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Finding a rational cure for Langerhans Cell Histiocytosis (LCH) is the mission of the annually held
Nikolas Symposium (Beverley et al., 2005). This meeting is sponsored by Paul and Elizabeth
Kontoyannis whose son Nikolas developed LCH in infancy but has survived his battle with this
disease. The symposium is an interactive forum of basic scientists and clinicians who discuss
different aspects related to the disease, and attempt to apply this information towards an improved
understanding and treatment of LCH. A particular focus is the biology of the dendritic cells to
which the Langerhans cells belong. Although LLCH is a rare disease, the organizers believe that the
research stimulated by this symposium will not only improve our understanding of LCH, but will
also increase our insight into the biology of normal dendritic cells as well as other disorders in
which dendritic cells are involved.

Introduction

Langerehans cell histiocytosis (LCH) is a rare disease that is characterized by the uncontrolled
accumulation of cells with features of Langerhans cells (LC) (Laman et al., 2003; Beverley et al., 2005;
Bechan et al,, 2000). LCH is a sporadic disease of unknown etiology and occurs in various clinical
forms in a broad age range from the newborn to the elderly but peaks between 1-4 years of age. The
incidence in the pediatric age range has been estimated at 2-5 per million per year. LCH primarily
presents as a lesional disease, either with single or multifocal lesions in different organs. Skin and
bone are most frequently affected. More severe forms of LCH occur especially in younger children,
and these cases of multisystem disease tend to have a clinically malignant character. In LCH lesions of
both single and multisystem disease, LCH cells are invariably present but other cell types also
contribute and are thought to have a profound influence on the biological behavior of the LCH cells
(Favara et al., 1997; Geissmann et al., 2001).

A longstanding, but still unresolved question is whether the aberrant LCH cells develop owing to
an intrinsic defect of LC, or whether the disease is reactive, resulting from environmental triggers
such as viral infection. Either scenario may lead to aberrant regulation of dendritic cells (DC) and thus
give rise to their accumulation. Suggestive evidence exists in support of both scenarios. Briefly, the
clonal relationship of LCH cells, their maturation arrest and the high disease concordance rates
observed in twin studies and the increased genetic instability argue in favor of genetic dysregulation
(Willman et al., 1994; Murakami et al., 2002; De Filippi et al., 2006; Chikwava et al., 2007). In contrast, no
consistent genomic aberrations have been observed in an extensive recent study (da Costa et al., 2009),
while LCH disease activity and severity appears to correlate with the DC-poietins M-CSF and Flt-3L
(Rolland et al,, 2005). Furthermore, an 1L-17A-dependent monocyte fusion-inducing activity in the
serum, but not IL-17A levels as such, associated with disease activity (Coury et al.,, 2008). Thus, the
underlying cause of DC accumulation in LCH still remains to be determined.

In tumor biology, it is increasingly understood that the microenvironment of the tumor, which
appears to be inflimmatory in nature, plays an important role in the tumor's ability to expand and
metastasize. It can be envisaged that a Darwinian selection pressure exists favoring tumors that are
capable to shape their environment to their own profit. This concerns factors such as stimulation of
vascularization as well as suppression of innate and adaptive immune responses. To focus on the
question how this might apply to LCH, the topic of this yeat's symposium was the inflammatory
microenvironment of the LCH lesion and, in particular, its contribution to resist eradication of
aberrant LCH cells by the host's immune system.

To outline the pathology of histiocytic disease, dr. Malone illustrated the various forms of
histiocytosis. These can be largely divided into two groups depending on their DC or macrophage
nature, although the distinction between the two lineages is far from absolute. Typically, LCH is the
most frequent DC-related histiocytosis, while macrophage-type disorders mostly present as
hemophagocytic lymphohistiocytosis. Both involve pathologically non-malignant cells, although the
clinical picture can be very severe in both cases. In LCH, the accumulating cells express markers
characteristic of LC, such as CD1a, Langerin and S-100. The hallmark of LC, the Birbeck granule, may
be absent in many LCH cells, however. In addition, a variety of other cell types is found in LCH



lesions, such as eosinophils, T cells, macrophages and multinucleated cells. Difficulty in diagnosis may
arise due to the evolution of lesions, with accompanying loss of LCH cells, and increasing fibrosis.
Furthermore, a "reactive" accumulatdon of LC-like cells may occur in lymph nodes adjacent to
Hodgkin's disease or catcinoma. These cells, however, appear to be non-clonal in nature and
therefore the pathogenesis is probably distinct from LCH (Christie et al., 2006). The flexibility of the
histiocytic cells, complicating the pathological diagnosis, is further illustrated by the (infrequent)
finding of co-existence or sequential development of LCH and juvenile xanthogranuloma (JXG)

(Hoeger et al, 2001). Cells characterizing the latter disease have a distinctive phenotype (FXHIa+

CDla™ S1007) and were previously designated as dermal DC. Recent studies suggest, however, that
FXIIIa expression typifies dermal macrophages rather than dermal DC (Haniffa et al., 2009). LCH may
trigger local or systemic activation of macrophages, leading to hemophagocytic syndrome in part of
the LCH patients (Favara et al., 2002). In a significant number of biopsies, not all of the lesional LCH
cells will express all characteristic phenotypic LC markers, which likely relates to their developmental
flexibility and deviated function.

Macrophage diversity and immune regulation in infection and cancer

In his presentation focusing on macrophage diversity in 7z vivo mouse models, dr. de Baetselier
showed interesting parallels between macrophages developing under conditions of chronic parasite
infections and in tumor-bearing mice. In both, suppression of adaptive immune responses can be
mediated by immature stages of myelomonocytic development, now indicated as myeloid-derived
suppressor cells (MDSC; recently reviewed in (Gabrilovich and Nagaraj, 2009)), as well as by mature
macrophages that might have been activated differentially by environmental triggers. Macrophages can
be polarized by 7 vive conditions in various directions, but for the sake of simplicity two major stages
are distinguished: M1 or classically activated macrophages are stimulated by exposure to IFN-y and
LPS, and M2 or alternatively activated macrophages are stimulated by 1L-4 or -13. Depending on the
stage of parasitic infection and the nature of the pathogen, M1 or M2 macrophages may predominate
in vivo, although M2 macrophages are more commonly associated with parasitic infections (Raes et al,
2007). Both M1 and M2 macrophages can be suppressive, but they employ different mechanisms: M1
macrophages produce in particular nitrogen- and oxygen radicals, while M2 macrophages secrete 1L-10
and TGF-B. M2 macrophages developing in distinct 7z »ivo models have a remarkably stable gene
expression profile (Ghassabeh et al., 2000).

Tumor-associated macrophages (TAM) appear to have a predominant M2 phenotype as well, with
associated immune suppressive function. Interestingly, stimulating further M2 polarization via PPAR-y
ligands appears to inhibit their suppressive activity (Van Ginderachter et al, 2006). The immature
myelomonocytic stages that execute immune suppression, MDSC, develop in both tumor-bearing and
in parasite-infected hosts. In tumos-bearing hosts it was shown that these cells are also heterogeneous
and can be divided into mononuclear and polymorphonuclear cells (MO-MDSC and PMN-MDSC,
respectively). Also their suppressive mechanisms appear to be diverse: although IFN-y is important in
inducing suppression by both, STAT1 activation plays a role in MO-MDSC-, but not in PMN-MDSC-
mediated suppression (Movahedi et al., 2008). Taken together, it appears that an array of myelomono-
cytic stages, either mature or immature, can have immune suppressive activity albeit through distinct
molecular mechanisms. Generation of such cells is stimulated by inflammatory conditions, which may
occur in infection, but also in tumor-bearing hosts.

Dr. Pollard focused in his presentation on the functional consequences of the interaction
between tumors and TAM. A pivotal cytokine in the development of macrophages is M-CSF, or CSF-1.
Absence of either the cytokine or its receptor has a deleterious effect on the development of the vast
majority of macrophage populations. Since macrophages play an important role in tissue remodeling
and angiogenesis, their absence leads to abnormalities in organ development, for instance in bone,
brain and pancreas (Pollard, 2009). Using breast cancer models in mice, dr. Pollard and co-workers
showed that tumors subvert normal macrophage-associated morphogenic functions, facilitating their
invasion into normal tissues and egress of tumor cells into blood vessels (Condeelis and Pollard,
20006). CSF-1 appeared to be involved directly, since mammary tumot-specific transgenic expression of
CSF-1 in CSF-1-deficient mice stimulated significant expansion of TAM and subsequent tumor
progression. Macrophages and tumor cells are in a paracrine loop-relayed chemotaxis involving EGF
produced by the macrophages and tumor-produced CSF-1 (Condeelis and Pollard, 2006). Besides
mutual attraction between macrophages and tumor cells, also tumor vascularization is crucial for its
malignant potential. Also here macrophages play an essential role as they cooperate with tumor cells in



the production of angiogenic factors, in particular VEGF (Lin et al, 2007). Thus, mammary tumor
progression depends highly on the interaction between tumor cells, blood vessels and TAM,
mediated in particular by the cytokines CSF-1, EGF and VEGF (summarized in (Pollard, 2008). The
importance of this notion for human disease is underlined by the finding that levels of these
cytokines correlate with poor clinical prognosis.

Myeloid-derived suppressor cells and regulation of DC differentiation

Dr. Bronte indicated that TAM are thought to develop either from circulating monocytes or from
tumor-infiltrating MDSC (Sica and Bronte, 2007), and he discussed in detail the heterogeneity and
specific characteristics of MDSC generated under various non-steady conditions. Interestingly,
although the mechanisms of suppression mediated by MDSC are not antigen-specific, anti-tumor
responses are clearly affected in tumor-bearing mice while responses to conventional antigens are not

compromised. As indicated above, MDSC, defined in mice as CDllb+ Gr-1" cells with suppressive
activity, comprise activated polymorphonuclear and mononuclear cells (Dolcetti et al, 2008).
Molecular profiling of the mononuclear population indicated that the cells are distinct from their
normal counterparts and bear characteristics of simultaneous IFN-y- and IL-13-mediated stimulation.
Both cytokines cooperate in the induction of the arginine-metabolizing enzymes arginase and iNOS,
which are essential for the suppressive function of these cells. Notably, IFN-y and 1L.-13 are not only
produced by NK(T)- and T-cells in tumor-bearing hosts, but also by MDSC themselves (Gallina et al.,
20006). Since CD124 (IL-4Ra) is important for IL-13 signaling, this is also a functional marker of MDSC.

Although MDSC are widely studied in model systems in mice, there is accumulating evidence that
also human equivalents exist: a significant fraction of cases of human cancer show selective expansion

of cither CD147CD1247 (monocytic) or cD15 cD124” (granulocytic) cells in peripheral blood,
which have suppressive activity in 7z vitro assays. These cells presumably use similar suppressor
mechanisms as their mouse counterparts, as it has been shown in human prostate cancer that many
tumot-infiltrating lymphocytes are present, but they occur in a non-responsive state. Inhibition of
arginase and iNOS activity alleviates this suppression (Bronte et al., 2005).

Different tumor-detived factors, such as VEGF, 11.-6, 11.-10, M-CSF, and GM-CSF are known to
play an important role in the development of MDSC (Gabrilovich and Nagaraj, 2009). In addition,
these factors are also involved in defective final DC maturation in tumor-bearing hosts (Gabrilovich,
2004). Evaluating the effect of VEGF on hematopoietic progenitor cells using differential display
analysis, dr. Gabrilovich and colleagues noticed a consistent upregulation of MRP-14, also known as
S100A9 or calgranulin B. This protein is abundantly present in immature myeloid cells and forms
homodimers or heterodimers with MRP-8 (S100AS8, calgranulin A) to form a Ca-binding complex.
Upon maturation of myeloid cells both S100 proteins are down-regulated. (Note: LC and LCH cells
express another family member, S100A1). Knockout mouse models have shown that S100A9 is
dispensable for myeloid cell differentiation under steady state conditions (Manitz et al., 2003).
However, mice lacking this protein mounted more potent anti-tumor responses and rejected
implanted tumors more readily compared to controls, which was related to a defective development
of MDSC (Cheng et al., 2008). Conversely, ST00A9-overexpressing transgenic mice accepted tumors at
higher rates. In tumor-bearing, non-mutated mice, SI00A9 expression appeared to be up-regulated in
myeloid precursors and this caused inhibition of DC maturation and accumulation of MDSC, a
process that was controlled by the transcription factor STAT3. The S100A9-mediated inhibition of
DC maturation was caused by up-regulation of production of reactive oxygen species (ROS). This was
shown by the normal maturation of DC in S100A9-overexpressing mice that lacked the gp91-
component of NADPH-oxidase. The direct link between S100 expression and ROS production is
explained by the previously shown regulation of ROS generation by S100A8/9, which potentiates
NADPH-oxidase activation (Doussiere et al., 2001). Taken together, these findings indicate that up-
regulation of S100A9 in tumor-induced MDSC is critically important for their accumulation and
coincident inhibition of DC maturation, thus dually affecting adaptive anti-tumor responses.

IDO as mediator of immune suppression

In subsequent presentation, drs. Mellor and Grohmann highlighted a distinct mechanism of
immune suppression by non-lymphocytic cells, which is mediated by the tryptophan-metabolizing
pathway dominated by the enzyme indoleamine 2,3-dioxygenase (IDO). Recent progress has shown
that tryptophan catabolism is a pivotal means of immune regulation during infection, pregnancy,



autoimmunity, neoplasia and other inflammatory conditions.

Dr. Grohmann's group has shown that IDO-mediated immune supptession involves not only
local depletion of the essential amino acid tryptophan, but also the generation of immunoregulatory
kynurenines (Puccetti and Grohmann, 2007). These compounds alone can induce apoptotic cell death
in T helper (Th) cells. Moreover, the combination of low tryptophan and kynurenines can convert
Th cells into regulatory T cells (Treg) capable of suppressing a fulminant autoimmune disease 7 vivo
(Fallarino et al, 2006). Plasmacytoid DC show the highest levels of IDO expression, but also
conventional DC, granulocytes and macrophages may express this enzyme. IDO activity is the rate-
limiting step in tryptophan catabolism; other enzymes of the pathway are more ubiquitously expressed.
This implies that other cells may assist in this suppressive pathway by metabolizing excreted
kynurenin pathway products, thus generating immune suppressive catabolites, even if they do not
express IDO themselves. IDO expression can be induced by different environmental triggers,
including IFN-y and glucocorticoids. For instance, administration of dexamethasone to mice activates
IDO through concordant induction of GITR (glucocorticoid-induced tumor necrosis factor receptor)

in CD4" T cells and GITR-L in plasmacytoid DC (pDC). Reverse signaling through GITR-L on the
DC induces IDO in these cells. This involves a non-canonical route of NF-kB activation, i.e.
activation of p52-relB via NIK- and IKKa-phosphorylation (Grohmann et al, 2007; Puccetti and
Grohmann, 2007).

IDO uses superoxide as a 'cofactot’ for oxidative cleavage of the indole ring of tryptophan. This
superoxide-dependent step in tryptophan metabolism along the kynurenine pathway is blocked in a
mouse model of chronic granulomatous disease (CGD) lacking functional NADPH-oxidase

(p47phox_/ 7). Pulmonary Aspergillus infection of these mice thus leads to a lethal acute inflammatory

lung injury caused by unrestrained Vyl+ Y0 T-cell reactivity, dominant production of IL-17 and
defective Treg activity (Romani et al., 2008). Therefore, a paradoxical pathogenic mechanism emerges
in which the absence of ROS - quintessential mediators of neutrophil-associated oxidative damage -
causes a different form of IL-17-dependent inflammation due to blocked IDO activity. Reversal of the
hyperinflammatory phenotype in CGD mice is achieved by replacement therapy with a single s.c.
administration of slow-release L-kynurenine, the main IDO product. Effective therapy, which includes
co-administration of recombinant IFN-y to up-regulate other enzymes of the pathway, restores
production of downstream active metabolites and enables the emergence of Treg cells. Therefore, the
administration of supplemental kynurenines can efficiently counteract pathogenic inflammation
driven by IL-17, which results from a dysfunctional IDO mechanism.

Dr. Mellor claborated in his presentation on the IDO-mediated mechanisms of immune
suppression that may have beneficial as well as adverse effects for host integrity as they dampen
excessive inflammation but simultaneously provide possibilities for immune evasion (Mellor and
Munn, 2008). The mouse pDC that are especially IDO-competent constitute a minor subset of

phenotypically unique pDC, characterized as CDllchi cDsa" cD19" B220T CCR6hi. These cells
express IDO after stimulation with various triggers, such as CD80/86 ligands, TLR9 or IFN-o. Then,

IDO™ pDCs and Tregs cooperate to create dominant suppression in some inflamed tissues as these
pDC can directly activate Treg in the absence of CD3-mediated stimulation (Sharma et al., 2007). Such
activated Treg suppress T cell responses via a mechanism dependent on an intact PD-1 signaling
pathway, and expression of PD-L1 and -L2 on antigen-presenting cells. In contrast, Treg that have
been activated via CD3/IL-2 stimulation use distinct mechanisms of suppression. The importance of
IDO-mediated suppression 77 vive is demonstrated in IDO-1 KO mice, which display a tumor-resistant
phenotype after repeated exposure to phorbol ester following carcinogen exposure (Muller et al.,
2008). This stimulant leads to chronic inflaimmation, which in normal mice is accompanied by the

induction of IDO™ pDC creating a tolerogenic environment, both locally and in draining lymph
nodes, and thus facilitating tumor growth, perhaps by inhibiting innate immune surveillance

mechanisms. This is also relevant for human tumor development, since an abundance of IDO™" pDC
in sentinel lymph nodes of melanoma patients correlates with chronic activation of Treg and with
poor prognosis. Therefore, IDO-mediated suppression is a putative target for pharmaceutical
intervention in cancer patients in general, and investigation into its contribution to LCH pathogenesis
is warranted.

Langerin-expressing DC subsets and I.CH pathogenesis



Progress in LCH research would benefit significantly from an animal model that reflects human
disease. In search of such a model, dr. Acha-Otbea and colleagues have generated transgenic mice
that expresses SV40 large T antigen under control of the relatively DC-specific CD11c promoter
(Steiner et al., 2008). Different mouse lines with high and low expression levels of the transgene were
generated. Related to this difference, these so-called Mushi mice show early and late onset of disease,
respectively, characterized by accumulation of DC causing highly increased spleen and liver sizes and

decreased hematocrit values. The affected DC represent a specific subtype with a Langerin/CD207+

cD8a’” cD11b71 €24 €D205T phenotype. Given the widespread dissemination of transformed
DC, these mice may serve as a model for multi-system histiocytic disease. The pathological picture
bears some similarities to human disease as transformed cells are round and have indented to groovy
nuclei. However, the cells have less abundant eosinophilic cytoplasm and a high mitotic rate (but no
abnormal figures), and lesions show no sign of an eosinophilic infiltrate. Furthermore, the trans-
formed DC are distinct from epithelium-associated Langerhans cells as they lack significant IRF-4 and
DC-SIGN expression like genuine LC.

Transformation of DC is associated with SV40 large T-induced changes in gene expression, and to
investigate these in detail, DC were isolated from different stages of tumor development and analyzed
by gene expression analysis. Amongst the 45101 probes, 574 cancer-related and 245 immune-related
changes were found with p<0.05. Many but not all immune-related genes (cytokines, chemokines,
receptors, TNF and TNF receptor family, signaling molecules) found in LCH are expressed in tumors.
Lacking ones are induced upon activation. Surprisingly, also tumor suppressor genes appeared to be
up-regulated in transformed DC, in particular the cyclin-dependent kinase inhibitors p16 and, to a
lesser extent, p15. Notably, p16 expression has already been described in LCH lesions (Schouten et al.,
2002). Immunohistochemical analysis showed that lesional LCH cells also have up-regulated p15
expression (4/5 cases). Furthermore, transformed DC also showed changes in several pro- and anti-
apoptotic genes. Investigating this in more detail, dr. Acha-Orbea and colleagues found that in vivo
stimulation of DC with TLR3-ligand (poly I:C) in non-transgenic mice caused eartly activation of the

cells followed by increased apoptotic death, leading to a preferential loss of the CD8™ DC subset.
This route involved type I IFN. Interestingly, repeated injection of low doses of TLR3 ligands into
Mushi mice before they developed aggressive tumors strikingly prolonged their life span. Further
analysis of molecular deviations and putative therapeutic approaches in this model may hold promise
for developments in human disease.

To stimulate young investigators in their histiocytosis-related research, the Dr. Jon Pritchard
Award is granted yearly to one or two researchers or clinicians in the beginning of their career. This
year, dr. Ginhoux and dr. Allen were the recipients.

In his presentation, dr. Ginhoux described the identification of a new Langerin = DC population
identified in the mouse dermis and other organs. The existence of such a population was suggested by

findings in LC depletion models that showed reappearance of Langerin+ cells in skin-draining IN
long before return of epidermal LC (Kissenpfennig et al.,, 2005). This led to the discovery of an

independent Langerin+ DC population situated in the dermis (Ginhoux et al., 2007). Using the unique
radioresistance of epidermal LC as a tool, BM-chimeric mice were made in which BM-derived cells
could be distinguished from host leukocytes on the basis of different CD45 alleles. After reconstitu-

tion, most dermis-derived Langerin = cells appeared to be from donor BM origin, while LC were still
from host origin. Migration from the circulation into the dermis was mediated via P-/E-selectins and

CCR2-binding chemokines. Like LC, these Langerin+ dermal DC migrate to draining LN guided via

CCR7-binding chemokines. Distinguishing features of Langerin+ dermal DC are significant expres-
sion of CD103 and low level Ep-CAM, while epidermal LC do not express CD103, but bear Ep-CAM

at high levels (Merad et al,, 2008; Nagao et al., 2009). Furthermore, Langerin+ dermal DC have a higher
proliferative index compared to their epidermal counterparts and do neither rely on TGF-f nor on

M-CSF for their development (Nagao et al., 2009). Interestingly, a similar Langerin+ population of DC

is present in liver, lung and kidney. The existence of this independent Langerin+ population of cells
has been confirmed by other investigators (Sung et al., 2006; Bursch et al., 2007; Poulin et al., 2007). As
discussed below, the identification of this LC-like population may have significant importance for the
understanding of LCH as the affected cells in this disease might as well derive from this distinct



lineage of Langerin-expressing cells.

Dr. Allen presented the first analyses of cell-specific gene expression profiles from Langerin/
CD207" LCH cells and CD3™ T cells purified from lesional tissue of LCH patients. These LCH

profiles were compared with those from CD207" cells isolated freshly from normal human skin
(primarily foreskin), while lesional T cell profiles were compared with those from normal tonsil T
cells and from peripheral blood T cells isolated from LCH patients obtained at the time of LCH
lesion biopsy. In the pathologic LCH cells 29 genes were found to be up-regulated more than 4-fold,
and these included some genes previously described as differentially expressed, including RANTES.
Additionally, some genes previously not associated with LCH were up-regulated in LCH cells as well
and these encoded proteins that regulate lymphocyte activation and migration, such as osteopontin,
vanin-1, and LAMP-3. For various markers, immunohistochemical analysis confirmed their expression
by LCH cells. Some unexpected findings, however, questioned the commonly held premise that LCH
cells represent activated LC that are seemingly arrested in an immature stage of development
(Geissmann et al., 2001; Laman et al., 2003): no difference were found with normal LC in expression of
chemokine receptors (CCR6 and CCR?7), cell surface markers involved in T cell activation (CDA40,
CD80, CD86), pro-inflammatory cytokines (INF-a, IFN-y, IL-1a, IL-1f, LIF, IL.-4, IL-10, TGF-f), genes
involved in regulation of apoptosis (Flt-3, Flt3-ligand, bcl-2), or markers of cell proliferation (Ki67,
PCNA, p53). Notably, also IL-17A expression was not found to be enhanced in lesional LCH cells, in
contrast to recent observations by others (Coury et al., 2008). The gene expression profiles of lesional

CD3" T cells reflected those of activated T cells as indicated by the up-regulated expression of genes
such as MHC class 11, CD74 invariant chain, HSP70 and CTLA4. In accordance with recent findings
(Senechal et al, 2007), FoxP3 expression was significantly higher in lesional T cells compared to
circulating T cells from the same patients.

Taken together, the LCH cell gene expression profile observed in these studies is not consistent
with the prevailing model of LC as malignant activated-immature DC that independently elaborate a
“cytokine storm”. To reconcile this with clinical findings, dr. Allen proposed a model in which LCH
cells arise directly from circulating premature DC precursors and subsequently recruit activated T cells
that contribute to tissue destruction and tumor progression.

The clonality of LCH cells in lesions, and between different lesions, has long been interpreted as
indication of malignant transformation of these cells. Dr. Chu re-evaluated the significance of these
findings, which were first reported almost 15 years ago, on the background of current notions about
normal LC biology. Since no lineage-specific clonal markers exist for LC, studies on clonality in LCH
have relied on X-chromosome inactivation markers. These are based on the irreversible inactivation
of all genes on a randomly selected single X-chromosome in a precursor cell in female individuals
(Iyonization), implying that all descendants of this precursor will have the same inactivated X
chromosome. Of these markers, the human androgen receptor (HUMARA) has proven to be the most
reliable and informative for clonal analysis. So far, three studies have been reported on clonality
analysis in LCH (Willman et al, 1994; Yu et al.,, 1994; Yousem et al., 2001). Two studies concerned
single system or multisystem pediatric LCH, comprising samples from 13 patients in total, from which
12 could be reliably interpreted (Willman et al., 1994; Yu et al,, 1994). Lesional cells in all of these
cases appeared to be clonal, and in a single case, lesions from bone and lymph node showed the same
X chromosome inactivation. In contrast, clonality analysis of biopsies from pulmonary LCH patients
showed clonality in only 7 out of 24 nodules. This supports the notion that pulmonary LCH is a
distinct, reactive disease, which is known to be smoking-related.

Important for the interpretation of the pediatric LCH cases is the question whether unaffected LC
in normal skin represent a clonal population. After isolation of normal LC from donor skin from
various locations, dr. Chu and colleagues found 5 out of 14 normal LC samples to be clonal. This
indicates that some areas of skin are populated from single LC precursors and suggests that the
situation in human skin is similar to the situation in mice, where LC precursors are seeded in fetal life
and maintained locally during steady state (Merad et al., 2002). Thus, finding clonality among LCH cells
in a single lesion probably relates to their common ancestry, but does not necessarily indicate
neoplastic proliferation of the cells.

Tumor-associated DC diversity and therapentic options

In LLCH, as in other tumors, intralesional DC are observed, besides the characteristic LCH cells. In
her presentation, dr. Stoitzner addressed the nature of the defective function of tumor-infiltrating



DC (TIDC). To this end, she used a mouse model in which B16 melanoma cells, stably transfected
with OVA as a model tumor antigen, were transplanted subcutaneously (Stoitzner et al., 2008a). Within
the tumors, both myeloid and plasmacytoid DC populations were present, but LC were virtually
absent. Most of the TIDC appeared phenotypically immature, lacking significant expression of
costimulatory molecules, but about a third expressed a mature phenotype. However, TIDC did not
present tumor-derived proteins, although TIDC were clearly filled with melanocytic material
originating from the tumor cells. They were unable to induce the proliferation of tumor-specific

CD4" and CD8™ T cells in vitro unless OVA peptides were specifically added. Iz vivo, some presenta-
tion of tumor-derived antigen to CDS8™ T cells was found in the tumor-draining lymph nodes, but no

proliferation of CDA4™ T cells. This implies an intrinsic lack of T cell help for anti-tumor cytotoxic T
cell responses. Together, this suggests that tumor-associated DC in this model have limited antigen-
presenting capacity, particularly related to impaired antigen processing.

To overcome tumor-induced tolerance dr. Stoitzner and colleagues elaborated a method of
epicutaneous immunization on tape-stripped skin (Stoitzner et al., 2008b). In a prophylactic model, all
OVA-immunized mice remained tumor-free when transplanted with B16.OVA cells and showed
significant tumor-specific CTL responses. Even epitope-spreading to tumor-specific antigens was
noted as immunized mice also showed delayed and decreased growth of B16 melanoma cells that did
not express OVA. In a therapeutic setting, where immunization was performed after tumor transplanta-
tion, this treatment also showed clinical efficacy. For epicutaneous immunization on tape-stripped
skin to be effective, the presence of LC was required, since this procedure failed to induce an anti-
tumor response in LC-deficient mice.

Dr. Anderson focused in his presentation on the DC as part of the immune environment in
various forms of pediatric cancer, addressing the questions how these tumors influenced DC to block
immune stimulation and how this immune evasion might be counteracted. One such cancer type,
alveolar rhabdomyosarcoma, is characterized by the presence of the PAX3-FKHR fusion gene, which
originates from the erroneous fusion of the two mentioned transcription factors genes. Investigating
the molecular targets of this tumor-specific transcription factor, dr. Anderson and colleagues found
that PAX3-FKHR alters the tumor cells' gene expression profile as a result of a specific interaction
between PAX3-FKHR and the STAT3 transcription factor (Nabarro et al, 2005). This results in a
dramatic reduction in tumor MHC expression, and an increase in local IL-10 concentrations, which
inhibits intra-tumoral DC maturation and numbers of infiltrating neutrophils, macrophages and
lymphocytes.

Effective induction of anti-tumor responses requires, besides immune-stimulating DC, also
appropriate tumor antigens. Ideally, these are expressed at high levels by tumor cells and not, or only
to a limited extent by normal cells. Potential targets that meet these requirements are MYCN, PAX3
and PAX5 transcription factors that are present at high level in rhabdomyosarcoma, neuroblastoma
and B cell malignancy. Theoretically, sufficiently elevated expression would allow tumor antigenic
peptide loading to MHC class I molecules, and thus surface recognition by cytotoxic T cells. Indeed,
it appeared possible for all three mentioned transcription factors to elicit specific cytotoxic T cell
responses in model systems in mice and/or in cancer patients (Himoudi et al., 2007; Himoudi et al,
2008b; Yan et al., 2008).

An intriguing novel population of DC, identified in mice, may prove important in the initiation

of anti-tumor responses. These cells have common features of NK cells and DC (CDllcint B220"

NK1.17 cD49b™ cells) and are capable of producing IFN-y and express tumoricidal activity, hence
their designation as IFN-producing killer DC (IKDC). It appeared feasible to generate these cells 7
vitro from BM precursors using GM-CSF and 11.-4 (Himoudi et al., 2008a). Transfer of relatively low
numbers of these IKDC into mice bearing small, syngeneic tumors led to significantly decreased
tumor growth, which depended on the presence of host lymphocytes. It was shown that injected DC
migrated to tumor sites and subsequently to tumor-draining lymph nodes, where the cells up-regulated
MHC class II molecules indicative of their antigen-presenting capacity. Hence, these IKDC might
represent a specific subset capable of evading tumor-associated immune suppression.

Summation and conclusions

In the summation session, chaired by Drs. Arceci and Leenen, many highlights of the meeting
were discussed with regard to their relevance for LCH pathogenesis and therapeutic potential. Due to
space limitations, only the major topics are included here.



The discovery of the novel, independent Langerin+ population of DC in the dermis and other
organs may have important implications for the understanding of the origin of the deviant LCH cells.
The prevalent tissue distribution of LCH lesions would be more readily explained by an aberrant

bone marrow-derived precursor cell for LCH, such as has been shown for the Langerin+ tissue DC,
than the self-maintained epithelium-associated Langerhans cell. Importantly, the independent lineage

origin of Langerin+ tissue DC has so far only been demonstrated in mice, but the identification of
similar populations in human gut and lung suggests its existence in humans as well (Chikwava and Jaffe,
2004). The few distinctive features of the lineage in the mouse, such as expression of CD103 and
absence of EpCAM, might be a lead to their further identification in human and their putative
relationship to LCH cells (Merad et al., 2008).

Molecular expression profiling technology, which has been widely introduced in multiple
systems, is also now being applied to LCH cells and lesional T cells. While various findings in this
study confirmed previous notions, other observations were more difficult to interpret as they do not
match with data, which have been obtained from several pathologic studies, demonstrating that the
LCH cells are immature, activated, pro-inflammatory cytokine-producing cells. Since the current
molecular comparison was made to freshly isolated (foreskin) epidermal LC, it might be important to

compare the profiles with those from other sources of normal LC and Langerin+ tissue DC as well.
Several markers found to be up- or down-regulated deserve follow-up as literature data suggest
important links with immune or cancer pathogenesis. In this respect, it is interesting to note that
vanin-1, which is highly up-regulated in LCH cells, has been identified recently as a pro-inflammatory
factor, controlling granuloma formation in mouse models (Meghari et al, 2007). Furthermore,
expression of vanin-1 is up-regulated, at least in epithelial cells, by IL-17 and Th1 cytokines but not by
Th2 cytokines (Jansen et al., 2009).

LCH cell clonality has long been interpreted as an indication that LCH is a neoplastic disorder.
The reappraisal of this interpretation, with the finding that normal LC may sometimes be clonal in
patches of normal skin, raises the question concerning the etiology of the lesional LCH cell clonality.
The search for genetic mutations specific for the LCH cell therefore continues to be an important
avenue of research to help solve this question. It remains to be determined what the clonal

relationship of normal tissue Langerin+ DC is, if these turn out to be the normal equivalents of LCH
cells.

The recently observed association between active LCH and elevated circulating IL-17 levels
provides an interesting link with the IL-17-driven inflaimmation observed in infected NADPH-
oxidase-deficient mice (Romani et al., 2008). A question arising from these data is whether physiologic
changes leading to IDO absence or dysfunction, such as defective ROS production in LCH cells,
might underlie chronic local inflammatory changes. The notion that LCH cells themselves, and not
Th17 cells, might be the major IL-17 producers (Coury et al., 2008) distinguishes LCH from the mouse
model work. Nevertheless, a putative role of IDO as a suppressive mechanism especially expressed by
immune-regulatory pDC should be considered in LCH. Moreover, it has not been reported whether
pDC contribute to LCH lesions, nor has lesional IDO expression and function been studied. These
are new routes that are readily approachable. Other immune-regulatory myelomonocytic cells also
have not been evaluated for a potential role in initiating or maintaining LCH lesions. Macrophages are
known to be present, but whether a possible activation and polarization of these cells by environmen-
tal signals might lead to their immune suppressive function remains to be shown.

Insight into LCH pathogenesis is crucial for the development of a rational therapy for the disease.
In this respect, the unresolved, central question about LCH as neoplastic or reactive, inflammatory
disease remains a hurdle that still needs to be taken. Is it necessary to break enhanced immune
tolerance mechanisms in order to allow induction of anti-tumoral immune responses, for instance via
vaccination? Ot are normal immune suppressive mechanisms hampered in LCH, leading to chronic
inflammatory reactions? The results presented by the different speakers suggested various therapeutic
approaches based upon either scenario. This offers an optimistic outlook for potential therapeutic
progtess once the pathogenic puzzle of LCH is solved.
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