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Differential In Situ Cytokine Profiles of Langerhans-Like Cells and T Cells
in Langerhans Cell Histiocytosis: Abundant Expression of Cytokines
Relevant to Disease and Treatment

By R. Maarten Egeler, Blaise E. Favara, Marjan van Meurs, Jon D. Laman, and Eric Claassen

The pathogenesis of Langerhans cell histiocytosis {LCH)
remains pooriy understoad. To further elucidate LCH patho-
genesis, we analyzed the expression of 10 cytokines relevant
to cellufar recruitment and activation at the protein level in
14 patients and identified the lesional cells responsibie for
cytokine production in situ by immunohistochemistry. The
cytokines investigated included the hematopoietic growth
factors interleukin-3 (IL-3}, IL-7, and granulocyte-macro-
phage colony-stimulating factor (GM-CSF}); the lymphocyte
regulatory cytokines IL-2, IL-4, and H.-10; the inflammatory
regulators IL-1a and tumor necrosis factor-o {TNF-«); and the
effector cell-activating cytokines {L-5 and interferon.y
(iFN-+). In all specimens, CD1a* histiocytes (LCH cells} and
CD3+* T cells produced large amounts of cytokines, creating a
true cytokine storm. IL-2, iL-4, IL-5, and TNF-oa were pro-
duced exclusively by T cells, whereas only IL-1¢ was pro-
duced by LCH cells. Equal numbers of LCH cells, T celis, and
macrophages produced GM-CSF and IFN-v. Equal numbers

ANGERHANS CELL histiocytosis (LCH), a rare disorder,
mainly of children, is of unknown pathogenesis with
variable course.! The broad clinical spectrum of disease ranges
from a single Iytic lesion of bone that is usually cured by simple
curettage to a disseminated leukemia-like illness with signifi-
cant mortality. Intermediate forms of disease are chronic, often
with multiorgan involvement and diabetes insipidus.® Lesions
of LCH are polymorphous. featuring a monocional population
of CDa* histiocytes with a phenotype akin to that of cells of
the antigen-presenting Langerhans cell family. T cells, macro-
phages. and eosinophils are variably present. The key histiocyte
of LCH and its normal counterpart, the Langerhans celi, express
CD1a and S-100 and contain Birbeck subcellular organeiles.? In
contrast to normat Langerhans cells, the principal histiocytes of
LCH (1.CH cells) are actively proliferating, have a round rather
than dendritic shape, and express several contrasting antigenic
markers.*

The morphology of LCH lesion and the clinical signs and
symptoms of disease suggest that cytokines may be important in
the pathogenesis of the disorder. Using immunchistochemistry
and reverse transcription-polymerase chain reaction {RT-PCR),
upreguiation of the following cytokines in LCH lesions has
previously been shown: interleukin-1 (IL-1), IL-3, TL-4, IL-8,
granulocyte-macrophage colony-stimulating factor (GM-CSF),
tumor necrosis factor-oe (TNF-a), transforming growth factor-3
(FGF-), and leukemia inhibitory factor (LIF).>¢ These studies
did not identify the cellular source of these cytokines in the
LCH lesion. We have previously developed methods to analyze
cytokine expression at the protein level in situ so as to establish
the identity of cells producing an array of cytokines for both
human and mouse tissues,”* Using validated antibody-based
immunchistochemistry, intracelluiar cytokine present in cyto-
kine-producing cells can be reliably visualized, and double-
staining techniques for CD markers allow unequivocal identifi-
cation of the cell type producing the cytokine. We used these
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of LCH cells and macrophages produced 1L-10, whereas iL-3
was produced by T cells and macrophages. IL-7 was only
produced by macrophages. Eosinophils, present in some
specimens, were partially responsible for the production of
IL-5, IFN-y, GM-CSF, 1.-10, IL-3, and IL-7. Expression of all
cytokines, abundant in most biopsies, was irrespective of
age, gender, or site of biopsy. These findings emphasize the
role of T cells in LCH. The juxtaposition of T cells and LCH
cells sugyests that both celis interact in a eytokine amplifica-
tion cascade, resuiting from stimulation of autocrine and
paracrine stimulatory loops. This cascade can be linked
directly to the development of LCH through recruitment,
maturation, and proliferation of LCH cells. The cytokines
studied are known to be involved in the development of
other characteristic features of LCH, such as fibrosis, necrosis,
and osteolysis.

© 1999 by The American Society of Hematology.

methods here to analyze the expression of an extended panel of
cytokines relevant to LCH pathogenesis and to identify their
cellular origin in 14 LCH lesions. We demonstrate that T cells
and LCH cells are the major local sources of cytokines, which
are involved in recruitment and survival of Langerhans cells, as
well as in their maturation into effector cells contributing to
LCH pathogenesis.

MATERIALS AND METHODS

A definitive diagnosis of L.CH and the representative nature of 14
specimens from 14 cases were confirmed by BEF. Eleven of the
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specimens were from bene in cases of monoostotic LCH and 3 were
from excisional lymph node biopsies from patients with disseminated
LCH. In all cases, specimens were from initial diagnostic biopsies, with
the duration of symptoms and signs being less than 1 menth before
biopsy. All LCH lesions were in the cellular phase of evolution.

Specimens were prompily snap-frozen and kept at —80°C until
sectioned and stained using an immuno-enzyme histochemical staining
method.™® Briefly, frozen sections were cut at 8 pm in an environment
of —20°C. A series of 7 specimen sections together with appropriate
controls were placed on individual glass slides and were kept overnight
at room temperature in a closed container with high humidity. After
air-drying for 1 hour, sections were fixed in acetone containing 0.01%
hydrogen peroxide to block endogenous peroxidase activity. Sections
were then air-dried for 10 minutes and incubated with optimally diluted
primary antibodies {Table 1) overnight at 4°C in the dark. Sections were
washed twice in phosphate-buffered saline (PBS), and second- and
third-step incubations of 2 hours per RT each were performed. After a
PBS wash, horseradish peroxidase (HRP) activity was shown with
3-aminocarbazole {AEC; Sigma, St Louis, MO) in bright primary red.”
Alkaline phosphate was shown with naphtol-AS-MX-phosphate (Sigma)
and fast blue (BB base; Sigma) as brilliant blue.™® Antibody 1/34
{(DAKO Corp, Carpinteria, CA) was used for CDla and CD3 DAKO-
EPOS. a rabbit polyclonal antibody coupled to an inert polymer
backbone and HRP, was used for CD3. Double stainings were pear-
formed, titrated, and evaluated (red/blue and violet colors) as described
before.”®

The specificity of antibodies was determined as noted earlier,® but
isotype-matched control antibodies were always included (Fig 1 A and
B) to assess nonspecific background staining (eg, by binding to Fc
receptors). When positive control stains were weak or negative, stady
results were discarded, Negative controls uniformly showed no stain-
ing. Positive control stainings on sections of human tonsil, spleen, and
skin that featured an allergic reaction and negative control stains on
human liver and skin were performed with each batch of study material
on the same individual slide (ie, on all slides). All staining was
performed in duplicate on separate slides on the same day and duplicate
stains were performed on different days. As in earlier studies® cells
staining positive for cytekines were scored only when the cytoplasm
was brightly colored and the nucleus was clear and transparent. When
stains could not be reproduced because of lack of tissue or lack of tissue
integrity andfor lack of clearly discernible cytology, they were not
included in the daa and were marked as not determinate {Table 2). Two
observers (M.v.M. and E.C.} scored all slides independently and
reconciled differences in scoring by studying the shide(s) together.
Slides were scored for estimates of the number of positively staining
lesional cells. The frequency of cytokine expression/staining is indi-
cated in Table 2 as + -+ + reaction, meaning that the majority of cells in
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the specimen produces that certain cytokine, This high level of
expression is illustrated in Fig 1C and D. Double staining for cell type
and cytokine was performed in at least 7 specimens for each cytokine
profile. We defined LCH cells as being CD1a® and T celis as CD3~.
Eosinophils were identified by morphology, and CDla™ cells with
morphological features of histiocytes were calied macrophages.

RESULTS

The cytokine profile of the 14 LCH specimens is shown in
Table 2. Some cytokines were expressed so abundantly that
staining resulted in the blending of the images of individual
cells. With the exception of 11.-7, TL-10, and GM-CSF, which
were expressed by relatively few cells in most specimens, all
cytokines were congistently expressed at high levels. The lowest
levels of cytokine expression were seen in an isolated skull
lesion from an 1l-year-old boy and z lymph node from a
2-year-old boy with disseminated LCH. However, the cytokine
profile on the latter was limited. Eosinophils were obvious in 8
of the 14 specimens (Table 2), and they were associated with
expression of -3, IL-5, IL.-7, IL-10, interferon-vy (IFN-v), and
GM-CSFE.

Under physiological conditions, IL-3 can stimulate the
generation and differentiation of progenitor cells of every
lineage derived from the pluripotential hematopoietic stem
celis, including macrophages, neutrophils, eosinaphils, baso-
phils, mast cells, megakaryocytes, and erythroid cells. There
was abundant expression of IL-3 in 6 of the 11 LCH specimens
{Fig 1D), with 1 demonstrating no staining. Half of the
HL-3—producing cells were T cells and half were macrophages.
In 5 specimens, 1L-3 was also expressed by cosinophils. No
{1.-3 was produced by LCH cells.

IL-7 is normally a2 major growth and differentiation factor for
T cells and B cells. Tt promotes immune effector functions in
T cells, natural killer (NK) cells, and monocytes-macrophages.
There was less IL-7 expression than any other cytokine in the 12
specimens studied, and none was demonstrated in 4 specimens.
The source of IL-7 in these lesions appeared to be macrophages.
None was associated with T cells or LCH cells. Eosinophils
produced IL-7 in the 4 specimens.

The main activities of GM-CSF include the promotion of
differentiation and proliferation of hematologic progenitors.
Modest numbers of cells expressed GM-CSF (Fig 1F) in all but
1 (no expression) of the 13 specimens studied. Ali types of

Table 1. Antibodies Used for Detection of Cytokines

Determinant Antibody Code Source Second Step Third Step
IL-3 BL-3M Genzyme Horse antimouse Biotin (Vector) Streptavidin HRP
IL-7 1689-01 Genzyme Horse antimouse Biotin Streptavidin HRP
GM-CSF 2M-213 Genzyme Horse antimouse Biotin Streptavidin HRP
1L-2 80-3418-01 Genzyme Herse antimouse Biotin Stroptavidin HRP
iL-4 1842-01 Genzyme Herse antimouse Biotin Streptavidin HRP
IL-10 2-510 Instruchemie Rabbit antimouse-ig-PO {Dako) —
IL-1e Vmp18 {bictinylated) See legend Streptavidin HRP (GIBCO BRL) -
TNF-« Vhp20 See legend Streptavidin HRP —
IL-B 2374-u Genzyme Horse antimouse Biotin Streptavidin HRP
INF-y MD-2 See legend Horse antimouse Biotin Streptavidin HRP

The monoclonal antibodies {MoAbs) for the detection of the cytokines in frozen sections, including original codes, sources, ond references, are
listed with correspending second- and third-step antibodies or biotin-streptavidin reagents for validated use.® All antibedies used are mouse
MoAbs. The biotinylated MoAbs Vmp18 and Vhp20, respectively, for the cetection of IL-1w and TNF-a were kindly provided by Dr P. Ghiaray {IRIS,
Sienna, Italy); and the MoAb MD-2 for the detection of IFN-y was a kind gift of Dr P. van der Meide (EPRC, Rijswijk, The Netheriands}.
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Fig 1. In situ cytokine expression in LCH biopsies.
Single immunohistachemical labeling was used to
assess cytokine production in frozen sections of LCH
biopsies. (A} {L-1e demonstrated in a positive control
tissue sample from human tonsil. Such control tissue
was included on each glass slide to internally vali-
date different cytokine stainings (original magnifica-
tion x 100). {B] Human tonsil: negative control
staining using an isotype-matched primary antibody
of irretevant specificity to exclude nonspecific bind-
ing of secondary and tertiary step reagents (original
magnification x 100).% {C} IL-1a-producing cells in a
LCH lesion in bone {patient no. S926704). Note the
high density of cytokine-expressing cells and the
very intense staining of most of the cytoplasm,
compared with (B) {original magnification x 100}, (D)
L-3-producing cells in a monoostotic lesion (patient
no. 59411100; original magnification x 100). (E)
IL-18-producing cells in a affected lymph node in
disseminated LCH {patient no, $93292). Note that no
clustering occurs and that isolated cells display only
partially eytokine-filled cytoplasm {original magnifi-
cation x 100}, (F} GM-CSF-producing cells in 2 mo-
noostotic lesion {patient no. 9408P025; original mag-
nification x 50).

lesional cells. including cosinophils in 4 specimens, produced IFN-y. IL-2 is almost exclusively produced by T cells, but
GM-CSE. perhaps also by B cells, IL-2, the most abundantly expressed
1L-2 is the T-cell cylokine that stimulates ongoing specific cytokine in these specimens, was absent in 1 specimen and was

immune responses. T-cell differentiation. and synthesis of unifermly associated with the marker for T cells.

Fig 2. Identification of cellular origin of cytokines
in LCH biopsies. Double immunohistochemical label-
ing was used to determine cytokine profiles of T cells
and LCH cells in frozen sections of LCH biopsies.
IL-1a {red) is not produced by CD3* T cells {bfue), as
shown by the absence of intermediate (violet) stain-
ing {original magnification x 100}. (B) In contrast to
[A), all CD1a* LCH cells {blue} also stain for iL-1a
{red), resulting in violet double staining (original
magnification x 100). {C) W-5 (red} is not coex-
pressed with CD1a (blue) and is therefore not pro-
duced by LCH cells {original magnification x 100). (D)
IL-4 {red)-producing cells stain violet with anti-CD3
(biue) and hence are T celis {original magnification X
100). {E} IFN-y-producing cefls stain in part double
{note red, blue, and violet) with CD1a. Because the
same was shown in double stainings with anti-CD3,
this cytokine is produced by both T cells and LCH
cells (original magnification x 200). (F} TNF-a-
producing cells coexpress CD3 and are therefore
identified as T cells {original magnification x 100).
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Table 2. Immunohistochemical Analysis of Cytokines in LCH Biopsies

Hematopeietc
Growth Facters

Activators of
Effector Cells

Mediators of
inftarmation

Regulators
of Lymphocytes

Patient No.

AgelSex Biopsy Site IL-3 L7  3SM-CSF IL-2 IL-4 IL-10 IL-1a TNF-a L8 1PNy
2408025 1M Fibula + + + +4 + ND ++ ++ + +
5943463 5/F Skull* + + + ++ ++ + + + + +
9101115 5/F Skutl* +++ + + +++ ++ + + o + + 4+
94115100 5/M Skull 4+ - + ++ + + ++ ++ + ++
9411139 8/M Pehvis* + ND + ++ ND ND ++ + ND +
9408P022 9/M Mastoid* + + + - ND + L + ++ +
5926704 T0/F Skult* ++ + - +++ b + +++ ++ + ++
9101118 10/M Femur* Ry + + ++ ++ + + ++ * ++
9407159 11/M Skl + - + o+ + ND + + + ++
9411142 11/M Skull - - + ++ - - +/— + - -
9209EE2 12/M Skuli ND ND + ++ ND - +i- ot ND ND
593292 i Ltymph node* e + + + 4 ND + ++ + ++ +
9307142 2iM Lymph node* + - ND ++ ND + + ND MO +
R94101 2/F Lymph node ++ + ++ ND - -+ ++ e e b +
Source of cytokine (percentage) LCH celis a o] 33 0 0 50 100 0 0 33
T calls 50 o} 33 100 100 0 0 100 100 33
Macrophages 50 100 33 ) 0 56 0 0 0 33

Stainings were always performed in duplicate on separate glass slides and twice on different days (total of minimal 4 data points). The numbers
of celis staining positive {actually producing the cytokine) were denoted as follows: +, moderate; ++, strong; +++, intense; —, absent,

Abbreviation: ND, not determinable, indicating that, after an initial staining for the complete cytokine set, the remaining tissue was not available
in sufficient quantity or morphological quality for a reliable and complete repetiticn of the experiment.

*n these specimens, eosinophils were clearly present and might be partially responsible for the production of certain cytokines {see Results}.

IL-4 can act on many ceil types and at varous stages of
maturation as it induces B cells to proliferate and to secrete
TeGl. Tt aiso induces T-cell proliferation. IL-4 modulates cyto-
kine production by B cells, T cells, NK cells, monocytes-
macrophages, and several other cells and, therefore, plays an
important role. Generally IL-4 is very difficult to demonstrate in
mouse and human tissue, possibly due to low Jevels of expres-
sion and/or to the use of low-affinity antibedies. In contrast,
staining for IL-4, which was uniformly asscciated with T cells,
was seen in all but 1 of the 8 LCH specimens studied (Fig 2D).

IL-10 exhibits important functions in immune regulation,
particularly in controlling infiammatory responses via inhibi-
tion of monocyte-macrophage activation. Very important as
well are the potent deactivating effects of TL-10 on monocytes-
macrophages, granulocytes, and dendritic cells. Modest expres-
sion of this cytokine was seen in 9 of 11 specimens (Fig 1E),
and no staining was seen in 2. Staining was associated equally
with LCH cells and macrophages. Eosinophils also expressed
IL-10in 3 specimens.

Cytokine IL-1 is a highly inflammatory cytokine and affects
nearly every cell type, often in concert with other cytokines.
There was expression by large numbers of cells in 8 of 14
specimens, with LCH cells appearing to be the singular source
of the cytokine (Fig 2A and B},

TNF-« is produced during immune and host defense re-
sponses as & primary mediator of immune regulation and the
inflammatory response. In 9 of the 13 specimens tested, large
nambers of T cells, the sole source, expressed TNF-« (Fig 2F).

Cytokine 1L-5 is the main controling cytokine for eosino-
philia. Only T cells and eosinophils in 3 specimens produced
IL-5 (Fig 2C).

FFN-y is, in addition to its antiviral activities, an important

modulator of the immune system because of its ability to
activate T cells. 8ix specimens showed prominent expression
with equal contributions by LCH cells and T cells (Fig 2E).
Faint expression was associated with macrophages in a few
specimens, and eosinophils produced JFN-v in 1.

There was a paucity of multinucleated giant histiocytes in the
sections from these specimens and, thus, too few were observed
to establish the cytokine prefile of these lesional elements.

DISCUSSICN

In this study, we demonstrate high expression of a large panel
of cytokines in LCH lesions at the protein leve! and, for the first
time, we show that T cells and LCH cells are the predominant
sources of this cyiokine storm. LCH cells were the only source
of IL-1a and a major source of IL-10. Most of the cytokines
were of T-cell origin, suggesting a prominent role for this cell in
the disease., The pattern of cytokine expression forming this
cytokine storm favors recruitment of Langerhans cell progeni-
tors as well as their maturation and rescue from apoptosis,
thereby explaining the pathologic accumulation of LCH cells.
The farge number of cytokine-producing cells in LCH lesions
supports local amplification cascades of cellular proliferation
and activation, involving autocrine and paracrine stimulatory
loops. Several of the cytokines produced in LCH lesions
directly contribute to pathological sequelae of LCH, including
fibrosis, bone resorption, and necrosis. These findings are
iaterpreted in an integrated view of the pathology of L.CH and
contrasted with physiological Langerhans cell reactivity.

Langerhans Cells

The diagnostic lesional cell in LCH is most akin to the
normal Langerhans cell, with comparative data having been
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summarized recentty.” These cells, and only they, are monaclo-
nal in LCH lesions.'? The Langerhans cell, an immune cell of
bone masrow origin, is the sentinel of the human skin with
respect to foreign antigens. Sirategically located in the epider-
mis, Langerhans cells capture antigens upon eniry, a process
that is facilitated by their dendritic morpholiogy. Antigen uptake,
processing. and expression of antigenic peptides on the cell
surface in the context of major histocompatibility complex
(MHCYHLA molecules leads to differentiation and activation,
including increased longevity of MHC-peptide complexes at the
cell surface.' Langerhans cells carrying antigen migrate through
the tymph as veiled cells and present antigen to peptide-specific
T cells in the T-cell areas of draining lymph nodes and spleen.
where they are called interdigitating dendritic cells.'* The
interaction between Langerhans cells and T cells needs to be
bidirectional, because MHC plus antigenic peptide, adhesion
moilecules, costimulatory molecules (eg, CD40-CD40L, CDS0/
CD8§6), and cytokines are all required for complete activation of
both the antigen-presenting cell and the T cell. !

Langerfans Cells and Cytokines

The full range of cytokines produced by Langerhans ceils and
their function needs to be further elucidated, but reviews on the
characteristics of Langerhans cells'? indicate that GM-CSF,
IL-1, and TNF-« are important in the development and traffick-
ing of Langerhans celis. Furthermore, TNF-a. GM-CSFE. and
IL-3 enhance proliferation of Langerhans cells generated from
CD34* cord blood or bone marrow cells.!® These in vitro-
generated Langerhans cells, as well as the dendritic cells
gencrated from peripheral blood, produce IL-1 and, when
stimulated through CD40, also secrete TNF-a.'® Dermal Lang-
erhans cell evolution to iymph node interdigitating dendritic
ceills is enhanced by GM-CSF and IL-1.'%!8 GM-CSF has a role
in the recruitment of Langerhans cells (o various tssue sites.??
Expression of relevant cytokine receptors on Langerhans cells
has been confirmed. including those for GM-CSF, TIL-1, TNF-a,
and IFN-vy for humans,® whereas IL-2R is expressed by murine
cells?! and can be induced by CD40 ligation.’®

Langerhians Cells Versus LCH Cells

LCH cells probably originate from the bone marrow and are
very sensitive to iocal factors such as cytokines and growth
factors for replication, maturation, and differentiation, as well
as functional antigen processing and presentation. The issue as
to which of the many immunologically important cytokines are
expressed in LCH lesions remains a somewhat vexed one,
because a limited number of biopsies have been studied.
Furthermore, in situ analysts is technically challenging, and in
vitro studies of hoth LCH cells and Langerhans cells are
confounded by contaminating cell populations producing cyto-
kines. Therefore, the goal in studying the production of
cytokines in LCH is to improve our understanding of disease
pathogencsis and ultimately to explore the potential of novel
therapeutics such as rccombinant cytokines and antagonist
melecules targeting costimulatory events. To date, most studies
on cytokine production in LCH lesions have focused on
descriptive analysis often based on mRNA detection and
ignoring which cells produce the different cytokines. We
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therefore analyzed cytokine expression in LCH lesions at the
protein level in a large series of hiopsies, including some
cytokines studied in LCH previously, but expanding the panel to
a totad of 10, with additional relevant cytokines not evaluated
before. Biopsy material of LCH is extremely limited, so oaly
confining studies are possible. This limited factor forced us to
use a restrictive panel of markers for the double staining studies.
However, the double labeling in situ with CD3 for T cells and
CD1a for LCH cells enabled us to provide new insights into the
identity of cylekine-producing cells as well.

Pathogenic Roles of Cytokines in LCH Lesions

Indirect evidence for cytokine involvement in LCH.  Indirect
evidence of a role for cytokines in LCH lies in the finding that
peripheral blood T-helper:suppressor ratios are high.™ This
finding may be related to early studies establishing that major [g
isotypes are elevated in 75% of patients with LCH.2* because
Th-cell cytokines are differential 1g isotype swilch factors and
also stimuiate B-cell proliferation and antibody production. The
positive clinicat cffects of cyclosporin,® thymic hormone, ™ and
bone marrow transplantation®® further attest to a prominent role
of T cefls and cytokines in LCH. Prostaglandin E2 and 1L-1
have been found in unseparated cell preparations of LCH
lesions in vitro. TFN-y increases IL-1 secretion by LCH cells in
vitro, indicating a role of T cells in regulating the production of
IL-1 in bonc lesions.? T cells may stimulate Langerhans cells
by IL-2 production, as evidenced by IL-2 receptor expression
on murine epidermal Langerhans cells. In cur study (Table 2).
T cells and LCH celis in most specimens produced [FN-v, butin
less than half did large numbers of cells stain for this cytokine.
However, more cells producing IFN-+v were secn in bone iesions
than in lesions of lymph nodes.

Recruitment and differentiation of celis.  Previously, iesions
of LCH have been shown to contain mRNA transcripts for [IL-§.
IL-3, TL-4, TL-8, GM-CSF. TNF-a. TGF-B. and LIF. No
transcripts for IL-2, 1L-5, IL-6, or IFN-vy were found.® Using
immunohistochemistry. De Graal et al® showed that cells in
L.CH lesions and those from normal and allergic skin expressed
IL-1e. IL-1B, GM-CSE TGF-o, TGF-, TNF-cx, and IFN-vy,
whereas LCH cells alone did not express basic fibroblast growth
factor. The cytekine I1.-2 was not studied.® Our data complete
these findings in showing that crucial immunclogic active
cytokines, such as 1L-2, 1L-5, and IFN-v, are, indeed. produced
by lesional T cells and that LCH cefls produce IFN-v, but they
do not produce IL-2 and IL-5. Because under physiological
conditions IL-3 can stimulate the generation and differentiation
of progenitor cells of every lineage derived from the pluripoten-
tial hematopoictic stem cells, IL-3 might contribute to the
differentiation of LCH cell progenitors.

The distribution of LCH cells in the affected patient may be
influenced by GM-CSF?" {Table 2) and by adhesion molecules
defined by De Graaf et al.* There are few studies of cytokine
receptors in LCH, but Emile et a*® demonstrated the expression
of the GM-CSF receptor on LCH celis. Under physiological
conditions, GM-CSF increases differentiation and proliferation
of hematologic progenitors. Kaplan et al'® have shown that
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GM-CSF is important in recruitment of Langerhans cells into
different tissues. Likewise, in LCH lesions, GM-CSF probably
promotes growth and differentiation of LCH cell progenitors.
Elevated levels of GM-CSF were found in the sera of patients
with disseminated disease, but not in that of patients with
localized LCH, suggesting that serum GM-CSF may be a
marker of the extent of the disease in LCH.*® Serum levels of
IL-2 receptor show similar correlations.® GM-CSF, IL-3,
TNF-a«, and a number of other cytokines function as chemoat-
tractants for eosinophils, neutrophils, macrophages, and CD34*
Langerhans cell precursors.’? Importantly, TNF-o« has been
shown to inhibit spontaneous apoptosis of Langerhans cells,
promoting their survival *3%35 which would explain the accu-
mulation of LCH cells in lesions. Furthermore, IL-1a promotes
this effect of TNF-w,*? as do GM-CSF and IL-3,3¢ both of which
we demonstrated in the lesions. Accumulation of LCH cells
may be fusther enhanced by stimulation of Langerhans cell
formation from their CD34* progenitors by GM-CSF and
TNF-q.36

Osteolysis and fibrosis. 1L-lo and TNF-o, both amply
expressed in LCH lesions (Table 2), and IL-1c may synergisti-
cally enhance osteoclastic activity with resultant osteolysis, the
hallmark of the LCH lesion of bone. The evolution of fibrosis in
LCH lesions of bone, liver, and lungs* may be related to the
lesional production of TGF-B (not studied here), which has
been implicated as a potent sclerosing agent.?” TNF-a can
recruit leukocytes and promote angiogenesis as well as fibro-
blast proliferation in wound healing, and similar activities
might occur in the LCH lesions. Sclerosis has also been
implicated in the evolution of diabetes insipidus, the most
common endocrinopathy in LCH, secondary to obstructive
involvement of the hypothalamic/pituitary axis.

Rationale for 2-Chlorodeoxyadenosine (2-Cda) Treatment
in LCH

This evidence of cross-talk between the LCH cell and the T
cell in LCH lesions raises prospects of a better understanding of
the mechanmism of action of promising therapeutic agents such
as 2-Cda in this disorder® 2.Cda is a purine analogue
resistant to degradation by adenosine deaminase. Phosphory-
lated derivates of 2-Cda accumulate in cells with high deoxycyti-
dine kinase activity, such as lymphocytes, inducing changes in
lymphocyte viability, resulting in DNA strand breaks. The DNA
damage is followed by a progressive decrease in lymphocyie
RNA synthesis, resulting in cell death.*? The cytotoxic proper-
ties of 2-Cda are independent of cell division, making it a
powerful agent in the treatment of lymphoid neoplasms with
low-growth fractions, such as T-cell lymphomas.*! In vitro and
in vivo human monocytes are as sensitive as lymphocytes to
these effects of 2-Cda, following the same pathway.*? Until
now, the rationale for using 2-Cda in LCH was based on this
latter finding.’®** Because Langerhans cells and monocytes/
macrophages are thought to originate from the same stem cell, it
was hypothesized that, because 2-Cda is toxic to monocytes, it
might be toxic to LCH celis. To confirm this, in vitro and in vivo
studies concering the sensitivity of Langerhans cells or, even
better, I.CH cells, should be undertaken. Untii these stadies are
performed, the results presented here showing that the LCH
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lesion is the result of cross-talk between the LCH-cell and the
activated T cell form a rationale for using 2-Cda in LCH.

Perspective

The fact that clonality has been found in all I.CH lesions
reported to date argues that LCH is a neoplastic disorder with
varied biological behavior, which could result from a genetic
defect, an abnormal response to infection, or an autoimmune
phenomenon, but the true significance of this clonality remains
to be ciarified. We have demonstrated that a cytokine storm
consisting of at least 10 major cytokines occurs in LCH lesions.
CD3* T celis are pivotal, because they produce 7 of 10 analyzed
cytokines, whereas LCH cells produce 4 of 10. We conclude
that T cells are an important driving force for the accumulation,
proliferation, and differentiation of cells in LCH lesions. The
observed juxtaposition of T cells and LCH cells in all tissues
analyzed suggests intimate, if not cognate, interactions of these
2 cell types, contributing to bidirectional stimulation and
cytokine production. Asscciated pathogenic effects of these
cytokines are likely to include chemotaxis of additional inflam-
matory cells, overexpression of adhesion molecuies, and fibro-
sis, necrosis, and osteolysis. Systemic manifestations of L.CH,
such as macrophage activation and fever, may reflect more
far-reaching effects of these cytokines. The current findings
should prove useful in further rational development of experi-
mentai LCH therapy.

ACKNOWLEDGMENT

The authors thank Louis Ribbens {TNO-Prevention and Health,
Leiden, The Netheriands) for performing the initial immunohistochemi-
cal analyses. Some of the specimens were provided through the
Pediatric Division of the Cooperative Human Tissue Network, Chil-
dren’s Hospital (Columbus, OH}).

REFERENCES

1. Broadbent V, Egeler RM, Nesbit ME JIr: Langerhans cell histiocy-
tosis—Clinical and epidemiological aspects. Br J Cancer 7(:511, 1994
(suppl XXIiI)

2. Bgeler RM, D’Angic GI: Medical progress: Langerhans cell
histiocytesis. T Pediatr 127:1, 1995

3. Writing Group of the Histiocyte Society (Chu T, I Angio G,
Favara B, Ladisch S, Nesbit M, Pritchard J}: Histiocytosis syndromes in
children. Lancet 1:208, 1987

4. Schmitz L, Favara BE: Nosology and pathology of Langerhans
cell histiocytosts. Hematol Oncol Clin North Am §2:221, 1998

5. De Graaf JH, Tamminga RYJ, Dam-Miering A, Kamps WA,
Timens W: The presence of cytokines in Langerhans cell histiocytosis. J
Pathol 180:400, 1996

6. Kannourakis G, Abbas A: The role of cytokines in the pathogen-
esis of Langerhans cell histiocytosis. Br J Cancer 70:537, 1994 (suppl
XXII)

7. Claassen E, Gerritse K, Laman JD, Boersma WJ1: New immunoen-
zyme-cytochemical stainings for the in situ detection of epitope
specificity and isotype of antibody forming B cells in experimental and
natural {auto) immune responses in animals and man, J Immunol
Methods 150:207, 1992

8. Hoefakker S, Boersma WJ, Claassen E: Detection of human
cytokines in situ using antibody and probe based methods. J Immunol
Methods 185:149, 1995

9. Nezelof C, Basset F: Langerhans cell histiocylosis research; past,
present and future. Hematol Oncol Clin Nerth Am 12:385, 1998



CYTOKINE STGRM IN LCH LESIONS

10. Willman CL. Busque L. Griffith BB. Favara BE. McClain KL.
Duncan MH. Giilland DG: Langerhans cell histiocytosis (histiocytosis
X)—A clonal proliferative disease. N Engl § Med 331:154. 1994

1. Mellman I Turley SI. Steinman RM: Antigen processing for
amateurs and professionals. Trends Celi Biol 8:231, 1998

12, Steinman RM. Pack M, Inaba K: Dendritic cells in the T-cell
areas of lymphoid organs. [mmunol Rev 156:23. 1997

13, Laman }D, Claassen E. Noelle R): Functions of CD40 and its
Hgand, gp39 (CD4OL). Crit Rev tmmuncl 16:59. 1996

14, Hart DNJ: Dendritic cells: Unique levkocyte populations which
contrel the primary mmune response. Blood 90:3245, 1997

15, Caux C. Saeland S. Favre C. Duvert V. Mannoni P. Banchereau J:
Tumor necrosis factor-alpha strongly potentiates interleukin-3 and
granulocyte/macrophage colony-stimulating factor-induced prolifera-
tion of human CD34* hematopoietic progenitor cells. Blood 75:2292,
1990

16. Caux C, Massacrier C, Vanbervliet B. Dubois B. Van Kooten C.
Durand I. Banchereau J: Activation of human dendritic cells through
CD40 cross-linking. I Exp Med 180:1263. 1994

17. Heutler C. Koch F Schuler G: Granulecyte/macrophage colony-
stimulating lactor and isterleukin-1 mediate the maturation of murine
epidermal Langerhans cells into potent immunostimuelatory dendritic
cetls. J Exp Med 167:700, 1988

18. Ralfkiaer E, Stein H. Ralfkizer N, Hou-Jensen K. Mason DY:
Normal and neoplastic Langerhans cells: Phenotypic comparison with
other types of macrophages. Ady Exp Med Biol 186:1009. 1985

19. Kaplan G. Walsh G. Guido LS, Mcyn P, Burkhardt RA. Abalos
RM. Barker 1. Frindt PA. Fajardo TT. Celona R: Novel responses of
human skin to intradermal recombinant granulocyte/macrophage-colony-
stimulating factor: Langerhans cell recruitment. keratinocyte growth.
and enhanced wound healing. ] Exp Med 175:1717, 1992

). Larregina A. Morelli A. Kolkowski E. Fainboim L: Flow
cytometric analysis of eylokine receptors on human Langerhans cells.
Changes observed after short-term culture. Immunol 87:317, 1996

21, Steiner G. Tsachler E. Tani M. Malek TR, Shevvach EM. Holter
W. Knapp W, Wollf’ K, Stingl G: Interleukin-2 receptors on cultured
murine epidermal Langerhans cells. J lmmunol 137: 155, 1986

22. Davies EG. Levinsky RI. Butler M: Thymic hormone therapy for
histioeytosis X. N EnglJ Med 309:493. 1983

23. Lahey ME. Heyn R, Ladisch S. Leikin S, Neerhout R, Newton
W. Shore N. Smith B, Wara W, Hammond D: Hypergammaglobu-
Hmemia in histiocytosis X. J Pediatr 107:572, 1985

24, Mahmoud HH, Wang WC, Murphy SB: Cycelesporin therapy for
advanced Langerhans cell histiocytosis. Bloed 77:721, 1991

25 KRomp DM: Langerhans cell histiocytosis. N Engl 1 Med
316:747, 1987

26. Arenzana-Seisdedos F, Barbey S, Virelizier JL. Kornprobst M.
Nezelet C: Histiocytosis N: Purified {T6™} cells [rom bone granuloma
produce interleukin | and prostaglandin E; in cuolture. J Clin Invest
77:320. 19806

27. Emile JF. Peuchmanr M. Fraitag S. Bodemer C. Brousse N:
Immunechisiochermical detection of granulocyte/macrophage colony-
stimulating factor in Langerhans cell histiocylosis, Histopathology
23:327. 1993

4201

28, De Graal JH. Tamminga RYJ. Kamps WA, Timens W: Expres-
sion of cellular adhesion molecules in Langerhans cell histiocytosis and
normal Langerhans cells. Am J Pathol 147:1161. 1995

29. Emile JE Fraitag S. Andry P. Leborgne M, Lellouch-Tubiana A,
Brousse N: Expression of GM-CSF receptor by Langerhans cell
histiocytosis cells. Virchows Arch 427:125, 1995

30. Emile JE Tartour E. Brugieres L. Donadien J. Le Deist F
Charnoz 1. Fischer A, Fridman WH, Brousse N: Detection of GM-CSF
in the sera of children with Langerhans cell histiocytosis. Pediatr
Allergy immunol 5:162, 1994

31. Schultz C. Klouche M, Friedrichsdorl S, Richter N. Kroehnert B.
Bucsky P: Langerhans cell histocytosis in children: Does soluble
interlenkin-2-receptor correlate with both disease extent and activity?
Med Pediatr Oncel 31:01, 1998

32, Caux C. Dexutter-Dumbuyant D. Schmitt D. Banchereau J:
GM-CSF and TNF-a cooperate in the generation of dendritic Langer-
hans cells. Nature 300:258, 1992

33. Ludewig B. Graf D, Gelderblom HR. Becker Y. Kroczek RA.
Pauli G: Spontanecus apoptosis of dendritic cells is efficiently inhibited
by TRAP {CD40-ligand) and TNF-alpha, but strongly enhanced by
mnterleakin-19. Eur J Immunol 25:1943. 1995

34. Ludewig B. Henn V. Schrider JM. Gral D. Kroczek RA:
Induction. regulation. and function ot soluble TRAP (CD40-ligand)
during interaction of primary CD4+ CD45RA+ T cells with dendritic
cells. Eur J Immunol 26:3137. 1996

35. Koch F. Heufler C. Kampgen E, Schneeweiss [, Bock G.
Schuler G: Tumor necrosis factor alpha maintains the viability of
murine epidermal Langerhans cells in culture. but in contrast to
granulocyte/macrophage colony-stimulating factor. without inducing
their functional maturation. J Exp Med 171:159. 1990

36. Reid CD. Stackpoole A. Meager A. Tikerpac i: Interactions of
wmor necrosis factor with granulocyte-macrophage colony-stimulating
factor and other cytokines in the regulation of dendritic cell growth in
vitro from early bipotent CD34+ progenitors in human bone marrow. J
Immunol 149:2681, 1992

37. Border WA, Noble NA: Transforming growth factor B in tissue
fibrosis. N Engl J Med 33111286, 1994

38. Saven A, Figueroa ML. Piro LD, Rosenblatt ID: 2-Chlorodeoxy-
adenosine to treat refractory histiocytosis X (letter). N Engl ] Med
329:734, 1993

39. Stine KC. Saylors RL. Williams LL. Becton DL: 2-Chlorodeoxy-
adenosine (2-Cda) for the treatment of refractory or recurrent Langer-
hans cell histioeytosis (LCH) in pediatric patients. Med Pediatr Oneol
29:288. 1997

40. Carson DA, Wasson DB, Tactle R, Yu A: Specific toxicity of
2-chlerodeoxy-adenosine toward resting and proliferating human lym-
phocytes. Blood 62:737, 1983

41, Saven A. Carrera Cl, Carson DAL Beutler E, Piro LD: 2-Chloro-
deoxyadenosine: An active agent in the treatment of cutancous T-cell
lymphoma. Blood 80:387. 1992

42, Carrera CJ. Terai C. Lotz M. Curd JG. Piro LD. Beutler E.
Carson DA: Potent toxicity of 2-chlorodeoxyadenosine toward human
moneeytes in vitro and in vivo, } Clin Invest 86:1480. 1990



