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The Value of Aversion

The human immune system is capable of learning. To investigate how it communicates
with the brain during learning processes, researchers employ the paradigm of classical

conditioning. Their aim is to achieve a better understanding of immune responses and to
establish learning protocols as supportive therapy for the treatment of diseases.

I n 1886, American surgeon John
Mackenzie reported a strik-
ing observation in the Ameri-
can Journal of Medical Science:
when a woman who was allergic
to roses was exposed to an artifi-
cial rose, she suffered an asthma

attack. She was experiencing a
severe reaction of her immune
system caused by the previous as-
sociation of the allergen (roses)
and the subsequent allergic im-
mune response, an example of
classical conditioning.

Learning and memory are not
only established concepts in be-
havioural science and neurosci-
ence, but also important terms in
immunology, where they describe
the recognition of antigens by the
body’s immune cells. Immune



responses can be however also
influenced by classical learning
processes. These learned immune
responses are based firstly on the
exchange of information between
the brain and the peripheral im-
mune system, which communicate
continuously through biochemical
and neuroanatomical paths, and
secondly on the phenomenon of
the classical conditioning of physi-
ological responses, first described
by Ivan Petrovich Pavlov over 100
years ago, and still found today in
every school biology textbook.

he classical conditioning of im-

munological responses is best
illustrated by the phenomenon
of “conditioned taste aversion”
in an animal model. Rats or mice
are offered a new taste, usually a
sweet-tasting saccharine solution,
in drinking water as a conditioned
stimulus (CS). This taste stimulus is
directly combined once or, ideally,
several times with the injection
of a drug that suppresses immune
functions and acts as an uncondi-
tioned stimulus (US). When the
taste stimulus (CS) is offered again
without the injection, the animals
avoid the saccharine solution. This
is described as a “conditioned taste
aversion”.

Conditioned responses can also
be observed as immunosuppressive
effects that correspond, in a weaker
form, to the immunopharmacologi-
cal effects of the drug used as the
US. Based on experimental findings
in animals, researchers have iden-
tified the communication paths
between the brain and immune

Left: In the learning phase volunteers are
given the immunosuppressive drug (un-
conditioned stimulus) together with ...

... an unfamiliar-tasting green drink
that serves as the conditioned stimulus.
Below: In the lab, researchers investigate
whether and how the conditioning pro-
cess suppresses the activity of T lympho-
cytes in comparison with the effect of
the drug.

system that are activated in the
classical conditioning of immuno-
suppressive effects. They are able
to explain what may at first appear
to be an astonishing phenomenon:
the fact that a taste stimulus can
influence immunological processes.
Further experiments with ani-
mals have demonstrated that these
learned immune responses are not
merely interesting laboratory phe-
nomena of no real importance to
the organism, but clinically signifi-
cant response patterns. For exam-
ple, the progress of a chronic in-
flammatory autoimmune disease
like arthritis can be mitigated by
learned immunosuppression and
the rejection process of trans-
planted organs can be delayed.
The classical conditioning of im-
munosuppressive responses as ob-
served in animal models has also
been transferred to humans. Inter-
estingly, the conditioning protocols
employed for human subjects are
similar to the learning protocols
used for laboratory animals. Vol-
unteers take the immunosuppres-
sive drug Cyclosporin A as the US,
which is often used in clinical situ-
ations where it is necessary to sup-
press a patient’s immune response.
As a conditioned stimulus (CS),
the volunteers are given a green-
coloured strawberry milk with a
lavender flavour. In the learning
phase, the drug is offered several
times together with the taste stimu-
lus. After an interval of one week,
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the volunteers are given the same
drink, this time with a placebo (a
pill with no effect).

Meanwhile a control group
goes through the same condition-
ing protocol, but receives only a
placebo during the learning phase
instead of the drug. At the end of
the learning phase, blood samples
are taken. Immunological analysis
shows the typical inhibition of T
cell proliferation and reduced pro-
duction of cytokines, the chemical
messengers responsible for the acti-
vation of T lymphocytes, caused by
Cyclosporin A. A similar, although
less marked, suppression of the im-
mune response can be produced as
a learned immunosuppression by

the consumption of the drink (the
conditioned stimulus).

hese learned effects on the

body’s defence system pro-
duced by conditioning are a fasci-
nating example of “bidirectional”
communication between behav-
iour, the brain and the peripheral
immune system. The model makes
it possible to carry out a detailed
analysis of this communication
network. However, the phenom-
enon of learned immune response
also has clinical implications. In ad-
dition to increasing basic scientific
knowledge, it is also hoped that
this research will make it possible
to refine conditioning protocols to
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serve as supportive intervention
strategies for patients under phar-
macological treatment. This would
allow drug dosage and undesirable
side-effects to be reduced while
maximising therapeutic effective-
ness for the patient’s benefit.
However, a few fundamental
questions remain to be answered
before these protocols can be em-
ployed in routine clinical prac-
tice. For example, if the learned
immune response is limited to
a single event, it still remains a
useful model for investigating in-
teractions between the brain and
immune system. But in clinical
situations in which continuous im-
munosuppression is required over

Simplified model of conditioned taste aversion in the acquisition and recall phases, tested on rats in the laboratory.

Acquisition ...

Conditioned Stimulus
(e.g. saccharine)

... and Recall

Conditioned Stimulus
(e.g. saccharine)

Unconditioned Stimulus

(e.g. immunosuppressive drug)

Conditioned Response

* Taste Aversion
* Immunosuppression

Graphic: Institut filr Medizinische Psychologie und Verhaltensimmunbiclogie, Essen
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In a human experiment, volunteers are given a green coloured drink with a lavender flavour.

a long (perhaps very long) period,
the model would have no value.
Recent experiments with human
volunteers show, however, that a
learned immune response can be
triggered again after a long break
by consuming the drink (CS).

As with other learning pro-
cesses, the conditioned immuno-
suppressive effects subside after a
certain time. Research is therefore
currently underway to investi-
gate whether the extinction of the
learned immune response can be
delayed or even prevented alto-
gether.

As with other medical treat-
ments, volunteers react to condi-
tioning with differing sensitivity.
Studies have identified psycho-
logical and neuroendocrine fac-
tors (so-called predictor variables)
which are associated with learned
immunosuppression and therefore

have predictive value. However,
the reliability and quality of these
predictor variables needs to be fur-
ther refined and tested in routine
clinical practice.

E ven if it is premature to antici-
pate a clinical application, con-
ditioning protocols can still serve as
a useful model because they allow
us to investigate whether learned
effects on the immune response
also occur with other substance
classes; it may even be possible to
transfer these to other physiologi-
cal systems such as the hormonal
or cardiovascular systems. The re-
search, which has been interdisci-
plinary from the outset, has led to
a better understanding of human
biology through the analysis of the
mechanisms steering the commu-
nication between brain, behav-
iour and the immune system. In

the long term it could also help
us to develop new and promising
approaches to the treatment of
disease.
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The Deutsche Forschungsgemeinschaft

The Deutsche Forschungsgemeinschaft (DFG, German Research Founda-
tion) is the central self-governing organisation responsible for promoting
research in Germany. According to its statutes, the DFG serves all branches
of science and the humanities. The DFG supports and coordinates research
projects in all scientific disciplines, in particular in the areas of basic and ap-
plied research, Particular attention is paid to promoting young researchers,
Researchers who work at a university or research institution in Germa-
ny are eligible to apply for DFG funding. Proposals will be peer reviewed.
The final assessment will be carried out by review boards, the members of
which are elected by researchers in Germany in their individual subject
areas every four years.

The DFG distinguishes between the following programmes for research
funding: In the Individual Grants Programme, any researcher can apply for fi-
nancial assistance for an individual research project. Priority Programmes allow
researchers from various research institutions and laboratories to cooperate
within the framework of a set topic or project for a defined period of time,
each working at his/her respective research institution. A Research Unit is a
longer-term collaboration between several researchers who generally work
together on a research topic at a single location. In Central Research Facilities
there is a particular concentration of personnel and equipment that is required
to provide scientific and technical services.

Collaborative Research Centres are long-term university research centres
in which scientists and academics pursue ambitious joint interdisciplinary
research undertakings. They are generally established for a period of twelve
years. In addition to the classic Collaborative Research Centres, which are
concentrated at one location and open to all subject areas, the DFG also of-
fers several programme variations. CRC/Transregios allow various locations to
cooperate on one topical focus. Cultural Studies Research Centres are designed
to support the transition in the humanities to an integrated cultural studies
paradigm. Transfer Units serve to transfer the findings of basic research pro-
duced by Collaborative Research Centres into the realm of practical applica-
tion by promoting cooperation between research institutes and users.

DFG Research Centres are an important strategic funding instrument.
They concentrate scientific research competence in particularly innovative
fields and create temporary, internationally visible research priorities at re-
search universities.
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Research Training Groups are university training programmes established
for a specific time period to support young researchers by actively involv-
ing them in research work. This focusses on a coherent, topically defined,
research and study programme. Research Training Groups are designed to
promote the early independence of doctoral students and intensify inter-
national exchange. They are open to international participants. In Interna-
tional Research Training Groups, a jointly structured doctoral programme is
offered by German and foreign universities. Other funding opportunities
for qualified young researchers are offered by the Heisenberg Progranme and
the Emmy Noether Programme. In so called Reinhart Koselleck Projects, the DFG
supports especially innovative research undertakings by outstanding scien-
tists and academics.

The Excellence Initiative aims to promote top-level research and
improve the quality of German universities and research institu-
tions in the long term. Funding is provided for graduate schools,
clusters of excellence and institutional strategies.

The DFG also funds and initiates measures to promote scientific libraries,
equips computer centres with computing hardware, provides instrumen-
tation for research purposes and conducts peer reviews on proposals for
scientific instrumentation, On an international level, the DFG has assumed
the role of Scientific Representative to international organisations, coordi-
nates and funds the German contribution towards large-scale international
research programmes, and supports international scientific relations.

Another important role of the DFG is to provide policy advice to parlia-
ments and public authorities on scientific issues. A large number of expert
commissions and committees provide the scientific background for the pass-
ing of new legislation, primarily in the areas of environmental protection
and health care.

The legal status of the DFG is that of an association under private law. Its
member organisations include research universities, major non-university
research institutions, such as the Max Planck Society, the Fraunhofer Soci-
ety and the Leibniz Association, the Academies of Sciences and Humanities
and a number of scientific associations. In order to meet its responsibilities,
the DFG receives funding from the German federal government and the fed-
eral states, as well as an annual contribution from the Donors” Association
for the Promotion of Sciences and Humanities in Germany.
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