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ABSTRACT 

The autoantibody response following the induction of acute myo

cardial infarction in dogs was studied in order to elucidate the tempo

ral development of anti-heart autoantibodies, to determine the location 

of the autoantigens of dog heart tissue, and to determine the organ 

specificities of the autoantibodies induced by experimental myocardial 

infarction. Using the complement fixation test, anti-heart autoanti

bodies were found to appear 8-10 days following experimentally induced 

acute myocardial infarction. The autoantibodies were shown to be of the 

19S immunoglobulin class by sucrose density gradient ultracentrifugation 

and by affinity chromatography on Sepharose 4B columns to which anti-dog 

y-chain specific rabbit IgG was bound. The mitochondrial fraction of 

dog heart tissue was found to be the most antigenic component. The 

autoantibodies were found to cross-react with dog skeletal muscle mito

chondria but not with dog liver mitochondria. 

Preliminary experiments indicated that treatment of mitochondria 

with trypsin or heating at 85°C for 30 minutes caused a loss of auto-

antigenicity of the mitochondria. Other experiments in which mitochon

dria were treated with neuraminidase, extracted with acetone-water 

mixtures or dilute acid, or frozen and thawed in the presence of potas

sium ion resulted in a decreased ability of the mitochondria to function 

as antigens with autoantibody in complement fixation tests; however, 

these mitochondria were still able to remove autoantibody in absorption 

experiments at levels comparable to control mitochondria. 

xiii 



The effect of the presence of anti-heart mitochondria autoanti

body on the activities of certain mitochondrial membrane bound enzymes 

was determined. A reduction in the activities of NADH-cytochrome c 

reductase (rotenone insensitive) and cytochrane c oxidase was observed 

when mitochondria were incubated with dog serum containing anti-heart 

mitochondria autoantibody, but was not seen when the mitochondria were 

incubated with normal dog serum containing no detectable heart autoanti

bodies. 



INTRODUCTION 

The implication that the body can distinguish foreign from non-

foreign material suggests that a process of immunological self-

recognition must be operative. Injection of autologous material 

generally does not cause the formation of antibody. The reason for the 

response to heterologous and not autologous substances remains unclear, 

but the principles underlying immunological self-recognition are slowly 

being uncovered and the information gained is being applied especially 

in the area of organ transplantation. While the body generally does not 

produce autoantibodies, i.e., antibodies which are directed toward the 

body's own constituents, their existence has been well documented. 

Autoantibodies have been found in both normal and diseased individuals. 

Tissue toward which autoantibodies have been found to show organ speci

ficity include brain, thyroid, heart, lung, liver, kidney, testicle, 

smooth muscle and connective tissue. Antigenic determinants have been 

found to reside on many of the subcellular constituents of these various 

tissues and include basement membrane, microsomes, mitochondria, nuclear 

membrane, and even deoxyribonucleic acid. Whether the autoantibodies 

are directly involved in the pathogenesis of a given disease is still 

unclear in many instances. As mentioned above, autoantibodies to heart 

have been detected in the sera from patients suffering from several dif

ferent clinical syndromes. The purpose of this dissertation is to ex

amine the presence of autoantibodies to heart following the induction of 

experimental myocardial infarction in dogs. The research is directed 

1 
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toward providing information about the immune response and the antigens 

responsible for the induction of the response. 

Historical Background 

In the early 1940's the work of several investigators estab

lished the fact that components of tissue and organs from animals as 

well as man could produce immunological responses when injected into 

another animal. Bailey and Raffel (1941a, b, c) reported that rabbits 

produced antibodies to substances present in infusion broths made from 

different tissues of animals and man in which bacterial vaccines were 

produced. Guinea pigs passively sensitized with antisera from rabbits, 

on injection of the homologous broth, were observed to undergo anaphy

laxis. The substance responsible for the anaphylaxis in the guinea pig 

showed some organ and species specificity, was thermostable and water 

soluble. These reports demonstrated the existence of tissue and species 

specific antigens which were capable of producing anaphylaxis in the 

guinea pig. Henele, Chambers, and Groupe (1941) using differential cen-

trifugation were able to demonstrate the antigenicity of sedimentable 

particles derived from several tissue sources and species. The parti

cles when injected into rabbits produced organ-specific antibodies. The 

antigenic particles were identified as mitochondria on the basis of 

their chemical composition and metabolic properties. Furth and Kabat 

(1941) also noted that the injection of rabbits with mouse kidney homog-

enates caused the production of antibodies against sedimentable parti

cles derived from rabbit kidney. Although it was possible to 

demonstrate the production of antibodies to almost all tissue 
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components derived from heterologous sources, attempts to produce anti

bodies by the injection of homologous tissue were, in general, unsuc

cessful. 

When rabbits were injected with fresh emulsions of homologous 

brain, there were few if any antibodies produced. If the emulsion was 

allowed to stand at room temperature for 5-30 days, or if the emulsion 

was infected with vaccine virus, injection into rabbits resulted in the 

production of complement fixing antibodies (Schwentger and Rivers, 

1934). Rabbits injected with emulsions of homologous kidney to which 

staphlococcal or streptococcal toxins were added responded by the pro

duction of antibody (Schwentger and Comploier, 1939). The implication 

of these studies is that some alteration of homologous material was 

necessary to make it recognizable as an antigen in the homologous spe

cies. The use of adjuvants also greatly increased the ability of ani

mals to respond immunologically to the injection of homologous tissue 

(Kabat, Wolf, and Bezer, 1947). 

In 1942 Kidd and Friedewald (1942a, b) reported the presence of 

a natural antibody in the sera of rabbits which reacted in vitro with a 

sedimentable component of normal rabbit cells. The autoantibody was in

activated by heating at 65°C for 30 minutes, showed no cross-reactivity 

with antigens which the rabbits were immunized against, and was present 

in animals older than four weeks. The amount of complement fixed varied 

with the tissue tested indicating the presence of varying amounts of the 

antigen in different tissues, the antigen was prepared by homogeniza-

tion of the tissue and centrifugation of the homogenate for 20 minutes 

at 4400 rpm. The unheated supernatant was found to contain the best 
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antigen. The antigen could be sedimented at higher speeds and was found 

to be heat-labile and alcohol insensitive. Antigen could be prepared 

from rabbit brain, kidney, liver, heart, lung, and spleen, and also from 

tissues of guinea pig, rat, and chicken. The suggestion was made that 

since the antibody appeared to play no role in the protection of the 

anijnal from infectious disease, that it arose as a result of release of 

antigen into the circulation following cellular injury and/or death. 

The observation of Kidd and Friedewald have been confirmed re

cently by several investigators. Mmschel et al. (1961) confirmed the 

presence of natural autoantibodies in rabbits and extended the observa

tion to other species indluding man. They were able to demonstrate 

natural autoantibodies in both normal and diseased individuals which 

lends support to the concept that autoantibodies are not exclusively in

volved in the pathological findings of autoimmune diseases. The produc

tion of autoantibodies in rabbits following the injection of rat tissue 

in complete Freund's adjuvant was demonstrated (Ascherson and Dumonde, 

1962, 1963; Ascherson and Rose, 1963). The autoantibodies elicited 

showed some organ-specificity and also contained a species which reacted 

with a widely distributed heat-labile antigen. They also showed the 

presence of autoantibodies in the sera of healthy rabbits which fixed 

complement in the presence of rabbit kidney and liver. In the latter 

instance, Ascherson and Rose (1963) suggested that these autoantibodies 

could have arisen as a result of injury to the tissues produced during 

an infection of Eimeria stiedae. 

The research discussed thus far has not included material which 

deals with the presence of autoantibodies in disease states. It would 
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be possible to present a discussion of the literature with respect to 

any number of diseases in which autoantibodies are found. Since this 

dissertation deals with the existence of anti-heart autoantibodies, the 

following discussion will deal primarily with research concerned with 

heart autoantibodies and heart related clinical syndromes. A brief dis

cussion of autoimmune phenomena which are concerned with liver and liver 

disease will be included since there are both parallels and interesting 

divergences in the results obtained in the study of these systems with 

the results to be presented in this dissertation. 

With respect to anti-heart autoantibodies in disease, the most 

thoroughly studied situation is rheumatic fever and rheumatic heart dis

ease. The possible role of an immunological process in the pathogenesis • 

of rheumatic fever was discussed by Robinson (1944). He noted that rab

bits given sterile erythrogenic filtrates of NY-5 hemolytic streptococ

cus daily for considerable periods eventually developed lesions in their 

cardiac tissue resembling those found in human rheumatic fever. Robin

son postulated that rheumatic fever was a disease consisting of essen

tially an antigen-antibody reaction involving the connective tissue of 

heart. Further support for an autoimmune mechanism was obtained when 

Cavelti (1945) was able to demonstrate the presence of heart autoanti

bodies in the sera of a majority of patients with active rheumatic 

fever. 

Cavelti and Cavelti (1945) demonstrated that autoantibodies to 

kidney could be produced in rabbits and rats by injection of homologous 

renal material in combination with killed group A beta hemolytic strep

tococci. When this work was extended to include heart and other tissues 
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(Cavelti, 1947a), the results were again found to be positive. While 

the homologous antigens alone did not cause autoantibody formation, the 

autoantibodies produced when tissue was injected along with streptococ

cal material were specific for the tissue and not the bacterial anti

gens. Animals injected with heart tissue were found to have cardiac 

lesions which were present primarily in the valves and connective tissue 

structure of the heart. These lesions were considered to be the result 

of antigen-antibody complexes and the changes observed resembled those 

found in human rheumatic fever (Cavelti, 1947b). 

Much evidence has been accumulated concerning the presence of 

anti-heart autoantibodies in humans in the past twenty years. Reports 

in the literature place the percent of rheumatic fever patients with 

autoantibodies in their sera range from 63.4% to 751 (Rejholec and Wag

ner, 1955; Hess et al., 1964). The presence of at least some species of 

autoantibody has been found in all the patients of one study (Rejholec 

and Wagner, 1955). Kaplan and his co-workers (Kaplan, Meyeserian, and 

Kushner, 1961; Kaplan et al., 1964; Kaplan and Suchy, 1964; Kaplan and 

Svec, 1964) have examined biopsied cardiac material for the presence of 

Y-globulin and complement in rheumatic fever. Although bound y-globulin 

of both 7S and 19S classes and complement were found in the cardiac tis

sue, the participation of these autoantibodies in the pathogenesis of 

rheumatic fever was not clearly established. In these reports, 32/32 

control patients were found to possess no bound y-globulin. Zabriskie, 

Hsu, and Seegal (1970) have suggested that the presence of heart-

reactive autoantibodies in rheumatic fever can be used as an aid in es

tablishing the differential diagnosis of rheumatic fever. 
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The presence of heart-reactive autoantibodies in the sera of 

patients suffering from several other heart related syndromes have been 

reported. In general, the reasons for the presence of these autoanti

bodies and their roles in the pathogenesis of the various conditions are 

poorly understood. Autoantibodies have been found in the sera of pa

tients suffering from the post-commissurotomy syndrome (Soloff et al., 

1953) and the post-myocardial infarction syndrome (Dressier, 1959; 

Robinson and Brigden, 1963; van der Geld, 1964; Faivre et al., 1967). 

The fraction of patients found to have autoantibodies varied greatly as 

did the techniques used to evaluate their presence. Autoantibodies have 

also been demonstrated in idopathic heart disease by several investiga

tors (Sanders, 1963; Robinson, Grichle, and Anderson, 1970; Das et al., 

1971). The exact role of the autoantibodies in the disease process has 

not been established in any of these syndromes. Indeed, the antigens 

responsible for the formation of the antibodies in question have not 

been identified and in general only the crudest of antigen preparations 

have been used when tissue fractionation was attempted. The great vari

ation in the figures reported for positive responses are most likely due 

to the variations in antigen preparations used and also in the imnuno-

logical technique applied to the problem. 

One of the most common heart related problems is that of isch

emic heart disease. In the past thirteen years, several reports have 

appeared in the literature concerning the appearance of anti-heart auto

antibodies following myocardial infarction (Kleinsorge and Dornbusch, 

1960; Ehrenfeld, Gery, and Davies, 1961; Dodson et al., 1967). Again 

the percent of positive findings has varied greatly with the technique 
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used to show the presence of the autoantibodies and even has been found 

to vary when the same technique was employed by different investigators. 

The imnunological methods employed have included passive hemagglutina

tion (KLeinsorge, Dornbusch, and Romer, 1960; Ehrenfeld et al., 1961; 

Heine et al., 1966; Dodson et al., 1967; and Itoh et al., 1969); assays 

in which the fixation of complement following an antigen-antibody com

plex formation (Strauszand Dobias, 1967; Iteri et al., 1967), and 

inmunofluorescense (Kuch and Chorzelski, 1969, 1971; Faivre et al., 

1967; van der Geld, 1964; Hess et al., 1964). The percent of positive 

results ranged from 22.6% to 81%. Antigen preparations used have in

cluded materials from saline soluble heart substances to sedimented 

heart homogenate. 

The demonstration of anti-heart autoantibodies in the sera of 

patients suffering from disease processes involving the heart has stimu

lated the investigation of the antigenic composition of heart tissue. 

These investigations have been directed at both specific antigenic com

ponents as in the case of rheumatic fever, and the general antigenic 

composition of cardiac tissue. Both animal and human tissue has been 

studied and the following discussion will present information concerning 

both systems. 

In 1956, Wagner and Rejholec suggested that the elucidation of 

the antigenic composition of various tissues could only be revealed 

through biochemical fractionation of the tissue in question. The study 

of the antigenic components of heart muscle has proceeded along this 

line and Lowery and Carpenter (1966) have summarized some of the types 

of myocardial antigens found. These antigens include cardiolipin, 
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streptococcus related antigen, separate organ-specific and species-

specific antigens, and a cross-reacting antigen. Research concerning 

the nature of these antigens has been carried out on both animal and 

human tissue, and the research concerning the streptococcus related an

tigen has provided a better understanding of the pathogenesis of rheu

matic fever. 

Using sediment from saline homogenates of heart tissue from 

several species, Kaplan (1958a, b) was able to raise anti-heart antisera 

in rabbits. Kaplan was further able to demonstrate that antisera to 

whole streptococcus would cross-react with rabbit heart tissue. The an

tigen was not related to the bacteria but was directed toward the heart 

tissue present in the culture medium. These observations confirmed 

those obtained by Bailey and Raffel (1941a, b). Using immunofluores

cence, the antigen was found to reside in the sarcoplams of the cardiac 

muscle cell in tissue from several species. This antigen was found to 

be thermostable, not extractable by saline or acetone, and soluble in 

ethanol. The sarcoplasmic antigen also showed a greatly different im

munofluorescence staining pattern than that found for the Wasserman an

tigen. Further investigation revealed that this particular antigen was 

not organ-specific since serum from a wide range of patients suffering 

from autoimmune diseases gave positive staining with heart tissue. 

In contrast to the cross-reacting antigen described by Kaplan 

and Dallenbach (1961), Gery, Davies, and Ehrenfeld (1960) found the ex

istence of both organ and species-specific antigens. Using pooled 

homogenates of rabbit and rat heart in complete Freund's adjuvant, they 

found the antiserum raised in rabbits did not cross-react with other 
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organs. An antigen was found to be present in the rat homogenates which 

was not present in the homogenates of cardiac tissue of other species. 

Using the supernatant of heart homogenates, Gery and Davies (1961a) 

found the presence of a thermolabile, saline soluble antigen which was 

organ-specific but not species-specific. An organ-specific antigen was 

also found when homologous heart extracts were injected into rabbits 

without the presence of Freund's adjuvant (Gery and Davies, 1961b). An

other organ-specific antigen was described by Kaplan and Meyeserian 

(1962b) which was of particulate nature. The data can be summarized as 

showing the existence of four cardiac antigens: 1) an organ-specific 

antigen present in saline extracts; 2) a species-specific antigen pres

ent in saline extracts; 3) an organ-specific antigen which was sediment

able; and 4) a cross-reactive sedimentable antigen which was possibly 

related to mitochondria or some other sarcoplasmic structure. 

In the past four years, the antigenic composition of cardiac 

tissue of the rabbit has been under investigation by Halbert and his co

workers (Halbert, Holm, and Thompson, 1968; Holm et al., 1970; Halbert 

and Thompson, 1971; Thompson et al., 1971; Lin, Halbert and Kiefer, 

1972). Using saline homogenates of both homologous and heterologous 

heart in complete Freund1s adjuvant as antigen, 5 distinct antigenic 

components have been identified. The antigens are all susceptible to 

proteases, four are thermolabile when heated for 30 minutes at 50°C-

60°C, which the fifth is thermolabile when heated at 85°C for 30 min

utes. Purification of one of the antigenic species has been 

accomplished, and it is a protein of 68,000 M.W.. The work in the rab

bit system has also been extended and confirmed in the rat. 
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Since the role of autoantibodies in disease is unclear, the 

possible production of 'autoimmune pathogenesis in animals in which cir

culating anti-heart autoantibodies have been raised has been investi

gated. Although there have been reports of the appearance of cardiac 

lesions in such animals, no correlation has been found between the pres

ence of anit-heart autoantibodies and these lesions (Davies et al., 

1964; Kaplan and Craig, 1963). Halbert and Thompson (1971) have found 

that rabbit and anti-rat heart autoantibody is cytotoxic to pulsating 

rat heart cells in culture when complement is present. Rabbit anti-

rabbit heart autoantibody had no effect on either rabbit or rat heart 

cells. 

Kaplan and Espinosa have examined the composition of human heart 

tissue in a series of investigations starting in 1967 (Kaplan and Espi

nosa, 1967, 1968, 1969; Espinosa and Kaplan, 1970). Using saline ex

tracts of human ventricle, the existence of three antigens was shown, 

none of which were organ-specific. This finding suggests that only the 

particulate heart antigens in man show organ-specificity. When an acid 

extract of the saline insoluble material was used as antigen, two ther-

molabile antigens were found. These acid soluble antigens were common 

only to cardiac and skeletal muscle, were located in sarcolemmal and 

subsarcolemmal sites, and are protein in nature. More intense purifica

tion of the acid soluble material has revealed a much more complicated 

antigenic composition. Many of the cardiac antigens show some relation

ship to similar antigens found in skeletal muscle, and there appears to 

be a much greater cellular distribution of these antigens than earlier 

work suggested. 
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While the general antigenic composition of cardiac tissue is 

rather confusing, the cardiac antigen involved in rheumatic fever has 

been partially identified. The antigen is a component of the smooth 

muscle elements of the valves, arterioles, and endocardium which cross-

react with an antigen present in group A beta hemolytic streptococcus 

(Kaplan and Meyeserian, 1962a; Kaplan, 1963, 1969; Kaplan and Suchy, 

1964; Kaplan and Svec, 1964; Kaplan, Espinosa, and Frengley, 1967; 

Zabriskie and Freimer, 1966; Lyampert, Wedenskaya, and Danilova, 1966; 

Nakhla and Glynn, 1967). While there is some disagreement on the number 

of antigens and the exact location of the cross-reactive material in the 

cell-wall of the bacterium, the hypothesis of an autoimmune reaction in 

rheumatic heart disease due to exposure to an antigen in group A strep

tococcus is now accepted. 

As previously mentioned, results obtained by several investiga

tors with respect to liver autoantibodies are of interest. In particu

lar, rats treated with carbon tetrachloride have produced evidence for 

the antigenicity of subcellular particles and constituents upon the in

duction of liver damage (Weir, 1961, 1963, 1964; Weir et al., 1966; 

Pinckard and Weir, 1966, 1967). Berg, Doniach, and Roitt (1967, 1969), 

Berg, Doniach, and Home (1969), Berg, Roitt et al. (1969) have estab

lished the presence of autoantibodies to a subcellular constituent in 

the sera of patients suffering from primary biliary cirrhosis. 

Weir (1961) described the appearance of a complement-fixing re

action when the sera of rats treated with carbon tetrachloride was 

tested with autologous and homologous extracts of liver and other or

gans. Extracts of liver, heart, and kidney were positive. Material 
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from several different species also gave positive results. The 

complement-fixing activity was attributed to the appearance of a macro-

globulin following the injection of carbon tetrachloride (Weir, 1963, 

1964). Upon fractionation of rat liver, the complement-fixing activity 

was found to be primarily associated with the mitochondrial fraction 

(Pinckard and Weir, 1966). Further investigation (Weir et al., 1966) 

showed the presence of a heat-labile (56°C, 30 minutes) serum component 

in 70% of all normal rats which reacted with various rat organ homoge-

nates. The main antigenic activity was again found to reside in the 

mitochondrial fraction of the extracts. The serum factor had the sedi

mentation characteristics of a high molecular weight material. In order 

to determine whether or not the alteration of the antigenic composition 

of subcellular particles was necessary for recognition by the body as 

foreign, rats were subjected to an intense injection schedule from birth 

to five weeks of age with rat antigens (Pinckard and Weir, 1967). Upon 

treatment with carbon tetrachloride, these rats responded with the pro

duction of both heat-labile and heat-stable autoantibodies. Thus, 

tolerance to autologous subcellular components may not be operative and 

this may explain the findings of anti-tissue antibodies in various dis

ease states. DeHeer (1972), DeHeer, Pinckard and Olson (1972), and 

DeHeer, Olson and Pinckard (1974) have extended the work in the rat 

liver model and found that many subcellular constituents are also anti

genic in carbon tetrachloride treated rats. The heat-labile component 

in rat sera which reacted with mitochondria has been tentatively identi

fied as the first component of the complement system and not an immuno

globulin (DeHeer et al., 1974). 
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Berg has provided evidence that suggests that autoantibodies in 

primary biliary cirrhosis are directed toward liver mitochondria (Berg, 

Doniach, and Roitt, 1967). When the mitochondria of liver were iso

lated and further fractionated into inner and outer mitochondrial mem

branes, the majority of antigenic activity was found to reside on the 

inner membrane. Characterization of the inner membrane antigen sug

gested that it was not a part of the respiratory chain or a number of 

other mitochondrial enzymes (Berg, Doniach, and Home, 1969; Berg, 

Doniach, and Roitt, 1969). The antigen was susceptible to destruction 

by proteases, phospholipase treatment or solvents which extract phospho

lipids, while agents which weaken bonds between phospholipids and hydro

phobic molecules yielded fragments which were antigenic (Berg, Roitt et 

al., 1969). The existence of anti-mitochondrial autoantibody in the 

sera of patients with primary biliary cirrhosis and other diseases of 

clinical significance have been extensively discussed (Doniach and Walk

er, 1969; Farrow, 1970; Doniach, 1972; Feizi et al., 1972; Klatskin and 

Kantor, 1972). 

In summary, the presence of anti-tissue autoantibodies has been 

well documented. In some cases these autoantibodies have been impli

cated in the pathogenesis of the particular disease in which they were 

found to occur. In the majority of cases the role of the autoantibodies 

in the disease process has not been established. Heart tissue antigens 

have been identified thus far which show organ-specific and species-

specific properties along with antigens which have no organ and/or spe

cies specificities. When heart tissue is fractionated, antigens have 

been found in both the soluble and the particulate compartments of the 
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cell. The presence of autoantibodies to heart tissue in cardiac dis

ease states has been established. The study of the antigens responsible 

for the production of heart autoantibodies in pathological conditions 

has not advanced. Most of the studies of heart antigens have been ap

proached using techniques which make comparisons of the results with 

those obtained in studies of autoantibodies in disease states impossi

ble. In contrast, the study of the presence of autoantibodies to liver 

subcellular constituents in liver pathological states has been ap

proached in a manner which has yielded much valuable information. The 

techniques employed in these studies have allowed demonstration of the 

cellular fraction responsible for the production of the autoantibodies 

found in the sera of patients with primary biliary cirrhosis, and a par

tial characterization of the antigen has been possible. 

Statement of Purpose 

The study of anti-heart autoantibodies and the antigens respon

sible for their induction has been confined to systems in which cardiac 

tissue homogenates have been injected into homologous or heterologous 

species. The results of these studies have yielded some information 

concerning the antigenic composition of heart tissue, but little has 

been learned about the antigens responsible for the autoantibodies seen 

in the sera of patients with cardiac disease. Many of these studies 

have involved injection of cardiac tissue from heterologous species and 

the resulting antibodies produced in the recipient have been termed 

autoantibodies since on testing these antibodies were found to react 

with cardiac antigens from the recipient animal. These antibodies are 
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not in the true sense autoantibodies and for the purpose of this disser

tation autoantibodies are defined as antibodies produced following the 

release of autologous tissue antigens due to an experimental procedure. 

In view of the work with liver antigens in carbon tetrachloride treated 

rats and in the primary biliary cirrhosis studies, it is feasible to 

approach the study of the presence of autoantibodies in the sera of ani

mals and patients with cardiac disease. 

The production of experimental myocardial infarction in dogs 

has been well documented (Jennings, Wartman, and Zudyk, 1957; Jennings 

et al., 1960; Palmer et al., 1971). Further, studies following the pro

duction of anti-heart autoantibodies following the induction of experi

mental myocardial infarction in animals have been reported (Kleinsorge 

et al, 1960; Szabo et al., 1969; Domaniewski, 1970; Jezkova, Bartos, and 

Pokorny, 1971). Results from these studies indicate the feasibility of 

establishing an experimental model which will allow the investigation of 

the development of autoantibodies following myocardial infarction under 

controlled conditions. The purpose of this dissertation is to establish 

such a model, and to provide information regarding the autoimmune re

sponse, the location of the antigenic constituents among the subcellular 

fractions, to study the organ and species specificities of the heart 

autoantibodies, and to investigate the possible use of the anti-heart 

autoantibodies in the study of other biochemical processes associated 

with the antigenic subcellular constituents of dog heart tissue. 



MATERIALS AND METHODS 

Production of Experimental Myocardial Infarction 

The production of acute myocardial infarction in the dogs used 

in this study was accomplished through the use of two techniques. The 

two-stage coronary artery ligation technique of Harris (1950) and the 

selective injection of sized microspheres into the left coronary artery 

technique of Palmer et al. (1971) were the procedures used. The two-

stage ligation technique involves rather complicated surgical techniques 

and also results in the production of extensive skeletal muscle damage. 

Sized microsphere injection is surgically less technical and produces 

practically no tissue damage other than that of the heart. In both 

cases, the animals were anesthetized by intravenous injection of sodium 

pentobarbital, 30 mg/kg. All procedures were performed under sterile 

operating conditions. 

Two-stage Coronary Artery Ligation 

Following the administration of the sodium pentobarbital, the 

animals underwent thoracotomy. Upon exposure of the heart, a small 

opening was made in the pericardium and the anterior descending branch 

of the left coronary artery was dissected free 1 cm distal to the left 

arterial appendage. The ligation procedure was accomplished in two 

steps. The first ligation caused constriction of the artery without 

complete occlusion, while the second ligation, which was placed after 

30 minutes, occluded the artery completely. Forty milligrams of 

17 
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intravenous lidocaine was administered upon the placing of both liga

tures to prevent arrhythmias. Control animals were treated in the same 

manner with the exception that the ligatures were removed without con

striction of the coronary artery. 

Sized Microsphere Injection 
Into the Coronary Artery 

Under aseptic conditions, a small incision was made in the left 

femoral artery of the dog, and a number 8 Ducor performed coronary cath

eter was guided under fluoroscopic control from the femoral artery into 

the left coronary artery. Catheter tip position was verified by the in

jection of 5 ml of Hypaque, 75%. Following 40 mg of intravenous lido

caine to prevent arrhythmias, left coronary artery embolization was 

induced in the animal by the injection of Dowex resin microspheres (297-

350 y diameter). The heart weight was estimated and each animal was 

given 0.05 mg/kg of the resin. The microspheres were suspended in 5 ml 

of 101 low molecular weight dextran, and were injected as a bolus fol

lowed by a 5 ml saline flush. Following embolization, the femoral ar

tery continuity was restored, and the skin incision closed. Control 

animals were treated in the same manner except that the bolus of dextran 

injected into the coronary did not contain microspheres. 

Electrocardiography and Bleeding Schedules 

In both groups of dogs, electrocardiograms were obtained prior 

to, during, and after the experimental infarction procedure. Six lamb 

lead electrocardiograms were taken on alternate days during the first 

week following the experimental procedures, and at 7 day intervals for 
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30-66 days. Animals were anesthetized with sodium pentobarbital, 30 

mg/kg, prior to obtaining the electrocardiogram, and the animal was 

always placed in the same position (lying on the left side) for each re

cording. 

Venous blood samples were obtained at 6, 12, and 24 hours fol

lowing the experimental procedure. Thereafter, blood samples were ob

tained daily for the first 15 days, and then on every other day until 

sacrifice. The blood samples were allowed to clot, and then were incu

bated at 37°C for 1 hour. The tubes were then incubated overnight at 

4°C; following the removal of the clot, the tubes were centrifuged at 

500 x g for 15 minutes, and the serum was removed and placed in vials. 

The vials were stored at -20°C. 

Serum Enzyme Determinations 

Serum levels of creatine phosphokinase (CPK) were determined 

spectrophotometrically by the use of the CPK-Stat-Pack (CalBiochem, Los 

Angeles, Ca.). Serum glutamic-oxalacetic transaminase (SGOT) was deter

mined by monitoring the rate of oxidation of NAEH spectrophotometrically 

at 340 nm according to the procedure of Bergmeyer (1965). The reaction 

mixture contained 0.05 ml of NADH (2 mg/ml), 0.005 ml of malate dehydro

genase (5 mg/ml), 0.20 ml of serum, and 2.3 ml of 0.1 M phosphate buf

fer, j*I 7.6, containing 0.025 M aspartic acid. The reaction was 

initiated by the addition of 0.01 ml of 0.1 M a-ketoglutarate. 

Isolation of Subcellular Fractions 

The various subcellular fractions used in this study were pre

pared using differential centrifugation and density gradient procedures. 
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The relative purities of the fractions isolated were accessed by the use 

of marker enzymes. 

Preparation of Heart Mitochondria 

Mitochondria were prepared from dog cardiac tissue obtained from 

mongrel dogs at sacrifice. Immediately upon administration of the ap

propriate amount of Euthensia (Arizona Veterinary Supply Inc., Mesa, 

Arizona) the heart was removed and washed in an ice cold solution of 

0.24 M sucrose, 0.01 M Tris-chloride, pH 7.4. The tissue was trimmed of 

connective tissue and fat, then passed through an electric meat grinder 

(2 mm holes) into 7 volumes of buffer. Homogenization was accomplished 

using a Polytron tissue disintegrator (setting 5, 45 seconds). The 

crude homogenate was centrifuged at 600 x g for 10 minutes. The 600 g 

supernatant was centrifuged at 5500 x g for 10 minutes, and the pellet 

containing the mitochondria was resuspended and centrifuged at 1200 x g 

for 10 minutes. The mitochondrial pellet was washed several times in 

buffer and following the final wash was resuspended in the isolation 

buffer, aliquoted into small serum vials and frozen at -20°C. The 5500 

g supernants were pooled, centrifuged at 17,000xg for 20 minutes, and 

the supernatants were removed and centrifuged at 105,000 x g for 1 hour. 

The 105,000 g pellet contained the sarcoplasmic reticulum fraction, 

while the supernatant fraction consisted of the cytosol. The sarcoplas

mic reticular membranes were resuspended in the isolation buffer, ali

quoted into small serum vials and stored at -20°C. 

The above procedure was the standard method used for the prepa

ration of heart mitochondria from dog heart as well as cardiac tissue 
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from other species. In some instances a buffer consisting of 0.18 M 

KC1, 0.01 M Tris-chloride, pH 7.4, was used as the isolation buffer. 

This buffer produced a greater yield of mitochondria, but the biochemi

cal and antigenic properties of the mitochondria were not different from 

those isolated in the sucrose-tris buffer. In all cases, the mitochon

dria were resuspended in the sucrose-tris buffer prior to being stored. 

Isolation of Dog Skeletal 
Muscle Mitochondria 

Dog skeletal muscle mitochondria were isolated according to the 

method of Ernster and Nordenbrand (1967). Immediately following sacri

fice, large sections of the rectus femoris muscle of the dog's hind leg 

were removed and washed in ice cold 0.15 M KC1. After the muscle was 

trimmed, the tissue was passed through an electric meat grinder (2 mm 

holes) into 7 volumes of homogenization buffer consisting of 0.1 M KC1, 

0.05 M Tris-chloride, 0.001 M ATP, 0.005 M MgSO^, pH 7.4. Homogeniza

tion was accomplished through the use of Polytron tissue disintegrator 

(setting 5, 45 seconds) in a 4°C cold room. The homogenate was centri-

fuged at 600 x g for 10 minutes. The 600 g supernatant was removed and 

centrifuged at 8000 x g for 10 minutes, and the pellet containing the 

mitochondria was resuspended in the homogenation buffer and washed three 

times by centrifugation at 1400 x g for 10 minutes. Following the final 

wash procedure, the mitochondrial pellet was resuspended in 0.24 M su

crose, 0.01 M Tris-chloride buffer, pH 7.4, and centrifuged at 14,000 x 

g for 10 minutes. The mitochondria were then resuspended in the 

sucrose-tris buffer and aliquoted into vials before being stored. 
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Preparation of Dog Liver 
Mitochondria 

Dog liver mitochondria were prepared according to the procedure 

described by Parsons, Williams, and Chance (1966) for rat liver. Prior 

to removal from the pentobarbital (30 mg/kg) anesthetized animal, the 

liver was perfused for 5 minutes with ice cold 0.25 M sucrose by cannu-

lation of the portal vein. The liver tissue was passed through an elec

tric meat grinder (2 mm holes) and collected in 7 volumes of ice cold 

0.24 M sucrose, 0.01 M Tris-chloride, pH 7.4. The tissue was homoge

nized with the Polytron tissue disintegrator (setting 5, 45 seconds). 

The homogenate was centrifuged at 600 x g for 10 minutes. The 600 g 

supernatants were collected and centrifuged at 5000 x g for 20 minutes; 

the resulting pellets which contained the mitochondria were resuspended 

in the isolation buffer and centrifuged at 10,800 x g for 10 minutes 

The mitochondrial pellets were resuspended in the isolation buffer and 

stored in small serum vials at -20°C. 

Determination of the Respiratory 
Control Ratios for Mitochondria 

The metabolic integrity of the various mitochondrial prepara

tions described above were accessed before storage by determining the 

respiratory control ratio (RCR) as defined by Chance and Williams (1956) 

using a Clark-type oxygen electrode at 28°C. The incubation medium for 

the heart and skeletal muscle mitochondria contained 18 mM KC1, 0.2 mM 

phosphate, and 0.2 mM EDTA, at a pH of 7.2. The experimental solution 

contained 2.5 ml of the incubation medium, 0.2 ml of mitochondria, and 

0.02 ml of substrate. The consumption of oxygen was initiated by the 



addition of 0.005 ml of 0.10 M ADP. For heart and skeletal muscle mito

chondria, the substrates routinely used were 0.02 mM pyruvate and 0.02 

mM L-malate. Respiratory control ratios for dog heart mitochondria of 

between 4.0 and 7.0 were routine, while RCR for skeletal muscle mito

chondria of between 2.0 and 5.0 were found. Table 1 shows the RCR ob

tained for dog heart mitochondria when different substrates were used. 

Dog liver mitochondria were also checked for metabolic integrity 

in the same manner as described for heart mitochondria. The incubation 

medium was different however and contained 10 mM KC1, 5 mM sucrose, 0.5 

mM of phosphate, and 2 mM Tris-chloride, at pH 7.2. The experimental 

solution contained 2.5 ml of the incubation medium, 0.2 ml of the liver 

mitochondria, and 0.02 mM succinate as substrate. Oxygen consumption 

was initiated by the addition of 0.005 ml of 0.1 M ADP. Respiratory 

control ratios of between 2.0 and 5.0 were routine. 

Isolation of Dog Heart and Skeletal 
Muscle Mitochondrial Inner and 
Outer Membrane Fractions 

The method used to prepare inner and outer mitochondrial frac

tions from heart and skeletal muscle mitochondria was a modification of 

the procedure described by Whereat, Orishimo, and Nelson (1969). Mito

chondria were resuspended in 0.01 M potassium phosphate, 0.01 M Tris-

chloride buffer, pH 7.4, by gentle homogenation in a glass-teflon 

homogenizer and allowed to swell at 4°C for 5 minutes in an ice bath. 

The mitochondrial suspension was diluted one-third with a solution of 

1.8 M sucrose, 2 mM ATP, 2 mM MgC^, mixed by hand homogenization and 

incubated at 4°C for 5 minutes. Aliquots of the suspension (3 ml) were 
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Table 1. Respiratory control ratios for dog heart mitochondria using 
various substrates. 

Substrate 
Respiratory Control Ratio 

(State 3/State 4) 

Pyruvate 4.6 

Pyruvate + L-malate 4.8 

Glutamate 3.7 

Glutamate + L-malate 3.5 

a-Ketoglutarate 3.1 

Succinate 0 

Citrate 0 

Palmitylcarnitine 4.6 

Palmitylcarnitene + L-malate 4.0 

Acetylcaniitine 3.1 

Acetylcarnitine + L-malate 3.0 

Octanoate 0 

Octanoate + L-malate 0 
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sonicated three times for 5 second intervals using a Sonifer Cell Dis-

ruptor (Branson Sonic Power Co., Plainview, L. I., N. Y.) with a micro-

tip attachment at a setting of 75 watts. The sonicated mitochondria 

were layered onto a discontinuous sucrose gradient of 7 ml of 1.18 M 

sucrose, 0.01 M Tris-chloride, pH 7.4, and 5 ml of 0.76 M sucrose, 0.01 

M Tris-chloride, pH 7.4. The gradients were centrifuged at 24,000 rpm 

in a Beckman L2-65B ultracentrifuge, SW 25.1 rotor. The crude outer 

membrane fraction was separated into two fractions at the gradient 

interfaces, while the inner membrane sedimentated in a pellet at the 

bottom of the tube. The outer membrane fractions were pooled following 

removal from the interfaces by a syringe, and diluted to a total of 18 

ml with 0.24 M sucrose, 0.01 M Tris-chloride, pH 7.4, buffer. The inner 

nmebrane was removed from the tubes and resuspended in a total of 18 ml 

of the sucrose-tris buffer. The inner and outer membrane fractions were 

layered onto individual discontinuous sucrose gradients and centrifuged 

as described above. The outer membrane fractions were removed from the 

gradients and placed in small serum vials before storing at -20°C. The 

inner membrane fraction was resuspended in sucrose-tris buffer and 

stored at -20°C. 

Preparation of Dog Liver Mitochondrial 
Inner and Outer Membrane Fractions 

Dog liver mitochondrial inner and outer membrane fractions were 

isolated according to the procedure described by Parsons et al. (1966) 

for rat liver. Mitochondria were resupsended in 30 ml of cold 0.02 M 

potassium phosphate buffer, pH 7.2, and were shaken gently in an ice 

bath for 20 minutes. Following centrifugation at 34,000 x g for 20 
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minutes. The supernatants were removed and the pellets were resuspended 

in the phosphate buffer. The suspension was centrifuged at 5000 x g for 

15 minutes to sediment the inner membrane; the supernatant was removed 

and saved. The inner membrane pellets were resuspended in 0.24 M su

crose, 0.01 M Tris-chloride buffer, pH 7.4, and were stored at -20°C. 

The 5000 g supernatants, which contained the crude outer mem

brane fraction, were centrifuged at 27,000 x g for 30 minutes. The 

supernatants were discarded and the pellets were resupsended in a mini

mal amount of the sucrose-tris buffer, then stored at -20°C. Dog liver 

mitochondrial membranes were not further purified by discontinuous su

crose gradients, since this high degree of purity was not required for 

this study. 

Enzyme Assays 

All spectrophotometric enzyme assays in this study were per

formed at room temperature. Oxygen consumption was measured using a 

Clarke-type oxygen electrode at 28°C. The rate of the reaction, ex

pressed as ymoles of substrate converted to product per minute, was de

termined by calculation of the rate of change of absorbance or the rate 

of oxygen consumption. 

Cytochrome Oxidase 

Cytochrome oxidase was assayed according to the method of 

Schnaitman and Greenawalt (1968) using an oxygen electrode. The reaction 

mixture contained 1.5 ml of 0.15 M potassium phosphate buffer, pH 7.2, 

0.84 ml of deionized water, 0.30 ml of 3 x 10~* M cytochrome c, 0.05 ml 

of 0.375 M ascorbate, and 0.10 ml of 0.03 M 
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tetramethyl-p-phenylenediamine, and 0.01-0.1 ml of sample was added to 

start the reaction. In most cases, the sample was activated by making 

a 1:1 dilution of sample in 1% Lubrol, followed by a 15 minute incuba

tion at 4°C. 

Monoamine Oxidase 

Monoamine oxidase was assayed using the procedure of Deitrich and 

Erwin (1969). The rate of formation of the reaction product, p-di-

methylaminobenzaldehyde, was measured by a change in absorbance at 355 

nm. The reaction mixture contained 1.5 ml of a 0.1 M potassium phos

phate buffer, pH 7.6, 0.3 ml of 0.03 M p-dimethylaminobenzalamine, and 

1.1 ml of deionized water. The reaction was started by the addition of 

0.1 ml of sample. Samples were activated by sonication at 70 watts in 

three, 10 second bursts. The activation procedure was carried out at 

4°C. 

Rotenone-Insensitive NADH-
Cytochrome c Reductase 

Rotenone-insensitive NADH-cytochrome c reductase was assayed by 

the method of Sottocasa et al. (1967). The rate of reduction of cyto

chrome c was measured spectrophotometrically as a change in the absorb

ance at 550 nm. The reaction mixture contained 1.5 ml of 0.1 M 

potassium phosphate buffer, pH 7.5, 0.90 ml of deionized water, 0.10 ml 

-4 
of 0.1 M KCN, 0.02 ml of 0.001 M rotenone, and 0.50 ml of 3 x 10 M 

cytochrome c. The reaction was started by the addition of 0.01-0.1 ml 

of sample. Samples were activated by sonication at 75 watts in three, 

10 second bursts. The sonication procedure was performed at 4°C. 
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Glucose-6-phosphatase 

Glucose-6-phosphatase was assayed according to the procedure of 

Swanson (1955) and inorganic phosphate was estimated by the method of 

Gomori (1942). All glassware used in these assays were acid washed. 

Inorganic phosphate was measured initially and after a 15 minute reac

tion period at 37°C; each identical sample was warmed at 37°C prior to 

the addition of unknown. The reaction mixture contained 0.3 ml of 0.09 

M malic acid buffer, pH 6.5, 0.10 ml of 0.1 M glucose-6-phosphate, and 

0.10 ml of sample. At the appropriate time, 0.10 ml of each reaction 

mixture was removed and assayed for free phosphate. 

The concentration of free inorganic phosphate was determined by 

the addition of the 0.10 ml of sample to 1.0 ml of 10% trichloroacetic 

acid at 0°C. Following a 5 minute incubation period, the mixture was 

diluted to 2.5 ml with deionized water and was centrifuged at 900 x g 

for 10 minutes. Two milliliters of the trichloroacetic acid mixture 

were added to a test tube containing 2.5 ml of molybdate-sulfuric acid 

reagnet prepared by mixing 2 volumes of 5% sodium molybdate and 1 volume 

each of 10 N sulfuric acid and deionized water. One milliliter of the 

reducing solution, containing 1.0 g of p-methylaminophenol sulfate 

(elon) in 100 ml of 3% sodium bisulfite, was added and the solution was 

brought to a final volume of 10 ml. Following a 45 minute incubation at 

room temperature, the solutions were assayed spectrophotometrically at 

700 ran. The concentration of inorganic phosphate was determined from a 

graph of optical densities obtained using standard solutions of inor

ganic phosphate. 
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Lowry Method of Protein Determination 

The method used in this study to determine the protein concen

tration of the various subcellular fraction was that of Lowry et al. 

(1951). The following reagents were used for each determination: 1) 

Reagent A, consisting of 2% sodium carbonate in 0.1 M sodium hydroxide; 

2) Reagent B, consisting of 0.5% copper sulfate in 1% sodium carbonate, 

prepared by mixing equal volumes of 2% sodium carbonate solution with 1% 

copper sulfate; 3) Reagent C, prepared fresh by the mixing of 50 parts 

of Reagent A and 1 part of Reagent B; and 4) Phenol Reagent, prepared 

by mixing 5 parts of commercially available Phenol Reagent (Fisher 

Scientific Co., Pittsburgh, Pa.) with 4.7 parts of deionized water. The 

phenol reagent was diluted immediately before use in the procedure. 

The protein present in a sample was determined as follows. Two 

and a half milliliters of Reagent C were added to 0.01-0.1 ml of sample 

and the mixture was shaken. Following a 15 minute incubation period at 

room temperature, 0.25 ml of the phenol reagnet was added and the tube 

was immediately vortexed. The mixture was allowed to stand at room 

temperature for 30 minutes while color developed. The optical density 

of each sample was measured at 500 nm and the protein concentration was 

calculated from a standard curve prepared by simultaneously running with 

the unknowns a series of crystalline bovine serum albumin standard solu

tions ranging in concentration from 0.02-0.1 mg protein/ml. 

Complement Fixation Assays 

In this study, complement fixation tests were performed in two 

ways. A microtiter system (Cooke Engineering Co., Alexandria, Va.) was 
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utilized for the monitoring of serial blood samples from experimentally 

infarcted animals, and also for other preliminary studies. A more pre

cise spectrophotometry assay was used in the study of the localization 

of the autoantigenic sites on the subcellular membrane fractions, and 

the organ specificities of the heart autoantibody. All complement fixa

tion assays were performed in the same buffer, using guinea pig serum as 

the source of complement, and rabbit serum was used as the source of 

hemolysin. 

Complement Fixation Test Buffer 
(CFT-Buffer) 

All tests were performed in sodium barbital buffered saline as 

described by Kabat and Mayer (1961). The buffer was prepared fresh 

daily by diluting 20 ml of 5 times concentrated stock solution to 100 

ml with deionized water. The stock solution was prepared by mixing 83 g 

NaCl, 10.19 g sodium barbital, 34.6 ml of 1.0 N HC1, and 5.0 ml of a 

solution containing 1.0 M MgC^ and 0.3 M CaC^, in approximately 1800 

ml of deionized water. The buffer stock was made 1% in dog serum albu

min and the volume of the solution was adjusted to 2000 ml. The buffer 

concentrate was then aliquoted into 20 ml samples and frozen at -20°C. 

Guinea Pig Complement 

Guinea pig serum was obtained from outbred strains of adult 

guinea pigs. In order to collect the blood, the animals were anesthe

tized with ether, and were exsanguinated by cardiac puncture. The blood 

was allowed to clot at 37°C, and following clot retraction, the serum 
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was centrifuged at 900 x g for 15 minutes at 4°C. All sera were pooled 

and frozen at -70°C. 

Rabbit Hemolysin 

Hemolysin was purchased from Colorado Serum Co., Denver, Colo., 

as a 50% solution in Glycerol. The hemolysin stock was diluted 1:100 

with complement fixation test buffer minus the dog serum albumin, and 

frozen in 1.0 ml aliquots at -20°C. 

Preparation of Sheep Erythrocyte 
Suspensions 

Sheep red blood cells (SRBC) were obtained from adult sheep by 

venipuncture of the external jugular vein, and was mixed with an equal 

volume of sterile Alsever's solution. The SRBC-Alsever's suspension was 

allowed to age on week prior to use. Before the SRBC were used to pre

pare the appropriate SRBC suspension, the cells were washed several 

times with approximately 4 volumes of CFT-buffer by centrifugation at 

500 x g for 10 minutes. The SRBC pellet was resuspended in CFT-buffer 

and the SRBC suspension was prepared as follows. 

3% SRBC Suspension. When 1.0 ml of a 31 erythrocyte solution is 

added to 14.0 ml of 0.1% sodium carbonate, and the optical density is 

then read at 541 nm, a value of 0.420 will be obtained. To prepare a 31 

SRBC suspension, 1.0 ml of the washed SRBC solution is added to 14.0 ml 

of 0.1% sodium carbonate. The optical density of the resulting solution 

is read at 541 nm. The washed SRBC suspension is then diluted according 

to the following equation (Kabat and Mayer, 1961): 
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IT _ AT measured optical density ,r 
a Vi Sfraj • vi 

where represents the volume of CFT-buffer to be added per ml of 

washed SRBC suspension, and is the volume of washed SRBC suspension 

removed for spectrophotometry analysis (1.0 ml). The resulting 3% SRBC 

suspension was refrigerated, and was used for no more than one week. 

8 8 
2 x 10 SRBC Suspension. When 0.5 ml of a 2 x 10 SRBC suspen

sion is added to 14.5 ml of 0.11 sodium carbonate and the optical den

sity of the resulting solution is determined at 412 nm, the result is 
Q 

0.612. The procedure followed for the preparation of a 2 x 10 SRBC 

suspension is the same as described above for the 31 suspension with the 

exception that the optical density obtained is divided by 0.612 in the 

equation given above. The resulting SRBC suspension was refrigerated 

and was used for no more than one week. 

Hemolysin Titration 

In order to determine the minimum concentration of hemolysin re

quired to result in the complete lysis of a 1.5% suspension of SRBC, a 

hemolysin titration was performed. A hemolysin titration was carried 

out by making increasing dilutions of hemolysin with CFT-buffer in in

crements of 1:200. One-half milliliter of each hemolysin dilution was 

removed and mixed with 0.5 ml of the 3% SRBC suspension. The solution 

was mixed and incubated at 37°C for 30 minutes. 

After the incubation period, 0.025 ml of each hemolysin-SRBC 

suspension was added to a well in a microtiter plate containing 0.05 ml 

of CFT-buffer and 0.025 ml of a 1:30 dilution of guinea pig complement. 



Following shaking, the microtiter plate was incubated at 37°C for 20 

minutes. After shaking, the plate was again incubated at 37°C for 20 

minutes. Hie plate was then centrifuged at 500 x g for 3 minutes, and 

the end-point was determined by visual examination of the plate. The 

end-point was taken as the highest dilution of hemolysin at which there 

was complete lysis of the SRBC suspension. This concentration of hemo

lysin was defined as 1.0 Minimal Hemolytic Dose (1.0 MHD). 

Sheep red blood cells were sensitized for use in the complement 

fixation test in the following way. Two MHD of hemolysin in CFT-buffer 

were mixed with an equal volume of 3% SRBC. The sensitized erythrocytes 

were incubated at 37°C before use, and a new preparation of sensitized 

SRBC was made for each complement fixation test. 
Q 

Hemolysin titrations were also performed when the 2 x 10 SRBC 

suspension was used. Hemolysin dilutions were prepared in CFT-buffer as 

described above except that the dilutions were made in increments of 

1:1000. One-half milliliter of the hemolysin dilutions were mixed with 
O 

0.5 ml of the 2 x 10 SRBC suspension and incubated at 37°C for 30 min

utes. Following the incubation period, 0.1 ml of the hemolysin and SRBC 

suspension was added to a tube containing 0.2 ml of CFT-buffer and 0.1 

ml of a 1:30 dilution of guinea pig complement. The contents of the 

tubes were mixed and then incubated in a 37°C water bath for 1 hour with 

shaking every 15 minutes. At the end of the incubation period, 0.7 ml 

of a 1:20 dilution of a solution consisting of 0.3 M NaCl, 0.2 M EDTA 

was added to each tube. Following mixing, the tubes were centrifuged at 

500 x g for 5 minutes. The optical densities were determined by reading 

the supematants at 412 nm, and the percent hemolysis was determined by 
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comparison of the optical densities of each hemolysin dilution with a 

100% hemolysis control. The 100% hemolysis control was prepared by add

ing a small amount of saponin to a tube containing 0.3 ml of CFT-buffer 

and 0.1 ml of SRBC. The end-point of the titration was taken as the 

highest dilution of hemolysin to result in the hemolysis of 100% of the 

SRBC suspension. Sensitized erythrocytes were prepared as described 

above. 

Complement Titration 

A complement titration was performed to determine the highest 

dilution of guinea pig complement which would lyse 0.025 ml of a 1.5% 

suspension of sensitized SRBC. Increasing dilutions of complement were 

prepared in 1:10 increments in CFT-buffer. All of the complement dilu

tions were made at 4°C. To each well of a microtiter plate containing 

0.05 ml of CFT-buffer, 0.025 ml of the appropriate complement dilution 

was added, the plate was shaken gently, and placed in a 37°C incubator 

for 30 minutes. During the incubation period a 1.5% suspension of sen

sitized SRBC was prepared and incubated in a 37°C water bath for 30 min

utes. At the end of the incubation period, 0.025 ml of the SRBC 

suspension was added to each well of the microtiter plate, the plate was 

shaken and then placed in a 37°C incubator for 20 minutes. At the end 

of 20 minutes, the plate was taken from the incubator and shaken, then 

incubated for an additional 20 minutes at 37°C. The plate was then cen-

trifuged at 500 x g for 3 minutes, and the end-point of the titration 

was determined visually. The end-point of the titration was taken as 

the highest dilution of complement which caused complete lysis of the 
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SRBC suspension. This dilution of complement was defined as 1.0 Minimal 

Hemolytic Dose (1.0 JUD) of complement. In the complement fixation 

test, 1.5 MHD of complement was used, and the complement solution was 

prepared fresh immediately before use in the assay. 
g 

Complement titrations were also performed when 2 x 10 SRBC sus

pensions were used in the complement fixation test. Increasing dilu

tions of guinea pig complement were prepared in ice-cold CFT-buffer in 

increments of 1:50. Tubes containing 0.20 ml of CFT-buffer received 

0.10 ml each of the appropriate complement dilution. The tubes were 

shaken and then incubated in a 37°C water bath for 30 minutes. A 1 x 
Q 

10 sensitized erythrocyte suspension was prepared and incubated at 37°C 

for 30 minutes. At the end of the incubation period, 0.10 ml of sensi

tized SRBC was added to each tube of complement dilutions, the tubes 

were shaken, and then incubated at 37°C in a water bath for 1 hour with 

shaking every 15 minutes. At the end of the incubation period, 0.7 ml 

of a 1:20 dilution of a 0.3 M NaCl, 0.2 M EDTA solution was added to 

each tube. The tubes were shaken and then centrifuged at 500 x g for 

5 minutes. The supernatants were removed and the optical densities were 

read at 412 nm. The percent hemolysis was determiend by comparison of 

the optical density of each sample with that obtained for a 100% lysis 

control which contained 0.3 ml of CFT-buffer and 0.1 ml of sensitized 

SRBC to which a small amount of saponin was added. The 100% end-point 

was determined by graphing as described by Kabat and Mayer (1961). The 

complement dilution which resulted in the complete lysis of teh SRBC 

suspension was defined as 1.0 NHD of complement. In the complement 
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fixation test, 1.5 M© of complement was used, and was prepared as de

scribed above for the 1.5% sensitized suspension. 

Complement Fixation Test 

The ability of an antibody-antigen complex to reduce the hemo

lytic activity of complement forms the basis for the complement fixation 

test. In the assay, the antigen and antibody are allowed to form a com

plex in the presence of complement. If the antibody is capable of fix

ing complement, the utilization of the complement will take place. 

Following an incubation period, a suspension of sensitized SRBC is 

added, and the amount of hemolysis is determined after a suitable incu

bation period. If there has been fixation of complement, there will be 

no hemolysis of the sensitized SRBC and when the cells are sedimented, 

a red cell pellet will be visible in the bottom of the microtiter plate 

well. The assay can also be performed using a spectrophotometric method 

to determine the amount of lysis of the sensitized SRBC that has oc

curred. 

Microtiter Plate Complement Fixation Test 

The following procedures were performed in an ice bath. Using 

a microtiter diluter, 0.025 ml of serum is added to the first well of a 

microtiter plate which contains 0.025 ml of CFT-buffer in each well. 

Doubling dilutions of the serum are then made with a microdilutor which 

transfers 0.025 ml of solution from well to well. To each well of the 

plate was added 0.025 ml of the appropriate complement dilution (1.5 NHD 

of guinea pig complement as determined in the complement titration de

scribed above), and next 0.025 ml of the appropriate antigen is added to 
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each well (the antigen was prepared in CFT-buffer). The plate is then 

shaken gently and placed in a 37°C incubator for 30 minutes. While the 

plate is incubating, a 1.5% suspension of SRBC is prepared and incubated 

for 30 minutes at 37°C in a water bath. Appropriate controls are run 

simultaneously and consist of wells containing 0.025 ml of CFT-buffer, 

0.025 ml of antiserum, and 0.025 ml of the complement dilution; control 

wells to determine the anticomplementary nature of the antigen were also 

run and consisted of wells which contained 0.025 ml of CFT-buffer, 0.025 

ml of antigen, and 0.025 ml of the complement dilution. At the end of 

the 30 minute incubation period, 0.025 ml of the 1.5% sensitized SRBC 

suspension was added to each well of the plate, and after the plate was 

gently shaken, it was placed in a 37°C incubator. At the end of a 20 

minute incubation period, the plate was removed from the incubator and 

gently shaken, then returned to the incubator for another 20 minutes. 

The plate was then shaken and centrifuged at 500 x g for 5 minutes, and 

the amount of hemolysis was assessed visually. The size of the red cell 

button in the bottom of the microtiter wells are assessed on the basis 

of a "0" (for complete hemolysis) to "4" (for no hemolysis) scale. The 

end-point was taken as the highest dilution which produced a visible 

erythrocyte button. 

Spectrophotometric Complement Fixation Test 

The appropriate dilutions of serum were made in ice cold CFT-

buffer. To 0.1 ml of diluted serum was added 0.1 ml of a 1.5 NHD com

plement dilution, followed by 0.1 ml of the appropriate antigen in 

CFT-buffer. The mixture was shaken and then incubated for 30 minutes 
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in a 37°C water bath. A 1 x 10 suspension of sensitized SRBC was pre

pared and incubated at 37°C in a water bath for 30 minutes; at the end 

of the 30 minute incubation period, 0.1 ml of the sensitized SRBC sus

pension was added to each tube. The mixture was incubated for one 

hour in a 37°C water bath with shaking every 15 minutes. At the end of 

the incubation period, 0.7 ml of a 1:20 dilution of a solution contain

ing 0.3 M NaCl, 0.2 M EETA was added to each tube, and the tubes were 

then centrifuged at 500 x g for 5 minutes. The supematants were read 

at 412 nm and the optical densities were determined. The percent lysis 

was determined by comparison of the experimental values with that of a 

100% lysis control (containing 0.1 ml each of CFT-buffer, complement, 

antigen, and SRBC). The 50% hemolytic end-points were determined by 

graphing as described by Kabat and Mayer (1961). 

Sucrose Density Gradient 
Ultracentrifugation of Dog Serum 

Sucrose density gradient ultracentrifugation was carried out 

according to a modification of the procedure of Kunkel (1960) using su

crose solutions prepared in CFT-buffer without dog serum albumin added. 

The gradients were prepared by successive additions of the following 

solutions to 1/2" by 2" cellulose nitrate tubes: 1) 1.22 ml of 40% 

sucrose; 2) 1.12 ml of 30% sucrose; 3) 1.12 ml of 20% sucrose; and 4) 

1.12 ml of 10% sucrose. The gradients were allowed to sit overnight at 

4°C and diffused to form a linear gradient of 12% to 38% sucrose. One-

half milliliter of a 1:2 dilution of serum in CFT-buffer was layered on 

top of each gradient, and the gradients were centrifuged at 100,000 x g 

for 18 hours at 4°C. Ten 0.5 ml samples were removed from the top of 



each gradient using a 1 ml syTinge. The samples were placed in small 

serum vials and stored at -20°C. 

Absorption of Dog Anti-heart Mitochondria 
Antisera With Subcellular Membrane Antigens 

Serum samples were absorbed with various subcellular membrane 

preparations at 0°C. The serum samples were added to the appropriate 

membranes and incubated for 2 hours. The suspensions were centrifuged 

at 15,000 x g for 90 minutes at 4°C. The supernatant was removed and 

tested for the presence of autoantibody activity using the complement 

fixation test. The control for these absorption experiments was serum 

which was not treated with membranes but was subjected to all other 

manipulations. 

Absorption of Dog Serum With 
Rabbit BSA-anti-BSA Immune Precipitates 

In order to remove the first component of dog complement (CI) 

from the serum, dog serum (1.0 ml) was absorbed with BSA-anti-BSA com

plexes. BSA-anti-BSA complexes at equivalence were prepared using heat-

inactivated rabbit antiserum and crystalline BSA. Serum samples were 

incubated with BSA-anti-BSA imnune precipitates for 1 hour at 0°C in the 

presence of 0.01 M EDTA. The complexes were removed by centrifugation 

at 1000 x g for 30 minutes. Hie procedure was repeated once and the 

serun was frozen at -20°C. This absorption procedure was demonstrated 

to remove greater than 90% of the initial CI activity as deteimined by 

standard hemolytic CI assays. 
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Affinity Chromatography of Dog Serum 

In order to estalbish the immmoglobulin nature of the heart-

reactive factor of serum obtained from normal and ezperimentally in-

farcted dogs, affinity chromatography was used (Wofsy and Burr, 1969). 

Rabbit anti-dog p-chain specific antiserum was purchased from Microbio

logical Associates, Bethesda, Md.; the specificity of this antiserum was 

confirmed by the demonstration of only one precipitin are on immuno-

electrophoresis of whole dog serum and by its failure to precipitate 

DEAE-purified dog IgG iranunoglobulin. The IgG fraction of the rabbit 

antiserum was prepared by Na2S04 precipitation and purified by DEAE-

chromatography in 0.01 M phosphate buffer, pH 8.0 (Pinckard and Halonen, 

1971). The IgG fraction was concentrated to a final concentration of 

8 mg/ml. Normal rabbit IgG was prepared in a similar manner for use as 

a control. Eight milligrams of each fraction were mixed with 7 ml of 

Sepharose 4B (Pharmacia Fine Chemicals, New York, N. Y.) which had been 

activated with cyanogen bromide (Eastman Chemicals, Rochester, N. Y.). 

Follwoing a 36 hour incubation period, the Sepharose was washed with 

sodium barbital buffered saline, pH 7.3, diluted to 10 ml volume and 

poured into 1 x 20 cm columns. The 19S immunoglobulin fraction from a 

sucrose density gradient was applied to a control (Normal rabbit IgG) 

and to an experimental column (anti-dog p-chain specific ribbit IgG) and 

serial 2.0 ml samples were collected. Each fraction was tested for 

anti-mitochondria autoantibody activity using the complement fixation 

test. 



RESULTS 

Production of Anti-heart Autoantibody 
Following Myocardial Infarction 

Initial experiments were performed to localize and to isolate a 

heart autoantigen to be used for the detection of anti-heart autoanti

body. Such a standardized preparation of purified heart autoantigen 

would provide the most sensitive and reproducible complement fixation 

assay for detecting anti-heart autoantibody following experimental myo

cardial infarction. To determine the autoantigenic locus, dog myocar-

dail tissue was fractionated into its subcellular constituents. 

Checkerboard titrations were performed using these subcellular fractions 

and sera obtained from dogs with infarction. These sera contained 

complement-fixing anti-heart autoantibody when crude dog heart homoge-

nate was used as the test antigen. The results are shown in Table 2. 

As can be seen, the autoantigenic activity resided in the mitochondrial 

fraction of dog myocardial tissue. Although autoantigenic activity 

could be detected with mitochondria in concentration of less than 40 yg 

protein/ml, this quantity of mitochondria was used throughout the re

mainder of the study and provided the most sensitive assay for anti-

heart autoantibody using the complement fixation test. Microsomes and 

cytosol contained no detectable autoantigenic activity and the nuclei 

contained only trace activity even when large concentrations (200 yg 

protein/ml) of these fractions were used in the complement fixation 

test. The presence of mitochondria in the subcellular fractions was 

41 



Table 2. Subcellular localization of myocardial autoantigen. 

Subcellular Antigen Concentration (pg/ml) Cytochrome Oxidase Activity 
Fraction 200 100 50 40 30 20 (nmoles min'lmg"! protein) 

Nuclei 4* 0 0 0 0 0 147 

Mitochondria 256 256 256 256 32 0 1132 

Sarcoplasmic reticulum 0 0 0 0 0 0 50 

Cytosol 0 0 0 0 0 0 0 

•Autoantibody titer. 
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assessed using cytochrome oxidase activity as a mitochondrial membrane 

marker. As shown in Table 2, the small amount of autoantigenic activity 

of the nuclear fraction could be ascribed to contamination of this frac

tion with mitochondria. 

Temporal Development of Anti-heart Autoantibody 
Following Experimental Myocardial Infarction 
By Coronary Artery Ligation 

Serial serum samples were obtained from infarcted dogs following 

coronary artery ligation, and these samples were tested in the comple

ment fixation test using dog heart mitochondria (40 yg protein/ml) as 

the test antigen. In this experiment, seven animals were infarcted and 

all seven responded with the production of anti-heart autoantibody in 

titers ranging from 1:128 to 1:1024 (see Table 3). The autoantibody 

titers were identical whether homologous or autologous heart mitochon

dria were used as the test antigen. The control group of dogs, which 

underwent thoracotomy without coronary artery ligation, did not produce 

detectable anti-heart mitochondria autoantibody. 

During this experiment, two patterns of autoantibody development 

were observed. Several dogs were found to possess anti-heart mitochon

dria autoantibody prior to experimental myocardial infarction, while the 

other experimental dogs possessed no detectable anti-heart mitochondria 

autoantibody prior to the experimental procedure. The same pattern was 

observed for the control dogs, and for comparison, control and experi

mental dogs were grouped according to the presence or absence of anti-

heart autoantibody prior to thoracotomy and/or coronary artery ligation. 

All animals involved in the experiment were monitored not only with 



Table 3. Correlation of the presence of anti-heart mitochondria autoantibody with other diagnostic 
tests. 

Electrocardio-
Number Serum enzyme graphic Infarction Diagnostic 

Group of Dogs Elevations* Changes* at Autopsy* Autoantibody** 

Coronary ligation 7 7 7 7 7 

Control thoracotomy 5 0 0 0 0 0 

* Number of dogs showing evidence of myocardial infarction. 

**Autoantibody was considered diagnostic of myocardial infarction if the autoantibody titers in
creased more than two log2 dilutions greater than the preoperative titers. 



respect to the production of autoantibody, but also for changes in the 

levels of serum creatine phosphokinase, serum glutamic oxalacetic trans

aminase, and serial electrocardiograms; following sacrifice at the 

termination of the experiment, the presence or absence of pathological 

changes caused by infarction were determined at autopsy. 

Following the induction of myocardial infarction in the experi

mental group of dogs, the serum creatine phosphokinase level increased 

from a normal level of 20 units/ml to a level ranging from 40 units/ml 

to 280 units/ml (2001-1400% higher than normal). Serum glutamic oxal

acetic transaminase increased from a normal level of 50 units/ml to 

levels ranging from 100 units/ml to 360 units/ml (2001-700% higher than 

normal). One enzyme unit is the amount of enzyme in 1 ml of serum which 

causes a decrease of 0.001 OD at 340 nm/min in a 3 ml reaction mixture 

at 25°C. Serial electrocardiograms revealed unequivocal myocardial in

farction with the development of pathological Q waves, ST-segment ele

vation, and T-wave inversion. Myocardial infarction was determined at 

autopsy, and demonstrated that the ligation of the left coronary artery 

produced large left ventricular transmural infarctions in every dog. 

The control dogs which underwent thoracotomy without ligation of the 

coronary artery did not produce serum enzyme elevations, abnormal elec

trocardiograms, and the autopsy findings were normal. Table 3 shows 

the correlation of the presence of anti-heart mitochondria autoantibody 

with the other diagnostic tests just discussed. 

Figure 1 illustrates the temporal development of anti-heart 

mitochondria autoantibody following induction of myocardial infarction 

by coronary artery ligation in a dog that did not have preexisting 
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Figure 1. Temporal development of anti-heart mitochondria autoantibody 
following coronary artery ligation. 

Neither the dog with coronary ligation nor the control thoracotomy dog 
had anti-heart mitochondria autoantibody prior to surgery. CPK, 
creatine phosphokinase. 
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autoantibody to heart mitochondria. Anti-heart mitochondria autoanti

body was detected 10 days following myocardial infarction, reached maxi

mal titers by day 15, and persisted for approximately 2 weeks. As 

illustrated in Figure 1, serum creatine phosphokinase increased to its 

maximal level within 24 hours and returned to normal by day 3. A con

trol dog also shown in this figure had neither an increase in serum 

creatine phosphokinase nor the development of anti-heart mitochondria 

autoantibody during the 30 day test period. 

Figure 2 illustrates the temporal development of anti-heart 

mitochondria autoantibody following myocardial infarction in a dog that 

had low levels (1:32) of anti-heart mitochondria autoantibody prior to 

the induction of myocardial infarction. Two days following myocardial 

infarction, the preexisting autoantibody titer decreased to barely de

tectable levels (1:4). On day 10 the anti-heart autoantibody titer in

creased to levels (1:512) appreciably higher than the preexisting titer. 

Figure 2 also shows a control dog which had preexisting anti-heart mito

chondria autoantibody. During the entire experimental period, the anti-

heart mitochondria autoantibody titer did not rise or fall 

significantly, and the serum creatine phosphokinase level remained con

stant. 

Temporal Development of Anti-heart Mitochondrial 
Autoantibody Following Experimental Myocardial 
Infarction by Microsphere Injection 

The production of anti-heart autoantibody was studied in dogs 

that had undergone experimental myocardial infarction by microsphere 

injection as described in the Methods section. Table 4 shows the 
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Figure 2. Development of anti-heart mitochondria autoantibody in an 
experimentally infarcted dog which had preexisting anti-heart 
mitochondria autoantibody prior to coronary ligation. 

The control for thoracotomy dog also had preexisting anti-heart mito
chondria autoantibody. CPK, creatine phosphokinase. 



Table 4. Correlation of the presence of anti-heart mitochondria autoantibody with other diagnostic 
tests in microsphere injection dogs. 

Serum Enzyme Electrocardio Infarction Diagnostic 
Group Elevations graphic Changes at Autopsy Autoantibody 

Microsphere injection (13)* + (6) + (6) + (6) + (6) 

- (2) + (2) + (2) + (2) 

+ (3) - (3) + (3) + (3) 

+ (2) + (2) + (2) - (2) 

Control catheterization (12) 

*Number of dogs in parentheses. 

4* 
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correlation of the presence of anti-heart mitochondria autoantibody 

with other diagnostic tests. Eleven of 13 dogs with infarction caused 

by microsphere in jection produced anti-heart mitochondria autoantibody 

(84%). Six of the 11 dogs with positive findings for autoantibody had 

unequivocal evidence of myocardial infarction as determined by elevated 

serum enzymes and electrocardiographic changes (50%). In the remaining 

5 dogs with positive findings for autoantibody, elevated serum enzyme or 

electrocardiographic changes were absent. Two of these 5 dogs did not 

have elevated serum enzyme levels consistent with myocardial infarction. 

Three of the 5 dogs showed negative electrocardiographic changes, but 

did have elevated serum enzyme levels consistent with myocardial infarc

tion. The 2 animals which did not show detectable autoantibody produc

tion following infarction had changes both in the serum enzyme levels 

and electrocardiographic changes consistent with myocardial infarction. 

All experimental dogs showed pathological evidence at autopsy of myo

cardial infarction. The 12 control dogs that received no microspheres 

did not develop anti-heart autoantibody, and their serum enzymes and 

electrocardiograms were normal. 

Figure 3 illustrates the temporal development of autoantibody in 

a representative dog which had unequivocal serum enzyme changes and 

electrocardiographic evidence of myocardial infarction following the in

jection of microspheres into the left coronary artery. The preexisting 

levels (1:32) of anti-heart autoantibody was undetectable on day 2; on 

day 10 the autoantibody titer increased and reached a maximum titer 

(1:256) on day 14 and persisted for 2 weeks. The preexisting autoanti

body titer of the control dog shown in Figure 3, remained constant 
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- Figure 3. Production of anti-heart mitochondria autoantibody following 
the injection of microspheres into the left coronary artery. 

Both dogs with microsphere-induced infarction and those with control 
catheterization had anti-heart mitochondria autoantibody prior to the 
experimental procedure. CPK, creatine phosphokinase. 
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throughout the entire period, and the serum enzymes and electrocardio

grams for this dog were normal. 

Figure 4 shows the elevation of anti-heart autoantibody titers 

in a dog that did not have electrocardiographic changes consistent with 

myocardial infarction. In contrast to the results shown in Figure 3, 

the preexisting levels of autoantibody did not decrease following the 

injection of microspheres. The autoantibody titer increased from day 8 

to a maximum titer (1:512) on day 20, and then steadily decreased during 

the remainder of the experimental period. Figure 4 also shows the ab

sence of preexisting anti-heart mitochondria autoantibody in a control 

dog. The control animal did not show serum enzyme or electrocardio

graphic changes during the 30 day experimental period. 

Figure 5 shows the development of anti-heart autoantibody in a 

dog that did not have serum enzyme changes indicative of myocardial in

farction. Again the preexisting autoantibody titer did not decrease 

following experimental myocardial infarction. On day 6, the autoanti

body titer began to elevate and reached a maximum titer (1:4096) on day 

18. The maximum titer was maintained for a period of 12 days. Electro

cardiographic changes consistent with the presence of myocardial infarc

tion were negative for this dog initially, but on day 10 the 

electrocardiogram showed ST-segment elevation and T-wave inversion in 

leads I and AVL, diagnostic of an anterior wall myocardial infarction. 

The terminal electrocardiogram on this dog showed marked T-wave inver

sion also compatible with a recent myocardial infarction. Gross post

mortem examination of tissue sections revealed evidence of myocardial 

necrosis consistent with infarction. 
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Figure 4. Temporal development of anti-heart mitochondria autoantibody 
following injection of microspheres into the left coronary 
artery. 

The dog with microsphere induced infarction had anti-heart mitochondria 
autoantibody prior to the experimental procedure and the dog with con
trol catheterization did not. CPK, creatine phosphokinase. 
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Figure 5. Production of anti-heart mitochondria autoantibody following 
the injection of microspheres into the left coronary artery 
in a dog which did not show serum enzyme level elevations 
consistent with myocardial infarction. 

CPK, creatine phosphokinase; GOT, glutamic oxalacetic transaminase. 
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Demonstration of the Immunoglobulin Nature 
of the Dog Heart Mitochondrial Autoantibody 

Experiments were performed to demonstrate that the heart-

reactive serum factor present in untreated and/or in dogs following myo

cardial infarction was indeed an autoantibody and not the first 

component of dog complement. An experiment was performed to determine 

whether the removal of the first component of complement by absorption 

of dog serum with BSA-anti-BSA immune precipitates would also remove the 

heart-reactive serum factor. Two different types of sera were used in 

this experiment: a) serum, obtained 15 days after experimental myocar

dial infarction from a dog which did not possess preexisting heart-

reactive serum factor prior to infarction; and b) sera obtained from 2 

dogs prior to any experimental treatment which contained preexisting 

heart-reactive factor. Prior to the experiment described in Figure 6, 

it was demonstrated that treatment of dog sera with BSA-anti-BSA immune 

precipitates leads to a reduction of greater than 90% of the total hemo

lytic complement activity. Three types of responses to absorption with 

inrnune precipitates were observed: a) the preexisting heart-reactive 

factor of some dog sera was completely removed upon absorption (Pre-

Bleed, Dog A); b) about 50% of the preexisting activity was removed from 

the serum of some dogs upon absorption (Pre-Bleed, Dog B); and c) the 

induced heart-reactive factor present in the sera of infarcted dogs was 

not affected by the absorption procedure (Post-myocardial Infarction 

Bleed, Dog C). The results of the BSA-anti-BSA complex absorption ex

periments indicate that the heart-reactive factor seen in dog serum 

following myocardial infarction likely was not CI. On the other hand, 
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the preexisting anti-heart activity of dog sera could be ascribed to 

either dog CI or to a preexisting anti-heart autoantibody. 

In order to substantiate that the induced heart-reactive serum 

factor from Dog C and the preexisting heart-reactive serum factor from 

Dog B were autoantibodies, experiments utilizing affinity chromatography 

were performed. Dog sera B and C were absorbed with BSA-anti-BSA com

plexes as described in Figure 6, and the absorbed sera were placed on 

sucrose density gradients. Following centrifugation the gradient frac

tions were removed and tested in the complement fixation test for anti-

heart mitochondria activity. The results are shown in Figure 7, and as 

can be seen, complement fixing anti-heart mitochondria activity was seen 

only in fractions 6 through 9, which contain substances with sedimenta

tion coefficients of 19S. The gradient fractions 6 through 9 were 

pooled and subjected to affinity chromatography as described in the 

Materials and Methods. Hie preexisting, 19S heart-reactive factor in 

the serum of Dog B was removed completely by the Sepharose 4B column 

coupled with anti-dog y-chain specific rabbit anti-serum (Figure 8A). 

The induced heart-reactive factor present in serum of Dog C which devel

oped following experimental myocardial infarction was reduced markedly 

upon passage through a Sepharose column coupled with the anti-dog v-

chain specific anti-sera as compared to the same serum passed through 

a column coupled with normal rabbit sera (Figure 8B). The results 

demonstrate that the preexisting heart-reactive factor present in sera 

obtained from untreated dogs and/or from dogs following experimental 

myocardial infarction are autoantibodies of the 19S class of IgM immuno

globulins. 
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Figure 6. The effect on the heart-reactive serum factor of dog serum of absorption with immune 
precipitates. 

Dog serum was absorbed with rabbit BSA-anti-BSA immune precipitates and tested using the spectro
photometry complement fixation test described in the Materials and Methods. 
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Figure 7. Sucrose density gradient ultracentrifugation of BSA-anti-BSA 
absorbed serum of Dog B and Dog C described in Figure 6. 

The fractions were tested for anti-heart mitochondria in the complement 
fixation test. 
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Figure 8. Affinity chromatography of dog serum containing heart-
reactive serum factor. 

Dog serum containing heart-reactive serum factor was absorbed With im
mune precipitates, fractionated on sucrose density gradients and sub
jected to affinity chromatography as described in the Materials and 
Methods. 
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Subcellular Locali zat ion of Autoant igenic 
Determinants of Dog Cardiac Tissue 

Having demonstrated that the induced heart-reactive factor was 

a 19S, IgM anti-heart autoantibody, the next objective was to define 

the location(s) of heart subcellular membrane autoantigens, utilizing 

these autoantibodies. Prior to initiating this characterization, it was 

essential to obtain preparations of membranous subcellular constituents 

derived from cardiac tissue. Most of the procedures established for 

fractionating mitochondria into their inner and outer membrane compo

nents are suitable for liver tissue, but do not result in an efficient 

separation of the outer mitochondrial membrane from mitochondria derived 

from tissues such as heart. In order to accomplish this separation, a 

modification of the procedure of Whereat et al.(1969) was used, and was 

described in the Materials and Methods section. The relative purities 

of each membrane fraction were established and the results from a repre

sentative preparation are shown in Table 5 and indicate the enrichment 

of various marker enzyme activities in the appropriate subcellular frac

tions. While monoamine oxidase was not detected in heart mitochondria, 

analysis for another outer mitochondrial membrane marker, NADH-

cytochrome c reductase (rotenone insensitive), indicated that there was 

four times more activity of this enzymatic marker in the outer mitochon

drial membrane fraction of heart compared to the activity found in the 

inner mitochondrial membrane fraction. The inner mitochondrial membrane 

fraction was shown to be enriched with the enzyme cytochrome oxidase, an 

inner mitochondrial membrane marker, compared to activity present in the 

outer mitochondrial membrane fraction. The analysis for 



Table 5. Analyses for various enzyme markers in mitochondrial and sarcoplasmic reticulum of cardiac 
tissue. 

Marker Enzyme Mitochondria 

Inner 
Mitochondrial 
Membrane 

Outer 
Mitochondrial 
Membrane 

Sarcoplasmic 
Reticulum 

Monoamine Oxidase 0 0 0 0 

NADH-cytochrome c Reductase 
(Rotenone Insensitive) 

1.1* 0.6 2.5 3.0 

Cytochrome Oxidase 818 992 344 70 

Glucose-6-Phosphate 2.10 1.76 29.40 71.7 

*Activities expressed as pmoles/minute/mg protein. 
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glucose-6-phosphatase, a sarcoplasmic reticulum membrane marker, indi

cated the only significant amount of this enzyme occurring in a mito

chondrial fraction was in the outer membrane. The results of the 

analyses for the various marker enzymes indicated that the individual 

dog heart subcellular fractions obtained by the fraction procedures de

scribed were enriched for the appropriate marker enzymes and were ade

quate for use in the present studies. 

Using membrane fractions comparable to those described enzymati-

cally in Table 5, experiments were performed to assess the relative 

autoantigenicity of the fractions (Table 6). The subcellular fraction 

which was most autoantigenic in the test system was found to be the 

mitochondrial fraction. Fractionation of the mitochondrial fraction 

into its component membranes and subsequent testing indicated that the 

outer mitochondrial membrane was the most antigenic membrane fraction 

of dog cardiac tissue. The outer mitochondrial membrane preparation 

often gave complement fixation test end points equal to or greater than 

the end points found for the other subcellular fractions when 10 fold 

less outer membrane protein was used as the test autoantigen. The auto

antigenic activity of the sarcoplasmic reticulum fraction of dog heart 

tissue was also shown in this experiment. 

Evidence indicating that the outer mitochondrial membrane was 

significantly more autoantigenic than the inner mitochondrial membrane 

was obtained using the spectrophotometry complement fixation assay and 

checkerboard titration of the two membranous autoantigens. The results 

of a representative experiment are shown in Figure 9. When inner mito

chondrial membrane was used as the test antigen in the complement 
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Table 6. 50% hemolytic end points of various dog heart subcellular 
fractions when tested with dog serum containing anti-heart 
autoantibody. * 

Protein 50% Hemolytic 
Membrane Concentration ( g/ml) End Point 

Mitochondria 250 160 

Sarcoplasmic Reticulum 250 117 

Cytosol 250 0 

*Dog serum was absorbed with BSA-anti-BSA immune precipitates. 
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Figure 9. Checkerboard titration of purified dog heart outer mitochon
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serum containing induced anti-heart mitochondria autoanti
body. 
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fixation test, the end points of the titrations increased with increas

ing inner membrane protein until the concentration exceeded 2.5 mg inner 

membrane protein/ml. Above this concentration of membrane there was no 

increase in the complement fixation test end points with a further in

crease in antigen concentration. In contrast, the outer mitochondrial 

membrane gave increasing end points for all concentrations tested. 

While the maximum complement fixation end point was not determined for 

outer mitochondrial membrane, at the highest membrane protein concentra

tion tested, there was approximately a 6 fold greater titer for the 

outer mitochondrial membrane autoantigen than for the inner mitochon

drial membrane autoantigen at a protein concentration of 2.0 mg/ml. 

While the outer mitochondrial membrane fraction of dog cardiac 

tissue appeared to be the major autoantigenic subcellular locus, it 

should be pointed out that this fraction contained some contaminating 

inner mitochondrial membrane (see Table 5). The same statement also can 

be made with respect to the inner membrane fraction. In order to deter

mine whether there are individual autoantigenic sites specific for inner 

and outer mitochondrial membrane fractions, absorption experiments were 

performed. Because of the small size of the outer mitochondrial mem

brane vesicles precluding their rapid removal from the absorbed serum 

by centrifugation, experiments using outer mitochondrial membrane as the 

absorbing species were not performed. Hence, to attempt to absorb auto

antibody directed toward autoantigenic determinants located on the outer 

mitochondrial membrane, freshly prepared intact mitochondria were used 

as the absorbing species. Dog serum containing anti-heart mitochondria 

autoantibody was absorbed with varying concentrations of either intact 
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dog heart mitochondria or inner mitochondrial membrane derived from 

these same mitochondria. Following the absorption procedure, each serum 

was tested for remaining autoantibody using the complement fixation test 

with either mitochondria or inner mitochondrial membrane as the test an

tigen. When serum was absorbed with increasing concentrations of mito

chondria (0.01-1.0 mg/ml mitochondrial protein) abd tested with intact 

mitochondria as antigen, the complement fixation test end points were 

decreased to zero as the amount of absorbing membrane was increased 

(Figure 10A). When the same absorbed serum was tested with inner mito

chondrial membrane as the antigen, the complement fixation titer was re

duced two log2 dilutions but was not further reduced as the absorbing 

membrane concentration was increased. The results of a similar experi

ment using dog heart inner mitochondrial membrane as the absorbing anti

gen are shown in Figure 10B. The autoantibody titer of the absorbed 

serum decreased to zero when tested against inner mitochondrial mem

brane, while the titer to whole mitochondria was not reduced signifi

cantly during the absorption. Since absorption with intact mitochondria 

should expose only the outer mitochondrial membrane to the autoantibody 

in the serum, the results of this absorption experiment indicate the 

possibility that the autoantigenic activities of the inner and outer 

mitochondrial membranes were different. 

In order to confirm the apparent dissimilarity of the inner and 

outer mitochondrial membrane autoantigenic determinants additional 

studies were performed using the more sensitive spectrophotometric com

plement fixation test. An experiment was performed using varying con

centrations of inner mitochondrial membrane as the absorbing species, 
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Figure 10. The effect of absorption with intact heart mitochondria and 
inner mitochondrial membrane on the induced anti-heart mito
chondria autoantibody present in dog serum. 

The concentration of mitochondria and inner mitochondrial membrane used 
as the test antigen was 1 mg/ml in all cases. 
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and both inner and outer mitochondrial membranes as test antigens. As 

can be seen in Figure 11, the reactivity of the absorbed serum with dog 

heart inner mitochondrial membrane decreased steadily as the concentra

tion of the absorbing antigen (inner mitochondrial membrane) increased. 

In contrast, when the same absorbed serum was tested with outer mito

chondrial membrane, no effect on the complement fixation test end point 

was observed. Again these data support the existence of separate anti

genic determinants on dog heart inner and outer mitochondrial membranes. 

Determination of the Organ Specificity 
of the Dog Anti-heart Mitochondria 
Complement Fixing Autoantibody 

The organ specificity of the anti-herat mitochondria autoanti

bodies was assessed in order to determine possible cross-reaction be

tween mitochondrial membranes derived from heart, skeletal muscle and 

liver. Preliminary experiments indicated that when a serum containing 

anti-heart autoantibody was tested with a crude homogenate of skeletal 

muscle, a positive complement fixation test was observed. Serial blood 

samples obtained from a dog which had undergone experimental myocardial 

infarction by microsphere injection into the coronary artery were 

assayed in the complement fixation test using either heart or skeletal 

muscle as the test antigen. The results are shown in Figure 12 and in

dicate that the autoantibody titers that developed following myocardial 

infarction were identical whether heart or skeletal muscle mitochondria 

were used as the test antigen. Since the procedure used for microsphere 

injection results in very little skeletal muscle damage, the results 

were interpreted as indicating a strong cross-reaction between skeletal 



69 

200 -

Mitochondr ia l  Prote in  (mg/ml )  

Figure 11. The effect of absorption with dog heart inner mitochondrial 
membrane on the induced anti-heart autoantibody of dog serum 
using isolated inner (o-o) and outer (•-•) mitochondrial 
membranes as the test antigens. 
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Figure 12. The temporal development of anti-heart mitochondria auto
antibody in a dog following myocardial infarction. 

Serial serum samples were tested with both heart mitochondria (o-o) and 
skeletal muscle mitochondria (•-•) as the test antigen at a concentra
tion of 1 mg/ml. 
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muscle and heart mitochondria. Similar data was obtained from a large 

number of animals when sera from these dogs were tested with skeletal 

muscle and heart mitochondria. 

For the characterization of the organ specificity of the anti-

heart mitochondria autoantibody, pooled sera from peak bleeds of several 

dogs were used and all results obtained were consistent with those to be 

described. Dog serum obtained from the same dog used in the experiment 

described in Figure 12 was absorbed with BSA-anti-BSA iumune precipi

tates and was shown to have a preexisting anti-liver mitochondria auto

antibody. If serum from this dog obtained prior to experimental 

myocardial infarction was tested with liver mitochondria as the antigen 

a titer of 1:128 was obtained. A serum sample from this same dog, col

lected 10 days following myocardial infarction was tested with liver 

mitochondria and exhibited a titer unchanged from the pre-infarction 

level of 1:128. 

Absorption experiments were performed using the serum from the 

dog used in the experiment described in Figure 12 containing induced 

anti-heart mitochondria autoantibody and intact mitochondria from heart 

and skeletal muscle as the absorbing species. The absorbed serum was 

tested for complement-fixing activity using heart, skeletal muscle and 

liver mitochondria as the test antigens. The results are shown in Table 

7 and indicate a strong cross-reaction between skeletal muscle and heart 

mitochondria while there was little if any cross-reaction of the heart-

reactive autoantibody with liver mitochondria. These abosrption experi

ments were repeated using heart and skeletal muscle inner mitochondrial 

membranes as both absorbing species and as test antigens with nearly 



Table 7. Complement fixation test end points for dog serum containing anti-heart mitochondria 
autoantibody which had been absorbed with dog heart mitochondria or skeletal muscle mito
chondria. 

50% Complement Fixation Test End Points 

Serum Absorbed With 
Complement Fixation Test Heart Skeletal Muscle 

Antigen* llnabsorbed Mitochondria** Mitochondria*** 

Heart Mitochondria 135 38 52 

Skeletal Muscle Mitochondria 135 46 34 

Liver Mitochondria 81 84 67 

* All antigens were tested at a concentration 1 mg/ml. 

** Dog serum containing anti-heart autoantibody was absorbed with 2 mg/ml of dog heart mitochondrial 
protein. 

***Dog serum was absorbed with 2 mg/ml of dog skeletal muscle mitochonrial protein. 
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identical results, e.g . ,  cross-reaction was observed between heart and 

skeletal muscle mitochondrial membranes but not with liver membranes 

(Table 8). 

Another attempt to show the difference in the autoantigenic com

position of liver and herat mitochondria involved the production of 

liver necrosis in dogs. Dimethylnitrosamine (DMN) an extremely powerful 

hepatotoxic agent (Barnes and Magee, 1954; Madden, Gertman, and Peacock, 

1970), was give to 4 dogs via oral ingestion in an attempt to induce 

the formation of complement fixing anti-liver mitochondria autoanti

bodies. The results obtained indicated that there was a large variation 

in the individual susceptibility of each dog to the hepatotoxin DMS. 

While all of the dogs except one showed elevated serum levels of 

glutamic-oxalacetic acid transaminase activity, only 2 of the 4 showed 

the induction of anti-liver mitochondria autoantibodies. Figure 13 

shows the temporal development of the anti-liver mitochondria autoanti

body titer in one of the responding dogs. This animal had a preexisting 

anti-liver mitochondria autoantibody titer of 1:256 which became ele

vated on day 2 and reached a maximum titer of 1:2048 on day 5 following 

the administration of EMN. The anti-liver mitochondria autoantibody 

titer remained elevated until day 10 when it returned to the preexisting 

level of 1:256. When serum from the dog described in Figure 13 was 

tested for the presence of anti-heart mitochondria autoantibody, posi

tive complement fixation tests were obtained. When the serum from this 

dog was tested with heart mitochondria and liver mitochondria following 

absorption with BSA-anti-BSA immune precipitates, only liver mitochon

dria gave positive results when used as antigen in the complement 



Table 8. 501 complement fixation test end points for dog serum which had been absorbed with either 
dog heart mitochondrial inner membrane or dog skeletal muscle mitochondria inner manbrane. 

50% Complement Fixation Test End Points 

Serum Absorbed With 
Complement Fixation Test Heart Skeletal Muscle 

Antigen* Unabsorbed Mitochondria I. M. Mitochondria I. M. 

Heart Mitochondrial Inner Membrane 130 39** 44 

Skeletal Mitochondrial 110 34 37 
Inner Membrane 

Liver Mitochondria 81 86 79 

* All antigens in the complement fixation test were at a concentration of 1 mg/ml. 

**The dog serum was absorbed with 2 mg/ml of the appropriate mitochondrial inner membrane antigen. 
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Figure 13. Temporal development of anti-liver mitochondria autoantibody 
in a dog following ingestion of dimethylnitrosamine (DMN). 

The serum was tested with liver mitochondria as antigen at a concentra
tion of 1 mg/ml in the microtiter complement fixation test. 



76 

fixation test assay. These results suggest that following the induction 

of liver necrosis in dogs, anti-liver mitochondria autoantibodies can be 

induced and these anti-liver autoantibodies do not appear to cross-react 

with heart mitochondria. 

Species Specificity of Dog Anti-heart 
Mitochondria Autoantibody" 

The species specificity of the dog anti-heart mitochondria auto

antibody was evaluated in the complement fixation test by assaying high 

titered anti-heart antisera with heart mitochondria prepared from sever

al species. The results are shown in Table 9 and the results show that 

there appear to be varying degrees of reaction between the autoantigens 

of heart mitochondria of dog, and those found on heart mitochondria of 

other species. 

The Effect of Various Experimental Treatments 
on the Integrity of the Mitochondrial 
Autoantigenic Determinants of Dog Heart 

Freeze-Thaw Procedures 

During the work described in this study, the observation was 

made that dog heart mitochondria which were stored in a buffer consist

ing of 0.18 M KC1, 0.01 M Tris-chloride, pH 7.4, were always found to be 

non-antigenic in the complement fixation assay, while mitochondria and 

mitochondrial membranes stored in a buffer consisting of 0.25 M sucrose, 

0.01 M Tris-chloride, pH 7.4, were always antigenic after freezing. 

This suggested that the mitochondrial autoantigen(s) were sensitive to 

freezing in buffers containing potassium chloride. 
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Table 9. Cross-reaction of dog anti-heart autoantibody obtained 11 days 
after experimental myocardial infarction of a dog which had no 
preexisting anti-heart reactivity with heart mitochondria from 
several mammalian species. 

Species Autoantibody Titer 

Dog 256 

Rat 256 

Pig 512 

Chicken 256 

Beef 64 

Rabbit 0 

Guinea Pig 0 

Human 0 



Experiments were performed to substantiate the observations 

described above. Mitochondria were prepared from dog heart by homoge

nizing half of the tissue in the sucrose-tris buffer and the other half 

in the KCl-tris buffer. Following isolation, the mitochondria in each 

buffer were divided into equal portions and resuspended in the isolation 

buffer or the alternate buffer. The mitochondria were then subjected to 

rapid freezing and thawing by the use of an acetone-dry ice bath and 

warm water. Following each freeze-thaw, a portion of the mitochondria 

was removed and the respiratory control ratio was determined. The mito

chondria were also tested for antigenicity in the complement fixation 

test with dog anti-heart autoantibody. The results of this experiment 

are shown in Table 10. As can be seen mitochondria which were resus

pended in the sucrose-tris buffer were stable to freezing and thawing 

when assayed for respiratory control and antigenicity. Mitochondria 

which were resuspended in the KCl-tris buffer were found to be uncoupled 

and also non-antigenic in the complement fixation test. The effect of 

freezing and thawing on the respiratory control ratio of the mitochon

dria used in the experiment described in Table 10 are shown in Table 11. 

To determine if the mitochondria were antigenically stable to 

freezing and thawing in buffers of different composition, the following 

experiment was performed. Mitochondria were isolated in the sucrose-

tris buffer and then resuspended in one of the following: 1) 0.18 M 

KC1, 0.01 M Tris, pH 7.4; 2) 0.18 M NaCl, 0.01 M Tris, pH 7.4; or 3) 

0.01 M Tris, pH 7.4. The mitochondria were subjected to freezing and 

thawing, and then tested in the complement fixation test for antigenic

ity. The results of this experiment are shown in Table 12. Only the 



Table 10. Titers obtained when mitochondria which had been frozen-thawed were tested for auto-
ant igenicity. 

Autoantibody Titer 
Number of Times Frozen-Thawed 

Isolation Buffer Resuspension Buffer 0 1 2 3 4 

Sucrose-Tris* Sucrose-Tris 128 512 64 0 0 

Sucrose-Tris KCl-Tris 64 0 0 0 0 

KCl-Tris** KCl-Tris 64 0 0 0 0 

KCl-Tris Sucrose-Tris 64 64 0 0 0 

* 0.24 M Sucrose, 0.01 M Tris, pH 7.4. 

**0.18 M KC1, 0.01 M Tris, pH 7.4. 



Table 11. Effect of freeze-thawing on the respiratory control ratio of dog heart mitochondria when 
the mitochondria were suspended in either 0.24 M sucrose, 0.01 M Tris, pH 7.4, or 0.18 M 
KC1, 0.01 M Tris, pH 7.4. 

Isolation Buffer Re suspension Buffer 0 

Respiratory Control Ratio 
Number of Times Frozen-Thawed 

12 3 4 

Sucrose-Tris Sucrose-Tris 4.6* 3.8 3.0 1.9 0 

Sucrose-Tris KCl-Tris 6.0 0 0 0 0 

KCl-Tris KCl-Tris 4.2 0 0 0 0 

KCl-Tris Sucrose-Tris 5.9 3.7 0 0 0 

•Determined with pyruvate + malate as substrates. 



Table 12. Effect of freeze-thawing on the antigenicity of dog heart mitochondria resuspended in 
various buffers. 

Resuspension Buffer 

-

Autoantibody Titer 
Number of Times Frozen-Thawed 

Resuspension Buffer Unfrozen Control 1 2 3 4 

0.24 M Sucrose, 0.01 M Tris 64* 64 64 64 128 

0.18 M KC1, 0.01 M Tris 64 32 0 0 0 

0.18 M NaCl, 0.01 M Tris 128 128 128 128 128 

0.01 M Tris 128 64 64 64 0 

*Mitochondria were used in the complement fixation test at a concentration of 1 mg/ml mitochondrial 
protein. 
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mitochondria frozen and thawed in the presence of the KCl-tris buffer 

were found to be non-antigenic on repeated freezing and thawing. 

An absorption experiment was performed to determine the ability 

of mitochondria frozen and thawed in either the sucrose-tris buffer or 

the KCl-tris buffer to bind dog heart autoantibody. Following freezing 

and thawing, mitochondria were used to absorb dog serum which contained 

anti-heart autoantibody and this serum was then tested in the complement 

fixation test with fresh, unfrozen, mitochondria. The results of this 

experiment are shown in Table 13. The results show that mitochondria 

frozen and thawed in the presence of KCl-tris buffer do not differ sig

nificantly from mitochondria frozen and thawed in the presence of 

sucrose-tris buffer in their ability to bind dog anti-heart autoanti

body. These results suggest that the autoantigenic sites on the mito

chondrial membranes are not destroyed by freeze-thaw procedures in the 

presence of potassium ions. 

The Effect of Thermal Treatment on the 
Antigenicity of Dog Heart Mitochondria 

Dog heart mitochondria were incubated for 30 minutes at various 

temperatures in order to determine the effect of temperature on their 

antigenicity when tested with dog heart autoantibody in the complement 

fixation test. The heat-treated mitochondria were tested both for their 

ability to fix complement following the binding of autoantibody, and 

also for their ability to remove autoantibody in absorption experiments. 

The results are shown in Table 14. Mitochondria at identical protein 

concentrations were incubated for 30 minutes in water baths at 37°C, 

57°C, and 85°C. The results show that incubation of mitochondria at 



Table 13. Complement fixation test 50% hemolygic end points obtained using dog serum containing 
anti-heart mitochondria autoantibody which had been absorbed with 2 mg/ml of dog heart 
mitochondria which had been frozen-thawed. 

50% Hemolytic End Point 

Number of Times Mitochondria Were Frozen-Thawed 
Freeze-Thaw Buffer Unabsorbed Serum Unfrozen 1 Z 3 4 

Sucrose-Tris 135* 66** 58 76 78 66 

KCl-Tris 143 72 78 76 80 90 

* Mitochondria were used as antigen in the complement fixation test at a concentration of 1 mg/ml 
mitochondrial protein; the mitochondria were also. 

**The mitochondria used as antigen in the complement fixation test were prepared and stored in 0.24 M 
Sucrose, 0.01 M Tris, pH 7.4. 
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Table 14. Effect of heat on dog heart mitochondria autoantigenic deter
minants. 

Mitochondrial Sample 

50% Complement Fixation Test End Points 

Unabsorbed Serum Absorbed Serum* 

Unheated Control 
Mitochondria 

37°C, 30 minutes 

56°C, 30 minutes 

75°C, 30 minutes 

85°C, 30 minutes 

253** 

255 

275 

Anticomplementary 

148 

79*** 

83 

85 

85 

103 

* Serum containing dog anti-heart mitochondria autoantibody was ab
sorbed with 2 mg/ml of the appropriate mitochondrial protein. 

** 1 mg/ml of the respective mitochondrial suspension was used as anti
gen in the complement fixation test. 

***1 mg/ml of mitochondria prepared in 0.24 M Sucrose, 0.01 M Tris, pH 
7.4 were used as antigen in the complement fixation test with the 
absorbed serum. 



37°C and 57°C for 30 minutes did not affect significantly the ability 

of the treated mitochondria to function as antigen in either of the as

say systems used. Mitochondria incubated at 70°C became anticomplemen

tary when used as antigen in the complement fixation test, but their 

ability to remove autoantibody from dog serum in absorption experiments 

was unimpaired. Mitochondria incubated at 85°C showed decreased ability 

to serve as antigen in the complement fixation test and also to remove 

autoantibody in absorption experiments. These results indicate that the 

mitochondrial antigens which react with the heart autoantibody produced 

following experimental myocardial infarction are thermostable to a tem

perature of 85°C. Heating at 85°C results in the partial destruction 

of the autoantigenic sites on dog heart mitochondrial membranes. 

Extraction of Dog Heart Mitochondria 
With Acetone-Water or Dilute HC1 

Lester and Fleischer (1961) reported that up to 75% of the phos

pholipid content of beef heart mitochondria was removed by extracting 

the mitochondria with a 12% water-acetone mixture. Dog heart mitochon

dria were extracted according to the procedure described in this report 

and the extracted mitochondria were tested for antigenicity in the com

plement fixation test and for their ability to remove anti-heart auto

antibody from dog serum in absorption experiments. To an acetone-water 

mixture (0.54 ml acetone/mg mitochondrial protein; 0.06 ml water/ml 

acetone) was added dropwise 8 ml of mitochondria suspended in 0.25 M 

sucrose. Following a 5 minute incubation at room temperature, the mix

ture was centrifuged at 14,000 g for 10 minutes; the mitochondrial 

pellet was then resuspended in acetone-water and the procedure was 



repeated. The resulting mitochondrial pellet was resuspended in 0.24 M 

sucrose, 0.01 M tris-chloride, pH 7.4, and washed 3 times by centrifu-

gation at 14,000 for 10 minutes. Control mitochondria were treated in 

exactly the same manner except that deionized water was substituted for 

the acetone-water mixture. 

Dog heart mitochondria were also extracted by a procedure de

scribed by Lenaz et al. (1968). They reported that up to 50% of the 

protein content of beef heart mitochondria could be extracted by treat

ment of the mitochondria with 10 mM HCl. Dog heart mitochondria were 

washed twice with 9 volumes of deionized water at 4°C. The washed mito

chondria were then extracted with 9 volumes of 10 mM HCl for 5 minutes 

at 4°C. Following the extraction, the mitochondria were centrifuged at 

39,000 g for 20 minutes. The resulting pellet was washed twice with 

0.24 M sucrose, 0.01 M tris-chloride, pH 7.4, and the resulting pellet 

was resuspended in the sucrose-tris buffer. Control mitochondria were 

subjected to all procedures except that deionized water was used in 

place of the HCl. Results of protein determines indicated that the ex

traction of dog heart mitochondria with 10 ml HCl resulted in the re

moval of 32% of the total mitochondrial protein. The control 

mitochondria showed no loss of protein. The control mitochondria and 

the extracted mitochondria were tested for antigenicity in the comple

ment fixation test and for their ability to remove anti-heart autoanti

body from dog serum in absorption experiments. 

The results of these experiments are shown in Table 15. The 

data indicates that extraction of dog heart mitochondria with aceton-

water results in the complete loss of antigenicity when tested in the 
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Table 15. Antigenicity of dog heart mitochondria in complement fixation 
tests and absorption experiments following extraction with 
H2O, HC1, or acetone-F^O. 

Mitochondrial Sample 

50% Complement Fixation Test End Points 

Unabsorbed Serum* Absorbed Serum** 

H2O Extracted 

HC1 Extracted 

Acetone-I^O Extracted 

205 

Anticomplementary 

No Activity 

80 

55 

95 

* 1 mg/ml of the appropriate mitochondrial suspension was used as anti
gen in the complement fixation test. 

**Serum containing dog anti-heart mitochondria autoantibody was absorbed 
with 2 mg/ml of mitochondrial protein, then tested in the complement 
fixation test with 1 mg/ml of mitochondria which had been prepared and 
stored in 0.24 M sucrose, 0.01 M Tris, pH 7.4. 
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complement fixation test; these same mitochondria are still able to re

move anti-heart autoantibody from dog serum when used as absorbing anti

gen in absorption experiments. Treatment of dog heart mitochondria with 

dilute HC1 resulted in the mitochondria becoming anticomplementary when 

tested in the complement fixation test, and also in an increased ability 

to absorb anti-heart autoantibody when compared with the control mito

chondria. 

Treatment of Dog Heart Mitochondria 
With Neuraminidase 

Mitochondria were treated with neuraminidase to determine the 

effect of the loss of sialic acid residues on the antigenicity of the 

mitochondria. A modification of the method described by Bosmann et al. 

(1972) for the treatment of liver and cerebral cortex mitochondria with 

neuraminidase was used. Mitochondria were incubated in a buffer which 

consisted of 0.1 M KC1, 0.05 M citrate, pH 5.0, containing neuraminidase 

at concentrations of 0, 1, 10, 50, and 100 yg/mg mitochondrial protein. 

The mitochondria were incubated at 37°C for 30 minutes, then centrifuged 

at 14,000 g for 10 minutes. The supernatants were removed and the 

sialic acid content was determined by the method of Warren (1959). The 

mitochondrial pellets were washed extensively in 0.24 M sucrose, 0.01 M 

tris-chloride, pH 7.4, and then resuspended in the same buffer. 

Dog heart mitochondria were found to contain 2.5 yg sialic acid/ 

mg protein and the effect of neuraminidase treatment of the mitochondria 

is shown in Table 16. The control mitochondria, which were treated in 

the same manner as the experimental mitochondria except they were incu

bated in buffer which contained no enzyme, lost 12% of their total 



Table 16. Antigenicity of dog heart mitochondria following neuraminidase treatment. 

vg Neuraminidase/ % Sialic Acid 50t Complement Fixation Test End Point 
mg Mitochondrial Protein Removed Unabsorbed* Absorbed** 

0 (Control) 0 213 66 

1 44 270 70 

10 72 400 73 

50 76 400 67 

100 80 400 65 

* 1 mg/ml of the appropriate mitochondrial suspension was used as antigen in the complement fixation 
test. 

**Dog serum containing anti-heart autoantibody was absorbed vdth 2 mg/ml mitochondrial protein, then 
tested in the complement fixation test with 1 mg/ml of untreated mitochondria. 
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sialic acid content. Treatment with neuraminidase removed up to 92% of 

the total sialic acid present on the mitochondrial membranes. There 

was loss of mitochondrial protein during the procedure. The control and 

experimental mitochondria were used as antigens in the complement fixa

tion test and also as absorbing antigen in absorption experiments. 

Table 16 also shows the results obtained in these experiments. Treat

ment with neuraminidase resulted in an increase in the ability of the 

mitochondria to function as antigen in the complement fixation test. 

The same mitochondria did not show a similar increase in the ability to 

remove anti-heart autoantibody in the absorption experiments. 

Treatment of Heart Mitochondria With Trypsin 

Mitochondria were incubated in a buffer consisting of 0.18 M 

KC1, 0.01 M Tris-chloride, pH 7.0, which contained 0, 1, 10, 50, and 100 

pg trypsin/mg mitochondrial protein, at 37°C for 30 minutes. Following 

the incubation period the mitochondria were centrifuged at 14,000 g for 

15 minutes. The mitochondrial pellets were washed extensively in 0.24 M 

sucrose, 0.01 M Tris-chloride buffer, pH 7.4, prior to storage at -20°C. 

The results shown in Table 17 show that trypsin treatment results in the 

removal of up to 45.1% of the total mitochondrial protein. The effect 

of the treated mitochondria is also shown in Table 17. Trypsin diges

tion of dog heart mitochondria resulted in a decrease in the ability of 

the mitochondria to function as antigen in the complement fixation test; 

only a slight decrease in the ability of the mitochondria to remove 

anti-heart autoantibody from dog serum was found in the absorption ex

periments. 



Table 17. The antigenicity of dog heart mitochondria following treatment with trypsin. 

yg Trypsin/ 50% Complement Fixation Test End Points 

mg Mitochondrial Protein mg Protein Remaining Unabsorbed* Absorbed** 

0 (Control) 9.1 213 85 

1 6.0 165 89 

10 5.5 135 84 

50 5.5 100 88 

100 5.1 Anticomplementary 95 

* 1 mg/ml of the experimental mitochondrial suspension was used as antigen in the conplement fixation 
test. 

**Dog seium containing anti-heart autoantibody was absorbed with 2 mg/ml of the mitochondrial prepa
ration, and the serum was tested for the presence of autoantibody with 1 mg/ml of a mitochondrial 
suspension prepared and stored in sucrose-tris buffer. 
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The Effect of Dog Anti-heart Autoantibody on 
the Activity of Cytochrome Oxidase and 
NADH-cytocnrome c Reductase (Rotenone 

Insensitive) In Vitro 

Davies and Bollet (1962) and Davies, Hurt, and Bollet (1963) re

ported that rabbit anti-rat mitochondria antiserum caused the inhibition 

of mitochondrial enzymes following the incubation of the antiserum with 

the mitochondria. An attempt was made to determine whether or not the 

binding of dog anti-heart autoantibody would result in the inhibition of 

mitochondrial membrane associated enzymes. The effect of guinea pig 

complement alone was also studied. The enzymes tested were cytochrome 

oxidase and NADH-cytochrome c reductase (rotenone insensitive). 

Dog heart mitochondria were incubated in the presence of dog 

anti-heart autoantibody alone, in the presence of guinea pig complement 

alone, and in the presence of complement and autoantibody. The concen

tration of mitochondria was adjusted to 1 mg/ml, dog autoantibody was 

present at a final dilution of 1:32 (a concentration which gave a 4+ re

action in the complement fixation test), and a 1:30 dilution of guinea 

pig complement was used. All dilutions were made in the complement 

fixation test buffer described in the Materials and Methods. Control 

mitochondria were tested in identical fashion except that the only addi

tion was normal dog serum which did not possess any anti-heart autoanti

body. No activation of the enzymes was performed prior to assay, while 

all other conditions for assaying the enzymes were conducted as de

scribed in the Methods section. 

The results of the incubation of dog anti-heart autoantibody 

with dog heart mitochondria or outer mitochondrial membrane on the 



activity of NADH-cytochrome c reductase (rotenone insensitive) are shown 

in Table 18. Both experiments indicate that the presence of dog auto

antibody produces a reduction in the activity of the enzyme when com

pared to control values. Guinea pig complement also caused a reduction 

in the enzyme activity observed. The presence of both complement and 

autoantibody in the incubation medium caused an increase in the inhibi

tion relative to the individual components (36.7% vs. 20% for complement 

and 16.2% for autoantibody). The results of a similar experiment in 

which the enzyme assayed was cytochrome oxidase are shown in Table 19. 

In the case of cytochrome oxidase, a reduction in the activity of the 

enzyme was seen only when complement and autoantibody were present in 

the. incubation medium. Incubation of mitochondria or inner mitochon

drial membrane with complement or autoantibody alone did not produce 

significant inhibition of the enzyme activity. 
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Table 18. The relative specific activity of dog heart mitochondrial 
NAEH-cytochrome c reductase (rotenone insensitive) in the 
presence of autoantibody, guinea pig complement, or both. 

Sample nmoles/min/mg protein % Reduction 

Mitochondria + NDS* 0.78** - -

Mitochondria + c ' ***+Ab****  0.64 17.9 

Outer Membrane + NDS 0.55 - -

Outer Membrane + C' 0.44 20.0 

Outer Membrane + Ab 0.46 16.4 

Outer Membrane + C' + Ab 0.35 36.7 

* Normal dog serum (NDS) containing no anti-heart mitochondrial auto
antibody. 

** The enzyme activities were obtained without activation. 

*** Guinea pig complement at a final dilution of 1:30. 

****Dog serum containing anti-heart autoantibody at a final concentra
tion of 1:32. 



Table 19. Effect of guinea pig complement, dog anti-heart mitochondria autoantibody, or both 
on the activity of dog heart mitochondrial cytochrome oxidase. 

Sample 
Relative Specific Activity 
(pinoles C^/min/mg protein) % Reduction 

Mitochondria + NDS* 440.1** 

Mitochondria + C1*** + Ab **** 227.2 48.4 

Inner Membrane + NDS 364.9 - -

Inner Membrane + C1 325.6 10.8 

Inner Membrane + Ab 321.3 11.9 

Inner Membrane + C1 + Ab 207.7 43.1 

* Normal dog serum (NDS) containing no anti-heart autoantibody. 

** The cytochrome oxidase was not activated prior to assay. 

*** Guinea pig complement present at a final concentration of 1:30. 

****Dog serum containing anti-heart mitochondria autoantibody presence at a final dilution of 
1:32. 

to 



DISCUSSION 

The development of autoantibody following necrosis of various 

tissues appears to be a normal physiological process (Weir and Elson, 

1969). Anti-heart autoantibodies have been detected in man in a variety 

of cardiac diseases, including myocardial infarction (Kaplan, 1969). In 

the work just described, an experimental model system in dogs has been 

employed to study the production of anti-heart mitochondria autoanti

bodies following myocardial infarction with respect to (1) the incidence 

of autoantibody production following experimental myocardial infarction; 

(2) the temporal development of the autoantibody and its relation to 

serum enzyme elevation and electrocardiographic changes; (3) the loca

tion of the heart autoantigens on the various subcellular organelles; 

and (4) the organ specificity of the autoantibodies induced. Prelimi

nary experiments were also performed to obtain information concerning 

the nature of the autoantigenic sites, and the effect of the binding of 

the autoantibodies on the biochemical functions of the organelles which 

carried the autoantigenic determinants. 

Production of Anti-heart Mitochondria 
Autoantibody Following Experimental 

Myocardial Infarction 

Few studies have been instituted to characterize the temporal 

development of anti-heart autoantibody following experimental myocardial 

infarction. KLeinsorge et al. (1960) have reported the development of 

passive hemagglutinating anti-heart autoantobody in rabbits 10-15 days 

96 



following coronary occlusion. Recently, Szabo et al. (1969) have dem

onstrated the development of complement fixing anti-heart autoantibody 

in 10 of 16 dogs following progressive coronary artery occlusion; con

trol thoracotomy dogs did not produce detectable anti-heart autoanti

body. In a study reported by Jezkova et al. (1971), complement fixing 

anti-heart autoantibodies were found in the serum of 50% of dogs follow

ing experimental coronary artery occlusion. 

The present study has demonstrated that anti-heart mitochondria 

autoantibody was produced in 90% of dogs following experimental myocar

dial infarction. The presence of "naturally occurring" anti-heart auto

antibody to heart mitochondria has also been shown in normal, 

non-infarcted dogs. The titers of anti-heart mitochondria autoantibody 

were the same whether autologous or homologous heart mitochondria were 

used as the test antigen. This demonstrates that the antigenic determi

nants on the dog heart mitochondria were probably autoantigens. The 

high percentage of positive results can be attributed to the sensitivity 

of the complement fixation test and to the use of the most antigenic 

component of dog heart as the test antigen. 

In the studies mentioned above (Kleinsorge et al., 1960; Szabo 

et al., 1969; Jezkova et al., 1971) the antigen preparations used were 

obtained by crude fractionation of the heart tissue. It is conceivable 

that a higher percentage of positive results would have been obtained if 

dog heart mitochondria were used as test antigen in the studies which 

have utilized complement fixation as the assay system. The possibility 

that different immunological tests might result in the detection of 

autoantibodies with differing specificities has been reported by Gery, 
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Davies and Lazarov (1964) who showed that in rats, complement fixing 

anti-heart antibody was directed towards particulate bovine heart anti

gens, while passive hemagglutinating antibody is directed toward the 

unsedimentable soluble heart constituents. The possibility also exists 

that some of the negative findings of other investigators may have been 

due to the time at which serum samples were obtained from the experimen

tal animals. As the results of this study show, detectable anti-heart 

autoantibody did not appear until 10 days following experimental infarc

tion. Pinckard (1974) has found that anti-heart autoantibody in the 

serum of human myocardial infarction patients is also not detectable 

until 8 to 10 days following infarction. 

The variations in the temporal development of anti-heart mito

chondria autoantibody following myocardial infarction (Figures 4-8) may 

be attributed to differences either in the immunological responsiveness 

of individual dogs, or in the size and the course of development of the 

induced myocardial necrosis. The 7 dogs with infarction caused by coro

nary artery ligation had large, transmural myocardial infarctions with 

unequivocal evidence of infarction from electrocardiographic data, i.e., 

ST-segment elevation, T-wave inversion, and pathological Q-waves were 

present during the entire period of investigation. However, the elec

trocardiographic changes in the dogs with infarction caused by injection 

of microspheres were frequently transient, occurring during the first 

week. During the 2-4 weeks following microsphere injection, the elec

trocardiograms usually were normal or nonspecific. Three of these ani

mals had no changes in the electrocardiograms indicative of myocardial 

ischemia or infarction during the entire period of investigation. 
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The elevations of serum enzymes (creatine phosphokinase and glutamic-

oxalacetic transaminase) which persisted for only 3-4 days following 

myocardial infarction, often were variable. Two of the dogs with in

farction caused by microspheres had no elevation in serum enzymes but 

developed anti-heart mitochondria autoantibody; the myocardial infarc

tions were confirmed by post mortem examination. 

Some indication of the usefulness and sensitivity of the pres-

enceof anti-heart mitochondria autoantibody for diagnosing myocardial 

infarction has been obtained. In this regard, 2 of the dogs in this 

study that developed anti-heart autoantibody had insufficient myocardial 

necrosis to cause an elevation of the serum enzymes. In addition, 3 

other dogs had insufficient myocardial necrosis to cause pathological 

changes in the electrocardiograms. However, all 5 of these dogs pro

duced elevated levels of anti-heart mitochondria autoantibody. This 

suggests that a small amount of myocardial necrosis can induce the for

mation of anti-heart autoantibody when other indications of myocardial 

damage are within normal limits. 

Physical Characterization of the 
Anti-heart Mitochondria Autoantibody 

In light of the studies of Pinckard et al. (1973) which demon

strated that the first component of human complement (CI) sedimented in 

the 19S region of sucrose density gradients and was capable of binding 

and activation by human heart mitochondrial membranes, it was considered 

essential to develop evidence that the heart-reactive serum factor which 

I have been referring to as an autoantibody was indeed an immunoglobu

lin. Specific removal of dog CI by absorption with rabbit anti-BSA-BSA 
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immune precipitates did not remove the induced heart-reactive factor 

from dog serum (see Figure 6, Dog C); however, absorption of CI from 

dog sera containing a preexisting heart reactive factor resulted in 

either a partial (Figure 6, Dog B) or complete removal (Figure 6, Dog 

A) of the activity. These data indicate that the experimentally induced 

anti-heart activity was not due to CI or preexisting anti-heart auto

antibody. 

Direct evidence demonstrating the immunoglobulin class of the 

induced and the preexisting anti-heart autoantibody was obtained from 

sucrose gradient centrifugation and affinity chromatography experiments. 

When serum frcm Dog B and Dog C described in Figure 6 were placed on su

crose density gradients containing EDTA following absorption with anti-

BSA-BSA imnune precipitates, the anti-heart mitochondrial activity was 

found to reside in fractions 6 through 9 (Figure 7), which contain sub

stances with sedimentation coefficients of 19S. When these fractions 

were pooled and passed through Sepharose 4B columns which were conju

gated with rabbit IgG antibody specific for dog y heavy chains, the in

duced and preexisting anti-heart autoantibodies were removed (Figure 8A, 

B). These experiments demonstrated that the dog anti-heart autoanti

bodies described in this study are of the dog IgM immunoglobulin class. 

Fujimoto (1969) has shown that IgM is the only dog iimiunoglobulin with a 

sedimentation coefficient of 19S. 

The demonstration that some dogs possess a heart-reactive factor 

which is removed completely by absorption with anti-BSA-BSA immune pre

cipitates suggests that this factor may be dog CI. As described in the 

Materials and Methods section, serum which was absorbed with 
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anti-BSA-BSA iramme precipitates was depleted of its CI and the total 

hemolytic complement level was also drastically reduced. These results 

suggest the possibility that dog CI may be able to bind to dog heart 

mitochondria and become activated. Such a reaction would produce a 

false positive in the complement fixation test. While complement asso

ciated heart reactivity was found in all serum samples obtained from 

human subjects in the study of Pinckard et al. (1973), apparently not 

all dogs possessed coirplement associated heart reactivity (several dogs 

were found to have no heart-reactive serum factors prior to experimental 

myocardial infarction and their anti-heart mitochondria complement fixa

tion titers were unaffected by the removal of dog CI). This observation 

cannot be explained by the data obtained in this study, however DeHeer 

(1972) has made similar observations when rat sera were evaluated for 

the presence of complement associated liver reactivity. It is possible 

that the presence or absence of the response may be due to variations 

in the levels of complement components in individual dogs. 

It is interesting to speculate that the preexisting anti-heart 

autoantibodies seen in the sera of some of the dogs used in this study 

are due to previous heart damage of unknown etiology. This would not be 

surprising as the source of the dogs for this study was a random sampling 

of mongrel dogs. All dogs used in this study were healthy at the start 

of the experimental period and no cardiovascular abnormalities other 

than the evidence of the experimentally induced myocardial infarction 

were found upon post mortem examination. 
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Localization of the Autoantigenic Determinants 
of Dog Heart Tissue and the Organ Specificity 

of the Induced Anti-heart 
Mitochondria Autoantibodies 

The data shown in Table 6 shows that the mitochondrial fraction 

was the most antigenic fraction of dog heart when tested with anti-heart 

serum in the complement fixation test. When the mitochondria were frac

tionated into their inner and outer membranes, the checkerboard titra

tion shown in Figure 9 indicated that the outer mitochondrial membrane 

was much more antigenic than the inner mitochondrial membrane. These 

results however do not establish whether or not the antigenic determi

nants present on the 2 membrane fractions are different. 

The antigenic differences between the inner and outer mitochon

drial membranes were shown by absorption experiments. The absorption 

experiments described in Figures 10 and 11 show that the inner and outer 

mitochondrial membranes of dog heart possess different autoantigenic 

determinants. These results are similar to those obtained by DeHeer et 

al. (1974) which demonstrated that the autoantigenic determinants on 

rat liver subcellular membranes including inner and outer mitochondrial 

membranes are unique with little or no cross-reaction. 

The data shown in Figure 12 and Tables 9 and 10 indicate that 

the anti-heart mitochondria autoantibody cross-reacts with heart and 

skeletal muscle mitochondria. This cross-reaction occurs on both the 

inner and outer mitochondrial membranes. Although the induced anti-

heart mitochondria autoantibody seems to react with both heart and skel

etal muscle damage occurring in dogs which underwent thoracotomy (see 

Figures 1 and 2) but which did not have their coronary artery ligated, 
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did not induce any autoantibody reactive with heart mitochondria which 

was detectable by the complement fixation test. An indication that 

heart and liver mitochondria do not share autoantigenic determinants 

was provided by the fact that absorption of serum containing both pre

existing anti-liver mitochondria autoantibody and induced anti-heart 

mitochondria autoantibody with isolated heart mitochondria resulted in 

removal of only the induced anti-heart mitochondria autoantibody. 

Further evidence was sought to demonstrate the non-cross reac

tivity of the autoantigens present on dog liver and heart mitochondria. 

Preliminary experiments were performed using dimethylnitrosamine, a 

powerful hepatoxic agent (see Barnes and Magee, 1954; Madden et al., 

1970) to induce liver necrosis in dogs. The experimental results ob

tained were very difficult to interpret due to the variation of sensi

tivity of individual dogs to the chemical. In one dog which produced 

detectable levels of anti-liver mitochondria autoantibodies and also 

showed serum enzyme changes consistent with liver necrosis, the anti-

liver reactive serum factor was not removed by absorption of the serum 

with anti-BSA-BSA immune precipitates. This antiserum when tested fol

lowing absorption with anti-BSA-BSA immune precipitates with heart and 

liver mitochondria gave positive results in the complement fixation test 

only with the liver mitochondria. While this data is not conclusive, 

it does suggest that the antigens present on dog liver and heart mito

chondria which react with autoantibodies produced following heart or 

liver necrosis may be different. 

The species specificity of the dog anti-heart mitochondria 

autoantibody was evaluated using serum obtained from a peak bleed of a 
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dog which had no preexisting anti-heart mitochondria activity. The re

sults shown in Table 9 indicate that there is cross-reaction between 

dog heart mitochondria and mitochondria isolated from heart tissue of 

several other mammalian species. These results however, could also have 

been obtained if a dog heterophile antibody is present. The latter pos

sibility was not evaluated in these experiments. 

The Effect of Physical Treatments On 
the Autoantigenic Determinants of"" 

Dog Heart Mitochondria 

The effect of several physical treatments on the autoantigenic 

properties of dog heart mitochondria were evaluated to provide some in

formation concerning the nature of those sites. The data obtained from 

each procedure were evaluated on the basis of the ability of the treated 

mitochondria to act as antigen in the complement fixation test and also 

on the ability of the mitochondria to remove anti-heart autoantibody from 

dog serum in absorption studies. The use of both the complement fixa

tion test and absorption experiments provided information concerning 

both the ability of the mitochondria to bind autoantibody and for the 

antigen-antibody complexes formed to fix complement. The reduction of 

complement fixation titers following a treatment may not indicate a 

similar reduction in the ability of the test mitochondria to bind anti

body, but may indicate an alteration in the configuration of the mem

brane such that when the autoantibody binds to the antigenic site, the 

fixation of complement cannot take place. An example of such a case was 

obtained when dog heart mitochondria were frozen and thawed in the pres

ence of potassium ions (Tables 10, 11, and 12). The data demonstrate 
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that while the ability of the mitochondria to function as antigen in the 

complement fixation test was destroyed by freezing and thawing in the 

presence of potassium ions, the ability of these same mitochondria to 

bind anti-heart autoantibody was only slightly reduced (Table 12). On 

the other hand, the freeze-thaw procedure did not affect the ability of 

mitochondria resuspended in other buffers to both fix complement in the 

presence of autoantibody or to bind autoantibody in the absorption ex

periments. 

The data obtained in the freeze-thaw experiments may be ex

plained by suggesting that the procedure in the presence of potassium 

ion results in the redistribution of the mitochondrial autoantigenic 

determinants on the mitochondrial membrane which results in the forma

tion of antigen-antibody complexes which are unable to activate comple

ment. The activation of complement requires the binding of antibody to 

2 adjacent antigenic sites since the mitochondria which were frozen and 

thawed in the presence of potassium can still bind autoantibody, it is 

possible that the antigenic sites are separated by a distance which does 

not allow the binding of autoantibody to activate complement. 

The stability of the antigenic sites of dog heart mitochondria 

to heating was investigated. As the data show, the heart mitochondria 

were found to be antigenic in both assays up to 85°C (Table 13). Mito

chondria which were heated at 85°C were found to be less able to func

tion as antigen in the complement fixation test and also in absorption 

experiments. 

Lester and Fleischer (1961) and Fleischer, Fleischer, and 

Stoechenius (1967) have reported that the extraction of beef heart 
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mitochondria with 10% water-acetone mixtures resulted in the removal of 

all of the neutral lipid and 80% of the phospholipid present in the 

mitochondrial membranes. The removal of the lipid resulted in the loss 

of enzymatic activity of several lipid requiring mitochondrial enzymes. 

When electron micrographs were taken of the extracted mitochondria, it 

was shown that the lipid-depleted beef heart outer mitochondrial mem

brane was completely lost while the inner membrane was present and re

tained the unit membrane appearance (Fleischer et al., 1967). When dog 

heart mitochondria were extracted with 10% water-acetone mixtures, a 

complete loss of activity was observed when the mitochondria were used 

as antigen in the complement fixation test. The autoantibody binding 

capacity of this mitochondria was reduced 18% when compared to control 

mitochondria (Table 14). These results suggest that the antigenic sites 

of the treated mitochondria are protein in nature and are not sensitive 

to confromational changes which may take place on the extraction of 

mitochondrial lipid. 

Dog heart mitochondria were extracted by the procedure described 

by Lenaz et al. (1968) in order to remove protein from the mitochondrial 

membranes. Extraction of the mitochondria with dilute HC1 resulted in 

the loss of 32% of the total mitochondrial protein. When the extracted 

mitochondria were tested in the complement fixation test they were found 

to be extremely anticomplementary, but the mitochondria were also found 

to be more efficient than control mitochondria when tested in absorption 

experiments (Table 14). The removal of mitochondrial protein soluble 

in dilute HC1 has apparently exposed more autoantigenic sites on the 

mitochondria as evidenced by the increased ability of the mitochondria 
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to remove autoantibody from dog serum in the absorption experiments (an 

increase of 31.3% over control mitochondria). The reason for the mito

chondria becoming anticomplementary following the extraction is not 

clear. It is possible that the removal of the acid soluble protein re

sults in the nonspecific binding of guinea pig complement or in the ex

posure of sites on the membranes which binds dog CI. Either of these 

events would result in an antibody independent utilization of complement 

and would account for the observed results. 

Experiments were performed to investigate the effect of treat

ment of the mitochondria with neuraminidase and trypsin. The data in 

Table 15 show that neuraminidase caused an increase in complement fixa

tion titers when these mitochondria were used as antigen. A similar 

increase in the ability of the neuraminidase mitochondria to absorb 

anti-heart autoantibody was not observed. The removal of mitochondrial 

sialic acid residues apparently results in an increased efficiency of 

the antigen-antibody complexes formed to fix guinea pig complement. An 

explanation of this observation may be that neuraminidase treatment of 

the mitochondria exposes low affinity autoantigenic sites. The presence 

of a high number of these sites could result in an increased efficiency 

of fixation of complement, but not in an increase in the ability of the 

mitochondria to bind autoantibody in absorption experiments. 

The treatment of mitochondria with trypsin resulted in the re

moval of up to 42.1% of the total mitochondrial protein. The result of 

the loss of this protein is a reduction in the ability of the treated 

mitochondria to both fix complement and to bind antibody (Table 16). 

From these observations, it may be suggested that the autoantigenic 
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sites present on the mitochondrial membrane are either protein in nature 

or require the presence of a trypsin sensitive protein(s). It is also 

possible that the removal of the trypsin sensitive protein results in 

a conformational alteration of the mitochondrial membrane which alters 

the antigenicity of the sites. 

The Effect of Dog Anti-heart Autoantibody 
on the Activity of Cytochrome Oxidase and 
NADH-cytochrome c Reductase (Rotenone 

Insensitive) In Vitro 

The effect of the presence of dog anti-heart autoantibody, 

guinea pig complement, and the combination of autoantibody and comple

ment on the activity of dog heart mitochondrial NADH-cytochrome c re

ductase (rotenone insensitive) and cytochrome oxidase were investigated. 

The results shown in Table 17 and 18 show that the activities of these 

enzymes were reduced in both whole mitochondria and in the purified mem

branes in the presence of complement and autoantibody. The possibility 

that this inhibition was due to a nonspecific reaction with some compo

nent of normal dog serum was ruled out since all control experiments 

were done in the presence of dog serum which contained no detectable 

anti-heart autoantibody. While the exact reason for the observed inhi

bition is not known, several possible explanation may be considered. It 

is possible that the enzymes themselves are antigenic and that the bind

ing of antibody cause the enzyme to become inactivated. Two other ex

planations are that the binding of the autoantibody to the membrane 

causes alterations in the configuration of the mitochondria which ren

ders the enzymes inactive, or prevents the access of exogenous substrate 

to the enzyme. While these explanations are valid for the case of 
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antibody or antibody and complement, they do not necessarily hold for 

the case of guinea pig complement alone. The reasons for the inhibition 

of the enzymes in the presence of guinea pig complement alone is not 

easy to explain. Again it is possible to speculate that the inhibition 

is caused by the binding of guinea pig complement to the mitochondrial 

membrane causes the prevention of access of exogenous substrate to the 

enzyme. Since guinea pig complement is not activated by dog mitochon

dria (dog heart mitochondria in the absence of antibody do not prevent 

the lysis of sensitized sheep red blood cells by guinea pig complement) 

the inhibition is probably not due to any direct action by the comple

ment. 

Davies and Bollet (1962) and Davies, Hurt, and Bollet (1963) 

have made similar observations. They reported that antisera produced in 

rabbits against rat liver mitochondria caused an inhibition of mitochon

drial enzymes. When rat liver mitochondria were tested for NADH-

cytochrome c reductase activity in the presence of rabbit antisera, the 

enzyme was found to be inhibited. Their results differ from those of 

this study since they reported that the addition of complement to the 

system either resulted in no change in the observed inhibition or in 

sane instances a reversal of the inhibition was found. They interpreted 

the data to mean that antibody when present alone blocks access sites 

for the oxidation and reduction of exogenous substrate cytochrome c. On 

the addition of complement, the binding of complement causes a change in 

conformation of the mitochondrial membrane which allows access of exoge

nous cytochrome c, but inactivates endogenous cytochrome c utilization. 
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Concluding Remarks 

The studies reported in this dissertation demonstrate that the 

induction of acute myocardial infarction in dogs results in the produc

tion of anti-heart, IgM autoantibodies directed toward various sub

cellular constituents of heart tissue. These autoantibodies have been 

shown to react with the mitochondrial fraction of the cardiac tissue, 

and the most antigenic component was shown to be the outer mitochondrial 

membranes were found to possess individual autoantigenic specificities. 

The induced autoantibodies were found to cross-react with mitochondria 

isolated from dog skeletal muscle but not with dog liver mitochondria. 

The dog heart mitochondrial autoantigens were destroyed by heating at 

85°C for 30 minutes and also by treatment with trypsin. Other treat

ments such as extraction with acetone-water mixtures, extraction with 

dilute HC1, treatment with neuraminidase, and freeze-thawing in the. 

presence of potassium ion result in a decrease or loss of the ability of 

the treated mitochondria to fix complement in the presence of dog anti-

heart mitochondria autoantibody, but little or no effect was seen on the 

ability of the treated mitochondria to bind autoantibody in absorption 

experiments. 

Preliminary studies (Pinckard, 1974) similarly indicate that the 

production of human anti-heart mitochondria following acute myocardial 

infarction occurs at around 8-10 days after the infarction and that the 

autoantibodies react with both the inner and outer membranes of human 

heart mitochondria, with the outer membrane being the most reactive on 

a mg protein basis. It is proposed that the development of anti-heart 

mitochondria autoantibodies in experimental animals and in man occurs 
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as the result of an apparently normal autoimmune response to membranous 

subcellular organelles to which the host is not immunologically tolerant 

(Pinckard and Weir, 1967). Hence, the development of anti-heart mito

chondria autoantibodies with the described specificities likely could be 

utilized as an indicator of recent myocardial cell necrosis. It would 

be interesting in future studies to compare the subcellular membrane 

autoantigenic specificities of the anti-heart autoantibodies induced by 

uncomplicated myocardial infarction with those associated with the post-

myocardial infarction and commissurotomy syndromes or possibly with 

anti-heart autoantibodies seen in other cardiac diseases. It should 

also be of interest to compare the specificities of the autoantibodies 

induced in dog by experimental myocardial infarction with those obtained 

by the injection of homologous or heterologous cardiac extracts in rab

bits (Kaplan and Espinosa, 1967, 1968, 1969; Halbert et al., 1968). 
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