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In this review we want to consider some of the requirements for autoimmune disease to develop and
how this may be reproduced in animal models. Besides a genetic predisposition, environmental trig-
gering factors seem to play a central role in the etiology of many autoimmune diseases. In theory,
a structural similarity or identity between the host and an invading pathogen might cause the immune
system of the host to react not only to the pathogen but also to self-components. However, in order for
such a process of molecular mimicry to induce autoimmunity the mechanisms of maintaining tolerance
or ignorance to the self-components need to be circumvented. Subsequently, in order to advance
autoimmunity to overt autoimmune disease the frequency and avidity of autoaggressive lymphocytes
has to be of sufficient magnitude. Intuitively, one would assume that tolerance might be stronger to
identical structures than to structures that just share a certain degree of similarity. Self-reactive
lymphocytes with high-avidity are more likely to be deleted or functionally silenced by central and/or
peripheral tolerance mechanisms. Thus, perfect mimicry between identical structures might fail in
inducing autoimmunity because of efficient tolerance mechanisms. In contrast, imperfect mimicry
between similar but not identical structures might on one hand circumvent tolerance but on the other
hand result in the generation of lymphocytes with only low- to intermediate avidity. Here we examine
animal models that use the concept of molecular mimicry as a potential mechanism for inducing or
accelerating autoimmunity. We focus on the RIP-LCMV model for type 1 diabetes and the novel cyto-
chrome P450 2D6 (CYP2D6) model for autoimmune hepatitis, which use either identical or similar
triggering and target antigens.

� 2009 Elsevier Ltd. All rights reserved.
1. Virus infections and autoimmune diseases

In the past decades multiple associations have been established
between infections and autoimmune diseases such as multiple
sclerosis, type 1 diabetes, ankylosing spondilitis, myasthenia gravis,
systemic lupus erythematosus, autoimmune myocarditis and many
others [1–3]. Infection with a pathogen sharing similar structures
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with autoantigens is one possibility how pathogens might induce
or accelerate autoimmunity. Such ‘molecular mimicry’ indeed
exists [4] and has been detected between pathogens and auto-
antigens recognized by antibodies or T cells of patients with a broad
variety of autoimmune diseases [5]. However, in most cases no firm
proof for pathogens as inducers for autoimmune diseases has been
found so far. An exception might be the Guillain Barré syndrome
(GBS), where the association with the infection with Campylobacter
jejuni, which shares a structural homology of the lipo-oligo-
saccahride with the peripheral nerve GM1 ganglioside, could be
convincingly reproduced in an animal model [6]. In addition, one of
the best examples of postinfectious autoimmunity due to molec-
ular mimicry has been established for Streptococcus pyogenes-
induced acute rheumatic fever (ARF), where the lysoganglioside of
the host shares a structural similarity to N-acetyl-b-D-glucosamine,
the dominant epitope of the group A streptococcal carbohydrate
[7]. Recently, an animal model for true molecular mimicry has been
established in the laboratory of M. Eric Gershwin at UC Davis. Anti-
mitochondrial antibodies directed against the E2 subunit of
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pyruvate dehydrogenase complex (PDC-E2) are the hallmark of
primary biliary cirrhosis (PBC) [8]. Interestingly, the Gershwin
group found several potential environmental inducers for PBC,
including bacteria, such as Novosphingobium aromaticivorans, and
chemical xenobiotics, that confer molecular mimicry to the
immunodominant structure in PDC-E2 containing the prosthetic
group lipoic acid [9,10]. Among the chemical xenobiotics the
cosmetic and food additive 2-octoynoic acid (2-OA) shows a high
structural similarity to lipoic acid and injection of 2-OA coupled to
bovine serum albumin (BSA) resulted in the generation of PBC like
disease in wildtype C57BL/6 mice [11]. Mice treated with 2-OA-BSA
manifested autoimmune cholangitis, anti-mitochondrial antibodies
and infiltration of the liver by activated CD8 T cells [11].

Several animal models for human autoimmune diseases have
been engineered to test the concept of molecular mimicry in that
transgenic animals expressing specific target antigens are infected
with pathogens bearing identical or similar antigens as triggering
factors for the autoimmune process. In order to induce autoim-
mune disease in these models a sufficient number of autoag-
gressive lymphocytes has to be generated to destroy the target
tissue. In this context, infection with a pathogen carrying a struc-
ture with molecular identity to the target antigen has the advan-
tage of a ‘perfect fit’ and therefore can result in the generation of
more lymphocytes with higher avidity to the identical transgenic
target (auto)antigen. However, even in the absence of a possible
thymic expression of the target antigen, mechanisms of peripheral
tolerance can result in a certain degree of unresponsiveness to the
identical antigen present on the triggering virus that might
prevent a sufficiently strong aggressive immune response. Infec-
tion with pathogens with similar but not identical structures
might circumvent tolerance induction by the host, but then the
question is whether autoimmunity initiated by such molecular
mimicry generates enough autoaggressive lymphocytes with
sufficient avidity to cross the threshold for clinical autoimmune
disease.
Fig. 1. RIP-LCMV model: Thymic expression of the target antigen influences onset of autoimm
(C57BL/6 background). In contrast, LCMV-NP is expressed in the thymus of RIP-LCMV-NP mic
NP-specific CD8 T cells. The remaining LCMV-NP118-specific CD8 T cells are of low avidit
compared to RIP-LCMV-GP mice. In addition, RIP-LCMV-NP mice require ‘help’ of LCMV-NP
2. The RIP-LCMV model for type 1 diabetes: the avidity of
self-reactive lymphocytes determines the course of disease

RIP-LCMV mice express the glycoprotein (GP) or the nucleo-
protein (NP) of the lymphocytic choriomeningitis virus (LCMV)
under the control of the rat insulin promoter (RIP) specifically in the
b-cells of the pancreatic islets of Langerhans [12]. Upon infection
with LCMV, RIP-LCMV-GP mice (C57BL/6 background) and RIP-
LCMV-NP mice (Balb/c background) develop type 1 diabetes (T1D)
within 10–14 days and 1–6 months, respectively. The affinity of the
immunodominant LCMV-GP peptide GP33 to H-2Db is about equal
to the immunodominant LCMV-NP peptide NP118 to H-2Ld [13].
However, the affinity of the TcRs encountered in vivo in RIP-LCMV
transgenic mouse strains that are either RIP-LCMV-GP or RIP-
LCMV-NP expressers of GP33-specific CD8 T cells to the H-2Db-
GP33 complex is about 10-fold higher than of NP118-specific CD8 T
cells to the H-2Ld–NP118 complex [14,15]. This is largely due to the
expression of LCMV-NP in the thymus of RIP-LCMV-NP mice, which
results in the deletion of high-avidity NP118-specific T cells [14,15].
Thus, even though a similar number of GP33-specific and NP118-
specific CD8 T cells are generated upon LCMV-infection of RIP-
LCMV-GP and RIP-LCMV-NP mice, respectively, the pathogenesis of
T1D is accelerated in RIP-LCMV-GP mice (Fig. 1). Importantly, the
low-avidity LCMV-NP-specific CD8 T cells were not sufficient to
induce disease in absence of CD4 help, since CD4-depleted RIP-
LCMV-NP mice did not develop disease upon LCMV-infection
[14,15]. In contrast, LCMV-infected RIP-LCMV-GP mice kept their
fast-onset diabetic profile even after CD4 depletion [14,15]. These
findings indicate that the avidity of autoaggressive lymphocytes to
presented antigenic epitopes has a great impact on the course of
disease. Tian et al. demonstrated that the affinity of the MHC/
peptide complex to the TcR correlated well the functional activity of
T cells [16]. They analyzed the interactions between the TcR of P14
mice expressing LCMV-GP33-specific TcRs and a set of altered GP33
peptides and found a correlation of the affinity of the P14 TcR to the
une disease – LCMV-GP in exclusively expressed in the pancreas of RIP-LCMV-GP mice
e (Balb/c background) as well, which results in the deletion of the higher avidity LCMV-
y and cause delayed onset of T1D after LCMV-infection of RIP-LCMV-NP mice when
-specific CD4 T cells for the development of T1D.
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MHC/peptide complex with both cytotoxicity and IFNg-production.
In contrast, no correlation was found between MHC/peptide–TcR
interaction and other kinetic parameters, such as the dissociation
rate [16]. Further, Gronski et al. have shown that a reduction in the
affinity of the TcR results in the loss of the ability to induce auto-
immune disease even though cytotoxic T cells (CTLs) are being
generated [17]. They infected P14 mice with LCMV variants
expressing altered GP33 sequences and demonstrated that a five-
fold reduction of the affinity of the P14 TcR to an altered GP33
peptide/MHC complex resulted in a 50% reduction of the T1D
incidence and a reduction by a factor of 20 completely abrogated
disease. Surprisingly, infected mice still generated functional CTLs
and developed insulitis [17]. The data indicate that the local
infection of the pancreas caused inflammation and attraction of
functional CTLs at a high frequency. However, due to their low
avidity, infiltrated autoaggressive cells failed to cause sufficient
damage for autoimmune disease.

In this context, it is important to note that the generation of
higher T cell avidity of T cells does not always correlate with higher
autoimmune damage. Studies of Pere Santamaria’s research group
demonstrated in the NOD mouse that lower avidity T cells are more
pathogenic than high-avidity T cells. They showed that avidity
maturation of NRP-A7/H-2Kd- and islet-specific glucose-6 phos-
phatase catalytic subunit-related protein (IGRP)-specific T cells
resulted in the generation of high-avidity T cells that are signifi-
cantly more diabetogenic than intermediate and low-avidity T cells
[18,19]. However, central and peripheral tolerance mechanisms
limited the contribution of these high avidity islet-antigen specific
T cells to the overall islet damage and b-cell killing [18,19]. In
addition, they could recently demonstrate that peptide therapy
using an IGRP peptide (IGRP206-214) at doses that depleted all but
the low-avidity IGRP206-214-specific T cells resulted in the abro-
gation of disease [20]. These data indicate that a blockade of the
Fig. 2. RIP-LCMV model: Molecular mimicry boosts the frequency of autoaggressive CD8 T ce
virus, which confers molecular mimicry to a subdominant LCMV-NP epitope (NP205) fails
followed by Pichinde virus expands LCMV-NP205-specific CD8 T cells. The presence of hig
ongoing autoimmune process to overt autoimmune disease.
islet microenvironment by T cells that albeit islet antigen-specific
are non-pathogenic and low-avidity might be the mechanism
behind a successful peptide therapy of T1D in the NOD mouse [20].

The overall functional avidity of T cells to APCs is not only
governed by the affinity of the TcR to the MHC/peptide complex,
but also by adhesion molecules and the internal signal trans-
duction machinery. Slifka and Whitton could demonstrate in an
elegant study, that T cells undergo avidity maturation within the
first week of virus infection that is independent of TcR affinity and
adhesion molecule expression [21]. They rather found an increase
in Lck expression suggesting a preassembly of the TcR signal
transduction cascade and therefore allowing for an expedited T
cell activation [21].

In terms of models for T1D the differences between the two RIP-
LCMV mouse lines was useful, since it offered the possibility to
study a variety of mechanisms involved in the immunopatho-
genesis of T1D as well as evaluate therapeutic intervention strate-
gies. On the one hand the use of the fast-onset model, which has
a well synchronized pathogenesis in between individual mice,
allows for an exact analysis of inflammatory events occurring after
virus infection and of the transition phase between inflammation
and autoimmunity [22–24]. On the other hand the slow-onset
model more closely reflects a potential situation that might occur in
human T1D patients, where the disease becomes overt only after
a lag phase of several years following a possible triggering event in
individuals at genetic risk to develop T1D. Thus, several ways of
disease prevention have been tested in the slow-onset model over
the last two decades covering areas such as DNA-vaccination, oral
tolerance induction, cytokine or chemokine blockade and even
virus infection [23,25–29]. In addition, the use of the slow- rather
than the fast-onset model allows for identification of disease-
accelerating factors, such as islet-specific chemokine expression or
secondary virus infection (Fig. 2) [30,31].
lls and accelerates autoimmune disease – Infection of RIP-LCMV-NP mice with Pichinde
to induce autoimmune disease. In contrast, heterologous virus infection with LCMV

h frequencies of both LCMV-NP396- and LCMV-NP205-specific CD T cells rushes the
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3. Heterologous infection in the RIP-LCMV model:
the number of self-reactive lymphocytes determines
the course of disease

As important as the avidity of autoaggressive CD8 T cells can
be, their number is possibly of even greater significance. As
demonstrated in the RIP-LCMV model, autoimmune disease only
developed when the quantity of functionally active CD8 T cells is
exceeding a critical threshold [32]. Infection of RIP-LCMV-NP mice
(Balb/c, H-2d background) with several strains of LCMV demon-
strated that T1D occurred only in those mice infected with viruses
eliciting a frequency of LCMV-specific CTLs of at least 1–2% of all
CD8 T cells, such as LCMV-strain Armstrong or E-350. In contrast,
infection with LCMV strain Pasteur and Traub, which only induce
CTL frequencies of <<1% did not induce disease [32].

As shown by a series of experiments and publications by Ray
Welsh and Lisa Selin the history of infections influences the overall
immune repertoire and the frequency of T cells specific for indi-
vidual viral components [33,34]. Thus, heterologous infections with
viruses sharing similar epitopes (molecular mimicry) might have
a significant impact on the severity and/or kinetics of autoimmune
disease. We have been investigating the impact of such sequential
infections with viruses conferring molecular mimicry in the RIP-
LCMV-NP mouse (C57BL/6, H-2b background) (Fig. 2). LCMV and
Pichinde virus (PV) share a structural similarity in a region of the NP,
which constitutes an H-2Kb-restricted subdominant epitope in
wildtype C57BL/6 mice after single infection with LCMV or PV.
LCMV-NP205-212 (YTVKYPNL) shares 6 out of 8 aminoacids with
PV-NP205-212 (YTVKFPNM). Single infection of mice with either
LCMV or PV results in the generation of w1% LCMV-NP205- or PV-
NP205-specific CD8 T cells [30,33,34]. In contrast, the frequencies
CD8 T cells recognizing the individual immunodominant epitopes
LCMV-GP33, LCMV-NP396 and PV-NP38 are much higher, ranging
from 10 to 20% [15,30,33,34]. Infection of RIP-LCMV-NP mice with
LCMV containing the immunodominant LCMV-NP396 as well as the
subdominant LCMV-NP205 epitopes results in a slow-onset T1D
[15,30]. In contrast, infection of RIP-LCMV-NP mice with PV, which
contains only the structural similar PV-NP205 epitopes does not
induce T1D [30]. Thus, the frequency of w1% of LCMV-NP-specific
CD8 Tcells induced by molecular mimicry of a subdominant epitope
is not sufficient to induce autoimmune disease in the RIP-LCMV-NP
mouse (C57BL/6, H-2b background). Similar to the infection of RIP-
LCMV-NP mice (Balb/c, H-2d background) with the LCMV strains
Pasteur and Traub [32], autoimmunity develops and cross-reactive
CTL are generated but their frequency is too low to induce clinical
disease. Here, the ‘glass of molecular mimicry’ is half empty.

However, heterologous infections with LCMV followed by PV
have demonstrated that molecular mimicry can accelerate the
ongoing autoimmune destruction (Fig. 2) [30]. The reason for this
acceleration lies in the expansion of LCMV-NP205-specific memory
CD8 T cells after secondary infection of LCMV-immune RIP-LCMV-
NP mice with PV. The frequency of LCMV-NP205-specific CD8 T
cells increased from w1% (single infection with LCMV or PV) to over
10% of all CD8 T cells, which is approximately the same frequency as
CD8 T cells recognizing the immunodominant LCMV-NP396
epitope [30]. This increase in frequency of LCMV-specific CD8 T cells
(LCMV-NP396 plus LCMV-NP205) resulted in a dramatic accelera-
tion of T1D in mice that received heterologous infections with
LCMV and PV. As early as one week after secondary infection with
PV, most of the LCMV-immune RIP-LCMV-NP mice turned diabetic,
whereas mice that did not receive a secondary infection remained
non-diabetic for several weeks [30]. These data confirm that the
frequency of autoaggressive T cells is of central importance for the
transition from autoimmunity to autoimmune disease. Infection
with a heterologous virus resulted in a boost of the frequency of
autoaggressive T cells above a critical threshold and therefore
dramatically accelerated the course of disease. Thus, it might be
important to consider multiple rather than just one single trig-
gering event to be involved in the etiology of autoimmune diseases.

In this context it might be important to realize that the memory
CD8 T cell compartment is rather flexible and is able to grow in size
with immunological experience [35]. Vezys et al. could show that
challenge of the memory compartment with several heterologous
virus infections did not result in a displacement of previously
generated memory CD8 T cells. The memory compartment has
rather a certain plasticity and can grow in size with additional
immunological experience [35]. This indicates that T cell memory
seems not to forget triggering events that may have occurred at any
time in the past and resulted in a low frequency of autoaggressive T
cells insufficient to induce autoimmune disease. Thus, multiple
triggering events occurring over an extended period of time may
nevertheless result in an accumulation of autoaggressive T cells
over a critical threshold.

4. The CYP2D6 mouse model for autoimmune hepatitis:
is mimicry better than molecular identity?

As discussed previously, the traditional RIP-LCMV model for T1D
uses identical molecules as trigger and target antigens. Experi-
ments with a heterologous virus infection demonstrated that
molecular mimicry of a subdominant LCMV-epitope accelerated an
already ongoing autoimmune process but was not sufficient for a de
novo induction of autoimmune disease. Thus, in the RIP-LCMV
model molecular identity between the triggering virus and the
target antigen seems to be required to induce T1D. However, in
other animal models for human autoimmune diseases the presence
of a structural similarity rather than identity has proven to be more
efficient in breaking self-tolerance to the target antigen. We have
recently generated a novel mouse model for human autoimmune
hepatitis [36]. As a trigger for the autoimmune liver damage we
used an Adenovirus (Ad-2D6) expressing the human cytochrome
P450 2D6 (CYP2D6), which is the major natural autoantigen in
autoimmune hepatitis (AIH) type 2 [37,38]. As targets we used
either wildtype FVB mice, which express mouse cytochrome P450
isoenzymes with a structural and sequential similarity to human
CYP2D6 (molecular mimicry), or transgenic CYP2D6 mice [39], with
express in addition the identical human CYP2D6 (molecular iden-
tity). Infection of FVB mice with Ad-2D6 resulted in the rapid
development (onset 2–4 week post-infection) of a persistent form
autoimmune hepatitis, which was characterized by widespread
infiltration of the liver by mononuclear cells, massive fibrosis, and
generation of anti-CYP2D6 antibodies and CYP2D6-specific T cells
[36]. In contrast, liver damage and fibrosis progressed significantly
slower (onset 4–8 weeks post-infection) in transgenic CYP2D6
mice, which exhibited less infiltration and reduced anti-CYP2D6
antibody titers compared to Ad-2D6-infected FVB mice [36]. The
most striking difference in the immune response to Ad-2D6 chal-
lenge between the ‘molecular mimicry’ vs. the ‘molecular identity’
model was the frequency of CYP2D6-specific T cells, while the
quality of the CYP2D6 T cell response appeared similar in FVB and
CYP2D6 mice, which both recognize several CD8 T cell epitopes and
one single CD4 T cell epitope. In contrast, the frequency of CYP2D6-
specific CD8 T cells in the liver and the spleen of CYP2D6 mice,
where autoimmune hepatitis is triggered by molecular identity,
was 10–20 times lower than in wildtype FVB mice, where cross-
reactivity between mouse and human 2D6 elicits autoimmunity
(molecular mimicry) [36,40]. Thus, it is most likely the difference in
the frequency of CYP2D6-specific CD4 and CD8 T cells, rather than
anti-CYP2D6 antibody titer or overall inflammation of the liver that
accounts for the reduced severity and delayed onset of disease in



Table 1
Molecular mimicry between trigger and target.

Mouse Target Trigger Mimicry T cell frequency T cell avidity Antibody titer Autoimmune disease

RIP-LCMV LCMV-GP LCMV Identical High High n.d þþþ
RIP-LCMV LCMV-NP LCMV Identical High Low n.d þ
RIP-LCMV LCMV-NP PV Similar Low n.d. n.d �
RIP-LCMV LCMV-NP LCMV þ PV Identical þ Similar Very high n.d n.d þþþ
FVB Mouse CYP hCYP2D6 (Ad-2D6) Similar High n.d Very high þþþ
hCYP2D6 Mouse CYP þ hCYP2D6 hCYP2D6 (Ad-2D6) Similar þ Identical Very low n.d High þ

n.d.: not determined.
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humanized CYP2D6 mice compared with FVB mice [40]. It still
remains to be investigated how possible differences in the affinities
of the wildtype vs. transgenic TcRs to the MHC/human CYP2D6
peptide and MHC/mouse CYP2D6 homologues influence the course
of disease. From these studies we can conclude that molecular
mimicry might, in some cases, be more efficient than molecular
identity to trigger autoimmunity, because tolerance induction to
‘almost-self’ antigens can be less efficient than tolerance induction
to true autoantigens. In the CYP2D6 mouse model for autoimmune
hepatitis, the ‘glass of molecular mimicry’ is half full’.

5. Summary

The number self-reactive lymphocytes appears to be of para-
mount importance for the pathogenesis of autoimmune diseases.
Animal models demonstrate that overt disease only develops,
when a critical threshold of autoaggressive lymphocytes has been
generated. Depending on the individual model and the antigens
used, a sufficiently high frequency of autoaggressive lymphocytes is
induced by infection with a pathogen bearing structures which are
identical or similar to the target antigen (Table 1). RIP-LCMV mice
Fig. 3. CYP2D6 model: Molecular mimicry induces a higher frequency of autoaggressive lymp
Adenovirus expressing the natural human autoantigen CYP2D6 as a trigger. Infection wildtyp
chronic autoimmune hepatitis. In contrast, transgenic CYP2D6 mice, which in addition to th
develop a significantly milder form of hepatitis with a delayed kinetics. Most strikingly, CYP2D
developed T1D only after infection with LCMV strains that elicit an
adequate CTL frequency of >1% [32]. Further, heterologous virus
infection experiments demonstrated that in the RIP-LCMV model
infection with a virus conferring true molecular mimicry of
a subdominant epitope (LCMV/PV-NP205) was insufficient to
induce T1D. However, by increasing the total number of LCMV-NP-
specific autoaggressive CD T cells (LCMV-NP396 and LCMV/PV-
NP205) secondary infection with a virus sharing structural
similarities with the primary infecting virus and the host an already
ongoing autoimmune process can be rapidly accelerated to result in
overt autoimmune disease (Fig. 2). Thus, at least in the RIP-LCMV
model a ‘perfect fit’ of the trigger and the target is required for the
de novo induction of autoimmune disease.

In contrast, in the CYP2D6 model for autoimmune hepatitis,
mice with structural similarity to the invading pathogen seem to be
more susceptible to autoimmune liver disease than mice that share
identical structures (Fig. 3). The reason for this might be a stronger
peripheral tolerance to the triggering factor, when the degree of
similarity reaches identity. The occurrence of molecular mimicry
between trigger and target seems to circumvent peripheral toler-
ance to the target antigen resulting in the generation of a high
hocytes than molecular identity – The CYP2D6 model for autoimmune hepatitis uses an
e FVB mice expressing the mouse homologues of CYP2D6 only develop massive form of
e similar mouse CYP2D6 homologues express the identical human CYP2D6 in the liver,
6 mice generate a 10–20 times lower frequencies of CYP2D6-specific CD8 and CD4 Tcells.
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frequency of target antigen-specific T cells, which surpasses a crit-
ical threshold for induction or acceleration of autoimmune disease.
The discrepancy between the mouse models for autoimmune
diseases affecting the pancreas or the liver might be explained by
the presence of several peripheral tolerance mechanisms, which
protect the liver from excessive autoimmune damage. Both organs
the liver as well as the pancreas are target of potential environ-
mental triggering factors for autoimmune diseases, such as Hepa-
titis-, Coxsackie- and Herpes simplex viruses and many more.
However, because of its function as a detoxifying and drug
metabolizing organ the liver is prone to cellular destruction and
neo-antigen formation (i.e. protein-adduct formation by reactive
metabolites [41,42]). It has further been suggested that the liver
may act as a sink for activated lymphocytes [43,44]. Several
mechanisms for the maintenance of a tight hepatic tolerance by the
liver microenvironment have been suggested in the past, including
T-cell inactivation by antigenic priming in the liver [45], tolerance
induction via cross-presentation by liver sinusoidal endothelial
cells (LSEC) [46], induction of regulatory T-cells [47,48] and hepatic
stellate cell (HSC) induced T-cell apoptosis [49].

The avidity of the T cell to the target cell is another factor to be
considered. The two RIP-LCMV models for fast- (RIP-LCMV-GP,
C57BL/6 background) and slow-onset (RIP-LCMV-NP, Balb/c back-
ground) T1D demonstrate that even though similar frequencies of
autoaggressive CD8 T cells are generated after LCMV-infection, only
the presence of high-avidity T cells results in the rapid destruction
of the majority of b-cell in the pancreas. In contrast, thymic
expression of LCMV-NP prevents the release of high-avidity LCMV-
NP-specific T cells from the thymus into the periphery resulting in
a massively delayed kinetic of T1D in RIP-LCMV-NP mice (Fig. 1).
Studies in the NOD mouse showed that high-avidity T cells are
indeed more pathogenic per se, but are often deleted or functionally
silenced by central and/or peripheral tolerance mechanisms before
they can cause damage [18,19].

It is important to note that besides genetic predisposition and
environmental factors, local inflammation might play a key role in
the transition from autoimmunity to autoimmune disease. Both
the RIP-LCMV as well as the CYP2D6 model require the direct
infection of the target organ by the triggering virus, which results
in a massive local inflammation. Blockade of critical cytokines or
chemokines, results in a reduced frequency of autoaggressive T
cells within the target organ, inhibits the destructive process and
abrogates disease [23,24,27]. In addition, just like the balance
between pro- and anti-inflammatory chemokines and cytokines,
which determine the local inflammatory milieu or the proportion
of apoptotic and anti-apoptotic signals influencing the fate of
a cell, the ratio between aggressive and regulatory T cells (Treg)
will be as important as the absolute number of autoaggressive
lymphocytes. Thus, current therapeutic intervention protocols that
aim to generate antigen-specific Treg need to consider both the
avidity and the frequency of the Treg. Although a change of the
avidity of already generated autoaggressive T cell population
seems to be a very difficult endeavor, recent developments in
peptide therapy of T1D demonstrated that administration of
autoantigenic peptides at the correct dose modulates the overall
avidity maturation and results in a depletion of high-affinity islet-
antigen-specific T cells [20]. Interestingly, the remaining low-
avidity T cells seem to clog the islet microenvironment preventing
additional damage for an extended period of time. In addition,
a combinatory treatment, which on the one hand reduces the
frequency of autoaggressive T cells (i.e. by depletion using anti-
CD3 antibodies) and on the other hand induces Tregs, seems to be
a reasonable goal as well. Indeed, such an approach has been
proven to work in two models for T1D [25] and is currently
evaluated for clinical trials in T1D patients.
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