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Histiocytosis is an uncommon disease characterized by excessive accumulation of
histiocytes. Here, we report a rare case of non-Langerhans-cell histiocytosis in a 51-
year-old woman who presented with severe symptoms of pericardial effusion. Radio-
logic investigation also detected multiple bone (lower limbs, vertebrae, ribs, and ilium)
lesions. Resected pericardium showed abundant mono- or multi-nucleated non-foamy
histiocytes (CD68+/CD163+/S-100+/CD1/langerin) in a fibroinflammatory back-
ground. The histiocytes demonstrated emperipolesis of lymphocytes, a hallmark fea-
ture of Rosai-Dorfman disease (RDD). However, molecular analysis revealed a BRAF
V600E mutation of the proliferating histiocytes, highlighting the neoplastic features
frequently observed in another non-Langerhans-cell histiocytosis known as Erdheim-
Chester Disease (ECD). We consider this case to be a unique presentation of ECD
harboring some RDD-like cells with emperipolesis, but not a case of RDD with a BRAF
mutation concerning its clinical manifestation (involvement of the heart and bones)
and neoplastic features. 
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Introduction

Histiocytosis refers to a group of rare diseases character-
ized by the abnormal accumulation of macrophages, den-
dritic cells or monocyte-derived cells [1]. Recently, a revised
classification schema divided histiocytosis into five groups:
(1) Langerhans-related, (2) cutaneous and muco-cutaneous,
(3) malignant histiocytoses, (4) Rosai-Dorfman disease
(RDD), and (5) haemophagocytic lymphohistiocytosis and

macrophage activation syndrome [1]. Erdheim-Chester dis-
ease (ECD) and RDD are common histiocytic disorders 
affecting adult bone and/or heart. 

ECD, a member of the “Langhans-related” group accord-
ing to the latest revised classification, is a histiocytosis char-
acterized by foamy histiocytes (CD68+/CD163+/S-100/+

/CD1/langerin) accompanied by lymphocytes, Touton
giant cells, and dense fibrosis [2]. The radiographic features
of symmetric diaphyseal and metaphyseal osteosclerosis in
the lower limbs are mostly present in patients with ECD.
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Fig. 1. (A) Ultrasound shows a massive circumferential pericardial effusion. (B) Computerized tomography shows pericardial
effusion and pericardial soft tissue density. (C, D) Computerized tomography and positron emission tomography shows 
radiotracer uptake in the thoracic vertebra (C) and ilium (D). (E) Electrical capacitance tomography demonstrates symmetrical
radiotracer uptake in the distal ends of the femurs and the proximal and distal tibia, as well as the ribs and vertebrae.
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Other classic extraskeletal organs involved include the car-
diovascular, pulmonary, neurological, and endocrine sys-
tems [3,4]. RDD, which is also known as sinus histiocytosis
with massive lymphadenopathy, is diagnosed on the basis
of abundant pale cytoplasm in the histiocytes (CD68+

/CD163+/S-100+/CD1a–/langerin–) and the presence of lym-
phocytes and plasma cells infiltrating the background. 
Emperipolesis of histiocytes is a hallmark feature of RDD
that has not yet been observed in ECD [5]. In contrast to ECD,
which is characterized by its neoplastic features and often
harbors a BRAF mutation, RDD is mostly defined as a reac-
tive disorder of histiocytosis [6].

Here, we present an extraordinary case of non-Langer-
hans-cell histiocytosis (CD68+/CD163+/S-100+/CD1a–/lan-
gerin–) involving the heart and skeleton in which empe-
ripolesis and BRAF mutation was confirmed. We consider
this case the first report of an atypical ECD with emperipole-
sis rather than RDD with a BRAF mutation. This study was
approved by the Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Tech-
nology, Wuhan, China. Written informed consent was 
obtained from the patient.

Case Report

A 51-year-old woman was referred to our hospital because
of shortness of breath, chest pain, recurrent edema of the
lower extremities, and night sweats without fever or vomit-
ing. Ultrasound and a chest enhanced computed tomogra-
phy scan showed liquid density in the pericardial cavity 
(Fig. 1A and B) and soft tissue density in the pericardial wall 
(Fig. 1B). Positron emission tomography showed radiotracer 
uptake in the wall of the pericardium and multiple bones, 
including the vertebrae (Fig. 1C), ilium (Fig. 1D), ribs, and
lower limbs. Analysis using 99mTc bone scintigraphy also
demonstrated significant symmetrical radiotracer uptake in
the distal ends of the femurs and the proximal and distal
tibia, in addition to the vertebrae, ribs, and ilium (Fig. 1E).
To relieve the symptoms caused by the pericardial effusion,
pericardial fenestration and pericardiectomy were per-
formed. A fragment of the hard and grey-white pericardial
tissue measuring 7 cm2.5 cm0.4 cm was excised and sub-
mitted for pathological examination. A biopsy sample from
the bone lesion could not be obtained due to patient refusal. 

The surgical samples were fixed in 4% buffered formalin,
embedded in paraffin, cut into 4 µm sections and stained
with hematoxylin and eosin (H&E) for histological evalua-
tion. Immunohistochemical staining was performed on
paraffin-embedded sections using a three-step Avidin-Biotin
Complex staining method (VECTASTAIN ABC kit, Vector

Laboratories, Burlingame, CA). The primary antibodies 
included langerin (1:100, clone 12D6, Novocastra, Newcastle
upon Tyne, UK), CD1 (1:100, clone O10, Dako, Glosrup,
Denmark), S-100 (1:1,000, clone Z0311, Dako), CD68 (1:50,
clone KP-1, Dako), CD163 (1:100, clone Ber-MAC3, Dako),
smooth muscle actin (SMA; 1:400, clone M0879, Dako),
desmin (1:200, clone D33, Dako), and pan-cytokeratin (pCK;
1:300, Dako). Diaminobenzidine was used as chromogen.
Nuclei were stained with Mayer’s hematoxylin. Appropriate
positive controls were included. For molecular analysis, 
genomic DNA was extracted from formalin-fixed, paraffin-
embedded tumor specimens using the TIANamp Genomic
DNA Kit (Tiangen Biotech Co., Ltd., Beijing, China) accord-
ing to the manufacturer’s instructions. The BRAF mutation
was detected with the AmoyDx Human BRAF V600E Muta-
tion Detection kit using a BioRad CFX96 Real-Time PCR 
Machine (BioRad Laboratories, Inc., Berkeley, CA). Briefly,
4.7 µL DNA was added to 35.3 µL polymerase chain reaction
(PCR) master mix containing PCR primers, fluorescent
probes, PCR buffer, and Taq DNA polymerase. The PCR con-
ditions were as follows: 5-minute denaturation at 95°C, fol-
lowed by 15 cycles of 95°C for 25 seconds, 64°C for 20
seconds, 72°C for 20 seconds, and then 31 cycles of 95°C for
25 seconds, 60°C for 35 seconds, and 72°C for 20 seconds. The
fluorescent signal was collected from the FAM and HEX
channels. The results were analyzed according to the instruc-
tions in the user manual.

Microscopic examination of the H&E-stained pericardial
lesion revealed an exuberant histiocytic and chronic fibroin-
flammatory process. As shown in Fig. 2A and B, the inflam-
matory cells were primarily composed of lymphocytes,
plasma cells, sparse neutrophils, and eosinophils. Intermixed
with the infla mmatory cells and fibrotic collagen fibers were
scattered mononucleated or multinucleated histiocytes char-
acterized by round or oval vesicular or hyperchromatic 
nuclei containing distinct nucleoli and abundant ampho-
philic cytoplasm. Under higher magnification, some of the
histiocytes exhibited emperipolesis (Fig. 2B). Immunohisto-
chemically, these histiocytes showed positive staining of
CD68 (Fig. 2C), CD163 (Fig. 2D), and S-100 (Fig. 2E) and neg-
ative staining of Langerin (Fig. 2F), CD1, and other relevant
markers (SMA, desmin, and pCK). The positive S-100 stain-
ing highlighted the emperipolesis of the histiocytes (Fig. 2E).
Reverse transcription polymerase chain reaction was per-
formed, and a BRAF V600E mutation was detected (Fig. 3). 

Based on the overall findings, a diagnosis of atypical ECD
with emperipolesis was considered. After diagnosis, the 
patient underwent interferon injections subcutaneously for
7 months. During the follow-up period, the patient indicated
that her quality of life had improved because she could now
get out of bed and was functioning well in her daily life, but
no radiologic investigation was performed. 
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Discussion

Histiocytosis refers to a heterogeneous group of diseases
characterized by proliferation of cells thought to be derived
from dendritic cells, macrophages, or monocyte derived
cells. Differentiation between the subtypes relies on the mor-
phology, immunohistochemistry, molecular analysis, and
the clinical setting. The major differential diagnosis in this
case included Langerhans cell histiocytosis (LCH), RDD, and
ECD. 

In the present case, LCH was easily excluded because (1)
the lesional histiocytes did not show intranuclear pseudoin-
clusions, prominent nuclear indentations, or grooves; (2) the

histiocytes were CD1 and langerin negative, which is incon-
sistent with the diagnostic immunophenotype for LCH 
(S-100+/CD1+/langerin+); and (3) LCH in adults mostly 
involves bones (52%), lungs (40%), or skin (7%) [7]. Cardio-
vascular involvement has only been reported in one case
based on radiographic findings and pathologic examination
[8]. 

Based on the histopathological features, the morphological
characteristics observed in this case were consistent with
those of RDD. The lesion was characterized by cytoplasm
rich, proliferative mononucleated or multinucleated histio-
cytes in a fibroinflammatory background. Furthermore, the
immunophenotype of the cells was identical to that found in
RDD (CD68+/S-100+/CD1/langerin). Moreover, the his-

Fig. 2. (A) The lesion shows infiltration of non-foamy histocytes (arrow) in a marked fibroinflammatory background (H&E
staining, 100). (B) The lesion shows granular histiocytes in a fibroinflammatory background. Emperipolesis (arrow) shows
engulfed intact lymphocytes inside the cytoplasm of non-foamy histiocytes (H&E staining, 200). (C, D) Positive immunos-
taining of CD68 (C, 100) and CD163 (D, 100) in non-foamy histiocytes in a diffuse cytoplasmic pattern. (E) The histiocytes
show strong cytoplasmic and nuclear staining for S-100. Engulfed lymphocytes (arrows) are well demonstrated in some his-
tiocytes as emperipolesis (200). (F) The histiocytes are negative for Langerin (100).
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tiocytes demonstrated emperipolesis, a conventional hall-
mark feature of RDD, which is facilitated by positive staining
of S-100 protein. However, these findings are inconsistent
with the typical histopathological features of ECD, which is
generally characterized by xanthomatous infiltration of lipid-
laden foamy histiocytes (CD68+/S-100/+/CD1/langerin)
within a variably fibrous stroma with admixed chronic 
inflammatory cells and Touton giant cells [4]. It has been 
reported that, in the extraskeletal ECD, histiocytes have a less
or non-foamy appearance, but display a granular appearance
in a fibrous stroma without the presence of Touton giant cells
[4]. This atypical morphological feature of extraskeletal ECD
may make differential diagnosis of ECD and RDD challeng-
ing if emperipolesis is not taken into consideration. 
Emperipolesis is an uncommon physiological or pathological
process in which the engulfed hematopoietic or inflamma-
tory cells exist in another living cell, are viable, and can exit
at any time. To date, emperipolesis has been considered one
of the diagnostic features of RDD, as well as some hema-
tolymphoid disorders (lymphoma, leukemia, myeloprolifer-
ative disorders, etc.) and non-hematological malignant
tumors (giant cell tumors of the lung, neuroblastoma, etc.)
[5]. However, emperipolesis has never been observed in ECD
and LCH. Apparently, the histopathological features of the
pericardial lesion are more closely related to RDD. 

With regard to its clinical manifestation, besides lym-
phadenopathy, various extranodal involvement of RDD has

also been reported, such as skin, soft tissue, respiratory tract,
bone, eye, and retro-orbital tissue, as an isolated lesion or a
concomitant lesion of lymphadenopathy [9]. However, 
involvement of the cardiovascular system is extremely rare.
To date, there have only been eight adult cases of RDD with
heart lesions reported. All of the patients with RDD were 
diagnosed between the ages of 40 and 69 years based on 
incidental findings on chest radiographs or because of com-
plaints of chest pain with dyspnea. In these patients, the
heart lesion was either isolated or concomitant with lym-
phadenopathy, with no evidence of bone osteosclerosis 
[10-13]. During follow-up, the patients displayed no signs of
disease progression without any treatment, with the excep-
tion of one patient who died following the development of
pericardial and bilateral pleural effusions [10-13]. However,
in this case, the patient presented with lesions located in the
pericardium and in multiple bones. Osteosclerosis of long
bones, especially the distal ends of the femurs and the prox-
imal and distal tibia, and pericardial lesions are the most
common radiographic findings in ECD [14]. Pericardial
thickening and effusion occur in approximately 40% of 
patients with ECD who have bone lesions [4]. In contrast to
the indolent and self-limited clinical course of RDD without
therapy, interferon  (IFN-) and pegylated IFN- are the rec-
ommended first-line therapy for ECD. In this case, IFN-
therapy led to significant symptomatic relief during the fol-
low-up. Based on this patient's clinical course, ECD is the

Flu
or

es
ce

nc
e 

(d
R) 20,000

10,000

0
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Cycle

Amplification plots

External control
BRAF V600E mutation

Fig. 3. BRAF–polymerase chain reaction detecting V600E mutation: red amplification curve, BRAF V600E mutation; blue
amplification curve, external positive control.
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more likely diagnosis. 
Currently, RDD is regarded as a reactive/non-neoplastic

disorder of the histiocytes, and no genetic alterations have
been identified to date [15]. Conversely, the recent discovery
of BRAF V600E (54%), NRAS (18%), and phosphoinositide 
3-kinase (13%) mutations confirm the clonal features associ-
ated with ECD [15]. BRAF/RAS/PI3KCA mutations result in 
activation of the RAS-ERK pathway, a process that may play
an important role in the pathogenesis of ECD. Our case
demonstrated an apparent BRAF V600E mutation, support-
ing the neoplastic features that are more consistent with
ECD. 

With regard to the distinct morphological features, 
immunohistochemical profile, molecular abnormalities, and
the clinical setting, this case represents a rare non-LCH his-
tiocytosis characterized by emperipolesis and a BRAF muta-
tion involving the heart and multiple bones. Additional cases
are needed to determine whether this case is an atypical ECD
with emperipolesis, an RDD with a BRAF mutation, or a new

entity of non-LCH between RDD and ECD. We consider this
to be a unique case of ECD with atypical morphology, espe-
cially the presence of RDD-like cells with emperipolesis.
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