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Abstract

Current immunological opinion disdains the necessity to define global
interconnections between lymphocytes and regards natural autoanti-
bodies and autoreactive T cells as intrinsically pathogenic. Immuno-
logical theories address the recognition of foreignness by independent
clones of lymphocytes, not the relations among lymphocytes or be-
tween lymphocytes and the organism. However, although extremely
variable in cellular/molecular composition, the immune system pre-
serves as invariant a set of essential relations among its components
and constantly enacts contacts with the organism of which it is a
component. These invariant relations are reflected, for example, in the
life-long stability of profiles of reactivity of immunoglobulins formed
by normal organisms (natural antibodies). Oral contacts with dietary
proteins and the intestinal microbiota also result in steady states that
lack the progressive quality of secondary-type reactivity. Autoreactiv-
ity (natural autoantibody and autoreactive T cell formation) is also
stable and lacks the progressive quality of clonal expansion. Specific
immune responses, currently regarded as the fundament of the opera-
tion of the immune system, may actually result from transient interrup-
tions in this stable connectivity among lymphocytes. More permanent
deficits in interconnectivity result in oligoclonal expansions of T
lymphocytes, as seen in Omenn’s syndrome and in the experimental
transplantation of a suboptimal diversity of syngeneic T cells to
immunodeficient hosts, which also have pathogenic consequences.
Contrary to theories that forbid autoreactivity as potentially patho-
genic, the physiology of the immune system is conservative and auto-
reactive. Pathology derives from failures of these conservative mechan-
isms.
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Introduction

Current immunological theories are based
on the belief that: a) the immune system is
composed of independent clones of lympho-
cytes which are generated at random; b)
immunological activity consists of the ex-

pansion of specific clones in response to
eventual contacts with foreign materials;
immunological memory is generated in the
same process; ¢) the responsiveness to body
components is generally inhibited; d) there is
an immense variety of pathological mechan-
isms and, thus, it is hopeless to search for a
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common denominator of immunopathology.

Contrary to these convictions: a) stable
and previsible regularities, which cannot
derive from random mechanisms, are pres-
ent in the reactivity of immunoglobulins
formed by normal organisms (natural au-
toantibodies) (1); b) these global patterns of
reactivity change in autoimmune diseases
(2,3) and severe forms of chronic parasitic
diseases (4,5) in ways that cannot derive
from unconnected specific immune responses
to autoantigens or parasite antigens; c) abun-
dant physiologic reactivity to body compo-
nents is demonstrable in both B (1) and T
lymphocytes (6,7), and d) oligoclonal ex-
pansion of T lymphocytes, as we will dis-
cuss, may be a common denominator of a
variety of, or maybe all, manifestations of
immunopathology.

Obijective

In this essay we have two objectives. The
first is to formulate a question, rather than to
supply answers to traditional questions. The
question is: What must we observe to agree
that we have reached an explanation of im-
munological phenomena? - not a particular
phenomenon, but all of them, as a class of
biological phenomena. Second, we want to
suggest that immunopathology derives from
derangements in lymphocyte connectivity
rather than from antigen-driven specific im-
mune responses.

Explanations

What must we observe to agree that we
have reached an explanation of immunologi-
cal phenomena? An explanation must con-
tain a generative mechanism, i.e., a set of
components and relations among these com-
ponents, which operate to generate the phe-
nomenon or the entity we want to explain
(8). Which components, what set of relations
must we observe to be able to say that a
vertebrate organism has an immune system -
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a kind of system which is absent in inverte-
brate animals or plants?

Immunologists consensually agree that
lymphocytes displaying clonally expressed
receptor molecules with variable regions are
essential components of immune systems.
The presence of lymphocytes, therefore, is a
marker of immunological activities. But do
these lymphocyte clones act alone, inde-
pendently from each other and from the or-
ganism? Or do they act in consonance among
themselves and between themselves and the
organism? If they act harmonically, how are
these connections assembled in a system
able to generate the phenomena we observe?
And what is a “system” that we may call the
immune system a system?

According to Maturana and Varela (8),
“asystem is any collection of elements which
through their preferential interactions (among
themselves) create an operational boundary
that separates them from other elements with
which they can also interact and that, thus,
configure the medium in which such collec-
tion of elements (the system) operates as a
totality. Thus, a system exists as a totality in
a medium with which it interacts, and exists
also in another domain: the structural do-
main, a space generated by the interactions
among its components. As a totality, a sys-
tem does not exist by itself: it exists in a
medium in interactions which trigger struc-
tural changes in it. The system preserves its
condition as a particular kind of system as
long as the organization that defines it and
constitutes it as a system (a compound unity)
of that kind is preserved.”

For this reason, a dynamic system can
only exist in a medium that triggers in it
structural changes through which the iden-
tity of the system is conserved. Thus, an
immune system must be defined not only on
the basis of the presence of lymphocytes, but
also according to the way changes occur in
the relations among these lymphocytes and
between the lymphocytes and the organism
while the system operates.
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The organism as a medium

From this viewpoint, the medium in which
the immune system operates is the organism
of which it is a component. The structural
domain is an interactional space (8), a space
generated by the interactions among lym-
phocytes, not the physical space provided by
the organism. Also, as components of the
immune system, lymphocytes always inter-
act with the organism and never interact with
components of the external medium in which
the organism operates, which remains as a
meta-medium for the immune system. Ac-
cordingly, only the organism may be said to
contact foreign materials; for the immune
system, there is no foreignness, no inside, no
outside; self/nonself discrimination becomes
a pseudo-problem.

This is a radical departure from the con-
ventional way of thinking and, as such, may
seem unacceptable. Are we to admit that the
recognition of foreignness is no longer the
basis of immune responsiveness? The major
goal of immunological research has always
been understanding the mechanism of spe-
cific immune responses. Immunological de-
fense against foreign invaders is certainly
essential for the conservation of health. How
dare we disregard these notions?

Of course, it remains imperative to ac-
count for the importance of immune activi-
ties in the maintenance of health. It is true
that germs are no longer seen as a threat of
impending disaster, as in the Pasteurian view
of infections. The ubiquity of microscopic
living systems continues to surprise us. Vi-
ruses are the most common biological agents
in clean ocean water, typically numbering
ten billion per liter, and probably infect all
marine organisms (9). The number of
prokaryotic cells on the planet is estimated
to be 4-6 x 103° (10), and an amazing variety
of bacteria is found on the surfaces of organ-
isms, for example, on the mammalian gut
mucosa (11). On the other hand, germs and
viruses have been involved in the mechan-

isms of noninfectious diseases by triggering
self-inflicted damage in the organism (12).

Contrary to the idea of a primarily defen-
sive immune system, we may choose to see
the organism as an entity structurally coupled
to a medium in which it is realized as such
organism. According to this view, the organ-
ism is no longer in opposition to a dangerous
medium, and we may study the dynamics of
this integration. We may see the medium as
the realm that makes possible the living of
organisms which, reciprocally, bring forth
this particular medium.

Two aspects of immunological
activity

Let us begin the approach to our most
general question - What must we observe to
agree that we are observing an immune sys-
tem? - by pointing to two distinct aspects of
immunological activity.

The generation of lymphocyte diversity
is preserved in mice totally deprived of con-
tact with foreign macromolecules. Germfree
mice reared on a synthetic “antigen-free”
diet (“antigen-free” mice) display serum IgG
levels one-tenth those of germfree mice fed
natural-type diet and one-hundredth those of
SPF mice fed the natural-type diet, but their
serum IgM is only slightly lower than that
observed in germfree animals fed a natural-
type diet (13). Young and old antigen-free
mice, although devoid of exogenous anti-
genic and/or mitogenic stimulation, generate
B cells with a similar switching capacity and
a similar IgM antibody specificity repertoire
as conventional mice (14,15). They also dis-
play patterns of reactivity which are indistin-
guishable from those observed in SPF or
conventional mice (16). These antigen-free
mice are grossly abnormal in several aspects
of immune physiology; they lack mucosa-
associated lymphoid tissue and may fail to
develop mesenteric lymph nodes (15).

This demarcates two distinct aspects in
immunological activity, one of which in-
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cludes the generation of lymphocyte diver-
sity, IgM production and secretion, events
that may occur in antigen-free mice and arise
independently of antigenic contacts. Using
the current jargon, we might call this the
“innate” aspect of “adaptive” immunity. A
second aspect, absent in antigen-free mice,
includes the emergence of germinal center
reactions in lymphoid tissues, in which B
cells proliferate and switch immunoglobulin
isotypes, starting the formation of IgG, IgA
and IgE (17). These modifications are gener-
ally associated with the development of sec-
ondary-type immunological responsiveness
(immunological memory). This second as-
pect, therefore, arises during perturbations
triggered by the contact with external anti-
gens. A curious exception, worth mention-
ing, is the increase in IgG production during
syngeneic pregnancy in antigen-free mice (15).

Progressive clonal expansion

Historically, the fundamental aspect of
immunological operations is presumed to be
the triggering of specific immune responses
and the development of secondary-type re-
sponsiveness (memory). According to the
clonal selection theory (18), these phenom-
ena are interpreted as expressions of specific
clonal expansions stimulated by the pres-
ence of foreign macromolecules. Molecular
genetics has provided ample evidence for
the random generation of lymphocyte recep-
tors (19) and there is currently little interest
in the description of “global”, integrative
mechanisms in the operation of lympho-
cytes. The idiotypic network theory (20) was
a brave and isolated attempt to approach
immunology from a systemic point of view;
incomplete and ill-understood, the theory is
now virtually forgotten (21).

Nevertheless, the progressive aspect of
specific clonal expansion, typical of second-
ary immune responses (memory) and pre-
sumed to be the basis of the efficacy of
vaccination, is absent from several aspects
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of immunological activity. It is notably ab-
sent from naturally activated T lymphocytes
(22,23) and also from B lymphocytes re-
sponsible for the production of natural auto-
antibodies (1).

The progressive quality of clonal expan-
sion is also absent from antigen-specific lym-
phocytes of animals which have been previ-
ously exposed to the antigen by mucosal
routes and then immunized by parenteral
routes. When higher doses of antigen are
used in the oral (or nasal) pretreatment, the
animals respond feebly to subsequent paren-
teral immunizations and are said to be orally
tolerant (24,25). However, with lower doses
of antigen, animals that become “partially
tolerant” may form significant titers of spe-
cific antibodies upon parenteral immuniza-
tions, although lower than in control animals
without mucosal pretreatment. And here is
the relevant point: whereas control animals
increase specific antibody titers at each addi-
tional injection of antigen, the titers of anti-
bodies formed by “partially tolerant” mice
remain remarkably stable in spite of repeated
injections of antigen (26). Thus, “partially
tolerant” animals have no secondary-type
responsiveness (memory) and, at the same
time, cannot be properly characterized as
“tolerant”, since they are forming significant
amounts of specific antibodies. The reactiv-
ity to elements of the autochthonous micro-
biota is also stable (27) and something simi-
lar may be said of the physiologic produc-
tion of autoantibodies, which remains stable
in the presence of the specific autoantigens
(1). Stability, not progressive responsive-
ness, is the distinctive mark of several physi-
ologic aspects of immune responsiveness,
e.g., those related to food intake, to the na-
tive microbiota and to autoreactivity.

Furthermore, the contact with dietary pro-
teins may be immunologically important in
ways that are not presently understood. We
have recently demonstrated that chronic ad-
ministration of a protein-free diet balanced
with amino acids, starting at weaning, has
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profound effects on the immune system of
mice (28). As might be predicted, animals
raised on the amino acid diet have a marked
reduction in gut-associated lymphoid tissues
and mesenteric lymph nodes. However, they
also display modifications in peripheral
lymph nodes and, in a totally unexpected
manner, in the thymus. The production of
IgA and IgG, but not of IgM, is severely
hindered (28), similarly to what is seen in
antigen-free mice (13-15). Dietary proteins,
therefore, in addition to being important for
the gut flora, are important for the mainte-
nance of an immunological “tonus” (11).
This is of obvious relevance to clinical im-
munology.

In summary, the distinctive characteris-
tic of immunological reactivity to body com-
ponents, dietary proteins and elements of the
gut flora is not the absence of reactivity, but
rather the absence of progressive respon-
siveness. On the other hand, this progressive
quality, which is characteristic of specific
immune responses, is also associated with
several manifestations of immunopathology.

In search of a physiology

In her outstanding description of the his-
tory of the gene as a source of biological
constancy and variation, Fox Keller (29)
stressed that neodarwinism is rather poor of
hypotheses on the origin of constancy. Dar-
win himself complained about our ignorance
not of the source, but of the laws of variation
(30). The clonal selection of lymphocytes is
an excellent example of neodarwinian
mechanisms operating in the life of a single
organism. As such, it points to the source,
not the laws of variation and has nothing to
say about regularities (constancy) in the op-
eration of the immune system. Constancy
would seem to be in the province of inherited
(innate) mechanisms of defense (31), appar-
ently incompatible with the flexible charac-
ter of adaptive immunity. Flexibility, how-
ever, pertains to change but also to preserva-

tion. Actually, change is only meaningful
against a background of constancy.

In current immunology, the immune sys-
tem is equal to the sum of its (clonal) parts.
The concept of a complex dynamic “sys-
tem”, however, implies a set of invariant
relations among certain components, an or-
ganization, i.e., relations that transcend struc-
tural variations. Systems may be understood
as compound unities in which interference
with one component affects other, eventu-
ally all components, and the relations among
components are more important than the
structure of individual components (8). The
immune system is a fine example of a dy-
namic system in ceaseless structural varia-
tion. Amidst all this variation in which cellu-
lar and molecular components are continu-
ously replaced, the emergence of constancy
appears to be utterly improbable. And yet,
there is constancy. The immune system is
flexible, but not endlessly variable. It is more
than the sum of its parts.

The evidence for regularities in the op-
eration of the immune system, although pres-
ently slender, is far from insignificant and
cannot be explained by the antigen-driven
expansion of randomly generated lympho-
cyte clones. The search for regularities de-
mands the development of new experimen-
tal methods, of which the Panama blot (see
below) is just an initial, although important
example. Even more important, however, is
the opportunity to see the immune system in
another way.

Panama blots

One of the problems in describing an
immune system as a multiconnected net-
work is how to develop methods able to deal
with this global connectivity, as well as a
language to describe it. A bold attempt in
this direction was made by the inventors of
the Panama blot assay (32-35), a method that
inaugurates a new way of looking into im-
munological activity. A modified immuno-
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blot assay, the Panama blot, is not aimed at
the detection or quantitation of a particular
specific antigen-antibody reaction. It allows
the semiquantitative comparison of patterns
of global reactivity of natural serum immu-
noglobulins with complex antigenic mix-
tures previously separated by electrophore-
sis. Antigenic extracts consisting of autolo-
gous whole organs (brain, liver, muscle, etc.)
or whole bacterial cultures (such as Esche-
richia coli) have been used. The reaction of
serum immunoglobulins with these complex
molecular mixtures allows the development
of elaborate profiles of reactivity, which are
used to compare patterns of different indi-
viduals, or different conditions of the same
individual, rather than to detect or measure
individual specific immunological reactions,
as is customary in serology. In this sense, the
Panama blot is not a “serological”” method.

Panama blots lead to the characterization
of four important aspects of the global reac-
tivity of immunoglobulins. First, immuno-
globulin profiles of reactivity were charac-
teristic for each particular mouse strain and
later shown to be affected by genes known to
be important in immunological activities (35).
Second, reactivity profiles developing early
in ontogenesis were remarkably stable
throughout life both in murine (36) and hu-
man immunoglobulins (37-39). This was
most notable with IgM, but, to some extent,
also applied to IgG, especially with respect
to autoreactive immunoglobulins (37).

The third aspect is most surprising and is
of far-reaching consequences. No signifi-
cant changes in Panama blots were seen in
normal mouse IgM from mice maintained in
germfree, or “antigen-free” conditions, i.e.,
germfree mice fed from birth with an el-
emental ultrafiltered, macromolecule-free
diet. This suggested that the production of
IgM is not affected by food antigens or the
autochthonous microbiota, which are gener-
ally believed to be immunogenic stimuli in-
volved in the generation of “natural” immu-
noglobulins (16). At the other end of the
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spectrum, hyperimmunized horses utilized
as producers of therapeutic antisera against
tetanus toxin, several distinct snake poisons
and scorpion poison, displayed IgM profiles
ofreactivity against autologous organs (horse
liver) and/or E. coli extracts not significantly
different from those detected in normal
nonimmunized horses (40).

There is a fourth important aspect:
Panama blots undergo significant and char-
acteristic changes during severe alterations
of immunological activities, such as human
autoimmune diseases (41-43). More recently,
changes in Panama blot profiles against au-
tologous organs and/or E. coli extracts were
correlated with clinical forms of chronic
parasitic diseases, such as trypanosomiasis
cruzi, malaria and schistosomiasis mansoni,
both in humans and in mice (4,5,44).

Differently from other mouse strains, a
severe form of schistosomiasis is observed
in 20% of male, but not female, CBA/J mice,
which is similar to the hepatosplenic form of
the human disease (45). Results obtained
with experimental schistosomiasis mansoni
in CBA/J mice are particularly relevant be-
cause they point to the somatic generation of
disease in a genetically homogeneous popu-
lation. Variable clinical forms of schistoso-
miasis mansoni in mice and humans are
associated with the production of character-
istic immunoglobulin idiotypes (46). We have
recently found that the majority of animals
with the severe form of the disease may be
identified by Panama blot profiles against
mouse liver extracts (5).

The emergence of pathology

We now reach the second and last issue
in this essay, namely, the possibility to de-
scribe common ground for immunopathol-
ogy, derived from an imbalance in lympho-
cyte connectivity. Aberrant patterns of con-
nectivity of the immune system are associ-
ated with autoimmune diseases, in which
significant changes in the pattern of immu-
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noglobulin formation occur (41-43). When
von Pirquet and Schick characterized “‘se-
rum sickness”, they showed that immuno-
logical activities, of themselves, are not al-
ways “defensive” and may be damaging to
the organism (47). Soon thereafter, von
Pirquet introduced the term “allergy” to rep-
resent this “other form” of operation of im-
mune mechanisms. The unbalanced opera-
tion of parcels of the immune system, there-
fore, differently from its integrated opera-
tion, may inflict damage to the organism in
the same way that failures in neuromuscular
coordination can make us bite the tongue,
pull a muscle or kill us by asphyxia.

A deficiency in the connectivity among
lymphocytes may lead to pathogenic oligo-
clonal expansion of T lymphocytes, as shown
several years ago by Sakaguchi (48). Mice
thymectomized soon after birth remain im-
munodeficient, but thymectomy of 3-day-
old mice results in autoimmune lesions,
which may be prevented by the implant of a
thymus graft. “Experiments of nature”, as
Robert Good would say, point in the same
direction, as demonstrated by the Omenn's
syndrome. Human newborns with severe
combined immunodeficiency remain immu-
nologically incompetent, whereas newborns
with less severe mutations in Rag-1 or Rag-2
develop Omenn's syndrome, characterized
by the oligoclonal activation of T lympho-
cytes, hypereosinophilia and high levels of
IgE (49).

A survey of medical databases may sup-
ply a large number of examples, too large to
be quoted here, in which the oligoclonal
expansion of T lymphocytes seems to be
involved in immunopathology.

All this indicates that the physiology of
the immune system is conservative and of-
fers great resistance to changes in its patterns
of activity. Of course, in order to accept this
idea, one must first be willing to accept that
it is possible to describe a global organiza-
tion for the immune system, which is reflect-
ed in the preservation of patterns of activity.

This preservation is expressed not only in
the patterns of natural immunoglobulins and
their deviation in severe diseases, but also in
phenomena related to “oral tolerance”, which
are the tip of an iceberg floating in this
direction. Historically associated with medi-
cine and bacteriology, the study of immunol-
ogy has emphasized pathological changes of
the immune system and neglected the con-
stancy of its physiology. Maybe the time to
change this attitude has arrived.

Support for this interpretation may be
also sought in the experimental work carried
out in Antonio Coutinho’s laboratory about
ten years ago, with the theoretical support of
John Stewart and the late Francisco Varela.
Theory predicted that while total immuno-
globulin levels in serum are kept constant,
the concentrations of specific “natural anti-
bodies” should fluctuate in time around an
attractor with characteristic “chaotic” dy-
namics (50-53). After developing tools to
follow individual V-region idiotypes in nor-
mal sera, experiments were performed to test
this prediction. Indeed, natural antibody con-
centrations did fluctuate in a time-dependent
manner, mostly over ten-fold. Furthermore,
the intravenous injection of sub-microgram
amounts of natural antibodies in saline was a
sufficient “perturbation” to result in specific
“compensations” in the concentrations of
complementary antibodies and in marked
alterations in the dynamics of the respective
time-dependent fluctuations (54-56). More-
over, the dynamics of “natural antibody fluc-
tuations” in individuals suffering from au-
toimmune diseases revealed differences from
healthy organisms and, in some cases, nor-
mal patterns could be restored by the infu-
sion of normal immunoglobulins (57). It
looked as though the system had lost its
characteristic “chaotic” behavior, rich in
evolutive possibilities, to be fixed in “noisy”
or cyclic dynamics (58). This seemed to
provide a distinctive characteristic between
health and disease. However, only a small
number of points could be produced in the
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necessary serial evaluations due to the limi-
tations of repeatedly bleeding men or mice.
This leads to a postponement of these ex-
periments until the appropriate technology
becomes available, a situation which may be
resolved in the near future.

Coda

The physiology of the immune system is
conservative and maintains steady states of
lymphocyte activation and differentiation
acquired early in ontogenesis, influenced
but not determined by maternal and early
environmental factors, as revealed by the
ontogeny of patterns of natural IgM reactiv-
ity with complex antigenic mixtures (40-43).
We propose that clonal expansions occur-
ring during infectious, allergic and autoim-
mune diseases are elements inherent to the
pathology of these conditions, which may be
better described as deviations from normal
dynamics than as defensive reactions. Even
from a traditional viewpoint, allergic and
autoimmune diseases may both be seen as
issues of deviant and/or excessive clonal
responsiveness. On the other hand, the par-
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ticipation of immunological activities in in-
fectious diseases has always been described
as defensive. Immunodeficient organisms are
easy prey to infectious aggressions. Defense,
however, is a legitimate definition of the
result of body activities but, as such, it be-
longs to our comments as observers, and
does not belong to the molecular/cellular/
organic dynamics of living. This is not to
deny that immunological activities partici-
pate in the dynamics of infectious diseases,
but rather to claim that these activities lack
the directionality necessary to qualify them
as defensive.

The conservative physiology of the im-
mune system generates stable levels of spe-
cific antibody formation to body compo-
nents and also to dietary proteins. Primed
syngeneic lymphocytes transferred to nor-
mal adult recipient mice, followed by a par-
enteral boost with the antigen, respond
poorly, due to a “syngeneic barrier”, which
builds up steadily during ontogeny and may
be broken by irradiation (59). This “barrier”
may be reinforced by first rendering the
recipient animals orally tolerant to the spe-
cific antigen (60).
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