Stretching out

Whether recent reports about the human immune system
explain earlier “anomalous results,” “open new avenues
of research,” and suggest a new “paradigm”—or merely
phenomena—is debated.
(Right, a dendritic cell approaches a helper T cell to initiate
an immune response.) And three writers describe an edi-
torial by Philip H. Abelson as “moderate™ and “‘rational,”
“interesting,” and “crosswise,” respectively.

recapitulate ‘‘long-known’

Immunological Tolerance

In the 22 March issue, three papers on
immunological tolerance (Reports, ]. P.
Ridge et al., p. 1723; M. Sarzotti et dl., p.
1726; T. Forsthuber et al., p. 1728) were
featured, as well as a major comment on
them in Research News (E. Pennisi, p.
1665). Because these papers purport to
overthrow the major tenets of modern im-
munology, they have received even wider
publicity over the news wires and in many
daily newspapers.

While the research reported in these
papers is competently done, and the results
interesting, it is unclear how the inferences
and conclusions drawn by the authors could
have passed peer review. Nor is it clear why
the authors’ elaborations of these inferences
should have been so uncritically reported in
Research News. .

It has been demonstrated for almost 30
years that there is nothing mystical about
the fetal or neonatal period. The fetus of
many species may express immunological
competence to many different antigens at
different stages of gestation and even be-
yond birth (1), and the mouse has long been
known to slowly expand its immunological
repertoire during the neonatal period (2).

We have known for almost 100 years
that the mammal cannot distinguish be-
tween noxious and benign antigens; indeed,
Paul Ehrlich’s 1897 side-chain theory of an-
tibody formation (a selectionist precursor of
Burnet’s Clonal Selection Theory) fell from
favor precisely because of the demonstration
that a host of nonpathogenic substances
might induce an immune response. The
concept of a “danger signal,” with its impli-
cation of an evolutionary basis, is not viable.

We have known for well over 30 years
that the balance between active immune
response and tolerance induction (and
maintenance) depends on a wide variety of

factors, including the physical and chemical
nature of the antigen, dose, timing, mode of
access to the immune system, and so forth;
we have long known also that the adult may
be rendered tolerant under appropriate con-
ditions (3).

The balance between tolerogenic and im-
munogenic dose, between B and T cell tol-
erance, between one and two signals, and
the entire question of self-nonself has been
debated widely since Burnet’s original for-
mulation. Burnet’s initial theory has been
modified substantially by later data; to raise
it now as a straw man to be demolished is not
reasonable. These questions are scarcely new.

Arthur M. Silverstein

Institute of the History of Medicine,
Johns Hopkins University
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Baltimore, MD 21205, USA
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Response: Neonatal tolerance has fascinat-
ed the immunologic community for 50
years, resulting in apparently conflicting
publications that can be broadly divided
into three groups which state that neona-
tal antigen exposure causes (i) clonal de-
letion, (ii) suppression, or (iii) an immune
response (see Silverstein’s letter). The
prevalent view has been that the neonate
is immune privileged. :

The three reports in the 22 March issue
may have resolved this controversy and dem-
onstrate why neonatally induced immunity
has been perceived either as clonal deletion
or suppression. In our report (p. 1728), for
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example, we showed that memory cells lose
lymph node homing receptors and lose their
ability to migrate to lymph nodes (figure 1 in
the report). Hence, when lymph node re-
sponses are studied, as has been the case in
the past, the lack of antigen reactive cells
seemed to suggest that these cells were
clonally deleted, which substantiated the
clonal deletion model for neonatal toler-
ance. But, as we have shown, the memory
cells were simply redistributed in the organ-
ism (figure 1 in the report). Furthermore, we
have shown that neonatally induced T2
immunity results in apparent suppression
when Tyl immunity is measured (table 1 in
the report). The previous data, which
seemed to conflict, reflect a single mecha-
nism: induction of T2 immunity.

Clearly, the currently favored clonal de-
letion model is insufficient to fully explain
self-tolerance. Our reports have added two
important aspects to this discussion. First is
Matzinger’s danger model, on which she
comments below. Second, our findings sub-
stantiated the active T cell tolerance idea,
showing that what was thought to be “sup-
pressor cell”’—mediated self-tolerance actual-
ly translates into T2 cell-mediated effects.

With regard to the “wide variety of fac-
tors” that can define outcome, there has
not been a basic understanding of the rules

that govern the outcome. This is where
the impact of our studies lies. Matzinger
and her colleagues showed that it is the
type and activation state of the antigen-
presenting cells that decide whether a re-
sponse is engaged or tolerance results. Sar-
zotti and her co-workers determined how
the dose of the virus affects response. Our
own report showed that the adjuvants can
reliably guide the response to the Tyl or
Ty2 directions.

I agree that “these questions are scarcely
new,” but for the first time there may be a
satisfactory answer concerning the mecha-
nism that underlies neonatal tolerance.

Paul V. Lehmann
Department of Pathology,
Case Western Reserve University,

Cleveland, OH 44106—4943, USA

Response: Roughly two millennia before
Copernicus, Aristarchus proposed a helio-
centric model to explain the motion of the
planets. Why was it ignored? Thomas
Kuhn’s suggestion was that, at that time,
there might have been no general dissat-
isfaction with the reigning paradigm
(Earth at the center) and therefore no
reason to abandon it (1). By the time
Copernicus suggested his version, the mo-
tion of planets could no longer be easily

explained by the view that the Earth was
central, and the intellectual community was
ready for a “new” idea. During that period
of almost 20 centuries, there had been many
findings that did not fit with the ruling
paradigm, but most of them went unrecog-
nized, examples of the “retrorecognition”
phenomenon (2), whereby clear anomalies
in a paradigm are recognized only after a
new conceptual framework has been set
forth to replace the defective one.
Roughly 100 years ago, as Silverstein
points out, Ehrlich thought that the im-
mune system’s primary function was to de-
tect and protect against noxious pathogens.
It seems that this view was replaced by
Burnet’s self-nonself model because the lat-
ter was better able to explain two new phe-
nomena, the ability to raise immune re-
sponses to nonnoxious substances (3) and
the discovery of neonatal tolerance (4).
Over the ensuing years, both of these find-
ings were extensively examined and, in both
cases, some clear anomalies appeared, many
of which were ignored. For example, a vari-
ety of nonpathogenic substances can indeed
induce immune responses, but, as Charles
Janeway has emphasized, they almost never
do in the absence of immunological adju-
vants, which contain bacterial products (5).
Thus, the mere presence of “foreignness” is




not enough. Some essence of pathogenicity
is also required.

The picture with neonatal tolerance has
also been clouded considerably since the
original pioneering experiments. As Silver-
stein mentions, there have been scattered
examples in which neonatal immunity rath-
er than tolerance was seen. We referred to
some of these in our paper and have since

“been made aware of others (6). Altogether,
these studies showed that neonates were
able to make many different kinds of re-
sponses. They cleared viruses, generated
graft-versus-host disease, and made T};1 and
Ty2 responses; and a few experts in the
field began.to understand that neonatal
tolerance was more complicated than had
first been envisioned. Yet many immunol-
ogists were unaware of the complications,
and recent textbooks continue to describe
neonatal tolerance in terms of the immatu-
rity of the neonatal T cells (7).

Why have the anomalous findings had
so little impact? '

Perhaps this was another case of retro-
recognition. The findings simply didn’t fit
with a paradigm that had found its strongest
early support in the original neonatal toler-
ance experiments,\ and there was no alter-
native model to fit them into. If youthful
immune systems were able to respond to a

variety of antigens, making a variety of
responses, how could self be distinguished
from nonself? Although some scientists at-
tempted to deal with the problem by chang-
ing the temporal model to a spatial one
(moving tolerance into the thymus, where
the T cells, rather than the individual, are
immature), these models could not easily
account for tolerance to tissue-specific pe-
ripheral antigens, and no self-nonself model
can account for new antigens that might
appear throughout life.

Looking back, a historian of science
might wonder what would have happened if
Peter Medawar’s group had gotten a differ-
ent result. Although Burnet’s Clonal Selec-
tion would certainly have prevailed as the
modern operating model, what would have
happened to self versus nonself? Perhaps
Clonal Selection would have served as a
mechanism to generate specific responses to
dangerous pathogens and to allow for anti-
gen-specific memory.

Qur results, in combination with those
of the other groups showing that neonatal
mice can respond, open up the possibility of
a new model based on clonal selection but
not on self and nonself. Although the re-
sults, by themselves, do not disprove the
self-nonself model (8), they do undermine
one of its experimental underpinnings and

are more easily placed in the context of the
“danger” model (9), which suggests that the
immune system is primarily concerned with
detecting and protecting against “danger-
ous” pathogens and that tolerance is a con-
tinuous process regulated throughout life by
each bodily tissue. We were pleased that
Silverstein reminded us of Ehrlich’s early
views. We could be in far worse company.
Ephraim J. Fuchs*
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Response: Our report demonstrated that the
susceptibility of newborn mice to a virus was
not the consequence of a “slowly expanding
immunological repertoire” but an example
of immune deviation (1) driven by the rel-
atively high dose of virus encountered by the
neonatal immune system. The development
of type 1 or type 2 responses is determined
by the dose of virus inoculated in newborn
mice and influences the development of
protective immunity. Our report and those
of Ridge et al. and Forsthuber et al. used
non-“mystical” concepts and approaches

(dose of antigen, type of APCs, adjuvants)

known to the immunological community for

a long time. However, in combination these

approaches offered a simple and comprehen-

sive explanation of immunological nonre-
sponsiveness in newborn mice.
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The three reports on immunological toler-
ance provide intellectual support for the
clinical observation (1) of down-regulation
of cellular immune responses in patients
receiving allogeneic blood transfusions. This
is particularly well documented in organ
transplantation, surgery, and cancer. Recent
evidence from both animal and human stud-
ies suggests that the high doses of alloanti-

gen involved in clinical transfusions induce
a T2 immune response, and the expected
down regulation of the Ty,1 response (2, 3).
The trauma of surgery alone causes T2
responses, compatible with Matzinger’s
“danger” theory. Allogeneic transfusions
also have been successfully used to treat two
disease processes that likely represent over-
active Tyl immunity in adults—repetitive
spontaneous abortion (4) and rheumatoid
arthritis (5). These observations in humans
support the point made by the authors that
manipulation of immunity in adults may be
more feasible than previously believed on
theoretical grounds.
Neil Blumberg
Blood Bank/Transfusion Medicine,
University of Rochester Medical Center,
Rochester, NY 14642, USA
Joanna M. Heal
Department of Medicine,
University of Rochester Medical Center
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