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Autoantibodies of the IgM, IgG and IgA classes, reactive with a variety 
of serum proteins, cell surface structures and intracellular structures, are 
'naturally' found in all normal individuals. Present in human cord blood 
and in 'antigen-free' mice, their variable-region repertoire is selected by 
antigenic structures in the body and remains conserved throughout life. 
Encoded by germline genes with no, or few, mutations, natural autoantibodies 
are characteristically 'multireactive' and do not undergo affinity maturation 
in normal individuals. Natural autoantibodies may participate in a variety of 
physiological activities, from immune regulation, homeostasis and repertoire 
selection, to resistance to infections, transport and functional modulation of 

biologically active molecules. 
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Introduction 

The designation of  natural antibodies (NAbs) is currently 
given to antibodies, circulating in normal individuals, 
that have been produced in the absence of overt 
specific antigenic stimulation. Natural autoantibodies 
(NAAbs) have generally been considered to consist 
of  IgM inmmnoglobulins encoded by gernfline genes 
displaying 'nmltireactivity' but low affinity towards a 
wide range of antigens, particularly cytoskeleton, nuclear 
proteins and DNA. NAAb production was thought to be 
driven by cross-reactivities with environmental antigens, 
or by non-specific mechanisms accompanying immune 
responses, or else, to represent spontaneous, non-specific 
'leakage' of  terminal B-cell maturation. Although several 
biological roles have been proposed for NAAbs, there 
is, to date, no general agreement on their putative 
functions. The sum of observations accunmlated over 
the past few years, however, imposes some corrections 
in that definition and general properties. The aim of 
this review is to summarize the characteristics and 
properties of natural autoantibodies and to briefly discuss 
the boundaries between physiologic autoreactivity and 
autoimmune disease. 

Selection of natural antibody reactivities 

As human cord blood contains NAAbs of  similar 
reactivities to those found throughout life [1°'], and as 
gem>free and 'antigen-free' mice produce NAAbs that 
are very similar to those found in conventionally bred 
animals ([2]; Haury et al., personal comnmnication), 

it can be concluded that NAAb production can 
proceed independently of cross-reactivities with exter- 
nal antigens and non-specific mechanisnls associated 
with immune responses to environmental stimulations, 
although these may enhance their production [3]. 
Observations in immunoglobulin transgenic mice that 
express the transgenic antibody in most B cells, but 
nevertheless select NAAb repertoires that are very 
similar to those of non-transgenic littermates [4], have 
demonstrated that NAAb production does not represent 
non-specific, antigen-independent 'leakage' of terminal 
B-cell differentiation, but the result of selection processes 
dependent on the variable (V) region[5]. This notion 
is directly supported by analyses of NAAb reactivity 
repertoires. Thus, V-region dependent selection of 
NAAbs has been demonstrated by establishing that their 
repertoires differ significantly from those of resting B 
cells m the same normal individual [6,7]. In addition, 
nmltiparametric analyses of the reactivities of NAAbs 
have shown that these repertoires are extremely con- 
served [1°',2,8,9",10,11"1 and predominantly directed 
at a set of evolutionarily conserved (auto)antigens [10]: 
features that indicate a stringent selection. 

The above observations support the alternative no- 
tion that NAAbs are a manifestation of physiological 
autoreactivity expressed in healthy individuals, and 
represent normal responses to self-antigens [12-14]. 
NAAbs, therefore, would not be produced in the 
absence of antigenic stimulation, as they are selected 
by autologous antigenic ligands that are constantly 
present. Accordingly, NAAb reactivities to self-anti- 
gens other than the 'classical' intracellular components 
(DNA, nuclear and cytoskeleton proteins), such as 
serum proteins and cell surface structures, continue to 
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be identified [10,15",16,17",18,19]. Other observations 
have also indicated, however, that NAAb repertoires 
are biased towards a set of autoantigens and unequally 
distributed over the somatic self [1%8,9"]. The notion 
that a conserved set of  natural reactivities is directed at 
a limited part of  all self structures has previously been 
proposed for autoreactive T-cell repertoires, that would 
compose a distorted representation of the antigenic self, 
designated by 'immunological homunculus' [20]. 

This hypothesis poses two questions about the mech- 
anisms of  selection of  NAAb repertoires, and the 
physicochemical basis of  their reactivity. First, if NAAb 
production follows the simple rules of V-region selection 
by autoantigens, why would a whole set of autologous 
antigens be less well, or not at all, perceived? Second, 
given that NAAbs are characteristically 'multireactive' 
with a variety of  self and foreign antigens [7,21"%22-26] 
how is it possible that they score negative on a 
class of  other (auto)antigens? Clearly, more information 
beyond sequence data [21",27",28"] is needed on the 
physicochemical basis of 'multireactivity', particularly 
on the structure of  complexes of NAAbs with the 
corresponding ligands. It is a consistent finding that each 
monoclonal 'natural' antibody, in spite of  the common 
denominator of  extensive nmltireactivity, is unique in 
its range of  reactivities [29]. Apparent biases in NAAb 
reactivities measured in whole serum, however, may 
also result from complex interactions among the NAAbs 
themselves [30-34], and with serum antigens. The 
selection of NAAb reactivities is probably more complex 
than the mere binding of  autoantigen to self-reactive B 
cells. 

Is the induction of natural autoantibodies 
dependent on T cells? 

The view that NAAbs represent normal antibody 
responses to self-antigens is also supported by the 
old and recent evidence that, in normal individuals, 
natural autoreactivities are found among serum IgM, 
IgG and IgA isotypes [2,9",23,35-37]. This would 
suggest that NAAb production and selection is generally 
dependent on T cells, as actually demonstrated for some 
specificities [38,39], although other evidence indicates 
that IgM NAAb production proceeds at control levels 
in animals deficient in T cells [40"]. Mechanisms of  
T-B cell collaboration resulting in NAAb production 
may involve T cells of  unrelated specificities. However, 
a number of reports have described autoreactive T 
cells in normal individuals (see [20]), and there is 
increasing evidence that T cell dependent tissue-specific 
inflammatory autoimmune aggression is 'regulated' by 
CD4 T cells of the 'helper' functional phenotype [41]. 
Self-reactive helper T cells would thus be available in 
normal individuals to drive NAAb production, and their 
reactivity repertoires could partly deternfine those of  
NAAbs, explaining the MHC-linked control of  NAAb 

repertoires ([42]; R Vasconcellos, M Haury, A Nobrega, 
G Bordenave, A Coutinho, unpublished data). In some 
cases at least, NAAb production results from specific and 
linked interactions between T and B cells, similar in all 
respects to those described for conventional responses 
[43]. 

To consider the activation ofNAAb-secreting B cells as a 
conventional T cell dependent antigen-specific response, 
however, raises some other issues. There is ample 
agreement that NAAbs in healthy humans and mice 
are encoded by genes that have not undergone extensive 
somatic mutations and affinity maturation, as is the case 
with antigen-driven T cell dependent antibody responses 
in conventional immunizations. Incidentally, lack of 
affinity maturation could explain the fact that NAAbs 
are characteristically 'multireactive' and 'connected', as 
opposed to the 'monoreactivity' of typical 'imnmne' 
antibodies. If NAAbs in normal individuals represent 
a 'conventional' T cell dependent imnmne response 
to self, why should the corresponding B-cell clones 
fail to undergo affinity maturation, somatic mutation 
and antigen selection ? This is a central point, for it 
could be at the origin of  the difference between nor- 
real, physiological autoimmunity and disease-associated 
processes. Thus, it has been established mostly through 
the work of Weigert and colleagues [44-48], that 
typical disease-associated autoantibodies undergo affinity 
maturation by antigen selection, following extensive 
somatic nmtation. 

A related question concerns the production of NAAbs 
of the IgG and IgA isotypes. Although animals deprived 
of environmental antigens contain control levels of 
serum IgM, they produce little or no IgG and IgA 
[49]. However, analysis of the reactivity repertoires of 
natural IgG autoantibodies shows extensive similarities 
with those of IgM NAAbs [2,9"] and a similar 
conservation throughout life, in contrast with the 
progressive individual variability in the IgG reactivities 
towards bacterial antigens [9",11"]. As 'antigen-free' 
nfice contain surface IgG + splenic B cells at control 
frequencies [49], it would appear that imnmne responses 
to foreign antigens are necessary to activate secretion of 
IgG NAAbs by cells that had previously 'switched' (but 
not driven to further selection and terminal maturation) 
upon selection by autoantigens. 

There are, at present, no answers to these central 
questions. One hypothesis invokes regulatory controls 
that would suppress collaboration between B and T 
cells and B-cell responses beyond IgM secretion. The 
suppressive mechanisms could involve regulatory T cells 
[50,51], the network of natural antibodies themselves 
[12,13,31-33,52°,53,54], or both. Alternatives include 
intrinsic defects of  autoreactive B cells constantly 
exposed to antigen, and deficits in autoreactive B-cell 
persistence in germinal centers [55-57]. The latter 
hypotheses, however, are to be taken with caution for 
they were derived in transgenic models using 'secondary' 
highly nmtated and selected antibodies (rather than 
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germline specificities as they are expressed in normal 
individuals). However, the genetic defect in apoptotic 
mechanisms that characterizes lpr mice [58] does not per 
se produce autoimmune disease [59], but it results, if T 
cells are present, in hypermutation and antigen selection 
of NAAb-producing B cells [45-47] and pathological 
autoimmunity. 

Natural autoantibodies in health and disease 

NAAbs are a characteristic feature of  normal immune 
systems, and therefore cannot be taken as a criterium 
for discriminating health and disease. If, in some cases, 
specific autoantibody titres correlate with the presence 
and severity of  autoimmune disease, in other instances 
neither the concentrations nor the paratopic specificities 
of NAAb reactivities differentiate between healthy 
and autoimmune individuals. The same applies to 
antigen-specific serum autoantibody isotypes, idiotypes, 
reactivities to various epitopes on the autoantigen, 
respective heavy or light chain genes, or even their 
average avidity. In addition, the titres and reactivity 
profiles of  NAAbs are often altered in diseases that 
are apparently unrelated to the immune system [10]. 
This whole body of evidence, while accommodating 
extensive clonal deletion in the NAAb-producing B 
cell repertoire [7,60,61",62], does seem to exclude that 
self-tolerance at the B-cell level is ensured by deletion 
of  all productive autoreactivities. 

However, the literature abounds with descriptions of 
novel autoantibody reactivities selectively associated 
with autoimmune conditions. Although most of these 
observations will have to await confirmation, the 
presence of  disease-associated AAbs that are not found 
in normal individuals would suggest abnormal selection 
of  autoantibodies at the level of  'primary' repertoires 
and IgM production. This view requires the basic 
understanding of why some germline autoantibody 
reactivities are associated with pathology and others 
not, and further knowledge on the mechanisms select- 
ing NAAbs in healthy individuals and their putative 
deviation in disease. An alternative view is that the 
hallmark of disease-associated autoantibodies is affinity 
selection by autoantigen and multiple somatic mutations 
[45-47,63"] that would allow to demarcate physiologic 
and pathologic autoimmunity. In this case, diseased and 
healthy individuals could express the same 'primary' 
autoantibody repertoires, and autoimmune pathology 
would actually 'build upon' physiological and productive 
autoreactivity. Failure to distinguish between self and 
non-self antigens would thus concern the mechanisms 
that normally preclude antigen-driven affinity matura- 
tion of autoantibody-producing B cells, but not the 
selection and activation of autoreactive IgM clones. 

Available evidence would caution to fully accept that 
dichotomy. Unmutated NAAbs may as well be associated 

with disease [64], and mutated NAAbs have been 
identified in normal individuals [65]. It is likely that 
disease development is far more complex than what can 
be accommodated in general models. On the other hand, 
independent of  the level at which NAAb selection or 
regulation differ in pathological and normal conditions, 
it is likely that NAAb repertoires will always be altered 
in autoimmune diseases. It follows that, in principle, it 
is possible that appropriate (sufficiently global, detailed 
and quantitative) descriptions of  NAAb repertoires will 
reveal systematic disease-specific patterns. The current 
limitations in serological diagnostic and/or predictive 
tests in autoimmune diseases are likely to be overcome 
by appropriate methodological developments. 

Biological roles of natural autoantibodies 

Recent publications [66-69] have described essentially 
all postulated biological roles of  NAAbs: removal of 
senescent/altered self-molecules, cells or tumors [66]; 
participation in the natural defences against infectious 
agents [67,68], and the notion that natural antibodies are 
the original reactivities from which 'immune antibodies' 
are derived, by mutation and further selection [69]. 
The latter hypothesis implies that the whole available 
repertoire of antibodies, expressed by small B cells, is 
represented in NAAbs. This is not the case, for some 
antigens at least (S Avrameas, A Nobrega, unpublished 
data). Additional roles for NAAbs have been suggested 
by the observations that NAAbs may display enzymatic 
activities [70-72], that they serve as 'carriers' for other 
biologically active molecules, such as cytokines [17°], 
and that NAAbs and the respective producer cells may 
be fundamental in transporting and presenting antigens 
for T-cell stimulation [73°']. 

Several types of  evidence indicate a role for NAAbs in 
immune regulation. The identification of  NAAbs that 
bind cytokines [17",74] or their receptors opens the 
possibilities that circulating antibodies participate in their 
transport, influence their half-lives in circulation, and 
modulate functional activities. Natural IgG antibodies 
affect the numbers of  pre-B and B cells in bone marrow 
[75], suggesting physiological feed-back regulation of 
B-lineage cell production by circulating NAAbs, as a 
general mechanism of  immune homeostasis [76]. Im- 
portantly, regulation of  B-cell production by NAAbs is 
V-region specific [77], suggesting its physiological roles 
in repertoire selection. Furthermore, it has been shown 
that administration of  pooled natural immunoglobulins 
results in the activation of  IgM and IgG secretion of 
NAAb reactivities in animals and humans, again in a 
V-region specific manner [78,79]. Moreover, NAAb 
infusions at high dose have also been described to 
activate [78] or suppress [80] T cells, and modulate 
effector functions [53], such as lymphokine production 
[81°]. In this area, much emphasis has been given to 
the therapeutic effects of natural IgG preparations in a 
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variety of autoimmune diseases [53], including T cell 
mediated conditions [82°,83]. Interestingly, monoclonal 
NAAbs, if given early on in life, have also been shown 
to suppress T cell dependent autoimmune diseases, while 
modifying the expressed antibody repertoires [84"]. 
Although an array of distinct mechanisms, including 
anti-inflammatory activities of  some NAAbs [85,86] may 
well be at play in different conditions, it has been 
suggested that short-term effects of  IVIg are mediated 
by direct neutralization of  'pathogenic' autoantibodies 
or T cells by 'anti-idiotypes' in IVIg, whereas long-term 
effects, when present, would represent IVlg-dependent 
modifications in the selection of natural autoantibody 
repertoires [53,75,77]. 

General relationships between NAAbs and natural 
tolerance have been suggested for quite a few years 
[10,12-14,87]. The minimal hypothesis considers that 
NAAbs are the price to pay for ensuring 'self tolerance' 
and have no other biological function. Autoreactive 
B cells that escape clonal deletion but display suf- 
ficient self-affinity to be induced, are activated into 
a compartment submitted to stringent regulation (by 
'connectivity'?) and inhibited from engaging in clonal 
expansion and affinity maturation [88]. Other models 
invoke an immune network to consider either the 
global selection and maintenance of  antibody repertoires, 
or else, the localized expression of  connectivity with 
anti-idiotypes to autoantibodies and 'internal images' 
of self antigens. Alternatively, NAAbs, by covering the 
appropriate epitopes, would functionally 'blind' the 
normal immune system to exogenous antigens that 
cross-react with self [89]. 

More speculative considerations have addressed the role 
of  NAAbs in the homeostasis of  other biological systems 
in the body [90]. As NAAbs exist that react with 
a variety of  mediators and their receptors (cytokines, 
hormones, coagulation factors, etc), NAAbs could 
constitute a general homeostatic system that 'buffers' 
rapid changes in the concentrations of biologically active 
molecules and messangers. 

C o n c l u s i o n s  

The understanding of  the functions and significance of  
natural autoantibodies should have consequences on our 
views on the function and evolutionary significance 
of the immune system, namely, by indicating that the 
immune system is somatically selected to fail to recognize 
self. It should also influence our approaches to the 
understanding of the mechanisms of  emergence and to 
treatment strategies of  autoimmune diseases. 
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