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PREFACE 

This is the third of a series of lectures devoted to autoimmunity 

and disease susceptibility associated with the MHC. The first 

dealt with human diseases associated with HLA-827. In the second 

one, th e topi c was disease susceptibility related to HLA-D. The 

present lecture will attempt to perform the more difficult task 

o f providing a perspe ctive. Ostensibly, the focus is on certain 

interesting autoantibodies, however, much of the time will be 

devoted to an exarnin?tion of how the immune system works and how 

it can go wrong. The medical literature is now available by 

telephone delivered to our horne computers. Consequently, reviews 

are not valued for the number of references supplied. Rather, 

the reviewer's task, as always, is to provide a synthesis. If 

this is accomplished in some measure, I shall be grateful. 
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1. AUTOIMMUNITY AND SELF-RECOGNITION 

The ability to discriminate between self and nonself is 

fundamental to the existence of living organisms. Primitive 

metazoa like sponges have cell-surface recognition systems 

capable of identifying and destroying nonself (1,2). Thus, when 

two genetically identical sponges come in contact, the 

individuals fuse to form a single organism. Whereas, when two 

genetically dissimilar sponges are joined there is a reaction 

th a t leads to tissue destruction at the boundary between the two 

individuals (1,2). The surface structures recognized as nonself 

and the effector mechanisms that lead to destruction of the 

foreign tissue are still largely unknown. However, the 

resemblance to self/nonself recognition systems occurring in 

mammals is quite striking. It has been pointed out (3) that in 

both cases there are: a) cell-surface recognition structures, b) 

effector mechanisms that lead to destruction of nonself, and c) a 

high degree of polymorphism. There are more than 900 genetically 

distinct sponges that have the capacity to reject one another 

aft e r apposition ( 1) • 

The self/nonself recognition systems of mammals are encoded by a 

chromosomal region called the major histocompatibility complex 

(MHC). In contrast to sponges, grafting of foreign tissues does 

not normally occur in mammals (with the exception of pregnancy). 

When grafting of tumors or skin was performed experimentally, 

however, it was found that rejection was due to the recognition 
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of cell surface structures, which were highly polymorphic and 

were capable of activating effector mechanisms which led to 

destruction of the foreign tissue (4). Whatever the meaning of 

the evolutionary history of this system might be, it is now clear 

that it regulates various aspects of the mammalian immune 

response. Beyond the requirement of discriminating between self 

and nonself (the allograft response) the ability of T cells to 

recognize all sorts of foreign antigens depends on the 

of self-MHC determinants on the surface of cells with 

presence 

which T 

cells interact. This will be discussed further in Section 7. It 

provides a new perspective to the concept of autoimmunity. 

Recognition of self by the cells of the immune system is now 

recognized as a normal activity and the term "autoimmunity", in 

this context, represents a physiologic state. 

Table 1. 

Self/Nonself Discrimination 

Characteristics 

Surface structures 

Poly~orphism 

Effects 

Me c hanism 

2. AUTOIMMUNE DISEASE 

Sponges 

? 

High 

Tissue destruction 

? 

Mammals 

MHC antigens 

High 

Allograft rejection 

Immune response 

In 1900, Ehrlich and Morgenroth (5) injected goats with blood 

from other goats and looked for the development of hemolysins. 

These were regularly found and reacted with blood of many other 
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goats but never with that of the recipients. From. these 

experiments Ehrlich recognized that "the organism has 

contrivances by means of which the immunity reaction, is 

prevented from reacting against the organism's own elements, and 

so give rise to autotoxins ••• " Although the nature of the 

internal regulating contrivances was not further understood, the 

term "horror autotoxicus", coined by Ehrlich, described the 

distinction between health and autoimmune disease for many years. 

An explanation of how autoimmune reactions might be prevented was 

provided 50 years later by Burnet (6). He postulated that 

contact of antibody-forming cells with their respective antigens 

during fetal life leads to destruction or inactivation, with 

consequent elimination, of the corresponding clones. In this 

Table 2. 

Evolution of Ideas About Autoimmune Disease 

Older Concepts 

Horror autotoxicus 

Forbidden clones, 
a qualitative abnormality 

Search for one main cause 

Modified from (7) 

Present Concepts 

Self-reactivity is normal 

Immunoregulation and 
quantity of abnormal response 
may determine disease 

Multifactorial etiology 
multiple genetic and 
environmental factors 
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manner self-tolerance was established and self-reactivity was 

avoided unless "forbidden clones" arose, either because their 

elimination was incomplete or by somatic mutation of lymphocytes. 

The progeny of such forbidden clones might be able to produce 

self-reacting antibodies. 

The clonal selection theory, as will be discussed below, provides 

a widely accepted framework for understanding the working of the 

immune system, but the forbidden clone idea has been found 

difficult to fit with all the facts, as more was learned about 

normal and abnormal immune responses. It was found, for example, 

that B cells from normal persons, when stimulated by polyclonal 

activators made a variety of autoantibodies. This would indicate 

that inoeed, B cells capable of making autoantibodies had not 

been eliminated. Furthermore, it is now known that the immune 

system is quantitatively regulated by a network of cells and 

humoral factors. Disordered regulation of the immune system and 

quantitatively excessive immune reactions are now believed to be 

associated with certain forms of autoimmune disease (7). 

In many of the diseases we now consider to be the result of 

autoimmune reactions there is evidence that susceptibility is 

determined by multiple factors . Multiple genes appear to 

predispose to particular abnormalities, and environmental factors 

are required for triggering the development of disease 

manifestations~ 
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3. ORGAN SPECIFIC AND NON-ORGAN SPECIFIC ANTIBODIES 

The variety of self antigens (Tables 3 and 4) is enormous. It 

should be stressed though, that in many instances it is not at 

Table 3. 

Organ Specific Autoantibodies 

Self Antigen 

Cell membrane receptors 

Thyroirl receptor 

Acetylcholine receptor 

Insulin receptor 

Hormones 

Insulin 

Thyroid hormones 

Glucagon 

Intrinsic factor 

Cell memb r anes 

RBC 

Lymphocytes 

1\leutrophils 

Platelets 

Extracellular 

Basement membranes 

Intercellular substance 

8 

Disease 

Graves' disease, 
thyroiditis 

Myasthenia gravis 

Diabetes 

Diabetes 

Thyroiditis 

Diabetes 

Pernicious anemia 

Hemolytic anemia 

SLE 

Neutropenia 

ITP 

Goodpasture's, bullous 
pemphigoid 

Pemphigus 



all clear whether the autoantibody is a primary cause of di~ease, 

or merely a consequence of damage produced by another mechanism. 

A convenient classification is to consider separately antibodies 

that react with antigens restricted to a single organ or tissue, 

the organ specific antibodies. I have included in this category 

Table 4. 

Non-Organic Specific Autoantibodies 

Self Antigen 

Intracellular 

Nucleolus 

DNA 

RNP 

Sm 

Hi stones 

Ribosomes 

Mitochondria 

Lysosomes 

Microsomes 

Melanosomes 

Filaments/tubules 

Plasma proteins 

Immunoglobulin 

Complement components 

Clotting factors 

9 

Disease 

SLE, Sjogren's, Scleroderma 

SLE 

MCTD 

SLE 

SLE 

SLE 

Primary biliary cirrhosis 

SLE 

Thyroiditis 

Vitiligo 

SLE 

RA 

SLE 

SLE 



also antibodi e s reacting with certain hormones. A second group of 

autoantibodi es is comprised of those that are not organ or tissue 

specific. One interesting feature of autoimmune reactions is 

that patients who tend to make organ-specific antibodies may 

develop them to more than one organ. Also, family members often 

can be found to make autoantibodies of the same or similar type. 

Moreover, patients with SLE, RA, MCTD, scleroderma, etc., tend to 

develop multiple autoantibodies against antigens that are not 

specific for a tissue or organ. Thus the classification into 

organ - specific and not organ-specific fits not only the 

antibodies, but to a certain extent divides patients with 

autoimmune disease into two broad categories of somewhat related 

conditions. 

Some typical examples of autoantibodies and their associated 

dis e ases will be given below in Sections 9 and 10. 

4. THE IMMUNE SYSTEM 

Key features of the highly developed and complex immune systems 

of mammals are the ability to discriminate between self and 

nonself, the capacity to react in a specific manner to all sorts 

of foreign substances, the regulation of the response, 

quantitatively, through an elaborate interplay of enhancing and 

inhibiting factors, and the development of a wide variety of 

effector mechanisms (8). 
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The clinician comes into contact with the end results of various 

immune responses and therefore the operation of effector 

mechanisms is easy to understand. Hemolysis in an acute 

transfusion reaction results from the activation of the 

complement sequence and produces the lysis of red blood cells. 

In a case of cellulitis we recognize the hallmarks of acute 

inflammation, activated by a specific immune response against the 

products of an invading microorganism. The inflammatory reaction 

itself, however, is not specific. The clinical picture in a case 

of acute gout is so similar, that an acute infeciion is often 

suspected. However, no immune response is involved in the 

reaction to urate crystals. It is just the inflammatory response 

that is similar -. When we skin test with PPD we elicit delayed

type hypersensitivity. A whole series of cell mediated immune 

mechanisms were developed by the immune system to cope with 

intracellular parasites. They are very effective to eliminate or 

control many viruses and bacteria. However, we also know that 

such responses may be harmful. A good example is when the 

inflammatory reaction of cell mediated immunity takes place in 

the central nervous system. Such an immune response can be more 

harmful than the virus. Patlents with hay fever, urticaria, or 

asthma have immune responses that activate the effector 

mechanisms of allergy. Therapeutic interventions can sometimes 

be devised that deal with these effector mechanisms and do not 

interfere v1ith the initial immune response. The anti-

inflammatory drugs can inhibit inflammation from any cause. 

Anti-histamine drugs counteract the pharmacologic effects of 

histamine without regard to the initial trigger. 
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5. ANTIBODY DIVERSITY 

Kabat and May e r wrote in 1948 (9), "When an animal receives one 

or more parenteral injections of certain foreign materials -

proteins, red blood cells or tisue extracts from another 

species, or of bacteria or bacterial products - there generally 

appear in the serum, within a few days, substances which possess 

the unique property of reacting with the material injected. These 

substances are termed antibodies and the materials which 

stimulated their production are called antigens." Immunologists 

have pdndered the remarkable ability of the immune system to 

manufacture specific antibodies to so many diverse antigens. 

A ma jor triumph was the r e cognition of the chemical nature of the 

elements involved. I quote from the same source: "Antibodies 

are now (1948) generally accepted as proteins and belong to the 

class of serum globulins. Doubts of earlier investigators as to 

the protein nature of antibodies were finally resolved by the 

accumulation of an overwhelming mass of evidence culminating in 

the preparation of analytically pure antibodies and the 

determination of their molecular weights and other physico-

chemical properties. As yet little or nothing is known of the 

specific modifications of chemical structure required for the 

formation of an antibody molecule instead of a molecule of normal 

serum globulin. In most instances, these changes must be very 

subtle since no method of distinguishing between certain normal 
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globulins and antibodies has been found" (9). 

Further discussion of the origin of antibody specificity and 

diversity is avoided as the book was essentially a manual of 

laboratory methods. Antibodies are useful chemical reagents, was 

the main message, before going into a detailed description of 

virtually all the methods of quantitative immunochemistry known 

at the time. 

About three years later (1951) a symposium was held at the New 

York Academy of Medicine. The proceedings, published in 1953, 

start with an article by Felix Haurowitz entitled "Theories of 

antibody formation." Haurowitz and his colleagues were impressed 

by the fact that antibodies could be produced against all types 

of products of the chemical laboratory such as arsanilic or 

tartranilic acid. The proposals of Ehrlich (1900) that cells had 

receptors and that these receptors were replicated when the 

corresponding antigen was presented, could not be accepted. 

Haurowitz wrote: "It is unimaginable that the organism of an 

animal contains preformed receptors against such synthetic 

chemicals." 

Instead it was postulated that antibody function originates 

through complemeritary adaptation of the shape of the antibody 

molecule to the shape of the determinant group of the antigen. 

Haurowitz believed this occurred during protein synthesis in the 

pr e sence of antigen. All of this was, of cours e , wrong and has 

been for the most part forgotten. Newer textbooks don't even 
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mention these ideas. I quote (ll) : 

II 

the 

the majority of the heterogeneity (of antibodies) lies in 

amino acid sequence of the part of the molecule which 

combines with antigen. It is accepted that for an amino acid 

sequence in a polypeptide chain there is a co~responding sequence 

of nucleotioes in the DNA of the cell which made the polypeptide 

chains. Efforts made to show that this is not the case for 

antibody molecules have so far failed, and there is no reason to 

believe that the actual process of synthesis of antibodies is in 

any way different from other proteins." 

We now recognize that Ehrlich (5) was essentially correct when he 

postulated the existence on the outer surface of cells of 

preformed receptors that had the capacity to interact 

specifically with foreign substances. He was the first to 

postulate thnt antigen recognition structures on cell surfaces 

were identical in binding specificity to humoral antibodies. 

Burnet (6) considered lymphocytes to be heterogeneous in the 

sense that each cell was genetically predetermined in its 

capacity to synthesize only one type of antibody molecule, 

specific for only the corresponding antigenic determinant. Such 

a determinant would not have any effect o~ the majority of 

lymphoid cells but would select those few already equipped with 

the ability to synthesize the antibody with the correct 

complementary structure. As a result of interaction of that 

14 



lymphocyte with antigen, the cell would be stimulated to 

proliferate and differentiate to produce a progeny of cells 

which, being derived from a single ancestral cell, would 

r eprese n t a clone o f anti body- p r oduci ng cells . 

It is now clear that what seemed unlikely to the early 

immunochemists is indeed true: genetic mechanisms have evolved 

that are capable of generating the whole spectrum of ant i body 

diversity. The antibodies created contain not only those that 

are specific to current antigens, but also those that appear 

useless, but might be reactive to antigens to be encountered in 

the future (12). 

1901 

1951 

1959 

1970 

1970 

1979-84 

Table 5. 

Understanding Antibody Diversity 

Ehrlich 

Ha urowi tz 

Burnet 

Hood & Talmage 

Weigert et al 

Data from 
several labs 

Preformed receptors 

Antigen serves as template 

Clonal selection theory 

Germ line basis for antibody 
diversity 

Somatic diversification basis 
for antibody diversity 

Molecular genetics of Ig: 
multiple germline genes 
which undergo somatic 
rearrangement and 
hypermuta tion 

How is this accomplished? Two hypothesis have been proposed: 

- the germ line theory (13) has it that all the information 

required for antibody genes is stored in the zygote or germ 

line; 
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- the somatic theory ( 1 4) pro po s e s t h a t soma t i c m uta t i 0 n 0 r 

recombination generates functional variants of antibody 

genes. Thus antibody diversity arises in large part anew in 

each individual during its development. 

Protein and gene sequencing experiments have provided the 

definitive information on how antibody diversity is generated 

(15). Both of the above are true. The germ line provides 

considerable diversity, probably as many as 100 to 1000 genes. 

In addition, diversity is generated by random ano flexible 

recombination between the DNA segments that comprise the variable 

regions. There are two segments of DNA in the V region of light 

chains (V,J) and three in the VH regions (V,D,J). It has been 

calculated that with all the possible joinings of these DNA 

segments it is possible to generate 5 X 107 combinations (12). 

In addition, evidence of true somatic mutations has also been 

obtained (15). 

Given the enormous flexibility in the immunoglobulin gene system 

it becomes critical to have a mechanism for selection at the 

cellular level to construct a useful defense system for the 

organism. 

Antibody-producing cells mature in two steps (3), antigen

independent and antigen-dependent differentiation (Fig. 1). The 

antigen-independent stage includes proliferation and 

differentiation to produce individual lymphocytes with antibody 

receptor molecules on their surface, identical in specificity to 
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Z y;ote 

Immunocompetent 

sme l l lymphocytes 

Ant obody

sec refi"Q or 
memory cells 

~v-~~-v~~~v-v-~~~-v~~~~ 

Anto9en - o ndependent 
Oif ferent 1otion 

I. Somatic proliferotoon 

2 V ond C joonin; 

3 . Generotoon of diversitr? 

} 

Anti9en- dependent 
Oofferentootoon 

I. Clo nal expansion 

2. Generation of doversotr? 

Figure 1. A model of somatic differentiation of antibody-producing cells. Thi' model su~~ests 
that there are t\\·o stages of dnelopment-one antigen-independent that leach to unit differen
tiation and the other amigen-dependent that leads to clonal selection and amplificat ion . The 
different numbers signify the commitment of distinct lymphocytes to a different molecular 
species of antibodY . 

From L. Hood 

FIGURE 1. Antibody genes and other multigene families. 

the antibody these cells will eventually secrete. The second 

stage is the antigen-driven process of clonal selection, 

differention and expansion. It yields expanded clones of 

specific antibody-producing cells as well as specific memory 

cells that can be triggered to differentiate into specific 

antibody-producing cells by a second exposure to the same 

antigens. 
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6. T CELLS 

In order to simplify the subject an important element was left 

out of the discussion of B c e ll activation: the fact that the 

majority of B cells cannot be triggered to respond by nntigen 

alone, but that they require in addition, certain factors 

providen by helper T cells (16). This would not be all that 

complicated if one could assume that T cells are very much like B 

cells. That they have specific immunoglobulin receptors on their 

surface and that they are triggered to proliferate and differen

tiate by contact with specific antigen in accordance with the 

clonal selection process already described. Unfortunately this 

also, is not quite so simple. 

T cells are not able to be activated by antigen alone. In fact, 

there are many different T cell subsets with differing activation 

requirements. Most T cells, particularly those with cytotoxic or 

helper functiont manifest a dual specificity for both nominal 

antigen and for a product of the MHC. Thus activation takes 

place only when the T cell is presented with nominal antigen in 

the context of the appropriate MHC product (17). 

The T cell receptor continues to be a mystery. Even the question 

of whether the dual specificity ofT cells is due to two separate 

receptors, or a single receptor with dual specificity, is not 

entirely resolved (18). Undoubtedly, the antigen receptors of T 

cells are in some way related to immunoglobulin on the basis of 
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shared idiotypy. However, since not much more is known about the 

molecular structure of the antigen receptors of T cells, further 

discussion of this topic would not be productive in the present 

context. 

7. THE ROLE OF THE MHC 

The discovery that T cells respond to antigen only in an MHC-

restricted fashion has completely changed our notion ofT cell 

antigen recognition. Cytotoxic cells attack only targets that 

express allogeneic MHC antigens or targets that combine a nominal 

antigen with self class I MHC products (19). Helper T cells 

respond to antigen only when it is presented associated with 

products of the HLA-D region of the MHC (20). This function 

requires the participation of antigen-presenting cells which 

T CELL 

+---[----1----+ 
[ ] 

[ ] 

Ia - X 
X 

Nominal 
- Antigen 

+---------- - ----+ 

ANTIGEN
PRESENTING 
CELL 

FIGURE 2. HLA-restricted antigen presentation. 
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carry Ia-like antigens on their surface (Figure 2). The key 

feature is that triggering of T cells requires the presence on 

the surface of the antigen-presenting cells of both nominal 

antigen and a class II MHC product. The T cell receptor(s) 

determines the specificity. It selects the epitope of nominal 

antigen and the determinant of the MHC structure that will 

trigger a response. 

The value of such restriction of the T cell activation process is 

quite obvious. It is a mechanism that focuse~ the triggering of 

T c e ll activity in close proximi.ty to the surface of a target or 

an activating cell. While antibodies constitute effective 

defense against organisms or foreign substances located in the 

extracellular space, they are relatively inefficient against 

invaders that take residence within host cells. The T cell 

system was developed largely to cope with the problem of 

intracellular parasites. Virus-infected cells are killed by 

cytotoxic T cells which can function effectively only if they are 

triggered in close proximity to their target. The need for viral 

and self membrane-associated antigens accomplishes that strategy. 

The focusing of helper-cell activity to the surface of the 

antigen-presenting cells, where the machinery for antibody 

production can be assembled, achieves a similar effect. 

In inbred mice it was relatively easy to show that some animals 

made strong immune responses to certain antigens, of limited 

heterogeneity, while other strains of mice made very low or no 

responses (22). Control of such immune responses was founq to be 
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linked to the MHC and mapped to the I (immune response) region 

(23), which is equivalent to the HLA-D region of man. It is now 

clear that the I-region products, the class II molecules, are the 

products of the Ir genes. Low responses, or failure to respond, 

may be due to either a lack of T cells with the appropriate 

receptors, or to the effect of immunoregulatory influences. 

Immunoregulation will be discussed in the next section. 

While human antigen-specific HLA restricted T cell clones can be 

easily produced and studied in the laboratory, evidence for 

haplotype-associated defects in the T cell repertoire have not 

yet been clearly observed in man. In mice, it has been 

postulated (24) that "holes" in the T cell repertoire might arise 

when a response to self-plus-x, might trigger a harmful 

autoimmune reaction. In other words, such T cell clones would be 

eliminaterl or inactivated to prevent disaster. 

8. IMMUNOREGULATION 

The clonal selection theory held that the intensity of the immune 

response to a given antigen depends on the numbers of immunologic 

cells that bear receptors that bind the antigen. 

Unrespon siveness or tolerance reflects an absence of cells that 

bear appropriate receptors. However, by the early 1970's there 

were indications that reality was more complex and that the 

original clonal selection theory would require major revisions. 
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There were observations that infusion of T cells from donors 

unresponsive to a particular antigen into normal mice, rendered 

the recipient mice specifically unresponsive (25). The 

experiments indicated that absence of immunologic activity could 

reflect an active process. Also, analysis of graft-versus-host 

responses showed that the intensity of the reaction was 

determined not simply by the number of responding T cells, but by 

interactions among different types of lymphocytes (26). These 

observations, which established the existence of suppressor 

cells, led to efforts to make an analysis of the cellular 

interactions between different types of T cells that regulate 

immunologic reactivity (27). 

The discovery by Cantor and co-workers (28), of surface markers 

that identified different lymphocyte subsets, allowed the 

isolation of cellular components of the immune system and an 

analysis of their respective roles in the events that govern the 

intensity and type of the immunologic response. It was observed 

that the immune response is controlled in a highly precise manner 

by messages passed among at least three types of T cells: 

inducer cells, regulatory cells, and effector cells (29). The 

majority of immunologic c~lls are not effector cells but 

regulatory cells that respond to signals or messages generated 

from within the immune system itself. 

The inducer cells can activate a variety of effector cells, such 

as B cells, which make antibody, or monocytes and inflammatory 

cells that participate in delayed-type hypersensitivity. In 
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addition, they activate other T cells which emit inhibitory 

signals. The intensity of inhibition depends on the genetic 

background of the host, the nature of the antigenic stimulus, and 

the intensity and quality of the inducer signals. The observed 

~e6 

M'rrker I::et.Ectim FerCEnt ofT Pro}JJSErl 
r-Eth::.d cells W:i. th Fl,rction 

Mrrker 

(%) 

R:l:::.'ept:or for ~ 'lbtal T cell 
erythroc-ytes (E) Fbsettirg 100 ft.rction 

Ft ra::-eptor for I<;tl Fbsettirg ffi--70 l:'Elr;er/iml.L'er 
cytotoxic 

Ft ra::-eptor for I~ Fbsettirg 10-20 Sl...HXE'SS)r 

Histanine r~r a.Jrerm:::e 10-20 s_wess::>r 

'Ilil :imn..roflLDr~ 4()-{j() helr;er/iml.L'er 

'Il2 :imn..roflLDres:::m::::e 20-30 s_wess::>r, cytotoxic 

CKI'll :imn..roflLDrem 100 'lbtal T cell ft.n::tion 

CKI'3 :imn..roflLDres:::m::::e 85-95 'lbtnl T cell fuction 

CKI'4 (Leu 3) :imn..roflLDr~ :D-ffl hclr;er/in:1l.L'er 

00'8 (Leu 2) :imn..roflLDres:::m::::e 20-30 s_wess::>r, cytotoxic 

immune response depends on the relative potency and timing of the 

inhibitory signals relative to the potency and timing of the 

in~uctive signals that are passed to the effector cells, such as 

8 cells (30) . It is suggested that elimination of regulatory 
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cells, which participate in feec1back inhibition, can result in 

the development of autoimmune disease. 

Similar markers ofT cell subsets can also be identifiec1 in man 

(31,32) (Table 6). An extensive literature has developed based 

on the use of commercially-available antibodies to quantitate T 

cell subsets in every conceivable disease or condition. 

Unfortunately, often the users of such reagents have assume(! a 

simplistic interpretation of the subsets of lymphocytes 

identified by the available markers. Much of the published work 

in this field lacks sophistication. For example the T4 subset 

contains not only helper cells, but also inducer and suppressor 

cells {33), as well as cytotoxic cells against class II MHC 

antigens (34). The T8 subset contains at least suppressor and 

k i 11 e r c e l l s. Thus , when a s u b s e t de f in e d by these broad 

markers, is altered in number in a group of patients it is 

usually not clear which functional type of T cell is really 

affected. The problems are compounded even further when the 

results of such investigations are expressed as T4/T8 ratios. 

When results are expressed as ratios it is impossible to tell 

which of the two quantitations was abnormal. Furthermore, when 

patients are studied during the active stages of a disease, the 

alterations observed may be secondary to the disease process. It 

is unlikely that they reflect a primary alteration that bears a 

causal relationship to the development of the disease. A good 

case in point are studies performed in patients with SLE. 

Profound changes in T cell subsets are reported during active 

disease while similar patients studied when their disease is in 
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remission show essentially normal values. 

Smolen and coworkers recently published an excellent study of T 

cell subsets in 32 patients with SLE (35). The helper/inducer 

subset determined with antibody Leu 3a was normal in 9, 

decreased in 16 and increased in 7 of the patients. Only 10 

patients had abnormal percentages of the suppressor/cytotoxic 

subset determinant with Leu 2a. An attempt was made to correlate 

the Leu 3a/Leu 2a ratio with clinical features of SLE. All 8 

patients with low ratios had significant renal involvement. 

These patients also had a tendency to onset of SLE before age 20, 

presence of thrombocytopenia and reduction of Islet peripheral T 

cells. In contrast, patients with high helper/suppressor ratios 

tended to have development of SLE after 20 years of age, ann 

presence of multisystem disease, with lymphadenopathy, but were 

less likely to have involvement of the kidney. The largest group 

of patients (l fi /3 2) had normal helper/suppressor T cell ratios. 

They often had widespread SLE disease with CNS involvement as 

well as renal disease. No conclusions were drawn about the 

pathogenetic significance of the changes observed. 

One frequently reads speculations about failure of immune 

regulation a primary cause of autoimmune disease. However, 

diffuse nonspecific failure in the regulation of the immune 

response, although possible, is not likely to be a common event. 

Autoimmune disease is usually quite specific. Patients get 

thyroid disense, or thrombocytopenia, or myasthenia gravis, or 
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immune complex disease due to antibodies against native DNA. If 

failure of immunoregulation does play a role, as is very likely, 

it must be a specific failure of the regulation of the immune 

response to a given antigen, in a selective manner. 

At this point we reach the edge of knowledge in this field. It 

is becoming clear that in order to understand the pathogenesis of 

autoimmun~ disease, the specific lymphocyte subsets involved must 

be known in each case. The immunologic events may inclune a 

failure of immunoregulation leading to the development of an 

immune response that causes a specific lesion. In most cases, 

this will involve the participation of specific T cells, even 

when the eventual outcome is the production of auto antibodies as 

in the examples that will be discussed in the next two sections. 

The inducer T cells, and also some of the specific regulatory T 

cells, are almost certainly restricted by MHC determinants. Most 

of the diseases of this type appear to be associated with certain 

MHC haplotypes. Just how having a certain haplotype predisposes 

an individual to the development of a given disease, is one of 

the most interesting problems facing immunologists today (17). 

We think that perhaps susceptibility is conditioned by the T cell 

repertoire which is to some extent at least, MHC-haplotype 

dependent. 

9. AUTOANTIBODIES TO ENDOCRINE ORGANS 

A. Thyroid 

Autoimmune disease of the thyroid is the most typical and well 
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studied of the idiopathic autoallergic disorders (36). Both 

humoral and cell-mediated mechanisms are thought to be involved 

in the pathogenesis and genetically-determined factors, possibly 

controlling the immune response; appear to play a role. 

Clinically the autoimmune diseases of the thyroid include both 

goitrous and atrophic thyroiditis as well as primary 

thyrotoxicosis. Autoimmune thyroiditis is characterized by 

invasion of the gland by lymphocytes and presence of high titers 

of circulating antibodies against thyroid antigens. Several 

recent studies indicate that antibodies are largely produced by 

cells ·concentrated in the diseased organ (37,38). Cultures of 

thyroid lymphocytes were found to synthesize large amounts of 

microsomal and/or thyroglobulin antibody. 

In atrophic thyroiditis the gland is destroyed with resulting 

mixedema. In Hashimoto's thyroiditis with goiter, the gland 

appears to compensate for the destructive effect by formation of 

new thyroid tissue. 

Formation of four distinct auto-antibodies against normal 

constituents of thyroid tissue has been associated with 

thyroiditis: 

a) thyroglobulin antibodies 

b) antibodies against microsomal antigens 

c) Antibodies against second colloid component 

d) Antibodies to thyroid cell-surface antigens 
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Table 7. 

Autoantibodies to Thyroid Antigens 

Antigen 

Thyroglobulin 

Microsomal 

Second colloid 
(CA2) 

Th y r o i d c e 11 
surface 

Thyroxine 

TSH receptor 

Thy r o i d c e 11 
surface 

----------
Mod i f i e d f rom ( 3 11 ) • 

Properties 

Mainly IgG, also 
IgA, IgM, not C fixing 

IgG, complement fixing 

IgG, some IgA, does 
not f.i x C 

IgG and IgM 

IgG 

IgG 

IgG 

Function 

No clear function 

Cytotoxic, also ADCC 

None 

ADCC 

Binds and prevents 
hormone action 

May stimulate or 
inhibit 

Growth promoting 

----------

Graves' diseAse is associated with the production of thyroid 

stimulating antibodies. These aJ;"e IgG antibodies that bind to 

the TSH receptor and produce activation of the thyroid wjth 

resulting chronic oversecretion by the gland. 

In addition to the autoantibodies that stimulate thyroid 

secretion, antibodies that promote thyroid growth have been 

recently described (39) and their significance hns been reviewed 

( 4 0) • 
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The following immune effector mechanisms are thought to be 

operative in patients with autoimmune thyroid diseases: 

1. Cytotoxic T lymphocytes reactive to thyroid cell surface 

antigen; 

2. Antibodies against cell membrane antigens activate 

antibody depenrlent cellular cytotoxicity (ADCC); 

3. Complement-fixing antibodies may produce cytolysis by 

antivation of complement; 

4. TSH receptor antibody blocks receptor, causing 

hypothyroidism; 

5. TSH receptor antibody stimulates thyroid secretion; 

6. TSH receptor antibody promotes growth of the gland, 

producing goiter. 

B. Diabetes 

The autoimmune nature of the process that leads to island cell 

d e s t r u.c t i o n i n Type I d i abe t e s i s no t so we 11 e s t a b 1 i shed • 

However, the evidence in favor of this view is becoming more and 

more convincing (41). 

summarized here. 

Some of the main features will be briefly 

The histology of the islet cells, at the onset of disease, shows 

mononuclear cell infiltration with selective destruction of beta 

cells. The picture resembles other immunologically-mediated 

lesions, such as those of thyroiditis. 
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Association of type I diabetes with other autoimmune diseases, 

es pec ially other organ-specific autoimmune endocrinopathies such 

a s i d iopa thi c Ad d ison's dise a se, Graves' disease, Hashimoto's 

thyroiditis and pernicious anemia will be discussed further 

below. 

Association of type I diabetes with HLA-DR3 and HLA-DR4 is well 

establisheci. It suggests that "immune response genes" are 

so~ehow related to susceptibility for development of Type I 

diabetes. 

Table 8 

Autoimmune Nature of Type I Diabetes 

Feature 

Immunopathology 

Association with 
autoimmune disease 

Association with MHC 

Antibodi e s to islet cells 

Cell-mediated immunity 

Alteration in lymphocytes 

Findinss 

Lymphoid infiltration 

Addison's, thyroiditis, 
organ-specific antibodies, 
polyglandular failure 

HLA-DR3 and DR4 

Cytoplasmic and cell 
surface 

Some evidence in BB rat 
model 

Ia - bearing T cells 

Autoantibodies to islet cells of two main types have been 

described. Most of the early studies were performed by 

immunofluorescence on tissue sections and detected cytoplasmic 

antigens (42) . Such antibodies are found in 60-80% of type I 

30 



diabetes at the time of diagnosis and they decrease with time so 

t h a t only 2 0 % o r less o f the p a t i en t s rem a in po s i t i v e a f t e r 2- 5 

years. A recent study of nondiabetic monozygotic twins of 

diabetic patients showed that this antibody may appear many years 

in advance of eventual hyperglycemia in the second twin (43). 

Antibodies against islet cell surface antigens have also been 

detected in recent studies which made use of suspensions of live 

islet cells (44). Because they react with the cell surface, such 

antibodies are thought to be more likely to have a role in beta 

cell destruction. Indeed such antibodies have been noted to 

have cytotoxic activity, to be able to induce radioactive 

chromium release and to inhibit glucose- induced insulin secretion 

from suspension of living islet cells (45). 

Evidence is mounting that type I diabetes is a chronic disease of 

insidious onset, somewhat similar to other autoimmune disease 

states. The abrupt onset of hyperglycemia apparently does not 

occur until 90% of the islet cells have been destroyed. Given 

the available time, if methods can be perfected, the possibility 

of identifying individuals at risk and perhaps of preventing 

progression, by appropriate therapy, may be possible in the 

future (41). 

C. Polyglandular failure 

In some diseases such as myasthenia gravis or Hashimoto's 

thyroiditis the autoimnune response is predominantly organ-
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specific. In other diseases, such as systemic lupus 

erythematosus, the autoantibodies produced react with components 

of most tissues (such as DNA or RNP). Finally, there is a group 

of conditions where the autoimmune response, though organ 

specific, i s broad, involving several different organs. An 

example of this last group is polyendocrinopathy or polyglandular 

failure. For example, in patients with polyendocrine diseases, 

autoantibodies have been found that react with the pancreas, 

thyroid, pituitary, and gastric mucosa. Clinically, these 

patients tend to have combinations of diseases involving multiple 

endocrine organs, as well as certain other features such as 

vitiligo or sometimes candidiasis. A typical constellation Might 

be Graves' disease, pernicious anemia, and myasthenia gravis. 

Many of the individual illnesses of the polyglandular failure 

syndrome such as myasthenia gravis, type I diabetes, or Graves' 

disease have an increased frequency of certain HLA antigens. 

Eisenbarth and coworkers (46) evaluated eleven patients with the 

polyglandular failure syndrome. Seven had hypothyroidism, 3 had 

hypogonadism, Graves' disease existed in one, Addison's disease 

was present in 7, 6 had pernicious anemia, one myasthenia gravis, 

one hypoparathyroidism and 4 had diabetes (Table 9). The gene 

frequencies of HLA-88 and the Al,BB haplotype were increased in 

this group of patients as compared with a control population. Of 

interest also was that 11 of 42 relatives were similary affected 

by a polyglandular failure illness. 
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Features 

Hypothyroid 

Hypogonad 

Graves' disease 

Addison's disease 

Pernicious anemia 

Myasthenia gravis 

Hypoparathyroid 

Type I diabetes 

HLA-Al 

HLA - 88 

Table 9 

Polyglandular Failure Syndrome* 

Patients 

1 2 3 4 5 6 7 

+ + + + + + 

+ + 

+ + + + 

+ + + + + 

+ 

+ 

+ + + 

+ + + 

* Modified from (46). 

8 9 10 11 

+ 

+ 

+ 

+ + + 

+ 

+ 

+ + 

+ + 

+ + 

Valenta and coworkers (47 ) recently reported a family in which 44 

members, in four generations, had various combinations of 

Addison's disease, hypothyroidism, diabetes, nnd ovarian failure. 

Two cases of scleroderma also existed in this family. All of the 

diseased i nd i v id ua l s had inherited the HLA-88 antigen. None of 

the 88-negative family members developed autoimmune disease in 

spite of the fact that some of them had circulating 

autoantibodies in their serum. 
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Rec e ntly it has become possible to produce monoclonal antibodies 

by somatic cell hybridization of human B cells from patients with 

autoimmune disease. Satoh and coworkers (48) reported that they 

had produced autoantibody-producing hybridomas from the 

peripheral lymphocytes from patients with diabetes and other 

associated autoimmune abnormalities. Nine human hybridomas 

synthesized autoantibodies and 7 of the 9, were reactive with 

m u l t i p 1 e o r g a n s. They r e a c ted w i t h an t e r i o r pi t u i t a r y , thy r o i d 

follicles, gastric mucosa, and pancreatic islet cells. In 

addition some of them also reacted with cytoskeletal elements of 

human embryo fibroblasts and HeLa cells. 

The high proportion of autoantibody-producing hybridomas that 

react with multiple organs suggests that multiple-organ-reactive 

autoantibodies are common. The fact that they react with some of 

the same organs that serum from patients with polyendocrine 

disease reacts with, is of interest. Such antibodies should make 

it possible to identify the autoantigens involved in patients 

with polyglandular failure. 

10. AUTOANTIBODIES TO NUCLEAR ANTIGENS 

I have chosen to end this discussion with an examination of 

autoantibodies to nuclear antigens that develop in patients with 

systemic lupus erythematosus and related diseases. The 

astounding variety of autoantibodies produced in this group of 

patients (49) requires perhaps more extensive treatment than can 
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be devoted today. However, there are a number of good reasons 

why these antibodies should be included. In systemic lupus 

erythematosus the autoantibodies against native-DNA constitute 

useful markers of disease activity and of propensit y toward the 

development of renal disease. Autoantibodies to Sm antigen 

appear to identify a subset of SLE patients. Antibodies to 

nuclear ribonucleoprotein (nRNP) are associated with a clinically 

distinct group of patients with mixed connective tissue disease 

(MCTD) . Antibodies against two other small ribonucleoprotein 

have turned out to be extremely interesting. Most notewo~thy is 

the antibody called Ro (or SS-A ) that reacts with a small 

ribonucleoprotein that is predominantly cytoplasmic. Antibodies 

against Ro have been found to be associated with the development 

of neonatal lupus erythematosus and with congenital heart block. 

Additional antibodies are of interest because of their 

predominant association with scleroderma (scl-70), the CREST 

syndrome (anticentromere), or with polymyositis (PM-1). 

Antibodies to DNA 

Since the discovery of the LE phenomenon, and the development of 

the immunofluoresence technique for the determination of 

antinuclear antibodies, autoantibodies against nuclear 

constituents have been closely associated with our understanding 

of SLE (50). Antibodies against DNA generally fall into two 

major classes. One which recognizes determinants on double 

stranded DNA (dsDNA) and single stranded DNA (ssDNA). The other, 

which recognizes antigenic determinants exposed on ssDNA only. 
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Antibodies reactive with ds/ssDNA are usually referred to as 

antibodies to native-DNA. They occur in high titer only in SLE 

and are an important cause of lupus nephritis. Complexes of DNA

anti - DNA have been observed in serum and deposited in the kidneys 

of such patients. The presence and titer of antibodies to native 

DNA appears to correlate clinically with SLE activity. Together 

with the measurement of levels of circulating complement (CHSO) 

a n d c om p l em en t c om pone n t s { C 3 , C 4) , d e t e r m i n a t i on o f a n t i bod i e s 

against dsDNA are used to follow the course of SLE patients and 

as a guide for treatment. 

Antibodies to determinants of ssDNA only, can be found in SLE as 

well as in other diseases. Of interest also are antibodies 

against nuclear histones. They have been observed in about 30% 

of patients with SLE and in virtually all patients with SLE 

induced by drugs such as hydralazine or procainamide. 

Autoantibodies to Sm and to nuclear ribonucleoprotein (nRNP) 

Extracts of nuclei contain several distinct antjgens against 

which autoantibodies can be produced. The generic name anti-ENA 

describes a group of antibodies which were found to 

hemagglutinate red cells sensitized with extractable nuclear 

antigen (ENA). Eventually it became clear that two main antigens 

could be detected by this technique: the ribonuclease-sensitive, 

nRNP antigen, and a ribonuclease-resistant antigen, Sm (51). 

These antibodies are also commonly studied by immunoprecipitation 

in double diffusion. 
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The Sm antibody originally described by Tan and Kunkel (52), was 

found to be unique to SLE, where it is found in 25-20% of the 

patients. 

Antibody to nRNP can be found in SLE in approximately 30-40% of 

the patients, but it is present in 95-100% of patients with mixed 

connective tissue disease (MCTD). Thus high titer anti-nRNP is a 

marker of MCTD where it is present without any of the other 

antibodies commonly found in SLE (such as anti-dsDNA, anti-Sm, 

etc.) (49). It can be found in low titers in some patients with 

other conditions such as scleroderma or Sjogren's syndrome. 

Clinically, patients with MCTD selected on the basis of high 

titer anti-nRNP in the absence of other nuclear autoantibodies, 

have been found to have polyarthralgia or arthritis, Raynaud's 

phenomenon, hypergammaglobulinemia, problems with esophageal 

mobility and myositis (51). In other words, an overlap of 

certain features of lupus scleroderma and polymypsitis. Another 

feature of this group of patients is that they generally obtain 

a beneficial response after treatment with corticosteroids. 

Antibodies to Ro (SS-A) and La (SS-B) 

There are still other antigens, present in large enough amounts 

in tissue or cell extracts, to precipitate with the corresponding 

autoantibodies from sera of certain lupus patients. Ro has been 

shown to be immunologically identical to SS-A and La to SS-B 

(5 3 ) . The SS designations refer to the fact that these 
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Table 10 

Antibodies to Nuclear Antigens* 

Antigen 

ds DNA 

ds/ss DNA 

ss DNA 

Histone 

Sm 

nRNP 

Ro (SS-A) 

Scl-70 

Centromere 

PM-1 

-----------
* Modified from (49). 

Clinical Association 

SLE, rare 

Active SLE, 60-70% 

SLE and other rheumatic diseases 

Drug LE (95-100%), RA (15-20%), 
SLE (30%) 

SLE (30-40%) 

MCTD (95-100%), low titer in some SLE, 
scleroderma 

Sjogren's, SCLE, neonatal lupus, 
congenital heart block 

Scleroderma (15-20%) 

CREST (70-90%) 

Polymyositis 

antibodies were observed with high frequency iri serum of patients 

with Sjogren's syndrome. Like Sm and nRNP, Ro and La are 

antigens on small particles comprised of protein and RNA (54). 

Anti-Ro antibodies react with determinants of small 

ribonucleoproteins which are predominantly cytoplasmic. Anti-La 

reacts with ribonucleoprotein particles which contain numerous 

small cellular RNA's. In addition, anti-La antibodies 
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immunoprecipitate RNP particles containing Epstein-Barr virus 

encoded RNA from EBV infected cells, and adenovirus encoded RNA 

from adenovirus infected cells. 

Ro particles bear both the Ro and the La determinants, thus Ro is 

a subset of La. Small cytoplasmic RNP's have recently been 

a s s i g ned r o 1 e s r e 1 ate d to prot e in s yn the s i s i n mammal i an c e 11 s. 

It is thought that similarly, Ro RNA's might play a role in 

translation or transport of proteins specified by certain nRNA's. 

Antibodies to Ro has become of special interest recently because 

they have been detected in sera of mothers and infants with 

neona ta 1 1 up us. 

The prevalence of anti-Ro in SLE ranges between 25 an~ 30%. 

Clinically, except for the presence of an increased frequency of 

photosensitivity and of rheumatoin factor, patients with Ro 

antibodies did not differ from other SLE patients (49). 

It has been suggested that complexes of Ro and anti-Ro antibodies 

may play a role in the pathogenesis of SLE nephritis in some 

patients (55). This was based on a study of two patients who 

developed diffuse SLE renal disease in the absence of antibodies 

against native DNA. Maddison and Reichlin (55) obtained acid 

eluates of kidney tissue and demonstrated the presence of anti

Ro, present in much higher concentration in the kidney than in 

the serum. 
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Provost and coworkers (56) have described a group of SLE patients 

in whom the ANA test, performed in the usual manner is negative, 

and who had a high frequency (62%) of anti-Ro antibodies. 

Clinically this group of patients tended to have photosensitive 

skin rash. 

Subacute cutnneous lupus erythematosus (SCLE) was described by 

Sontheimer and coworkers (57-59) using a well defined skin rash 

to characterize a distinct subset of lupus patients. This group 

of patients had a remarkable, usually photosensitive, subacute, 

non-scarring, lupus skin rash. They also had a high frequency 

(63%) of anti-Ro antibodies (59). HLA-DR3 was found in 20 of 26 

patients (77%) compared to 22% in controls (58). 

Neonatal lupus erythematosus is a rare, t-ransient disease 

characterized by annular skin lesions (56, 60, 61). The lesions 

may be present at birth or develop shortly thereafter. They 

generally h.eal and disappear by the age of six months, although 

residual hypo- or hyperpigmentation may persist. Histologically 

the skin lesions show characteristic features of lupus 

erythematosus. The syndrome may also be associated with cardiac 

cond uc ti on de fee ts (15 2). The conduction de fee ts may occur in the 

absence of cutaneous disease and are considered secondary to 

carditis and fibrosis of the atrial septum in the region of the 

cardiac conduction pathway. Mothers of these infants may be 

asymptomatic, but they usually have anti-Ro antibodies which are 

passsed across the placenta to the fetus. 

40 



Lee and coworkers (63) recently reported on seven infants with 

neonatal lupus in six families which were studied by HLA typing. 

All seven infants had transient cutaneous lesions, congenital 

heart block, or both. Five of six mothers were asymptomatic and 

one had Sjogren's syndrome. Six of seven infants and all six 

mothers had antibodies to Ro in their sera. The infants became 

seronegative by age 8 months. Five mothers were positive for 

HLA-DR3, no HLA associations were seen in the infants. It was 

concluded that HLA-D region genes may be associated with 

autoantibody production but not with the other events in tissue 

injury. 

The relation between congenital heart block and maternal 

connective tissue disease was further investigated in a study by 

Scott and colleagues (62), who obtained serum specimens from 21 

patients and 41 mothers. Anti-Ro was found in 34/41 mothers 

tested and in 7 of 8 serum specimans collected from affected 

children when they were less than three months old. It was 

concluded that anti-Ro serves as a marker for the risk of iso

lated congenital complete heart block. The evidence is strong 

that this antibody is the cause of the lesion but it is also 

possible that a closely related antibody, as yet unidentified, 

caul d be r espons i bl e. 

11. CONCLUSION 

The immune system carries out its function of protecting the 
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individual through a complex evolutionary mechanism which is 

practised over and over again in each member of the species. 

Discrimination between self and nonself is accomplished through 

the recognition structures of the MHC which exist on the surface 

of cells. Antibody diversity is generated through both 

evolutionary (germ line) and somatic means. Something similar 

must apply also to the receptors of T cells, but the details 

remain to be worked out. A complex network 6f amplifying and 

inhibitory signals regulates the quantitative expression of 

immunologic activity and determines the end result at the 

effector level. 

Derangements in this complex system can result in disease. The 

abnormality can consist of inappropriate, excessive, effector 

activity, resulting in tissue damage, or of insufficient 

responsiveness, resulting in immune failure. Autoimmune diseases 

involve the development of a specific immune response directed 

against self antigens which results in tissue lesions or 

impairment of function. 

The patterns of autoimmune disease involving the thyroid, the 

autoimmune component of type I diabetes and the syndrome of 

polyglandular failure were discussed as examples of organ

specific autoimmunity. A variety of autoantibodies are produced 

against nuclear antigens. Of particular interest are antibodies 

against small ribonucleoprotein particles (anti-Ro) which are 
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markers for subacute cutaneous lupus, neonatal lupus, and 

congenital heart block. The immune response to this autoantigen, 

but not the development of tissue lesions, appears to be 

associated with immune response • genes of the main 

histocompatibility complex. 
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