed that an anti-autolysin may be
produced in the following manner:-~ If only small amounts of antibody
(the receptor liberated from cells by antigen) reach the animals own
red cells, this would effect a production and thrusting off of the
corresponding receptor from the red cells, which "would then circulate
as an anti-gutolysin and serve to switch the autolysin thereafter formed
away from the blood cells".

Further investigation carried out by Ehrlich convinced him of the
existence of "certain contrivances by means of which the immunity
reaction, so easily produced by all kinds of cells, is prevented from
acting against the organism's own elements and so giving rise to
autotoxins" (Ehrlich and Morgenroth 1901). This led Ehrlich to
enunciate his doctrine of "Horror autotoxicus". 'This concept still
stands today, and the breakdown of the "internal regulating devices" now
termed the "homeostatic mechanism" by Burnet has been shown to lead to
the great dangers to the individual conceived of by Ehrlich. About the
same time that Ehrlich and Morgenroth were studying the production of
haemolysins, Metalnikoff (1900),working in the laboratory of Metchnikoff,
showed that guinea-pigs immunised by the intra-peritoneal injection of
sperms from another guines=pig produced a "spermotoxine" which would
kill in vitro not only the sperms of other guinea=-pigs, but also those

of the animal which had been immunised. It is interesting to note that




:Ehrlich vwas unable to accept this "auto-spermotoxine" as an auto=-toxin
i(i.e. involving a breakdown of the internal regulating devicea), as the
!Bperms were not killed in vivo as required by his definition. Time
Ehaa shown that Ehrlich was right (although for the wrong reasons) in that
:antibody_production to sperms does not constitute a breakdown of the
iinternal regulating devices controlling antibody production, but is due
to the "foreign nature® of sperms resulting from their usual isolation
Ifrom the antibody forming cells ("hidden antigen").

At that time a number of reports indicating the existence of auto-
immune phenomens appeared. Thus the first recognisable description

of acquired haemolytic anaemia, generally credited to Hayem in 1898, was

and Vincent 1909). In 1904 the phenomenon of paroxysmal cold
haemoglobinuria was described by Donath and Landsteiner. The work of

Bergmann and Savini in 1907 suggested a disturbance of the internal

' regulating mechanism when they found antibodies to liver in rabbits
| poisoned with phosphorus. However, such was the influence of Lhrlich
| that despite the appearance of these reports, the scepticism aroused by

{him prevented the recognition of their significance. These pioneer

1938 reported the finding of abnormal haemolysins in patients suffering

from acute acquired haemolytic anaemia.

followed by the finding of abnormal haemolyeins in patients in whom intense

haemolysis was taking place in vivo (Chaufford and Troisier 1908, Chaufford1

studies were neglected for about 30 years until Damashek and Schﬁartz in




The study of the aérological nanifestations of these phenomena
over the next few years was greatly aided by the introduction of a
technique utilising anti-globulin sera (Coombs et al. 1945). The
"direct anti-globulin reaction" {Coomb's test), which enabled the

detection of non-agglutinating antibody attached to red cells, was applied

| to the investigation of cases of haemolytic anaemia, and in 1946 Boorman

et al. reported that this reaction was positive in a number of patients
suffering from "idiopathic"acquired haemolytic anaemia. They were thus
able to distinguish these cases from the congenital form of the disease.
During the next decade, the antibodies of acquired haemolytic ansemia
were extensively studied and the concept of auto-immunisation in this

condition became widely accepted.

The antibodies found in auto=immune haemolytic anasemia are
divided on the basis of their laboratory behaviour into two main groups:
the "warm anﬁihodies“ and the "cold antibodies". The warm type are
gamma globulins with a molecular weight similar to that of antibody
gamma globulin (160,000), and likewise have a sedimentation constant of
7 S. in the ultracentrifuge. These antibodies sensitise erythrocytes
to agglutination by anti-globulin serum and are not themselves able to
agglutinate normal red cells, They are active at 37°C. end rarely, if
ever, lyse normal cells abt this temperature (Dacie 1962). In contrast,

the cold antibodies are markedly potientated in activity by fall in
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temperature, and are not usually active at 37%C. They are powerful
haemagglutining and will lyse the cells of patients with paroxysmal cold
haemaglobinuria and enzyme treated noxrmal cells. These antibodies are
high molecular weight 19 S. globulins. An essential feature of the
antibodies of acquired haemolytic anasemia is their ability to act on the
patient's own erythrocytes. Until 1953 these antibodies had been
generally considered to be "non-specifie" in that they would react with
antigens present on all human erythrocytes. It is now known that these
avto-antibodies frequently show a definite specificity usually within
tﬁe Rh system (Dacie 1962). Dacie concludes that the blood group

specificity of these antibodies by virtue of which they are

indistinguishable from blood group iso-antibodies justifies the

acceptance of these globulins as antibodies without quotation marks.

Associated with the accumulation of evidence regarding the auto-

| immune nature of the haemolysing in acute haemolytic anaemia, there

| arose the need to consider the meaning of foreignmness and self-

recognition and the ability of the body to differentiatie between

"aelf" and "non-self". A solution to the problem this created in
immunological theory was offered by Burnet and Femner in 1949, At that
time sntibody production wae envisaged in terms of the antigen acting as a
template for modifying the globulin molecules to a form which was

complementary to that of the antigen. It was considered that antigen




may act either on the already formed protein chain and bring about a
reconfiguration of the chain (Pauling 1940), or that the antigen induced
a chemical re-arrangement of the globulin molecule as it was formed
(Muda 1932). Burnet and Penner, whilst accepting this direct template
theory, included the notion of "self markers" attached to body
components by which antibody=-forming cells were able to recognise them,
thus rendering them immunologically inert. They also predicted that
an equivalent tolerance to foreign antigens should be demonstrable if
these had been introduced at an appropriate stage in embryonic life.
This prediction was later confirmed experimentally by Medawar and

hia colleagues (Billingham, Brent and Medawar 1956). The persistence
of antibody-producing capacity after antigenic stimulation was explained
by the notion that genetic modification of the antibody-producing cell
vas ;nduced by the antigen, so allowing the indefinite production of

descendent antibody-producing cells.

In 1955, an alternative hypothesis which did not require the
"gelf marker" postulate was formulated by Jerne in his natural selection
theory in which, for the first time, natural antibodies were seriously
considered in relation to 'true' antibodies. It postulated that a
comprehensite range of gamma globulin molecules existed in the serum,
comprising carriers of all the reactive sites needed to unite with any

potential antigenic determinant, except those already existing in
accessible components of the body.. The function of the antigen which




enters the body from without is to act as a selective carrier of
sponteneously circulating antibody to a system of cells which can

. reproduce this antibody. It is assumed that once antibody is taken into
| the cells of the antibody-producing system, replicas of this natural
antibody will be produced. Influenced by Jerne's ideas, and by current
concepts of adaptive enzyme formation which no longer accepted that a
genetic change occurred following exposure to the inducer but that the
pattern of the adaptive enzyme had already been genetically determined,

| Burnet formulated his Clonal Selection Theory. This theory allowed the
; antigen no part in impressing pettern on the éntibody—producing cell.

The capacity to produce a glven antibody was regarded as a genetically

| determined quality of certain clones of mesenchymal cells, the function of
| the antigen being to stimulate cells of these clones to proliferation

| and entibody production. The theory postulated that in the early
atages of embryonic development during the differentiation of mesenchymal
cells, the genetic control of globulin production was tem porarily
relaxed (i.e. there was a temporary phase in which the mesenchymal cells

showed a high degree of somatic mutability). This led to a large

variety of random arrangements in the globulin molecules produced.

When control was re-established, these random sequences were

permanently adopted by the cells concerned (i.e. a very large number

of clones were genersted which would correspond to potential antigenic

determinants). The theory made the further assumption that an |




!immunologically competent cell, if embryonic, would react with the
|
corresponding antigenic determinant and be destroyed, whilst if adult

it would be stimulated to proliferate. This assumption was required to
;explain how cells which had undergone the unfortunate mutation of being
able to react to self antigens were eliminated. A simple hypothesis
which would provide such a homeostatic mechanism was to assume that once
a cell had been stimulated to proliferate by an antigenic stimulus, it
would pass through a transient phase in which it was susceptible to
destruqtion or inhibition on further contact with the same antigenic

determinant. Whenever the antigenic determinant was freely present in

|{the body and accessible to the corresponding immunologically competent
cells, such destructive contacts would be inevitable. Tolerance would
result from the elimination or inhibition of all cell clones which
reacted with antigenic determinants present in the body. After birth
when foreign ahtigen entered the body antibody to it would be produced
by specifie stimulation of those cells in clones pre-adapted to react
rith the corresponding antigenic determinants. On the basis of this

‘theory, Burnet accounted for the development of auto~immune disease as a

pertiel foilure and often temporary failure of homeostatic mechanism.




%

Before proceeding to detail further the auto-immune phenomena

which the above theories were attempting to account for, it is necessary |

to mention some of the techniques which made their study possible.

The anti=globulin test of Coombs already referred to was one of the
most valuable. Its use was extended to the study not only of
haematoiogical phenomena, but also to detect the uptake of globulin
by a variety of other tissue cells - the so-called "anti-globulin
consumption test". The anti-globulin technique became a valuable
adjunct to the fluorescent protein tracing technique of Coons and
Kaplan (1950). Its incorporation into this technique enabléd the
visualisation in a tissue or cell preparation examined under the
fluorescence microscope, of antibody globulin shown up by staining the
preparation with fluorescein-conjugated anti=globulin serum.
Fluorescent protein tracerscould be detected in animal tissues by
fluorescence microscopy at a concentration of the order of 1 ug.
protein per ml. of body fluid (Nairn 1962), which was more than a

. hundredfold better than with non—fluorescqnt dye labels such as Evans
blue or other azo-dyes. Fluorescein isocyanate was used in this
technique until 1958 when Riggs et al. introduced the more stable
isothiocyanate which could be conjugated with protein in a much simpler
manner and which could be obtained commercially. It was shown that
fluorochrome dyes combined with the free amino groups of the lysine
side chains, with other free amino groups and with free carboxyl groups

| both at the end of each protein chain and in the aspartic and glutamic
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acid residues. Tluorescein isothiocyanate was shown to absorb light
in the ultra=-violet region with absorption peaks at 290, 325 and 495 mu |
(Nairn 1962) and to emit blue-green light with a wavelength of 520 mu.
Other valuable procedures involved the elaboration of the
classical techniques of precipitation and agglutination. The technique"
of immunodiffusion allowed precipitation to take place on gels and other
forms of support media, and provided an analytic technique of high
regolution and specificity. The technique of immunoelectrophoresis,
described by Grabar and Williams, (1953) was a further development which
used preliminary electrophoresis in agar to give separation of ﬁhe
individual components and allow %he easy identifieation of precipitin
bands. The agelutination phenomencn was extended to include the use
of non particulate soluble antigens in the reaction. This was achieved
by the use of tannic acid treated red cells, or the inert particiea
polystyreﬁe latex, bentonite and collodion. These particulate materisls
when coated with the soluble antigen were shown to become susceptible to
agglutination by the appropriate antibody. IFinally, in recent years,

the technique of cell or tissue transfer has found increasing application

as au approach in the study of immunological problems. This method '
essentially inveolves the transfer of tissues from one animal, where some
immunological proceess has begun to a normal animal of the same species, |

in which further immunologicgl developments can be observed. |
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Among the diseases in which an auto-immune basis is widely
accepted is human thyroiditis. It has been shown experimentally i
in rebbits, dogs and guinea pige that intradermal injection of thyroid i
extract (combined with Freund's complete adjuvant) from other animals
of the same species results in the production of organ specific
antibodies as well as an accompanying thyroiditis (Witebsky and Rose 1956?

An extract of the animals' own thyrold has been shown to have the same
effect. It is of some interest to note that Witebsky who was a
powerful e hampion of Ehrlich's "horror autotoxicus" notion should have
been the first to describe this condition. The experimental auto-immune
disease is characterised by a lymphoid invasion of the thyroid gland
wnich has its histological parallel in human thyroid disease in which
auto-antibodies have been described (Roitt et al. 1956). It is
postulated tha£ the destruction of the'gland is brought about by a
progressive chain reaction between the antibodies and the thyroid antigens
against which they are directed (Doniach and Roitt 1959). The
circulating antibodies found in this disorder have been shown to be
‘gamma, globulins by Korngold et al. (1959) and the cytotoxic effect of

serum from these patients on thyroid cells in tissue culture

(Pulvertaft 1959, Irvine 1959) has been shown to be present in the !
gamma globulin fraction by the present writer (see Irvine 1962). i
An example where the experimental model provides evidence which strongly
gupports an auto-immune basis for the diseaae, but where the connection
with human disease 1s not proven, is the group of demyelinating diseases

which includes multiple sclerosis, post infectious disseminated
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encephalomyelitis and the paralytic disease following small-pox and
rabies vaccination. The relationship of paralysis to rabies
vaccination using the traditional Pasteur method of immunisation with
| infected rabbit spinal cord attenuated by drying, had been appreciated
for many years. The possible relationship of nerve tissue components
of rabies vaccine to the incidence of this paralytic disease was noted
by Koritschoner and Schweinburg (1925) who refer to post innoculation
paralysis observed as early as 1888 by Gonzales in Barcelona. They
report that when Pasteur was told of this, he explained the findings

| as due to what he called "false rabies", i.e. partly attributable to
the vaccine having half-cured a case of paralytic rabies, and partly
due to hysteria. These authors,after describing 39 cases of post

' innoculation paralysis, give details of experiments in which 78 rabbits
were innoculated with rebbit spinal cords, and 15 of these developed
paraljais of the limbs. These observations were confirmed by Rivers
et al. (1933), and an associated demyelination noted. The use of
Freund's complete adjuvant containing tubercle bacilli was found to
:enhance the experimental disease in animals (Kabat et al. 1947).

Circulating antibodies to nerve tissue did not appear in all the animals

in which the disease occurred, nor was their presence correlated with the

severity of the process (Raffel 1961). Although serum from a
paralytic animal transferred to a normal -animal would not induce the

disease, transferred lymphoid cells did do so (Paterson 1959), and
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delayed hypersensitivity reactivity is now favoured as the probable basis
of the experimental disease. An important connection between the
experimentai model and human demyelinating disease is the fact that
anti-brain antibodies have been found in the sera of some patients

with multiple sclerosis as well as in the post rabies vaccine disease
and in the experimentally induced syndrome. Positive skin tests to
brain substance,on the other hand, have not been demonstrable in the
human diseases while they can be elicited in some species of experimental
animals (Raffel 1961).

There are many other diseases for which an auto-immune basis has
been suggested in which the evidence is slender énd controversial. An
example of such a disease is glomerulonephritis. The report of Mellors
and Ortega (1956) that gamma globulin was localised by the fluorescent
antibody technique in the glomeruli of kidney sections of patients with
this disease is criticised by Cruickshank (195851959) who reports
carefully controlled studies in which this work was not substantiated.

He failed to find anf evidence of an increase in the globulin content of
the eluates from glomeruli of glomerulonephritis kidneys over the
globulin content of eluates from normal glomeruli. He aiso obtained
negative results using precipitation and complement fixation, when sera
and eluates were tested with extracts of kidney tissue. Cruickaﬁank
points out that as circulating heterclogous antibodies to kidney had been
found to be rapidlf bound to the tissues, auto-antibodies therefore might

be more likely to be bound to the tissues than be found free in the
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circulation. However, tissue localisation studies using the fluorescent
antibody method were found to be consistently negative. [Finally, he
points out that there is neither evidence of excessive activity in the

| reticuloendothelial system nor plasma cell infiltration of the kidney

| in patients with nephritis.

The connective tissue disaaaaa,rand in particular the condition of

systemic lupus erythematosus, have provided a fruitful field for the

| study of auto-immune phenomena.

Systemic lupus erythematosus was first described by Kapo si in

1872. He observed patients whose illness was characterised by fever,

toxic manifestations, and cutaneous lesions resembling those of
erysipelas to which he gave the name "erysipelas perstans faceii". The

significance of the systemic manifestations of the disease, and the

relationship of the visceral lesions to those in the dermis was first

| emphasised by Osler in 1895 who recognised that severe attacks of the
disease could occur without cutaneous manifestations. Osler's

| remarkable description of the disease made without the benefit of
pathological studies included the following: "By exudative erythema is
' understood a disease of unkmown aetiology with polymorphic skin lesions -
hyperaemia, oedema, and haemorrhage - arthritis occasionally, and a
variable number of visceral manifestations of which the most important
iare gastro~-intestinal crisis, endocarditis, pericarditis, acute nephritis

and haemorrhage from the mucous surfaces"”. In addition, he recorded
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splenomegaly in 2 of the 11 cases on which his descfiption was bamed.
Libman and Sacks described non-bacterial endocarditis associated
with skin lesions in 1924, and the cardiac lesions were described in
detail by Gross between 1932 snd 1940, including a description of
haematoxylin staining bodies in the lesions. Detailed reports oi other
pathological changes were given by Klemperer et al. (1942 ) who

described the essentially degenerative disturbance affecting the

collagen of the tissues as "fibrinoid degeneration". He found
haematoxylin bodies in 41 of 45 cases of the disease widely
distributed throughout the body in the heart, kidneys, lymph nodes and
gynovia, He considered thaf these bodies were due to an alteration |
in the nuclei of mesenchymal cells, involving partial depolymerisation
of D.N,A. by disturbed enzyme activity. The possibility that this |
change was brought about by a serum factor which released intra-cellular |
DeN.,A'ase from inhibition, thus allowing it to depolymerise the nuclear
D.N.A. was suggested by Kurnick et al. (1953). |
Since the first description of the disesse there has been much i
speculation about the aetiology of the condition. Suggestions have been!
made that the disease had an infective origin and tubercular, |
gtaphylococcal, streptococcal and viral infections have been all
proposed but not substantiated (see Harvey et al. 1954). Endocrine
factors have also been proposed in view of the frequency which the
disease affects females in the reproductive phase (see Harvey et al.op.ci?.)

The work of Rich and Gregory (1947)showing that of 45 rabbits subjected
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to protracted anaphylactic reactions of the serum sickmess type 18
| animals developed lesions in the branches of the coronary arteries
comparable to those seen in Systemic Lupus, resulted in a suggested
Iallergic or hypersensitivity cause of the disease, and this has been
Ilinked with the widespread use of chemotherapeutic agents which induce
!senaitivity reactions. A wide range of what are considered to be
| auto-immune phenomena have been described in Systemic Lupus including
iantibodiss to red blood cells, thrombocytes, white blood cells and, -

‘more recently, to subcellular components.
|

| the disease. Figures ranging from 3% to T5% incidence have been
i

| reported, and many of these cases were shown to have a positive Coombs
test (Zoutendyk and Gear (1950) Shearn and Pizofsky (1952) Dubcis (19%2)
. iHarvey et a1.(1954). The responsible factor has been isolated in the
égamma globulir fraction of the serum (Fudenberg and Kunkel 1957).
.iMultiple post transfusion antibodies were found frequently (Kuhns and
%Bauerlain 195%; Callender et als 1945; Michael et als 1951), and
iagglutination and clumping of red éalla in conjunctival vessels was seen
loccasionally (Harvey et al. op.cit.).
! Abnormalities of blood coagulation have been frequently reported
!in the disesse. Osler (1895) noted fhat purpura was a freguent findine

%in his cases. [Figures ranging from 6% to 52% incidence of thrombo-

| 2
‘eytopenia have been reported in numerous studies (see Harvey et al.op.cit.

i1954).

| Seligmann (1958) reported the finding of anti-thrombocytic
%ntibodias in more than half of 19 cases examined, and Loeliger (1960)

Haemolytic anaemia has long been recognised as a common feature of



Plate l.a

~ Iupus erythematosus cell (L.E. cell)

Note pale staining homogeneous inclusion surrounded by
polymorph cytoplasm. (Wrights stain)



Plate 1 b.

L.E. cell

e e

x 2000

Note multiple pale staining inclusions, some showing
marked nucleolysies. (Wrights Stain)



Plat Nucleophagooytosis.

x 2000

x 2000

Note dark staining inclusion (lymphocyte nucleus) with
well marked chromatin pattern. (Wrights stain)
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described a serum gamma globulin factor which was active against
thromboeyte factor 3, intrinsic thromboplastin and tissue thromboplastin.
Other descriptions of abnormalities at the thromboplastin stage are
reported by Lee and Saunders (1955) and Frick (1955), and at the stage
of conversion of prothrombin by Conley and Hartmann (1952), and Bonnin
et al. (1956). Anti-cytoplasmic complement fixing antibodies are dascribeh
in the sera of some patients by Mackay and Gajdusek (1958), Asherson (1959)
and Deicher et al. (1960). These antibodies are reported to react with !
the subcellular components, mitoéhondria and microsomes and with soluble |
cellular protein. An incidence of 257 to 58% of leucopenia has been
 reported in various studies (see Harvey et al. 1954). Anti-leucocyte
antibodies have been reported to occur spontaneously, Seligmann (1957)
jDaussat et al. 1961), and following transfusion (Zimmerman et al. 1955).
! The L.E. cell phenomena was first described by Hargraves, Richmond

and Morton in 1948 in the bone marrow of patients with systemic lupus

| erythematosus, and later demonstrated in the blood of these patients
(sundberg and Lick 1949; Gonyea et al. 1950; Moffat et al. 1950). The |
phenomenon has been shown to take place in two stages: the alteration |

|
| homogeneous, pale, basophilic, Feulgen positive mass: and the

|
| of the nuclei of dead leucocytes, usually polymorphs, to form a i
!
phagocytosis of this material by e¢n intact polymorph to form an L.E.
' cell (Platela.lb)(Rohn & Bond 1952). The phenomenon can be
! demonstrated using the serum of a patient and the cells of a normal

| individual (Moffattet al. 1950). The specificity of the reaction for
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Isystemic lupus erythematosus was considered established (Madden 1950,
Haserick 1951, Lee et al. 1951, Dubois 1953, Stich et al. 1952) but has
_aince been reported in a proportion of rheumatoid arthritis cases
{Kievita et al., 1956, Ogryzlo 1957, See Marmont 1959), drug gengitivity
(Delacretaz ot ol. 1954, Dustan et al. 1954, Perry and Schroeder 1954).

and rore cases of liver disease (Mackay and Gajdusek 1958) and

‘selercoderms (Marmont 1959). The serum factor responsible for

([initiating tha‘phenomenon was identified in the éamma globulin fraction

lof the serum (Haserick 1950, Lee et al. 1951, Willkens et al. 1958, Fallet |
et al. 1958, Carlson and lMollerberg 1958, Goodman at.al. 1959,1960,
Scheidegger et al. 1960). There sare a number of disadvantages which |
:detract from the value of the L.E. cell test as a routine diagnostic |
Eprocedure. Variation in the sensitivity of the test has been shown

‘by the wide range in the incidence of positive tests in rheumatoid '
arthritis reported by different workers. ( Harvey et al. 1954, Willkinson
iand Sacker 1957, Kievits et al., 1956, Ogryzlo and Smythe 1957, Friedman
et al. 1957)1 The test is time-consuming and is dependent on
distinguishing between fine differences of morphology in order to
|decide between true L.E. cells and so-called Tart cells and artefacts
E(Plate 2 )« The most common difficulty encountered is the finding of
éphagocytosed nuclear material which atill shows some chromatin pattern
iand retains most of the basophilia of a normal nucleus. Artefacts of
|this type have been noted, particularly in preparations made from the
?blood of patients with rheumetoid arthritis (Delacretaz et al. 1954,

Marmont 1959).



Plate 3. Fluorescence photomicrograph.

Demonstration of anti-nuclear factor on leucocyte miclei
(Coon's indirect technique)

x 400

Note bright apple-green nuclei against dull green cytoplasm.



Plate 4. Fluorescence photomicrograph.

Positive and negative anti-nuclear factor
test on infant thyroid sections.

L F

positive - negative

x 600 |

Note the bright staining "beads" of the acinar nuclei in the positive
perparation, unstained "holes" in the negative preparation. (Bright

strands of staining in negative preparation due to blood group antibody
in test serum).
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It was the author's task in the Spring of 1957 to carry out
routine tesiing for the presence of L.E. cells at the Rheumatism Unit,
Taplow, and the difficulties mentioned above were encountered often
enough to create a practical problem. It was decided to investigate
the possibility of using a fluorescein labelling technique to detect
the L.E. serum factor. As this had been shown to be a globulin
(Haserick 1950) it was hoped to demonstrate the coating of this globulin
on the cell membrane of white cells since it was thought that breakdown
. of the cell membrane might be required as a preliminary step to alloﬁ the
release of D.N.A'ase from inhibition (Kurnick's hypothesis that D.N.A'ase
inhibitor was released by an L.B. serum factor). VWhen the problem was
- taken to Dr. E.J. Holborowand Mr. G.D. Johnson who were uwsing the
| fluorescence microscope to study bloodgroup substances in gastric mucosa,
| it was decided to apply the indirect method of Coons and Kaplan (1950),

. which visgualises the uptake of human globulin by means of fluerescein

? conjugated anti—ﬁuman globulin, to polymorph smears. When leucocyte

films were treated with L.E, ceil positive serﬁm and then stained with

. fluorescein conjugated anti-human globulin serum, it was found that the

| leucocyte nuclei fluoresced brightly when examined microscopically

by ultra-violet light (Plate 3 ). This nuclear staining seemed to be
- even more significant than the expected cytoplasmic staining would have

| been in view of the fact that the characteristic fibrinoid materiai,

haematoxylin bodies and the L.E. cell inclusion all contain altered

' nuclear material (Klemperer et al.)(op.cit). The next few weeks were
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spent on trying to standardise the technique, which at that time was
glving patchy staining on the white cell films and a fair amount of
backgrourd staining due to serum proteins from the blood used for the
smears. At this point, Professor E.G.L. Bywaters returned from the
9th Intermational Congress of Rheumatic Diseases and reported the
findings of G.J. Friou. In a search for antibodies with an affinity
for specific cell structures in patients with diffuse connective

tissue disease, Friou had found and réported to the Congress that L.E.
cell positive serum reacted with the nuclei of comnective tiss?e,
endothelial cells, blood vessels, serous surfaces, muscle, and with
normal tissues. He regarded the nuclear antigen as likely to be
desoxyribonucleoprotein or closely bound to it. This ipformation led
the author to use the indira?t Coons fluorescent technique on frozen
tissue sections cut in a Cryostat, and staining of the cell nuclei of
kidney, spleen, skin, heart muscle and thyroid tissue demonstrated with
an L.E, cell positive serum. Normal serum did not give nuclear
étaining (Plate 4 ). The thyroid was selected as giving the best
results -~ because of the regular and predictable arrangement of the
cell nuclei = and the findings were confirmed with 2 sera from patients
with syatemic lupus and one from a patient with rheumatoid arthritis and |
a positive L.E. cell test (Holborbw, Weir and Johnson 1957). In this |
communicatién the term "anti-nuclear factor" was first used.
Publication of these findings coincided with a report from the

Rockefeller Institute by Holman and Kunkel (1957) concerning the factors. .



:affecting L.5. Cell formation which described the fluorescent antibody

ilocalisation of gamma zlobulin on L.HE, cell inclusions. A short time
|

|later, P. Wiescher sent the author a copy of his study reported in

| Experientiain 1954 (iiéscher and Faucomnet 1954) showing that L.E. cell
|

ifarming activity could be absorbed from a serum by the addition of

}isolated cell muclei. The accumulating evidence posed the problems=—
|
|was the anti-nuclear factor an antibody, were the nuclear materials

]

ibehaving ac antigens, and was the phenomenon an example of auto-immunity?

'In addition, about this time, the author demonstrated the anti=nuclear

|factor in a patient with rheumatoid arthritis with a negative L.E. cell
‘test. The further question of specifieity of the anti-nuclear staining

iand its relation to the L.E. cell factor arose. It was in an attempt to
[

i
|June 1957 and August 1960 at the M.R.C. Rheumatism Research Unit, Taplow,

answer some of these questions that the author undertook a study between

isupported by the Empire Rheumatism Council. The present work describes
the result of an investigation into the incidence of anti=-nuclear factor
in nearly 1000 human sera, and an immunclogical study of the problems
indicated above. (linical information was ascerteined, partly by
reference to the case notes of the patients, and partly in consultation
with the medical staff in charge of the patients. It is presented not
exhaustively but in-as-much as it appeared to be relevant to these

immunological problems.




CHAPTER 1.

MATERIALS AND METHODS

Clinical material
Fe
The sera used in this investigation were obtained with the

co=operation of thg clinical and laboratory staff of the units deteiled
below. The specimens, kept in screw-cap containers, were stored at
-20°C. in a deep freeze cabinet for periods up to three years. No
preservative '%;._._addad and no deterioration of anti-nuclear factor
acitivity was ;‘.‘ound in specimens kept up to three years. Samples of
serun were removed with a clean pipette without sterile precautions and

tested for anti=-nuclear factor activity in batches of 20-30 specimens.

. Systemic Lupus Erythematosus: Rheumatism Unit, Hammersmith Hospital.

Rheumatism Unit, Taplow
(Professor E.G.L. Bywaters)

The Middlesex Hospital
(Dr. D. Doniach)

The University Hospital, Leyden
(Dr. W. Hijuans)

The eriteria used for the selection of cases of this disease were those
. submitted by Bywaters and Ansell to the M.R.C. Collagen Panel in 1952.
(Appendiz 1).

| Rheumatoid Arthritis: Rheunatism Unit, Hammersmith Hospital.
Rheumetism Unit, Taplow.

This group were selected using the American Rheumatism Association

criteria 1959 (Appendix 2).



Discoid Lupus: St. Bartholemews Hospital Skin Department
(Drs. Scott and Rees?

Thyroid Disease: The Middlesex Hospital
(Dr. D. Doniach and DrJ.Reitt )

These were cases of Hashimotos disease and the diagnosis had been
confirmed by the presence of thyroid antibodies detected by the tanned
cell agglutination test, by precipitation or by complement fixation.
Liver Disease: Hamnersmith Hospital (Dr. S. Sherlock and Dr.Dblle)
These cases included a variety df liver diseases, see table 2.

Pulmonary Tuberculosis: Pinewood Hospital, Berks.

These were confirmed cases in the acute or convalescent stage.

. Normal sera: These were obtained from laboratory staff,

ante-natal patients and from normal individuals used as controls of a

family survey of Rheumatoid disease (Dr. Ansell). |

Technical procedures snd preparation of materisls :
The following sections include descriptions of the preparation |

of materials and the main technical procedures used throughout the
experimental work. Further techniques relevant to individual

experiments are described in the appropriate sections.

Anti-nuclear factor test
The test makes use of the Coons and Kaplan (1950) fluorescent

antibody technique. Antibody labelled with fluorescein isocyanate

(or isothiocyanate) is used to visualise the homologouvs antigen in cells



| of smears or tissue sections examined in a fluorescence microscope

| with a high pressure vapour light source. In this test the "indirect"

‘ method is used in which globulin uptake by tissue sections is

| demonstrated by treatment with anti-human globulin serum conjugated

| with fluorescein isocyanate or isothiocyanate. Sections pre-treated
with serum containing anti-nuclear factor show bright overall apple-green

. fluorescence of the cell nuclei when viewed microscopically by ultra-
violet light, whereas control sections pre-treated with normal serum

show no fluorescent staining (Plate 4 ).

Preparation of tissue sections

The selection of cell nuclei in a suitable form for the test is

en important consideration. Preparations of nuclei tested include
smears of cell nuclei prepared from tissue homogenates, humen leucocyte
films and monolayers of cells grown in tissue culture. None of these
preparations was ideal owing to the affinity of such preparations for
serum proteins which subsequently reacted with the fluorescein
conjugated antiserum and led ta excessive background staining. This
non=-gpecific staining was most marked with preparations of nuclei freed
from cytoplasmic material by physical means or by trypsinisation. Cell
nuclei prepared in this way took up serum proteins very readily from
any serum whether from normal individuals or from lupus patients.

Experience with tissue culture monolayers indicated the need for some

cell damage before the nuclei could take up the serum factor from lupus
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sera. llonolayers treated directly with serum failed to take up the
factor whilst preparations which were first frozen and thawed would
take up the factor. The most satisfactory nuclear preparations for
routine use were made from thyroid tissue because of the orderly and
predictable arrangement of the cell nuclei. The cutting of the
sections and thawing from the frozen state was sufficient to expose
the cell nuclei so that they could take up the anti-nuclear féctor.
Human neonatal thyroid was preferred to adult tissue because the
latter usually contains numerous autofluorescent granules in the
epithelial cytoplasm, and much interstitial autofluorescent collagen,
both of which interfere with observation of the sectiona.

Humen neonatal thyroid from very fresh post-mortem specimens wase
cut into small blocks, instantly frozen in a sealed container in solid
carbon dioxide and alcoholmixture (approximately - 70°C.) transferred
to a freezing cabinet at -20°C. end stored without thawing. BSections
were cut in a cryostat chamber on a microtome at 6p., and mounted on
slides and dried in air by exposure to an electric fan. Each section
was covered with a few drops of test serum and incubated in a moist
chamber at 3700. for 30 minutes. After incubation, the serum was
carefully washed off in two changes of buffered saline pH 7.0
(NazﬁPO 412050, 2.14g.KHPO,. 0.54g. and NaCl 8.70g. per litre) for
20 minutes, fixed in 90% alcohol for 5 minutes, washed again, and
stained with a flﬁorescent conjugate prepared from anti=human globulin
gerum. After 30 minutes, the sections were again washed and mounted
in buffered glycerine (one part of buffered saline to nine parts of

glycerine pH 7.0) under a glass coverslip.
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| EPreparation of conjugates

Rabbit and horse anti=-human globulin sera were conjugated with
fluorescein isocyanate or isothiocyanate according to the method
of Coons and Kaplan (1950) and Marshall et al (1958) as follows:-

The globulin fraction of the entiserum was prepared by 50%
saturation with ammonium sulphate in the cold for 2 hours. The
precipitate was separated from the supernatant albumen by centrifugation

at 4000 r.p.m. in an M.S.E. major refrigerated centrifuge at 400. for

. 45 minutes. After removal of the supernatant the precipitate was

dissolved in a small quantity of distilled water, just sufficient to

completely dissolve the precipitate, and dialysed overnight against

N saline in the cold. The total protein of the dialysed globulin

fraction was estimated by the quantitative Biuret method. The optimal
quantity of fluorescein isocyanate for each mg. of protein was estimated
by Coons and Kaplan as 0.05 mg. per mg. of protein. Above this level
no further conjugation takes place and progressively larger amounts of
protein are denatured. [Ior conjugation, the final reaction mixture is
made up to containllo mg. per ml. of protein and consists of 0.05 mg.
fluorescein isocyanate per mg. of protein; 15% of dioxane and Tk
acetone, with the final addition.of 15% 0.5 M.carbonate - bicarbonate
buffer pH9 and saline to 100%. This procedure was carried out in the
cold with chilled reagents_and glassware. The chilled protein was
added to the mixture of solvents, buffer and saline. The isocyanate
solution was added dropwise with mechanical stirring, end the stirring

process continued in the cold for 18 hours. The mixture was then




32.

dialysed against buffered saline PH7 (0.15M.NaCl containing 0.1M.
| phosphate) on a revolving stage, changing the buffer frequently until
the final dialysate was colourless (2~3 days). The conjugate was

then centrifuged in the cold at 4,500 r.p.m. in the M.S.E. major
centrifuge for 45 minutes and stored at 400.

ihere the fluorescein isothiocyanate compound was used, éonjugates
were prepared from the ammonium sulphate precipitated globulin fraction
which was diluted to 10mg/ml. concentration with the 0.5M. carbonate -
bicasrbonate buffer pHY9, so that the final mixture contained 10% buffer.
The solution was cooled %o 400. and 0,05 mg. of fluorescein
isothiccyanate was added for each mg. of protein. The mixture was then
transferred to a rotary shaker and agitated 12-18 hours in the cold.
The conjugate was then treated in the same way as the isocyanate

preparation. |

Absorption of the con tes

Some conjugates stained the tissue in a so-called non-specific
manner resulting in a blue-green overall fluorescence of the whole tissue.
This interfered with visualisation of the sites of specific uptake of
antibody, which should ideally stand out bright apple-gfean fluorescent
areas against a faint greenish background. Coons recommended that-such
conjugates be absorbed with organ powder. The powder used in this

work was prepared from fresh rabbit liver which was homogenised with salime

in a waring blender, repeatedly washed with acetone and finally dried
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and powdered in a mortar and pestle. 100 mg. of the resulting fine
powder was used for absorbing 1 ml. of conjugate. The carefully
shaken mixture was left for one hour, after which the conjugate was

recovered by centrifugation.

| Mounting medium for sections

Thiz consisted of buffered glycerol made up by using 10 parts of
glycerol to one part buffered saline pH7.0 (0.15M. NaCl. containing

0.01M. phosphate).

The Fluorescence liicroscope

The microscope used in this work was a Cooke Troughton and Simms

Research Microscope fitted with a dark ground condenser and with

x10 x 45 and x 95 achromatic and fluorite objectives. The light source

consisted of a Mercury vapour lamp HB20O with choke and switch gear.
A heat filter was mounted in front of the lamp together with an

adjustable field lens for focusing the light on the substage mirror.

An ultra-violet passing filter (Kodak Wratten 18B) was fitted in front

of the field lens. INeither a quartz condenser, eyepiece filter or
copper sulphate bath was required in this work as the dark ground

condenser was used throughout.




Preparation of antisera
The anti-globulin sera used in this study were either prepared

in the laboratory ( 1 and 2) or obtained commercially (3 and 4).

(1) Cold precipitating globulins were prepared from humen sera
by the method of Svartz and Schlossman (1953). Serum was inactivated
by heating at 56°C. for 30 minutes and diluted 1/2 with physiological

saline. [Fourteen volumes of ice-cold sterile distilled water were

added and the mixture was left at 4°C. for 48 hours. The precipitated

material was re-dissolved in saline and used as the immunising antigen.

Rabbits were given subcutaneous injections of 1 ml. of the cold globulin |

solution (containing 20 mg. protein) emuleified with Freunds complete
adjuvant., The injection was repeated three times at weekly intervals
and then after an interval of four weeks a booster dose of a further
1 ml., of the globulin solution with adjuvant was given. Another
similar injection was given four weeks later. One week after the
last injection, the animals were bled and the serum collected. The
results of immuncelectrophoresis using this serum (conJugated with

fluorescein) are shown on plate 5«

(2) 4n anti-human globulin serum was prepared by the method of
Milgrom et al (1956). One ml. of packed rabbit red cells were mixed
with 10 ml. of inactivated (56°C. for 30 minutes) pooled human serum
and left at room temperature for 30 minutes with occasional shaking.

The red cells were then washed three times with saline, re-suspended
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in 3 ml. of saline and injected into the marginal ear vein of a
rabbit. The injection was repeated twice weekly for six weeks and

the antisera collected 10 days after the final injection.

(3) Horse anti=human serum - supplied by the Institute Pasteur.

(4) Coomb's anti-human globulin serum prepared in rabbits

immunised with human globulin (Burroughs Wellcome).

These antisera when conjugated with fluorescein as described were
all able to detect the uptake of anti-nuclear factor. However, they
showed varying degrees of non-specific background staining, and almost
all of them required absorption with dried orgen powder. The most
suitable serum was that prepared against human cold globulins which
required no absorption with orgsn powder, and the serum which gave the
most background staining was the conjugate of Coomb's serum. Plate5
shows the immunoelectrophoretic pattern obtained with these two
conjugated antisera against whole human serum. The anti-human
globulin conjugate which proved most useful showed only one major
component against the gamma globulin component of the serum, whilst the
other antiserum showed precipitin bands against a large number of serum
components. The latter antiserum therefore would be likely to detect
the uptake of a variety of serum proteins on tissue sections and result

in the background staining encountered.




Plate 5.

Immunoelectrophoretic patterns with "anti-human globulin" conjugates
(Immunoelectrophoresis in 1% agar in veronal buffer pH 8.6.
Electrophoresis for 4 hours at 1 milliamp per em. in veronal

buffer pH 8.6. Immunodiffusion 24 hours at 3700.)

Coombs "anti-human globulin'
conjugate No. 4

"Anti=human globulin
conjugate"No. 1.

Note multiple precipitin bands against many serum components with
conjugate No. 4, compared with one main band against the gamma globulin
component with conjugate No. 1.



Technigue for L.E. cell test
(a) Where fresh blood was aveilable a modification of the clot

| method of Zimmer and Hargreaves (1952) was used as follows:-

Clotted blood was incubated at 37°C. as soon as possible after
having been taken from the patient. After two hours the contalner
was shaken (in order to damsge some of the leucocytes and make them
more susceptible to L.E. cell formation) and re=-incubated for a further
20 minutes. At the end of this peried, the mixture of serum and cells
was geparated from the clot, using a Pasteur pipette, and centrifuged
in a Wintrobe tube at 2,500 r.p.m. for 5 minutes. The buffy coat
containing the leuccceytes was carefully removed and films prepared
on clean glass slides. Thefilme were stained with Wright's stain
and examined under the low power objective. The high power was used
for selected areas of high concentration of polymorphs and the oil
imnersion was used only for detailed examination of a possible L.E. cell.

A five minute examination of each preparation was carried out.

(b) Where serum only was available the indirect technique of
Schultz et al (1955) was used as follows:-

One or two drops of fresh human blood obtained by venepuncture
(or finger-prick when only a few preparations were required) were placed
on the centre of a clean glass slide and allowed to clot in a damp
chamber at 37°C. After 20 minutes the clot was washed off gently with
a stream of warm phosphate buffered saline (pH.7.0). This left the

leucocytes (which had migrated to the periphery of the clot) on the



| Nucleoprotein Preparation

surface of the slide as a visible film. This film of living cells

was kept demp and immediately layered with a few drops of test serum. .
A coverslip was placed over the preparation and it was re-incubated

at 3700. for 1 hour in a damp chamber. The coverslip was then removed
and the excess serum allowed to drain off the slide by placing the

glide on ite side in a box containing a layer of blotting paper. After
the slide had dried, it was stained with Wright's stain and examined

as above for L.E. cells.

Calf thymus nucleoprotein was prepared by the method of Mirsky and l
Pollister (1946). Fresh tissue, frozen at - 70°C. immediately after
death was homcgenised in a waring blender with 0.14 M. saline at 400. |
After repeated homogenisation and centrifugation (2,500 r.p.m. in a M.S.E%
Major refrigerated centrifuge), until the supernatant was no longer
cloudy, the deposit was dissolved in IM, saline, reprecipitated three |
times by the addition of six volumes of water, redissolved in IM. saline
and stored at 4°C. The calf thymus nucleoprotein obtained in this way |
contained 1.2mg/ml. of DNA as measured by ultra-violet absorption in a
Unicam spectrophotometer(Fig. I) and l.2mg/ml. of protein as measured by |
the Biuret method as follows:-

4.8 ml. of Biuret reagent and 0.2 ml. of test solution were mixed,
left to stand at room temperature for %0 minutes, and the colour compared

with a control containing water instead of the test solution in a Spekka
|



Ligure 1.
D.No.A. Content of Calf Thymus

Nucleoprotein

Abgorption of nucleoprotein preparation at 230 to 285 mp.
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Note peak at 260 my.



spectrophotometer. The protein concentration was then obtained from

a standard curve. The same method of preparing nucleoprotein was used

. for obtaining guinea-pig liver nucleoprotein. This latter preparation

- required to be re-precipitated six times by six volumes of water from

IM saline in order to remove the excess protein material. The final

concentration was 1.2mg/ml. of DNA and 1.2mg/ml. protein.

Given that a 0.05% solution of sodium D.N.A. gives an extinction

| of 9.8 at 260 mp. (Davidson 1957 ).

Thus an extinction of 0.68 will be given by a 0.0035% solution
of DNA (0.68/9.8 x 0.05).

As extinctions measured with a solution of nucleoprotein diluted
1/50 the concentration of the undiluted nucleoprotein preparation is
50 x 0.0035% = 0,175%. Calculated nucleoprotein concentration 1.75 mg.
L. A, per ml.

Feulgen staining procedure

The preparation was fixed in 10% neutral formaldehyde for 5 minutes

N

and then washed in tap water for 5 minutes. Acid hydrolysis was then
carried out by immersing the preparation in N.HC1 for 10 minutes at 60°¢.
Following this it was transferred to cold Schiffs reagent (Lilly) for 15

minutes and rinsed in three changes of SO, water. The preperation was

2
then washed in tap water for 5-10 minutes and taken through T0% and 90%
alcohol into 0,01 Fast Green in 95% alcohol for 30 seconds. The

preparation was finally rinsed in 95% alcohol and xylene, and mounted.
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Electrovhoresis and immunoelectrophoresis

Llectrophoresis was carried out in the Shandon Universal
Electrophoresis Apparatus. Electric current was supplied by a Vokam

power pack which provided an adjustable voltage with a constant current

‘at each selected voltage. The current was passed into platinum wira

electrodes which lay one on either side of a central partition in the
floor of the perspex electrophoresis box. Veronal buffer pH 8.6 was
introduced into either side of the partition to fill both chambers to’
an equal depth (about 1 em.) The buffer consisted of:-

Veronal (Diethylbarbituric acid) 1.38 gms. per litre, Sodium veronal

8,76 gms. per litre, Calcium lactate 0,38 gms. per litre, made up in

- distilled water. Cellulose acetate paper (Oxoid) was cut into strips

of the required length (usually 10 cm.) and immersed in the buffer

for 10 minutes. The paper was then blotted and placed so that it
straddled the central partition snd rested on a movable supporting bar
in each chamber. Tilter paper wicks extending from the ends of the
paper into the buffer were held in position by means of pleces of
perspex fitting over the supporting bars. The material to be

electrophoresed was run on to the paper from a capillary tube, allowed

to soak into the paper, and the current switched on to give a voltage of

about 150 volts (usually requiring 1 to 2 milliamps for each

electrophoretic striﬁL After 2 hours, the paper was removed with forceps

and dried in an oven at 100°C. for 15 minutes. It was then stained

with the protein stain Ponceau § (Gurr) 0.15% in 3% trichloracetic acid
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| for ten minutes and the excess stain washed out with 57 acetic ecid.

; This stained the protein a bright red colour. An alternative stain

| which was used alone or following Ponceau S was Nigrosine (Gurr) 0.0025%
in 2% acetic acid. Nigrosine stained the protein black over a period

| of & few hours and this gave good definition of protein patterns.

| Excess Nigrosine stain was removed with running tap water, and finally

| the paper strip was dried between two sheets of blotting paper.

Immunoelectrophoresis was carried out in the same apparatus, and

| glass microscope slides, covered with a layer of 1% agar dissolved in
the veronal buffer, took the place of the electrophoretic strips. :

f A pattern, consisting of a central longtitudinal trough 1 mm. wide and
a small well on either side of this, had been cut into the agar on the
glide. A sample of the material to be electrophoresed was placed in

| each of the small wells in the agar and electrophoresis was carried out

i at approximately 50 volts (requiring about 2 milliamps per slide). After |

{ 4 hours the slide was removed from the electrophoresis box, and a quantity

of the anti-serum was pipetted in to the central trough. The preparation
|
wag placed in a damp chamber at 37°C. and diffusion allowed to take place |

i for 16 hours, after which the preparations were examined for precipitin |
|
[ lines.



The anti-nuclear factor in human disease

The anti-nuclear factor test was carried out as described, using
sections of infant thyroid cut in the cryostat. As nearly one thousand
gera were tested over a considerable period, several different fluorescein ?
conjugated "anti-human globulin" sera were used. The different |

conjugates, as already described in Chapter 1, varied in their ability

l’co detect traces of serum protein adherent to tissue sections. The

| reason for this was discovered subsequently when it was found that anti- |
|

human globulin conjugate No. 1 gave only one main precipitin band with

human serum in immunoelectrophoresis (plate 5 ). With this conjugate,
the test sera could be used undiluted without showing background staining
sufficient to interfere with the contrast of the stained nuclei against }
the surrounding tissue. The other conjugates which contained |
precipitating antibody against other serum components in addition to i
gamma globulin (plate 5 ) could only be used with test serum diluted i
tﬁ 1/10. At this dilution, the background staining was sufficiently ‘
reduced to be able to distinguish the specific nuclear staining when it I
occurred. Bach series of tests included a known positive serum and a

negative serum control. A comtrel was carried out to ghow that the

anti-humen globulin had not altered in specificity after conjugation.

This was confirmed also by the immunoelectrophoresis experiments (plate 5 ).



TABLE 1

Distribution of positive anti-nuclear factor and
L.E, cell tests in disease groups and controls

w o

Anti-nuclear Factor L.E. Cells
Diagnosis No. Positive No. Pogitive
tested No. tested No.
S.L.E. 63 62 98 6% 58 92
Discoid Lupus Erythematosus ) 10 13 75 0 0
Rheumatoid Arthritis 132 19 14 95 3 3
Stills Disease 100 13 o 60 1 2
| Thyroid Disease 110 14 13 107 0
. Liver Disease 39 5 13 39 1
| Scleroderma 8 9] 8 ¢
Dermatomyositis 4 2 4 0
Rheumatic Fever 56 0
Normal sera 133 2 % 1.5
Miscellaneous hospital cases 60 1% 1.7
| Pulmonary Tuberculosis 65 an 3.00
Totals @ 845 130 451 63

¥ L.E. cell negative.
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For this, sections were layered with an anti-nuclear factor positive
serum, followed by unconjugated anti=-human globulin serum, and then
with the fluqrescein conjugate. The specificity of the conjugates

was confirmed with each conjugate by the absence of nuclear staining
under these conditions because the unqonJugated antiglobulin had already
combined with the anti—nucleér factor. Another control carried out was
the demonstration that no nuclear staining occurred with anti-nuclear
factor positive sera when the serum~treated sections were stained with
a conjugate of different specificity. The particular conjugates used

were human anti-A serum and goat anti-rabbit serum.

Syatemic lu ) ematosus

Sixty=three cases of this disease, which fitted the diagnostic
criteria used for the selection of the cases, were tested for the
presence of anti-nuclear factor in their sera. This group included
five cases which had been shown to have a negative L.BE. cell test but
which fitted the diagnostie criteria and could thus be included in the '
seriea. Table shows the results of anti-nuclear and L.E, cell
tests on these sera. All 58 cases of systemic lupus with positive
L.E, cell tests showed positive anti;nuclear factor staining at first
teatinf. Four of the five L.E. cell negative cases were positive for
anti-nuclear factor, and one remained negative despite repeated testing
over a period of three years. This case was a 21 year old woman who

had presented three years prior to the commencement of this investigation

a typical butterfly rash, loss of weight, pyrexia, loss of hair,



generalised lymphadenopathy, splenomegﬁly, arthralgia and leucopenia
(below 5,000 w.b.c. per cu.mm.). At the time testing for anti-nuclear
factor commenced, the E.S.R. had returned to normal and she appeared to
have recovered following steroid therapy. Repeated tests for three
subsequent years for anti-nuclear factor were negative and tests for

L.E., cells were negative throughout the 6 year period.

Rheumatoid arthritis

In the rheumatoid arthritie group of 132 cases, 19 gave a positive
anti-nuclear factor test; two of these were L.E. cell positive.*
A third L.E. cell positive case was encountered which was persistently
negative for anti=nuclear facto; (14 tests during 2 years). This faa
a 45 year old woman with generalised active rheumatoid arthritis of 7
years duration, In the group of Stills disease, 13 of the 100. cases
tested had a positive anti-nuclear factor test, and only one of the

thirteen had a positive L.E. cell test.

Thyroid disease

This group consisted of 110 cases of Hashimoto's disease, including

14 cases complicated by thyrotoxicosis. Anti-nuclear factor was found
in 14 of the 110 cases (2 of these positives were in the group with

thyrotoxicosis). The L.E. cell test was uniformly negative.

¥ In the preamble to the revised criteria for the diagnosis of
rheumatoid arthritis, it is recommended that cases with a positive
L.E. cell test, which had previously heen completely excluded from
the category of rheumatoid arthritis, now be considered together
with rheumatoid arthritis patients, if they satisfy the criteria
in every other respect. (See Appendix)



Other diseases

Ten of seventy-five cases of discoid lupus erythematosus showed
Ianti—nnclear factor activity but were negative in the L.E. cell test.
The liver disease group included 9 cases of cirrhosis which were
considered to have followed infective hepatitis, and 4 out of the 5
positive tests occurred in the group (table 2 ). One of these 4
|gave a positive L.E. cell test. Two of the 4 dermatomyositis cases
tested had anti~nuclear factor, but the eight scleroderma cases and the
56 rheumatic fever cases tested were negative. The control sera tested
;fall into three categories:-
.1) One hundred and thirty-three laboratory staff, ante-natal patients,
‘and normal individuals used as controls of a family survey of rheumatoid

fdiseaae. Two of the family survey control group were positive.

2) Sixty miscellaneous hospital cases, including chronic bronchitis,

'pneumonia, congestive cardiac failure, asthma, iron deficiency anaemia

‘and Pagets disease. One of these cases was found to be positive. This

\was a case of Pagets disease with congestive cardiac failure which was

‘negative in the L.E. cell test. Three other cases of Pagets disease

were negative in the anti-nuclear factor test.

|

3) Sixty-five uncomplicated cases of pulmonary tuberculosis which were
|

selected in an effort to have a homogeneous disease group unrelated to
ithe 'connective tissue disease' group. Two of these cases were positive

|
|in the anti-nuclear factor test but negative in the L.E. cell test.



TABLE 2

An’ci—nucleaf factor in cases of Liver Disease

Diagnogis® No.tested Anti-nuclear
factor positive

Post infective cirrhcais 9 4 (1 L.E.cell positiva:
Portal cirrhosis 4 1
Juvenile i 10 0
Alcoholic 4 0
Primary biliary cirrhosis 3 0 .
Other types of " 9 0

*  Supplied by Dr. Ddlle, Hammersmith Hospital.

TABLE 3

Titration of anti-nuclear factor ,
titres of sera

Diagnosis No. tested Neat - }
SeLlE. 16 0 7 9 |
Rheumatoid Arthritis 13 1 10 2 |
Liver disease 4 0 4 0
Thyroid disease 6 1 5 0
Dermatomyositis 1 0 1 0

Pulmonary Tuberculosis 2 2 0 Y .

n
n
o
<

Normal sera (positive)

Totals: 44 6 27 11l




Titration of anti-nuclear factor

Titration of anti-nuclear factor by serial dilution in saline
was carried out in 44 cases, testing under standard conditions, using the
game conjugate and tissue block. Table 7 gives the distribution of

titres according to the diagnosis and shows that, except for two cases

' of rheumatoid arthritis, only sera from cases of systemic lupus could be

diluted over 1/100 and still retain the ability to give a positive test.
At the other end of the scale, the low titre of 1/10 was given by the

2 normal sera positives and the 2 pulmonary tuberculosis control group
pogitives. In this group, too, came one case of thyroid disease and
one case of rheumatoid arthritis. The majority of the rheumatoid
arthritis and thyroid cases, and all the liver disease cases showed

moderate activity.

Further analysis of the cases in the series

Certain clinical information and the results of routine
investigations were obtained from the case notes of the patients with

systemic lupus who attended the Rheumatism Unit at Taplow and at

Hammersmith Hospital. These cases were seen by Professor Bywaters or

| the clinical staff attached to his unit. 1In addition, a group of 12

cases of rheumatoid arthritis with positive anti-nuclear factor tests,and
a group of 40 cases with negative tests, again from the above units, were

studied in the same way.



Zable 4

Clinical u.nd se-rolog,ical detail of the 20 cases of Syatemic

No. of Percentage

~Sases  _incldence
Sex distribution (females) 16 80
Duration of symptoms -~ greater than
5 years 10 50
Joint involvement (all types) 16 20
Hepatomegaly 5 25
Splenomegaly 6 30
Anti=-nuclear factor positive 19 95 |
L.E. cell positive 15 75 :
Serum globulin - greater tham 3G% u 55 |
Serum albumin - less than 4G% 13 65
Elevated gamma globulin (electrophoresis) VA 70
Haemoglobin « less than 11G% 15 5
White cell count - less than 5000/cu.ma. 12 60
Rheumatoid factor (D.A.T.1/16 or more b 55

or Positive latex test)

Wassermann test = positive 5 25
Platelet count (less tham 100,000 per eu.mm.) 5 25
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Table 6

Incidence of serological abnormalities, leucopenia
and thrombocytopenia in the 19 anti-nuclear factor
hematos

cages of

stenic

s B

Coombs test

Peatures shown Fz cases

Wassermann j ! {
Cold agglutinins 1 or more|2 or more|3 or more 4 or more 5 or more 6
DeAJTe or latex ! { 0. of
Leucopenia 17 1L 5 | 2 1 1| cages
Thromboe; nia

ytope 89 58 26 i 10.5 5.2 5.2 Percentag




Systemic lupus erythematosus
Table 4 shows clinical and serological detail of a group of
20 cases of systemic lupus erythematosus. All but one of these cases
was anti-nuclear factor positive and 15 (75%) were L.E. cell positive.
Joint involvement (all types) was present in 16 (80%) of the cases, and
16 (80%) of the cases were females. Serum protein abnormalities were a
common feature in the group, with elevation of the gamma globulin by
electrophoresis in 14 (70%) of the cases. Three-quarters of the
cases had a haemoglobin of less than 11 g.%. Leucopenia (white cell
count of less than 5000/ou.mm.) was also a common feature. Five cases
' had a positive Wassermann test and 2 more were anti-complementary.
| Table 5 compares this series with other published series, which it
resembles closely. Table 6 is a cumulative table of abnormal
features in the 19 cases of systemic lupus which were anti-nuclear
factor positive. The table shows that more than half the cases showed
at least 2 of the features ~ Coombs test, Wassermann test, Cold
agglutinins, rheumatoid factor (differential agglutination test (D.A.T.)
or latex test), leucopenia or thrombocytopenia (less than 100,000

platelets/cu.mm. ).

| Rheumatoid arthritis
Table 7 shows the comparison of certain clinical, serological

and haematological findings in the anti-nuclear factor positive group
with those in the negative group. The results show that anaemia was

significantly more common in the group with anti-nuclear factor activity,



and as might be expected, so also was the finding of L.E. cells. Other
features with a KZ approaching significance in the positive group

were splenomegaly and low serum albumin. Table 8 is a cumulative

table of cases showing various features and compering the anti-nuclear
factor positive systemic lupus group with the positive and negative
rheumatoid arthritis groups. At least half the anti-nuclear factor
positive cases, both in Systemic Lupus and Rheumatoid Arthritis,

showed 4 or more of the features - hepatomegaly, splenomegaly, leucopenia,
anaemia, low serum albumin, raised serum globulin positive L.E, cell

test or positive test for Rheumatoid factor, compared with only 10% of

the anti-nuclear factor negative rheumatoid arthritis group.

Discoid lupus
The patients included in this group were patients with typical

lesions of discoid lupus erythematosus, in whém repeated examinations
failed to reveal any systemic complications of their purely cutaneous
syndrome. The cases, therefore, were classified by Drs. Scott and
Rees who provided the sera into the category of group 4 cases which is
defined as above (Scott and Rees 1959) in contrast to the other three
groups which had systaﬁ.tc manifestations. A consideration of the
severity of the disease (as estimated by Drs. Scott and Rees) in
relation to the result of the anti-nuclear factor test, revealed a

strikingly significant correlation.



TABLE 7

The serological and clinical findings in anti-nuclear factor
positive and negative groups of rheumatoid arthritis patients.

Clinical No. of % with ANF +ve % ANF -ve _ 5
features cases feature No. of cases No.of cases o X
No.of cases =% 12 41
Hepatomegaly 8 15 4 53 4 10 2.5
Splenomegaly 4 7.5 3 25 1 2.4 3,39
Serological features
No. of cases 49 12 37
Albumin l.ess
than 4 Gk 26 53 9 75 17 46 3.158
Globulin
greater
than 3 G% 26 55 8 66 18 49 1.235
Re.A.factor
'(D'A"§' or
latex
Ko. of cases 110 12 %
Positive
RA factor ' T2 65 9 75 63 64 0e5
Blood findings
Haemoglobulin
No. of cases 62 12 50
‘ Less than
11 G#% 21 34 8 66 13 26 6.7
White cells
No. of cases 55 12 43
Less than
5000/ cuemm. 5 9 3 25 2 4.6 2.05
L.E.cells
No. of cases 86 12 74
L.E. cell
7.4

positive 4 4.6 3 25 1 1.3




TABLE 9

Comparison of severity of disease with presence
and absence of anti-nuclear factorin Discoid Lupus

N L Y £ e e e T A st

 Anti-nuclear Anti-muclear AL
factor positive factor negative
Mild | 5 61 66
Severe H 3 8 I'
| 10 64* 74
* one of the 65 anti-nuclear negative
cases was not reported on clinically.
X =18
X =14
TABLE 10
Comparison of features in anti-nuclear factor positive
and negative cases of liver disease.
Globulin Leucopenia DAT Ansemia Joints W.R.
greater  less than 1/16 1less
| | 1.E.celle than 3g.% 5000/cu.mn thanllg.%
Anti-nuclear :
1 4 3 2 3 3
Factor positive 20% 80% 60% 407 60% 60%
Anti-nuclear ] 0 18 9 0 11 2
factor negative 074 81% 41% o%  50%  9.5%
Totals: Anti-nuclear factor positive : 5

Anti-nuclear factor negative s 22



TABLE 8

Cumulative Table of the Incidence of Selected
Features in three Categories of Cases.

No., _of features

) 7 6__5 4 3 2 1 Tota
Systemic Lupus 0 1 Tt 10 16 17 17
Erythematosus g ' 17
Anti-nuclear 6%  41% 41% S59% 94% 100% 100k
factor positive

|

| Rheumatoid 7 1 3 4 6 T 11 11

| Arthritis 12
| Anti-nuclear 8% 1206 33% 50% 58% 92% 92%
factor positive

Rheumatoid 0 0 1 2 4 13 26 37
Arthritis s 40
Anti-nuclear 2.5% 5k 10k 32.5% 65% 92.5%

factor negative

Features analysedi—

| latex test).

Hepatomegaly, splenomegaly, leucopenia (less than

5000 per cu.mm.), anaemia (less than 11 g.%), serum albumin less than
| 4 g.jb, serum globulin greater than 3 g.% , positive L.E. cell test and
| presence of rheumatoid factor (either DAT 1/16 or over, or positive




Liver disease

In Table 10 certain features of the 5 anti-nuclear factor positive
liver diseese cases were compared with those in 22 anti-nuclear factor
negative cases of liver disease. Whilst the numbers were too small
to drawgﬁefinite conclusions, the higher incidence of Joint
manifestations and the presence of rheumatoid factor in the anti-nuclear

factor positive liver cases was an interesting feature of the group.



CHAPTER 3

EXPERIMENTAL

A. STUDIES ON THE NATURE OF THE "ANTIBODY'

Ls sicochemical

The major components of human serum as determined by electrophoresis |
and immunoelectrophoresis are shown on plate 6. This show that
: gamma globulin can be separated electrophoretically from all the
| other serum components. Immunoelectrophoretic studies of the reaction
between human serum and anti=humen serum have shown that only one
precipitin band appears in the gamma globulin area. The isolated
reports of a second band in this region are considered to be due to
denatured gamma globulin (Crowle 1961). The beta globulin component
: of serum consists of two main components, beta1 and betaz. An
: important beta2 globulin is that known as beta2M or macroglobulin,
| vwhich has a sedimentation constant of 19 S and contains the human
i iso-agglutinins. The gamma globulin component has a sedimentation
constant of 7 S. The beta2 and the gamma globulin are collectively
called the "immunoglobulins" because almost all of these appear to be
some form of antibody (Crowle 1961).

The following studies report the result of fractionation
procedures designed to isolate the gamma globulin component of sera
and to determine if anti-nuclear factor be present in this fraction

. or in the beta2M macroglobulin fraction, or in both fractions.




Plate 6.

DIAGRAM SHOWING MAJOR SERUM COMPONENTS
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GLYCOPROTEINS

HAPTOGLOBIN
AND
TRANSFERRIN



Electrophoresis of human sera on thick
electrophoresie paper.

The vertical lines indicate where the paper
was cut.
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Salt Precipitation
Crude fractionation by salt precipitation was carried out on two

high titre anti-nuclear factor positive sera from patients with systemic

lupus erythematosus (SLE serum H, and SLE serum P) and one low titre

| serum from a case of liver disease. The procedure was as follows:=-

Specimens of the sera were chilled in the ice compartment of the
refrigerator until ice crystals were beginning to form. An equal
volume of pre-cooled saturated ammonium sulphate was added, the

mixture was shaken thoroughly and then left in the cold (400.) for 2

| hours. The precipitate was recovered by rapid centrifugation in the

cold in an M.S.E. major refrigerated centrifuge at 3000 r.p.m. for

45 minutes, dissolved in distilled water and stored in the cold.

' Eleetrophoresis of this solution st 150 volts for 2 hours (Veronal buffer

pH.8.6) showed that the preparation contained gamma globulin together
with smaller amounts of the other serum fractions. The solution was
shown to contain anti-nuclear factor activity by the fluorescent

antibody test using infant thyroid sections as previously described.

Fractionation of serum on thick
electrophoresis paper.

Thick electrophoresis paper (Whatman No. 17) was used in order to
absorb sufficient serum. Approximately 0.02 ml. of each of the three
sera used in the previous experiment was applied to the paper and
electrophoresis was carried out for 2% hours at 150 volts in veronal

buffer pH 8.6. Each serum was run in duplicate and one electrophoretic



63

strip was dried and stained with Ponceau § (Gurr) in order to localise
_Iths various fractions of the serum. Ubing thestained strip as a

| _guide,. the undried parallel strip was ocut into four parts as shown in
piate 7. This shows a paper electrophoresis strip with lines drawmn
vhere the paper was cut in the experiment. Part one contained the
albumin and alphal globulin, part two the a=:.lpb.a2 globulin, part three the
beta globulin and part of the gamma globulin, and the final portion
contained the main gamma globulin fraction. [Each of these pieces of
paper was placed over an air dried film made from the buffy coat of human
blood and the protein was eiuted on to the film with 0.1 ml. of phoasphate
buffered saline p 7.0. After 30 minutes at 37°C. the films were
washed and stained with fluorescein conjugated anti-human globulin

serum, Ezxamination under the fluorescence microscope for fluorescent

staining of the nuclei showed the following results:-

TABLE 11

Albumin Beta
and Alpha and Gamma Whole
alphal P4 gamna, serum
SelL.fe serum i - - v s -+
S.L.E. serum P - - - —+ ++
Liver disease
serum Hu - - - - +

+++) indicates
++) bright staining

+ indicates weak staining
= indicates absence of staining




Theaé results show that the anti-nuclear activity is present in the

gamma globulin component of the two S.L.E. sera. The weak nuclear
staining in the beta plus gamma globulin fraction orf serum could be due
entirely to the gamma globulin content or it could be due to some
component of the beta globulins. The preparation made from the

liver disease serum failed to stain the nuclei after treatment. The

| explanation for this was found in a later study (thiol study) when

it was found that this serum contained its anti-nuclear activity in the

macroglobulin fraction (which would not be eluted from the paper -

| Consden personal communication).

Fractionation of serum on anion exchange resin
The method of Levy and Sobers (1960) was used to obtain pure

gamma globulin from two sera containing anti-nuclear factor (S.L.E.
serun H and Rheumatoid Arthritis serum Ha), and from one normal control

serum. Whatman D.E . 50 powder (the exchanger) was washed three times

'with 0.5 N NaOH, finally re-suspended in water and washed to neutrality.

The slurry (sediment) was adjusted to pH 6.3 with 0.2 M. NeH,P0, and

washed several times with the starting buffer ~ 0,0175 M Sodium Phosphate
(pH 6.3). This preparation was stored in the cold until required and

was then gently re-suspended and the slowly sedimenting "fines" discarded.

For 2 ml. quantities of serum an exchanger column of 5 cm. by 1 cm. was

used in a tube with & small wad of glass wool and a ta p at the bottom

to prevent the exchanger running out. Before use, the column was washed




with at least 50 mls. of the starting buffer and the pH of the buffer
which had passed through checked to be 6.3. At no time was the
column allowed to dry, the fluid level being kept above the surface

of the exchanger. The serum for fractionation was dialysed overnight
against the starting buffer using 100 to 200 volumes of buffer for each
volume of serum. After dialysis the serum was added to the top of
the column which had been run down so that the level of the buffer was
just above the exchanger. The serum was then washed through the
column with 20 ml. buffer so that the gamma globulin would pass through
the column, and the other components (including the macrogiobulins)
would be held back in the column. These other components were.

subsequently washed through with 2 M NaCl in 0.4 M Na phosphate. The

resulting fractions were concentrated to near the original volume by

introducing carbo wax into a piece of dialysis tubing and placing this
tubing in a beaker containing the fraction, leaving the open end of
the tubing hanging outside the beaker. The final solutions of
concentrated fractions dialysed against Il saline in order to adjust the
ionic strength for use in serological tests. _The fractions were
stored at =20°C. Electrophoresis of the fractions was carried out to

ascertain the result of the fractionation process (plate 8 ). In

. the case of serum H and serum Ha, the "gamma globulin" fractions were

shown to contain anti-nuclear activity by the fluorescent antibody
technique. The normal control was negative. [Electrophoresis of these
"gamma globulin" fractions showed that they consisted largely of gamma

globulin, but did contain & trace of beta globulin at the origin.



Vhole serum

"gamma globulin®

"remaining fraction"

Plate 8.

Electrophoresis on cellulose acetate (Veronal buffer
ph 8,6, 150 volts. 2 hours) of the fractions obtained
by cellulose column chromatography of an anti-nuclear
factor positive serum (S.L.E. serum H ).

Note trace of beta globulin in "gamma globulin" fraction and
most of the other serum components in "remaining fraction".



Plate Eo

Immunoelectrophoresis of "gamma globulin" fraction
obtained by D.L.A.E. chromatography.

Note well marked gamma globulin band and smaller band opposite
the beta globulins,



Immunoelectrophoresis of this fraction against anti-human serum (carried
out as described in Chapter 1) confirmed this finding. Plate 9
shows one main gamma globulin band and a smaller band opposite the beta
globulins,

These findings by column fractionation are the same as those on
Selele I serum wnen fractionated on thick electrophoresis paper.

Goodman et al. (1959,1960) have shown that macroglobulins occur in the

"remaining fraction”. Tﬁe "remaining fractions” of sera H and Ha
each show anti=-nuclear activity by the fluorescent antibody technique,
but the localisation of this activity is not possible since this-
fraction, in addition to the macroglobhulins already mentioned, also
contains all the other serum components, including some gamma globulin

(plate 8 ).

Ultracentrifugal studies

The high molecular weight beta 2 M globulins (19S Macroglobulins)
gediment in the ultracentrifuge more rapidly than the other serum
components. In the model E Spinco using the number 40 rotor at
40,000 Topem. (144,700G), it is possible to clear the macroglobulins
completely from the supernatant layers after 4 hours centrifugation
(Schachman 1959). Thus at 4 hours the macroglobulins will all be in
the lowest layer, whilst the other more slowly sedimenting components,
and in particﬁlar the 7 S gamma globulin fraction, will still be spread

out in the upper layers.




Ultracentrifuge Studies

Fraction Anti-nuclear L.E. cell
factor

Table 12

S.L.E. serum

S.L.E. serum

R.A.

ReAs

ReAs

Rede

Re.A.

No. factor
1l et
H. 2 A+t
3 Aot
4 e
5 it
1 “
F. 2 +
3 4+
4 ++
5 At
serum T. 1 -
2 tr.
3 +
4 +
5 A
gserum L. 1 +
2 Aot
3 ++
4 -
5 S
serum S, 1 -
2 +
3 +
4 =+
5 et
serum M. 1 -
2 1.
3 &
4 +
5 A4
gerum Ha. 1 -
2 -
3 tr.
4 +
5 e

++ 4+ + 4+

Anti-nuclear staining
after lMercaptoethanal

Unaffected

- 18 L.E.cells/500wbe
- 17 " 500 wbe

Unaffected

Unaffected

Unaffected

reduced

reduced

reduced

Anti-nuclear staining

+++ indicates strong reaction

++ indicates moderate
+ indicates weak
tr. indicates trace.

"
"

L.E. cells
+ indicates positive test
= indicates negative test



This procedure was performed on 2 sera from patients with

' Systemic Iupus (sera H and F) and 5 sera from patients with Rheumatoid

| Arthritis (7, L, S, ¥ and Ha.). Twelve ml. samples of sera

dilvted 1/2 with saline, were pipetted into plastic cups and
centrifuged at the above speed for 4 hours. On examination of the
centrifuged specimens, 5 layers could be distinguished; these were
removed successively with a Pasteur pipette and stored in separate
containers at -20°C. The anti-nuclear factor activity of the various

fractions was tested by the fluorescent antibody method and the

| results are shown on table 12; (the final column contains the results

| of the next experiment). With each of the sera anti-nuclear activity

was found to be present in the supernatant layers, as well as in the

| iowest layer (No.5). The L.E. cell factor, being 7 S globulin, is

spread throughout the layers. It can therefore be concluded that

in the sera tested, the anti-nuclear factor is present in serum
fractions other than the macroglobulin, although it may be present

in the macroglobulin fraction in addition. Chemical tests were carried

out to provide further information on this point.

The use of a thiol reducing agent to distinguish
19 S macroglobulin from TS gamma globulin

In the previous experiment, layer 5, containing the macroglobulins

together with other serum components, showed anti-nuclear activity. In

| order to show if any of this activity was due to the macroglobulins, the

sera were treated with the thiol reducing agent Mercaptoethanol. This

sulphydryl compound has been shown to split macroglobulin antibodies into




n.

serologically inactive components by breaking the S-S5 bonds and forming
2 SH groups (Deutch and korton 1957, Grubb and Swahn 1958).

All the sera which were used in the ultracentrifuge experiment
were included in this study and in addition 17 other sera including

SelLeb. serum P and Lﬁver HU which were used in the electrophoresis elution |

test. Mercaptoethanol (Light's) was made up into an 0.2 M solution

in phosphate buffer pH 7.4 (0.2 KH,PO,K,HPO,). Sera were diluted /2 |

| with buffer, an equal part of 0.2M mercaptoethanol was added and the

tubes stored in the fume cupboard for 48 hours. Control tubes were
set up containing serum and buffer only. The solutions were then
dialysed for 72 hours at 400. against phosphate buffer containing

|
|
1

The treated and control specimens were tested for anti~nuclear factor ‘
i

iodoacetamide (0.02M) to prevent re-combination of the globulin components

activity by the fluorescent antibody method, in the usual way except that
iodacetamide buffer was used for washing the sections instead of saline.
Table 12shows the results of the mercaptoethancl treatment on the anti-

nuclear activity of the sera used in the ultra-centrifuge experiment.

The two Systemic Lupus sera were unaffected by the treatment, as were
two of the Rheumatoid Arthritis sera , whereas the staining in the
remaining 3 Rheumatoid Arthritis sera was reduced. Thus the unaffected
sera contain their anti-nuclear activity predominantly in the non-macro |
immunoglobulin (7 S gamma globulin). The sera which had their activity |

reduced by mercaptoethanol and gave staining with the macroglobulin-free
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ultracentrifuge fractions, containéd their activity in both fractions.
Table 17 shows the results of the anti-nuclear factor test on

all the 25 sera after mercaptoethanol treatment. Six more Systemic

Lupus sera were unaffected indicating that anti-nuclear factor in this

disease is predominantly non-macroglobulin in type. A total of three

| Rheumatoid Arthritis sera were unaffected and three were rendered free

of anti-nuclear staining. In Rheumatoid Arthritis, therefore, the
activity can be 7 S or 19 S or a mixture of the two. Serum Hu was

the one liver disease case affected by mercaptoethanol and this confirms

. the previous result on electrophoresis paper which indicated that the

activity remained on the paper as would be expected if the activity
wag due to macroglobulin. In addition, confirmation that the

anti=nuclear activity of the "remaining fraction" of S.L.E. serum H

taken off the D.E.A.E., cellulose column (which contains both 19 S and 7 S

globulin) was not due to its macroglobulin content, was obtained by the
failure of mercaptoethanol to affect its activity. Finally the L.E.
cell activity of S.L.E. serum H was shown to be unaffected by
mercaptoethanol, confirming that it was 7 S globulin.

Table 15

Result of Mercaptoethanol treatment of 24 anti-nuclear
factor positive sera.

Total Anti-nuclear Anti-nuclear
tested factor positive factor negative

Systemic Lupus Erythematosus 8 8 unaffected 0
Rheumatoid Arthritis 9 * 6 3
‘Liver Disease 3 2 unaffected 1
Thyroid Disease 2 1 unaffected 1
Dermatomyositis 1 1 unaffected 0
Pulmonary tuberculosis and 1 0 1
drug sensitivity

24 18 6

* 3 unaffected and 3 reduced.




Relationship of globulin type to the nuclear antigen

Absorption studies with nuclear materials were carried out on a

| group of 9 anti-nuclear factor positive sera in the non-macroglobulin

category and with 3 sera in which anti-nuclear activity had been shown

to be macroglobulin in character.

The results are shown in table

14

Table
= =S

Comparison of globulin type with result of
absorption with nucleoprotein

No. of cases showing |
| Anti-nuclear factor absorption with calf thymus Total Diagnosid
ggg;eogrotei% . tested .
co; ete 1incomplete
| Non Macroglobulin . 2P 4 Systemic |
Lupus ;
1 1 2 Liver |
Disease |
|
2 0 2 Rheumatodd
. Arthritiq
1 0 1 Thyroid
Disease
|
Macroglobulin 1 0 1 Rheumatoid
Arthritis
1 0 1 Liver
Disease
0 1 1 Thyroid
Disease

These results show that there is no relationship between the

globulin nature of the anti=-nuclear factor and the effect of

nucleoprotein absorption.
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2. Study of precipitation reactions between anti-nuclear
factor and nuclear materials

The experiments to be described include qualitative and quantitative

precipitin tests with calf thymus nucleoprotein and qualitative

immunodiffusion and tube precipitin tests with D.ll.A. and histone.

| Precipitation tests with calf thymus nucleoprotein

For this work nucleoprotein prepared froum fresh calf thymus as

described in the chapter on material and methods was used to detect

possible precipitation reactions with anti-nuclear factor positive sera.

| The nucleoprotein was dissolved in 1 M. NaCl and contained 1.2 mg/ml. of
|D.¥.4s and 1.2 mg/ml. of protein. Forty-five sera were used in this
study as shown in table 15A. Two sera showing marked rise in gamma
globulin on electrophoresis were included in view of the increase in
gamma globulin found in meny S.L.E. sera. The sera were cleared by
centrifugation in the high speed attachment of the M.5.E. major

centrifuge at about 10,000 r.p.m. for 30 minutes.

Cepill tube precipitation tests

For this test the viscous nucleoprotein solution was diluted 1/2
lHith 1l M. NaCl as it was found that mixing of the serum and undiluted
nucleoprotein failed to take place in the capillary tubes. The tests

were set up in the classical manner, the serum being drawn up into

the ecapillary tubes followed by the nucleoprotein. The tubes were




| at the interface due to coating of the more viscous nucleoprotein. As

the nucleoprotein penetrated into the column of serum, the appearance

fragmentation and precipitate formation.

loderate~Strong weak negative
Selati. 6 2 e & g Anti-nuclear
Rheum. Arthr. 3 % g, )} o *asfor
)
Lived disease = 2 2 ) Positive
| Normal sera - - 8 g Anti-nuelear
factor
Hypergammaglobulin 4 " 2 ) negative
sera )

inserted into plasticine on wooden racks and incubated at 3700. for two

hours. Controls were set up for each serum with 1 M. saline instead

of the nucleoprotein solution, and with nucleoprotein and saline instead
of serum. Observation of the tubes during the incubation period showed

precipitate formation in some of the tubes, beginning as an opaque layer

gradually changed to coating of the "coil" of nucleoprotein followed by

At the end of the 2 hour incubation period, precipitate formation

was recorded as follows:-

=3

ABLE 13A
A.

Estimate of Precipitate
Precipitate formation at two hours

The controls with serum and 1 M. saline, and those with nucleoprotein
and saline were all negative. The tubes were then placed in the
refrigerator and observed at intervals. It was found that gradually

over the next 48 hours precipitate formation occurred in most of the




serum nucleoprotein tubes as shown on table 15B :-

TABLE 15

B.

Estimate of Precipitate
Precipitate formation at forty-eight hours

Hoderate-Strong weak negative

S.54B, 6 14 - g Anti-nuclear
Rheum. Arthr. 5 5 3. ) . ester
) positive
Liver disease - 3 . R
| Normal sera - .3 5 ) Antienuclear
) factor
Hypergammaglobulin - > - negative

| sera

The more rapidly formed precipitates (listed in table 15 A) were,
in general, much heavier than those which appeared af'ter the 2 hour
incubation period, and this was confirmed by the quentitative study
deseribed in the next section.

Tests of the effect on precipitate formation of dilutions of the
. nucleoprotein solution were carried out with foﬁr of the nucleoprotein
precipitating sera. The results after the 2 hour incubation period

were as follows:-
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TABLE 16

Concentration of nucleoprotein solution mg/ml.

1.2 0.6 0.3 0.15

Serum 1 i ++ + o
2 4 + <8 =
3 ot # - -
“ + - - -~

+++ indicates strong precipitation
++ indicates moderate precipitation
+ indicates weak precipitation

These results show no evidence that antigen excess was achieved

(i.e. at higher antigen concentrations the amount of precipitate should
be less due to the formation of scluble antigen-antibody complexes). The

possibility that antigen excess is not achieved under these conditions

due to the high viscosity of the nuecleoprotein solution is the most

;1ikely explanation of these results (see next section).




i e 2. Absorption curves from 230 mp to 300 mp obtained
with nucleoprotein-serum precipitates at + hour,
1 hour and 2 hours.
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1] e %, Absorption curves from 230 mp to 300 mp
obtained with nucleoprotein-serum precipitates
at 4 hours, 6% hours. 24 hours and 48 hours.
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Quantitative precipltation tests with Nucleoprotein
and Systemic Lupus sera

Spectrophotometric estimation of D.N.A. in the precipitate was used
in the present study which was undertaken in collaboration with Dr,
R. Consden.
In order to determine when maximum amount of precipitation occurred,
;precipitatea were prepared from the interaction of nucleoprotein and

fSystemic Lupus sera at intervals up to 48 hours as follows:-

| 042 ml. of undiluted serum placed in each of 6 pairs of tubes, and 0.2 ml.

|of, buffer (0.5M. NalCO,. Na,C0;, PH 8.0) and 0.2 ml. of calf thymus

Inﬁclaoprotein solution (6.6 mg. per ml.) were then added. A drop of
toluene was introduced as a presérvative. The tubes were thoroughly

| ahéken and incubated at 3700; A normal serum control was set up in a

! duplicate series. At intervals of %, 1, 2, 4, 24, and 48 hours, a pair

{ of tubes was removed from each of the test and normal groups, and the

l precipitate brought down by centrifugation at 2,000 r.pem. in an H.S.E.

J minor centrifuge for 9 minutes. The precipitate was then washed twice
in normal saline and then in distilled water, and then dissolved in 5 ml.
of N/10 NeOH. The D.N.A. absorption was then measured in a Unicam

; spectrophotometer over the range 230mp to 300mp. The maximum

| absorption was obtained at about 250mp which is slightly lower than the

absorption for D.N.A, itself (260mp). It was considered that this was
due to the tyrosine of the protein in the precipitate. The amount of
precipitate from the normal serum control was found to be approximately

10 times less than that from the test serum. (Figs. 2 and 3 Y




| Comparison of the results at these intervals showed that the maximum
' quantity of precipitate was formed between 2 and 4 hours (Fig. 4 ).

The amount of precipitate was measured at 2} hours with varying quantities |
|

| of nuecleoprotein in order to construet & precipitin curve for this

| system, and to compare its characteristics with those obtained in other

| well-established antibody antigen systems. The method used was as above, |

| nucleoprotein made it difficult to ensure adequate mixing. To avoid this
| difficulty the system was reversed and a constant relatively unviscous

i nucleoprotein concentration of 1/4 of the stock solution was added to

| varying dilutions of the serum. The precipitates were prepared as above

| and the absorptions measured similarly. The results are shown in Fig. 6

| twice as much nucleoprotein per unit of antibody as undiluted serum) and

:using the following quantities:-
io.l ml. of test serum and 0.1 ml. of buffer were added to three tubes
'containing 0.1 ml, of undiluted, 1/4, and 1/16 regpectively of
inucleoprctein solution.

The curve for the maximal absorptions at each dilution of
nucleoprotein is shown on Fig 5. This curve does not follow the
classical pattern of decrease in the quantity of precipitate in the
presence of excess antigen.

The possibility arose that this was due to the fact that antigen

excess was in fact never achieved because the undue viscosity of

When these results are represented in terms of the concentration of

nucleoprotein per unit of antibody (i.e. 50% dilution of serum contains




Figure 5.
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Figure 6.
Curve of maximal absorption obtained with
nucleoprotein=serum precipitates with increasing
serum concentration and constant nucleoprotein.
(at 2% hours)
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Curve of maximal absorptions of nucleoprotein-serum
precipitates with constant serum and increasing
rucleoprotein concentration (derived from fig. 6).
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lNote decrease in quantity of precipitate with the higher
concentrations of nucleoprotein.



the amount of precipitate is calculated in terms of undiluted serum,

|
a curve of the classical type can be drawn, showing decrease in the i
|
|

quantity of precipitate with increase in the antigen concentration (Fig 7 k.

|
'ggjg: Other ways of overcoming the difficulty of the hyperviscosity i
of the nucleoprotein were attempted using the following depolymerisation ;

methods:~
(a) IExposure to an equal volume of N/10 NaOH for 15 minutes at 2000.

(p) Exposure to DNA'ase 0.5 mgs. per ml. in 0.003H. Mgso4 for
30 winutes at 37°C.

(e) Sonic disintegration at 20 kilocyles/sec. for 18 minutes in an
| ice bath.

] These procedures so reduced the precipitating capacity of the nucleoprotein

i that only weak positive or negative reactions were obtained.

Immunodiffusion on cellulose acetate paper
The cellulose acetate immunodiffusion method of Consden and Kohn

(1959) was used as followss~

Oxoid cellulose acetate paper was cut into 4 cm. X 4 cm. squares and
washed for 10 minutes in phosphate buffered salipe (pH.7.2). The paper
wag then blotted and the intended positions of the reactants marked with
a pencil, placing the antigen and the antibody 1 cm. apart. The

square was placed on a supporting stand consisting of pine embedded

point upwards in plaaficine. The antigen and antibody were placed on




the marked areas, using a capillary tube, and allowed to soak into the

| paper. The paper was then immersed in liquid paraffin and left for
48 hours at room temperature for diffusion to take place. It was
then washed in petrol to remove the liquid paraffin and in the

| buffered saline (4 hours) to remove the unreacted proteins. The

| paper was stained with Ponceau S (Gurr) (0.15% in 3% trichlor acetic

acid) for 5 minutes, washed in 5% acetic acid and then stained with

was washed out in running tap water. In this experiment calf thymus
nucleoprotein was used at a concentration of 2.4 mg. per ml, in 1 M.
| galine. Two preparations were used, one of which had been sonerated

as previously described and the other untreated. Of two S.L.E. sera

which had given strong precipitates in capillary tubes with nucleoprotein,

' one gave a precipitation line when tested on cellulose acetate. The line

was more marked with the unsonerated specimen as would be expected
I (plate 10).  The other S.L.E. serum and the two normal control sera
|

showed no precipitation lines.
|

Nigrosine (0.0025% in 2% acetic acid) for 18 hours. The excess stain




Plate 10. | .

Cellulose acetate immunodiffusion test showing
precipitin line between calf thymus nucleoprotein
and serum from systemic lupus patient.

L.E. serum (2) Normal serum L.E. serun (2)
Nucleoprotein Nucleoprotein
(sonerated) (unsonerated)

L.E. serum (1) Normal serum L.E. serum (1)



Precipitation tests with D.N.A.
(a) Cepillary tube precipitation tests.

line different anti-nuclear factor positive sers were used
in these tests with normal control sera in each experiment. Calf
thymus nucleoprotein (Worthington Biochemical Corporation) was used as
the antigen and as this is insoluble in physiological saline it was
treated with N/10 NaOH for a few seconds to enable the preparation to
go into solution in phosphate buffered saline pH 7.0. The D.N.A.
solution was made up at a concentration of 1 mg/hl. Capillary tube
precipitin tests were set up with the D.N.A. solution made up in
doubling dilutions from neat (1 mg/ml.) to a dilution of 1/1024 (approx.
lug./ml.). The tests were uncubated at 37°C.for 2 hours and then at
4°C. for five da&s. Examination of the tests at 24 hours and 48 hours
ghowed no evidence of precipitate formation. At five days, slight
non=-gpecific precipitate formation was present in all the tests

including the comtrols.

(b) Ouchterlony double diffusion tests in agar plat#s.

Agar was made up at concentrations of 0.5 and 1% in phosphate
buffered saline pH 7.0 and 10 ml. of the heated solution was poured
inte clean Petrie dishes. After the agar had solidified, a pattern
of wells was cut with a Feinberg qualitative cutting template (Shandon)
and the agar plugs removed by suction. The pattern consisted of a
central well with eix slightly smaller peripheral wells, each situated

1 cm. from the central well. 1In view of the large size of the D.N.A.




molecule (1,000,000 to 3,000,000 M.W.) and the possible effect of this
on ips ability to diffuse in agar, quantities of the D.N.A.were exposed
to heat with the intention of depolymerising the molecules as follows:-
Heating in & water bath at 80°C. and 100°C. for %, 1 and 2 minutes
(longer exvosure to heat e.g. 20 minutes at 100°C. has been shown to
reduce the viscosity of a D.N.A. solution to 4/6 of the initial value
and results in & preparation which will not precipitate with S.L.E.
sera-CBarbu,Seligmann and Jolly)(l960).

The D.i.A. solutions were placed in the central wells of a series
of plates and the test sera were placed in the peripheral wells.
Incubation of the plates for 14 days at 3700., examining the plates
daily, showed no evidence of precipitate formation in any of the

preparations.

(e) Immunodiffusion on cellulose acetate paper.

The anti-nuclear fector positive sera were tested against
the D.N.A. preparation on cellulose acetate paper using the method
described for the nucleoprotein experiments. No precipitin lines
were observed on stained preparations which had been allowed to diffuse

under liquid paraffin for 24, 48 and 96 hours.

(d) The Preer (1956) modification of the Oakley Fulthorpe (1953)
double diffusion technique in tubes.

This technique is one of the most sensitive methods for

detecting precipitins and can detect 0.03 ng to 0.09 ug. of antibody




Plate 1l.

Double diffusion test in agar showing precipitin band
between D.N.A., and sexrum of a patient with systemic lupus.

DN A
Precipitin
band

serum

Positive test Normal serum



nitrogen (Ksbat and Mayer 1961). The test was carried out using 3" x
4" gl=ss tubes which had been coated on the imner surface with a layer
of 0.05% agar in 0.85% saline containing 1/10,000 merthiolate, dried and
stored in a desmicator. Using a capillary pipette, 0.15 ml. of
undiluted serum was introduced into the bottom of the tubes, care being
taken to avoid touching the side of the tube. The tubes were placed

in an ice bath (to allow rapid solidification of the agar) and 0.3 ml.

: of the 0.%% agar solution was carefully layered on top of the serum.

Finally, 0.15 ml. of D.N.A. solution (0.5 mg/ml. in deionised water)

| was layered above the agar and the stoppefed tubes kept at 3700.

Sera from 20 different cases of systemic lupus were tested in
this manmer. Two of the sera developed a faint precipitin line which
wag just visible at the end of the second week and gradually increased
in intensity to the end of the third week (platell ), The position of
the line was found to be altered by reduction of the D.N.A. concentration
to 0.25 mg/ml. when the precipitin band appeared nearer the D.N.A.

agar interface.

 Precipitin tests with histone

Capillary tube method:

Calf thymus histone (Worthington Biochemical Corporation) was used

' in these experiments. The basic protein histome is soluble in acid

solutions and was dissolved in 0.5% citcic acid, the final pH of the
solution was 4.0, Concentration of 5 mg/ml., 2.5 mg/ml., 1 mg/ml.,

500pg/ml. and 50pg/ml. histone were made up in the citric aeid golution
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and capillary tube precipitin tests were set up with normal and
anti-nuclear factor positive sera. In the tubes containing 5 u@gﬁml.

of histone, intense precipitation was found with all the sera within

15 minutes at 3706. No precipitate had formed in this period at any

of the other dilutions or in the control tubes containing serum and

the citric acid diluent only. At 24 hours, slight precipitation was
present in the tubes containing 2.5 and 1 mg/ml. of histone but no
differences were found between the normal and anti-nuclear factor positive

sera. The pH of the histone solution was raised to 6.0 by the addition

of 0,2 M. triss acid maleate and 0.2 M. NaOH. 'This solution gave a

' heavy precipitate with all sera within 15 minutes, An attempt was

made to stabilise the histone solution (10 mg/ml. in 0.5% citric acid)

by the addition of an equal volume of 1 M, sodium sulphate. Tests
set up at the various dilutions of histone used above gave the sane

results as in the initial experiment.

Immunodiffusion tests

Immunodiffusion tests ﬁere set up on cellulose acetate paper
soaked in phosphate buffer pH 7.0 in the manner previously described.
Histone 1 mg/ml. in 0.5% eitric acid was placed on a marked area in the
centre of the paper and 2 anti=nuclear factor positive and 2 normal sera
placed in marked areas 1 cm. distant from the histone, Diffusion was
allowed to take place under ligquid paraffin for 48 hours at room
temperature and the paper washed and stained in the manner described.
Areas of precipitate formation were f@rmed opposite both the normal and
anti=-nuclear factor positive sera.

It was concluded from these experiments that by virtue of ite
affinity for serum proteins histone was an unsuitable material for thie

type of test.



CHAPTER 3.

B. STUDIES ON THe NATURE OF THE ANTIGEN'

1. Absorption Studies

Twentyfour sera with a positive anti=nuclear factor test were

selected for absorption studies with nuclear components (table 17).

Nucleoprotein absorption
The nucleoprotein preparation used was a calf thymus preparation

in 1M. NaCl (see Chapter 1) containing 2.4 mg. nucleoprotein per ml.
' (1.2 mg. DNA, 1.2 mg. histone). The addition of one part of 1/5 serum
to one part of 2.4 mg. per ml. nucleoprotein gave the equivelent of
| 12 mgs. of nucleoprotein per ml. of serum. The mixture was incubated
at 3700. for one hour and overnight at + 4°C. This resulted in the
complete or partial removal of the nuclear staining properties of the
majority of the sera when tested by the fluorescent antibody technique, ,
| as compared with controls diluted with saline (Platel2) (table 17a).
Further absorption of the incompletely absorbed and the unaffected
sera was carried out using the equivalent of 36 mgs. nucleoprotein per ml. |
of serum. The results are shown on table 17b.
The specificity of this nucleoprotein absorption was investigated
using sera from cases of thyroid disease which contained both
antithyroid antibodies and anti-nuclear factor. The fluorescent
| antibody technique has been used to show two antithyroid antibodies

(anti-colloid and anti-cytoplasmic) (Holborow et al. 1959) by using slight
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modifications of the anti-nuclear factor test:- For the detection of
éolloid antibodies, sections were fixed before serum treatment in

100% alcohol for 15 minutes. To detect cytoplasmic antibodies, it

was necessary to omit the fixation in 95% alcohol after serum treatment,
normally carried out for the anti-nuclear factor test. Two sera
containing each of the three factors (anticolloid, cytoplasmic,
anti=-nuclear) were incubated as described with sufficient nucleoprotein
to absorb the anti-nuclear factor, and then tested on sections of thyroid
in the two ways described above. In each case, the removal of anti-
nuclear factor by the nucleoprotein did not affect the cytoplasmic or
colleid antibodies, thus confirming the specificity of the nucleoprotein

:absorption for anti-nuclear factor.

DeN.A., abgorption

A specimen of each of the sera waes mixed with DNA solution
(Worthington Biochemical Corp.) to give a concentration of 5 mg. DNA
per ml, of serum. A saline control was set up for each serum. After
incubation at 37°C. for 1 hour and overnight at 4°C., the specimens were
|tested for anti-nuclear factor. 1In all cases the DNA had no effect on
the factor., Three of the sera were diluted so that nuclear staining i
Icould just be detected and then tested with four different preparations
of DNA (2 from Dr. P Kent, Oxford; 1 from The Chester Beatty Institute,
Eand the commercial preparation mentioned above). The anti-nuclear

.factor was unaffected in each case.
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Histone absorption

The same twentyfour sera were treated with calf thymus histone,

|

|
and at a concentration of 10 mgs. of histone per ml. of serum :
anti-nuclear activity was removed. Howevef, this absorption was ‘
non-gpecific, as this same concentration of histone was shown to ‘
remove thyroid antibody from two thyroid diseases sera. In addition, '
the same quantity of another basic protein (protamine) was shown to |

have the same effect.

TABLE 17 A ‘
Showing Absorption of anti=nuclear activity by Calf Thymus
nucleoprotein
No. Result
e tested using lm:nl.
Systemic Lupus Erythematosus 7 3 completely absorbed
4 trace remaining
| Rheumatoid Arthritis 6 . All comgletely
; absorbe
| Cirrhosis of the liver 5 3 completely i
absorbed -
_ 1 trace remaining
: 1 unaffected
Thyroid Disease 6 4;@2’3&239]’? |
- 2 unaffected |
TABLE 17 B |

, Showing further absorption by Calf Thymus nucleoprotein of
anti=-nuclear activity from unaffected and incompletely

affected sera of the above table

No. Result
; tested us ml.
| Systemic Lupus Erythematosus 4 no change
|Cirrhosis of the liver 2 no change
|
Thyroid D 1 let '
P e ' Sonpletely |
1 unaffected !




Plate 12,
Photomicrograph showing absence of nuclear

gtaining of Thyroid cells following absorption
of perum with calf thymus nucleoprotein.

x 800

Note "holes" i.e. absence of fluorescence, in the position of the
miclei cf. plate 4.



Plate 13.

Photomicrograph showing result of D.N.A.'ase treatment

of thyroid section following exposure to anti-nuclear factor.

x 800

Note persistence of nuclear steining (ef. plate 12).



2. Histochemical Studies

The study of the effect of various solvents and enzymes on
the ability of nuclel to take up the anti-nuclear factor.

llucleoprotein solvents

Nucleoprotein is soluble in either water or 1 molar NaCl.
Sections of infant thyroid were cut in the cryostat as already
| deseribed for the anti-nuclear factor test and then layered with 1 M.
NaCl or distilled water. After incubation with these solutions for
' 1 hour, the sections were washed in phosphate buffered saline pH 7.0

(Coon's saline) for 5 minutes, layered with anti-nuclear factor positive

serum and then examined for the uptake of anti-nuclear factor in the

usual manner. Apart from some blurring of the nuclear outline, nuclear

| staining was found to be present similar to that in control sections

which had been exposed to normal saline instead of the nucleoprotein
solvents. The failure to wash out the nucleoprotein from the cell
.nuclei was confirmed by the persistence of Feulgen staining of the
inuclei. In view of the possibility that the viscous nature of
!nuclsoprotein made its removal difficult, agitation of the sections
Iizxa bath of solvent was tried, but again this failed to achieve the

' desired removal of the nuclear material.

i
| D.N.A'ase treatment of cell nuclei

(a) Before exposure to anti-nuclear factor:

D.N.A'ase (Worthington Biochemical Corp.) was used at a

concentration of 1 mg/ml. in 0,003 Molar Mg.SO4. It was found that
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treatment of tissue sections with this solution for 1 hour at 3700.
was sufficient to remove the D.N.A. from the nuclei of tissue sections
'as judged by the absence of Feulgen positive material when the sections
were stained by the Feulgen process. Sections treated with the Mg’SO4
solution alone was unaffected.

The ability of nuclei of tissue sections treated with D.N.A'ase
Ito take up anti-nuclear factor was tested with a number of anti-nuclear
factor positive sera namely:- 10 sera from cases of systemic lupus,
|2 sera from eases of cirrhosis of the liver, and one each of rheumatoid
arthritis and thyroid disease. ‘The liver and thyroid disease sera

| were chosen as it had not been possible to absorb the anti-nuclear

factor activity of these sera by the addition of calf thymus nucleoprotein

:(table 17), and it was considered that these sera may be reacting with

|
'a component of the cell nucleus other than nucleoprotein. In all cases,

| however, no anti-nuclear factor was taken up by the D.N.A'ase treated

Icell nuclei.
(b) After exposure tu anti-nuclear factor: |

i The effect of treating tissue sections with D.N,A'ase after they had

|
- | been exposed to serum containing anti-nuclear factor was tried using the |

| same 10 sera from patients with systemic lupus as in the previous
| experiment. The same conditions of D.N.A'ase treatment and washing were

| used and controls were included in which MgSO4 solution was used instead

| of D.N.A'ase, The results showed that, despite the fact that as

judged by the Feulgen stain the D.N.A. had been removed by the D.N.A'ase

! treatment, no change in the anti-nuclear factor staining was present with

\any of the sera. (platel3).
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Treatment of tissue sections with citric acid
(to remove the basic proteins from the cell
nuclei - Holman & Kunkel 1957).

(a) Before exposure to anti-nuclsar factor:

Infant thyroid sections ﬁere exposed to citric acid for 30 minutes
at 3700. followed by 5 minutes wash in phosphate buffered saline
(pHeT7.0). The sections were then layered with three anti-nuclear
factor positive sera from systemic lupus patients and with normal
serun controls. VWhen tested for the presence of nuclear staining by
the fluorescent antibody method, none of the sera were found to react
with the citric acid treated cell nuclei. The Feulgen stain was

found to be unchanged by the citric acid treatment.

(b) After treatment with anti-nuclear factor:

In the same way as in the D.N.A.'ase experiment, treatment of merum

treated tissue sections with 1% citric acid failed to affect the nuclear

staining by anti-nuclear factor positive sera.

Treatment of tissue sections with D.N.A'ase and
citric acid successively.

Serum treated tissue sections were exposed first to D.N.A'ase and
then to citric acid under the same conditions as above. No change
was found in the anti=-nuclear staining when the sections were examined

under the fluorescence microscope.
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The effect of a number of other enzymes was tried on thyroid
tissue sections as follows:-
Ficin 0.1% in N.sal; Papain 0.1% in & solution pH.6.0 containing the

following:= Cysteine 0.605 gms.per litre, Na EDTA 1.86 gms.per litre,

2

citric acid 7.74 gms.per litre, N32HP04 18,03 gms.per litre;

Trypsin 0.01% and 0.001% in borate buffer pH 8.0; Pepsin 0.1% in N/10 HCI.

| Sections were treated with these enzymes for perioeds of 5, 10 and 30

minutes, and control sections with the solvents only at 3700. These

sections were then treated with three anti-nuclear factor positive

- SLE sera and normal sera controls, and tested for nuclear staining by

the fluorescent test. The Feulgen staining properties of the nuclei
were unchanged by this treatment. There was, however, a certain amount
of swelling of the nucleil in the pepsin treated sections. lone of the
sera showed any alteration in their ability to stain the treated

sections compared with the controls.
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The use of guinea pig testis and smears of spermatazoa
as a substrate for the anti-nuclear factor test

In view of the evidence of Vendrely et al. (1957) that mature
sperms are deficient in histone, sperm preparations were used in an
attempt to indicate whether histone is required for the uptake by
nuclei of anti-nuclear factor.

Sections of fresh guinea pig testis were prepared in the same way

| ag for infant thyroid. These were layered with 10 different anti-

| nuclear factor positive sera and tested for nuclear staining in the

. anti-nuclear factor test. When examined under the fluorescence

microscope the somatic nuclei of the testis and epididymis fluoresced
brightly, as did the immature germ cells in the peripheral parts of the
follicles. However, the mature spermatozoa both in the germinal
fnllicles of the testis and in the epididymis failed to show any .
staining (plate 14). Vendrely et al. (1957) considered that the
developing germ cells gave up their nuclear histone just prior to
maturation into adult spermatozoa and the evidence described here
corroborates a change of nuclear constitution at this stage.

The possible presence of a physical barrier preventing the
uptake of anti~nuclear factor by the sperm was investigated by the use
of various enzymes and by chemical and physical methods as follows:-~

(a) [Enzymes:- Ficin, papain, trypsin and pepsin (made up in the
same strengthe and in the same solvent buffers as previously described)

were layered on to sections of testis, left for 5, 15 and 30 minutes



at 37°C., and then washed off by buffered saline. Staining with
anti-nuclear factor positive sera and with negative control sera =
showed that there was no difference in the appearance of the treated .

sections compared with that of the control untreated sections, and the

spermatozoa remained unstained.
|

(b) Chemicel methods:~ The sperm cell membrane contains

sulphur-containing amino acids and, to dissolve this keratin,
thioglycollic acid (B.D.HJ(CHéSH.COOH) was added to a suspension of

guinea pig sperms (obtained by milking the epididymis taken from a

freshly killed animal and collecting the spermatozoa in normal saline).
Microscopic examination of a sperm suspension containing 10% |
thioglycollic acid showed on wet films that no motile sperms were

present after 1 minute exposure to the acid. The mixture of

spermatozoa and thioglycollic acid were incubated for a period of 4% houré
at 3700, and specimens were removed at 30 minute intervals. Smears were
then made on glass slides, dried in air, and layered with anti-nuclear i
factor positive sera and with normal control sera. Testing for |

nuclear staining in the usual way showed no nuclear staining of the sperm

heads at any stage.

(e) Physical methods:- Guinea pig suspensions were exposed to
high frequency sound waves in an M.S.E. Mullard cabinet at 20 kilocycles
per second. After 5 minutes, microscopic examination of wet films showe?

an almost complete absence of motile cells and numerous free sperm heads

and separated tails lying free. IHowever, when tested with anti-nuclaar‘

factor positive sera, no uptske of the factor was observed, even by the |

free sperm heads. .
|
|



Plate 1&

Photomicrographs of sections of Guinea-pig testis
treated with anti-nuclear factor positive serum and
normal serum.

treated with
anti-naclear
factor
positive serum

x 800

treated with
normal serum

x 800
Note absence of steining of sperm heads; the slightly auto-fluorescent
tails can be seen near the centre of the germinal follicle.
The somatic nuclei and the immature sperm cells take up anti-nuclear factor
from the positive serum.



106

%. JImmunisation with nuclear materials
Animal experiments were undertaken in an attempt to induce immune

responses to various nuclear components. It was hoped that either
circulating antibody (comparable to the anti-nuclear factor) or skin
hypersensitivity reactions (of the immediate (within 4 hours) or

delayed (24 hour) types), could be produced experimentally. Particular

| interest in the delayed hypersensitivity reaction arose from the

accumulating evidence of the importance of cellular immunity in the

- pathogenesis of systemic lupus erythematosus.

The source of the materials mentioned in table 18 was as follows:=-
Calf thymus nucleoprotein and guinea pig nucleoprotein prepared as
described in Chapter 1; Calf thymus D.N.A. and calf thymus histone

from Worthington Biochemical Corporation; Polylysine, synthesised by

| Courtaulds fof Dr. R. Consden; Bovine serum, albumin and

: fraction 2 gamma globulin from Armour Laboratories; protamine sulphate

from British Drug Houses. Finally the calf thymus saline extract was

taken during preparation of nucleoprotein, and consisted of the

| supernatant obtained after the precipitation of nucleoprotein by 6

' volumes of water from the 1 M. saline solution (see Materials and Methods

' Chapter). The protein content of this solution was 2 mg/ml. (Biuret).

Inmunisation was carried out by the subcutaneous or intra-dermal

injection of the materials with or without adjuvant (Freund's complete

| or incomplete - Difco).
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Guinea Pigs
Forty-one animals received one injection each of calf thymus

; nucleoprotein in 1 M. saline, the amount ranging from 4 pz to 2.5 mg.

Twelve animals received 60C pg. of nucleoprotein with complete

| adjuvant intradermally at weekly intervals for 3 weeks. Skin tests

in these animals 7 days later using 1/5 or 1/20 dilutions of the

test antigen injected intradermally in quantities of 0,1 ml. gave
rise to delayed skin sensitivity to the nucleoprotein, whether or not
adjuvant was used. However, skin sensitivity, both immediate and
delayed, and anaphylaxis,.were elicited also by a saline extract of
calf thymuﬁ, aﬁd in addition delayed skin reactions occurred to ﬁovina
serum, bovine albumin and fraction 2 gamma globulin. In contrast, no
reactions were obtained to calf thymus D.N.A. or to guinea pig nucleo-
protein,

The - conclusion was drawn that the above reactions could be the
result of immune reactions to contaminating material in the
nucleoprotein preparation. Accordingly, this was tested by immunising
animals with saline extract of calf thymus and complete adjuvant, and
with a complex of calf thymus D.N.A. and bovine albumin. Animals
immunised in this way showed delayed reactions to calf thymus
nucleoprotein, to saline extract of calf thymus, to calf thymus histone
and also to bovine albumin. The animals showed no reaction to D.N.A.
These results, therefore, could all be attributed to delayed reactions,
involving bovine serum albumin present in the preparations of nucleo-

protein used for immunisation and in the reagents used for skin testing.
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When such contaminants are not present as in artificially prepared
complexes of "purified" D.N.A. and histone, no reactions are obtained
following injections of this material. Injections of gimilar
complexes with other basic proteins (protamine and polylysine) did not
result in the development of skin reactions.

In addition to the skin tests, the sera (obtained by heart
puncture) from 10 guinea pigs which had been immunised against calf
thymus nucleoprotein, and which had shown positive skin reactions to
this antigen, were tested for anti-nuclear activity by the indirect
fluorescent antibody method on air dried and acetone fixed sections of
calf thymus cut in the cryostat in the usual way. The {luorescent
conjugate was prepared using an antiserum against guinea pig globulin
prepared by the method of Milgrom et al.(1956) as described. Four
other sera thained from animals immunised against a complex of D.N.A.

and histone were found to be negative.

Rabbit experiments

A number of rabbits were injected with nuclear materials as
follows:~
Rabbits 1 and 2 were given 5 mg. of calf thymus nucleoprotein with
Freund's complete adjuvant; rabbits 3 and 4 received 5 mg. of calf
thymus histone with complete adjuvant; and rabbits 5 and 6 were given
5 mg. of calf thymus histone without adjuvant. The injections were
given subcutaneously and repeated after 3 weeks. Ten days after the
final injection, the animals were bled from the marginal ear vein and
The sera from these animals was tested

the serum collected.

against sections of calf thymus and against human infant thyroid as
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| used in the anti=-nuclear factor test., The fluorescent conjugate used
| was an antiserum prepared against rabbit globulin by extensive

| $ommisation of & gost, using Freund's complete adjuvant (the serum wae

|
kindly provided by Dr. J. David). Examination of the preparations
showed no evidence of nuclear staining with any of the sera. An
interesting finding with the two sera from rabbits immunised against
icalf thymus nucleoprotein was weak cytoplasmic staining of the calf
 thymus cells. This staining would appear to be due to antibody to the
!contaminating protein material in the nucleoprotein preparation used for
{immunisation, and is consistent with the interpretation given to the

' results in the previous section.

Precipitin tests were carried out in capillary tubes with these
iaara, using calf thymus nucleoprotein, guinea pig nucleoprotein, calf
| thymus D.N.A., and bovine serum as the antigens. No precipitates were
formed specific for the nucleoprotein preparations or the D.N.A., after
|2 hours incubation at 3700. and T2 hours at + 4°C. However, the sera

from rabbits one and two showed a faint precipitate with bovine serum

antigen at T2 hours.
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p. Examination of tissues of patients with circulating anti-nuclear factor

During the course of this investigation, the tissues of 2 patients

with eirculating anti-nuclear factor became available.

1) Post-mortem specimens of heart, kidney and spleen from a patient
with systemic iupua.
2) . Spleen taken at operation from a patient with Rheumatoid Arthritis
and splenomegaly.
Blocks of these tissues were snap frozen in the manner previously
'described and 6p sections cut in the cryostat. The sections were
.layered with anti-human globulin fluorescein conjugate and examined
:microscopically for the presence of localised globulin. The following
.conclusions vwere made:-
(a) The nuclei of all the tissues examined showed no evidence of the
in vivo uptake of serum anti-nuclear factor (plate 15). |
(b)  The nuclei of tissue sections could be coated by anti-nuclear '
'factor from the patient's own serum when layered on in vitro (plate 15 ).
I(c) Calf thymus nucleoprotein was conjugated with fluorescein
|isothiocyanate in the way described in Chapter 1 for protein conjugation
I(the protein concentration in this case was lower (1.2 mg./ml.) than that
usually used for conjugation). When sections of spleen, either air
dried in the ususl way or fixed in aﬁhydroua acetone, were layered with
éthe conjugated nucleoprotein, no staining was noted by the cytoplasm or

‘nuclei of any cells in the sections. ., The addition of unconjugated
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nucleoprotein followed by anti-nuclear factor positive serum and then by
anti=humen globulin conjugate also gave negative results.

(d) There was no evidence of uptake of gamma globulin by the
glomerular tissue (plate 15 ). This did not, however, show any
pathological change histologically.

It was not possible to show the specific localisation of gamma globulin
in this kidney as the degree of background fluorescence present

(plate 15) was similar to that in normal kidney, and the author would
agree with Cruickshank's similar observations (1959) - see Introduction -
who states that "it is difficult to see how this approach could be used

to investigate the role of tissue auto-antibody."



Plate 12

Failure of uptake of anti-nuclear factor in vivo.

Section of kidney from
patient with S.L.E.
stained with anti-human
globulin conjugate,
showing no nuclear
gtaining.

x600

Kidney section after exposure

in vitro to same patient's

serum and stained with anti~human
globulin conjugate, showing
nuclear staining.



DISCUSSION

This work has shown that using Coon's indirect fluorescent antibody
technique it is possible to detect the coating of cell nuclei in unfixed

tissue sections by a globulin factor derived from the serum of patients

| with Systemic Lupus Erythematosus and various other diseases (Table 1).

Comparison of Series

Systemic Lupus Erythematosus
- The results have shown that this anti-nuclear factor is present

' in all cases of clinically definite Systemic Lupus Erythematosus except

one in prolonged remission (described in the text). Fifty-eight of

| the 63 cases were shown to have a positive L.E. cell test. This high

incidence of the anti-nuclear factor in Systemic Lupus has been found
by other workers (Table 19 ). Thus Friou et al. (1958) using the same

technique reported a series of 28 cases (active and quiescent) with a

positive test in all but one, and in a later publication, using spots

| of dried calf thymus nucleoprotein instead of tissue sections, they

obtained positive tests in all of 35 cases of the disease. Bardiwal

et al. (1958) reported nuclear staining of tissue sections in all of

5 cases using both the indirect and the direct fluorescent antibody

' technique, and all fifteen of the Systemic Lupus cases of Calbresi

et al. (1959) were positive for anti-nuclear factor using the indirect

technique. Alexander and Duthie, using isologous white cells as the

nuclear source, reported 8 cases with positive tests (1958), and later
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Alexander, Duthie and Bremner reported 12 of 12 patients to be positive
(1960). Mandema et al. (1961) tested 151 samples of sera from 56 patiental
‘and obtained 131 positive tests using buccal mucosal cells as the

nuclear source. The 20 negatives were found in the "inactive stage"

of the diseage. Other recent reports using the same technique follow

 the same pattern - 35 positives among 39 cases (Baugh et al. 1960) -

| 22 of 22 cases (Hall et al. 1960) - 43 out of 53 cases (Rothfield et.al

1961) - 43 of 51 cases (Widelock et al. 1961).

Rheumatoid Arthritis
With regard to the incidence of anti-nuclear factor in Rheumatoid

Arthritis, the finding in the present series that 19 of 132 cases vere
positive (14%) compares well with the findings of Friou et al.

of 3 positives among 15 cases using tissue sections and 4 positives

of 42 cases using nucleoprotein spots, and that of Mandema et al. (1961)
of 2 positives in 17 cases. Two positives among 11 "uncomplicated' cases |
of rheumatoid arthritis were reported by Calbresi et al. (1959): only

3 of 39 cases had anti-nuclear factor titres of over one in eight in the

9 positives found in the series of Baugh et al. (1960): 5 positives

were found in 25 cases of Rothfield et al. (1961). In contrast, Bardiwal
et al. (1958) found 5 of 8 cases of Rheumatoid Arthritis to be positive,

but as 4 of the 5 cases had a positive L.E. cell teat compared to the

finding in the present series of only 3 positives in 95 cases, their
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series would appear to be non-representative. Thé same workers

(Hall, Bardiwal, Bayles and Mednis 1960) reported on 130 cases of

rheumatoid arthritis and found anti-nuclear factor in 36% of the cases.

L.E. cells were found in 13% of the cases. Alexander et al. (1960)

reported a high incidence (65%) in a large series of 183 patients with

Rheumatoid Arthritis. However, if we examine the titres reported by

Alexander in both Systemic Lupus Erythematosus and Rheumatoid Arthritis,

and compare them with those in the present series, we see a striking

difference in the sensitivity of the tests used. Eight of the 14 cases
of Systemic Lupus titrated in the present series had titres of between

| 1/100 and 1/300 and none exceed this titre (the test in this respect

| compares closely to that of Friou et al.). By contrast, however,

| Alexander et al. report that 5 of their positive sera could be diluted

' beyond 1/512, and