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i n 1957, an article published in the Journal of the American 
Medical Association (JAMA) changed the immunologic world 

[1]. It summarized over 3 years of intensive research by a team 
of investigators at the State University of New York at Buffalo, 
proving for the first time that a common human disease, chronic 
lymphocytic (Hashimoto) thyroiditis, is due to autoimmuniza-
tion. This review summarizes my own involvement in this body 
of work, initially at Buffalo and then at Johns Hopkins. I recount 
my personal background that brought me to it, and describe 
the subsequent changes in immunologic thinking and medical 
practice that stemmed from the original discovery. 

tHe decade of tHe 1950s and Before: genesis

My interest in biomedical research was ignited in the seventh 
grade. Our biology teacher brought into class his personal mon-
ocular microscope and gave us, as young students, the oppor-
tunity to look at our own bodies in a new way. I was amazed, as 
was Anton van Leewenhock two centuries before, at this unseen 
world of microorganisms thriving on our skins and between 
our teeth. Enthralled by the observation, I decided at an early 
age that studying the effects of our microbial inhabitants on 
human health and disease would be my future career.

In the subsequent years, I pursued all of the courses and 
research opportunities available in microbiology first at Yale 
University as an undergraduate and then at the University 
of Pennsylvania as a graduate student. Following receipt of a 
PhD degree from the University of Pennsylvania, I accepted a 
junior faculty appointment at the University at Buffalo with a 
commitment to complete my medical training and thus receive 
qualifications in both medicine and basic biologic science. 

In Buffalo I joined the recently created Department of 
Bacteriology and Immunology under the leadership of 
Professor Ernest Witebsky who was already world famous for 
isolating the blood group A and B substances. He was long 
interested in the organ-specific antigens that distinguish the 

specialized cells of the body. Frequently called tissue-limited 
antigens, these substances reflect the unique function of each 
cell within the organ and provide valuable insights into the fun-
damentals of cellular differentiation and metabolism. Witebsky 
predicted that organ-specific antigens would be of great impor-
tance in understanding normal physiology as well as disease, 
and in developing immunologic therapy for cancer [2]. 

Most of Witebsky’s personal research was conducted using 
alcoholic extracts of tissues which probably represented glyco-
lipids of cell membranes. The rationale for this approach was 
based on the extensive studies of cardiolipin, the alcohol-solu-
ble antigen used in the serologic test for syphilis. Witebsky was 
following the precepts of his teacher Hans Sachs, himself one of 
the two key students of the great immunologist, Paul Ehrlich. 

When I joined his department, Witebsky suggested that 
I look at the organ-specific antigen from the thyroid gland, 
thyroglobulin. At that time it was considered one of the rare 
proteins with clear-cut organ specificity. However, the methods 
for studying proteins in their native state were still limited, and 
Witebsky suspected that the organ specificity of thyroglobulin 
might be an artifact due to denaturation of the protein during 
its preparation. Since I had good training in biochemistry, I set 
about developing a gentle method of preparing thyroglobulin 
by the step-wise addition of ammonium sulfate to simple saline 
extracts of thyroid. It was quite easy to prepare thyroglobu-
lin with nearly 90% purity. By making thyroglobulin from a 
number of different species and then immunizing rabbits with 
the products I readily confirmed that this protein antigen is 
strongly organ specific. The rabbit antibodies reacted strongly 
with thyroglobulin and barely, if at all, with any other organ 
of the species. Moreover, rabbit antisera induced by thyro-
globulins of one species cross-reacted with similarly prepared 
thyroglobulins from other mammalian species.

Despite my great care in preparing the thyroglobulin in a 
gentle fashion, Witebsky was still concerned that it may have 
been denatured. I decided, therefore, to perform the critical 
experiment. All of us as medical students had learned the dic-
tum of Ehrlich, horror autotoxicus. It taught us that the body 
refuses to produce autoantibodies because they would inflict 
harm. As a disciple of Ehrlich and as a blood grouper, Witebsky 
was a strong, vocal advocate of the validity of the horror autotox-
icus law and agreed that a native protein injected into the same 
animal would fail to induce antibody formation. Therefore, I 
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carefully prepared rabbit thyroglobulin and immunized rabbits 
with this material. Since the amount of thyroglobulin was very 
limited, I adopted a then new method of immunization employ-
ing complete Freund adjuvant. My first results were highly 
disturbing; injection of rabbit thyroglobulin into rabbits indeed 
did induce thyroglobulin-specific antibody. Fearing there might 
be allogeneic differences among rabbits, I went on to prepare 
thyroglobulin from a single rabbit and injected it into the same 
animal. Once more, autoantibodies appeared. 

Despite these results, I felt strongly that I had prepared thy-
roglobulin in the most careful fashion. Suppose, I reasoned, 
I had actually immunized the rabbits with thyroglobulin in 
a natural (or nearly natural) state, what would happen to the 
rabbit’s own thyroid gland? Therefore, I removed thyroids from 
the immunized animals and asked Kornel Terplan, professor of 
pathology, to examine them. He soon reported that the glands 
were grossly infiltrated with monocytic cells and granulocytes 
with evidence of fibrosis and even germinal center formation. 
It was, he suggested, a replica of the human disease, chronic 
lymphocytic (Hashimoto) thyroiditis. 

In those days, the only autologous antigens known to 
induce an autoimmune response were the sequestered antigens 
in “privileged sites.” They included antigens from the brain, the 
lens of the eye, and sperm. The idea that the thyroid gland, a 
well-vascularized tissue, could contain an autoantigen capable 
of inducing disease seemed highly unlikely. Before he would 
accept these startling results, Witebsky insisted that I repro-
duce the phenomenon in other species. I succeeded in doing 
so in guinea pigs and dogs. Some of the dogs, in fact, produced 
particularly severe thyroiditis. As a final step, I performed the 
ultimate experiment of preparing thyroglobulin from one 
lobe of a rabbit, used to immunize the very same animal. Its 
remaining thyroid lobe could then be shown to develop thy-
roid infiltration. For these surgical experiments, I turned to 
the chairman of surgery, Dr. John Paine, and his assistant, Dr. 
Richard Egan. 

When all these results were assembled, Witebsky had 
to accept the reality that Ehrlich’s biologic dictum of hor-
ror autotoxicus did not apply to thyroglobulin and that this 
human disease, chronic lymphocytic thyroiditis, was likely 
the result of autoimmunization. Through Dr. Paine’s connec-
tions, we laboriously collected about a dozen sera samples 
from patients with various thyroid diseases and found that 
at least four of them contained potent antibodies to human 
thyroglobulin. These four patients had severe thyroiditis. 

After 3 years of intensive work, we agreed that we had com-
pleted the circle of evidence to prove that human chronic lym-
phocytic thyroiditis is an example of a human disease caused 
by autoimmunization. In order to announce these results, 
Witebsky contacted Dr. John Talbot, former professor of medi-
cine at Buffalo, who had just become Editor-in-Chief of JAMA. 
They agreed this journal was the appropriate one since it would 

be read not only by practicing physicians but also by the leading 
medical investigators. Witebsky and I spent a great deal of time 
preparing the article as thoroughly, but cautiously, as possible. 
As we concluded our labors and prepared to submit the paper, 
Witebsky exclaimed that it may well demolish an accepted 
medical dogma. Many enigmatic human diseases might now 
be attributed to autoimmunity. There should be some way, I 
decided, of critically evaluating the evidence before declaring a  
human disease to be autoimmune. Koch’s Postulates had served 
infectious disease research very well for almost a century. A 
similar set of postulates might provide valuable guidelines 
for future studies of autoimmunity. From that came the four 
“Witebsky Postulates” which established a rational basis for 
declaring a human disease to be autoimmune in etiology.

The JAMA article created quite a stir. It was one of the 
100 most cited papers in biology at that time. It generated, as 
Witebsky predicted, numerous claims that a particular human 
illness is due to autoimmunization. Years later, I revisited the 
original postulates and developed a three-tiered approach to 
decide that a human disease is due to autoimmunity based on 
direct, indirect and circumstantial levels of evidence [3].

As our work was being publicized, another line of investiga-
tion appeared that led to general acceptance of autoimmunity 
as an important cause of many human diseases. Dr. Peter 
Miescher, then in Basel, Switzerland, provided compelling 
evidence that the lupus erythematous (LE) cell described in 
the bone marrow of lupus patients by Hargraves represented 
phagocytosis of nuclear material [4]. This phagocytic phenom-
enon resulted from opsonization of the nucleus by antinuclear 
antibodies. As thyroiditis became the prototype of a large group 
of diseases that are mainly restricted to a single organ, lupus has 
served as the model for many other diseases in which broad 
autoimmune responses induce systemic effects.

The impact of the JAMA article not only influenced clinical 
medicine, it changed our fundamental understanding of the 
immune response. We soon had visits from two of the key fig-
ures who shaped modern immunology. Peter Medawar came 
from England and added self-tolerance in his formulation of 
immunologic tolerance acquired in embryonic life. F.M. Burnet 
from Australia incorporated in his theory of clonal selection 
the concept of clonal deletion to establish normal self-tolerance 
and the chance origin of forbidden clones to explain the excep-
tional occurrence of autoimmune disease. Thus, our paper 
had far-reaching and lasting effects on both basic and applied 
immunology. 

tHe decade of tHe 1960s: mecHanisms 

By 1960, the concept of autoimmune disease had become well 
entrenched. The number of human diseases believed to be of 
autoimmune origin increased almost daily. My own research 
program followed two pathways. The first was to apply the 
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cell suspension did not produce antibody to rabbit thyroper-
oxidase, in contrast to rhesus monkeys given rhesus thyroid 
cell suspensions [23]. The primates immunized with thyroid 
extracts produced antibody to thyroglobulin first. After lesions 
appeared in their thyroids they produced additional antibodies 
to thyroperoxidase. Based on these experiments we later sug-
gested that escalation of the autoimmune response was an early 
signal of pathogenic autoimmunity [24]. 

As the 1960s ended, we were able to achieve another major 
goal, the induction of experimental thyroiditis in mice [25]. 
This task was accomplished largely through careful attention 
to the adjuvant as well as the strain of mouse used in active 
immunization. It opened the doors to studies of the genetics 
of autoimmune diseases.

tHe decade of tHe 1970s: genetics

The 1970s opened with the first demonstration that the suscep-
tibility of different strains of mice to experimentally induced 
thyroiditis was genetically determined. The most prominent 
genes regulating susceptibility were part of the major histo-
compatibility complex (MHC) [26]. This finding was soon 
confirmed in the spontaneous model of thyroiditis in the OS 
chicken, as well as both induced and spontaneous thyroiditis in 
the rat [27-29]. Today, virtually every autoimmune disease in 
experimental animals and humans is regulated by genes of the 
major histocompatibility complex. This MHC association rep-
resents one of the fundamental characteristics (the “common 
threads”) shared by all autoimmune diseases. Within the MHC, 
we were able to resolve the active immunization process into the 
induction steps that depend primarily on MHC class II genetic 
determinants and severity of lesions in the thyroid gland, which 
resides mainly in MHC class I [30,31]. Subsequently, we took 
up studies of the genes outside of the MHC, which together 
account for more than half of the inherited susceptibility to 
thyroiditis. In this case, however, there is no single predominant 
family of genes, but rather a large number of disparate traits 
[32]. Each contributes a small amount to the final susceptibility. 
Most of the genes that have been studied were found to regulate 
the immune response. 

These early investigations on thyroiditis in experimental 
animals are reflected in our current understanding of genetics 
of autoimmune disease generally. The induction of the immune 
response depends first upon recognition of the candidate 
antigen by genes of the MHC. Together they determine the 
specificity of the immune response. Non-MHC genes represent 
a consortium of non-antigen-specific traits that collectively 
regulate the normal homeostasis in the immune response on 
a daily basis. In the case of autoimmunity, there is a gradient 
from highly susceptible to relatively resistant mice in response 
to the candidate antigen [33]. Present evidence suggests that a 
similar situation occurs in human autoimmune disease.

new methods that I had learned to detecting autoantibodies 
and also to demonstrating cell-mediated responses to other 
immune related diseases, including immediate and delayed 
hypersensitivity responses [5,6]. I also tried to show that 
another organ-specific antigen, insulin, was capable of pro-
ducing insulitis in rabbits [7]. The goal of an experimentally 
induced insulitis in animals has still not been achieved. 

The second and more prominent direction of my research 
in the decade of the 1960s was to determine the actual 
mechanisms of pathogenic autoimmunity. While we could 
not consistently transfer thyroiditis by passive infusion of 
antiserum, thyroglobulin-specific antibodies were capable 
of inducing thyroiditis especially if the thyroid gland were 
genetically vulnerable, damaged or inflamed [8,9]. On the 
other hand, antigen-specific T cells could adoptably transfer 
thyroiditis to syngeneic but not allogeneic recipients [10]. 

As more information emerged on the differentiation of T 
cells in the thymus, we turned to quantitative studies of thy-
mic depletion and restoration [11]. An unexpected finding 
of these experiments was the diversity of immune responses 
in thymus cell-restored mice, suggesting that the early thy-
mus itself may actually contain cells that retard rather than 
promote the immune response. This led to a number of 
studies continuing for the next ten years showing that timed 
neonatal thymectomy hastened spontaneous thyroiditis in 
the OS chicken and the BUF rat [12,13]. These experiments 
suggested the presence in the thymus of natural thymic sup-
pressors, which we later built into our conceptual models of 
the mechanism of self-tolerance and autoimmunity based on 
clonal balance [14-16].

A further question was the actual mechanism of tissue 
damage. To address that issue we developed cell cultures of 
thyroid cells, taking care that they retained their organ speci-
ficity by producing thyroglobulin. Using intricate cell culture 
techniques, we could show that direct contact between thy-
roglobulin-specific T cells and cultured thyroid cells induced 
injury and death of thyroid follicular cells [17,18]. 

A series of experiments began a detailed antigenic map-
ping of the thyroglobulin molecule. The first experiments 
involved separation of the peptide fragments following pro-
tolytic digestion [19]. A number of years later the results led 
to the discovery that autoantibodies to thyroglobulin pres-
ent in normal euthyroid individuals differed from additional 
antibodies formed later in patients with clinical thyroiditis 
[20]. These findings clarified our earlier concepts of the dif-
ference between naturally occurring, benign autoimmunity 
and pathogenic autoimmune disease [21,22].

Another informative study related to a second organ-
specific antigen of the thyroid gland, thyroperoxidase. Other 
investigators had shown that most thyroiditis patients pro-
duce antibody to thyroperoxidase in addition to antibody 
to thyroglobulin. In our hands, rabbits injected with thyroid 
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followed by 2 years of applied clinical clerkships in a university 
academic hospital. Although modified many times in many 
ways, this basic plan transformed medicine from a trade to a 
scholarly discipline. The Hopkins model now marks medical 
education throughout the world. 

At Johns Hopkins, I had the opportunity of establishing a 
department devoted to infection and immunity. To emphasize 
the role of microbial infection in the induction of autoimmune 
disease we expanded our earlier investigations of inflammatory 
diseases of the heart instigated by viral infection. From detailed 
study has come the first clear evidence of how infection could 
initiate autoimmune disease. Briefly, we found that coxsacki-
evirus B3, one of the common viral causes of myocarditis in 
humans, induces acute infectious myocarditis in all strains of 
mice [36]. Although most mice recover from the viral disease 
spontaneously, a few inbred strains develop a chronic disease 
that we established as the result of an organ-specific immune 
response to cardiac myosin [37,38]. 

This model, the first example of virus-induced autoimmune 
disease where the antigen was defined, has proved to be of 
incredible value in discovering the underlying immunopathic 
mechanisms [39]. Virus-induced damage inflicted on the 
cardiac cells induces expression of the intracellular cardiac 
myosin. In the presence of cardiac inflammation, also induced 
by the virus, the antigen is presented to CD4 T helper cells, 
which are able to initiate pathogenic autoimmunity. Recent 
investigations have shown that the Th17 pathway is essential 
for the induction of inflammatory myocarditis [40]. However, 
the signature cytokine, interleukin (IL)-17, does not determine 
the severity of inflammation. Instead, IL-17 is the critical com-
ponent in determining whether a mouse with autoimmune 
myocarditis will proceed to further fibrotic remodeling of the 
heart in the form of dilated cardiomyopathy [41,42]. 

These experiments have provided the opportunity to dis-
sect the step-wise progression from viral infection to auto-
immune inflammatory myocarditis to subsequent fibrotic 
cardiac remodeling and dilated cardiomyopathy. Although 
somewhat chaotic on first observation, the steps can be pre-
dictable. It provides hope that human immune mediated dis-
orders can be assessed in terms of the inflammatory pathways 
activated and the future outcome determined [43]. Equally 
important, identification of the key inflammatory mediators 
provides opportunities to prognose, predict and intervene 
therapeutically. By the end of the 1980s, we could see our goal 
of moving from reductionistic, mechanistic experiments to 
translational investigations involving earlier diagnosis, more 
accurate prognosis and more targeted interventions [44]. 

tHe decade of tHe 1990s: ePidemiologY

In 1997, our group published another highly cited article that 
changed the immunologic landscape [45]. Starting with 24 

By the end of the 1970s, we gained a good understanding 
of the inherited susceptibility to thyroiditis and witnessed 
its application to other autoimmune diseases. Collectively, 
however, all of these genetic traits seem to provide less than 
half of the actual risk. Some of the risk may be associated 
with hormonal influences or random post-genomic, epigen-
etic changes in the immune system itself. However, the larg-
est contribution to risk seems to arise from environmental 
mediators. They represent the “triggers” of autoimmunity.

tHe decade of tHe 1980s: environment

In humans, many examples of environmental agents that 
precipitate autoimmune diseases in genetically susceptible 
individuals have been described, yet in only a few instances 
has a cause-and-effect relationship been established [34,35]. 
In experimental animals, the most common environmental 
mediators appear to be infections. 

In 1981, I moved with a number of colleagues to the Johns 
Hopkins University [Figure 1]. Johns Hopkins provides a 
particularly favorable setting for combined fundamental and 
clinical research. As the first university in the United States 
founded specifically to support advanced research and edu-
cation, the medical school has, from the beginning, accepted 
only students who have completed a broad undergraduate 
curriculum. In fact, modern American medical education is 
modeled after the Hopkins plan. Two years of intensive study 
of the basic biologic sciences underlying health and disease are 

figure 1. Dr. Rose examining a gel in his laboratory at 
Johns Hopkins, 1982
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university community who work on any aspect of tolerance and 
autoimmunity. Especially important is its mission of connect-
ing investigators and clinicians interested in different autoim-
mune diseases and discovering the parallels and synergies. I was 
pleased to have the opportunity of chairing the Autoimmune 
Disease Coordinating Committee of the National Institutes of 
Health, which is charged with coordinating research policy at 
the national level. On the public side, I work with the American 
Autoimmune Related Disease Association to increase public 
awareness and understanding of all the autoimmune diseases. 
Finally, the International Congresses of Autoimmunity have 
promoted research on autoimmunity as a major cause of dis-
ease throughout the world. 

For the past 60 years, I have been privileged to see autoim-
munity emerge as an important component of human medi-
cine, to witness the importance of studying autoimmunity as 
a part of the normal physiology, to participate in expanding 
the scope of autoimmune disease research, both inward to 
the molecular and genetic levels and outward to the clinic. It 
has been a wonderful journey of discovery but we still have 
many miles to go. 
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The laboratory mouse shares the majority of its protein-coding 
genes with humans, making it the premier model organism in 
biomedical research, yet the two mammals differ in significant 
ways. To gain greater insights into both shared and species-
specific transcriptional and cellular regulatory programs in 
the mouse, the Mouse ENCODE Consortium has mapped 
transcription, DNase I hypersensitivity, transcription factor 
binding, chromatin modifications and replication domains 
throughout the mouse genome in diverse cell and tissue 
types. By comparing with the human genome, Yue et al. not 

only confirm substantial conservation in the newly annotated 
potential functional sequences, but also find a large degree of 
divergence of sequences involved in transcriptional regulation, 
chromatin state and higher order chromatin organization. 
Their results illuminate the wide range of evolutionary forces 
acting on genes and their regulatory regions, and provide a 
general resource for research into mammalian biology and 
mechanisms of human diseases.
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