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ABSTRACT: Autoimmune disorders play an increasing role in public health, especially in
light of the fact of the growing aged population, which primarily develop such diseases. A
clear understanding of the mechanisms leading to the development of autoimmune re-
sponses and finally to autoimmune disease does not exist. Autoimmunity is characterized
by the presence of autoantibodies and/or autoreactive T cells and the corresponding organ
manifestation. Following the discovery of autoreactive T cells found in the periphery of
mice and humans, the old immunological concept that autoreactive T cells are completely
deleted in the thymus during evolution has been revised in recent years. Although antigen-
presenting cells and particularly dendritic cells are known to play an important role in the
regulation of immune responses and the activation of T cells, recent evidence suggests that
the role of dendritic cells in the development of autoimmunity has been underestimated
previously. This article aims to give a general overview on the basic immunological
principles involved and gives a short review of the current literature on the functional
relevance of dendritic cells in various human and murine autoimmune disorders.

ABBREVIATIONS: AARDA: American Autoimmune Related Diseases Association; APC: antigen pre-
senting cell; CTL: cytotoxic T lymphocyte; DC: dendritic cell; EAE: experimental autoimmune encephalo-
myelitis; IDDM: insulin-dependent diabetes mellitus; MCTD: mixed connective tissue disease; MHC:
major histocompatibility complex; MS: multiple sclerosis; NOD: non-obese diabetic; RA: rheumatoid
arthritis; RIP: rat insulin promoter; SLE; systemic lupus erythematosus; TNF: tumor necrosis factor.

I. INTRODUCTION

Autoimmune diseases play an ever in-
creasing role in public health in Western
countries, and according to the American
Autoimmune Related Diseases Association

(AARDA1) collectively affect over 20% of
the U.S. population. Accordingly, the inci-
dence of autoimmune disorders makes it
one of the top five most prevalent diseases
within North America.1 Among the most
well known are systemic lupus erythemato-
sus (SLE), Hashimoto’s autoimmune
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thyroditis, multiple sclerosis (MS), type 1
diabetes (insulin-dependent diabetes melli-
tus, IDDM), psoriasis, and rheumatoid ar-
thritis (RA). Although rarely lethal, signifi-
cant morbidity and disabilities are a result.
The etiology and pathogenesis of these ill-
nesses are diverse, and many of the mecha-
nisms behind the manifestation of autoim-
mune disorders are unknown or remain
controversial. This is in part due to the
multifaceted aspects of the disease as both
genetic predisposition and environmental
triggers affect the immune status of the cells
and contribute to the susceptibility to au-
toimmune responses. To date most of the
data on the progression of autoimmunity in
humans are restricted to processes after the
outbreak of disease for the obvious reason
that people do not tend to visit their doctors
in hopes of being diagnosed for an autoim-
mune affliction. Various animal models of
autoimmune disease (Table 1), in particular
SLE (reviewed in Refs. 2 and 3), have now
been established and are facilitating the dis-
section of the pathways leading to autoim-
mune responses at all stages of disease de-
velopment.

II. PRESENCE OF AUTOREACTIVE
T CELLS WITHOUT DISEASE

Three major models reflect how the
immune system works: the so-called Self-
Nonself model predicts that the immune
system is based on its ability to discern
between self and foreign constituents, thus
allowing the subsequent destruction of for-
eign pathogens. The Infectious-Nonself
model adds the aspect that the activation of
antigen-presenting cells (APC), generally
the first immune cell type to be involved
in a primary immune response, via costi-
mulation is a necessary component of the
immune response. APCs are not antigen-

specific and present all sorts of antigens.
Therefore, the newest model is the Danger
Model. This model proposes that danger
signals supplied by tissues injured by trauma,
pathogens, toxins, etc. activate the APCs
possibly in a tissue-dependent manner.4 In
this context, the effector cells must be able
to recognize the antigenic constituents along
with the danger signals that mark the pres-
ence of an invading pathogen. Complex
interactions of a vast array of cell types and
cell-signaling processes along with the spe-
cific ontological development of two of the
major cell types involved in the immune
process, the T and B cells, are necessary to
achieve this goal. During intrathymic de-
velopment, somatic selection processes al-
low a fraction of the T cells to differentiate,
mature, and to be released into the body. In
this respect, autoantigens play an essential
role in establishing the repertoire of mature
T cells. In the first phase of T cell selection
within the thymus termed “positive selec-
tion”, T cells with a sufficient affinity to
self-antigens are selected for survival,
whereas the remaining T cells die by ne-
glect via apoptosis. In the second phase,
termed “negative selection”, T cells with an
excessive affinity to self-ligands are once
again deleted from the system via the
apoptotic pathway. The remaining T cells
then constitute the T cell battery enabling
the recognition and combat of foreign patho-
gens. Some are polyactive and can recog-
nize self antigens as well as foreign anti-
gens.5,6 A similar mechanism for the
selection of self-reactive B cell precursors
within the bone marrow has been postu-
lated, although this pathway has not been
studied extensively. Yet under the condi-
tions prevailing in the thymus, not all self-
antigens are presented and T cells possess-
ing high avidity to self antigens can slip
through the selection process. In contrast to
the longstanding dogma that autoreactive
cells are completely removed from the sys-
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TABLE 1
Animal Models of Autoimmune Disease
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tem via clonal deletion, new studies have
revealed that, in fact, autoreactivity is nec-
essary for immune functions as low-grade
exposure to autoantigens in the periphery
seem to be necessary for T cell survival.7

Because these T cells are per definition
autoreactive,8 it is also essential to differen-
tiate between autoimmunity and autoim-
mune disease in this context.

III. DENDRITIC CELLS AS
REGULATORS OF
(AUTO)IMMUNE RESPONSES

Autoreactive T cells have been detected
in the periphery and blood in both rodents
and humans (reviewed in Refs. 9 and 10).
These autoreactive T cells are normally not
activated as effective checks and balances
such as antigen presentation in the absence
of costimulation are present to avoid inad-
vertent stimulation and the subsequent de-
velopment of autoimmune disease. Although
most autoimmune disorders are generally
referred to as being T cell mediated, one
question must be asked: Which mechanisms
play a role in the activation and/or induction
of autoreactive T cells leading to the break-
down of immunological self-tolerance?
Because antigen-presenting cells (APC) are
highly capable of activating T cells, they
can logically be implicated in the activation
of autoreactive T (and B) cells. This puts us
onto the direct path to dendritic cells (DC),
because they are the most effective APC
known today.11 DC are the unrivaled cham-
pions in antigen presentation. In the periph-
ery, they build a network of sentinel cells
that untiringly sample antigens. They are
extremely adept in antigen uptake because
they are equipped with the means to ingest
antigens by a manifold of different mecha-
nisms, for example, via pinocytosis,
macropinocytosis, mannose receptor-medi-

ated endocytosis, and phagocytosis. The
antigenic material is then processed and
loaded onto the MHC molecules. DC play a
key role in antigen translocation, as antigen
transport from periphery to lymph nodes is
primarily achieved by DC. Intrinsic signals
and extrinsic signals, such as trauma or in-
fection, induce the release of various
cytokines, such as tumor necrosis factor
(TNF) alpha, in the periphery, which gener-
ates a “danger” signal.4 After sensing these
danger signals, DC undergo profound mor-
phological and physiological changes and
begin to migrate from the periphery to the
lymph nodes. They simultaneously undergo
a process called maturation in which they
switch from the antigen uptake mode to an
antigen presentation mode. The antigen pre-
sentation mode is characterized by the
upregulation of the various costimulatory
and adhesion molecules necessary for T cell
stimulation along with an intracellular re-
distribution of MHC molecules, which re-
sults in an increase of antigen-laden MHC
on the cell surface. After contact with the
T cells, the very high density of MHC mol-
ecules on the cell surface at this stage make
DC extremely well equipped to present an-
tigens to T cells via antigen-specific TCR
engagement. However, not only the TCR/
MHC engagement is required for effective
antigen presentation, but also costimulatory
molecules need to be present in order to
elicit an immune response. Among these
costimulatory molecules one receptor/ligand
pair plays a prominent role in this context
and that is the CD40 receptor on DC and its
ligand CD154 (CD40L) on T cells. Ligation
of this receptor pair leads to activation sig-
nals both in DC as well as in T cells.12

Furthermore, ligation of CD40 provides one
of the strongest activation signals for DC
known today and results in the production
of IL-12 and the skewing of T cell responses
toward the Th1 type.13 As CD40/CD154
interaction is also crucial for B cell stimula-
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tion and immunoglobulin class switching,
this suggests that CD40 engagement plays
an essential role in the communication be-
tween DC, T, and B cells. Therefore, it has
been proposed that CD40/CD40L cross-link-
ing contributes to the generation of autoim-
mune responses. DC can prime both CD4+

or CD8+ T cells and B cells independently
of each other.14,15 Consequently, they not
only play a role in initiating cytotoxic im-
mune responses but also play a role in the
regulation of humoral responses.

On the other hand, DC also play a con-
trasting and yet pivotal role in promoting
tolerance. During T cell development, thy-
mic DC are involved in the processes for
deleting autoreactive T cells.16 In addition,
evidence is growing that in particular DC of
the immature phenotype are responsible for
downregulating immune responses. Al-
though mature DC do not seem to be af-
fected by interleukin(IL)-10,17 the presence
of IL-10, a Th2-promoting cytokine, during
the initial stages of activation of DC causes
a reduction in the maturation process of DC
and can induce tolerance.18,19 This includes
the downregulation of inflammatory
cytokines such as IL-6, IL-1ß, and TNFα
along with a downregulation of MHC class
II molecules and various costimulatory and
adhesion factors. Jonuleit et al. reported that
repeated stimulation of T cells, with imma-
ture DC results in the generation of regula-
tory IL-10 producing CD4+ CD25+ T cells
which in turn promote tolerogenicity.20 In-
terestingly, two reports in which hema-
glutinin or ovalbumin function as model
self-antigens of the periphery revealed that
the presentation of autoantigens via DC are
a prerequisite for CD4- and CD8-mediated
tolerance.21,22 In mice, DC that were gener-
ated in the presence of TNF-α and pulsed
with autoantigenic peptide ameliorated ex-
perimental autoimmune encephalomyelitis
already after the first injection.23 TNF-α-
treated DC expressed MHC class II as well

as costimulatory molecules, but produced
significantly higher concentrations of IL-10
compared with CD40L-treated DC. In two
volunteers, the injection of immature DC
pulsed with influenza matrix peptide (MP)
led to a specific inhibition of MP-specific
CD8+ T cell effector function.24 Recently, it
was demonstrated by the same investigators
that application of immature DC-induced
hapten-specific CD8+ regulatory T cells in
vivo.25 These data suggest that immature
DC might be a useful tool for the therapeu-
tic down-regulation of antigen-specific im-
munity.

In the case of autoimmunity, players in
the immune system go astray, the most well
known being dysregulated T cells and B
cells. Normally, these cells are held in abey-
ance by the simple lack of the costimulatory
molecules in the microenvironment neces-
sary to stimulate them.26 T cells and in par-
ticular CD8+ but also CD4+ T cells are the
effectors cells that attack or activate target
cells and elicit tissue destruction in this sce-
nario (Figure 1). B cells produce large quan-
tities of antibodies, and various mechanisms
can lead to tissue injury, for example, by the
formation of large deposits of immune com-
plexes in the kidney often leads to nephritis
and tissue damage. Furthermore, autoanti-
bodies can initiate cytolysis of the cells or
opsonize them for elimination via phagocy-
tosis. Activated B cells also play another
role in the elicitation of autoimmune re-
sponses, namely, they themselves can func-
tion as antigen-presenting cells that present
autoantigens to the relevant T cells and con-
tribute to epitope spreading. In the last few
years evidence has accumulated that DC
play a much larger role in autoimmune re-
sponses than originally thought. DC are
accomplices in the elicitation of autoimmu-
nity in that they play a pivotal role in the
activation of both T cells and B cells and by
delivering the autoantigens with the appro-
priate factors necessary to elicit an immune

C
ri

tic
al

 R
ev

ie
w

s 
in

 B
io

ch
em

is
tr

y 
an

d 
M

ol
ec

ul
ar

 B
io

lo
gy

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

89
.1

63
.3

4.
13

6 
on

 0
1/

05
/1

2
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



6

F
IG

U
R

E
 1

. 
A

 r
ol

e 
fo

r 
de

nd
rit

ic
 c

el
ls

 in
 t

he
 in

du
ct

io
n 

of
 a

ut
oi

m
m

un
e 

re
sp

on
se

s 
an

d 
au

to
im

m
un

e 
di

se
as

e.
 (

A
 c

ol
or

ve
rs

io
n 

of
 t

hi
s 

fig
ur

e 
is

 a
va

ila
bl

e 
in

 t
he

 o
n-

lin
e 

co
py

 o
f 

th
e 

ar
tic

le
.)

C
ri

tic
al

 R
ev

ie
w

s 
in

 B
io

ch
em

is
tr

y 
an

d 
M

ol
ec

ul
ar

 B
io

lo
gy

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

89
.1

63
.3

4.
13

6 
on

 0
1/

05
/1

2
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



7

response (Figure 1). Because DC cannot
discriminate between the antigens they cap-
ture at the site of inflammation and thus will
inadvertently present self-antigens along
with pathogen-specific antigens, a complex
interplay of factors has evolved as a neces-
sity for the prerequisite maturation of DC
needed for the activation of naive T cells.
DC react differently to dying cells as ne-
crotic cells elicit other responses than
apoptotic cells from DC.27 DC promote
stimulatory responses from CD4+ and CD8+

T cells following exposure to necrotic cells
(cell death due to trauma or infection),
whereas DC that have had contact to
apoptotic cells (physiologic cell death) do
not.

An emerging factor in the induction of
autoimmune disease is the uptake and pro-
cessing of autoantigens originating from
apoptotic cells. This model has been receiv-
ing increased attention as the latest evidence
seems to support the idea that the self-deter-
minants involved in autoimmune responses
are supplied by the dying cells as the
reservoir for autoantigens. Physiologic
apoptosis is generally considered to pro-
mote tolerogenicity and not autoimmunity.
Apoptosis usually occurs sporadically and
asynchronously within tissues, with no
proinflammatory cytokines present. Under
steady state conditions, T cells presented
with autoantigens by DC either become
anergic or are deleted. Yet, during the
apoptotic process, many proteins and other
cell constituents are uniquely modified that
can expose cryptic epitopes or even gener-
ate novel autoantigens.28 Antiphospholipid
antibodies are found in some patients af-
flicted with SLE. Phosphatidyl-serine is
generally located on the inner surface of the
plasma membrane, yet it is exposed to the
outside on the surface of apoptotic blebs,
thus making it accessible as an epitope.29

Other modifications are the apoptosis-spe-
cific proteolytic cleavage and/or phospho-

rylation of the substrate molecules. Defects
in apoptotic cell clearance also seem to play
a central role. Macrophages and DC scav-
enge apoptotic cells, ingest these cell com-
ponents, and present them to T cells via
MHC complexes, thus initiating the signal-
ing cascade leading to autoimmune disease.
Furthermore, increased or aberrant apoptotic
rates have been reported in tissue-specific
as well as systemic autoimmune disorders.
At this point it is important to note that
exposure to high numbers of apoptotic cells
is able to mature DC even in the absence of
further inflammatory signals,30 and this may
explain why the threshold for an autoim-
mune response is reached.

This is especially interesting when mi-
crobial insult leads to the generation of an
immune response to such antigens. Emerg-
ing evidence also points to a role of patho-
gens in the modulation of DC function. The
infectious agents associated with autoim-
mune disease are diverse and include the
involvement of streptococci in rheumatic
fever, Borrelia burgdorfii in Lyme arthritis,
Coxsackie virus in myocarditis, Cytomegalie
virus or rubella in type 1 diabetes, etc.31

Although only circumstantial evidence is
yet available and the underlying mechanisms
as to how they set off disease are unclear, it
intriguingly incriminates APC in this con-
text. One possibility is that APC present
self-determinants, a simple bystander
activation process takes place and nonspe-
cifically activates the cells of the immune
system in the close vicinity or within the
lymph node during the immune response to
the microbes. The process of “T cell epitope
mimicry” has also been proposed to be a
major factor in the proclivity of microbial
infection to elicit processes leading to au-
toimmune diseases.31 In this case, as anti-
gen recognition/specificity by T cells can
be degenerate, T cells can recognize
autoantigens that are similar to those of the
pathogen. A recent report by Ludewig et al.
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revealed that stringent threshold levels not
only of antigen load but also of the duration
of (auto)antigen presentation determines
whether stimulation of self-reactive CTLs
with subsequent autoimmunity ensues or
not.32 In this context, the maturation status
of the DC is of prime importance: imma-
ture DC have a high turnover rate of MHC/
antigen complexes on their cell surface,
whereas mature DC downregulate turnover
rates and stabilize the presence of the anti-
gen/MHC complex on the surface of the
DC.33

IV. DC IN VARIOUS
AUTOIMMUNE DISORDERS

In the following, the role of DC in
various autoimmune diseases is de-
scribed. They indicate that local or re-
cruited DC play a fundamental role in
the effector phase of these diseases even
before the overt phase of disease is
reached. The early infiltration into tis-
sues and the abnormal accumulation of
APC prior to the migration of macroph-
ages, B, and T cells into these areas indi-
cate that signaling from microenviron-
ment and activation of DC pave the way
for disease progression. Danger signals
probably originate from necrotic cells
following injury or microbial insult. Fo-
cal neogenesis of lymphoid tissues can
ensue as the disease advances. Within
these tissues, DC interact with the other
immunocompetent cells and thus contrib-
ute to the affinity maturation of B cells,
the production of autoantibodies, and the
stimulation and expansion of T cells. The
distorted homeostatic balance between
the cells in the autoimmune diseased ar-
eas results in the maintenance of the leu-
kocytic infiltrate and a persisting inflam-
matory process.

A. Systemic Lupus
Erythematosus (SLE)

SLE is one of the prototypic systemic
autoimmune diseases and various mouse
models with characteristics of the disease
are available for study. Among the various
symptoms of this disease, SLE is character-
ized by B cell hyperactivity, renal immune
complex depositions and resulting nephri-
tis, anti-dsDNA autoantibodies along with
depositions. In recent studies, a connection
to the CD40/CD154 dyad and to enhanced
migration of DC to the spleen have been
found. Within the serum of patients suffer-
ing from SLE, increased concentrations of
soluble (s)CD40L were detected and, inter-
estingly, these serum concentrations corre-
lated with disease activity. Also, the expres-
sion of CD40L was found to be up-regulated
on T cells from patients with SLE.34

Scheinecker et al. reported clinical correla-
tions between DC numbers within the blood
and SLE.35 Patients with SLE exhibited pro-
found changes in functional and phenotypi-
cal parameters of the DC and had an aver-
age of 80% fewer CD11c-positive DC. Using
the mouse model of SLE (SWR x NZB)F(1)
(SNF(1)) mice, both Lettesjo et al. and
Kalled et al. found that disease is dependent
on CD40/CD154 interactions, and that there
was an increase in splenic cell numbers of
DC.36,37 This group further postulated that
this was due to an enhanced migration of
DC from the periphery to the spleen and
dysregulated DC homeostasis. Disrupted DC
homeostasis was also proposed to be key to
SLE pathogenesis by Blanco and co-work-
ers.38 Monocytes isolated from the blood of
patients suffering from SLE were potent
activators of T cells in vitro, indicating that
they were actually differentiated DC. Fur-
thermore, normal monocytes were induced
to differentiate and to develop DC-like
morphology and function after stimulation
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with serum from SLE patients. The active
agent was identified as being IFN-α be-
cause only antibodies directed against this
molecule could abrogate the stimulating
activity of the serum.

B. Mixed Connective Tissue
Disease (MCTD)

MCTD is an autoimmune overlap syn-
drome that includes aspects of lupus erythe-
matosus, scleroderma, and/or dermatomyo-
sitis.39-41 Studies in our laboratory aimed at
investigating the role of chronically acti-
vated tissue-resident DC of the epidermis,
the Langerhans cells, in the generation of
autoimmune responses. Transgenic mice
were generated that overexpress the stron-
gest stimulator of DC, CD40L, in Langer-
hans cell neighboring basal keratinocytes.42

Our results obtained from these Keratin14-
CD40L transgenic mice further substantiate
the role of DC in the elicitation of autoim-
munity. In this model mouse system many
of the quintessential aspects of MCTD, es-
pecially with respect to lupus/lupus-like
manifestations, were generated, including
substantial inflammatory autoimmune scle-
roderma-like skin lesions. Similar to the
study mentioned above, these mice were
found to have drastically decreased num-
bers of epidermal Langerhans cells and in-
creased numbers of activated DC within the
dermis. This was especially evident in the
affected skin areas. Moreover, these effects
were accompanied by a concurrent increase
in DC cell numbers in the lymph nodes
draining from areas of inflammation and in
the spleen. DC migration to the lymph nodes
also seemed to be enhanced, suggesting that
an increased migration of CD40-activated
DC from the periphery was taking place.
Serum analyses revealed the presence of
antinuclear as well as anti-dsDNA antibod-

ies. These autoantibodies were directed
against the skin as indicated in indirect im-
munofluorescence stainings. Moreover, au-
toantibody depositions were found at the
dermo-epidermal junction and at the glom-
eruli of the kidneys, which led to the loss of
renal function and proteinuria. Additionally,
pulmonary as well as esophageal fibrosis
were also present in these animals. Together,
the data indicate the development of a sys-
temic autoimmune disease in Keratin14-
CD40L transgenic mice with striking as-
pects of both scleroderma and systemic lupus
erythematosus. Unexpectedly, the inflam-
matory autoimmune phenotype also
developed in B-cell-deficient mice Kera-
tin14-CD40L transgenic double mutants. In-
terestingly, T cell transfer experiments with
CD8+, but not CD4+, T cells from transgenic
mice elicited the manifestation of the au-
toimmune disease in the recipient animals,
suggesting the presence of autoreactive
T cells. In this system, these pathologies
occurred spontaneously without the need
for immunizations with specific antigens,
antigen-pulsed DC, antigen-specific T cell
transfer, microbial infection, etc. In this
context, it is interesting to note that DC
themselves can activate T cells, circumvent-
ing the necessity for B cells in this process.
This makes this mouse model an excellent
system in which to dissect in detail the con-
tributions of various cell types and path-
ways, in particular cellular (T cell) vs. hu-
moral (B cell)-dependent immunological
mechanisms, leading to the generation of
autoimmunity and finally to the exacerba-
tion of a systemic autoimmune disease.
These results point to an inherent role of
aberrant activated DC, and in this study the
novel finding of LC in particular in break-
ing tolerance against self-antigens resulting
in the development not only of cutaneous,
but surprisingly also of widespread systemic
autoimmunity. Further studies will deter-
mine through which mechanisms Langer-
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hans cells are chronically activated in situ in
human skin. Knowing that increased
apoptosis can result in the activation of DC,
aberrant and prolonged apoptotic rates have
been reported in keratinocytes within ul-
traviolet-induced lesions of cutaneous lupus.
Another intriguing possibility would be the ex-
pression of CD40L on skin mast cells, which
has not been investigated so far. Our findings in
turn raise the question whether the postulated
role of B cells and their antibody production are
the causal elicitators of lupus-like syndromes
or only a secondary effect following aberrant
DC activation. In this model and taken together
with the data accumulated by Garza et al., clear
evidence is given that a crucial aspect of toler-
ance vs. autoimmunity is determined by the
activation state of the DC.43

C. Diabetes Mellitus

In a mouse model of diabetes, dendritic
cells were also reported to be of critical
importance in the pathogenesis of islet au-
toimmunity in nonobese diabetic (NOD)
mice. Green et al. reported that organ-spe-
cific autoimmunity is triggered by antigen-
presenting cells in transgenic mice that
overexpress TNF-alpha in the insulin se-
creting β-cells of the islets of Langerhans.44

TNF-alpha is an inflammatory molecule that
is expressed by numerous different cell types
such as activated CD4+ T cells, macroph-
ages, and keratinocytes. By placing the gene
for TNF-alpha under the control of the rat
insulin promoter (RIP), accelerated progres-
sion of autoimmune diabetes in neonatal
NOD mice was achieved. Disease was pre-
ceded by localized apoptosis of some islet
cells, the upregulation of MHC class I on
the residual islet cells, and by the sequential
infiltration of DC and macrophages, B cells,
CD4+, and CD8+ T cells into the islets.
Freshly prepared DC and macrophages but

not B cells were in turn able to present
MHC/islet-peptide complexes to CD4+

T cells in vivo leading to activation of these
cells. As mentioned previously, TNF-alpha
is a “danger” signal for DC, and accord-
ingly upregulation of activation markers on
DC as well as on T cells infiltrating the
islets was observed. CD40/CD40L interac-
tions on mucosal DC was also implicated in
contributing to the etiology of diabetes.45,46

These data give considerable support to the
concept of DC activated by inflammatory
processes mediating autoimmune disease by
the presentation of (auto)antigens and sub-
sequent stimulation of autoreactive T cells.

D. Rheumatoid Arthritis (RA)

DC are believed to have a critical role in
the pathogenesis of RA. An early infiltra-
tion of differentiated DC into the synovial
tissue prior to the exacerbation of disease
has been observed.47 DC are found in high
numbers in the serum and synovial fluids of
patient afflicted with RA.48,49 Analysis of
tissue biopsies from patients with RA re-
vealed a close association of DC and T cells
within inflammatory sites.50 These data point
to signals present within these inflamma-
tory sites that lead to the accumulation of
the DC and T cells within these areas. Sec-
ondary lymphoid follicle formation in areas
of inflammation along with a strong germi-
nal center reaction has been observed.51,52 In
synovial tissues of patients with RA follicu-
lar dendritic cells are in an activated state
and extensive DC/T cell interactions take
place. Thomas et al. reported that the circu-
lating DC in patients with RA are identical
to those of normal individuals.53 In contrast,
fully differentiated DC associate with T cells,
and the rheumatoid tissue represents an ef-
fector site reminiscent of a delayed-type
hypersensitivity responses. This group also
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argues that the presentation of autoantigens
by DC is a major factor in the continual
autoimmune response.

E. Multiple Sclerosis (MS)

In humans, high levels of activated DC
are associated with MS. These DC secrete
proinflammatory cytokines that may con-
tribute to the induction and maintenance of
disease.54 Presentation of myelin basic pro-
tein by DC has also been implicated in the
initiation of experimental autoimmune en-
cephalomyelitis (EAE), the animal model
for the human disease multiple sclerosis.
EAE in this model system is induced by the
injection of proteins derived from the my-
elin sheath, for example, myelin basic pro-
tein (MBP). In a novel method, the acute
monophasic disease course was induced by
the injection of DC pulsed with the Ac 1-11

MBP, a peptide recognized by T cells that
can elicit EAE.55 The underlying molecular
mechanisms may involve cryptic epitopes
and determinant spreading leading to a di-
versification of the immune response.56 It
has been postulated that CD4+ T cells are
effectively activated by DC in disease de-
velopment, and that the involvement of B
cells in the activation of the T cells as well
as in epitope spreading in this model system
does not play a fundamental role.57

F. Sjögren’s Syndrome

Sjögren’s syndrome is a further autoim-
mune disorder in which DC play an essen-
tial role in the course of the illness. This
disease is characterized by lymphocytic in-
filtrates in the salivary and lacrimal glands.
In a recent study, van Blokland et al. used
the NOD and MRL/lpr mouse models to

particularly focus on APC in the pathogenic
process.58 Increased numbers of DC were
detected in the submandibular glands of
NOD/SCID mice prior to lymphocytic infil-
tration and the outbreak of sialoadenitis in
these mice. The same group found correlat-
ing results in the human counterparts.59 A
differentiation was made between patients
suffering from Sjögren’s syndrome and those
with focal sialoadenitis without the clinical
criteria of Sjögren’s syndrome.

G. Gastrointestinal Autoimmunity

There is also evidence that activated DC
play a role in autoimmune diseases of the
gastric/intestinal tract. The results of a re-
cent study by Ikeda et al. also point to an
essential role of activated DC in the exacer-
bation for ulcerative colitis in humans.60

CD83+ DC were not only found in the in-
flamed intestinal mucosa of patients suffer-
ing from Crohn’s disease or ulcerative coli-
tis but also in the peripheral blood of these
patients. Vukovic et al. also found activated
CD40+/CD86+ DC in the inflammatory tis-
sue of patients with inflammatory bowl dis-
ease pointing to an aberrant regulation of
DC.61 In the animal model of autoimmune
gastritis, Biondo et al. targeted GM-CSF
overexpression to the gastric mucosa.62 Once
again, an influx of DC in early stages of
disease was observed. DC were implicated
in the uptake of apoptotic cells resulting
from the turnover of the cells of the stomach
and the activation of naïve CD4 T cells
specific for the autoantigen HK ATPase.
Leithauser et al. used eGFP-expressing CD4+

T cells to track the repopulation of intestinal
tract and the lymph nodes of RAG1(–/–)
mice injected with these donor cells.63 DC
aggregates in which the CD4 T cells clus-
tered and proliferated were identified in the
mucosa/submucosa prior to manifestation
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of disease once again implicating DC in
disease development. In a recent study, a
new model of murine colitis was described.
In this model, the transfer of CD45RBhiCD4+

T cells into immune-deficient mice resulted
in intestinal inflammation. The development
of colitis was reported to be dependent on
the accumulation of CD134L+ (OX40L) DC
within the mesenteric lymph nodes. More-
over, CD134L was expressed on DC in SCID
mice in the absence of T cell signaling.
Colitis did not develop when CD4+CD25+

regulatory T cells were present, which points
to a possible role for regulatory T cells in
controlling the DC activation process and
preventing DC-mediated immune pathol-
ogy.64

V. CONCLUSIONS AND
THERAPEUTIC OUTLOOK

Aberrant DC function has also been
implicated in other, less prevalent autoim-
mune diseases such as Wiskott-Aldrich syn-
drome, ALPS II, and sarcoidosis.65-67 The
various autoimmune diseases described in-
dicate that local or recruited DC play a fun-
damental role in the effector phase of these
disorders even before the overt phase of
illness is reached.

Women are more affected than men by
autoimmune disease. Lupus, along with
Sjögren’s sydrome, Hashimoto’s autoimmune
thyroiditis, and scleroderma is known to pre-
dominantly affect women, since over 80% of
the patients afflicted with these diseases are
female.68 Of the patient population suffering
from RA, MS, and myasthenia gravis, 60 to
70% are female. Although there are very few
reports on hormone effects on DC, circum-
stantial evidence could be interpreted to the
means that DC are affected by female hor-
mones. Because hyperprolactinemia is asso-
ciated with autoimmune diseases, Matera et

al. studied the effects of prolactin on DC.69

This group was able to show that high doses
of prolactin led to the maturation of DC and
ergo possibly to an enhanced presentation of
self-antigen resulting in autoimmune disease.
On the other hand, the treatment of DC with
nonsteroidal antiestrogens is able to inhibit
the terminal maturation of DC.70 Tamoxifen
has been reported to be beneficial in the treat-
ment of various experimental models of au-
toimmune diseases such as SLE and col-
lagen-induced arthritis.71-73 Recently, Komi
et al. investigated the effects of tamoxifen
and toremifene on DC.70,74 As these sub-
stances had an inhibitory effect on DC matu-
ration and function, a novel target of these
drugs and new therapeutic potentials for the
treatment of autoimmune diseases was re-
vealed.

Although targeting T cells in immuno-
modulating drug therapy is effective, one
thing is sure: There is communication be-
tween T cells, B cells, and DC, and it leads
to the perpetuation of the disease. Since the
CD40/CD40L pathway participates in the
cell-cell activation of DC/T and DC/B cells
and BC/T cells, it would provide an ideal
target for therapeutic intervention. Indeed,
animal studies have demonstrated that the
functional interruption of CD40/CD40L sig-
naling by the application of neutralizing an-
tibodies leads to enhanced renal function
with reduced proteinuria and nephritis in
mice with SLE.75 First human studies have
also revealed a beneficial effect for CD40/
CD40L blockade in decreasing IgG and IgG
anti-DNA antibody-producing B cells found
in patients afflicted with lupus.76 Although
we cannot answer the question to 100% as
to what extent DC play the elicitating role in
autoimmune disease, much evidence is at
hand to implicate that these cells do play a
larger role than originally thought and to
disclose the pathologic potential of the DC.
As the results of various studies also reveal,
a therapeutic promise does lie in targeting
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DC with immunotherapeutic drugs. A thera-
peutic agent used in transplantation medi-
cine but also shown to ameliorate the symp-
toms found in cutaneous autoimmune
diseases, including SLE, is the immunosup-
pressant mycophenolate mofetil (MMF).
Work by our group revealed for the first
time that MMF not only has an suppressive
effect on T cells but also inhibits the matu-
ration of DC, further pointing to a role of
DC in the pathogenesis of SLE.77 Glucocor-
ticoids also suppress DC maturation, and
these substances have also been used suc-
cessfully in treating autoimmune diseases.78

Vitamin D (1alpha,25-Dihydroxyvitamin
D[3]) and some of its analogs has immuno-
suppressive effects resulting in part from
the inhibitory effects it has on the differen-
tiation and maturation of DC.79-82 Recently,
Huismann et al.83 reported that women suf-
fering from SLE or fibromyalgia have re-
duced levels of 1,25(OH)2-Vitamin D, pos-
sibly due to the use of hydroxychloroquine
— is there a connection? Admittedly, this is
very farfetched, but seeing things from a
different viewpoint can give us a better van-
tage point and one can never know what
results and therapeutic alternatives will
ensue. Although the idea of immunosup-
pression via DC is also somewhat sim-
plistic, and one must take into account
that there is a delicate balance between
immunity and autoimmunity, future thera-
peutic regimes used to combat autoim-
mune disease should not take DC lightly
and may actually be combating autoim-
mune disease at its roots.
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