
Autoimmune disorders are caused by
aberrant immune responses directed
towards the body’s own proteins (or

‘autoantigens’). In type I diabetes, for exam-
ple, immune cells called lymphocytes react
against and destroy the �-cells in the pan-
creas of genetically susceptible individuals
(Fig. 1). As these cells produce insulin — the
hormone that helps to regulate glucose
metabolism — their loss leads to the chaotic
blood glucose levels that characterize dia-
betes and that have serious consequences.
How the lymphocytes target �-cells has been
unclear, but work from Nakayama et al.1 and
Kent et al.2 in this issue (on pages 220 and
224) shows that insulin is itself an auto-
antigen that initiates the immune response
leading to diabetes.

Although many autoantigens are thought
to be involved in type I diabetes, conclusive
evidence that any of these instigate or propa-
gate autoimmune responses has remained
elusive. Historically, however, insulin has
been a good candidate. For example, lym-
phocytes isolated from ‘non-obese diabetic’
(NOD) mice — an animal model of type I
diabetes — can recognize segments of the
insulin molecule3,4. In addition, autoanti-
bodies against insulin are found in the blood
of NOD mice and human diabetic patients,
well before the clinical symptoms of the dis-
ease appear. The onset of clinical diabetes
occurs after more than 90% of �-cells have
been destroyed, but the insulin antibodies
arise after only a small fraction of �-cells
have been attacked, providing a useful early
marker for the occurrence of autoimmunity.

Nakayama and colleagues1 now provide
convincing evidence that insulin is an essen-
tial autoimmune target in the initiation of
diabetes. They stopped all natural insulin
production in NOD mice by eliminating the
genes that encode the two chains of insulin.
So that the mice would not die, they rein-
stated a modified gene to produce insulin
that is hormonally active but is not recog-
nized by lymphocytes. Normally, NOD mice
show an immune response against the �-cells
— there are antibodies against the �-cells in
their blood, and lymphocytes infiltrate into
the pancreas, surrounding the �-cells before
killing them. But the mice with the modified
insulin showed no signs of any immune
response against the �-cells, and they did not
develop diabetes.

One question that remains is whether
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insulin is the crucial autoantigen only in the
initiation of the disease, or whether other 
�-cell proteins become targets of the auto-
immune response once the process has been
set in motion. Lymphocytes do recognize
several other targets as �-cell destruction
progresses (by a process termed ‘antigenic
spreading’)5.Notably,damped down expres-
sion of these antigens in �-cells, or elimina-
tion of the lymphocytes that recognize them,
can lead to a significant reduction in the inci-
dence of diabetes, but never to a complete
absence of �-cell-specific autoimmune
attacks6,7.This suggests that although insulin
is crucial for the initiation of �-cell destruc-
tion, other antigens might be involved in
subsequent stages of the disease.

The relative importance of insulin over
other candidate target antigens is under-
scored by Jaeckel and colleagues8,9. They
expressed insulin and glutamic acid decar-
boxylase (another protein proposed to be an
autoantigen in type I diabetes) in the thymus
of NOD mice. This meant that the immune
system no longer reacted to these proteins.
Tolerance to insulin led to a remarkable
reduction in the  occurrence of diabetes,
but tolerance to glutamic acid decarboxylase
did not.

How relevant are these findings for
human diabetes? Kent and colleagues’
results2 support the concept that insulin is
also an essential autoantigen in people. They
isolated lymphocytes from the pancreatic
draining lymph node of patients with type I
diabetes, propagated them, and then
analysed the proteins that the cells recog-
nized. Remarkably, about 50% of the lym-
phocytes recognized a piece of the insulin 
A chain. By contrast, no healthy control 
subjects showed a similar accumulation of
lymphocytes that recognize the insulin 
A fragment.

Lymphocytes come into contact with 
the insulin peptide as it is ‘displayed’ on the 
surface of so-called antigen-presenting cells;
these cells collect protein fragments from
dying �-cells before convening with the lym-
phocytes in the pancreatic draining lymph
node. Kent et al. found that the cell-surface
protein that binds to and displays the insulin
A fragment on the antigen-presenting cells is
encoded by a gene known to confer genetic
susceptibility to diabetes.

Findings from Arif et al.10 also suggest
that insulin could be the target of the

Insulin trigger for diabetes
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Type I diabetes occurs when the immune system destroys crucial cells in the
pancreas. But what prompts the body to turn against itself so disastrously? 
It seems that insulin is the key. 

Figure 1 Development of type I diabetes. Genetic
predisposition determines almost entirely
whether a person will develop immune
reactivity against insulin-producing �-cells in
the pancreas. However, environmental factors
such as nutrition and infections can have a
major impact on whether type I diabetes
manifests itself clinically; this occurs after
80–90% of the �-cells have been destroyed. The
remnants of the �-cells are transported to the
pancreatic draining lymph node (PDLN), where
the ensuing autoimmune process is thought 
to be coordinated. Debris from the �-cells is
picked up by antigen-presenting cells (APC) and
‘displayed’ to immune cells called lymphocytes
(L), prompting the lymphocytes either to kill
more �-cells or to signal further immune
responses. Nakayama et al.1 and Kent et al.2

show that the initial immune trigger is insulin,
although other immune targets could be
involved later in the disease.
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force, the possible transformations among
quarks are very restricted. One rule is that u-
quarks and d-quarks retain their ‘flavour’ —
that is,a u never converts into a d,nor a d into
a u. Quarks also, like the more familiar pho-
tons, have an intrinsic spin. If the spin axis is
aligned with the direction of motion, then
the sense of the rotation defines a handed-
ness, known as chirality, rather like a left- or
right-handed screw. The two possible states
of chirality of a quark, left and right, are
essentially the same concept as left and right
circular polarization for photons. The fun-
damental interaction between quarks and
gluons, to which we ultimately trace the
strong nuclear force, conserves chirality as
well as flavour. Thus a u-quark with left-
handed chirality (written uL) never converts
into a right-handed uR, and so on. But these
extra conservation laws, which follow from
the symmetry of QCD’s equations, are too
good to be true. In reality, one finds that
although the rule forbidding changes of
flavour holds true, there is no additional 
conservation law for chirality — chiral 
symmetry is broken.

The accepted explanation for this mis-
match blames a form of aether. The idea is
that there is such a powerful attractive inter-
action between uL-quarks and ūR-antiquarks
(every quark has an antiquark with the
opposite charge), and likewise between dL-
quarks and d̄R-antiquarks, that the energy
gained from their attraction outweighs the
cost of creating the particles in the first place.
Thus, perfectly empty space, devoid of
quarks, is unstable.One can lower the energy
of the vacuum by filling it with bound uL–ūR

and dL–d̄R pairs (and their antiparticles,
ūL–uR, d̄L–dR). Physicists call this process the
formation of the chiral condensate. In the
stable state that finally results, the conserva-
tion of chirality is rendered ineffective, as
space itself has become a reservoir contain-
ing, for example, an indefinite number of
uL-quarks. (Because each uL–ūR pair con-
tains both a quark and an antiquark,net con-
servation of flavour still holds good.) This
extraordinary picture has experimental con-
sequences: the lightest strongly interacting
particles, the �-mesons, can be identified as
collective oscillations of the chiral conden-
sate. This identification provides clues to 
the unusual properties and interactions of
the �-mesons, notably their small masses
compared with those of other strongly inter-
acting particles.

At the RHIC, collisions between heavy
ions — gold nuclei with a total of 197 pro-
tons and neutrons each — create a fireball in
which temperatures exceeding 1.5�1012

kelvin are achieved (Fig. 1). Impressive 
evidence has accumulated that a qualita-
tively new state of matter has been created, a
liquid-like plasma of quarks and gluons3–6.
Could something even more dramatic — a
qualitative change in the properties of empty

news and views

152 NATURE | VOL 435 | 12 MAY 2005 | www.nature.com/nature

autoimmune response in humans,providing
a potential candidate for treatment. Arif and
colleagues found that insulin-reactive lym-
phocytes from diabetics appeared to have a
destructive nature; they release molecules
that are harmful to �-cells. Insulin-reactive
lymphocytes from healthy individuals, how-
ever, seemed mostly to have a regulatory
function, given the signalling molecules that
they secrete. The idea that self-reactive lym-
phocytes can have different functions is 
therapeutically interesting in that it suggests
two principal pathways to mitigate the
effects of autoimmune lymphocytes: wipe
out the aggressive cells, or ensure that more
of the cells end up with a regulatory
function11,12. Indeed, recent work indicates
that inducing such a change in the function
of autoreactive lymphocytes from aggressive
to regulatory might be possible, not only in
mice,but also in some diabetic patients13.

So, we will not only have to learn which
proteins and peptides are recognized by
autoreactive lymphocytes, but we will also
have to see whether this recognition elicits a
regulatory or a destructive state. Dysregula-
tion of such responses might ultimately 
lead to autoimmune diseases such as type I

diabetes, for example, if lymphocytes switch
from a regulatory to an aggressive state.
The identification of a high proportion of
insulin-A-specific lymphocytes in human
pancreatic lymph nodes gives us a valuable
population of autoimmune lymphocytes 
to study, and highlights the importance 
of recovering cells directly from human 
target organs. ■
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An emptier emptiness?
Frank Wilczek

Temperatures similar to those reached an instant after the Big Bang can be
created in collisions of gold atoms. The resulting fireballs may allow us a
glimpse of a world that is more symmetrical than our own.  

The concept that what we ordinarily
perceive as empty space is in fact a
complicated medium is a profound

and pervasive theme in modern physics.This
invisible, inescapable medium alters the
behaviour of the matter that we do see.Just as
Earth’s gravitational field allows us to select a
unique direction as up, and thereby locally
reduces the symmetry of the underlying
equations of physics, so cosmic fields in
‘empty’ space lower the symmetry of these
fundamental equations everywhere. Or so
theory has it. For although this concept 
of a symmetry-breaking aether has been
extremely fruitful (and has been demon-
strated indirectly in many ways), the ulti-
mate demonstration of its validity —
cleaning out the medium and restoring the
pristine symmetry of the equations — has
never been achieved: that is, perhaps, until
now.

In a new paper, Cramer et al.1 claim to
have found evidence that — for very brief
moments, and over a very small volume —
experimentalists working at the Relativistic
Heavy Ion Collider (RHIC) at Brookhaven
National Laboratory in New York have

vaporized one symmetry-breaking aether,
and produced a more perfect emptiness.This
pioneering attempt to decode the richly
detailed (in other words, complicated and
messy) data emerging from the RHIC exper-
iments is intricate2, and it remains to be seen
whether the interpretation Cramer et al. pro-
pose evolves into a consensus. In any case,
they’ve put a challenge on the agenda, and
suggested some concrete ways to tackle it.

But what exactly is this underlying sym-
metry of nature that is broken by the aether?
How is it broken, and how might it be
restored? The symmetry in question is called
chiral symmetry, and it involves the behav-
iour of quarks, the principal constituents of
the protons and neutrons in atomic nuclei
(among other things).

Chiral symmetry is easiest to describe if
we adopt the slight idealization that the
lightest quarks, the up quark (u) and down
quark (d), are massless. (In reality their
masses are small, on the scale of the energies
in play, but not quite zero.) According to the
equations of quantum chromodynamics
(QCD), the theory that describes quarks 
and their interactions via the strong nuclear
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