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Dendritic cells: potential triggers of autoimmunity and
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D
endritic cells (DCs) are often referred to as the body’s
sentinels, constantly guarding against pathogens.1–3 In
this role they are the antigen presenting cell that primes

naive T cells in vivo.4 DCs also help maintain tolerance to
‘‘self’’ substances through multiple mechanisms that include
T cell deletion and anergy as well as the generation of
regulatory T cells.5–7 This dual role in regulating both immune
responses and immune tolerance suggests that DCs are likely
to have a role in autoimmune diseases such as lupus. The
possibilities include presentation of ‘‘self’’ antigens as
immunogens, a failure to delete autoreactive T cells, over-
production of inflammatory cytokines, and inadequate
induction of regulatory T cells. As noted below, insights into
these pathogenetic mechanisms in lupus are beginning to
emerge. It is also clear that at least some of these activities of
DCs can be manipulated through pharmacological agents.8 9

It has been thought for a long time that regulatory T cells
are related to the pathogenesis of lupus.10 11 Now, at the
forefront of this consideration is the possibility that DCs play
a critical role in balancing the array of autoreactive T cells
with a corresponding set of regulatory T cells.12 It is clear that
immature DCs induce deletional tolerance of autoreactive T
cells in the periphery.13–15 However, the original concept that
immature DCs are responsible for tolerance and mature DCs
induce immune responses has given way to a more complex
scenario in which DCs in different states of maturation are
able to induce CD4+CD25+ regulatory T cells.16 17 In this
paper, my aim is to consider the possibility that the
maturation of DCs might be manipulated in such a way as
to either enhance regulatory T cell generation or diminish
priming of autoreactive effector T cells in patients with lupus.

DC SUBSETS
As illustrated in fig 1 and reviewed in reference 20, DCs
derive from two sources, stem cells in the bone marrow and
precursor cells found in the circulation. It is likely that there
are multiple subtypes—differing in molecular characteristics
and functional properties—within each of the four major
groups of DCs shown here. It remains unclear to what extent
these subspecies arise through differences in lineage or in
response to environmental stimuli such as cytokines.20–23

Langerhans’ cells are characterised by the presence of
Birbeck’s granules as well as expression of langerin. Since
these cells reside within the epidermis they are poised to have
the first interaction with an invading pathogen.24 25

Langerhans’ cells have several specialised properties. Firstly,
langerin and its associated Birbeck’s granules are thought to
represent an antigen uptake system unique to these cells.26

Secondly, they are thought to be uniquely designed to
transport antigens from the dermis to regional lymph nodes27

and they may be more focused on generating exclusively T
helper (Th) 1 responses because of their lack of interleukin
(IL)-10 secretion.28 Finally, these cells contribute to, but are
not essential for, contact hypersensitivity.29 It is possible these

cells have a unique role in autoimmune responses to the Ro
antigen.30 31

Interstitial DCs are found in the dermis and throughout the
body’s tissues. Veils characterise these cells morphologically
or dendrites and they are often identified by the presence of
high levels of the myeloid cell marker CD11c. Much of what
we know about these cells in humans is based on studies of
cells derived ex vivo from blood monocytes or from CD34+
stem cells grown in the presence of granulocyte macrophage-
colony stimulating factor (GM-CSF) and IL-4.7 These cells are
able to secrete large quantities of IL-12 and thus can drive T
cells towards Th 1 responses.28 Interstitial DCs are derived
from a CD34+CLA2 stem cell in the bone marrow.20

Monocytes can be induced to differentiate into similar cells,32

and may represent a reservoir for expansion of interstitial
DCs in emergencies. Interstitial DCs within the circulation
can be identified as HLA2DR+, lin2, CD11c+ cells.33 34 Such
cells are likely to represent multiple subtypes of DCs in
unknown states of maturation, perhaps comprising some
combination of interstitial DCs that have migrated into the
blood and monocyte derived DCs that have yet to egress from
the circulation. In normal individuals, these cells represent
about 0.3% of the peripheral blood mononuclear cells. In
lupus, their numbers are variable but tend to be reduced.35

Interstitial DCs exist mainly in an immature form during
the steady state. A variety of stimuli including signals
delivered through toll-like receptors (TLRs), CD40, and
tumour necrosis factor receptors as well as stimulation with
type 1 interferons (IFNs) trigger their maturation, a process
that takes place over a matter of hours. The cells cease uptake
of extracellular material, digest the contents of their
lysosomal vacuoles, and process antigens into peptides
associated with major histocompatibility complex (MHC)
molecules that translocate to the cell surface. Simultaneously
the maturing cells upregulate their expression of costimula-
tory molecules such as CD80 and CD86. Somewhere between
the immature ‘‘tolerogenic’’ state and the mature ‘‘immuno-
genic’’ a form of DCs appear to exist with optimal ability to
induce antigen specific regulatory T cells. A potential new
approach in lupus is to find a way to enhance the population
of DCs that is most effective at induction of regulatory T cells.
A potential strategy for this goal is application of agents that
modulate maturation of DCs.
Plasmacytoid DCs are also derived from specialised

precursors within the circulation.36 These precursors respond
to bacteria and viruses with production of enormous
quantities of type I IFNs and hence are often referred to as
the IFN producing cells (IPCs). These cells express TLR9, that
is responsive to bacterial DNA and oligonucleotides bearing
certain CpG motifs, and TLR7 for which the natural ligand is
unknown (although a number of synthetic products in

Abbreviations: DC, dendritic cell; GM-CSF, granulocyte macrophage-
colony stimulating factor; IFN, interferon; IL, interleukin; TLR, toll-like
receptor
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therapeutic use, including imiquimod, activate cells via this
receptor). Although the range of ways in which plasmacytoid
cells sense viruses and bacteria remains incompletely under-
stood, we do know that when stimulated these cells secrete
large amounts of type 1 IFNs and activate a differentiation
programme to become DCs that are often referred to as
pDC2s. As this process takes place, the pDC2s rapidly egress
from the circulation and probably move to sites of inflam-
mation. These cells are thought to have unique roles in
regulating immune responses. The plasmacytoid DC precur-
sors represent about 0.5% of the circulating peripheral blood
mononuclear cells.35

DCs AND THE PATHOGENESIS OF LUPUS
Lupus is a highly variable disease that may involve almost
any organ in the body. It is clear from both animal and
human studies that a large number of genes regulating many
different aspects of the immune system are involved. It seems
likely that the relevant alleles acting alone in humans cause
only minor perturbations in specific T cell and B cell
regulatory mechanisms, autoantigen clearance, apoptosis, or
antigen presentation whereas collectively they come together
in unique combinations in individual patients to create an
immune system that can be triggered by some environmental
stimulus to respond to ‘‘self’’-antigens. Most likely this
autoimmune response is one that is self-sustaining even after
the initial trigger is no longer present. In this regard, it is
important to note that this response almost always includes
autoimmunity to chromatin—that is nucleosomes, histones,
and DNA.37 Why the response so regularly involves chromatin
remains unclear. One possibility is that the durability of
chromatin in the extracellular environment provides for a
particularly effective ongoing antigen stimulus that may
augment responses to other nuclear antigens.
Many of our observations of lupus can be rationalised

through a consideration of the biology of DCs. Plasmacytoid
DCs are consistently reduced numerically in this disease.35

Myeloid DCs also appear to be reduced but less consistently
and less profoundly. Presumably the circulating DCs have
become activated and migrated into peripheral lymphoid
tissues and sites of inflammation.35 38 In fact, mature
plasmacytoid DCs have been observed to accumulate in

lupus skin lesions.31 Administration of corticosteroids con-
sistently decreases the number of circulating DCs, but in
lupus the decreases are observed before the application of this
agent.
Paradoxically, considering the reduction in circulating

myeloid DCs in lupus, sera from patients with lupus promote
differentiation of monocytes into DCs. The stimulus is IFNa
that is produced in lupus patients at abnormally high levels.
In some patients, elevated levels of type 1 IFNs are detectable
with enzyme-linked immunosorbent assays. In many more
patients gene expression profiles demonstrate that type 1 IFN
responsive genes are activated abnormally.39–41 This interferon
signature is especially prominent in paediatric lupus where
the disease is likely to be most severe. These findings indicate
that production of type I IFNs is augmented in patients with
lupus during periods of active disease. These IFNs are derived
from circulating plasmacytoid DC precursors that are trig-
gered by immune complexes containing nucleic acids.42–46 As
illustrated in fig 2, in individuals with a permissive genetic
background an environmental stimulus for release of these
IFNs could set in motion a self-sustaining response that is
expressed ultimately as lupus.
Several observations support the idea that chronic stimula-

tion of DC maturation results in a lupus phenotype. For
example, overexpression of CD40L in the basal layers of the
epidermis accelerates maturation and migration of DCs to
regional lymph nodes in mice.47 These animals exhibit
dermatitis caused by cellular autoimmune responses to skin
antigens as well as autoantibodies to nuclear antigens
including DNA. This model demonstrates that chronic DC
activation leads to autoimmunity corresponding to antigens
that reside where the initial activation of the DCs takes place.
More directly, it has been noted recently that vaccinations
with mature DCs that have ingested apoptotic cells in culture
induces antinuclear antibodies in normal mice and accel-
erates autoimmunity in lupus prone mice.48 Moreover, the
repeated transfer of mature bone marrow derived DCs into
normal C57/Bl6 mice breaks tolerance and induces the
expression of anti-DNA antibodies. This effect was observed
even though the DCs were not intentionally exposed to a
source of apoptotic cells.49 These mice did not develop disease
however, indicating that an anti-chromatin autoantibody
response alone is not sufficient for tissue injury and disease

Figure 2 The interferon (IFN) cycle in lupus. IFNa released from
plasmacytoid dendritic cell (DC) precursors drives monocyte maturation
to myeloid DCs that provide T cell help for autoreactive B cells. The
antigen specificity of the latter cells is unknown but theoretically could be
any antigen presented by B cells that produce autoantibodies. In the
example shown here antichromatin B cells are depicted because their
product has been shown to trigger release of IFNa from plasmacytoid
cell precursors. TLR, toll-like receptor.

Figure 1 Dendritic cell (DC) lineages. DCs are derived from bone
marrow stem cell and from more differentiated cells in the periphery,
monocytes that give rise to cells that may be equivalent to interstitial DCs
and an interferon (IFN) producing cell that differentiates into a
plasmacytoid DC also known as pDC2.TLR, toll-like receptor. *Identified
in immature DCs from peripherial blood18; **Identified in mouse splenic
DCs.19
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induction. Thus, it is clear that augmented DC maturation
leads to autoimmunity, that lupus blood promotes DC
maturation, and that mature DCs induce autoimmune
responses consistent with lupus. These considerations sug-
gest that restraining maturation of DCs in vivo should benefit
patients with lupus.

PHARMACOLOGICAL MODULATION OF DCs
As shown in table 1, a number of agents affect DCs, making it
possible to alter the number of DCs, change their circulatory
patterns, and influence their impact on T cells. To a large
extent the immunosuppressive agents listed here have been
in wide clinical use but with little attention to their specific
impact on DCs. Corticosteroids, for example, have profound
effects on these cells. They quickly suppress the number of
circulating plasmacytoid DC precursors in vivo50 51 and alter
both the differentiation and maturation of DCs both in vitro
and in vivo,52–56 and change the ability of these cells to
respond to chemotactic stimuli.57 However, little is known of
how best to apply corticosteroids to achieve a selective impact
on DCs. Perhaps one of the mechanisms through which low
doses or alternate day doses of corticosteroids benefit patients
with lupus is through an impact on DC biology. A better
understanding of how corticosteroids affect DCs, including
minimal required doses and optimal dose schedules will
refine their use for control of autoimmunity.
1a,25(OH)2 vitamin D3, the active form of vitamin D, is

another endogenously generated hormone that has profound
effects on the immune system. Many of these effects are
similar to those caused by corticosteroids. The nuclear
receptor for this hormone is present in DCs as well as
macrophages and T cells.61 In vitro, CD4+ T cell proliferation
is suppressed.62 Monocytes have altered responses to differ-
entiation signals such as GM-CSF and type 1 IFNs. The
resulting DCs retain the monocyte marker CD14, fail to
upregulate CD1a, and retain the ability to carry out
macropinocytosis.63 64 Thus these cells have features more in
keeping with immature DCs than do DCs derived from
monocytes using conventional culture methods such as those
based on a combination of GM-CSF and IL-4, a traditional
method for inducing monocytes to differentiate into DCs.65 66

1a,25(OH)2 vitamin D3 and several analogues of this

hormone have been shown to be effective in suppressing a
number of autoimmune disease models such as experimental
allergic encephalitis, inflammatory bowel disease, and
collagen induced arthritis as well as the lupus-like auto-
immune disease of MRL mice.6 In addition, 1a,25(OH)2
vitamin D3 tolerises mice towards organ grafts. One of the
mechanisms is generation of antigen specific regulatory T
cells that sustain the engrafted tissue.67 68 Vitamin D3 is
limited in clinical applications because it indices hypercal-
caemia when present in pharmacological concentrations.
Consequently, only a topical vitamin D preparation is in
clinical use for treatment of psoriasis. A number of vitamin D
analogues are in development with the aim of retaining the
immune modulatory effects of 1a,25(OH)2 vitamin D3 while
avoiding the hypercalcaemic effects.
However, use of 1a,25(OH)2 vitamin D3 for treatment of

lupus presents a special set of considerations. We know from
epidemiological studies that patients with lupus often have
vitamin D deficiency.69–71 It is likely that our advice to avoid
sunlight72 as well as drugs such as corticosteroids that impair
vitamin D adsorption and conversion of vitamin D precursors
to the active vitamin D3 hormone are responsible.73 74

Therefore special attention should be paid to correcting
vitamin D levels in patients with lupus. As this goal is
achieved we have an opportunity to identify any beneficial
effects on the immune system that are achieved in addition
to those that accrue to bone health. This information will
contribute to a better understanding of the potential role that
vitamin D3 might play in preventing autoimmune disorders.
Among the other agents that affect DCs, hydrocholoro-

quine (Plaquenil) and mycophenolate are of particular
interest because they are already in wide use for treatment
of patients with lupus. However, little attention has been
paid to how these agents affect DCs in vivo.
Hydrochloroquine blocks lysosomal acidification in vitro
and possibly retards presentation of ‘‘self’’-antigens.58 75

Mycophenolate has been shown to retard maturation of
DCs.59 76 Also, mycophenolate synergises with 1a,25(OH)2
vitamin D3 to promote development of regulatory T cells,67

presumably through an effect on DC maturation. These
observations suggest that several agents might be combined
in order to achieve desired alterations in DC behaviour with
minimal toxicity to patients. The ability to modulate DCs for
specific purposes has been incorporated into the repertoire of
human host–parasite relationships as shown by the observa-
tion that tick saliva inhibits both the derivation and function
of DCs.60

CONCLUSIONS
A number of agents are already in general clinical use that
can be used to modulate the biology of DCs. Vitamin D and
its analogues emerge as a special consideration because of its
impact on both DC phenotype and function and the high
incidence of deficiency of vitamin D in lupus. These
considerations suggest that physicians should pay increased
attention to vitamin D3 levels in patients with lupus. We have
an important opportunity to gain further insights into the
role of vitamin D in lupus simply by assessing the impact on
various parameters of the immune system as we correct
deficiencies of this vitamin in our patients. In the future,
vitamin D analogues that do not induce hypercalcaemia may
emerge as a new class of drugs specifically designed to alter
DC biology in therapeutically beneficial ways.
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Table 1 Pharmacological intervention in dendritic cell
(DC) biology

Agent Biological effect Ref

Corticosteroids Suppresses number of plasmacytoid
DC precursors

52

Restrains monocyte differentiation
into DCs
Suppresses monocyte derived DC maturation
Suppresses interleukin (IL)-12 production
Enhances IL-10 production by DCs

1,25(OH)2
vitamin D3

Restrains monocyte differentiation
into DCs

9

Suppresses monocyte derived DC maturation
Suppresses IL-12 production
Enhances IL-10 production by DCs
Modulates DC responses to chemotactic signals

Hydrochloroquine Prevents lysosomal vacuole acidification 58

Ciclosporin Suppresses tumour necrosis factor production 8

Mycophenolate Retards DC maturation. Reduces IL-12
production

59

Tick saliva Retards Langerhans’ cell migration 60
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