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Immunopathogenesis of Erdheim-Chester
disease (ECD), a rare non-Langerhans
cell histiocytosis, is poorly known. In
previous studies, various cytokines were
detected in ECD lesions, presumably or-
chestrating lesional histiocyte recruit-
ment. Because ECD lesions are frequently
associated with systemic symptoms, we
postulated that underlying global immune
perturbations might also be revealed. We
quantitatively analyzed 23 cytokines in
serum samples obtained from a large
single-center cohort of 37 patients with

ECD, and studied the impact of treatment
on cytokine production. IL-6, IL-12, inter-
feron-« (IFN-a), and monocyte chemotac-
tic protein-1 (MCP-1) levels were signifi-
cantly higher in untreated patients than in
controls, whereas interferon-y (IFN-vy) in-
ducible protein 10, IL-12, MCP-1, and IL-1
receptor antagonist were found signifi-
cantly increased in IFN-a-treated pa-
tients. A biomathematical approach was
used to rationalize multiparameter data,
to generate new hypotheses, and identify
global control pathways. Interestingly, cy-

tokine profiles proved to be particularly
stable at the individual level, and an “ECD
signature” further distinguished patients
from controls, based on their production
of IFN-a, IL-12, MCP-1, IL-4, and IL-7.
Altogether, our data underline the sys-
temic immune Th-1-oriented perturba-
tion associated with this condition and
provide clues for the choice of more
focused therapeutic agents in this rare
disease with noncodified therapeutic
management. (Blood. 2011;117(10):
2783-2790)

Introduction

Erdheim-Chester disease (ECD) is a rare non—Langerhans cell
histiocytosis first described by Jakob Erdheim and William Chester
in 1930." It is a systemic and heterogeneous disease mainly
involving the bones, lungs, skin, retro-orbital tissues, central
nervous system (CNS), pituitary gland, vessels, kidneys, retroperi-
toneum, and heart.>? The clinical course of ECD is largely
dependent on the extent and distribution of disease, which may
range from asymptomatic bone lesions to multisystemic, life-
threatening forms with poor prognosis, especially in case of
specific CNS or cardiovascular involvement.>* ECD diagnosis is
currently based on clinical, radiologic and typical pathologic
features with biopsy specimen displaying infiltration by
CD68*CDla~ foamy histiocytes. Treatments for ECD include
steroids, cytotoxic agents such as cladribin,’ interferon alpha-2a
(interferon-a. [IFN-a]),° recombinant human interleukin-1 receptor
antagonist (IL-1RA),” thyrosine kinase inhibitors,® biphospho-
nates,’ and autologous hematopoietic stem cell transplantation,'”
but an optimal therapeutic strategy remains to be defined.

Our understanding of the pathogenesis of ECD is limited
because the disease is very rare, and thus previous studies could
only be performed in a small cohort of patients. In an immunohisto-
chemical study of 3 patients, Stoppacciaro et al'! have shown that a
complex network of cytokines and chemokines regulates histiocyte
recruitment and accumulation in the lesions. More recently, Dagna
et al'? assessed spontaneous and stimulated cytokine production by

mononuclear cells obtained from biopsy fragments in a single
patient. This study revealed production of tumor necrosis factor-a
(TNF-a) after stimulation, and spontaneous secretion of IL-6 and
CXC chemokine ligand 8/IL-8 (CXCLBS/IL-8), this latter being
known as a chemoattractant for polymorphonuclear cells and
monocytes. Finally, Aouba et al” have provided some evidence in
2 patients that targeting the IL-1 pathway might be an appro-
priate strategy.

Although the data we described have undoubtedly contributed
to our understanding of the immune responses in ECD, the lack of a
systematic large-scale assessment of major cytokine blood levels
has prevented us from further identifying the systemic immuno-
logic modulators associated with the disease. In this study, we
quantitatively analyzed 23 cytokines, chemokines, and growth
factors in serum samples obtained from a single-center cohort of
37 patients with ECD. This work represents a unique opportunity to
identify systemic immune perturbations and new targets in a
disease for which therapeutic strategy is not well established.

Methods

Patients and controls

Serum samples were obtained from 37 patients with ECD (27 male and
10 female; median age, 61 years [range, 21-80 years]) followed in the
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Table 1. Characteristics and treatments of the 37 patients with ECD

BLOOD, 10 MARCH 2011 - VOLUME 117, NUMBER 10

Patient Disease Duration of IFN
no. Sex/age, y duration, mo Topography of lesions Therapy treatment, mo
1 M/39 30.0 B,MS,LV,H,S,0,CNS, P, L, R None ND
2 M/49 0.0 B,MS,P,R None ND
8 F/73 0.0 B None ND
4 F/59 19.1 B,MS,LV,H, L, R None ND
8 M/47 47.7 B, MS, H, S, O, CNS None ND
6 F/79 79.7 B, LV None ND
7 M/70 0.0 B, MS, LV, H, O, R None ND
8 M/49 0.5 B,LV,H,R None ND
9 M/53 0.0 B,S,P,R None ND
10 M/70 0.0 MS, LV, H, CNS None ND
11 M/45 40.3 B, MS, LV, CNS, L None ND
12 M/80 1.8 B,H, R None ND
13 F/42 0.0 B,LV,H, L None ND
14 M/69 0.5 B,LV,H,S,0O,CNS, R None ND
15 M/44 6.5 B,S L, R None ND
16 M/60 4.9 B, MS,LV,H, S,CNS, L, R IFN-6 MIU 3/wk 4.8
17 M/71 335.4 B, MS, LV, CNS, P, L IFN-3 MIU 3x/wk 48.8
18 F/62 28.3 B, MS, H,CNS, L IFN-9 MIU 3/wk 28.3
19 M/61 85.7 B,R Pegylated IFN 135 p.g/wk 84.7
20 M/80 24.4 B, MS, H, L Pegylated IFN 180 pg/wk 16.8
21 M/56 9.5 B, MS, LV, H, R Prednisone 12 mg/d + IFN-3 MIU 3</wk 8.9
22 M/31 61.4 B, MS, CNS, P IFN-9 MIU 3x/wk 12.3
23 M/63 121.5 B,LV,H,S,CNS, L, R Pegylated IFN 180 pg/wk 51.9
24 M/56 5.3 B, MS, P, R IFN-3 MIU 3/wk 1.9
25 M/74 36.9 B,LV,H, L, R Pegylated IFN 135 pg/wk 28.6
26 M/66 56.7 B,MS,LV,H,S,0O,CNS, L IFN-9 MIU 3x/wk 32.9
27 M/63 12.0 B, MS, LV, CNS, R IFN-6 MIU 3x/wk 71
28 F/70 7.9 B,LV,H,O,R IFN-3 MIU 3/wk 6.0
29 M/63 88.6 B,LV,H,CNS, P, L IFN-9 MIU 3x/wk 20.6
30 m/67 21.2 B, MS, L Pegylated IFN 135 pg/wk 13.8
31 M/61 37.0 B, MS, LV, CNS, L, R Pegylated IFN 90 ng/wk 33.9
32 F/56 44.2 B Pegylated IFN 180 pg/wk 24.3
33 F/21 53.1 MS,P,L,R Pegylated IFN 135 pg/wk 24.2
34 M/55 18.5 B,MS,LV,H,S,0,CNS, L, R IFN-9 MIU 3/wk 17.0
35 M/52 176.0 B,MS, S,0,R IFN-6 MIU 3x/wk 175.6
36 F/66 38.4 B,LV,H Pegylated IFN 180 pg/wk 31.2
37 F/76 30.6 B, MS,LV,H, R Pegylated IFN 180 pg/wk 28.3

Data for age is at serum sampling; disease duration is from histologic diagnosis of ECD. Therapy is at the time of serum sampling.
B indicates long bones; MS, maxillary sinus; LV, large vessels; H, heart; S, skin, O, orbit; CNS, central nervous system; P, pituitary gland; L, lungs; R, retroperitoneal; MIU,

million international units; and ND, none determined.

Department of Internal Medicine, Pitié-Salpétriere Hospital, Paris, France,
between January 2001 and June 2010, and in an identical number of healthy
subjects (median age, 57 years [range, 20-77 years]). In all these patients,
ECD was diagnosed based on (1) typical histologic findings, such as,
infiltration with foamy histiocytes nested among polymorphic granuloma
and fibrosis or xanthogranulomatosis with CD68" and CD1a~ immunohis-
tochemical staining, which is typical of histiocytes in ECD; and (2) typical
skeletal findings with x-ray scans showing bilateral and symmetrical
cortical osteosclerosis of the diaphyseal and metaphyseal regions in the
long bones and/or symmetrical and abnormally strong labeling of the distal
ends of the long bones shown on Technetium-99 bone scintigraphy. These
criteria for ECD were used in our previous studies.>®!3 Median disease
duration was 24 months (range, 0-335 months). There were 15 patients free
of any treatment and 22 patients who received IFN-« or pegylated IFN-a at
various doses, for a median duration of 24.2 months (range, 1.9-
175.6 months). Detailed patient characteristics and treatments are presented
in Table 1. Informed consent and approval by the Hopital Pitié-Salpétriere
Institutional Review Board were obtained before the study began in
accordance with the Declaration of Helsinki.

Sample preparation and cytokine measurement

Venous blood samples were collected into BD Vacutainer tubes containing
clot activator, and processed immediately. After centrifugation at 2000g for

10 minutes, serum samples were stored at —80°C and thawed once only.
Clots of fibrin were removed from defrosted samples by a second
centrifugation at 12 000g for 10 minutes, and these samples were immedi-
ately used for cytokine measurement using Invitrogen Luminex Human
Cytokine 25-plex antibody bead kit. All samples were masked for subject
identity and analyzed according to the manufacturer’s instructions at a
sample dilution of 1/4.

Immunohistochemisty

For immunohistochemical analysis, 4-pm-thick sections were cut from
paraffin-embedded blocks obtained in 6 untreated patients. Samples were
obtained from blocks containing infiltrated pericardium (patient no. 4),
perirenal fat (patients no. 6, 7, and 9), peritoneum (patient no. 14), and aorta
(patient no. 15). Sections were deparaffinized then rehydrated and heated in
citrate buffer (pH 6.0) for 30 minutes at 97°C. Endogenous peroxidase
activity was blocked using peroxidase block and sequentially incubated
with mouse anti-human CD123 antibody (BD Pharmingen) for 1 hour, and
visualized with the biotin-free polymeric visualization system Ultravison
LP (Lab Vision). Sections were then stained with the chromogen diamino-
benzidine for 5 minutes, and counterstained with hematoxylin. A sample
from a patient with a case of cutaneous blastic plasmacytoid dendritic cell
(pDC) tumor was used as positive control.
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Table 2. Serum concentrations of cytokines in untreated and IFN-a—treated patients with ECD and controls

Cytokine concentration, pg/mL* P

Untreated patients IFN-treated patients Healthy controls Untreated IFN-treated
Cytokine (n =15) (n=22) (n=37) vs controls Vs controls
TNF-a 0 (0.0-68.0) 0 (0.0-55.6) 0 (0.0-15.6) .03 11
IL-18 0 (0.0-59.2) 0 (0.0-819.6) 12.1 (0.0-46.6) .08 .01
IL-1RA 326.3 (158.0-3259.1) 405.7 (158.0-1918.6) 189.8 (82.1-275.4) .01 < .0001t
IL-2 0 (0.0-0.0) 0 (0.0-130.3) 0 (0.0-0.0) > .999 19
IL-4 6 (0.0-57.8) 6 (0.0-291.1) 33.6 (22.0-53.0) < .00011 < .0001t
IL-5 0 (0.0-6.1) 0 (0.0-369.6) 0 (0.0-7.4) .59 .64
IL-6 16.1 (0.0-326.7) 0 (0.0-1394.8) 0 (0.0-19.0) .00021 22
IL-7 0 (0.0-113.6) 0 (0.0-751.7) 130.2 (94.4-290.6) < .0001% < .0001t
IL-8 29.0 (0.0-898.4) 30.3 (0.0-2342.6) 39.8 (0.0-333.6) 72 .95
IL-10 0 (0.0-0.0) 0 (0.0-106.0) 0 (0.0-0.0) > .999 .20
IL-12 179.4 (134.8-986.8) 192.1 (90.2-457.6) 76.2 (44.0-118.8) < .00011 < .0001t
IL-13 36.0 (0.06-144.2) 36.0 (0.0-714.0) 21.0 (0.0-58.3) .05 <.0001%
IL-15 0 (0.0-78.4) 0 (0.0-391.4) 0 (0.0-0.0) .02 .02
IL-17 33.0 (0.0-348.8) 2 (0.0-210.6) 22.8 (0.0-71.3) .08 91
IFN-a 111.0 (82.8-331.2) 239.8 (60.0-2065.8) 0.9 (13.4-41.0) < .00011 < .0001t
IFN-y 0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-20.3) .26 a7
IP-10 25.4 (0.0-342.2) 38.3 (11.5-261.0) 10.6 (0.0-49.2) .02 < .0001t
MCP-1 460.3 (200.1-2657.0) 492.4 (104.9-3405.2) 220.6 (106.5-376.5) <.00011 <.0001%
MIG 52.2 (0.0-883.7) 52.2 (0.0-141.8) 49.9 (28.6-67.5) 14 .76
MIP-1a 61.3 (47.8-274.7) 58.7 (0.0-440.6) 83.6 (58.8-98.7) .02 .00091
MIP-18 30.0 (0.0-132.8) 32.1 (0.0-546.0) 30.4 (0.0-76.9) .94 .66
Eotaxin 62.8 (0.0-220.8) 53.1 (20.3-646.9) 95.6 (26.0-219.2) .03 .003
GM-CSF 23.0 (0.0-208.2) 0 (0.0-341.0) 0 (0.0-57.6) .10 .35

MIP indicates macrophage-inflammatory protein; MIG, monokine induced by IFN-vy; and GM-CSF, granulocyte-macrophage colony-stimulating factor.
*Expressed in median (minimum-maximum). Samples with nondetectable cytokine levels were considered to be 0.0 pg/mL.

tValues remain significant after Bonferroni correction for multiple testing.

Statistical analysis

IL-2RA and RANTES were excluded from analysis because of inadequate
bead counts and unreliable performance of standard curve, respectively.
Samples with nondetectable values were replaced with zero for the purpose
of continuous data analyses. Quantitative data were expressed as median
(minimum-maximum) values. The nonparametric Mann-Whitney U test
was used for comparison of continuous data between groups. The Wilcoxon
signed-rank test was used for comparison of cytokine levels among patients
with available follow-up serum samples. Correlation between age at
compilation, disease duration, and cytokine levels was calculated using
Spearman rank-order test. Association between cytokine levels and pres-
ence of any type of visceral involvement (as reported in Table 1) was
assessed using logistic regression. All these analyses were followed by
Bonferroni type I error rate correction, when needed. Exploratory principal
component analysis was used to assess graphically the separation between
patients and controls, with regard to the cytokine profile that was identified.
Statistical significance was defined as P < .05 or P < .05/23 (P < .002)
when Bonferroni correction was applied. Statistical analyses were
performed using Prism software Version 5.0 (GraphPad) and JMPS8
(SAS Institute).

Results
Cytokine profiles

We found no correlation between age at sampling or disease
duration and cytokine levels, as well as no statistical association
between cytokine levels and presence of any type of visceral
involvement (data not shown).

Comparisons of median serum levels of cytokines between
untreated patients with ECD and controls are presented in Table 2

and Figure 1. A total of 4 of the 23 cytokines analyzed had
significantly higher levels among untreated patients: IL-6 displayed
a 16-fold increase (P = .0002), IFN-a a 5.3-fold increase
(P <.0001), IL-12 a 2.3-fold increase (P < .0001), and monocyte
chemotactic protein-1 (MCP-1) a 2-fold increase (P < .0001).
Conversely, IL-7 and IL-4, respectively, displayed a 130- and
3.5-fold increase in controls, compared with patients (P < .0001
in both).

Comparisons of cytokine levels between IFN-a—treated patients
and controls are presented in Table 2 and Figure 1. Of the
23 cytokines analyzed, 6 showed significantly higher levels among
patients treated with IFN-a: IFN-a displayed a 11.5-fold increase
(P <.0001), IFN-y—inducible protein 10 (IP-10) a 3.6-fold increase
(P <.0001), IL-12 a 2.5-fold increase (P < .0001), MCP-1 a
2.2-fold increase (P < .0001), IL-1RA a 2.1-fold increase
(P <.0001), and IL-13 a 1.7-fold increase (P < .0001). Con-
versely, IL-7, IL-4, and macrophage inflammatory protein la
(MIP-1a), respectively, displayed a 130-fold increase (P < .0001),
a 3.5-fold increase (P < .0001), and a 1.4-fold increase (P = .0009)
in controls, compared with patients treated with IFN-c.

Interestingly, cytokine profiles proved to be particularly stable
at the individual level. In particular, 5 untreated patients (patients
no. 4, 6, 13, 14, and 15) had available follow-up serum samples
(median interval during the initial and the follow-up sample:
8 months [4-105 months]). None of the 23 cytokines analyzed
displayed any significant change between the initial and follow-up
evaluation (Figure 2). Similarly, comparison of cytokine levels
between the 15 untreated patients and the 22 IFN-a-treated
patients yielded no significant difference (Figure 1). Principal
component analysis further confirmed that controls and patients
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could be distinguished based on their production of IFN-a,
IL-12, MCP-1, IL-4, and IL-7 (Figure 3). Of note, untreated and
IFN-a—treated patients could not be distinguished based on this
cytokine profile, suggesting this profile is not modified by IFN-«
treatment.

BLOOD, 10 MARCH 2011 - VOLUME 117, NUMBER 10

Figure 1. Comparison of serum cytokine levels. Com-
parison of IFN-a, IP-10, IL-1RA, IL-12, IL-6, MCP-1,
IL-13, IL-4, IL-7, and MIP-1a between untreated patients
with ECD (n = 15), IFN-a—treated patients with ECD
(n =22), and controls (n = 37). Untreated indicates
untreated patients; Treated, IFN-a—treated patients; NS,
nonsignificant P value.

Anti—-CD123 immunohistochemisty

It is already known that several cytokines we detected systemati-
cally are produced in ECD lesions.!! It remains unknown, however,
whether IFN-a is also produced locally. The main source of this
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cytokine is the CD68*CDla CD123" pDC subset. Presence of
pDC in the lesions was therefore investigated in 6 patients with  Djscussion

ECD, using an anti-CD123 antibody. Although the positive control
(a cutaneous blastic pDC tumor sample) was clearly stained by the
anti-CD123 antibody, 5 of 6 ECD samples showed no such
staining (Figure 4), and a single sample (no. 4) showed only minor
staining. This result emphasizes that the tissular infiltrate of
ECD does not comprise a significant proportion of pDCs, and
thus that this infiltrate is unlikely the primary source of IFN-a
production in ECD.

In this study, we quantitatively analyzed 23 different cytokines,
chemokines, and growth factors in serum samples obtained from
37 patients with ECD, including 15 untreated and 22 IFN-a—treated
patients. Our data represent the largest scale for an immunologic
evaluation of ECD patients to date.

Previous pathologic studies revealed that the cellular infiltrate
of ECD comprised a significant contingent of T-cell helper 1 (Th-1)
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lymphocytes, as indicated by their prominent IFN-y staining.!!
Moreover, infiltrating histiocytes were found to express CXCL10/
IP-10, which is an IFN-y-induced chemokine.!! Although we
observed no significant difference in the serum levels of IFN-vy, we
found a significant increase of IL-12, a cytokine known to favor the
Th-1 pathway,'# and a significant decrease of IL-4, a major T-cell
helper 2 cytokine,' in both treated and untreated patients. We also
observed a significant increase in the serum levels of IP-10 in
patients treated with IFN-a. Altogether, these data strongly sug-
gests that a Th-1-mediated systemic immune response is taking
place in ECD.

Proinflammatory cytokines induced by Th-1 responses, such as
IL-1, TNF-q, and IL-6, are strongly expressed in ECD lesions.!!
Although increased serum levels of IL-1 and TNF-a have been
previously reported in a limited number of patients,>’ we observed
no such increase in this cohort of 37 patients with ECD. Interest-
ingly, a dissociation between IL-1 and IL-1RA has been reported
during the resolution of collagen-induced arthritis,'® and we found
significantly raised levels of IL-1RA in patients treated with [FN-a.
Moreover, we found a significant increase of IL-6 in untreated
patients, but not in IFN-a—treated patients. Altogether these data
suggest the IL-1/IL-1RA and IL-6 pathways play a key role in
ECD. Interestingly, IL-6 as well as IL-7, a pleiotropic cytokine

) Controls
£y Treated patients

BLOOD, 10 MARCH 2011 - VOLUME 117, NUMBER 10

Figure 3. Component analysis of cytokine levels. Principal component
analysis of IFN-a, IL-12, MCP-1, IL-4, and IL-7 production in patients with
ECD and healthy controls. Analysis confirms that patients and controls
may be distinguished based on a 5-cytokine profile (IFN-a, IL-12, MCP-1,
IL-4, and IL-7), as they form 2 separate groups, but that treated and
untreated patients are undistinguishable. There were 4 patients projected
out of the analysis and thus were not represented for clarity reasons.

@ Untreated patients

involved in differentiation and homeostasis of B cells and T cells!718
we found decreased in ECD patients, have been involved in
osteoclast differentiation and bone resorption.!*?° This finding may
provide a link with the typical osteosclerosis of the long bones
encountered among patients with ECD.

Inflammatory chemokines play a pivotal role in the control of
histiocyte and lymphocyte recruitment.?! Stoppacciaro et al'! have
shown that CC chemokine ligand (CCL) in CCL2/MCP-1, CCL4/
MIP-1B, and CCL5/regulated on activation normal T cell ex-
pressed and secreted were strongly expressed in ECD lesions. In
this study, we observed a significant increase in the serum level of
CCL2/MCP-1 in both treated and untreated patients, whereas levels
of CCL3/MIP-1a were significantly decreased in IFN-a-treated
patients, suggesting a key role of these chemokines for systemic
recruitment of histiocytes.

Interestingly, we found a significant increase in IFN-a serum
levels in untreated patients, compared with controls. Type I IFN
production is initiated at the early stages of the innate immune
response.?? IFN-a is thus believed to be one of the dominant factors
shaping downstream events in the innate and adaptive immune
responses, such as favoring Th-1 differentiation?® and enhancing
proinflammatory cytokine signaling,>* which is consistent with the
other findings observed in this study. Although the most potent

Pat#‘?"'.‘..

¥

Figure 4. CD123 staining in patients with ECD. ECD anti-CD123 immunostaining is negative in 5 cases (patients no. 6, 7, 9, 14, and 15); in 1 case (patient no. 4) rare cells
are positive for CD123 (filled arrowheads). Samples were obtained from blocks containing infiltrated pericardium (patient no. 4), perirenal fat (patients no. 6, 7, and 9),
peritoneum (patient no. 14), and aorta (patient no. 15). A cutaneous blastic pDC tumor sample was used as positive control (immunoperoxidase method, magnification X200).
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source of IFN-a are the pDCs,” in situ immunohistochemical
studies suggested that the infiltrate does not contain pDCs, and thus
that ECD lesions are likely not the main source of IFN-a
production. The exact origin of IFN-a production thus remains to
be determined in ECD patients.

Paradoxically, increased levels of IFN-« have been reported in
several inflammatory diseases,?? and IFN-a was found effective
for treating some of these diseases, including chronic hepatitis C
virus infection and cutaneous melanoma.’%3! Similarly, we found
increased levels of IFN-a in untreated patients, and treatment with
recombinant IFN-a has been shown to be an effective therapeutic
option in ECD.%* In this study, we found no significant difference
between cytokine levels measured in untreated and IFN-a—treated
patients. This suggests that IFN-o has limited impact on the
systemic immunologic perturbations that are characteristic of ECD.
We also used biomathematical modelization to demonstrate that a
5-cytokine signature (IFN-a, IL-12, MCP-1, IL-4, and IL-7) could
distinguish patients from controls, but not untreated patients from
IFN-a-treated patients, suggesting that patients with ECD treated
with IFN-a only have a limited immunologic response. Interest-
ingly, such an analytical strategy could be used to further monitor
therapeutic efficacy in ECD. In principle, one could expect to
observe similar perturbations of the cytokine network in response
to various clinical conditions ultimately leading to systemic
inflammation. However, the cytokine signature described in this
study appeared truly unique to ECD, as a similar profile was not
identified in other inflammatory diseases such as rheumatoid
arthritis,?® systemic sclerosis,?* idiopathic inflammatory myopa-
thies,® relapsing polychondritis,?® or sepsis.’”-3¥ Therefore, this
approach appears to be multiparametric enough to allow the
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description of disease-specific signatures. This relationship is
probably because the common pathways are implicated in the
pathogenesis of various diseases, but at various degrees.

In conclusion, our data reveal an intense systemic immune
activation mainly involving IFN-c, IL-1/IL1-RA, IL-6, IL-12, and
MCP-1. The present study further underlines the systemic immune
Th-1-oriented perturbation associated with this condition, and
provides clues for the choice of more focused therapeutic agents.

Acknowledgment

The authors thank Annette Lesot for kind technical support.

Authorship

Contribution: L.A. designed and organized research, performed
experiments, performed statistical analysis, analyzed data, de-
signed the figures, and wrote the paper; G.G., Z.A., and J.H.
designed research, analyzed data, and wrote the paper; F.C.
performed anti-CD123 immunohistochemical analysis, analyzed
data, and edited the manuscript; V.L., C.P., and P.G.-D. performed
experiments and edited the manuscript; M.L., B.H., J.-E.K., and
L.M., analyzed data and edited the manuscript; and C.D. provided
serum samples and edited the manuscript.

Conflict-of-interest disclosure: The authors declare no compet-
ing financial interests.

Correspondence: Julien Haroche, MD, PhD, Service de Médecine
Interne 2, Groupe Hospitalier Pitié-Salpétriere, 47-83, blvd de
I’Hopital, 75013 Paris, France; e-mail: julien.haroche @psl.aphp.fr.

Chester W. Uber lipoidgranulomatose. Virchows
Arch Pathol Anat. 1930;279:561-602.

. Haroche J, Amoura Z, Dion E, et al. Cardiovascu-
lar involvement, an overlooked feature of Erd-
heim-Chester disease: report of 6 new cases and
a literature review. Medicine (Baltimore). 2004;
83(6):371-392.

leukin-6 soluble receptor and bisphosphonate

treatment in Erdheim-Chester disease. Clin Exp
Rheumatol. 2003;21(2):232-236.

. Boissel N, Wechsler B, Leblond V. Treatment of

refractory Erdheim-Chester disease with double
autologous hematopoietic stem-cell transplanta-
tion. Ann Intern Med. 2001;135(9):844-845.

terleukin-7 promotes the survival of human CD4 +

effector/memory T cells by up-regulating Bcl-2
proteins and activating the JAK/STAT signalling
pathway. Immunology. 2010;130(3):418-426.

Saini M, Pearson C, Seddon B. Regulation of
T cell-dendritic cell interactions by IL-7 governs
T-cell activation and homeostasis. Blood. 2009;
113(23):5793-5800.

11. Stoppacciaro A, Ferrarini M, Salmaggi C, et al.
. Veyssier-Belot C, Cacoub P, Caparros-Lefebvre Immunohistochemical evidence of a cytokine and 19. Teiteloaum SL. Bone resorption by osteoclasts.
D, et al. Erdheim-Chester disease. Clinical and chemokine network in three patients with Erd- Science. 2000;289(5484):1504-1508.
radiologic characteristics of 59 cases. Medicine heim-Chester disease: implications for pathogen- 20 Wweitzmann MN, Cenci S, Rifas L, Brown C,
(Baltimore). 1996;75(3):157-169. esis. Arthritis Rheum. 2006;54(12):4018-4022. Pacifici R. Interleukin-7 stimulates osteoclast for-
. de Abreu MR, Castro MO, Chung C, et al. Erdheim- 12. Dagna L, Girlanda S, Langheim S, et al. Erdheim- mation by up-regulating the T-cell production of
Chester disease: case report with unique post- Chester disease: report on a case and new in- soluble osteoclastogenic cytokines. Blood. 2000;
mortem magnetic resonance imaging, high-reso- sights on its immunopathogenesis. Rheumatol- 96(5):1873-1878.
lution radiography, and pathologic correlation. ogy (Oxford). 2010;49(6):1203-1206. 21. Kaplanski G, Marin V, Montero-Julian F,
Clin Imaging. 2009;33(2):150-153. 13. Armaud L, Malek Z, Archambaud F, et al. 18F- Mantovani A, Farnarier C. IL-6: a regulator of the
. Myra C, Sloper L, Tighe PJ, et al. Treatment of fluorodeoxyglucose-positron emission tomogra- transition from neutrophil to monocyte recruit-
Erdheim-Chester disease with cladribine: a ratio- phy scanning is more useful in followup than in ment during inflammation. Trends Immunol. 2003;
nal approach. Br J Ophthalmol. 2004;88(6):844- the initial assessment of patients with Erdheim- 24(1):25-29.
847. Chester disease. Arthritis Rheum. 2009;60(10): 22. Theofilopoulos AN, Baccala R, Beutler B, Kono
. Haroche J, Amoura Z, Trad SG, et al. Variability in 3128-3138. DH. Type I interferons (alpha/beta) in immunity
the efficacy of interferon-alpha in Erdheim-Ches- 14. Hsieh CS, Macatonia SE, Tripp CS, Wolf SF, and autoimmunity. Annu Rev Immunol. 2005;23:
ter disease by patient and site of involvement: O’Garra A, Murphy KM. Development of TH1 307-336.
results in eight patients. Arthritis Rheum. 2006; CD4+ T cells through IL-12 produced by Listeria- 23. Brinkmann V, Geiger T, Alkan S, Heusser CH.
54(10):3330-3336. induced macrophages. Science. 1993;260(5107): Interferon alpha increases the frequency of inter-
. Aouba A, Georgin-Lavialle S, Pagnoux C, et al. 547-549. feron gamma-producing human CD4-+ T cells. J
Rationale and efficacy of interleukin-1 targetingin ~ 15. Swain SL, Weinberg AD, English M, Huston G. Exp Med. 1993;178(5):1655-1663.
Erdheim-Chester disease. Blood. 2010;116(20): IL-4 directs the development of Th2-like helper 24. Mitani Y, Takaoka A, Kim SH, et al. Cross talk of
4070-4076. effectors. J Immunol. 1990;145(11):3796-3806. the interferon-alpha/beta signalling complex with
. Haroche J, Amoura Z, Charlotte F, et al. Imatinib 16. Gabay C, Marinova-Mutafchieva L, Williams RO, gp130 for effective interleukin-6 signalling. Genes
mesylate for platelet-derived growth factor recep- et al. Increased production of intracellular inter- Cells. 2001;6(7):631-640.
tor-beta-positive Erdheim-Chester histiocytosis. leukin-1 receptor antagonist type | in the syno- 25. Cella M, Jarrossay D, Facchetti F, et al. Plasma-
Blood. 2008;111(11):5413-5415. vium of mice with collagen-induced arthritis: a cytoid monocytes migrate to inflamed lymph
. Mossetti G, Rendina D, Numis FG, Somma P, possible role in the resolution of arthritis. Arthritis nodes and produce large amounts of type | inter-
Postiglione L, Nunziata V. Biochemical markers of Rheum. 2001;44(2):451-462. feron. Nat Med. 1999;5(8):919-923.
bone turnover, serum levels of interleukin-6/inter- 17. Chetoui N, Boisvert M, Gendron S, Aoudiit F. In- 26. Amadori M. The role of IFN-alpha as homeostatic

agent in the inflammatory response: a balance


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

2790

27.

28.

29.

30.

From bloodjournal.hematologylibrary.org at INSERM DISC on October 2, 2011. For personal use only.
BLOOD, 10 MARCH 2011 - VOLUME 117, NUMBER 10

ARNAUD et al

between danger and response? J Interferon Cy-
tokine Res. 2007;27(3):181-189.

Yarilina A, Ivashkiv LB. Type | interferon: a new
player in TNF signaling. Curr Dir Autoimmun.
2010;11:94-104.

Yurkovetsky ZR, Kirkwood JM, Edington HD, et
al. Multiplex analysis of serum cytokines in mela-
noma patients treated with interferon-alpha2b.
Clin Cancer Res. 2007;13(8):2422-2428.

MacQuillan GC, Mamotte C, Reed WD, Jeffrey
GP, Allan JE. Upregulation of endogenous intra-
hepatic interferon stimulated genes during
chronic hepatitis C virus infection. J Med Virol.
2003;70(2):219-227.

McHutchison JG, Gordon SC, Schiff ER, et al.
Interferon alfa-2b alone or in combination with
ribavirin as initial treatment for chronic hepatitis
C. Hepatitis Interventional Therapy Group. N Engl
J Med. 1998;339(21):1485-1492.

31.

32.

33.

34.

Kirkwood JM, Strawderman MH, Ernstoff MS,
Smith TJ, Borden EC, Blum RH. Interferon
alfa-2b adjuvant therapy of high-risk resected cu-
taneous melanoma: the Eastern Cooperative On-
cology Group Trial EST 1684. J Clin Oncol. 1996;
14(1):7-17.

Braiteh F, Boxrud C, Esmaeli B, Kurzrock R. Suc-
cessful treatment of Erdheim-Chester disease, a
non-Langerhans-cell histiocytosis, with inter-
feron-alpha. Blood. 2005;106(9):2992-2994.
Kokkonen H, Soderstrom |, Rocklov J, Hallmans
G, Lejon K, Rantapaa Dahlqvist S. Up-regulation
of cytokines and chemokines predates the onset
of rheumatoid arthritis. Arthritis Rheum. 2010;
62(2):383-391.

Gourh P, Arnett FC, Assassi S, et al. Plasma cyto-
kine profiles in systemic sclerosis: associations
with autoantibody subsets and clinical manifesta-
tions [abstract]. Arthritis Res Ther. 2009;11(5):
R147.

35.

36.

37.

38.

Szodoray P, Alex P, Knowlton N, et al. Idiopathic
inflammatory myopathies, signified by distinctive
peripheral cytokines, chemokines and the TNF
family members B-cell activating factor and a pro-
liferation inducing ligand. Rheumatology (Oxford).
2010;49(10):1867-1877.

Stabler T, Piette JC, Chevalier X, Marini-Portugal
A, Kraus VB. Serum cytokine profiles in relapsing
polychondritis suggest monocyte/macrophage
activation. Arthritis Rheum. 2004;50(11):3663-
3667.

Bozza FA, Salluh JI, Japiassu AM, et al. Cytokine
profiles as markers of disease severity in sepsis:
a multiplex analysis [abstract]. Crit Care. 2007;
11(2):R49.

Hillenbrand A, Knippschild U, Weiss M, et al.
Sepsis induced changes of adipokines and cyto-
kines: septic patients compared to morbidly
obese patients. BMC Surg. 2010;10:26.


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

