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ROTUCT

For half a century lmmunclogy has accepted the famous
expreeslion of Ehlrich of "Horror Autoxicus”, implying that an
organiem will not react lmmunologically aguinst the introduction
of ite om constituents, It was later alleged by Metchnikoff
(1905) howsver, that an animel can be immunigzed against ite own
spermatozoa, the irmmune serum produced beinz called cytotoxic as
it caused cell destruction, To be precise the spermatozcan is
an organliem iteelf and it is cuestionable whether this can be
regarded as a typical case of autolmmunity to a homolegous organ,
However, since then_many investigators have studied cytotoxio sera
producsd by injecting experimental animals with conetituente of
various organs, In most cases the sera have been prepared by the
injection of heterologous organs, ie. organs from animale of ancther
gpecies or from another animal of the same species and when these
sera containing hetero antibodies are introduced into the animal
against whose tissue they have been formed it has been shown that
in certain cases they will be fixed mainly, but not solely, on
the corresponding organ. Cytological examination of such organs
showe that in mary cases there is an appearance of lesions often
very eimilar to those which ocour neturally in animale and humen
subjects (Grabar 1957). On the basis of these experiments it has
been suggested that in certain diseases of man and animals the
underlying pathological process may be the formation of autoantibodies
and such diseases have been described azs "autosllergie®. (Clough
(1960); Dixon (1958); Burnet (1959)). Meny attempts have been
made Yo immunize experimental enimals against their own organe in /
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in order to evoke the production of true autoantibodies but in
most cases successful immunization has only been achieved with
organs of other animale (Grabar 1957).

Antibodies to & wide variety of tissues have been produced
in experimental animale, generally with the aid of emulsified adjuvante
containing killed bacilli (Freund and McDermott 1942). J2mong the
tissues used to induce the formation of homo, heterc and autoantibodies

are notebly:-

(1) Thyroid tissue (Witebsky and Rose 1957)

(2) Central nervous system tissue (Rivers, Sprunt and Berry 1933)
(3) Peripheral nervous sgystem tissue (Wakesman and Adams 195%)
(4) Testes (Freund, Lipton, and Thompson (1953)

(5) Uvea (Collins 1949)

(6) Lens (Freund, Thompson and Lipton 1985)

(7) Liver tissue (Cear 1955)

(8) Kidney tissue (Baxter and Goodman 1956)

(9) Heart, skeletal muscle and connective tissue (Cavelti 1947)

The precise mechanism of the autoimmune process in
most cages is not understood. Serum factors possessing most or
all of the generally accepted characteristics of autoantibodies
have been demonstrated in serum in a variety of experimental and
¢linical lesione but due to the lack of apecificity of the antigense
observed in these instancés, the exact nature of the antigenic
components recuired to initiate the response has, in most cases,
remained obscure. As the tissue preparations used for immunization
are obviously mixtures of antigens causing multiple antibody responses,
it is poseible that the antibodies detected in the sera of these /
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these experimental animales may be unrelated to the antibody or

other pathological factor, reacting with and causing damage to,

the tissue involved, This uncertainty has led to the alternative
hypothesis that the appearance of these autoantibodles is indeed not
related to an immunclogical response but that they are pathological
proteine, produced by the patient or experimental animal, and represent
a secondary manifestation of some primary disease process which happen
to possess the property of reacting with various tissue components.

‘ Never-the-less during the last two decades evidence for the
occurence of auto-immunization in man has been acogumulating and the
éueatian of its clinical and pathologiocal significence has become

oxtreﬁsly important,

(1) Autoantibodies in human sere.

In 193%8 Demeshek described cases of acute hemolytic ansemia
believed to be due to the presence in the blood serum of suto-
hemolysins or sutosntibodies directed againet the patients own
red cells, causing hemolysie in vivo. These autohemolysins have
gince been physically and chemically characterized and it appears
that they ave xr-globultna with many of the properties of antibodies
(Franklin, Holman and Kunkel, 1957). Autoantibodies to platelets
and leukocytes have also been detected in the sera of patients with
thrombocytopenia (Evans 1951) and leukopenia (Dameshek 1953) respect-
ively.

Several hypotheses for this autoimmunization mechanism have
been put forward., Dacie (1959) suggested that a modifiocation of
the red cell occurs by bacterial, viral or enzyme action which
renders it antigenic evoking the production of autoantibodies which

cross react with the normel celle caueing hemolysis in yivo,
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Other workere have suggested that the basic lesion is 2 psthological
change in the antibody forming tiseue leading to 2z lose of tolerance
to the normal blood ocell antigens (Mackay, Larkin and Burnet 19%57),
Although hemolytic anaemia is a prime example of autoantibody
formation in man, no one has yet produced an autoantibody induced
hemolytic anaemia in experimental animals., Converseely there are
many examples of expsrimentally produced autcantibodies in animals
accompanied by tissue damage without concomitant evidence of simlilar
autoantibodies ocouring in the correspondings human patholegical

conditions,

(2) Exzperimental production of sutoantibodies in animels,

It has been suggested that lesions of the central nervous
system, peripheral nervous system, testes, uvea and lené are of an
autoimmune nature on the basis of evidence which has arisen largely
from auto, homo and hetero immune responses in experimental animale
on injection of the appropriste tissuee plus adjuvants, The clinical
and pathologicasl features involved in these experimental lesions
resemble those found in certain humen disesses of unknown but suse
pected immunological origin and ciroculating auto, homo or hetero
inmuhe antibodies have been demonstrated in the sera of these animals,
It has thus been suggested that in the pathogenesis of the resulting
lesion the hosts own tissues serve as target organe and are injured
as a resuli of the immune reaction.

Auteimmune reactions have been postulated te operate, on
thi= basis, in the human disorders involving the same organs or
tissues. However, evidence for the support of the autoimmune

pathogenesis of these lesions cannot be regarded as definitive /



definitive for 4wo reasons, Firstly the diseases are produced in
animals and 1t ie necessary to assume an identity between the ex-
perimental lesions in the animals and the human disorder on the
basis of clinical &nd pathological compurisons, which are not
entirely satisfactory; secondly, whilet an autoimmune pathogenesis
for these clsorders seems probasble, final demonstration of the re-
sponsible immunological agent is lacking and attempts Yo tranesfer
these diseases passively by cells or serum of the affected animal
have been unsuccessful,

The destructive demyelinating and inflammatory lesions
of the central nervous system seen in experimental allergic enceph-
alomyelitis have been produced in monkeys and other animals by
immunization with heterologous, homologous and even autologous
central nervous system tissue (Rivers, Sprunt and Berry 1933).
The simultaneous development of circulating autoantibedies and of
morphological changes in the central nervous system imply an
immunologzical basis for these lesions but it has not, however, been
possible to induce lesions of the central nervous syetem by transfer
of serum, nor did the levels of circulatine antibody correlate with
the degree of tissue damage,

Demyelinating lesions of the peripheral nervous system
have also been produced in experimental animale (Wakesman and
Ademe 19%5)., A condition known as experimental allergic neuritis
wos produced with the concomitant appearance in the sera of the
experimental animale of complement fixing autoantibodies to the
injected periphersl nerve tiessue, The experimental lesion
regembled in many ways acute infeotious polyneuritis in man,

suggesting that an autoimmune mechaniem may operate in the human /



human disorder.

The antigenicity of homologous spermatozea haes long been
recogni zed (Metohnikoff 1905) but only relatively recently has
testicular damage been associated with an immune response to
testicular tissue antigens (Freund, Lipton, snd Thompgon 1953},

The effective antigen was found only in homologous testes and the
levels of complement fixing antibodies to testicular $issue in
experimentally immunized animals roughly parﬁﬂbla>d the degree

of testicular damage. The injection of homologous uvea plus
Freunds adjuvant intc experimental animals has in many cases
produced an inflammetory reaction in the uvea (Oollins 1949).

The reactions were characterigzed by fooal infiltrations of lympho-
oytes and epltheloid celle in the uiea, an experimental lesion
resenbling that of sympathetic ophthalmia of man, a disease suspected
to be an autoimmune response to the antigens of the injured eye.
The lens of the eye hag also been suspected of autosntigenicity

and lens tissue will produce antibody reeponses when injected with
Freunds adjuvant into homologous hosts (Freund, Thompson and Lipton
1955).

(3) Exverimentallvy produced autoantibodies resembling thos
an,

Experimental lesions similar to those found in man suffering
from disorders of the thyroid; kidney and liver have been produced
in animals by injection of homolopous and heterologous tissue antigens,
Not only have antibodies to the injeoted antigens been demonstrated
in the sera of the experimental snimales but similar autcantibodies
have also been detected in the sera of patients suffering from the
corresponding thyroid (Roitt 19%6 and 1957), kidney (Cavelti 1945)

and liver (Gear 1955 and Gajdusek 1958) disorders. Thess /
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These autoantibodies resct with human and in some casee animal
tissue antigens of the organs involved, The inference is that
the autoantibodies found in there putients may bear scme relation
to those produced in experimentsl animels and are belleved to be
either involved in the pathogenesis or produced &s the result cof
tigoue damage,

The immunologicel propartiéa of thyroid tissue were
recopnized ag early as 1927 when it was observed that sntibodies
appesred in the serum of 2 rebbit which had received injections
of & thyrold tissue extract from another species {Hektoen 1927).
Three decades later Witebsky and Rose (19%6) attemptsd to produce
isoantibodies by sensitizing & rabbit with the thyroglobulin of
another rabbit. Sensitization wae achieved by the injection of
thyroid extract plus Freunds adjuvant and entibodles were detected
by the agglutinztion of tanned red cells sensitized with thyroid
extract (Witebsky and Rose 1956).

Subsequently these workers challenged one of the fundamental
concepts of immunology, that an animal will not produce antibodies
to its own tissue proteins, They injected rabbits with extracts
of their own thyroid glands and showed that autoantibodies freguently
appeared in thelr sera, It was mlso shown that the appearance of
these autoantibodies was accompanled by damage to animals own remaine
thyroid gland and photomiorographs of the injured thyroid tissue
showed lesions which closely resembled those obscrved in Hashimoto's
disease of the thyroid (Witebsky and Rose 1957). This finding led
to a search for autoantibodies to thyroglobulin in the sera of patients
with thyroid diseases and the role of auteimmune reactions in thyroid
disorders in man was dramaticslly disclosed in 1956 when Roitt et al.
showed by a precipitation technigue that the serum from patiente /
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patients with Hashimoto's thyroiditis contained an antibody to a
constituent of human thyroid tissue (Roitt, Doniach and Campbell
1956) ., Antibodies to thyroglobulin were also found in cases of
gubacute thyrolditis and primary myxodema, Precipitin reactions
tended to be the highest in untreated patients and lower in patients
treated with desiccated thyroid preparations, after thyroidsctomy
or myxodema had gset in the p:goipitin reaction often disappeared.
On the basis of these findings Roitt and Doniach suggested that
some mechaniem must initially permit the release of thyroglobulin
from the follicles whereupon & lymphadenoid response occurs and
the thyroid gland is infiltrated by lymphoid tissue. Antibodies
to thyroglobulin are produced and a chain reaction is set in motion
cauging further epithelial damage and further escape of thyroglobulin
(Roitt and Doniach 1957).

The evidence that autoimmunity ie invelved in certzin
renal disorders is indirect but never-the-less suggestive, In
1934 Masugl produced experimental nephritis in animals by the
injection ¢f nephrotoxic serum and found that a whole spectrum of
renal lesions resulted, from those characteristic of & progressive
nephritis to the appar2antly revereible glomerular changes associated
with massive proteinuria. COavelti (1945) observed that rats injected
with mixturee of homologous or autologous kidney tissue with kililed
ﬁ -hemolytic streptococci developed morphological and functional
renal changes suggestive of glomerular nephritis, He aleo demon=
strated the presence of antibodies to the injected antigens in the
sera of these animals, Agute glomerular nephritis tends to follow
an injection with group A streptococci after an interval of about

three days, Organisms are not found in the renal lesione and it

has been shown that serum complement is low or absent during the /
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the acute phase (Kellet and Thomson 1939), suggesting that some
substance ie released by the streptococci which is itself antigenic
or reacte with some glomerular constituent rendering it antigenioc;
the interval between infection and onset of the disesse representing
the time reguired for antibody formation.

Liu and MoCrory (1958) investigated a large number of
human sera for antihodieﬁ to human ﬁidney by the aggzlutination of
tanned sheep cells coated with human renal antigen and reported
significant titres in 71% of the cases of acute glomerular nephritie
tested and in 89% of the cmses of nephrotio syndrome. On the
basis of these results it seems feaalble to assume that some com-
ponent of kidney %#issue is rendered antigenic, by the streptococcal
infection, invoking the preduction of antibodies which by their
reaction with renal tissue in vive precipitate glomerular lesions
and can be defected in the serum by in vitro techniguss.

in 1955 Gear observed that an extract of the liver of a
monkey dead of yellow fever stimulated antibody formation in another
monkey but liver extracts of a normal monkey <¢id not, indlcating
that eome alteration of the liver cells is regquired to render the
liver tissue antigenic, He also showed that serum of & patient
convalescent from viral hepatities gave & positive precipitin rezction
with the serum from one in %he acute phase and showed that the antigen
was not the virus but some derivitive of liver tissue, The 1nfer§noc
here is that some component of liver tissue is rendered antigenic by
virus interaction and on liberation into the circulation during the
agute phase of hepatitie stimulates the production of antibodies
which make their appearance during the convalescent phase,

Gajdusek (1958) in an extensive investigation of liver,

kidneyﬁthe collagen diseases and certain para-proteingsemias in /
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in man found positive complement fixation reactions between &
variety of humen tissue antigens including saline suspensions of
normal liver, kidney, skeletal muscle and spleen tlesue and the
sern from patients suffering from acute viral hepatitis, lupeid
hepatitis, primary non-ohetructive biliary cirrhosis, dissemine
ated lupus erythematosus and certain paraproteinsemias, diseases
for which autoimmune mechauisms of ﬁathogenoais have been proposed,
He reported that the sera of certain patients with scute rheumatic
fever and acute glomerular nephritis gave positive reactions with
liver and kidney tissue, sera from patients with dieseminated
lupus erythematosus, multiple myelome and macroglobulinzemia also
reacted in certain cases with liver and kidney extracts, Diverse
hepatic diseases, includl ng viral hepatitis and biliary oirrhoeis,
were reported to show a high incidence of positive sutoimmune
complement fixatlon reactions with liver extracts and kidnay extraots,
positive reactions in the first two months of acute viral hepatitie
tended to be the most freguent. No strict organ specifiolty was
obaerved in these reactions and certain hepatic sera also gave
positive reactions with extracts of muscle, spleen and kidney tissue,
Nor were the reactions gspecies specific and high titre positive
gera also reacted with rat organ antigens.

The non gpecificity of these reactions might seem o
favour the view that the activity of these proteins is non-immunoe
loglical in the light of classical immunological concepts but thees
authors (Gajdusek and Mackay 1958) believe that the cross reactions
can more plausibly be explained by the supposition that the antigenioc
etimull which evoke the production of the serum reagents are complex

and common to a wide variety of tissue cells,
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(4) The onllagen diseaasas

The collagen dizeases constitute an important group of
disorders which posaibly involve sutoimmune mechaniswa, In the
rheumetiem group two antibody-like substances, the lupue erythem=-
atosus (LE) factor and the rheumatoid arthritis (RA) factor have
been studied immunologlcally and several workers have atbempted to
attribute to them 2 specific antigeﬁ (Bywaters 195%)., The LE
factor meets many of the criteria of antibody (Hargraves, Richmond
and Morton 1948) and can be transmitted by intravenous injeotion
of LE serum in both man and guinez pig. It migrates with the ¥ -
globuline on electrophoresls and has the same sedimentation constant
as the normal low molecular weight ¥ -globulins (Carleon and lollenber
(19%58), It is believed to consist of several related fsctors dire
ected towards various nuclear components, including the desoxy ribose
nucleic acid (DHA), nucleoprotein and histones. It also rescte
with DNA of many especles from bacterilophage to man (Deicher, Holman
and Kunkel (1959) and Holborow (1957).

Friou et 21 (1958) using frogzen tissue slices or white cell
smears ghowed thet the LE factor will deposit Ef-globulin on exposed
nuclei which oan be detectad by subseguent stoinine with fluorescent
anti-human globulin, The relationship of the LE factor to the
disease procese is uncertain and it is not known whether it ig ine
volved in the aetiology of thé lesions or if it ie an epiphenomenon
produced during the disease process,

The poesibility that rheumatoid arthritis has an immunoe
logical basis has long been entertained but with insufficient evidence.
Recently, however, evidence regarding its close relatlonship with
lupus erythematosus has been obtained and it has been observed that

one of the many manifestations of lupus is rheumatold arthritis /
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arthritis and a number of patients with rheumatoid arthritis
possess the LE factor in thelr sera and give 8 positive LE cell
test (Xunkel 1959). The rheumatoid factor has many oif the
properties of an antibody and has been characterized as & high
molecular weight ¥ -globulin which will combine wish partially
denatured ¥ -globulin in several 1mmundlogioal reactions (Helmer,
Federico and Freyberg 1958; Kunkal) Franklin and Muller-Iberhard
1959). I%s role in the aetiology of rheumatﬁid arthritis hase
not been established but Parson (1956) has reported the production
of an extensive polyarthritis in rats following injections of
macerated homologous muscle in Freunds adjuvant, The arthritis
most frequently involved the tarsal joints and left residual per-
nanaﬁt arthritic lesions such as ankylosis. If this disorder
could be established as en zutoimmune reaction it would be an imp-
otthnt development in the understanding of the &etiology of the
rheumatold diseases, r

Cavelti (1945) demonatrated the presence of autoantibodies
to human heart tissue in the sera of 75k of the patients tested
with scute rheumstic fever. Experiments witﬁ rats showed that
animels immunized with homologous tissues of heart, skeletal muscle
and connective tissue ian conjunction with killed streptococci devel-
oped cardiasc lesions which resembled those seen in cases ol rheumatio
fever (Cavelti 1947). On the basisg of these rosultsrha gugeented
that in cases of rheumatic fever autoantibodies are produced to
heart wmuscle and connective tissue components which have been ren
dered antigenic by streptococcal infection and by combinztion with
these antigens situated in vivo are capable of acting ss pathogenic
agents leading to tissue damage, TFrom the in vitro studies it
appeared that once the formation of the autoantibodies had been /
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been invoked the etreptococcal infection was no longer necsssary
for the sensuelng reactlon of these autoantibodies with the tissues,
as the exverimental autoantibodiee reacted in vitro with the une
modified tissue component. This hypothesis would explain the
relstionship between the streptococcal infection and the rheumatic
fever, the interval between the two corresponding to the time
necessary for the formation of autaéntibodies which represent the
pathogenic agents of rheumatic fever, It hag also been impliied
that immunological mechenisms are involved in cases of myocardial
infarction when there is no evidence of a preceding streptococcal
infection and Dormbusch (1957) demonstrated the presence of heart
specific autoantibodles in the sera of certain patients following
myocayrdial infarction,

Theories of the sutolmwune phenomenon.

Many attempts o describe the fundamental procewces
involved in the autolmmune resyonse have been made, especlially
during the last decade, Until compazatively recently the most
widely socspted hypothesis reconciled classical immunoleglesl
theory with the problem of autoimmunity (Grabar 1957). It has
been suggested thet under certain conditicns, 23 a conseguence of
trauxme or infection some normal constituents of am organ or c¢ell
are traneformed, modified or dematured to such an extent that they
become "forelgn" to the organism which reacts by the formation of
entibodies to them. If the modification is persistent e, if
there ie a latent infection whioch provokees a2 continuous modification
of normal components, a continuous formation of antibodies may result
which react with the modified antigen and ultimately induce tissue
lesions. On the other hand Af the modifiocation is only temporary, /



temporary, the antibody produced against the modified constituent
may also react with the normal body component by & cross reaction
due to the presence in the normal constituent of chemical groupings
gimilar to those in the modified component which originally invoked
produotion of the antibody.

An alternative hypothesls which has recently gained much
support was put forward by Burnet (1959} in his "¢lonal selection
theory of antibody production. This hypothzgis is based on an
abnormality of the antibody preducing cells apd allowg the antigen
no part in impression of pattern on the antiﬁody molecule as in the
claselcal theorlies of immunology. Burnet poastulates that the cap-
acity to prodiuce a given antibody is determined genetically by certain
clones of mesenchymal cells, the function of the antigen being to
gstimulate the cells of these clones to proliferate and to produce
antibody. The mein premise of this theory is that contact of
antibody producing cells with the corresponding antigen in embryonie
life results in the elimination of these celles rendering the Q;ganiam
tolerant to such antigens, In the second half of embryonic life &
range of residual clones remain which are capable of reacting only
with potential foreign antigens which were not present in the organism
during embryonic 1ife. After birth, however, contact with antigenie
material cauges proliferation of the corresponding plonea and stim-
ulation of antibody produetion, but if during adult life random
mutation occure which resultes in the production of patterns reactive
against body conetitucnte a homeostatic mechanism results in the
elimination of such "forbidden clones" by contact with small con-
centrations of the antigen. Burnet suggests that the autoimmune
diseases may be regsrded aes exsmples of failure of such homeostatic

mechanisms whereby "forbidden clones" are allowed to proliferate /



proliferate and to produce antibodies. Tissue damage is postulated
to arise, on this baslis, as the result of a visclous cirecle wherein
the antigenic determinant is libsrated from the target organ in
inoreased amounts following antibody tissue interaction.

The existence of autoimmune reactions almoet exclusively
in diseases wherein self infliocted immunological damage has long
been suspected to be of aetiological significance justifies further
study of such resctions in all stages of illness eapecially in the
collagen disease group and other entities suspected toc Ve auto-
aggresive phenomena,

One may speculate that any process leading to an abnoymal
destruction of tissue may give rise to conditione conducive to the
evokation of such autoimsune responses and it is reascnable to
sugpect that pathologlic autolmmune reagents may be found in the sera
at some stage during the course of a wide variety of lesione such &s
those encountered in burns, radistion injuries, fractures or crush
injuries, pulmonary embolism, myocardial damece, viral infections
and malignant neoplasms, when damaqu or partially denatured material
is made acceseible to the antibody producing cells and due to failure

of some homecatatic mechanism invokes the production of autoantibodies,



_._,. ‘ '1[4 lzl' ; 43 & o

e "R

ﬁm} umﬂd e prasdfbe o oo
Wﬂ ih-‘: ders ol & Jaxe :
';' . _'m ﬁ-i m Baah BT
56" ima :n-;-a-(.wr- (i fsadoian
' _ ; um‘mnc phaRe o ‘.'__.':-T.'-'.'. T4 mpe

tl-lul-.t: :ff-q. d- & Inlvrtive

Laqgmn Bediletdniy vitn verav:

Cpl N o " [)-.. L
ik o & ,ﬂ-mﬁ- B sntso an\iio L apenL
N ‘e L SR ST tbar SUvSENL of the Kbsotls

@m-% Mtxﬂfn Nm«w f"‘r‘\-r"o a2 T antiey

*mu t“ Mﬁtfm »tin w Ui‘ |
& ‘M M'SH?& :&f M*r,’;u: ‘t-"‘"ﬁ 85 "
: o " .1
" Sl Fves t!-am mumg i L rE ’H”
‘:‘,._' 9‘;"'_--.-'_! i}

3 ks
l‘-’r& »v-'w-.u’ ""J:i\ I ?‘1.,1‘!:‘ h}, EFE"",H{E

L

e

-I.;""' |.‘,r

'cutmm h;ir fﬁqama Bt i wdr R ,;::r
EU& utmmn. J.h!zy ﬂm oSt -'tﬁ

"'l:.' IA_\..

3 mm on pamv aﬁ-ﬁﬁupﬁm 0




16

Introduction to the problem of autoantibodies in liver disease.
g8ince Gajdusek (1958) reported the presence of autoantibodies

to extracts of human liver tissue in the sera of a large proportion
of patlenﬁa with hepatocellular lesions it has been suggested (Gajdusek
and Mackay 1958) that the onset of the immune reaction may character-
ize the transition from an acute to a chronic etage of hepatitis and
1t is known that the low titre positive results found in infective
hepatitis sera frequently become negative coincident with recovery,
Gajdusek did not define the precise antigenic components
iﬁ:tne liver extracts but 1% is probable that several of the hepatie
cell proteins may be rendered antigenic because of some modification
of chemical pattern caused by viral, enzymatic or toxic asction or
because components normally inaccessible to immunological procescees
have been made available and elicited the production of autoantibodies.
The alternative explanation is that these autoimmune reactions
observed are merely a manifestation of an adventitious reactivity of
serum globulins and not the result of a specific response to & tissue
antigen, The serum reagents described by Gajdusek had, however,
many of the properties of antibodies. They were shown te be present
in the slowd - globulin fraction on paper electrophoresis; they
are stable to heat at 569C but have an increaecing instability above
60°C and in antibody titrations they exhibit typical prozones
(Gajdusek 1958).
On the assumption that these proteins which react with
liver extracts are in fact true autoantibodies, it was proposed
to search for the presence of an antibody to one specific liver cell
protein which may have been formed by an analOgous mechanism to the

autoantibodies in Haeshimoto's disease of the thyroid when auto/
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autoantibodies to a specific protein of thyroid tissue, thyroglobulin,
have been demonstrated in the serum (Roitt, Doniach and Campbell 19%6).
These workers demonstrated precipitin reactions and agglutination of
tanned erythrocytes by the sera of patients who had undergone lymph-
adenoid infiltration of the thyroid gland and purified preparations
of human thyroglobulin, They sugggated that these patiente were
inmunized against their own thyroglobulin and that destruction of
the thyroid tissue occured as a result of the progreseive interaction
of the thyroglobulin in the tissue with autoantibodies in the serum
(Doniach and Roitt 1??;{;

There 1s evidence that there is a marked elevation of
certain plasma enzymes in patients with acute hepetocellular lesions
(Molander, “roblewski and La Due 195%; vest and Zimmerman 1959).
Increases in the levels of glutamic-oxalo acetic transaminase,
glutamic-pyruvic transaminase, lactic dehydrogenase, aldolase,
isomerase and malic dehydrogenase were reported (7est and Zimmerman
1959). Elevations of lactic dehydrogenase the been demonstrated
in the sera of 33% of the patients with hepatic cirrhosis tested
and in 66f of those tested with infective hepatitis (Zimmerman and
¥einstein 1956)., The elevations were found to occur predominantly
in the early stages and to return tc normal levels about three weeks
after the onset, coincident with recovery.

On the hypothesie that virus multiplication in the liver cell
may render such proteins antigenic and capable of initiating auto-
immunization phenomena, liver lactic dehydrogenase (LDH) was selected
as a model protein and antibodies to purified human liver lactic
dehydrogenase were sought in the sera of patients suffering from

acute and chronic hepatocellular lesions (Burton, Kerr and Frazer

1959). It was proposed to test for the presence of such an /
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an antibody by bioochemical and immunoiogioal procedures #nd if
possible to study its properties,

Engymes, like other proteins, may be antigenic and their
catalytic action is generally reduced by the presence of the
corresponding antibody, A plot of residual engyme aoctivity as
a function of the cuantity of antibody added to a constant amount
of engzyme shows, at first & linear decresss, then a deviation from
linearity and finally a residual level of aotivity which ig only
glightly influenced by further addition of antibody (Cinader 1957).
Complete inhibition may be obtained in some cases but in the case of
LDH between 45 and 98% inhibition of the enzyme activity has been
brought about by & specific immune antiserum (Kubowitz and Ott 1943;
Henion, Mansour and Bueding 19%55; Wroblewski 1958). %roblewski
(1958) produced antibodies, which wﬁre inhibitory to rabbit muscle
LDH, in roosters by intravenous and subcutaneous injection of the
purified enzyme. He found that the anti-LDH activity appeared
in the serum about three days after injection and declined sub-
sequently as the precipitin titre wase rialng. The percentnga'
inhibition of the LDH was measured by the adnttion of the antieerum
to a2 given amount of enzyme of known activity and calculated from

the equation:-

(LDH activity LDH activity) . (LDH activity of)

% Inhibition =( of T SR agthel i
enzyme enzyme
preparation ‘Lﬂﬁ ggtiv:ty cf;

Up to 98.74 inhibition of purified rabbit LDH was obtained with the
purified antienzyme and it was found that there was an increase in

precipitin activity of the sera with the enzyme whilst the anti -LDH

inhibition titre was decreasing, suggesting that the inhibitory /
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inhibitory antibedy was different from the precipitating antibody
(Najjar and Fisher 1956).

Henion (Henion, Mansour and Bueding 1955) showed that
the sera of rcosters injected with rabbit muscle LDH caused in-
hibition of the activity of rabbit and rat muscle LDH and also
that antisera prepared against Schistosoma mansoni LDH caused a
marked reduction in the activity of Schistosoma LDH, Mansour,
Buuding and Stavitsky (1954) tested for precipitating end agglut-
inating wroperties of the rébbit muscle antienzyme by the method
of Boyd (1947) and the tanped cell agglutination method of Boyden
(1951) end modified by Stavitsky (1954) respectively. All attempts
to demonstrate precipitation of the enzyme or agglutination of en-
zyme treated red cells with the antisera were, however, oconsistently
negative.

In this investigation it was proposed to prepare human
liver LDH in a highly purified form and to test for any inhibition
of its activity following incubation with the sera of patients
suffering from necrotic lesions of the liver by a method similar
to that used by %roblewski {19%58),

In order to detect antibodies to human liver LIH whioch
were not necessarily inhibitory to LDH activity such as the secondary
antibody observed in Wroblewski's experiments, it was proposed to
test the sera by the sensitive Boyden haemagglutination technique
(Boyden 1951),

In order to test, experimentally, the hypothesis that the
presence of circulating antibodies to liver cell components may
exert a oytotoxic effect on the liver tissue resulting in necrotic
lesions, it was proposed to immunize rats with homologous rat liver

lactic dehydrogenase and to examine histologically the liver of /
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of the rats after the appearance, if any, of antibodies had

Oocu:sdo



PART 1

NT THOD
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(1) Biochemicsl investipation o sutoantibodies.
REAGENTS,
0.5 sodium 4 i-lactate.

BDH laoctic acid was diluted with an egual volume of distilled water.

To 10mls of the diluted solution 5N, sodium hydroxide was added until
the solution was alkaline to phenocl phthalein. The solution was
heated to 80°C to hydrelyse the inner ester and more sodium hydroxide
was added until the solution remained neutral. It wae then diluted
to0 94mls with distilled water.

0,334 sodium d l-lactate.
Smls of 50% BUH lactic acid was titrated with sodium hydrexide until

the PH = 8,0. The solution was then diluted to 1/0mls with dist-
11led water,

g 10

26,6 mgme DPN (supplied by Bfehringer) were dissolved in 1.0ml distilled
water, N, sodium hydroxide wes added until the PH @ 6,0 and the
solution was diluted to 2 mls and stored at 5°C,

1 x 10~°u ppH.
A stock solution was made up by dissolving 6,65 mgms/ml DPN in

berbiturate buffer PH 8.0. The solution wae diluted to & 9 x 10~

gsolution for use.

.0 lyeine buffer PH 10.0

0.75 gmas 'BDH Reagent Grade' glycine was dissolved up in 95 mls
distilled water and the PH adjusted to PH 10.0 with 5N. sodium
hydroxide, The volume was made up to 100 mls.
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0,31M barbiturate buffer PHB,6

87.1 mls 0.1l 'Analar' sodium barbiturate and 12.9 mls 0,1
hydrochloric acid were mixed and the PH was adjusted to 8.6,

Q. 1K gphate buffer PH 7.8
g0 mls 0.1M 'Analar' sodium phosphate (Nap HPO, . TH20 ) mnd 10 mls

0.1¥ sodium dihydrogen phosphate (HaHa'POa.E’HQO) were mizxed and the
PH adjusted to 7.8. '

Opticel density messurements were carried out in a 'Unicam’ 8.P,500

instrument,

The human liver lactic dehydrogenase used in these experiments was
prepared by the method of Gibeon et al (Gibson, Davisson, Bachhawat,
Roy, Vestling 1953) by Ur, Lynda Xerr. The antivify was asgsayed
at each purification stage by the method of Gibson et al,

Asgay of LDH £z uman liver.

The LDH fractlons obtained in the guccessive stages of purifieation
were assayed by measuring the initial rate of formation of reduced
diphosphopyridine nucleotide (DPNH) from diphosphopyridine nucleotide
(DPR) by the enzyme preparation in the presence of lactate, The
reaction was carried out in barbiturate buffer at room temperature
and the rate of formation of DPNH was followed by messuring the
change in optical density of the solution at 340ma.over the firast
three minutes of the reaction at 70 esecond intervals,

The reaction mixture consisted of:-

1.0 ml 0,104 Barbiturate buffer PH 8.6
1.0 ml 0,33 Sodium 4 l-lactate

0.5 ml 9 x 10=4u DPN

0.5 ml enzyme solution
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The DPN was added at zero time and the optical deneity wes read
against a blank solution containing no enzyme. From the eguation
d(PPNH) = K = E/ml the activity was defined as the concentration

per ml, of enzyme (E) which would effect a change in optical density
of 0.005 unit in 5 seconds at the onset of the reaction when g;%%§
was almost constant. The protein concentration (P) of the fractions
was measured by the optical density at EBDQy,gnd the srecific
activities %%} were calculated for each purification stage.

Electro $ic analysis of n liver LDH

A aolut}on of purified humen liver LDH prspared by the
method of Gibeon et a8l (1953) containing 1.2 mgme/ml protein was
analysed on celluloese acetate paper at FPH 8.6 in barbitonebuffer.
1tha of solution was applied to the etrip and a current of Sm amps
at 115 volts was applied for 1,75 hour, The strip was then cut
longitudinally into two portions. One portion was stained with
Lissamine green dye and the other portion was ocut horizontally into
three zonee comprising, the origin i1e. the line of application of
the solution, the zone on the anode side of the origin and the zone
on the cathode side of the origin, The protein wasg eluted from
all three bands by barbitone buffer and the LDH activity waes esti-
mated on 0.5 ml aliquots by the method of Gibeon et al (1953),
The dye was eluted from the bands of the stained strip by 60% acetic
acid and the percentage of the total protein present in each band
vﬁs caloculated from the optical densities at 630.1¢L
(N.B, This analysis was oarried out by Dr, Lynda Kerr by the method
of Kohn (1960) desoribed later in thie section).



Estimation of lactic dehydrogenase activity in human sera.

The method used for estimation of LDH levele in normal
and pathological human sera was & modification of that used by
Zimmerman and Weinstein (1956). It was based on the reduction of
DPN in the presence of excess lactate by the serum at PH 10,0,

The DPNH produced in a given time was measured by the change in
optical density at 340 my. i
The reacticn mixtﬁre consisted ofi=

0.30 ml 0.1]Viglycine buffer PH 10.0

g:gg :% g.znlgggiugpg l-lactate.

0.02 ml serum, 3 ;
The DPN wag added at zero time and the solutions were incubated at
37°C for 30 mins. The reaction was terminated by plunging the
tubes intc boiling water for exactly 3 mins. After cooling the
optical densities of the solutions were read against a no substrate
blank solution at 3¢0ugb .

The LDH activity was repreéentad by the amount of DPNH
produced in a system containing lacfate minus the amount in a system
without lactate. The moles DPNH formed were calculated from the
measured optical density with the use of the molar extinction coeficient
for DPNH. (Horecker and Kornberg 1948). The LDH activity of the
gerum was expressed ag}&noles DPNH released per 100 mls serum and

calculated from the expression:=-

log I = acl moles/ml
To

¢ = optical density x 106
SRS A ). seten
G T gpilcal densiiy X 2000 o moles DPNH/100 mls serum



where e = 6.22 x 106
¢ = c¢oncentration
1 = 1length of light path.
b t T lact d drogenase.

The activity of a sclution of purified LDH prepared from
humsn 1liver by the method of Gibeson et al (1953%) waes assayed by
the method of Zimmerman and Weinstein (1956). The LDH levels in
the sera of 8 patients with hepatocellular lesione were estimeted,
Egual volumes of enzyme solution and serum, diluted or undiluted,
were incubated together for 2 hours at 37°C and placed in the fridge
at 5°C overnight. The LDH activity of the final mixzture was then
estimated and comparsd with the theoretiocnl value, The percentare
error for the optical density readinge was ¥ 2% and this was taken
into account when comparing experimental and theoretical values,

If LDH activity of the enzyme = E unite

and LDH activity of the serum = 28 units

Theoretical activity of a mixture containing

egual volumes cf £ and 8 = Eé;g_ units.

In each cage this value, E+ 8 was compared with the value
obtained experimentally,



(2) Imsunological investigation of autoantibodies.
Human Group O Rhesus negutive bloocd.

This was collected in an acid citrate-dextrose solution (1 volume
gitrate~dextrose : 5 volumes blood) and supplied weekly by the
Scottish National Blood Transfusion Aesocliation, Royal Infirmary,
Edinburgh. |

3: annio KO_L_G-_.
A 1% solution of BDH tannio acid powder was made up daily in 0,9%

sodium chloride and diluted to 1{40,000 with phosphate buffered saline
Ph 8.0.

gphate buff al 8,0
1132.8 mls 0,15M sodium phosphate (anhydrous); 67.2 mle 0,15M
potassium dihydrogen phosphate and 1200 mls 0,15M sodium chloride
were mixed and the PH adjusted to 8.0 with M, sodium oarbonate,

Buman liver lactic dehydrogenase.
This was prepared by Dr, Lynda Kerr in this laboratory by the

method of Gibson et al (1953).

uman serum n ¥l
Supplied by the Scotiish National Blood Transfusion Association
(2.E. Region laboratory), Royal Infirmary, Edinburgh, through the

courtesy of Dr, Cumming,

Bovin rum Cohn F

Supplied by Armours Laboratories Ltd.
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METHODS,

The investigation of antibodies in the sera of patients
guffering from acute and chronic hepatocellular lesions was carried
out by a modification of the haemagglutination technigue of Boyden
(1951) as described by Heller et al (1955),

ha. tinatio actlio

The mechanism of this reaction depends on the agelutination
of red blood corpuscles, coated or "sensitized" with a given protein
antigen, by sera containing a specific antibody to, or an antibody
capable of reacting with the sensitizing protein. The.red cells
are tanned by treatment with a dilute solution of tannioc acid in
order to render them receptive to the sensitizing antigen. These
tanned and sensitized corpuscles are then added to serial gilutiona
of the test sera and incubated at 37°C, Agglutination of the sensi-
tized cells occurs when an antibody capable of combination with the
antigen on the surface of the cell is present in sufficiently high
concentration in the serunm.

The main advantage of the haemagglutination technigue is
ite great sensitivity. It has been shown (Staviteky 1954) %o be
more sensitive to the presence of antibody than the precipitin
reaction (Martin 1943), the complement fixation reaction (3tavitsky,
Staviteky and Ecker 1949) and the agglutination of collodion particles
(Cennon and Marshall 1946). On sccount of this seneitivity, however,
particular attention muet be paid to control reactions in which neg-
ative sera and positive sera of known titre must be included to ensure
that non-specific agglutination does not occur,

The haemegzlutination technique is capable of detecting
non-precipitating antibodies (Borduas and CGrabar 1953) in sera /
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gera when the antibody is present in too low a concentration for a
vigible precipitin reaction or when the low avidity and none
preciplitablility of sera is due to a physical characteristic of
- the antibody, such as high esclubility, when the solubility of the
particulate antigen-antibody complex may be less than that of the
goluble antigen-antibody complex and agglutination is favoured by

conversion of the antigen to a particle,

LTH
Human group 0 Rhesus negative blood cells were washed four
times with 0.9% scdium chloride solution and once with phosphate
buffered saline PH 8,0, The cells were suspended in buffered
saline to give 2 331/3% suspension. 2 volumes of a 1:40,000
sclution of tannic acid was added per 1 volume of packed red cells,
the mixture was agitated and incubated at 38°C for 10 mins., The

celis were washed twice with bnffa;ad saline and reconastituted to

a 331/3ﬁ suspension, 2 volumes of the sensitizing protein solution
was added for each volume of cell suspension. The concentration
of the sensitizing protein varied from 1l-2 mgme/ml, The mixture
was then incubated at 38°C for 30 mins, after which the celle were
washed three times with buffered saline, The cell suspension was
made up to 0,5% with buffered saline,

SERA:- dera from patients suffering from a variety of hepatocellular
lesions were tested. Positive control sera of known titre,
from patients suffering from rheumatoid arthritis, end a
Coombs antihuman globulin serum of known titre were used.
Wegative control sera were supplied by the Scottish Hational
Blood Tranefusion Agesociation, Edinburgh and laboratory

volunteers,
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ANTIGENS:;~ (1) Human liver LDH in concentrations verying from
1.0 - 1,5 mgms/ml,
(11) Humen serum ¥ -globulin (Cohn FII) in concentrations
of 1.0 « 1.5 mgms/ml.
(1i1) Bovine serum & -globulin (Cohn FIi1), partiélly de~
natured by heating a 1% solution in buffered saline

at 63°C for 10 mins, and used in a concentration of

2mgms/ml .

Titration.
The sera were diluted 1 in 10 to 1 in 10,240 with buffered

geline PH 8.0 in the cups of 'Salk' perspex plates. 0.5ml aliguots
of the sensitized red cell suspension were added to 0.5 ml of the
diluted sera, the plates were incubated at 38°C for 1 hour and kept
in the refrigerator at 5°C overnight., The titres were read by
placing the plates on a sheet of white paper, Maximal agglutination
wag characterized by a thin layer of cells forming a complete mat
over the surface of the cup., In some very strongly agglutinating
gera the edges of the layer of cells tended to curve inwards, The
titre of the serum was recorded as the reciprocal of the highest
dilution of the serum in which visible agglutination occured, negative
agglutination being characterized by a smsll clump of cells in hase
of the ocup.

The sensitized sheep cell test was carried out on cirrhotic
and infective hoﬁatltts gera by the method of Heller, Kolodny,
Lepow, Jacobson, Rivera and Marke (1955). This test depends on
the agglutination of sheep cells sengitized with rabbit sheep
erythroocyte antibody by sera containing antibodies to the rabbit
antibody & -globulin,
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(3) Immunigation of rate with ret liver LUH.

Rats were injected with purified preparations of rat

liver LDH prepared by the method of Gibson et al (1953) from the
livers of rats of the same strain., Antibodies to rat liver LDH
were sought in the sera of thease rats by biochsmical and immunological

methods .

REAGENTE,
Adjuvant: ocntained arosil oil and killed tubercle bacilli in licuid

paraffin, It was mixed to an emulsion with the LDE solution
before use.

Heparin: Supplied by fvans Medical Suppliers Ltd,
A solution containing lmgm/ml in 0.9% sodium chloride

wag used,

Rat liver LDH was prepared from the livers of male and female white
rats by the method of Gibson et al (1953).

Egtimation of LDH in rat serum.

The LDH levels in rat sera were estimated by the method of Zimmerman
and Weinstein (1956). Great care had to be taken in order to obtain
unhaemolysed rat blood as rat red blood corpuscles tended to be more
fragile than human corpuscles, Unhaemolysed sera were obtained
succesafully by sharply cutting off the tip of the tail and dipping
| the cut end into a solution of heparin in order to prevent clotting.
The blood was then collected dropwise in small polythene tubes,

The LDH activity of the rat sera was estimated before and after the

course of injections.
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Injection of rats.

Two groups of white rats were used, One group was injected
with 2 sclution of purified rat liver LDH alone and the other group
with LDH plus adjuvant,

Group 1.

Three male white rats were angeathetized with the minimum
emount of ether and each was given an injeotion of 0.2 ml rat liver
LDH, containing 5 mgms/ml protein in saline, in the right femoral
vein. The following day each rat was given an intramuscular
injection of 0.1 ml enzyme solution containing 1 mgm/ml protein,
These intramuscular injections were repeated daily for a period of
8 days and subseguently every third day for fourteen days, The
rate were then bled and the sera were tested for antibodies to
rat liver LDH.

Group 11

Three female white rats were asnaesthetized with ether and
injected subcutaneously in four sites with a solution of LDH con-
taining 5 mgms/ml protein in adjuvant, The enzyme and adjuvent were
mixed to & stiff, white, milky emulsion containing arosil oll, killed
tubercle bacilli in liquid paraffin and enzyme solution in the prop-
ortion by volume of 2:2:1, The emulsion was injected by means of a
Lewer No,20 needle.

Two control rats were lnjeoted with adjuvant plus saline,
After a period of three weeks each rat was given an intravenous
injection of LDH solution containing 2.4 mgms protein into the right
femoral vein., After a further two weeks the rats were given intra-
muscular injections of 0,1 ml LDH solution containing 6 mgms/ml of

protein, These intramuscular injections were repeated every third /
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third day for eighteen days.

Test for antilactic dehydrogsenase activity in the sera of the
Znieqted rats,

0.25 ml of purified rat liver LDH containing 0.02 mgms/ml of protein
was mixed with 0.25 ml rat serum diluted 1 in 3 with éaline. The
mixture was incubated at 379C for 2 hours and placed in the refrig-
erator overnight, The solution was then dilutgd 1 in 100 with saline.
A solution of enzyme of the same final concentratibn was made up and
the LDH activity of both solutions was estimated by the method of
Zimmerman and Weinstein (1956). The LDH activity of the serum in

the mixture was ignored as this had been diluted 1 in 600 and any
activity would therefore be negligible,

Test for ggglugihation of LDH sensitized red cells.

The sera of the injected rats were tested for antibodles to rat liver

LDH by 2 modification of the Boyden haemagglutination method (1951).
Humsn group O Rhesus negative erythrocytes were tanned and sensitized

with a solution of rat liver LDH oontaining'l mgm/ml of protein.



REAGENTS,
Cellulose acetate paper,
Supplied by 'Oxoid' Ltd,.,, London.
Ligsamine Creen dye.
A 2% solution of 'Gurrs' Light green bowder was made up in 6%
sulphosalicylic acid,
0.1} Barbitonebuffer PH 8,6
12,5 gms 'Analar' sodium barbitone, 8.125 gme sodium acetate, 8,75 mls
0,998, hydroechloric acid were dissolved in 1000 mle distilled water
and the volume made up to 2000 mls.
h-Hydro .

Bupplied by the ConnOught Medical Research Laboratories, University
of Toronto, Canada,
Batech Number: 139 was used,
Potato starch.
Unhydrolysed potato starch was supplied by British Drug Houses,
About 40 gme were washed with 250 mls acetone in a measuring oylinder,
The suepension was allowed to settle for 2 mins and the supernatant

poured off, This was repeated twice and the large starch greains so
' obtained were filtered free of excess acetone in a Buchner filter,
The acetone wae completely removed by evaporation at 50°C overnight.
Borate buffer PH 8,48,

(1) Electrophoresis buffer: consisted of 0,023K 'Analar' Boric acid
and 0,0092K 'Apnalar' sodium hydroxide, 2,8446 gms boric acid and
0.7360 gms sodium hydroxide were dissolved in 2000 mles distilled water,
and the PH was adjusted to 8.48 with conc. hydrochloric acid or cone, /



cone, sodium hydroxide.

(2) Electrode compartment buifer: contained 2% sodium chloride in
the above borate buffer.

(3) Bridge buffer: oontained 14.223 gms boric acid and 1,848 gms
sodium hydroxide in 1000 mls distilled water and the PH was adjusted
to 8.48.

Amido Svartz 10B.

Supplied by "Bayer" Leverkusen.

A saturated solution was made up in a2 methanol - water - glacial
acetic acid solvent in the proportion by volume (50:50:10.)
Polyvinyl pyrrolidone (MW = 11.000)

was supplied by L, Light & Co.Ltd., Colnbrook, England.

A 15% solution in 0,9% sodium chloride was used.

0.1K Thioglyecollic acid.

A 0,2M solution of 'BDH Reagent grade' thioglycollic acid solution
was made up in phosphate buffered saline. Egual volumee of this
-solution and serum were mixed so that the final concentration was
O.1M.,

0.5 eysteine.

A 0.5 solution of 'BDH Reagent grade' cystein - hydrochloride was
meds up in distilled water. Conc. sodium hydroxide was added
until the PH of the solution equalled 8.5 to an outside indicator,
0.02M iodoacetic acid.

Made up by diesolving !'BDH Reagent grade' iodoacetic acid crystals
in 0.15M phosphate buffer PH 8.0.

Folin and Ciocaltesus Reagent.,

Made up by diluting 'BDH Reagent grade' Folin and Ciocalteaus
Reagent 1 in % with distilled water immediately before use.
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Coombs sntihuman globulin rabbit serum.

Supplied by The Wellcome¥oundation, Burroughs WellcomeLtd.,
‘Kent, England,
Preparation of serum euglobulin fraction.
The euglobulin fraction of serum is defined as that fraction which
is insoluble in water in the absence of salts and is precipitated
on reduction of the ionic strength of the serum by dielysis againet
distilled water (Green 1938) or by one third saturation of serum
with ammonium sulphate.

Serum samples were diluted 1 in 5 with distilled water and
- dialysed against distilled water for 48 hours at 5°C with two changes
of water, The precipitate which formed was centrifuged off, washed
twice with distilled water and dissolved up in 0,9% sodium chloride
%0 a volume 5 times that of the original serum., The euglobulin
fraction and the supernatant serum were tested for antiglobulin
activity.
alt fractionation with ammonium hate,
This was carried out at 5°C at the PH of blood., Three fractions
were prepared by adjusting the smmonium sulphate concentration to
34% and 46k. The fraotions precipitated by 34% eaturation, between
34% and 46F saturation and the remaining supernatant sera were thus
obtained,
1,0 ml serum was made 34% satursted with respect to ammonium sulphate
and left at 5°C for % mins. The protein precipitate was then
centrifuged off at 09C at 3000 rpm. The supernatant serum was
removed and the precipitate was diesolved up in 5§ mle of 0,9% eodium
chloride., The protein was reprecipitated twice from this solution
and finally dissolved up in 2 mle of 0.9% sodium chloride./
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chloride.
The supernatant serum from the first precipitation was made 464
gaturated with respect to ammonium sulphate, the precipitate was
centrifuged off and reprecipitated as before, The remaining
supernatant serum was stored,
.A11 three serum portions were tested for entiglobulin activity
in the Boyden haemegglutination teat‘uatng bovine d-globulin
and analysed electrophoretically on cellulose Bcetate paper at
PH 8.6,
Starch gel electrophoresis of serum.
Preperative electrophoresis of the serum of a patient (P), with
a clinical and pathologicsl diagnosis of hepaticcirrhosis, was
carried out by a modification of the method of Smithiee (1955).
The electrophoresis was carried out in a continuous borate buffer
system at PH B,48.
(1) Preparation of gel.
500 mle of a suspension of hydrolysed etarch, containing 12,3 gme
per 100 mls of borate buffer PH 8.48;‘waa made up in a 1 litre Pyrex
conical filter flask, The flagk was heated over a gauze on a Bunsen
flame with continuous swirling., Care was taken not to remove the
flask from the flame and the heating was continued until the starch
grains had ruptured and the liquid gel was on the point of boiling.
The flask was then removed from the flame, stoppered and the pressure
in the flask was riduned by attaching the side arm to a water suction
pump. On‘rednction of praaauxé the gel began to boll and vigorous
beilinr wag continued for 30 seconds. fhe alr-free gel was then
iﬁmadiataly poured into a perspex trai-ot dimensions (5x12x0.5 inches),.
covered with a sheet of polythene, which had been lightly smeared

with liguid paraffin, and the excess gel was removed by pressing/
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pressing & heavy glass plate on top of the sheet, The gel waes left
to set for eeveral hours until it resched room temperature. Gels
were @lways used the same day.
(11j Insertion of sample.

5 mleg of serum was mixed to & thick suspension with washed, un-

hydrolysed potato starch grains. A slot 0.6 oms by 10 cms was

cut out of the gel about 10 cme from the negative end by means of

a sharp scalpel and the serumestarch sunponsioh wag poureﬁ into

the cavity., The slot was covered by means of a plece of perspex
and the whole gel surface was lightly smeared with a film of licuid
parafiin and a sheet of polythene,

(11i) Electrode vessels and filter paper connections.

The electrode vessels consisted of two compartments A and B, ~The

A chambers contained borate buffer PH = 8,48 and the B chambers
gontained the same buffer plus 2% sodium chloride., Thick wads

ef filter paper soaked in the borate bridge buffer made the connections
between chambers A and B and the A chambers and ende of the gel.

A plece of narrow bore glass tubling connected the two A chawmbers,
(iv) Electrical connsctions.

A direot current of 40-45 m amps &t 2 voltage of about 200 volts
wag applied for 22 hours, The gel was cooled during this time

by circulsating tap water in a coll of dialysis tubing which compe
letely covered the surface of the gel.

(v) Steining of the gel.

At the end of the electrophoretic run the gel was removed and blotted
free of excess oill. A strip 3 cme in width was cut longitudinally
from one edge of the gel and sliced horizontally slong its length by
means of a taut @ wire saw supported on the edges of a perspex tray/
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tray helf the depth of the gel. Onmne half of the sliced gel was
stained by placing it in a saturated solution of Amide Svartz 10B
in o methanol -water - glacial acetio acid solvent (50:50:10) for
2 minutes. Excess dye was then eluted by repeated washing with
the methanol - water - glacial acetio acid sclvent. The zels were
preserved for periods of several months in this solvent. Before
staining the gel strip was crogs-hatched at 1 cm intervals along
its length for comparison with the unetained section of the sel,
(vi) Elution of protein. |
The remainder of the unstained starch block was gliced across
its longitudinal axis into 1 cm zones. The protein was eluted
from each segment by molar sodium chloride. 5 mls ¥, ,Kaocl were
added to each segment in a test tube and homogenized Ey hand!with
a mushroom eénded glass rod. The pulp was then filteggg:;ignlayers
of Whatman number 1 filter paper in & small Buchner filter funnel
into a 100 ml filter flesk., The pulp was returned to the tube and
re-extracted with another 5 mls M.Nacl and re-filtered and the two
filtrates were combined, A small, constant volume of each eluate
was removed for protein estimations. The remsining zone eluates
were concentrated to 0.6 ml by dialysis against 15% polyvinyl-
pyrrolidone in 0,9% Nacl at 5°C, The conoenfrntad golutions ego
obtained were centrifuged in order to remove any starch particles
present. The clear supernatant solutions were tested for anti-
globulin activity with bovine ¥ -globulin sensitized red cells and
analysed electrophoretically on cellulose acetate paper at PH 8,6,
(vii) Estimation of protein in zone eluates.
This was carried out on 0.5 ml aliguots of the starch gel eluates
with the Folin-Wu-Ciocalteau phenol reagent (Wu 1922),

To 0.5 ml of eluate 1.5 ml of 12,5% sodium carbonate was added /
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added and the solutions were left at room temperature for 1 hour,
0.25 ml of Folin and Clocalteaus reagent, diluted 1 in 3 with
diastilled water, was then added and the solutions were left for =
further %0 mins. The optical density of the blue colour which
developed was read againet & no-protein reagent blank at 650m%& .
A plot of protein concentration (obtgined from a cal ibration curve)

and antiglobulin titre againet zone nuwber weas made,

This was carried out by the method of Kohn (1960) to characterize
the ammonium sulphate fractions of serum and the concentrated starch
gel fractions.

(i) Apparatus

The slectrophoresis tank used in these experiments coneiasted of

two parallel perspex electrodc vessels, one-third filled with 0.1
barbital buffer PH 8.6 and connected by means of a piece of narrow
polythene tubing. Two platinum-mercury electrodes made contact

at elther end of the eleotrode vessels by means of glass funnels
plugged with filter paper and two-thirds filled with buffer, Each
electrode vessel was covered by a perspex 1id with two narrow slots
along its length, Strips of filter paper were allowed to dip into
the buffer in eleotrode vessels through these slote and the edges

of the aatgrated filter paper were pressed firmly down onto the edges
of a central platform. Six 1 x SLinﬂh 'Oxoid! cellulose acetate
paper strips, which had been soaked in buffer for several hours
between porcelain plates and blotted free of excess buffer, were
gtretched over the central platform and supported at either end by
the filter paper wicke dipping into the electrode vessels.

Edge effects were minimized by placing two narrow strips of cellulose

acetate paper at the extreme ends of the tank, The electrode /



40

electrnde vessele and paper strips were then covered by means of a
double celluloid 1id, which was firmly screwed intc position.

A aurrent of 12 m amps was applied for a period of 10 mins to allow
aquilibratlon of the eystem.

(11) Insertion of sampls.

The current was switched off and a narrow slot in the celluloid 1id
wag exposed by removal of an adhesive tape, About lg;bml of serum
or serum fraction was applied in a narrow band on the strip about

¢ of the distance from the cathode end by means of a narrow capillary
tube and allowed to dry, If the protein solution to be applied was
dilute a second or third application was made. The slot was then
covered by the adhesive strip and a ourrent of 12 m ampe was applied
for 2,5 hours. _

(111) Staining of the strips.

A% the end of the run the strips were removed from the tank and
plaead in a solution of Lissamine Green dye for approximately 2 hours.
The excees dye was removed by several washings with 5% acetic acid.
The strips were then dried between sheets of filter paper in a heavy
press.

Ultra oentrifuge fractionation of serum,

0.8 ml diluted serum (2 vols serum diluted with 1 vol sasline) of
patient (P) was fractionated in & partition cell by centrifuging at
59,760 r.p.m in an Annlytical‘k;otor for 64 mins until all the 198
maoroglobulin components had completely sedimented in the lower cell,
leaving moet of the light 7S ¥ -globulina, « and PBglobuline and
albumin in the upper cell, The sedimented macromoleculsr components
in the lower cell were dissolved up in 0.7 ml 0.9% sodium chloride.

This solution, the supernatant serum in the upper cell and the

unfractionated serum were tested for antiglobulin activity.
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Treatment of sera with sulphydryl reagents, -
The 198 antibodies, like the 198 proteins in general, (Dungern 1900)

are very sensitive to sulphydryl reasents which cause dissociation
into smaller units with marked loss of agglutinin activity,

Fudenberg and Kunkel (1958) reported that there wes a loass in
agglutinin activity of the cold agglutinins of acguired haemolytic
anasmia, the heterophile antibodies and t he rheumatolid macroglobulin
on treatment with these reagents, 8imilar treatment of the 'warm
antibodies' of acquired haemolytic anaemia and the incomplete Eh,
antibodies resulted in little or no lose of activity., Fudenberg
and Kunkel (1957) showed that when the dissociation of the cold
agglutinins of acguired haemolytic anaemia, by treatment with mercapto-
ethanol or cysteine, was followed in the ultracentrifuge low molecular
weight proteins were produced, 7ith this physical diesociation a
concomitant loss of serological activity was also observed. Deutch
and Morton (1957) showed that addition of sulphydryl reagents to
magroglobulinemic sera resulted in the conversion of the 199 macro-
globulins into a molecular entity possessing a sedimentation constant
near that of the usual 6.58 ¥-globulin on ultra centrifuge analysis.
After treatment of the sera with mercaptoethanol the sulphydryl com-
pound was removed by dialysis against phosphate buffer or phosphate
buffer containing iodoacetate, They found that removal of the
mercapteoethanol by dialysis against buffer resulted in the reaggreg-
ation of the msoromolecules toc & certain extent whereas removal of
the sulphydryl reagent by dialysis in the presence of iodoacetzate,

a sulphydryl group blocking reagent, prevented the reassoclation of
the subunite. Thie indicated that depolymerization of the macro-
globuline was the result of disruption of the disulphide bonds, /
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bonde, the presumed site of actlon being the disulphide bonds bridging
the unite comprising the 19S macroglobulin,

METHODS

Sera from patients suffsring from infective hepatitis and hepatic
cirrhogie possesszing sgglutinin activity were treated withi-

(1) 0.5 cysteine,

(11) 0.1M thloglycollio acid,

Treatment w;gh'ﬁiﬁg cvsteine.

A 0.5 golution of cysteine hydrochloride was brought to PH 8.5 by
the addition of conc, ﬁodium hydroxide. Berum samples were diluted
1 in 5 with phosphate buffered saline PH 8,0 and dialysed ngainast

a solution of 0,5 cysteine for 18 hours at 5°¢C, The sera were
then tested for antiglobulin activity.

Treatment with O.1H thioglyocollic acid.

Equal volumes of 0.2 thioglycollic acid in phosphate buffered saline
PH 8,0 and serum diluted 1 in 5 were mixed and left at 5°C for 48
hours with occasional mixing. The solutions were then divided into
two parte., One part was dlalysed against 0.15M phosphate buffer

PH 8.0 and one part was dialysed against 0.02M iodoacetate in phos-
phate buffer for 36 hours at 5°¢, The sera were tested for anti-
globulin activity. Control sera included sera from patiente suffering
from rheumatoid arthritis and a rabbit antihuman globulin serum,
Heat stability of antiglobulin,

Antibodies, like other proteins, are inactivated by heat and possess
a high heat of activation (Boyd 1954). The complement fixing anti-
bodies desoribed by Gajdusek (1958) were reported to be stable at

56°C with increasing instability above 60°0,
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HETHOD

gera from patients with hepatocellular lesions were diluted 1

in 10 with 0.15M phosphate buffered saline and heated for

30 mins at -

(1) 559

(11) 60°¢

(111) 65°¢

The antiglobulin activity was tested in heated and unheated sera.
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Table (1) shows that on electrophoresis of a solution of purified

LDH, of protein concentration 1,2 mgms/ml snd activity 10 x 103
unite, 100% of the enzyme activitywas aseociated with 67% of the
total protein and migrated with the mobility of ¥ -globulin ai
PH 8.6.

TABLE (1)
ZONE % of TOTAL % of TOTAL
PROTEIN LDE ACTIVITY
Cathode 39 <0
Origin 28 20
Anode 27 0
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Table (2) shows that the sera of 4 patients
suffering from hepatic cirrhoeis, 3 patiente
suffering from infective hepatitis and one
patient with obstructive jaundloe caused no
inhibition of the activity of a golution of
purified human liver LDH in witro. In each
case the combined activities of the enzyme
and gerum was slightly higher than the cal-

culated theoretical value,
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TARBLE (2)

Cone.of [Univs of|Units of [Combined [Theoretical %
Clinical LIH |Activity| LDH LDH LDH Activity |[Inhibition
Diagnosis [mgme/mwl |of LUE |Activity|Aictivity [of Enzyme of LIH

of Berum|of Enzyme Activity
derum . Serum

Hepatic
eirrhosis | 0.140 | 310 352 409 % 0
cage (1)
Hepatic
cirrhosis
cage (2) | 0.09 | 251 612 721 432 0
Hepatio
cirrhoeis PR
cage (3) |0.09 |[251 357 337 304 0
Hepatic
cirrhosis
case (4) |[0.090 | 2w 630 563 440 0
Infective
hepatitis
case (1) | 0,020 | 837 664 867 750 0
Inrectt:e
hepat s
case (2) | 0,001 | 430 426 480 428 0
Inteafize
hepatitis *
case (3) 0.00) | 430 794 676 612 0
Obstruc~
tive
Jaundice .
case (1) |0.001 | 430 365 445 396 0




era of
atocelliulay

Table (3) shows that the sera of 7 patients with & clinical diagnosis
of hepatic cizrhosis snd 2 patients with infective hepatitis age-
lutinated, to low titres, human erythrooytes sengitized with purified
husan liver LDH whereas the sera from 11 normal laboratory control
subjects caused no agglutination.

Table (4) shows that the sera of % patients with & clinicsl diagnosis
of hepatic cirrhosis and one petient with & diagnosie of infective
hepatitis agglutinated, to low titres, erythrooytes sensitized with
human serum Cohn FII ( ¥ -globulin) whereas again the sera from 11
normal control subjecte gave negative titres,

Table (5) shows that the sera of 6 patientsz with 2 clinical diagnosis
of hepatic cirrhosies and of 5 patients with & diagnosis of infective
hepatitis gave positive titres with bovine serum Cohn FII ( ¥ ~globulin)
gensitized erythrooytes. The sera from 5 blocd donor control sube-
jects gave negative titres.

Table (6) compares the titres obteined by the sera of patiente
suffering from hepatocelliular lesions with bovine FlII sensitlczed
human erythrocytes and sensitized sheep cells, In this test a

titre of 0-064 wes considered negative,
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TABLE (3)
Ciinical Humber of Humber with Number with
Diagnosis |Sera Tested |Titres between| Hegative

20 and 160 Titres

Hepatic
cirrhosis 9 2
Infective
hepatitis 3 e 1
Normal
controle 11 0 11

TABLE ggg
Clinical Humber of NHumber with Number with
Diagnosis |Bera tested | Titres between| Hegative

20 and 160 Titres

Hepatic
cirrhosis 6 3 3
Infective
hepatitis 2 1 1
Normal
controls 11 0 il
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TABLE
Clinical Numrber of Runmber with Number with Number with
Diagnosis Sera Titres between | Titres between Regative
Tested 20 and 640 1280 and 10,240 | Tiires
Hepatic
cirrhosgie G i 2 4 1
Infective
hepatitis S 3 2 1
Normal
controls 5 0 0 5
TABLE

Clinical Diagnosis Titre with Bovine Titre with

8 -Globulin-sensitized Sensitized

Human Cells Sheep Cells
Hepatic cirrhosis
(case 1w) %20 64
.Hepatic cirrhosis
(case (P)) 5120 64
Hepatic cirrboseis ’
(case (E)) 320 64
Hepatie cirrhosis
(case (K)) 10,240 64
Hepatic cirrhosis
(case D) 2560 128
Infective hepatitis
(case L) 40 64
Infective hepatitis
(case T) 1280 64




(1) Activitv of eu n fraction of serum,

Table (7) ehows that in 4 or the 5 cases of
hepatic cirrhosis and in the 2 ceses of in-
feotive hepatitis not more than 174 of the
agzlutinin activity of the serum was asgoc-
iated with the euglobulin fraction. In one
ratient (case D), 50% of the agglutinin act-
ivity was found in the euglobulin fraction.
It will be observed that there was partial
loes of aotivity of the serum on dislysie
and the activity of the suglobulin fraction is
expressed as the % of the total remaining
activity.

(2) Aotivity of nium sulpha actions,
From table (8) it is seen that over 904 of the
agglutinin sotivity in the serum of a patient
(P) with a olinical and pathological diagmosls
of hepatic cirrhosis, was found to be associated
with the fraction precipitated by 34% saturation
with amwonium sulphate, Plate (1) shows that
this fraotion migrated with the mobility of
¥ -globulin on cellulose acetate paper at FH 8,6,
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TABLE !”
Clinical Titre |Titre of Titre of 4 of Total
Diagnoais of Fuglobulin | Supernatant Activity
S8erum |Fraction Serum Agsocliated with
Fuglobulin
Fpaction,
Hepatic
cirrhosis | 5120 544 2560 17
(case P) :
Hepatic
cirrhosis | 1280 68 640 10
(case C)
Hepatic
cirrhosis | 10,240 160 2560 6
(case M)
Hepatioc
cirrhosis 8120 320 320 50
(case D)
Hepatic .
cirrhosis 320 0 160 0
(case ko.)
Infective
hepatitis 1280 10 160 3
(case T)
Infective
hepatitie 320 0 80 0
(case 8)
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Serum
Protein Fraction Tested Titre
Serum (case P) 5120
Euglobulin fraction 544
Supernatant serum 2560
Fraction precipitated by
34% saturation with
ammonium sulphate 2560
Fraction precipitated
between 34% and 464
saturation with ammonium
sulphate ' 160
Supernatant serum 20
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Tables (9) and (10) and graph (1) show the
proteln and activity distribution cbtained

on eleotrophoresis of the serum of a patient
(case P) with & clinical and pathological
diagnosis of hepatic cirrhosis.

It i1s observed that the antiglobulin sctivity
in this serum was found to be sssociated with
two protein fractions; one of which migrated
with the mobility of a slow ¥ -globulin and the
second migrated in the fast x-glomlin region
at PH 8,48,

Plate (1) shows that on electrophoretic enalysie
of these fractions on cellulose acetate paper at
PH 8,6, mone (3) containing the firet activity
peak migrated with the mobility of & slow S
globulin and gone (6) containing the second act-
ivity peak migrated with the mobility of a faet
¥ -globulin bordering on the F -globulin area.
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TABLE (9)

Zone Numbery

.Proteln Concentration
in mgms/ml

Vi &5 W RO

<—ORIGIN

o

0 o =~

0.090
0.025
0,250
0.430
0.450
0.210
0.120
0.090
0.120
0,100
0.090
0.070
0.080
0.110
0,110
0.109
0.170
0.270
0.268
0.310
0.190
0.310
0.190
0.160
0.090
0.060
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TABLE (10)
Zone number Titre
Unfractionated 2560
serum (case P)
1 0
2 0
3 160
4 20
5 8o
éq——ORIGIN 320
7 8o
8
9 0
10 0
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34% Asmmonium sulphate : - Btarch gel zone (5)
fraction -

34% to 46% Ammonium Btarch gel zone (6)
sulphate fraction
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(4) Astivity of ultra centrifuge fractions.

Table (11) gives the antiglobulim activity
of the upper and lower cell frections ob-
tained by ultra centrifuge fractionation
of the serum of a patient (oase P) with

a clinical and pathological dlagnosis

of hepatic cirrhosis. It appears that all
the agglutinin activity is associated with
the macroglobulin fraction in the lower
¢ell, the upper fraction being totally in-
active, There had been some lose 0f act-

ivity on centrifugation.
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Upper cell fraction

TABLE (11)

Sexrum Fraction Tested Titzre

Unfractionated serum y

(case P) 2560

Lower cell fraction

containing all 198

macroglobulin 640
0




(5)
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Action of sulphydryl reagents.

Table (12) shows that treatment of the sera of
5 cases of hepatic cirrhosis and 3 cases of
infective hepatitie, with 0.1M thioglycollic
acid, resulted in the loss of over.90$ of the
agglutinin activity, It is slso observed

that in cases P and C there was partial regen-
eration of activity on removal of the thic-
glycollic acid by dialysis against phosphate
buffer,

S8imilar treatment of rheumatold arthritis serum
also resulted in over 90% loss in activity but
treatment of the rabbit antiserum with thio-
glycollic acid caused no loes of agglutinin
activity.

It 4s seen from table (13) that treatment of
sera of patients with hepatic cirrhosis and
infective hepatitis with 0.5M cysteine PH 8.5
resulted in 75-90% loss in agglutinin activity.
Treatment of rheumatoid arthritis serum with thlsl
reagent caused over 90% lose of activity whereas )
the activity of the rabbit antiserum was again

unaffected,
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TABI._.E 512!
Clinical Titre Titre after Titre after
diagnosis of treatment with treatment

gerum 0.1¥ thioglycollic with O.1M

acid and 0,02k thioglycollic

iodoacetate agid
Hepatic
cirrhosis
(case P) 5120 20 160
Hepatic
cirrhosis
(case C) 1280 0 80
Hepatic
cirrhosis
(case M) 10,240 0 0
Hepatic
cirrhosis
(case D) 5120 0 20
Hepatic
cirrhosis
(case E) 320 0 20
Intaot::a
hepatitis
(case T) 1280 0 10
Inteotxze
hepatitis
(case 3) 320 0 0
Infective
hepatitis
(case 1w) 320 0 0
Rheumatoid
Arthritis [10,240 10 10
Coombs
rabbit 2560 2560 2560

antiserum
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TABLE (13)
Olinical diagnosis Titre Titre after
dielysis against
0.5 cysteine
Hepatic cirrhosis 10,240 320
(case M)
Hepatic cirrhosis 5120 1280
(case D)
Infective hepatitis 1280 20
(case T)
Infective hepatities 320 20
(case 8)
Rheumatoid Arthritis 10,240 20
Coombe rabbit
antiserum 2560 2560




(6) Heat etability.

Table (14) ehows that the antiglobulin

factor present in the sera of 4 patients

with hepatic cirrhoels and 4 patients with
infective hepatitis was stable on heating

at 55°C for 30 minutes., There was a partisl
loss of activity in 3 of the hepatic cirrhosis
gsera and 2 of the infective hepatitis sera

on heating to °C, it 65°C the antiglobulin
activity of all the sera was unstable, wiih
the exception of case (lw), which appears %o

‘be steble to heat up to 65°¢,
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IABLE (14)
Clinical Titre Titre after Titre after T tre after
diagnosis heating at- heating at heating at
5%%0 60°¢ 669¢
Hepatic
eirrhoelis 5120 5120 5120 1280
(case P)
Hepatioc
cirrhosis 1280 1280 640 160
(cage 1)
Hepatic
cirrhosis | 10,240 10,240 5120 2560
(case M)
Hepatio
¢irrhosis 5120 5120 2560 320
{case D)
Infective
hepatitis 640 640 320 320
(case T)
Infective
hepatitis 320 320 40 40
(case 8)
Infective
hepatitis 160 160 160 160
(case 1w)
Infective
hepatitis 2560 2560 2560 640

(case B)
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IV Injection of rats with yrut liver lactic dehydrorenasse

Antibodies to rat liver LDH could not be detected
in the sera of rats which had been injected with
homologous LDH by biochemical or immunologicsal
tschnioues, In spite of the fact that the serum
LDH levele had inoreased as & result of the in-
jections, these sera did not inhibit the anttvity
of purified rat liver LDH in ¥Atro; neither were
tanned human erythrocytes sensitized with rat

liver LDH, agglutinated by the sera of these rats,
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DI3CUSSION,

Attempte to demonstrate inhibition of human liver lactic
dehydrogenase by the sera of patients with acute and chronic hepato-
cellular lesions were unsuccessful in all the cases tested. It
was observed, in fact, that there was & slight enhanocement of the
LDH activity by the presence of the serum, probably due to the
stabilizing effect of the serum proteins, These results thue
guzgest that antibodies to human liver LDH are not present in these
aera or that any antibodies present do not possess antienzyme activ-
ity and the antigenic sites on the surface of the molecule do not
coincide with the engyme aoﬁive centres, This would be contrad-
ictory to the results of Wroblewski (1958) and Henion, Mansour
and Bueding (195%) who showed that antibodies to rabbit muscle LUH
caused a marked reduction in engzyme activity. However, in order to
detect the presence of an antibody to human liver LDH which did not
possess antienzyme aoctivity sensitive immunological procedures were
enmployed, namely a modification of the Boyden haemagglutination
technique (1951). Preliminary resulte showed that human erythro-
oytes sensitized with a solution of purified human liver LDH were
agglutinated to low titres by the sera of certain patients with
hepatic cirrhosis and infective hepatitis, whereas sera from normal
control subjecte gave negative titres. Subsequent experiments,
however, showed that the sera from these patients also caused agglu-
tination of erythrocytes sensitized with preparations of human and
bovine serum Cohn FII ( & -globulin). It thue became evident that
the agglutinating reagent present in these sera was not specific for
LDH but reacted also with serum ¥ -globuling. It is significant
that electrophoretic analysis of the purified human liver LIH 7
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LDH used in the agglutination experiments showed that 100% of the
enzyme activity was associated with & protein which behaved electro-
phoretically at PH 8.6 as a ¥ -globulin. An antigenic eimilarity
to ¥ -globulin would explain its reaction with the antiglobulin
. factor, This demonstration of antibodies with a broad specificity
range in the sera of patients suffering from hepatocellular lesions
is not unigue. False positive resulte for the rheumatoid agelut-
inating factor have been reported in cases of hepatic cirrhosis and
infective hepatitis (8vartz 1958; Ziff 1957) and Dresner (1960)
found a high incidence of "false positive" results for the rheumatoid
factor, using FII-coated latex particles, in hepatocellular lesions,
including portal and biliary cirrhosis and viral hepatitis., He
postulated that the agglutinating activity in these sera was inde-
pendent of the type of lesion or the presence of jaundice; the
important factor being hepatocellular damage and when the factors
causing liver injury cease to operate during & clinical remission
the agglutinating activity disappears, He strescsed that agglutine
ating activity in such sera accurately reflects the clinical course
of the disez2se and whereas on recovery from hepatocellular disease
many of the indexes of hepatic function may take months to return
to normal the latex fixation test appears to be 2 more subtle test
for the presence of active disease. Electrophoretic and ultra
centrifuge analysis of the sera studied by Dresner showed that the
agelutinating activity was associated with a slow moving zf-globulin
with a sedimentation constant of 19 or 22 Spqy (Dresner 1960).
Gajdusek (1959) reported the presence of serum reagents,
which gave positive autoimmune 6omp1ément fixation reactions with

a variety of tissue extracts from human and animal species, in the/
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the sera of patiente with liver damage, He maintained that these
reagents exhibited many of the properties of antibodies and in
spite of their none-specificity alleged that they were true auto-
antibodies to components of damaged liver tissue,

In view of these reports it thus seemed pertinent to
inquire whether the non-specific ﬁgglutinating reagents reacting
with human liver LDH and ¥ =globulin were also of antibody nature,
A physicel and chemical study of these factors was consequently
undertaken. Preparation of the euglobulin fraction of the sera
showed with one exception (case D) not more than 174 of the agglut-
inin activity was associated with this fraction. 1In case (D),

50% of the activity was found in this fraction and it may be signif-
icant that of the 7 sera tested for the sheep cell factor only one,
case (D), gave a positive titre. This suggeste that the activity
in the euglobulin fraction of this serum was due in part to the
rheumatoid agglutinating factor which is known to be associated
with this fraction (Ziff 1956).

Ammoniuﬁ sulphate fractionation of the serum of a patient
(P) with a clinical and pathological diagnosis of hepatic cirrhosis
gshowed that over.goﬁ of the agglutinih activity was assocliated with
the fraction precipitﬁtod by 34% saturation with ammonium sulphate.
On electrophoresis at PH 8,6 on cellulose acetate paper this fraction
migrated as a Zf—globulin.

starch gel electrophoresis of this serum at PH 8.48 showed
that the activity was associated with two protein fractions, one of
which migrated in the slow §-globulin region and the other in the
fast ¥ -globulin region, Ultra centrifuge fractionation of the
serum of case (P) showed that all the agglutinin activity of the /



the serum wasg assoclated with the macroglobulin fraction. This
result was confirmed chemically by treatment of sera from patients
suffering from hepatic cirrhosis and viral hepatitis with sulphy-
dryl reagents.

On treatment of the sera of 5 patients suffering from
hepatic cirrhosis and 3 patients éuffering from viral hepatitis
with 0.1k thioglycollic acid followed by dislysis against 0.,02M
iodoacetate in phosphate buffer PH 8.0, over 90% of the serological
activity of all the sera was lost, whereas similar treatment of a
rabbit antihuman globulin serum resulted in no loes of agglutinin
activity. The antibodies of rabbit serum are known to belong
almost entirely to the low molecular weight 78 ¥ =-globulin clags
(Kabat 1939) 2nd are therefore not &ffected by sulphydryl reagents.

Dialysis of these sera against O.5M cysteine aleo resulted
in a marked loes of agglutinin activity but the rabbit antiserum was
again unaffected.

These results clearly show that the antiglobulin activity
in the sera of patients suffering from hepatocellular lesions is
associated with a macroglobulin fraction which is destroyed by
gsulphydryl reagents by virtue of their destructive action on the
disulph1d§ bonds which maintain the integrity of the molecule.
(Deutch and Morton 1957; ¥ranklin, Holman and Kunkel 1957).

There thus appears to be a physical resemblence betwepn
the serum factors reported here which react with human group O
rhesus negative erythrocytes sensitized with human liver LDH, human
and bovine Cohn FII x-globulin and the latex particle agglutinating
reagents described by Dresner (1960) which were also shown to be

Xi-globulins of the 198 class. Although the latex particle /
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particle agglutinator was found to be associsted with the slow
moving K'uglobultn.trnction on electrophoresis, whereas the

FII human red cell agglutinator was shown to be asscelated with
proteins in the slow and fast & -globulin region, with the bulk
of the activity in the fast Y -region, it is quite possible that
they are identical or closely relitad to each other.

It was concluded, in the light of the results presented,
that speciiic autoantibodies to the human liver cell protein lactic
dehydrogenase, were not detectable in the sera of patients suffering
from hepatocellular lesions by biochemical or sensitive immunological
techniques, Lees specific serum reagents of antibody nature, were
shown to be present, however, and these reacted immunologically not
only with purified human liver LDH but also with human and bovine
¥ -globulin but not with sensitized sheep cells.

It is suggeated that these reacents are produced =g a
general response to tissue damsge and not to the specific entigenic
gstimulus of any one liver tissue protein.

No conclusions could be drawn from the animal experiments
in which rets were injected with homologous rat liver LDH. Antl-
bodies could not be detected in the sera of these rats by blochemical
or immunological technioques, The sera exsrt=d no inhibition on the
activity of purified rat liver ZﬁH, prepared from the livers of other
rets of the sams etrain, in vitro., Human group O rhesus negative
erythrocytes which were tamned and sensitized with the same rat liver
LDH were not agglutinated by the sera of the injected rats, Presum=
ably the LDH used for injeotion was not sufficiently “foreign" to
the orgenism to elicit the formation of antibodies. It was therefore
concluded that neither agglutinating antibodies nor antibodies /
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antibodies posseseing antienszyme activity were produced in
the two groups of rats on injeotion of purified preparations
of homologous rat liver LDUH with or without adjuvants by intra-

venous, intra muscular and subcutaneous routes,



SUMEARY .

(1) Human liver lactic dehydrogenase was prepared and shown to

migrate with the electrophoretic mobility of ¥ -globulin at PH 8.6,

(2) Antibodies to human liver lactic dehydrogensse were not detected
in the sera of patients with hepatocelliular lesions by their ability
to inhibit the activity of purified human liver LDH in vitro.

(3) A factor was demonstrated, in the sera of patients suffering
from hepatocellular lesibns, which caused agglutination of human
group 0 rhesus negative erythrocytes sensitized with preparatione
of purified human liver LDH, human and bovine serum ¥ -globulin but
did not agglutinate sensitized sheep cells.

(4) The agglutinating factor was characterized =s a ¥ -globulin,

not more than 17% of which, was agsociated with the euglobulin fractio:
of serum, starch gel electrophoresis at PH 8,48 showed that the
serologlcal sctivity in the serum of a patient suffering from hepatic
cirrhosis was associated with two ¥ -globulin fractions in the slow
and fast O -regions reapectively. Ultra centrifuge fractionation

of the serum and reaction with sulphydryl reagents established the
agzlutinin activity to be assoclated with the 198 macroglobulin

fraction.

(5) Ho antibodies were detected, by biochemical or immunological
methods, in the sera of rats which had been injected with purified
preparations of rat liver LDH without adjuvants by intravenous,
intramuscular and suboutaneous routes, or with adjuvants by sub-

cutaneous routes,



PART 11

“The characterization of an antiglobulin present in the eera of
certain pntienta following myocardial infarction; its comparison
with and differentiation from the rheumatoid factor."



72

INTRODUCTION.

In 1945 Cavelti demonstrated the presence of sutoantibodies
to heart muscle tiesue in the sera of 75k of the patients tested
with active rheumatic fever by the agglutination of collodion particle
sensitized with saline extracts of human heart, He showed that the
autoantibodies were pre=sent during the active stave of the disease
and disappeared when the rheumatic process became inactive. In
subsequent experiments (Cavelti 1947) it was shown that rats imme-
unized with homologous tissues of heart, skeletal muscle and conn-
ective tissue developed cardiac lesions and he suggested that these
lesions resulted from an interaction between the autoentibodies and
connective tissue occuring in vive. He found that there was a
large degree of overlapping of the antigens in vitro and sugeested
that this was due to the fact that connective tissue ie present in
both heart and skeletal muscle and a number of different antibodies
will be formed against the various constituents of crude heart em-
ulsion, connective tissue and skeletal muscle. In capes where a
more pronounced reaction occured the structure of the cardisc lesions
seemed to resemble that seen in cases of rheumatic fever in humans
and on the basis of these results it was sugrested that during or
succeeding the streptococcal infection, which precedes & rheumatic
attack by two to three weeks, an antigenic substance is formed by
a reaction in which streptococcal substances or products combine
with components of the heart tissue, probably present in the conn-
gotive tissue, inciting the formation of autoantibodies which then
precipitate the rheumatic lesions by reacting in yive with the antigen

gituated in the tissues.
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The implication of heart specific sutosntibodies in the
pathogenesis of myocardial lesions was substantisted by the work
of Kaplan (1959). He found that the sera of patients suffering
from rheumatic fever frequently exhibited immuno-fluorescent stain-
ing of tissue sections of normal hyman heart. This activity wae
attributed to the presence in these sera of two ¥ -globuiins. The
first was demonstrated onlﬁ in the sera of certain patiente with
rheumatic diseases of the heart and the staining capacity could be
specifically absorbed with human heart tissue homogenate, The
second type of ¥ -globulin was shown to be present in the ssra of
rheumatic patients and in certain other pathological sera and was
found to be associated with the complement fixing and flocculating
activity of thé sera with alcoholic extracts of normal human heart.

Dornbusch (1957) reported the presence of autoantibodies
to homologous cardiac tissue in the sera of patients following myo-
cardial damaga. Kleinsorge and Dornbusch (1957) examined the sera
of patiente after myocardial inferction by means of the sensitive
Boyden haemagglutination technigue (1951) and found that 34% of the
patients tested possessed in their sera autoantibodies to heart
muscle extracts. They occured at certain intervals only in low
titres and direct relationshipe of any kind between the appearance
of the autoantibodies and the degree of myocardial damage could not
be found. These autoantibodies, unlike those reported by Cavelti
(1945) and Keplan (1959) were found in the sera of patlents following
a purely aseptic infarction excluding & previous bacterial influence,
although positive agglutination reactions were also obtained with the
sera of patients suffering from inflammatory myooarditis.

Gery, Davies and Ehrenfeld (1960) reported the presence

of heart specific autoantibodies in the sera of patients following /
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following myocardial infarction, acute rheumatic fever, myocardial
insufficiency, anginal syndrome and one patient following mitral
valvotomy. They demonstrated the autoantibodies by means of the
Boyden haemagglutination technigue using extracts of human heart
as the antigen., These workers 8lso produced sutoantibodies to
heart muscle antigen in the sera of rabbits which were similar to
those present in human sera but they did not result in pathological
lesions of the rabbit heart suggesting that they were & consecguence
rather than a cause of the lesions observed in man,

It thus appears that autoantibodies to some component of
human heart muscle tissue, which hes been released by bacterial
attack or ae the result of an aseptic degenerative process, are
formed and éppear in the sera of patients several weeks after the
myocardial damage has occured.

It has been shown, during the course of the present investi-
gation, that an antiglobulin factor was present in the sera of 50%
of the patients tested three or more weeks following myocardial in-
farction, and it was suggested that it may be related to the heart
muscle autoantibodies reported by Dornbusch (1957), end Gery, Davis
and Fhrenfeld (1960) or the & -globuline described by Kaplan (1959),
reflecting an immune response to some component of heart muscle or
connective tissue released as a result of myocardial damege.

This factor in many ways resembles the rheumatoid agglut-
inating factors present in the sera of over 75% of patients tested
with active peripheral rheumatoid arthritis (Heller, Kolodny, Lepow,
Jacobson, Rivera and Marks (1955); %iff, Brown, Laspalluto, Badin
and McEwen (19%6)).
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The possibility that rheumatoid arthritis has an immuno-
logical basis has long been entertained (Kunkel 1959; Bywaters
1957; Clough 1960) and the most convincing evidence for this is
the presence in the sera of such patients of the rheumatoid factor
which is :esponaiblé for a wide variety of serological tests em-
ployed in the diagnosis of rheumatoid arthritis, These tests
include, the sheep erythroeyte agglutinin test, the FII ¥ =globulin
tanned cell test and the latex particle fixation test (Heller, Kolodny,
Lepow, Jacobson, Rivera and Marks (1955); 2iff (1957)) all of which
are dependent on the agglutination of partioulate bodies coated with
¥ -globulin by the rheumatoid factor.

A number of workers have isolated and characterized the
rheumatoid factor and it hes become evident that it possesses many
of the chemical, physical and antigenic properties of an antibody
(Heimer, Federico, Freyberg (1958); Lospalluto and Ziff (1959);
Kunkel, Franklin and Muller-Eberhard (1959)). On electrophoresie
of rheumatoid serum the serological activity was found to be assoclated
with the ¥ -globulin fraction (Rose, Ragan and Pearce (1948); sSvartg
(1958 (1)); Kunkel, Franklin and Muller-Eberhard (1959)). Ultra
centrifuge patterns of the purified rheumatoid factor are particularly
characteristic and show that it is a macroglobulin with a sedimentation
constant of 19 or 228p3, and a molecular weight of one milliom (Svartsz
1958 (1)); Kunkel, Franklin and Muller-Eberhard (1959)) and like
other 198 antibodies (Franklin, Holman and Kunkel (1957)) it is
susceptible to the action of sulphydryl reagents with complete lose
of serological activity (Kunkel, Franklin and Muller-Eberhard (1959)).
The true antigen involved in the production of the rheumatoid factor

has not been precisely defined but it will react in serological /



76

gerological reactions with partially denatured or aggregated
3 -globulin which may be derived from a variety of species (CGlynn
and Holborrow 1957).

Thies investigation has shown that the sera of certain
patients following myocardial infarction also contain a factor
which reacts serologically with ¥ -globulin preparations and gives
"false poeltive® results for the rheumatoid factor. It was con-
seguently proposed to study the physical, chemical and immunological
properties of this antiglobulin and if possible to differentiate it

from the rheumatoid factor.



PART 1I
AGENTS and METHODS,
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I Physical charactgg;;ngtgn.
ggaannwg.
vine J -globulin (Cohn F

Supplied by Armours Laboratories Ltd,

Human ¥ -globulin (Cohn FII)

Supplied by the Scottish Blood Transfusion igaociatioa, The Royal
Infirmary of Edinburgh by the courtesy of Dr. Cumming.

Gellulose acetate paper.
Supplied by 'Oxoid' Ltd., London,

Ligsamine Green dys,

Contained a 2% solution of 'Gurrs' Light green powder in 6%
sulphosalicylic acid.,

Carboxymethyl cellulose ion-exchange resin.

Wihatman CM-30 carboxymeihyl cellulose cation exchange powder wase
used, A fresh sample of resin was made up for each columm,

Starch -~ Hydrolysed.

SBupplied by the ConnOught Medical Research Laboratories, University
of Toronto, Canada, Batch number 139 was used.

Unhydrolysed Potato “taroch.

Supplied by British Drug Houses Ltd.

Amido Svaritg 10B.

Supplied by 'Bayer' Leverkusen, A saturated solution in & methanol-
water-glacial scetic acid solvent (50:50:10) was used,

Polyvinyl Pyrrolidone (Molecular weight = 11,000)

Supplied by L. Light & Co.Ltd. A solution containing 15 gmes in

100 mls of phosphate buffered saline PH 8.0 was used,
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bb i man gl bu in serum
Supplied by The WollcomeFouﬁ&ation, Burroughe WellcomeLtd,, Kent.
Eheumatold serum
Supplled by the Rheumatic Unit, Northern General Hospital, Fdinburgh,
by the courtesy of Dr, Duthie.
Post myogardial infarot sera
Obtained from patients in the Royal Infirmary, Fdinburgh.
Control sera
Normal non-agglutinating control sera were supplied by The Blood
Transfusion Service, Royal Infirmary, Edinburgh and obtained from
blood donors.

All sera were stored at -10°¢,

BUFFERS,

0,154 phosphate buffered saline PH 8,0
1132,8 mls 0,15¥ 'Analar' sodium phosphate (anydrous), 67.2 mls

0.15 'Analar' potassium dihydrogen orthophosphate and 1200 mls
0.15¢ 'Analar' sodium chloride were mixed and the PH adjusted to
PH 8.0 with M., sodium carbonate.

0,10M Barbitone buffer PH 8.6

12.5 gms of 'BDH Reagent grade' sodium barbitone, 8,125 gme of
'Analer' sodium zcetate and 8,75 mle 0,990 hydrochloric acid were
dissolved in 1000 mls of distilled water and the voluh@ wag made up
to 2000 mls,

at ferg for cation-exch e chromatogTa =

(1) Q.05 phosphate buffer PH 8.2,
0,058 sodium phosph:te (HaQHPD4.7H20) was added to 0.05¥ scdium

dihydrogen orthophosphate (NaHpP0,.2Hy0) until FH = 5.2,
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(2) 0.0 ) te buff H 6

448.5 mle 0.075¥ sodium dihydrogen orthophosphate (Haﬂgpod.eﬁao)
were added to 61.5 mle 0.075M sodium phosphate (NagHPO 4, 7Hz0) ,

(3) Q,10M phosphate buffer PH 6,5

342.5 mls 0,10 sodium dihydrogen orthophosphate (RaHePod.Engo)
were added to 157.5 mls sodium phosphate (3‘23P04.7H20).

Borate buffer PH 8,48 |

Consisted of 0.023K 'Analar' Boric acid and 0,0092M 'Anslar’ sodium
hydroxide., The eleoctrode veseels contained 2§ eodium chloride in
this buffer. The bridge buffier used for filter paper connections
contained 14,223 gme boric acid and 1.848 gms sodium hydroxide in
1000 mls of distilled water.

factor and the rheumatoid factor.
The antiglobulin present in the post myocardial infarct sera and

the rheumatolid factor were estimated by titration of the "sera or
serum fractions with human group-o rheaus negative erythrocytes
gensitized with bovine ¥ -globulin (cohn.FII) by a modification of
the Boyden haemagglutination technigue, described in Part I, unless
otherwise specified, Pooled rheumatoid arthritis serum was used
and the sera of 58 patients who had suffered 2 myocardial infarction
three or more weeks previously were tested for antiglobulin activity.
P a f the euglobulin fractio

It hae been reported (Svartz and Schlossman 1954) that the rheumatoid
factor is completely precipitated in the "cold globulin® fraction

of rheumatoid serum obtained by dilution with 14 volumes of distilled
water at 49C. 21ff et al (1956) prepared the "euglobulin” fraction
of rheumatoid serum by dialysis against a dilute citrate-phosphate /
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citrate~-phoephate buffer PH 5.8 and reported that the rheumatoid
factor wae present in this fraction in 90} of the patiente tested
with rheumatoid arthritis and in only 1.9% of the non-rheumatoid
controls, Franklin, Kunkel and Muller-Eberhard (1957) also
reported that the rheumatoid factor could be concentrated in the
euglobulin fraction of serum and &g this fraction is rich in the
high molecular weight 198 ¥ -globulins sugrested that the rheumatoid

factor was associated with these maorcglobulins,

METHOD

Serum wag diluted 1 in 5 with distilled water and dialysed against
distilled water at 4°C for 48 hrs. with two changes of water, The
precipitate was then centrifuged down and waghed twice with distilled
water, The precipitate was diessolved up in 0.9% sodium chloride

and tested together with the supernatant serum for antiglobulin
activity.

Ammonium sulphate fractionation

There has been some discorepency between workers using different
fractionation technigues as to which fraction of serum the rheumatoid
factor activity is associated. Using salt fractionation Wealer (1940)
found the agglutinin sctivity in the globulin fraction. Fobinson

et al (1954) showed that the agglutinating amotivity was precipitated
by sodium sulphate most consistently in a fraction rich in ﬁ -globulin,
Using electrophoretic technigues Rose et al (1948) found the activity
in the/B-X-fracuon. Heller et al (1955) showed that the haemagg-
lutinating activity of the serum fractions separated by alcohol
fractionation wae all found in FIII which contained mainly X and

}5 -globuling with some ¥ -globulin and assumed thet the rheumatoid
factor was associated with the ﬁ-lxpoprotexn fraction but admitted /
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admitted the possibility that the activity wae mssociated with
the small but measurable cuantities of ¥ -globulin known to be
pregent in FIII,

gvartz (1958 (1)) established that the rheumatoid factor could
be precipitated epecifically in the ¥ -globulin fraction prepared

by 29% saturation of the serum with ammonium sulphate,

THOD!
Sera were made 4%, A6L and 50% saturated with respeet to ammonium
sulphate by addition of saturated solutions of ammonium sulphate
solution to undiluted serum at 40, Each protein fraction was
reprecipitated twice from a large volume of 0,.9% sodium chloride
solution. The final fractions were dissolved up in 0.9% sodium
chloride solution to the original serum volume and tested for anti-
globulin activity., The fractions were analysed electrophoretically
on cellulose zcetate paper at PH 5.6,

Cation exchange chromatozraphy.
Svartz (1958 (1i)) subjected the dissolved 'cold precipitsate’

of rheum2toid serum to ioneexchange chromatograephy on & carbox-
ymethyl cellulose cation exchange column, using a modification

of the method of Sober and Peterson (19%6), SAe gluted two
protein fractions with phoephate buffer of incressing lonic
strength, & major peak at PH 5.8 and a minor peak at PH 6,6,

They found that ths bulk of the agglutinin activity wae associated
with the first fraction eluted st PH 5.8, Using & continuously
increasing PH gradient they alsc obtained two peaks one at PH 5.8
and a second at PH 8,8, the bulk of the agglutinin activity sgain
being associated with the first fraction eluted at FH 5.8, omn/
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On ultra centrifuge analyeis the active first peak was found to
possess & sedimentation constant of 18.7 swedberge (Svartz 1958 (2)),

Fallet and Lospalluto (1958) fractionated sera containing
the lupus arythauatoqu (LE) agglutinating factor and the rheumatoid
arthritis (RA) fnotor:on e carboxy-methyl cellulose cation exchange
column and showed that the sheep erythrocyte agglutinin activity of
the RA factor was eluted in a major protein peak at PH 6.5 whereas
the LE factor was found to be present in this peak and a minor protein
peak eluted at PH 7,0, [Lospalluto and 2iff (1959) carried out chro-
matography of rheumatoid serum on a carboxy-methyl cellulose cation-
exchange column and showed that all the sheep cell agolutinin activity
was associated with a major X -globulin peak eluted at PH 6.5 with
0.075% phosphate buffer, The second minor ¥ -globulin peak eluted
at PH 7.0 with 0,154 phosphate buffer showed no sheep cell agglutinin
activity but precipitated with ¥ -globulin and agglutinated ¥ -globulin

sensitized latex particles.

METHOD
The X-globunn fraction of serum was subjected to chromatography on

a carboxy-methyl cellulose cation exchange column by & modification

of the method of Sober and Peterson (1956)., The fractions so obtained
were tested for antiglobulin activity, analysed electrophoretically

on cellulose acetate paper and analysed in the ultra centrifuge.

(1) Preparation of sera

The ¥ -globulin fraction of merum was prepared by 40% saturation of

5 mls serum with ammonium sulphate and reprecipitated twice, The
precipitate was dissolved up in § mls 2,9% sodium chloride and dia-
lysed againet 0.9% sodium chloride overnight at 4°0 in order %o

remove the asmmonium sulphate, The solution wae then diluted to /
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to 50 mle with 0.05M phoephate buffer PH 5.2,
(1i) Preparation of column,
4 gms of carboxymethyl cellulose powder were mixed to a suspension
with 500 mls 0.05K phosphate buffer PH 5.2 and allowed to settle.
The PH of the supernatant was tested and decanted off. Fresh
buffer was added to the resin and well stirred. This was repeated
until the PH of the supernatant buffer equalled 5.2, The bulk of
the supernatant buffer was then decanted leaving a slurry which was
poured in small amounts into a glass column plugged with glasa wool,
The column which was 30 cms in length and 1,3 oms in diameter was
drawn out into a narrow tube a4t the base and closed by means of a
piece of rubber tubing and a screw olip., A small plece of glass
tubing drawn out to a capillary was attached to the rubber connecting
tube, The slurry was allowed to settle under gravity and gently
packed with & mushroom ended glass rod. A resin column of 16 cme
in height was used,
(111) Application of sample.
The ¥ -globulin solution was poured onto the column in emall aliguots
and the solution was allowed to pass through a2t the rate of 3 mls/
hour, the rate of flow beiny adjusted by means of the screw clip.
Excess protein was then eluted from the column by passing 0.05M
phosphate buffer PH 5.2 through until no more protein could be
detected in the eluates by measurement of the optical density at
230m9¢. 0.0754 phosphate buffer PH 6.0 was then passed through
the column and 3 ml fractions were collected hourly until no more
protein was eluted. The optical density of the 3 ml fractions
was then read at EBoﬂvhagainst phosphate buffer. The buffer was
then replaced by 0.10K phosphate buffer PH 6.5 and 3 ml fractions

were again collected hourly until no more protein was eluted. /
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eluted. A plot of optical density at 280..9,,&:1::1 antiglobulin
activity against fraction number was made.
(iv) Concentration of eluates.
The protelin fractions comprising each pesk were pooled and cone
centrated by ultra filtration by the method of Recht (1960). The
solutions were concentrated to 0.5 ml in & cellophane dialysis sack
by the application of 150 p.s.i. pressure from a nitrogen cylinder
at room‘tempexature. Agter concentration the solutions were centri-
fuged to remove particulate matter and the protein was precipitated
from the clear supernatant by 504 saturation with ammonium sulphate.
The precipitate was then dissolved up in the minimum volume of 0.1°M
phosphate buffered saline PH 8,0 or 0.9% sodium chloride,
(v) Analysis of chromatographic fractions.
The concentrated chromatographic fractions were tested for anti-
globulin activity, analysed eleotrophoretically on cellulose acetate
peper at PH £.6 and analysed in the ultra centrifuge.
Ultra-centrifuge fractionation.

Svartz (1957 (i) and (ii)) showed that the active 'cold precipitate’
of rheumatoid serum on fractionation in a partition cell in the
ultra-centrifuge was separated into upper and lower fractions.

The upper fraction contained chiefly 3’-globu11ns of the low mol-
ecular weight 6-73 class which gave negative haemagglutinating
tests whilst the lower fraction gave strong haemagglutination and
contained a high percentage of ¥ -globulins of the 19-228 clase,

It was thus concluded that the haemagglutinating factor was associated
with the meeroglobulin fraction of serum, Franklin et al (1957)
subjected rheumatoid serum to ultra centrifuge geparation into two
fractions and found two protein peake in the lower fraction and

showed that rheumatoid factor wes associated with the 198 peak.
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METHOD
3 mle serum obiained from a patient (B) who had suifered & myo-
cardial infarction was spun in a partition cell in the ultra
centrifuge in three 1 ml portions at 60,000 rpm for 2 hours until
all the 198 macroglobulin had been sedimented into the lower cell,
The substance in the lower cell wée dissolved up in 1 ml 0.9%
sodium chloride. This fraction and the supernatant serum in
the upper cell were tested for antiglobulin activity,
Starch cel alect:gggg;ggig‘
svartz (1957 (i1)) carried out etarch gel electrophoresis of the

‘cold precipitate’ of rheumatoid serum and ghowed that the haema=
gglutinating activity was present in the ¥ -globulin fraction end

in that part of the B -globulin area bordering on the ¥ -rerion.
Kunkel, Franklin and Muller-Eberhard (1959) also located the
rheumatoid factor in & broad band in the fast ¥ -globulin region

on starch gel electrophoresis in barbitsl buffer at rPH 8,6,

KETHOD

Serum was subjected to electrophoresis on starch gel in borate buffer
at PH 8,48 by a modification of the method of Smithies (1955) as
dgsoribed in Part I (methode).

% mle of serum was mixed to & thick suspension with unhydrolysed
potato starch and poured into 6 mm x 7 om cavity approximately 7 oms
from the negative end of the gel. A current of 40 m amps at 200
volts was applied for 22 hours, At the end of the run a 3 om strip
was out from one edge of the gel and cress-hatched at 1 cm intervals,
The strip was then sliced longitudinally into upper and lower sections
and stained with a saturated solution of Amido Zvartz 10B in methanol-
water-scetic acid (50:50:10), The remaining block was divided into

1 cm segments and the protein eluted from each zone by extraction /
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extraction with 2 x 5 wl elicuote of M, zodium chloride. Protein
congcentration of the eluates was estimsted with the Folin-Wu-Ciocaltesa
phencl reagent (Wu 1922) as described in Part I, The eluates were
concentrated to 0.6 ml by dialyeis against 15% polyvinyl pyrrolidone
in 0,154 phoephate buffered saline PH 8,0 and subseguently tested
for antiglobulin activity, analysed electrophoreticaliy on cellulose
acetate paper 2t PH 8.6 and characterized entigenically by immuno-
electrophoresis on celluloese acetate paper.
1mmunoelectrophoresis.
The method consiste of two basic stages, an initisl electrophorstic
separation of the proteins on cellulose scetate paper, followed by
an immunological reaction when an antiserum to the oomponents of
' human serﬁm ie allowed to diffuse towards the electrophoretically
separated proteine, 1In that area of the paper where each diffusing
antigen mests its homologous entibody and where the relative concen-
trations of these reagents are optimal an opague are shaped precipe
itate arises. The location of these ares on the long axis of the
paper gtrip refleots the electrophoretic positione of the antigens
which have given rise to the precipitate,

Imnunoelectrophoresis providee for more sensitive criteria
between proteins snd will distinguish between components which are
apparently electrophoreticelly identical but antigenicelly distinot
and convergely between antigenically related proteins which are
electrophoretically different, When immunoelectrophoresis 1s
spplied to a protein solution containing two antigens which are
immunologienlly different but electrophoretically identical it is
highly probeble that the precipitation arce formed will oeccupy
different positiona and appear as two distinot and separate aros /
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arcs with the same diffusion centre. If two components are
antigenically related but electrophoretically disimilar a precip-
itation are with two humps, resulting from the confluence of two
arc shaped precipitates or an extended precipitation arc may be
formed., This phenomenon is known ss the resction of identity.,
If on the other hand the two components are both electrophoretically
and antigenically disimilar, two arc chaped precipltates which over-
lap are obtained and this is known as the reaction of non-identity.

It was proposed to employ the immunoelectrophoretic technicue
in the present investigation in order to study the antigenic and
electrophoretic relationships between the antibody-like X -globulins
present in the pathological sera studied which had been previously
isoclated by starch gel electrophoresis,

METHO

The initial electrophoretic stage was carried out on cellulose
acetate paper at PH 8,6 by the method previously described, the only
modification being the inclusion of thymol in the barbital buffer

to prevent bacterial growth.

The protein band (S) wes applied over 2/3 of the width of strip only.
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A current of 12 m amps was applied for 2.5 hours as before. At
the end of the run the strins were carefully removed from the tank
with forceps &nd & narrow strip CD was cut from the edge of each
strip and placed in llssamine green for 2 houxn..- The remaining
portion of the strip was replaced in the tank and supported as
before by means of the perspex bars, A line of Coombs antihuman
globulin serum was then applied slong /B by means of a capillary
tube. The band of antiserum was applied perpendicular to and almost
touching the protein application band (8), After drying the strips
were placed in liguid paraffin for 2 days to allow diffusion to take
place, The strips were then washed free of oll by washing with
geveral changes of petroleum ether and placed under running tap water
overnight to remove the unprecipitated soluble protein., The etripe
were then blotted dry and placed in lissamine green for 2 hours and

anbseaﬁently washed in 5% acetic acid,
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(2) QChemical characterization.

AGENTS,
0 .00 Acetic anhydrid
‘Anelar' acetic anhyiride was diluted with 0.15¥ phosphate buffered
saline PH 8.0,

2¢ 1l:fluoro 2:4 dinitrob

'BDH Rearent Grade' l:fluoxo 2:4 dinitrobanz?ne was disgsolved up
in 0,5 sodlum carbonate solution,
0.2M Thioglycollic acid
'BUH Reagent Grade' thioglycollic acid was diluted with phosphate
buffered saline PH 8.0,
0.5 cysteine
A 0,5¥ solution of 'BDH Reament Crade' oysteine hydrochloride was
made up in distilled water and adjusted to PH 8,5 with SN, sodium
hydroxids,
0.2¥ sodium sulphite.
tAnalar! sodium sulphite was diesolved in phosphste buffered saline
PH 8.0.

gg urea

'BDH Reagent Grade' urea was dissolved in distilled water.

0,02¥ Iodoacetate

'BDH Reagent Grade' lodoacetic acid orystals were dissolved im 0,1%5M
phosphate buffered saline PH 8,0,

Phosphate buffered saline

0.15¢ phosphate buffered saline was mwade up at PH'S 6.5, 7.0, 7.5

and 8.0 from 0,15 'Apalar' sodium phoerhate (NagHPO,), 0,154 'Analar’
potassiun dihydrogen orthophosphate (xugpo4) and 0,15¥ sodium chloride./
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chloride. The PH'S were adjusted with M, Hagto; or dilute Hol,

e cal groups involved and mechanisw of the agglutination resctions.

Helmer, Federico and Freyberg (1958), in a study of the PH dependence
of the sensitized sheep ocell test, showed that with rheumatoid serum
maximal sgglutination ococured above PH 7.0 with inhibition below

PH 7.0, whereas sera from patients suffering from other collagen
diseases would agglutinate as low as PH 5.2, This suggested that
free uncharged - WHp groups were reculred for agglutination by
rheumatoid serum and in support of this hypothesis thay showed that
aggzlutination wes inhibited by certain amino group blocking reagents
such as acetic anhydride, carbobenzoxychloride and fluorodinitro-
benzene.

METHODS

(1) PH optimum

The FII tanned cell agelutination reaction was ocarried out 2t PH 6.5,
7.0, 7.5 and 8.0 in phosphate buffered saline. In each case the
gpecified buffer was used for the serum and sensitized red cell
diluent,

(11) Effect of amino group blocking reazentg

Jera were treated with the amino group blocking reagents acetic
anhydride and 1: fluoro 2:4 dinitrobenzene &nd tested for agglut~
inating activity before and after treatment.

The sera were diluted 1 in 10 with phosphate buffered saline vH 8,0
and an equal volume of 0,002M acetic anhydride or 0.002¥ 1: fluoro
2:4 dinitrobenzene was added dropwise over a period of 4 hours at
4°C with ooccasional agitation of the reaction mixture. The sera
were then dialysed against 0,15M phosphate buffex PH 8.0 at 49¢C

for 2 days in order to remove excess acetic anhydride or fluoro-

dinitrobenzene. Control sera diluted to the same volume with /
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with buffered saline were alsc dialyeed for the same period of time,
After dialysis the PH of the sere was tested to ensure that the PH
equalled 8,0,
Stability of the agglutinating factore.
Kunkel, Frenklin and Muller-Eberhard (1959) showed that the
rheumatoid agrlutinating factor was unstable in the presence
of sulphydryl reagents such ns mercaptoethancl with loss of activity
in the latex particle fixation test, sensitized sheep cell test and
precipitin test. The Waldensetrom macroglobulin (Deutch and Morton
1957), the cold agglutinins of aoquired hemolytic ensemia (Fudenberg
and Kunkel (1957)) and the heterophile entibodies (Fudenberg =nd
Kunkel (1958)) are also destroyed by these reapents which are believed
to cause disruption of the mecroglobulin molecules by reduction of
essential disulphide bonds, Deutech and Morton (1957), as reported
in part I, showed that addition of sulphydryl reagents to macroglobe
ulinemic sers resulted in the conversion of these macromolecules
to small units of the £.58 type and that dialysis against buffer
resulted in 8 partial reaggregation of these subunits whereas dialyels
against 0,024 iodoacetate, & sulphydryl group blocking reagent, pre-
vented this reaggregation,

Putnam (1959) ehowed that diseggregation of the macroglobuling
in a number of macroglobulinemic sera could be accomplished by mercap=
toethanol but not by temperature, ultra sonic vibration or urea indi-
cating that the forces involved in maintaining tha structure of the
molecule were covalant disulphide bonds and not only electrostatic

linkages.

METHODS

Treatment with 0,5M cysteine
Sera were diluted 1 in 5 with 0.15M phosphate buffered saline /
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saline PH 8.0 and dialysed against a solution éf 0.54 oysteine
PH 8.5 for 18 hours at 4°C.
Treatment with O,1K thioglycollic acid
Sera were diluted 1 in 5 or 1 in 10 with phosphate buffered saline
and an equal volume of 0.2 thioglycollic acid in buffer was added,
The solutions were mixed and incubated at 4°C for 24 hours. They
were then divided into two portions, ons portion was dialysed apainst
0.154 phosphate buffer PH 8.0 and the other portion was dialysed
againet 0,02M icdoacetate in phosphate buffer for 48 hours at 4°C,
Treatment with O.1M sodium sulphite.
Sera were diluted 1 in 10 with phosphate buffered saline and an
equal volume of 0.2k sodium sulphite in buffered saline wee added
and mixed. The solutions were incubated at 4°C for 24 hours and
subseguently dialysed against 0.15¥ phosphate buffer PH 8.0 for
48 hours.,
Treatment with 6M urea
sera were diluted 1 in 10 with buffered saline and dialysed against
a solution of 6 urea for 24 hours at 4°C and subseguently sgainst
0.1% phosphate buffer PH 8,0 for 48 hours,
Heat stability.
gera were diluted 1 in 10 with phosphate buffered saline and heated
at 5590, 60°C and 65°C for & hour, ;
A1l sera were titrated for antiglobulin activity after the above

procedures and the titres compared with those of untreated sera,
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(3) ZImsunological studies.

Reaction with extracts of human heart.

Autoantibodies to heart muscle tissue were sOught in post myo=-
cardial infarct sera by a modification of the Boyden haemagrlut-
ination technique (1951) as used by Dornbusch (1957). Sera
were also absorbed with human red cells sensitized with extracts

of human heart or bovine ¥ -globulin (Cohn FII).

A galine eitraot of fresh human heart tissue wasg prepared, 5 gms

of myoonrdi&l tissue was washed with water to remove excess blood
and chopped finely in ice-cold saline, The finely chopped tissue
was then suspended in 50 mls of ice-cold saline and homogenigzed at
full speed for 2 mins in a Waring blendor surrounded by a Jsacket
containing crushed ice and water,

The homogenate obtained was then centrifuged for 3 hours at 3,500
rpm at 4°C in order to remove particulate matter. The clear
reddish supernatant was then decanted and used as the red cell
sensitizing antigen.

Human group O rhesus negative erythrocytes were sensitized with 1
in 5 or 1 in 10 dilutions of the s2line extract in 0.15M phosphate
buffered saline PH 8,0,

Sera obtained from patients several weeks after myocardial in-
farotion were titrated with both heart extraot sensitized and

bovine ¥ -globulin sensitized erythrocytes.
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(i1) Absorption o ra with heart muscle extract sensitized cells,
vine ¥ -globtulin sensit rythrocytes and uneensitized
. erythrocytes

Human red cells were sensitized with extracts of human heart and

bovine Zf—globulin (Cohn FII) and sera were absorbed with these
cell suspensions and a suepension of unsensitized cells,

0.2 ml serum was diluted with 0.3 ml phosphate buffered saline

and to each sample 0.5 ml of a 10% suspension of sensitized or
unsensitized cells was added. The tubes were shaken and allowed
to stand at room temperature for 1 hour with occasional mixing of
the contents. They were then centrifuged at 2000 rpm for 10 mine,
0.7 ml of the supernatant sera was removed from each tube and added
to 0.7 ml of a 10% cell suspension in another tube. The solutions
were incubated st 4°C overnight and then centrifuged at 2000 rpm at
4°C for 10 mins. The supernatant sera were removed and titrated
for antiglobulin activity.

Specificity of antiglobulin factors,

The reactant 'Kf-globulin in the FIT tenned cell test for the
rheumatoid factor is believed to be & 75 molecule which has been
partially denatured or aggregated by heating (Kunkel 1959). The
rheumatoid factor is specific for ¥ -globulim and will not react
with other proteins but it is not species specific and will react
with human and bovine ¥ -globulin and rabbit antibody ¥ -globulin
(Glynn and Holborrow 1957).

Winblad (1952) obgerved that dilute rabbit serum added to a

gystem containing sensitized sheep cells and rheumatoid serum
{nhibited agglutination. Subsequently Heller et al (1954)
established that human sera had the same effect and the inhibitory
cubstance was found to be present entirely in the ¥ -globulin fraction

They postulated that Br-globulin had an affinity for the rheumatoid/
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rheumatold factor and inhibited agglutination by competing with the
sensitized sheep cell for this factor.
Experiments were oarried out to compare the specificities of the
rheumatoid and the post myocardial infarct factor for different

2f~giobu11n preparations from the same and from different species,
The ability of ¥ -globulin preparations to inhibit agglutination
by the two factors was also studied.

KETHODS
(1)

The ability of sera to agglutinate the following types of sensitized
erythrocyte was studied and the titres compared:-

(i) Bovine & -globulin (Cohn FII)

(11) Partially denatured bovine ¥ -globulin

(111) Human & -globulin (Cohn FII)

(iv) Partially denatured human ¥ -globulin

(v) Sheep cells sensitiged with rabbit sheep erythrooyte antibody.
The J -globulin preparations were partially denatured by heating a
14 solution in phoephate buffered saline PH 8.0 at 63°C for 10 mins,
The sensitized sheep cell test was carried out by the method of
Heller et al (1955).

(11) ibition of utina b -globuling.

The agglutination reaction was carried out in the presence of human
and bovine & -globulin preparations both undenatured 2nd partially
denatured by heating. A solution of ¥ -globulin containing 5 mgme/
ml of protein in phosphate buffered saline was used as the serum

di1luent in the firet ocup.
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TABLE (1)

Summary of antiglobulin titres og post myocardial infarct sera.

Bumber of Number of | Number of |Number of |% of sera
sera tested titres titres titres off positive
of 20-160 |of 320-1280 |2560-10,240
58 12 13 4 50f

Table (1) indicates that 50% of the post myocardial

infarct sera tested gave positive antiglobulin titres.

Titres of 20 or greater were considered positive in

this test snd all the sera were tested not less than

7 weeks after the infarction had occured.
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(1) ©Physical Cheracterigzation

Activity of euplobulin and ammonium sulphate fractions

Table 2 records the activity of the euglobulin and
supernatant fractions of the sera of 9 patients follow-
ing myoocardial infarction and one aliquot of pooled
rheumatoid serum,

in 8 of the 9 post-myocardial infarct sera not more
than 11% of the antiglobulin activity was found in

the euglobulin fraction. In one serum (case 82)

50% of the activity was found to be mssoeciated with

the euglobulin fraction., 1004 of the agglutinin
activity of the rheumatoid serum was present in this
fraction., As there was a certain loss of activity

of the sera on dialysis the activity of the euglobulin
fraction was expressed as a percentace of the total
remaining activity.

Table 3 shows that over 90% of the antiglobulin activity
in all the post-myocardial infarct sera and the rheumatold
gerum was present in the fraction precipitated by A6%

saturation with ammonium sulphate.
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TABLE 2
Titre |Titre of Titre of % of total
Diagnosis [of serum |euglobulin supernatant | activity in
fraction serum euglobulin
fraction
Rheumatoid 2560 2560 10 100
Arthritie
Post myo-
cardisl 640 0 40 0
infarct
(case R)
Post K.I.
(case B) 40 0 20 0
Post M.I.
(case £) 320 10 80 11
POBtI M,.I e
(case 81) 320 10 160 6
Post M.I,
(case 82) 1280 160 160 50
Post M,I1.
(case BG) 1280 0 640 0
Post M.1,
(case D) 640 10 320 3
Post ¥.1. 80 0
(casge 7) 320 0
Post H.Io
(case McK.) | 1280 0 640 @
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TABLE 2
Titre |[Titre of Titre of % of total
Diagnosis |of serum |euglobulin supernatant | activity in
fraction gerum euglobulin
fraotion
Rheumatoid 2560 2560 10 100
Arthritis
Post myo-
cardisl 640 0 40 0
infarct
(case R)
Post H.1 ®
{case B) 40 0 20 0
Post M.I,
(case E) 320 10 80 11
Post M.I.
(case 31) 320 10 160 6
Poet .1 °
(case 82) 1280 160 160 50
PO B‘t H . I °
(case BG) 1280 0 640 0
Post ¥.I.
(case D) 640 10 320 3
Post ¥.I1.
(case T) 320 0 8o 0
Post K,I,
(case MoK.) | 1280 0 640 ¢




TABLE 3
Titre of |Titre of Titre of |Titre of Titre of
Diagnosis serum | 34%(NH 2804 ?4—4& ?6-5_ supernatant
fraction N 2) 280y HH,) 280 serum
fraction | fractio
Rheumatoid
Arthritis 2560 1280 160 10 0
Post myo-
gardial
infarct 160 80 8o 40 0
(case H) .
Post ¥.1.
(case B) 80 40 10 0 0
Post M.I.
(case R) 640 8o 8o 0 0
Poat ¥,.I,
(case 81) 320 80 160 10 0
Post M1,
(case T) 320 160 40 0 0
Post M,.I.
(case BG) 640 160 320 20 0
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Carboxymethyl celluloge cation-exchanre chromatogzaphy.

(1) Eheumatoid serum

Graph 1 showe that chromatography of the globulin
fraction of rheumatoid serum prepared by 40%

saturation with ammonium sulphate gave rise to

two protein peaks. A major protein peak (FI)

was eluted at PH 6,0 and a minor one (FII) was

eluted at PH 6,5, Table 4 shows that the specific
activity of FI was found to be over 6 times as great

ee that of FII,

Plate ¥o. (1) shows that on elsctrophoretic analysis

on cellulose acetate paper at PH 8.6 both these
chromatographic fractions behaved as electrophoretically
homogeneous Ef-globullna.

Ultra-centrifuge analysis of FI, as seen in table 5,
revealed the presence of 2 components, a4 major com-
ponent with o sedimentation constant of 5x10713 evedberg
unite and a minor component with a sedimentation con-

stant of 13:10‘13 svedberg units.
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(2)

(3)

(4)

(5)

Rheumatoid sarum

Fraction preciplitated
by 34% saturation with
ammonium sulphate,

Fraction precipitated between
34% and 46% saturation with
ammonium sulphate.

Chromatographic peak FI

Chromatographic peak FII
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TABLE %
Protein Bpeecific
Chromatographic Titre (A) cone.gms % Activity th¥
Peak Ho, (p)
Peak (¥I) 320 2.0 160
Peak (FII) 10 0.4 25
TABLE 5
Protein cone. Sedimentation
ol gus % conatant
(svedbergs)
Chromatographic (1) :I;:Jor com-
S FEE
eluted at 0.75
PH 6.0

(2) Minor come
ponent
8 = 13x10~13
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(2) Post myocardial inferct serum (case B.G,)

Graph {(2) shows that lon-exchange chromatography

of the 40% ammonium sulphate fraction of the serum
of patient (BG), obtained 7 weeks after a myoocardial
infarction, gave rise to two peaks fI and FII, eluted
at PH 6.0 and 6,5 respectively.

It is seen from Table 6 that all the antiglobulin
activity was associated with FI end FII wae totally
inactive,

Electrophoretic analysis of FI and FII on cellulose
acetate paper at PH 8,6 indicates that both these
fractions behaved electrophoretically as 8 -globulins
(Plate (2)).

Ultra centrifuge analysis of FI showed that 2 com-
ponents were present (Table 7), & major component
with a gedimentation constant of 5.7310'13 svedberge
and & minor component with an § value of 16x10713,
Table 7 also gives the results for the ultra centr-
ifuge fractionation of (BG) serum in a partition
cell, It ie observed that the antiglobulin activity
is associated with both upper and lower fractions.
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(1)

(2)

(3)

(4)

(5)

Fraction precipitated by 3
saturation w_!.tginmonmn aﬁphate

Fraction precipitated between
34% and 46% saturation with
ammonium sulphate.

Chromatographic peak FI

Chromatographic peak FII
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TABLE 6

Serum Fypaction Titxre
S8erum (BG) 1280
Chromatographic (F1) 80
peak
Chromatographic (FII) 0
peak

Lower ultra centrifuge

fraction 640
Upper ultra centrifuge

fraction 320
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TABLE 7

Details of fractions

- Bedimentation

constants in
gvedberg units

Chromatographic peak
(FI) eluted at PH 6.0

¥ -globulin components
of serum before .
fractionation in ultra
centrifuge

¥ -globulin components
of lower cell fraction
after epinning at 60,000
rpm for 2 hra.

1) Maj
22 dejagspronent
(

2) ¥inor component
8 = 16:10-23

(1) Major ?omponent
8= 7z o-1

(2) Minor gomponent
g = 20x10-13

(1) Major gompanent
8= T7x -1

(2) Minor but greatly

-enhanced cogponent
g = 20110"3?
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(3) PRost myocardial infarct serum (case S)

Graph 3 shows that lon-exchange chromatography

of the 40% ammonium sulphate fraction of the
serum of patient (8) obtained % weeks after a
myocardial infarction, gave rise to two peaks

FI and FII eluted at PH 6.0 and 6.5 respectively.
A8 in case (BG) all the antiglobulin activity was
associated with FI and FII was inactive, (Table 8).
It is seen from plate 3 that on electrophoretic
analysie on cellulose acetate paper at PH 8,6 both
these fractions behaved as electrophoretically
homogenedus ¥ -globulins,

Ultra centrifuge analyesie of FI showed that only
one component was present with a sedimentation

constant of 5x10=13 gvedbergs (Table 8),



G RAPH (3)

2:0r o
=
12 =
fa". Cation exchange chromatography #
] . TS50
of serum ¥-globulins (Case S)
1-Sr 1500
a
1)
3
7
=
< 1250
1-OF g <1000
a
'+
N
%0 1750
3
£ o~
o5 % 1500
? 250
4 . !_ |
0 10 15 20 25
fraction number
PH 60 PH 65



(1) SERUM (8)

(2) Chromatographic peak FI

(3) Chromatographic peak FIIX




106

TABLY, 8
Protein Protein Sedimentation
tested Concentraticn Titre constant

gms % (avedbergs)

Serum
(case 3) - 640 i
Chromatographic
peak (1) y
eluted at PH 6.0 3,65 640 5x10=13
Chromatographic
peak (FII)
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Starch gel glectrophoresis of serum

() R atoid serum

Graph No.(4) shows that the activity peak of
the rheumatoid serum was assocliated with a
protein fraction which migrated in the fast
X-glohﬁun region towards the anode at PH 8,48,
The activity peak did not coincide with the main
¥ -globulin protein peak,
The photographs on Plate (5) show the correspond-
ing mobilities of the starch gel fractions on
cellulose acetate paper at PH 8,6, It is seen
that the fraction containing the activity peak,
zone (7), migrated as a fast B’-glcbunn bordering
on the ﬁ-regzon.



(1)

(2)

(3)

(4)

PLATE

gtarch Gal Blectrophoresis Patterns,

Analytical electrophoresis of normal serum.

Preparative electrophoresis of rheumatoid
gerum,

Preparative electrophoresis of post-myocardial
infaret serum (case G)

Preparative electrophoresis of post-myocardial
infarct serum (case BG)
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TABLE 9
Zone Number Titre
1 0
2 0
3 0
4 0
5 0
6 10
<—O0RIGIN

7 8o
8 10
9 0

10 0

11 0

12 0

13 0

ol
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(2) Post myooardial infarct serum (case G)

Graph (5) shows that the activity peak

of this serum, from patient (C) obtained
3 weeks after a myocardiel infarction,
wes assoclated with a fraction which mig-
rated in the mid ¥Y-globulin region and
migrated towarde the cathode at PH 8,48,
The activity peak actually coincided with
the mein b’—globunn protein peak in this
gerum, The photographs on plate (6) show
that the active fraction zone (6) migrated
in the mid K—globultn region on cellulose
acetate paper at PH 8.6,
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TABLE 10
Zone Number Titre

1 0

2 0

3 0

4 0

5 20

6 160

<—0RICGIN

7 40
8

9 0

10 0

11 0
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(1)

(2)

(3)

(4)

(5)

(6)

SERUM (ocase G)
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(3) Post myocardial infares geruni (case BG)

It is observed from graph (6) that the
activity peak of the serum of patient
(BG), tested 7 wecks after a myocardial
infarcticn, was associated with a fraction
in the mid ¥ -globulin region and migrated
towards the cathode at PH 8,48, The
activity peak coincided with the main

Y -globulin protein peak as in serum (C).
Electrophoretic analysie of the starch gel
Y -glebulin fractions on cellulose acetate
paper at PH 8.6 indicated that zone (6)
containing the activity pesk migrated in
the mid X-globulzn region,
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TABLE 11
Zone number Titre
1 0
2 0
3 0
4 1280
b _ 2560
6 5120
<—ORIGIN
7 640
8 20
9 20
10 10
11 0
12 0
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Antigenic characterization of active fractions.

(1) Rheumatoid serum

Plate (7) glves the electrophoretic and
immunoelectrophoretic patterns obtained
for the active fraction of rheumatold
serum obtained by starch gel electroe-
phoresis at PH 8.48.

Figure (1) gives the electrophoretio
pattern of the reference serum on cell-
ulose acetate paper at PH 8.6,

Figure (2) givee the electrophoretic
pattern of the active fraction eluted
from gzone (7) of the starch gel and
figure (3) shows the precipitin arce
obtained when this fraction was allowed
to diffuse sagainst an antihuman globulin

serum,



PLATE (7)

Antigenic characterization of starch gsel zone (7) of rheumatoid serum,

Electrophoresis
of serum

(1)

(2) Electrophoresis
of zone (7)

Imnunoelectrophoresis
of gzone (7

(3)
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Plate (8) gives the electrophoretic and

immunoelectrophoretic patterns obtained

for the active fraction of post myocardial
infaret serum (case ) obtained by starch
gel electrophoresis at PH 8,48,

Figure (1) gives the elsctrophoretic pattern
of the serum at PH 8,6 on cellulose acetate
paper.

Figure (2) gives the electrophoretic pattern
of the fraction eluted from zone (6) of the
starch gel and figure (3) shows the precipitin
arc obtained when this fraotion was allowed

to diffuse ageinst an antihuman globulin serum,



PLATE (8)

Antigenic charscterization of starch gel gone (6) of post-
myoeurdial infarct serum (case G)

(1) Tlectrophoresis
of serum

Electrophoresis

2 =

Immunoelectrophoresis
of zone (6)
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(3) Eost myocardial infayot serum (case BG)

Plate (9) gives the electrophoretic and
immunoelectrophoretic patterns obtained

for the active fractions of poet myocardial
infarct serum (case BG) obtained by starch
gel electrophoresis at PH 8.48.

Figure (1) gives the electrophoretic pattern
of the reference serum, Figure (2) gives
the eleoctrophoretic pattern of the fraction
sluted from zone (6) of the starch gel and
figure (3) shows the precipitin arc obtained
when this fraction was allowed to diffuse

against an antihuman globulin serum.



Antigenic characte:

rizal

PLATE (9)

tion of etaych cel zone (6)of post-

myoeard]

jal |

infarct serum (case BG)

(1)

(2)

(3)

‘Flectrophoresis
of serum

Electrophoresis
of zone (6)

Immunoelectrophoresis
of zone (6
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(2) Chemical Characterigation

Table 12 shows that on exposure to
0,002M metlé anhydride or 0.002M
1: fluoro 234 dinitrobenzene 100§
of the agglutinin sctivity of both
the post myocardial infarct sera
was loset, ﬁltghtly’leea activity
was lost on exposure of rheumatold
serum to the same conditions but
this difference in percentage loss
of activity can be considered to

be negligible,
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TABLE 12
Titre of Titre of Titre of
Diagnoeis control gerum serum
serum treated with treated with
0.0024 acetic |0.002M inhibition
anhydride fluorodinitro of
benzene activity
Rheumatoid
Arthritis 2560 40 40 984
Post myo-
cardial
infarct 1280 0 0 100%
(case C)
Post myo-
cardial
infaroct 1280 0 0 100%

(case G)
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PH optimum of agelutination reaction,

Table 13 shows that the agglutinating
activity of both aliguots of rheumatoid
gerum was PH dependent, the titres
reaching & maximum at PH 8.0. The age-
lutinating activity of the four post
myocardial infarct sera tested was not
PH dependent and the same titres were
obtained between PH 6,5 end PH 8.0,
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TABLE 13

Titre at Titre at Titre at Titre at
Disgnosis PH 6.5 PH 7.0 | P 7.5 PH 8.0
Rheumatolid
Arthritis (1) 320 640 1280 5120
Rheumatoid
Arthritis (2) 1280 1280 2560 5120
Poet myocardial
inferot (case 1) 320 320 320 320
Post myocardial :
infarct (case 2) 80 80 80 80
Poat myocardial
infarct (case 3) | 5120 5120 5120 5120
Post myocardial
infarct (case 4) 160 160 160 160
Hegative control Q 0 0 0
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Ireatment with 0,5M cysteine
Table 14 shows that over 90% of the agglutinin activity of rheumatoic

and post myocardial infarct serum wis lost after dialyeis against
0.54 cysteine PH 8.5. Similar treatment of the rabbit entigerum
caused no loss in ectivity.

Treatment with O,1M thioglycollic acid,

Table 15 shows that treatment of rheumatoid and the 4 post myocardial
infarot sera tested with 0.1M thioglycollic acid followed by dialysis
ageinst 0,02M iodoacetate resulted in 97-100% loss in serclogical
sctivity. On dislysie of the thioglycollic acid treated sera ageins
0.15% phosphate buffer PH 8.0 there was 2z slight regeneration of act-
ivity and in case (1) the motivity was completely restored. The aot
ivity of the rabbit antiserum was not affectsed by this treatment.
Treatment with O,1M sodium sulphite.

Table 16 shows that treatment of rheumatoid serum with 0,1M sodium
gsulphite resulted in over 90% loss of the agelutinin asctivity, Simi
treatment of the post myocardial infaret serum resulted in 50% lose 1
agzlutinin activity whereas the asctivity of the rebbit antiserum wae
not affeoted at all,

Treatment with 6 urea.

Table 17 showas that 96% of the activity of rheumetoid serum wag lost
after dialyeie againet 6M urea, 75% of the agglutinin activity of ¢
post myocardial infarct serum was lost wherefe there was & considerat

enhancement of the activity of the rabbit antiserum.

Heat stability,
Table 18 shows that 211 the sera were stable at 550C. Ag 60°C there

wag some lose of activity of the rheumatold serum and 3 of the post
myocardial infaret sera, At 65°C aprroximately 90% of the agelutin

activity of all the sera was lost.
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TABLE 14
Clinical Titre
Diagnosis Titre after dialysis %
against inhibition
0.5¥ cysteine
Rheumatoid
Arthritis 5120 0 100
Post myocardial
infarct (cese 1) 640 40 94
Post myocardial
infarot (c=se 2) 40 0 100
Poet myocardial
infarct (case 3) 640 40 94
fabbit antihuman
globulin gerum 2560 2560 0




122

TABLE 15

Titre after

Titre after

Clinical Titre | treatment % treatment |
Diagnosis with 0,.1¥ inhibition | with O0.1M % I
T.G.A, T.G.A, and |inhibition
0.02M
iodoacetate
Rheumateoid
Arthritis 5120 160 96 20 99
Poet myocsardial
infarct (oase 1) 640 640 0 20 a7
Poat myocerdial
infaret (case 2) 2550 0 100 0 100
Post myogardial
infarot (case 3)| 2560 0 100 s} 100
Post myécardial
infarct (case 4) 2560 320 87 0 100
Rabbit anti-
human globulin
gerum 2560 2560 0 2560 0




TABLE 16
Titre after
Uliniecal Titre treatment %
Diagnosis with O0,1¥M inhibition
KaBSDB
Rheumatoid
Arthritis 5120 320 93
Poat myceardial
infarction 640 320 50
R&bbit Rﬂgl;l
human globulin
serum 2560 2560 0
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TABLE 17
Titre after

Clinical Titre dialysis sgainst %
Diagnoeie ures inhibition
Rheumatoid
Arturitis 5120 160 . 96
Post myocardial
infarction 640 160 75
Rabbit anti-
human globulin
gerum 2560 20,480 =

TABLE 18

Titzre| Titre | Titre 4

Clinical Titre after| after | after inhibition
Pisgnoeis 559¢ 600¢C 6500 at 65°C
Fheumatoid
Arthritie 10,240 | 10,240 | 5120 160 98
Poet myocardial
infarct (case Sm)| 2560 2560 | 1280 - 20 99
Post myocardial
infarct (case H) 40 40 40 0 100
Poast myocardial
infarct (case He)| 2560 2560 | 1280 20 99
Poat myocardial
infarct (case 8u)| 2560 2560 | 1280 320 87
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(3) Immunological characterization

it

Teble 19 shows that none of the 15 poet myoocardial
infarct sera tested agglutinated humen erythrocytes
gensitized with extracts of human heart, 5 sera
which gave positive titres with ¥ -globulin sensi-
tized cells gave negative titree with the heart

extract.

Table 20 indicates that absorption of the rheumatoid
and post myocardial infarct sera with unsensitigzed
red cells and cells sensitized with extracte of
human heart resulted in no reduction of serological
activity. Absorption of rheumatoid serum with

¥ -globulin sensitized erythrocytes resulted in
a partial loss of activity whereas absorption of
post myocardial infaret sera resulted in 87¢ and
100% losses in activity respectively.
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TABLE 19

Titre with Titre with
€iinical bovine ¥-globulin heart-extract
Diagnosie sensitized cells sensitized cells

15 post myocardial
infarct cages

Rheumatoid
Arthritis

Post myocardial
infaret (case 8)

Post myocardial
infarct (case D)

Post myocardial
infarct (case McK)

Post myocardial
infarct (case N)

5120

1280

160

320
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TABLE 20

Titre after | Titre after | Titre after
Clinical Titre abgorption | absorption absorption
Diagnosis with heart | with bovine | with unsensi-

extract ¥ -globulin | tized erythro-

cytes

Rheumatolid
Arthritis 10,240 10,240 5120 10,240
Post myoecardial
infarot (oase 8)| 1280 1280 160 1280
Poet myocardial
infarot (oase T) 320 320 0 320
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Specificity of agglutinating factors.

Table 21 shows that the rheumatoid serum
and all the post myoocerdial infarct sera
gave positive agglutination titres with
denatured and undenatured bovine & -globulin
sensitized erythrooyves.

Only the rheumatoid serum and the post myo-
cardial infarot serum (case H) gave positive
titres with denatured human 3'-globu11n and
all the sera gave negetive titres with un-
denatured human Zf-globulin.

Only the rheumatoid serum agglutinated
sensitized sheep cells. A positive titre
in this test is greater than 1 in 64.
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TABLE 21
Titre with | Titre with |Titre with |Titre with |Titre with
Clinical bovine denatured |human. denatured |esensitized
Diagnosis ¥ ~2lobulin | bovine ¥ ~globulin| human sheep
¥ -globulin ¥-globulin|cells
Rheumatold
Arthritis 10,240 10,240 0 10,240 1024
Post myo-
cardial
infarct 320 320 0 0 16
(case B)
Post ¥.I.
(case C) 160 320 0 0 8
Post M.1.
(case @) 320 320 ) 0 16
Poet M,.I,
(case Su) 1280 1280 0 0 64
Post K.I,
(case H) 5120 5120 0 5120 8
Post M,I.
{(case 8m) 640 640 0 0 8
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bition lutination b -globulin

Table 22 shows that the agglutinating act;vity
of both the rheumatoid and post myocardiel
infarct sera was inhibited by the presence of
undenatured or denatured bovine & -globulin,
One aliguot of rheumatoid serum (2) was in-
hibited by denstured and undenatured humen
x-globulin whereas aliquot (1) was inhib-
ited by denatured human Y-globulin only.
All the post myooardial infarot sera tested
were inhibited by denatured human K-—glohulin
and 3 of these sera were also inhibited by
undenatured humen X-globulin.

Table 2% summarizes these resulte,
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TABLE 22
Titre in Titre in Titre in Titre in
Clinical presence presence |presence presence of
Diagnosis |Titre |[of bovine |of denat- |of human denatured
¥ -globulinjured bovine| ¥ -globulin| human
¥ -globulin ¥ ~globulin
Rheumatold
Arthritis(1) 20,480 0 0 20,480 2560
Rheumatoid
Arthritis(2) 2560 0 0 0 40
Post myo-
cardial
infarct
(case (1)) 8o 0 0 0 0
Post .1,
(case (2)) 160 20 0 0 0
Post M.I,
(case (3)) [0,480 0 0 20,480 5120
Post M.I.
(cane (4)) 160 0 0 0 0
Post ¥.I. y
(case (5)) 2560 0 640 10,240 0
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TABLE 23
Number of | Number of | Number of |Number of | Number of
Clinical sera sera in- sera in- sera in- sera in-
Diagnosis |tested hibited by| hibited by| hibited by| hibited by
bovine ¥ - | denatured | human ¥- denatured
globulin | bovine¥ - |globulin human ¥ -
globulin globulin
Poet myo=-
cardial
infarction 5 5 $ 3 5
Rheumatoid
Arthrities 2 2 2 1 2
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DIGCUSSION

Physical characterization of the antiglobulin present in
the sera of %% of the 58 patients studied after myocardial in-
farction showed it to be a YWe-globulin with many of the properties
of an antibody. 4 comparison of its physical and immunological
rroperties with those of the rheumatoid factor established several
distinct differences between the two factors and these will be
emphasised in the present discussion.

Precipitation of the euglobulin fraction of post myocardial
infarot sera showed that in approximately 90% of the cases only
between 0 and 11% of the agglutinin activity waes found to be assoc-
iated with this fraction whereas 100% of the agglutinin activity
of rheumatoid sera was found in the euglobulin fraction, In one
serologically active post myocardial infarct serum, however, 50%
of the activity was present in the euglobulin fraction, Thie serum
gave a low positive sheep cell test suggesting that part of the
activity was due to the presence of the rheumatolid FII agglutinating
factor.

Ammonium sulphate fractionation of both rheumatoid and
post myocardial infarct serum followed by titration of the fractions
indicated that approximately 90% of the agrlutinin activity was
assoclated with the fraction precipitated by 46% saturation with
ammonium sulphate, Analytical electrophoresis of these fractions
on cellulose acetate paper at PH 8.6 showed that the agglutinin
activity wae associatéd with the ¥ -globulin fraction in both sera,

ITon-exchange uhromaidgraphy of the serum fractions pre-
cipitated by 40% saturation with ammonium sulphate on a carboxy-

methyl cellulose cation exchange rasin effected a resolution into /



134

into two ¥ -globulin components in both sera, A mejor protein
pesk was eluted at PH 6.0 with phosphate buffer 2nd 2 minor pesk

at PH 6.5. 1In the case of the rheumatold serum the specific
activity of the firet peak was over six timee that of the second
peak whereas all the activity of the posf"ﬁ}ocardlnl infayrct sers
wan associated with the first chromatographic frecticn, the second
being totally inactive, It was found, however, that the protein
binding capacity of the resin was low at PH 5.2, the PH used for
buffering the column, and a& large proportion of the protein applied
was washed off with the ecuilibrating buffer., The final protein
concentrations of the eluted and concentrated fractions were cone
gseguently low and it is conceivable that any differences in activity
distribution in the two sera may well be due to loss of agzlutinin
activity in the fraction eluted at PH 6,5 reduoing the sctivity to
undetecteble amounts, rather than teo differences in their ifon exchange
characteristiocs,

Electrophoretic annlysis of the two chromatographic
fractions of the post myocardial infarct sera on celluloee mcetate
paper &t PH 8.6 showed thet both fractions migrated ss ¥ -globulins
and appeared to ke electrophorsetically homogeneous. Ultra centrie-
fuge snalysis of the first active chromatographic fraction of
rheumatoid serum eluted at PH 6.0 showad that it consisted of two
molecular epecieg; & major component with & sedimentation constant
of 5.0:10‘13 svedbergs and a minor component with a sedimentation
constant of 13:10'13 evedbergs, Ultra centrifuge analysis of the
firat ochromatogrephic fraction of one post myocardisl infaret feruvm
(case BG) also revealed the presence of two componente with sed-

{mentation constants of 5.7x10"13 asvedberge and 16x10~13 svedbvergs /
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16x10-13 svedberge for the major and minor components respectively.

Analyeis of the first ohromatographic fraction of & second
post myocardial infarot serum ( case S) showed that only one com-
ponent was present which had a sedimentation constant of 5x10“13
gvedbergs. These 8 values are not aorreaﬁed for concentration
effects due to the limited amount of material available but it is
obvious that the 58 and 13-168 components correspond to the normal
78 ¥ -glomlin and 198 macroglotulin components of human serum
respectively (Svedberg and Pedersen 1940).

Preparative ultra centrifuge experiments, in which post-
myocardial infarct serum was fractionated in & partition cell into
heavy and light components so that the lower cell contained all the
macromolecular 198 material, showed that the agzlutinin activity
was associ:ted with both fractions. These results are however
equivocal and the activity of the lower fraction may well be due to
the presence of the light 78 components which are inevitably present,

Chemiocal aevidence regarding the nature of the antiglobulin
molecule in post myocardial infarct sera was more convineing, Treat-
ment of sera with 0,1 thioglycollic acid (TGA) followed by dialysis
againet 0,02M lodoscetate in phosphate buffer PH 8.0 resulted in
97-100% loes of serological activity. Similar treatment of rheume
atoid serum resulted in 99% loss of activity, auggésting that the
post myocurdial infarct antiglobulin, like the rheumatoid factor,
is susceptible to destruction by sulphydryl reagents., In cersain
cases & lower loss in agglutinin activity was cobtained when the
TGA treated sera were dialysed against buffer alone, It has been
shown (Deutch and Morton 1957; Fudenberg and Kunkel (1957 and 1958)
that sera containing antibodies of the high molecular weight 198

class are inactiveted by sulphydryl reagents, due to destruction/
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destruction of the disulphide bonde maintaining the integrity of the
molecule, with the formation of serologically inactive subunits,

The iodoacetate, which is a sulphydryl group blocking reagent,
prevents reconstitution of the disulphide bonde on diaslysis againat
buffer, Similar treatment of a rabbit antihuman globulin serum
resulted in no lose of agzlutinin activity due to the fasot that

the antibodies of rabbit serum belong almost entirely to the low
molecular weight 78 class (Kabat 1939) and are therefore not affected
by sulphydryl reagents, .

The results obtained on treatment of sers with cysteine
and.sodiuﬁ sulphite substantiate this evidence and both reagents
caused inactivation of rheumatold and post myocardial infarct serum
but had no effect on the rabbit antiserum, The evidence presented
thus strongly suggests that the agrlutinin sctivity of post myo-
cardial infarot sera is acsociated, at least in part, with the
macroglobulin fraction of serum, It is possible that the activity
is associated with both the high and the low molecular weight 5 -
globulins, The Vasserman antibodies or syvhilitic reagins of
human origin have been shown to consist of twe components with
sedimentation constants of 78 snd 198 (Davie, Moore, Kabat and
Herris 1945) and the warm and cold autoantibodies of acguired
hemolytic anaemia belong to the 78 and 198 clase respectively
(Fudenberg, Kunkel and Franklin 19%8).

It appears that the agglutining of rheumatold and post
myocardial infarot sera are susceptible to urea and on dialysis
against 6 urea 96% of the activity of rheumatoid serum aad 75%
of the activity of the post myocardial infarct serum was lost.

Thie is in contrast to the results of Putnam (1959) who reported /
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reported that the macroglotulins of & number of macroglobulinemic
sera could be disrupted by sulphydryl reagents but not by temper-
ature, ultra sonic vibration or urea and suggested that the forces
invelved in maintaining the integrity of the moleoulé were covalant
disulphide bonds and not merely elaotrostatic linkages. The resulte
obtained in this investigation, however, suggest that both covalant
disulphide bonde and electrostatio linkages are involved in the
structure of the rheumatoid and post myocardial infarct agglutinins,
The unusual effect of urea on the agglutinin activity of rabblt anti-
human globulin serum has not been satisfactorily explained but 1t is
possible that unfolding of the globulin molecule, due to breakage

of electrostatic linkages, causes exposure of latent antibody sites
which are then available for combination with antigen,

The heat stability of the rheumatold and post myocardial
infarct agglutinating factors conforms with that of antibody heat
stability (Boyd 1947) and it was found that whereas both factors
were stable at 559C, there was inoressing loss of activity at 60°¢
and at 65°C over 0% of the serological activity of sll the sera
was lost,

Starch gel electrophoresis of rheumatolid and post myo-
cardial infarct sera reyealed a difference in the electrophoretic
properties of the two fastors at PH 8,48, Electrophoresis of
rheumatolid serum showed that 90% of the agglutinin activity was
agsociated with'a fraction whioh migrated in the fast'x'-globulln
region towsrds the anode. Analytlical electrophoresis of the
globulin fractions eluted from the gel, on cellulose acetate paper
at PH 8.6, showed that the fraction containing the activity peak
migrated in the fast ¥ -globulin region bordering on the f-&rea. /



130
ﬁ! -area, No 3 -globulin band was visible in the starch gel
segment from which this fraction was eluted but it is likely that
. some tralling of the fractions occurs in amounts not sufficiently
large to be observed as a vielble protein band but detectsble on
cellulose acetate paper,

On etarch gel electrophoresis of poét myocardial infarot
gerum it was found that the activity peak was assoclated with a
fraction in the mid ¥ -globulin region which migrated towards the
cathode. Analytical electrophoresis of the globulin fractions
of these post myocardial infarct sera on cellulose acetate paper
showed 75% and 924 of the activity of the two sera respectively to
be associated with afraction which migrated in the slow to mid
¥ -globulin region, although it was difficult to distinguish in
this system between fractions which migrated towards the cathode
in the mid and elow ¥ -globulin region.

The serologically active fractions of rheumateid and
post myocardiasl infarct sera prepared by starch gel electrophoresis
were shown to be antigenically =8 well ae electrophoretically distinot,
When the active fraction of rheumatoid serum was subjected to immuno-
electrophoresis on cellulose acetate paper against a rabbit antie-
humen globtulin serum, two antigenically distinct, intersecting,
precipitation ares were obtained. Vhen compared with the electro-
phoretic pattern obtained for this fraction it was observed that the
first precipitation arc ie. that nearest the origin extended over a
broad area in the fast ¥ -globulin and B-globulin region. The
second arc coincided with a band in the K 2 -globulin region bordering
on the B -region. It is evident that the agglutinin activity of rheum-

¥
atoid serunm is distributed over a wide range of fractions from the fast 1
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thoc(a-glotuitn reglon, This finding agrees with the results of
Svartz (1957 (ii) and Kunkel, Franklin and Muller-Eberhard (1959)
who located the haemagglutinin ectivity in a broad peak in the fast
¥ -globulin region bordering on the ﬁ -region.,

Immuncelectrophoretic analysias of the active fractions of
the post myocardial infarct sera revealed the presence of only one
precipitation are, the apex of which coincided with the axie of a
protein band in the mld'Z'-glohulin region, The serological activ-
1ty of the post myocardial infarot sera is thus clesrly ascociated
with & protein fraction which behaves electrophoretically and anti-
genically as a 8 -globulin,

It must be emphasised that individual genetic variations in
the electrophoretic mobility of these proteins may occur and these
results apply only to the sera investigated. Fudenberg and Kunkel
(1957) showed, for example, that the haemagzlutinin activity of the
cold autoantibodies of acouired hemolytic anaemia sera was associated
with protein fractions ranging from the fast ¥ to the/B-globulln
region in different patients.

It is apparent from this study of the physical characterist-
ics of the post myocardial infarct antiglobulin that it possesces
certain distinguishing features from the rheumatold factor although,
serologically, it behaves identically in the FII agglutination test.
It hag not hitherto been reported that false positive results for
the rheumatoid factor are obtained in thie test with post myocardial
infaroct sera, although it is well known that FII sensitized erythro-
oytes are agglutinated by the sera of a small percentage of patients
with rheumatold-like lesions such as disseminated lupus erythemat-
osus, ankyloesing spondylitis, psoriasis, periarteritis nodosa, /
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nodosa, dermatomyoeitis, @s well as certain hepatocellulsr lesione
such as hepatic cirrhosis and infective hepatitia and by syphilitic
sera (Ziff 1957; &vartsz 1958 (11)).I In a gystematic study of the
“false positive" tests Dresner et al (Dresner and Trombly 1959) showed
that the sera from patiente with hepatocellular lesions, certain
collagen diseases and syphilis caused agglutination of lstex particles
coated with FII, His results showed that there is 2 fundamental
difference between the factors responsible for latex agglutination
and agglutination of sheep cells sensitized with rabbit antibody and
whereas in hepatic diseases, certalin viral infeotions and eyphilies
the latex fixation test was commonly positive the Rose~Waaler sheep
cell test was almost invariably negative.

Although the majority of these "false positive" results
belong to three distinot groups of diseases which should rarely
lead to confusion with rheumatoid arthritis, they may themselves
be of coneidersable diagnostic value,

Pogsible interference of the naturally ococuring blood
group iso agglutinine in this system was ruled out by the absorption
experiments, in which it was shown that no loss of serological metiv-
ity occured on absorption of post myocardial infarct sera with un-
gsensltized erythrocytes. It is significant that only one of the
gsera investigated gave a positive sheep cell test and there is thus
a olear immunological distinction between the two factors. It seems
that the true rheumatoid factor has a wider range of specificity with
regard to the modified ¥ -globuline with which it reacts than the post
myocardial infarct factor. The rheumatold factor is believed to
consist of at least two factors and Heller and Kolodny (1955} found '

that several reactant variante of the rheumatold agglutinating factors /
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factors were present in Cohn FIII preparations of rheumztoid serum,
Some of the more marked variante in serum produced positive reactions
in the sheep erythrocyte agglutinin test (SFA test) and nagaiive
reactions in the FII agglutinin test and vice versa indicating the
wide heterogeniety of the rheumatoid factors., It was alsc found
that positive sera absorbed with the BEA reagent remained positive
to ths FII cell reagent. The post myocardial infarct antiglobulin
thue appears to resemble serologically the FII agglutinating reagent
present in rheumatoid serum but not the sheep cell factor,

Although rheumatoid sera would agglutinate erythroocytes
sensitized with denatured bovine and human Cohn FII, only one of
the post myocardial infarct sera tested agglutinated cells sensitized
with human ¥ -globulin but this serum gave a negative sheep cell test,
This does not, however, negate the possibility that the reactant anti-
globulin was identical to the rheumatoid factor and this serum may
be similar to those studied by Heller et al (1955) which gave positive
F11 teste but negative sheep cell tests. Inhibition teste, on the
other hand, showed that the agglutinin activity of both rheumatoid
and post myocardial infarct sera was inhibited by the presence of
denatured human and bovine 8 -globulin, indicating that both these
proteins fall within the specificity requiremente of the two anti-
globulins, The failure of post myocardial infarct sera to agglut-
inate human x-glob_\;lin sensitized cells may be due to a difference
in the degree of pu%ity of the two preparations as it apprears that
partial modification or denaturation by heating or ageing of the
¥ -globulin is required for maximal activity in the FII test
(Glynn and Holborrow 1957).

The possibility that post myocardial infarct sera may /
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may contaln autoantibodiss to componsents of heart musels tiscue
was investlgated but yielded negetive yesults, The sera 4id not
agglutinate human group ) Rhesus negative erythrocytes sensitized
with saline extracts of human heart tissue nor did zbeorption of
the wsera with heart extract sensitized ocells result in any lose of
agglutinin activity.

These results suggest that either the autoantibodies
reported by Dornmbusch (1957) and Geyy, Davies and Ehranfeld (1960)
were nol present in these sere or that the erythrocytes were in-
adeguately sensitized, This second pogeibility must not he ex-
cluded as an apprecizble degree of hemolysis was observed following
sensitlization with the heart extract,

Abgorption of the post myocardisl infarct sera with FII
gensltized erythrocytes resulted in a large or total loss of agrlut-
inin activity whereas abeorption of rheumatold sera with these cells
brought about & negligidle loss of sotivity. This difference in
absorption behsviour 1les interesting and indicatees that the avidity
of the rheumatoid agglutinin for 1ts antigen is lower than that of
the post myocardizl infarct factor. This sugeests that wherese the
latter participates in the typloal antigen-antibody linkages of the
H-bond and eiectrostatic type (Lendsteiner 1946), the former may
participate predominantly in weaker elsctrostatic linkages of the
Van der wWaale type. This hypothesis is further substantiated
by the PH depeundence of the rheumstoid factor agulutination re-
action, It appears that agglutination is inhibited below PH 8.0
and increases fiom PH 6.5 to PH B,0, reflecting 2 recuirement for
frse uncharged - NHp groups poesessing a "lone paiz" of elsotrons;
wherees sgplutination by post myocardial infarct sera iz not FH
dependent end occurs equally well between PH 6.5 and PH 8.0,
Heimer, Federico and Freyberg (1958) also observed this FH /



143
PH dependence for the sheep cell test a2nd showed that maximal
apeglutinetion ocoured above PH 7.0 with inhibition below PH 7.0
whereas sera from patients with other collagen diseases were shown
to be active as low ss PH 5.2,

It appeared, however, that free amino groups are involved
in both agglutination mechanisms are oompieiely inhibited by amino
group blocking reagents such as 13 fluoro 2:4 dinitrobengene and
acetic anhydride,

Extensive speculation on the patholosicel significance
of the post myocardial infarct antiglobulin is not justifiable on
the basis of this investigation but it is conceivable that it bears
some relation to the heart specific autoantibodies reported by
Dornbusch (1957) and Gery, Davis and Bhrenfold (1960) and reflects
an immune response to some component of heart muscle tissue which
has been modified and rendered antigenic as a result of tissue damage.
This hypotheeis, however, was not substantiated by the agglutination
and abaorpiion dxperimanta using human heart extracts and it is more
plausgible to assume, in light of the evidence presented, that they
represent a secondary manifestation of some primary immune response
resulting from a breakdown of the autoimmune homeostatic mechanism
postulated by Burnet (1959) in his "clonal selection" theory.

It is worthy of note that in a patient with active Hashimotos
thyroiditis antibodies to thyroglobulin and ¥ -globulin were present
in the serum which gave a titre of 1:10,240 with purified human
thyroglobulin and 1;640 with bovine ¥ -globulin in the tanned cell
test. ‘“hereas the gerum of another patient suffering from Hashimotos
thyroiditie gave a positive antithyroglobulin and anti ¥ -globulin
titre before thyroidectomy but after thyroidectomy the anti/



144
antithyroglobulin titre fell to zero whereas the anti ¥ -globulin
titre persisted.

Thees results would appear to support the theory of Burnet
(1959) that the production of autoantibodies is the result of the
general failure of eome homeostatic mechaniem which allows the
proliferation of certain "forbidden clones" of cells capeble of
producing antibodies to a spectrum of chemical patteins s8¢ that
antibodies are produced not only to the circulating thyroglobulin
but also to other body constituents including the patients own

}f-globulin, the latter persisting after removal of the damaged
thyroid tissue when the antigenic stimulus of thyroglobulin is no
longaaccessible,

There have been other reporte of the occurence of two or
more circulating autoantibodies in one patient in suprort of this
theory. Wasasljerna (1959) reported the case of a patient suffering
simultaneously from severe haemolytio anaamiﬁ and Hashimotos diaease,
when the serum gave a strongly positive direct Coombs test for cold
autoantibodies and also possessed a high titre for thyrold auto-
antibodies. . The existence of haemolytic anaemia and thrombocytopenia
in the same patient has also been reported (Evans 1951) and of haemo-
lytic anaemia and leukopenia (Dameshek (1953). Leukopenia and thrombo-
cytopenia as well as haemolytic anaemia are sometimes found in cases
of disseminated lupus erythematosus and Dameshek (1958) considers
this disease to be a complex autoimmune disorder.

On the basis of these findings the presence of antibodies
to X -globulin in the sera of patients following necrotic lesions
of the myocardtﬁm can be feasibly explained if one accepte the

premise that myoocardial infarction involves autoimmune responses

engendered by a breakdown of homeostatic control,
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It may be argued that the non specificity of these

¥ -globuline denies them entibody status and although this
may be true according to classical immunological theories,

in the light of the clonal selection thaory.of Burnet (1959)

an antibody is less specifically definable and "any population
of globulin molecules in 2 body fluid which can unite to a
specifically limited range of chemical patterns can justifiably
be called antibodies.”



SUMMARY

(1) A pathologicel protein with the properties of an antiglobulin
has been demonstrated in the sera of 50% of the patients teeted
following myocardial infarction and has been‘dtffarentiated from
the 'rheumatoid factor.'

(2) 1%t reacts with humen and bovine FII ¥ -globulin but not with

gensitized sheep cells and not with human heart extract.

(3) Phyeical characterization has shown it to be a ¥ -globulin
less than 114 of which is associated with the insoluble euglobulin
fraction of serum, over 90% of the agglutinin activity being assoc-
iated with a fraction precipitated by 464 saturation with (RHy)280,,

(4) sStarch gel electrophoresis of post myocardial infaroct sera
at 8,48 has shown that the activity ie associated with & fraction
which migrates in the mid ¥ -globulin region.

(5) Antigenic characterization of the active fraction by immunoe
electrophoresis on cellulose acetate paper has shown that it cone
sists of single antigenic species behaving electrophoretically as
a ¥ -globulin,

(6) Ultra-centrifuge fractionation of the serum suggests that

the agglutinin activity is aessociated with both high and low

moleocul ar wetght'x'nglobulana. Destruction of serological activity
by sulphydryl reagents and sulphite however, suprorts the view that
the activity is associated with the high molecular weight come

ponents of serum,
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(7) The factor is inactivated by dialysis apainst 6M urea
indicating that H-bonding and electrostatic linkages in addition
to disulphide bonde are involved in the structure of the active

molecule,

(8) The heat stability of the agslutinating factor conforms
with that of other antibodies, It is stable at 55°C with
some inactivation at 60°C and at 659°C over 90% of the activity
is lost.

(9) The agglutination mechanism in which the antiglobulin
participates is not PH dependent but inactivation by amino group
blocking reagents, fluorodinitrobenzene and acetic anhydride
indicates that -NH2 groups are 1nvolvedJ;n the sgglutination,

(10) It le suggested that antiglobulin reflects an autoimmune
response to the antigenic stimulus of the modified components
' of damaged tissue due to the fallure of some autoimmune homeo-

gtatic mechanisnm,
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