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Eine faszinierende Anwendung

Der Phasenübergang zu superflüssigem He3 wurde kürzlich
von zwei experimentellen Gruppen zur Überprüfung einer
Theorie verwendet, wie sich im Universum "kosmische
Strings" gebildet haben könnten. Diese vorläufig hypotheti-
schen Objekte riesiger Ausdehnung, die bei der Bildung von
Galaxien eine wichtige Rolle gespielt haben könnten, könnten
bei einem Phasenübergang Sekundenbruchteile nach dem Ur-
knall entstanden sein. In einem Analogie-Experiment wurden
durch Neutronen ausgelöste Kernreaktionen genutzt, um su-
perflüssiges He3 lokal rasch aufzuheizen. Bei der anschließen-
den Abkühlung und Rückkehr in den superflüssigen Zustand
bildeten sich Knödel von Wirbeln. Diese Wirbel sollen den
kosmischen Strings entsprechen. Dies ist zwar kein Beweis für
die Existenz von kosmischen Strings im Weltall, doch scheint
die Theorie, daß sich bei einem Phasenübergang Wirbel bilden
können, zuzutreffen.
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Nobelpreis für Medizin 1996
für die Entdeckung der Spezifität 
der von Zellen vermittelten 
Immunabwehr

Die Nobelversammlung am Karolinen-Institut hat beschlos-
sen, den Nobelpreis 1996 für Physiologie oder Medizin ge-
meinsam den Professoren Peter C. Doherty und Rolf Zinker-
nagel für die Entdeckung der Spezifität der von Zellen vermit-
telten Immunabwehr in den Jahren 1973-75 zu vergeben. Im
folgenden bringen wir den Originaltext der Pressemitteilung
der Nobelstiftung.

Summary

Peter Doherty and Rolf Zinkernagel have been awarded this
year's Nobel Prize in Physiology or Medicine for the discovery
of how the immune system recognizes virus-infected cells.
Their discovery has, in its turn, laid a foundation for an under-
standing of general mechanisms used by the cellular immune
system to recognize both foreign microorganisms and self mo-
lecules. This discovery is therefore highly relevant to clinical
medicine. It relates both to efforts to strengthen the immune
response against invading microorganisms and certain forms
of cancer, and to efforts to diminish the effects of autoimmune

reactions in inflammatory diseases, such as rheumatic conditi-
ons, multiple sclerosis and diabetes.

The two Nobel Laureates carried out the research for which
they have now been awarded the Prize in 1973-75 at the John
Curtin School of Medical Research in Canberra, Australia,
where Peter Doherty already held his position and to which
Rolf Zinkernagel came from Switzerland as a research fellow.
During their studies of the response of mice to viruses, they
found that white blood cells (lymphocytes) must recognize
both the virus and certain self molecules – the so-called major
histocompatibility antigens – in order to kill the virus-infected
cells. This principle of simultaneous recognition of both self
and foreign molecules has since then constituted a foundation
for the further understanding of the specificity of the cellular
immune system.

The background to the Laureates' research

The immune system consists of different kinds of white blood
cells, including T- and B- lymphocytes whose common
function is to protect the individual against infections by me-
ans of eliminating invading

microorganisms and infected cells. At the same time they must
avoid damaging the own organism. What is required is a well
developed recognition system that enables lymphocytes to di-
stinguish between on the one hand microorganisms and infec-
ted cells, and on the other, the individual´s normal cells. In ad-
dition, the recognition system must be able to determine when
white blood cells with a capacity to kill should be activated.

In the early 1970s when Peter Doherty and Rolf Zinkernagel
had begun their scientific work within immunology, it was
possible to distinguish between antibody-mediated and cell-
mediated immunity. It was known that antibodies that are pro-
duced by B-lymphocytes are able to recognize and eliminate
certain microorganisms, particularly bacteria. Far less was
known about recognition mechanisms in the cellular immune
system, for instance in conjunction with the killing of virus-in-
fected cells by T-lymphocytes. One area where cellular immu-
nity had previously been studied in some detail was, however,
transplantation biology. It was known that T-lymphocytes
could kill cells from a foreign individual after recognition of
certain molecules – the major histocompatibility antigens – in
the transplant.

The discovery

Rolf Zinkernagel and Peter Doherty used mice to study how
the immune system, and particularly  T-lymphocytes, could
protect animals against infection from a virus able to cause
meningitis. Infected mice developed killer T-lymphocytes,
which in a test-tube could kill virus- infected cells. But there
was an unexpected discovery: the T-lymphocytes, even though
they were reactive against that very virus, were not able to kill
virus-infected cells from another strain of mice. What decided
whether or not a cell was eliminated by these killer lympho-
cytes was not only if they were infected with the virus, but also
if they carried the "correct" variant of histocompatibility anti-
gens, those of the infected mouse itself. Zinkernagel's and Do-
herty's findings, which were published in Nature in 1974 (1,2),
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demonstrated conclusively the requirement for the cellular im-
mune system to recognize simultaneously both 'foreign' mole-
cules (in the resent case from a virus) and self molecules (ma-
jor histocompatibility antigens). What also became obvious
was the important function of the major histocompatibility an-
tigens (in man called HLA-antigens) in the individual´s nor-
mal immune response and not only in conjunction with trans-
plantation.

The discovery has given an impetus to later research

Zinkernagel's and Doherty´s findings had an immediate im-
pact on immunological research. The wide relevance of their
observations concerning the specificity of the T-lymphocytes
became apparent in many contexts, both in regard to the ability
of the immune system to recognize microorganisms other than
viruses, and in regard to the ability of the immune system to re-
act against certain kinds of self tissue. To explain their fin-
dings, the two scientists subsequently devised two models; one
model was based on a single recognition of 'altered self''(when
the histocompatibility antigen has been modified through as-
sociation with a virus), the other on a 'dual recognition' of both
foreign and self. (Fig.) Both the experimental findings and the
theoretical models became immensely important in later rese-
arch. Within a few years, it had been demonstrated that the set
of the T- lymphocytes that are allowed to mature and survive
in an individual is determined by the ability of the cell to re-
cognize the transplantation antigens of the individual. There-
fore, the principle of simultaneous recognition is essential for
the ability of the immune system to distinguish between 'self'
and 'non-self'.

Further molecular research has both confirmed Zinkernagel's
and Doherty's models and clarified the structural basis of their
discovery – that a small part (a peptide), for example from a vi-
rus, is directly bound to a defined variable part of the body´s
own histocompatibility antigens, and that this complex is what
is recognized by the specific recognition molecules of T-lym-
phocytes (T-cell receptors). Taken in all, the clarification of
the recognition mechanisms of the T-cells within the cellular
immune system has fundamentally changed our understanding
of the development and normal function of the immune system
and, in addition, has also provided new possibilities for the sel-
ective modification of immune reactions both to microorga-
nisms, and to self tissues.

Relevance for clinical medicine

Many common and severe diseases depend on the function of
the cellular immune system and consequently on its mecha-
nisms for specific recognition. Although this naturally applies
to infectious diseases, this is also true of a number of chronic
inflammatory conditions such as rheumatic diseases, diabetes
and multiple sclerosis. Where infectious diseases are concer-
ned, the new knowledge provides a better platform for the con-
struction of new vaccines; one can ascertain exactly what parts
of a microorganism are recognized by the cellular immune sy-
stem, and can specifically focus the production of the vaccine
on those parts. Furthermore, regard is paid to the fundamental
principles formulated by Doherty and Zinkernagel in trials
with vaccination against the emergence of metastases in cer-

tain forms of cancer. In many chronic inflammatory diseases,
better explanations have been provided for the associations
between disease susceptibility and the histocompatibility anti-
gen type carried by an individual. The research that followed
from the now awarded discovery has also provided openings
for selectively diminishing or altering immune reactions that
play a central role in inflammatory diseases.
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Figure legend: The figure describes how a killer T lymphocyte must
recognize both the virus antigen and the self histocompatibility anti-
gen molecule in order to kill a virus-infected target cell. The figure
is a modification of the figure published by Zinkernagel and
Doherty already 1974 (in Nature 251, p 547).


