Figure 1 Langerhans cell histiocytosis skin lesions and systemic posi-
tron emission tomography imaging. A: Soft papular skin lesion is found at
the inguinal area. Biopsy of the lesion revealed the histology of langerhans cell
histiocytosis; B, C: Positron emission tomography scan shows multiple lesions,
at the scapulas, plevic bones, cervical and inguinal lymph nodes: frontal view (B),
lateral view (C).

masses (at her left upper arm and elbow). The lesions
at the Th3-4 caused patesis due to spinal compression,
which needed laminectomy. She was initially treated with
bisphosphonate alone, but thereafter with intensive sys-
temic chemotherapy (JLSG-96 protocol)™, including
vincristine and cytosine arabinoside. However, 2 years
latet, she needed allogeneic hematopoietic stem cell trans-
plantation (HSCT) because of progressive disease. The
patient has currently been alive without active disease

(ASAD).

Case 4

A 37-year-old male was found to have CDI, in association
with hyper-prolactinemia (seum PRL 56.1 ng/mL). A
thickened pituitary stalk was demonstrated on brain mag-
netic resonance imaging (MRI), which biopsy revealed
LCH. Since then he developed multiple bone lesions at
spines (cervical, lumbar), bilateral ilium, left sacroiliac
joint, and bilateral ribs as well as skin lesions (Figure 1A)
and cetvical lymphadenopathy. He was treated first with
PSL and bisphosphonate followed by systemic chemo-
therapy (JLSG-96 protocol)"”. One year later, because of
progression of the disease (Figure 1B and C), he received
HSCT and has currently been in a state of ASAD.

Case 5
A 40-year-old male complained first of mandibular pain.
He was found to have multiple bone lesions (left man-
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dible, left temporal, occipital, bilateral femurs, cervical
spines and right petrous bone. Biopsy of the temporal
bone lesions revealed LCH. He was treated with irradia-
don (6 Gy) to the left petrous bone and systemic chemo-
therapy, including vinblastine (VBL) and PSL followed by
the JLSG-96 protocol™ and bisphosphonate; however,
reactivation occurred to Cl, C2, right mandible, Th5, bi-
lateral femur distal end. Thereafter, he responded well to
the chemotherapy with 2-deoxychloroadenosine (2CDA;
cladsibine). The patient has currently been in a state of
ASAD.

Case 6

A 46-year-old female, who was first noted to have thy-
roid cysts at age 43, complained of back pain and found
to have a compression fracture of Th4. A year later she
complained of right rib pain. Positron emission tomogra-
phy (PET) scan revealed hot spots (SUVmax; 7.0) at the
both thyroid lobe (Figure 2A) as well as other numerous
hot spots at the deep cervical lymph nodes, right scapula,
right ilium as well as right rib. Another year later, right
lobe of the thyroid was removed, which was diagnosed
as LCH. She also received a resection of right rib, which
was also found to be LCH. Since then, she was treated
with VBL and PSL; however, treatment was stopped be-
cause of VBL neurotoxicity. Thereafter, new bone lesions
at the frontal bone, rib, ankle, knee, ¢#. She gave births
two children; however, the initation of LCH was not rel-
evant to her childbirth. The patient has continued to have
active disease (alive with active disease, AWAD).

Case7

A 40-year-old male complained of nuchal and left-shoul-
der pain without any triggeting events. With MRI, he was
found to have a mass at the left upper and lower articular
processes and part of the left ardcular arch of C3, which
was positive for Ga” bone scintigraphy. This mass was
totally resected. Neatly 2 years later, he had a tender and
soft swelling at the right sided parietal bone (Figure 2B),
which was also positive for Ga* scintigraphy. This tu-
motr was again resected. Both tumors were diagnosed as
LCH. Currently at age 46, the patient has been followed
up without receiving any systemic chemotherapy and in a
state of ASAD.

Case 8

A 40-year-old male was found to have a mass at the left
articular arch to the spinous process of C6, which was sig-
nificantly hot (SUVmax; 6.6) with PET scan (Figure 3). The
mass was biopsied, which was diagnosed to be LCH. The
CT scan showed the lymphadenopathy at the bilateral axil-
lary as well as inguinal area. Thus, an inguinal node was bi-
opsied, which also showed LCH with complex karyotypes.
Past history showed he had a severe atopic dermatitis since
age of 20, treated with Protopic (tacrolimus hydrate) oint-
ment. He was treated with systemic chemotherapy [VBL/
methotrexate (MTX)/PSL/bisphosphonate]. The patient
has cutrently been treated for active C6 lesion.

WJH | www.wjgnet.com

*
Baishideng®

August 6,2013 | Volume 2 | Issue3 §



Imashuku S et a/. Langerhans cell histiocytosis in adults

Figure 2 langerhans cell histiocytosis thyroid (A) and skull (B) lesions. A: Positron emission tomography scan shows hot spots (SUVmax = 7.0) at both lobes of
thyroid; B: Magnetic resonance imaging (T2W2) shows a mass at the right parietal region.

Figure 3 langerhans cell histiocytosis bone lesion at cervical vertebra 6.
Positron emission tomography scan shows a hot spot (SUVmax = 6.6) at the
spinous process of C6. A: Sagittal view; B: Axial view.

Case 9

A 27-year-old female, who had been treated for atopic der-
matitis since childhood, was noted to have a swelling at the
right orbit. MRI showed a mass lesion at the right temporal
bone extended to the adjacent muscle, which consisted of
heterogeneous components (Figure 4A and B). The mass
was extensively removed by surgery and the diagnosis of
LCH was made. PET scan did not reveal any other sus-
pected lesions. Thus, she was put on observation alone.
The patient has been followed up longer than two years
without reactivation of the disease. No CDI has occurred
and the patient has been in a state of ASAD.

Case 10

A 31-year-old male was first noted to have 1 thoracic
spine lesion at age 25, which was biopsied and diagnosed
as LCH. Two years later the systemic bone survey re-
vealed a skull lesion, which was surgically removed. Two
more years later, he had difficulty in opening mouth and
was diagnosed to have a lesion at the mandible bone.
Since then he was treated with PSL and bisphosphonate.
Nevertheless, he complained of right sided lumbago two
more years later due to the involvement of newly ap-
peared iliac bone lesions. Currently the patient has had
multiple bone lesions as well as CDI. He needed further
systemic chemotherapy for active disease.

Case 11

A 53-year-old female first developed CDI at age of 41.
Two years later, she was noted to have a right mandibular
bone mass which was totally resected; however, diagnosis
remained unknown. Three more years later she developed
bone lesions at the frontal to left temporal skull, which
caused a diffuse bone defect, including skull and facial
bones (Figure 4C), when LCH was diagnosed. With sys-
temic CT scan, she also was noted to have multiple osteo-
lytic lesions at the skull, spine, scapula, 1ib and pelvis. She
received LCH-A1 protocol, consisting of VBL and PSL
for a year, which induced a new bone synthesis at the fron-
tal bone. Mote recently, 12 years after the onset of initial
symptoms, she has had newly-developed left mandibulat
osteolysis. She has currently been treated for active disease.

Case 12

A 36-year-old female was noted to have amenorrhea
even after stopping milk feeding for her first-born baby.
Administration of Gonadotropin-releasing hormone
was successful in resuming a menstrual cycle and she
gave birth of second child; however, soon after second
childbirth she complained of symptoms compatible with
CDI, when brain MRI showed a loss of bright spot at
the pituitary posterior lobe; in addition, almost a year
later, she was found to have a hypothalamic mass with
a gadolinium (Gd)-enhanced MRI (Figure 5A). Biopsy
of the mass confirmed the diagnosis of LCH. Since the
probable compression of cerebrum due to a huge mass

caused impaired consciousness, the patient received sys-
temic chemotherapy, first with VBL followed by 2CDA.

Case 13 :

A 20-year-old girl first complained of polyuria/polydipsia
and amenorrhea. Eight months later, she was detected
a Gd-enhanced mass at the HPR by a brain MRI. An
immediate open biopsy of the mass confirmed the diag-
nosis of LCH. Initially, irradiation (21 Gy) to the CNS
markedly reduced the size of mass. Two years later, the
patient was noted to have re-growth of hypothalamic
mass, continued amenorthea, pootly-controlled CDI and
generalized cutaneous LCH, which was confirmed by
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Figure 4 Langerhans cell histiocytosis skull mass (A, B) and lytic skull (C) lesion. A, B: Gadolinium-enhanced magnetic resonance imaging (T1W1) shows a
mass with heterodensity at the right temporal area. axial view (A), coronal view (B); C: Computed tomography scan shows extensive lytic bones, at the left temporal

bone and mandible. Defect of the right mandible is due to surgical resection.

Figure 5 Langerhans cel! histiocytosis mass at the hypothalamic area (A) and hypothalamic—pituitary area, comparison of pre and post chemotherapy (B, C).
A: Gadolinium-enhanced magnetic resonance imaging (W1T1) shows a large mass at the hypothalamic area. Pituitary stalk is enlarged; B, C: Gadolinium-enhanced
magnetic resonance imaging (T1W1) shows (B) a large mass before chemotherapy and (C) a residual mass post chemotherapy. The size of mass was significantly

reduced after 2-deoxychloroadenosine freatment.

biopsy. Re-institution of systemic chemotherapy signifi-
cantly (> 50%) reduced the size of hypothalamic mass.
The patient has currently been in a state of ASAD.

Case 14

A 36-year-old female developed CDI in association with
amenorthea. However, the thickened pituitary stalk detected
by MRI was put on under observation and not immediately

treated. After progression of the thickened pituitary stalk -

into a significant Gd-enhanced mass at the HPR, a biopsy
was performed to reveal typical LCH histology, when the
patient had amenorrhea, fatty liver, reduced glucose toler-
ance. Systemic chemotherapy with 2CDA significantly (>
50%) reduced the mass size (Figure 5B and C). LCH le-
sions outside the CNS were not found. The patient remains
markedly obese and diabetic, with residual active disease.

Case 15

A 38-year-old male was first diagnosed with primary
hypothyroidism. Nineteen months later, he developed
the symptoms of CDI, fatigue and disturbed conscious-

ness along with disorientation and abnormal behaviors.
A brain MRI revealed a Gd-enhanced mass at the HPR,

which biopsy did not confirm the diagnosis of LCH. Two
years later, osteolytic bone lesions appeared on the right
femur and left clavicle, when the LCH was eventually di-
agnosed by a bone biopsy. The patient received systemic
chemotherapy with 2CDA, but the mass size was reduced
minimally (< 50%), and he remained significantly obese
and diabetic. Four years from the initial CDI symptom,
the patient developed retropharyngeal B-cell lymphoma.
He has had active diseases of LCH as well as lymphoma.

Case 16

A 46-year-old male first presented with decreased libido
and erectile dysfunction seven years after total gastrec-
tomy for gastric adenocarcinoma. Four years later, a Gd-
enhanced mass at the HPR was detected. Until then, he
had ignored his polydipsia/polyutia symptoms, thus the
diagnosis of CDI was delayed. Biopsy of the CNS mass
led to a diagnosis of LCH. A systemic MRI survey also
revealed multiple spinal involvements. The patient also
had loss of concentration and short term memory defi-
cits suggesting mild neurodegenerative disease, which
findings were confirmed with brain MRI examination.
Eventually, the patients received systemic chemotherapy
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Figure 6 Langerhans cell histiocytosis spinal lesions. Non-enhanced
magnetic resonance imaging (T1W1) shows high and low signals at multiple
vertebral bodies (arrows).

with 2CDA, which matkedly (> 50%) reduced the CNS
mass size. However, cutrently, he has been treated for the
regrowth of the CNS mass.

Case 17

A 23-year-old young adult was noted to have cetebellar
ataxia and dysarthria. Past history revealed that at age of
16, he had been diagnosed as CDI; however, the exact
cause was unidentified. At age 20, he was found to have
polycystic lung disease with pneumothorax, followed by a
mild ataxia. At age 23, he suffered a traffic accident when
he was incidentally found to have a brain disease with a
mass at the HPR as well as neurodegenerative disease on
MRI performed at the emergency hospital. Eventually,
LCH was diagnosed from the biopsy of lung tissues. He
received monthly intravenous immunoglobulin therapy
for neurodegenerative disease with dexamethasone,
however, the patient declined further treatment. Cuz-
rently, he has remained with progressive neurological
symptoms and with active lung disease.

Case 18

An 18-year-old man initially complained of low back pain
and cervical mass. MRI revealed multiple spinal bone
involvement (Figute 6). The inital diagnosis of LCH
was made from the histology obtained by excisional iliac
biopsy. A year latet, he developed swelling of left cervical
lymph nodes. CT scan of the chest also revealed a nodule
in the right lung and the enlargement of left uppet me-
diastinal lymph nodes. Histopathology of the biopsied
cervical lymph node showed coexistence of two tumot-
ous components; one was LCH and the other tissue of
Hodgkin disease with Reed-Sternberg/Hodgkin cells be-
ing positive for CID30. The disease responded temporar-
ily to irradiation (36 Gy) and systemic chemotherapy, but
became refractory with relapses to the lungs and lymph
nodes. Despite autologous followed by allogeneic HSCTs,
he died of refractory Hodgkin disease at age of 23.

Summary of the cases
As summarized in Table 1, cases consisted of 3 SS-LCH

(all CNS disease) and 15 MS-LCH. Regarding the inital
symptoms, 7 (2 males and 5 females) of the 18 patients
had CDI and other endocrine symptoms with thickened
pituitary stalk or a mass at the HPR. Additional 2 patients
initiated the disease with CDI with no immediate diag-
nosis. In the remaining patients, the disease begun with
single (# = 3) or multiple (# = 1) spinal bone lesion(s) in
4 patients (all males), with multiple bone lesions in 3 pa-
tients (1 male and 2 females), with localized skull/muscle
lesion in one female patient and with ambiguous symp-
toms including hypothyroidism in one male patient. Thy-
roid mass was noted in 2 patients. In terms of treatment,
9 patients received systemic immuno-chemotherapy
alone, of whom 3 with CNS disease and 1 with muldple
bone lesions received 2CDA. Five patdents had a combi-
nation of immuno-chemotherapy with surgical resecton
or radiotherapy, 2 had immunotherapy alone, 2 had surgi-
cal resection followed by obsetvation alone to date. Three
patients received HSCT after extensive chemotherapy.
In terms of outcome, 15 patients are alive (9 with active
disease; AWAD, 6 without active disease; ASAD) with
a median follow-up of 66 mo (range 17-166 mo) and 2
died of disease; 1 from sepsis-induced DIC and the other
from progression of Hodgkin disease. The remaining 1
patient is lost to follow-up. As late sequelae, CDI (z = 9),
neurodegenerative disease (# = 2) and obesity/diabetes
mellitus (# = 3) are noted.

DISCUSSION

Clinical features

To date, adult LCH cases have mostly been reported as
case seties! ™, Here, we add another case seties describ-
ing the clinical features and discussing the issues specifi-
cally relevant to adult LCH. Adult patients may have
LCH as a recurrence of childhood LCH as well as de novo
LCH developing first in adult life. Here described is all
the latter type of LCH. None had a history of LCH in
childhood.

Two major clinical features of non-pulmonary LCH in
adults

It is apparent that there are two major groups; one is a
CNS mass with endoctine problems (9/18) and the other
is recalcitrant bone lesions (7/18). Both types of disease
are histologically non-malignant, but extensive disease
causes various impairments leading to the decreased qual-
ity of life, and limiting to achieve normal daily life activ-

ity.

Endocrine problems

Adult patients are often noted first with endocrine
problems such as CDI, amenorrhea, loss of libido and
obesity”. Particularly, hypothalamic-pituitary disease is
the most common CNS manifestation of LCH, which
leads to CDI and antetior pituitary hormone deficiencies.
CDI is diagnosed from the finding that MRI scan shows
absence of the bright spot of the postetior pituitary on
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Cases  Age (yr)/sex Initial symptoms/signs Subsequent symptoms/ Treatment Outcome Follow-up
disease progression (mo)
Surgical  Radiation Immune-chemo
resection Rx/HSCT
1 27/F CDI/endocrine None Y Y Y LTF -
2 25/F CDI/endocrine Nasal/ thyroid/skin Y DOD' 216
masses

3 35/F MBL MBL Y/Y ASAD 132+

4 37/M CDI MBL/skin lesions Y/Y ASAD 128+

5 40/M MBL MBL Y Y ASAD 133+

6 46/F Thyroid mass/spine (Th4) MBL/LNs Y Y AWAD 27+

7 40/M Spine (C3) Parietal bone Y ASAD 72+

8 40/M Spine (C6) Inguinal LNs Y AWAD 17+

9 27/F Temporal bone None Y ASAD 26+
10 31/M Spine (Th1) MBL Y AWAD 108+
11 53/F CDI MBL Y Y AWAD 166+
12 36/F Endocrine HPR mass Y? AWAD 28+
13 20/F CDI/endocrine Skin Y Y ASAD 156+
14 36/F CDI/endocrine None Y? AWAD 52+
15 38/M Hypothyroid CDI/endocrine Y AWAD 48+
16 46/M Endocrine CDI/MBL/ND-CNS Y AWAD 60+
17 23/M CDI Lungs/ND-CNS Y AWAD 72+
18 18/M Spine (multiple) LNs/Lungs Y Y/Y DOD? 72

'From disseminated intravascular coagulation; *From Hodgkin disease; *Systemic chemotherapy with 2-deoxychloroadenosine; *Steroid alone with or
without bisphosphonate. CDI: Central diabetes insipidus; MBL: Multiple bone lesions; HPR: Hypothalamic pituitary region; LNs: Lymph nodes; ND-CNS:
Neurodegenerative central nervous system disease; Y: Yes; LTF: Lost to follow-up; ASAD: Alive without active disease; AWAD: Alive with active disease;

DOD: Died of disease.

the T1-weighted sequencesp’w]; however, it is common
that patients are taken care and followed up about these
problems at the Endocrinology Unit until when Gd-
enhanced MRI reveals a thickened pituitary stalk and/or
a hypothalamic mass. Generally, it takes a year or longer
for the mass to be biopsied and correct diagnosis be con-
firmed. Even when the diagnosis is confirmed, there are
occasions that it takes tme for the patient to be referred
to hemato-oncologists for chemotherapy. Whenever the
diagnosis and the introduction of treatment are delayed,
the patient may develop not only endocrine problems
but also cognitive impairment such as memory deficits as
well as consciousness disturbances, as shown in our cases
(Cases 12,16, 17).

LCH in association with childbirth

The development of LCH in association with childbirth
has not been well recognized. Regarding LCH occurring
during pregnancy, only a few sporadic cases have been
described previously”™”; however, no information is
available how childbirth influenced on the development
of LCH. In our seties, the correlation between pregnan-
cy/childbitth and LCH in adult female patients was noted
in 4 cases (Cases 1-3, 12). Sex hormones are believed to
participate in immune responses, as estrogens have been
found to setve as enhancers in humoral immunity while
androgens/progesterone appears to act as natural im-
mune-suppressors” . For examples, postpartum thyroid-
itis/diabetes mellitus is speculated to be a consequence
of the immunological flare that occurs after the lifting of
the pregnancy-related immune suppression™*?. Moreover,
pregnancy and the post-partum period are associated with

increased breast cancer aggressiveness” . Thus, the hot-
monal imbalance in the postpartum period may trigger
the development of LCH. Detailed examination of preg-
nancy and childbirth history in female LCH patients may
clarify whether the associated hormonal changes influence
the pathogenesis and the development of LCH.

LCH in association with various diseases/events

Two patients (Cases 16, 17) were noted to have cognitive
disturbance due to LCH-related neurodegenerative CNS
disease"”. Additionally, two patients (Cases 15, 18) devel-
oped malignant lymphoma; one with concurrent LCH
and Hodgkin disease and the other developed B-cell lym-
phoma after systemic chemotherapy for LCH. The asso-
ciation of LCH and other malignant lymphoid neoplasms
has been well recognized® ™, In this series two patients
(Cases 8, 9) with severe atopic dermatitis were found to
develop LCH. This is an interesting topic considering the
antigen-stimulation in the skin. It is also cautioned that
recalcitrant or clinically atypical skin eruptions must be
differentiated from LCH and other rare disorders” but
no data is available that incidence of LCH is higher in
patients with severe atopic dermatitis. Four patients (Cases
3, 5,7, 8) were diagnosed to have LCH from spinal bone
lesions. Particularly, of whom two had single spine (C3
or C6) involvement, not in the spinal body but in the
arch. Spinal lesion should be searched for any adult who
complained of cervical pain®™. Intriguingly, discovery of
LCH was triggered by road traffic accident in 2 patients
(Cases 8, 17), although such reports are rarely found®’.
In Case 8, LCH lesion at the cervical spine was identified
at the emergency hospital. In Case 17, traffic accident
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incidentally led to the diagnosis of CNS- and pulmonary-
LCH in the patent.

Importance of CT/MR/PET imaging for the diagnosis

To determine the precise biopsy/excision site of LCH,
CT/MRI findings are inevitable. Pardculatly, bone scin-
tigraphy for multiple bone lesions and Gd-enhanced MRI
for CNS lesions are essential for the diagnosis of LCH™".
However, more recently, "F-FDG PET is recommended.
In one large study it was concluded that whole body
FDG-PET scans can detect LCH actvity and is useful to
evaluate early response to therapy with greater accuracy
than other imaging modalities (MRI, CT, plain films) in
patients with LCH lesions in the bones and soft tissues"”.
Also, it is a useful tool for the monitoring of CNS disease
activity in LCH™. Tt is said that *F-FDG PET might be
useful to detect an eatly neurodegenerative lesions before
MRI abnormalities appeat, where bilateral hypometabo-
lism is shown in the cerebellum and the basal ganglia (cau-
date nuclei) areas™.

Therapeutic measures for adult LCH

In this case series, four patients received surgical resec-
tion of LCH mass without immuno-chemotherapy. Four
patients received irradiation to the CNS-mass (» = 2),
bone (#z = 1) and lungs (» = 1), in association with im-
muno-chemotherapy. In the majority, systemic immuno-
chemotherapy was given, mostly with a conventional
combination of VBL/PSL or JCSL-96 protocol includ-
ing VCR/cytosine arabinoside (AraC)/ PSL™ for induc-
tion. In 3 cases with CNS-LCH, 2CDA was employed.
Previously proposed Al protocol for adult LCH™ was
used only in one case in this seties. With these measures,
6 ASAD cases were obtained, but necessity for further
improvement of treatment for adult LCH seems appat-
ent. As future trials, we have to scrutinize how efficiently
we can employ AraC, 2CDA, clofarabine, and other novel
agents for adult LCH patients. In the past, treatment
reports on adult LCH cases were very limited®". In
particular, the usefulness of intravenous 2CDA for CNS-
LCH as well as for systemic MS-LCH was described in
adult patients® ™. Windebank ez a/*" also reported the
usefulness of subcutaneous 2CDA treatment (5 mg/ m’ X
5 d, s, q4 wk, for up to 6 cycles) in LCH. Effectiveness
of the combination of 2CDA/AraC was described for
extremely refractory cases'™. More recently, effectiveness
of clofarabine (25 mg/m” X 5 d, 7, g4 wk) has also been
reported™*. Particularly, Simko e a/*" demonstrated
usefulness of clofarabine for multifocal skull lesions. On
the other hand, Morimoto ez a/'"! reported the usefulness
of Special C regimen of JLSG for treating adult LCH pa-
tients on ambulatory basis. Intriguingly, for the treatment
of multiple bone LCH lesions in adults, Cantu ez al?
reported that AraC alone is an effective and minimally
toxic, while VBL/PSL results in poor overall responses
with excessive toxicity. Considering the fact that about
50% of LCH possess BRAF V600E mutation, molecular
targetting treatment with vemurafenib has been proposed

Protocol Drugs Ref.
A1 protocol VBL/PSL [6]
JLSG-96 VCR/ AraC/MTX/6MP/PSL [13]
Cladribine-based 2CDA/PSL, 2CDA/ AraC [37-41]
Clofarabine-based Clofarabine [43,44]
JLSG-special C VBL/MTX/6MP/PSL [11]
Others AraC alone [45]
Molecular targetting Vemurafenib [46]
Bone therapy Zoledronic acid [47]

'VBL: Vinblastine; PSL: Prednisolone; MTX: Methotrexate; 6MP: 6-mercato-
purine hydrate; 2CDA: 2-deoxychloroadenosine.

more recently™. As bone therapy regimen, Zoledronic
acid as bisphosphonate is available, although its effective-
ness on LCH bone lesions is still elusive™”. Allogeneic
HSCT for adult LCH is not within a scope of this article,
although a few reports on pediatric LCH cases have been
described™. As well recognized, in the recipients of
allogeneic HSCT, care must be taken for the transplant
related adverse events. In Table 2, a list of candidate sys-
temic immuno-chemotherapy regimens is summarized,
which we think is useful in choosing regimens for adult
LCH patients. In practice, for an adult case of LCH with
persistent minimal disease and systemic involvement,
we prefer once a month or twice a month treatment,
like Special C regimen of JLSG"!. However, with these
regimens, some adult patients may still show VBL neuro-
toxicity, MTX hepatotoxicity, or neutropenia due to met-
catopurine hydrate (60MP); such events make it difficult to
achieve the entire regimens as planned. Although we rec-
ognize that 2CDA is highly effective and could be useful
in adult LCH, it is often difficult persuading the patents
to stay in the hospital for the 5-d continuous treatment.
If subcutaneous 2CDA is available at the outpatient cate,
this agent could be more employed in the treatment of
adult LCH. In any case, it is important to make a most
appropriate treatment plan for each patent individually.
In summary, for adult patients with two major types of
LCH, ‘.., recalcitrant multiple bone lesions and/or a
mass at the HPR, eatly introduction of systemic immu-
no-chemotherapy using conventional regimens including
AraC or alternative 2CDA or clofarabine regimens is rec-
ommended to overcome the disease-related impairment
of qualify of life.
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Summary Langerhans cell histiocytosis (LCH) is a group of granulomatous disorders in which abnormal
Langerhans cells proliferate as either a localized lesion in a single bone or disseminated disease
involving two or more organs or systems. Because the different LCH forms exhibit significantly

histiocytosis; elevated levels of inflammatory molecules, including pro-inflammatory cytokines and tissue-degrading
Langerhans cells; - . . . . h :
. enzymes, we investigated for a possible viral trigger in LCH pathogenesis. We looked for Merkel cell
Dermatopathic . . p . . . .
polyomavirus (MCPyV) in peripheral blood cells and tissues using quantitative real-time PCR and
lymphadenopathy;

immunohistochemistry staining with anti-MCPyV large T-antigen antibody. Our findings revealed
elevated amounts of MCPyV DNA in the peripheral blood cells of 2 of 3 patients affected by LCH with
high-risk organ involvement (RO+) and absence of MCPyV DNA in the blood cells in all 12 LCH-RO—
patients (P = .029). With lower viral loads (0.002-0.033 copies/cell), an elevated number of MCPyV
DNA sequences was detected in 12 LCH tissues in comparison with control tissues obtained from

Multiplex quantitative
real-time PCR
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patients with reactive lymphoid hyperplasia (0/5; P = .0007), skin diseases not related to LCH in
children younger than 2 years (0/11; P = .0007), or dermatopathic lymphadenopathy (5/20; P = .0002).
The data, including frequent but lower viral loads and low large-T antigen expression rate (2/13 LCH
tissues), suggest that development of LCH as a reactive rather than a neoplastic process may be related

to MCPyV infection.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Langerhans cell histiocytosis (LCH) is a neoplastic lesion
characterized by uncontrolled clonal proliferation of Lan-
gerhans cells (LCs) in a tissue environment containing other
lymphoid cells [1-3]. The disease differs widely in clinical
presentation, from a localized lesion as a single-system (SS-
LCH) disease to a severe disseminated multisystem form
(MS-LCH) [4]. The latter form is frequent in children
younger than 2 years, whereas SS-LCH is more common in
children older than 2 years [5].

The liver, spleen, and bone marrow are considered high-
risk organs for LCH, whereas skin, bone, lymph nodes,
gastrointestinal tissue, pituitary gland, and central nervous
system are considered low-risk organs [4]. Therefore, LCH is
classified clinically as either affecting at least one high-risk
organ (RO+) or involving only organs without high risk
(LCH-RO-) [4]. Although most patients with LCH-RO+
develop MS-LCH, in some patients having only one high-
risk organ involved, the clinical course is milder, with
symptoms similar to those observed in SS-LCH [6,7].

Although numerous studies have attempted to classify the
LCH subtypes anatomically, no clear-cut consensus has yet
been reached. For example, mutations in the proto-oncogene
BRAF were found in 57% of a series of 61 cases, but there
was no significant relation between the mutations and the
clinical course of the disease [3]. An interleukin (IL)-17A
autocrine LCH model of the severity of the disease was
proposed 8], yet conflicting data remain, creating what often
is described as the IL-17A controversy [9,10]. More recently,
our group proposed an IL-17A endocrine model, showing a
specific pattern of expression of the IL-17A receptor (IL-
17RA) in relation to LCH subtype [11]. In fact, the IL-17A/
IL-17RA autocrine/endocrine loop appears important in host
defense, in that IL-17A boosts the pro-inflammatory reaction
against viral aggression [12,13]. In the same context, we
previously reported higher expression of phosphatase SHP-1
(also known as Tyrosine-protein phosphatase non-receptor
type 6) [14], which by itself might promote Toll-like
receptor—activated production of antiviral molecules such
as interferon type I in abnormal LCH cells [15].

The LCH subtypes are associated with the release of
inflammatory molecules such as pro-inflammatory cytokines
and tissue-degrading enzymes [8,11,14,16,17] that are pro-
duced by LCs in contact with pathogens [18]. The most
characteristic lesions observed in patients with LCH are skin
maculopapular excrescences that imply involvement of an

unknown dermotropic virus [4]. One such agent inducing LCH
proliferation might be the common dermotropic Merkel cell
polyomavirus (MCPyV) [19~21], the major pathogenic agent
of Merkel cell carcinoma (MCC) of the skin [22,23].
Histologically, LCs are located above the middle of the prickle
cell layer of the epidermis, whereas the Merkel cells are mostly
sited in the basal layer of the epidermis. It was previously
proposed that LCs capture external pathogens by elongation of
dendrites beyond the tight junction barrier and function as
antigen-presenting cells [24]. Extemnal pathogens might be
recognized primarily by LCs or by a precursor LC present in
the skin and not by the Merkel cells, as presently alleged.

In this report, elevated numbers of MCPyV DNA
sequences were detected in the blood in two of three patients
clinically classified as LCH-RO+. Altogether, the findings
could be an important additional argument supporting the
view that LCs behave as candidate sanctuary cells for
asymptomatic MCPyV despite active antibody synthesis and
that this pathogenic agent is involved in the development
of LCH.

2. Patients and methods

2.1. Patients, peripheral blood, and LCH
tissue samples '

This study was approved by the Institutional Review
Board of Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Sciences, Okaya-
ma, Japan, and the Faculty of Medicine, Tottori University,
Yonago, Japan.

Peripheral blood samples were obtained from 15 patients
affected by LCH (6 SS-LCH, 9 MS-LCH; 3 LCH-RO+, 12
LCH-RO-). A total of 13 tissue samples from patients with
LCH (7 SS-LCH, 6 MS-LCH; 1 LCH-RO+, 12 LCH-RO-)
also were analyzed. As controls, 5 tissue samples from
patients with reactive lymphoid hyperplasia (RLH), 11 from
patients with skin diseases not related to LCH, and 20 from
patients with dermatopathic lymphadenopathy (DLA)
characterized by localized paracortical proliferation of
epidermal LCs in the lymph nodes were analyzed. All
tissues were prepared as formalin-fixed, paraffin-embedded
(FFPE) samples.

Some of the LCH blood and tissue samples were obtained
from patients included in the Japan LCH Study Group Registry
between 2002 and 2009. Other samples were harvested from
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patients at Okayama University Hospital or Tottori University
Hospital between 2002 and 2011. The histopathologic
diagnosis was established by conventional staining of
histologic sections supplemented by immunohistochemical
profiling using anti-CDla and anti-S100 antibodies [25].
Tissue samples were fixed in 10% neutral-buffered formalin
and embedded in paraffin. For immunohistochemistry (IHC)
analysis, the sections were deparaffinized in xylene and
rehydrated in a graded ethanol series. Anti-CDla antibody
(monoclonal mouse antihuman [IgG1, k], O10; DAKO Japan,
Kyoto, Japan) was used at a 1:100 dilution and anti-S100
antibody (polyclonal rabbit, Z0311; DAKO Japan) was used at
a 1:1000 dilution. Endogenous peroxidase activity was
blocked by hydrogen peroxide. For CDla immunostaining,
antigen retrieval was performed by heating the slides in 0.01 M
citrate-buffered solution, pH 6.0, in a pressure cooker at 98°C
for 15 minutes. The slides were then incubated for 1 hour in 5%
skim milk and for 3 hours at 37°C with the primary antibodies
against CD1a or S100. Samples were then incubated with
secondary antibodies for 1 hour at room temperature and
stained using the DAKO EnVisiont+ system (DAKO Japan)
and 3,3’-diaminobenzidine as a chromogen followed by
hematoxylin as a counterstain. Lymph nodes or skin samples
were used as controls throughout.

2.2. DNA extraction

DNA was extracted from peripheral blood mononuclear
cells (PBMCs) of patients with LCH and from LCH, RLH,
non-LCH dermal diseases and DLA tissues. Extraction of
DNA from PBMCs was performed using the proteinase K
and phenol/chloroform/isoamyl alcohol (25:24:1 v/v/v)
procedure. For tissue samples, DNA was extracted from
the different paraffin blocks using the QIAamp DNA FFPE
Tissue Kit and Mini Kit following the manufacturer’s
protocols (QIAGEN GmbH, Hilden, Germany).

2.3. Laser capture microdissection and
DNA extraction

Laser capture microdissection was performed using an
LMD7000 microscope (Leica Microsystems GmbH, We-
tzler, Germany). The LCH or DLA lesions (FFPE tissue)
were previously stained by immunolabeling with anti-S100
antibodies. Stained uncovered slides were air dried. Using
conventional staining and CDla immunostaining as refer-
ences, approximately 1000 positive and negative LCH cells
were collected by microdissection into 200-uL low-binding
plastic tubes. The DNA was extracted using a QlAamp DNA
Micro Kit (QIAGEN GmbH).

2.4. Multiplex Q-PCR for MCPyV detection

The quantitative real-time PCR (Q-PCR) was performed
in a 10-ul reaction mix containing TagMan Copy Number
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Reference Assay RNaseP (Applied Biosystems, Foster City,
CA) as the internal control. To determine the ratio of
MCPyV DNA to MCPyV DNA from the reference MCC
(MCC = 1.0) for each LCH case, Q-PCR was performed
using an ABI PRISM 7900HT Sequence Detection System
(Applied Biosystems). A total of 2 uL (~30 ng) of each DNA
sample was amplified with 5 uL of EXPRESS ¢PCR
Supermix with Premixed ROX (Invitrogen, Carlsbad, CA),
240 nmol/L of fluorescein-labeled locked nucleic acid
hydrolysis probe 22 (5’-TGGTGGAG-3') from a Universal
Probe Library (Roche Diagnostics, Basel, Switzerland), and
0.9 ymol/L of a primer in a final volume of 10 uL. A primer
pair targeting the position 859-934 on MCC350 (GenBank
EU375803) [23] was used (MCPyV large T [LT]). The
forward primer was 5'-AGGTTGACGAGGCCCCTAT-3/,
and the reverse primer was 5'-TTCCCGAAGCT-
GAATCCTC-3’ (amplicon size 76 bp). Locked nucleic
acid probe 22 was used for MCPyV DNA detection. Thermal
cycling consisted of incubation for 2 minutes at 50°C with an
initial denaturation for 10 minutes at 95°C followed by 40
cycles of denaturation for 15 seconds at 95°C and annealing
for 1 minute at 60°C, as previously described [23]. The ratio
of the virus was determined using the signal in the positive
MCC sample as a reference. Thresholds were plotted against
each standard sample. All reactions of samples and controls
were performed in triplicate, and the average is reported. The
MCPyV DNA ratio in each sample was determined on the
basis of the corresponding standard curves.

2.5. Immunohistochemistry for detection of
MCPyV-LT

For the detection of MCPyV-LT antigen expression, IHC
staining was performed using monoclonal antibody CM2B4
(mouse monoclonal IgG2b, 200 ug/mL; sc-136172; Santa
Cruz Biotechnology, CA), which was generated using the
peptide fragment of MCPyV-LT as an immunogen [23].
Four-micrometer LCH sample sections were deparaffinized
and rehydrated. Endogenous peroxidase activity was blocked
using 3% hydrogen peroxide in methanol for 15 minutes.
Antigen retrieval was performed by incubating the sections
in citrate buffer (pH 6.0) for 10 minutes at 95°C. The sections
were incubated with CM2B4 (diluted at 1:100) overnight at
4°C and then washed in phosphate-buffered saline. Perox-
idase-conjugated goat antimouse IgG was applied as the
secondary antibody. Sections were incubated for 30 minutes
at room temperature then washed in phosphate-buffered
saline. Diaminobenzidine was used as the chromogen.

2.6. Statistical analysis

Comparisons of the values of the MCPyV DNA
sequences from patients with LCH-RO+ and those with
LCH-RO— were statistically analyzed using Fisher’s exact
test. The numbers of MCPyV DNA sequences obtained by
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Q-PCR of patients with LCH, RLH, and non-LCH dermal
disease data were also correlated using Fisher’s exact test.
Differences between the values were considered statistically
significant at P < .05.

3. Results
3.1. MCPyV DNA in PBMCs from patients with LCH

The MCPyV DNA sequences were detected in PBMCs
from patients with LCH-RO+ in 2 of the 3 analyzed samples,
but there were no DNA sequences in any of the 12 samples
corresponding to LCH-RO- (P = .029). Comparisons of
MCPyV DNA sequences in PBMCs of patients with SS-
LCH and of patients with MS-LCH did not differ
significantly (0/6 versus 2/9; P = .49) (Table 1).

3.2. MCPyV DNA sequences in LCH tissues versus
tissues of RLH, non-LCH skin diseases, and DLA

The viral loads of MCPyV detected by Q-PCR analysis in
LCH tissues are shown in Table 2. MCPyV DNA sequences
were detected in 12 of 13 tissue samples from patients with
LCH, a significant difference from tissues from RLH patients
(0/5; P =.0007; Table 3) or DLA patients (5/20; P = .0007,
Table 4). The numbers of MCPyV DNA sequences in all
four LCH tissues from patients younger than 2 years
indicated a significant difference from tissues of non-LCH
dermal disease patients of the same age (0/11; P =.0007), as
reported in Tables 2 and 5.

Two tissue samples were obtained at 2 times from patient
LCHT3 (Table 2) affected by an LCH lesion located in the

epidural space between the fifth and seventh thoracic
vertebrae. The MCPyV DNA was not detected in the first
specimen that clearly contained LCH cells, whereas the
second specimen obtained during a later second operation
confirmed the presence of MCPyV DNA sequences.
Comparatively, the two fragments obtained from patient
LCHT7, the first from the femur and the second from the
rib, both demonstrated the presence of MCPyV DNA
sequences (Table 2).

3.3. MCPyV-DNA sequences in microdissected LCH
lesions in comparison with microdissected
DLA tissues

The microdissected areas containing S100-positive cells
showed MCPyV DNA sequences by Q-PCR analysis in four
of the five LCH samples (Table 6) and in both DLA samples
(Table 7). Of note, MCPyV DNA sequences were not
detected in LCH cells from patient LCHT12, although
MCPyV DNA was detected in microdissected epidermis that
included S100-positive LCs (viral load = 0.0006 copies/cell).
Comparatively, the microdissected areas containing S100-
negative lymphoid cells within the LCH or DLA tissues did
not contain MCPyV DNA sequences in any of the 5 LCH
samples or the two DLA samples analyzed.

3.4. IHC staining for MCPyV-LT

Positive cytoplasmic or nuclear immunoreactivity was
observed in LCH cells corresponding to tissues where a
higher viral load was detected by Q-PCR (2/13; LCHT7 and
LCHTI12; Fig.) compared with absent immunoreactivity in
LCH tissues with low viral loads (see Table 2).

Table 1  Clinical characteristics and amounts of MCPyV-DNA in PBMCs of patients with Langerhans cell histiocytosis
Patient Age/Sex Subtype Distribution Risk organ Viral load (Q-PCR)
LCHBI 0 mo/F MS Skin, BM + +(0.0003)
LCHB2 3 mo/M MS Skin, thymus, oral mucosa, liver, BM, LN + +(0.001)
LCHB3 1y 4 mo/M MS Skin, liver, spleen, lung . + -

LCHB4 1 yM MS Bone, orbit - -

LCHBS 1y 2 mo/F MS Skin, bone - -

LCHB6 1y 4 mo/M MS Skin, bone - -

LCHB7 2 yM MS Skin, LN - -

LCHBS8 3yM MS Bone, LN - -

LCHB9 12 y/F MS Skin, CNS - -
LCHB10 3 mo/M SS Skin - -
LCHBI11 1y 7 mo/F SS Bone - -
LCHBI2 2 yM SS Bone - -
LCHBI13 4 y/F SS Bone - -
LCHBI14 6 y'M SS Bone - -
LCHBIS 7 yM SS Bone - -

NOTE. Median age of 15 patients was 1 y 7 mo (range 0 mo to 7 y). Viral load is shown as copies per cell in cases positive for MCPyV.
Abbreviations: BM, bone marrow; CNS, central nervous system; LCHB, Langerhans cell histiocytosis blood; LN, lymph node; MS, multisystem LCH; SS,
single-system LCH; +, involvement of at least one high-risk organ or viral load detected; —, no involvement of high-risk organ or no viral load detected.
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Table 2  Clinical characteristics and amounts of MCPyV in tissues of patients with Langerhans cell histiocytosis
Patient Age/sex Subtype Risk organ Biopsy site Q-PCR (Viral Load) MCPyV-LT (CM2B4)
LCHTI1 86 y/F SS - Bone + (0.006) -
LCHT2 9 mo/F SS - Oral mucosa + (0.002) -
LCHT3 52 yM SS - Soft tissue +(0.002) -
LCHT4 14 yM SS - Bone +(0.002) -
LCHT5 5 mo/F SS - Skin + (0.005) -
LCHT6 41 y/F SS - Pituitary +(0.002) -
LCHT7 21 yM SS - Bone +(0.027) +
LCHT8 6 y/F MS - Bone + (0.006) -
LCHT9 2 y/F MS - Bone - -
LCHTI10 7 y/F MS - Soft tissue + (0.0001)

LCHT11 39 y/F MS - Skin +(0.002) -
LCHTI12 1 y/F MS + Skin + (0.033) +
LCHTI13 6 mo/F MS - Skin + (0.003) -

NOTE. Median age of SS-LCH patients (n = 7) was 22 y (range, 5 mo to 86 y). Median age of MS-LCH patients (n = 6) was 4 y (range, 6 mo to 39 y).
Abbreviations: CM2B4, immunostaining of MCPyV large T antigen in LCH cells; LCHT, Langerhans cell histiocytosis tissue; MS, multisystem LCH; SS,
single-system LCH; +, involvement of at least one high-risk organ or viral load detected; —, no involvement of high-risk organ or no viral load detected.

4. Discussion

Our previous data indicated that Q-PCR was the most
sensitive method for the detection of MCPyV, superior to
single PCR and immunohistochemistry staining [19,23]. The
Q-PCR for MCPyV-LT also was more sensitive than
immunohistochemistry using the CM2B4 antibody (see
Table 2). In this report, we describe the presence of
MCPyV DNA sequences in two blood samples (see
Table 1) as well as in four LCH tissues samples obtained
from children younger than 2 years (Table 2). The viral DNA
load in blood samples ranged from 30 to 100 molecules per
100 000 cells (0.0003 to 0.001 per cell). No significant
differences in the numbers of MCPyV DNA sequences were
observed between patients with SS-LCH and those with MS-
LCH (Table 1). Concerning the LCH tissues, MCPyV DNA
sequences were detected in microdissected areas containing
S100-immunoreactive cells in four of the five LCH samples
and in both analyzed DLA samples. In contrast, the
microdissected areas containing lymphoid cells non-reactive
with the anti-S100 antibody did not show MCPyV DNA
sequences. Remarkably, a viral DNA load of 0.0006 copies/
cell was detected in microdissected areas of the epidermal

Table 3  Clinical characteristics and MCPyV in tissues of
patients with RLH

Patient Age (y)/sex Biopsy site Q-PCR
RLH1 72/F Lung -
RLH2 79/F Lung -
RLH3 62/M Nasal cavity -
RLH4 32/F Lymph node -
RLHS5 75/F Lymph node -

NOTE. Median age of patients (n = 5) was 72 y (range, 32-79 y).
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layer, which contained S100-positive LCs (see Table 6,
patient LCHT12).

MCPyV was frequently detected in the skin of healthy
individuals [19,21]. Surprisingly, buffy coats of healthy adult
blood donors, which were examined for MCPyV DNA tag
sequences, showed a prevalence of 22%, with viral loads
ranging from 10 to 100 molecules per 100 000 cells (0.0001
to 0.001 per cell) [26]. As LCs capture foreign antigens in the
epidermal layer and migrate toward the lymph nodes,

Table 4  Clinical characteristics and lesional MCPyV data of
patients with DLA

Patient Age (y)/sex Q-PCR (Viral load)
DLA1 66/F +(0.002)
DLA2 54/M -

DLA3 81/M + (0.004)
DLA4 58/M +(0.001)
DLAS 63/M +(0.001)
DLA6 79/F +(0.006)
DLA7 66/M -

DLA8 65/F -

DLA9 86/M -
DLA10 74/M -

DLA1l 35M -

DLA12 30/F -

DLAI13 72/F -
DLA14 87TM -

DLA1S 39/ M -
DLA16 81/M -
DLA17 73/M -
DLAI18 43/M -
DLAI19 39/M -
DLA20 68/M -

NOTE. All biopsies were of lymph nodes. Median age of patients (n =
20) was 66 y (range, 30-87 y).
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Table 5 Clinical characteristics and lesional MCPyV data of Table 7  Detection of MCPyV DNA by Q-PCR in whole DLA
patients younger than 2 years with non-LCH dermal diseases samples and microdissected S100+ or S100— DLA lesions
Patient Age/sex Diagnosis Q-PCR Patient Q-PCR Q-PCR (Microdissection)
s1 ly4moF  Nevocellularnevus  — (viralload) 100+ (viral load) 100~
S§ é y 6/Fm°/F §CV°h°e”‘ﬂar jevus 7 DLA3  +(0.004) + (0.0003) =
S mo, anthogranuloma DLA4 +(0.001) +(0.001) -

S4 1y 6 mo/F Dermoid cyst -
S5 1y 9 mo/M Blue nevus -
S6 1 mo/F Nevocellular nevus -
87 1y 3 mo/F ge"‘;ls Sebacg’ous - infection with MCPyV may play a significant pathogenic
58 1 mo/F anthogranuloma - role in LCH. Thus, the primary infection with MCPyV at
S9 1y 4 mo/F Dermoid cyst - . . .

. the onset of LCH might be related to a disease with severe
S10 1y 3 mo/F Dermatitis - .. . ] .
S11 1y 4 mo/F Nevocellular nevus _ progression in comparison with a milder course of the

NOTE. All biopsies were from skin. Median age of patients (n=11) was
1 y 4 mo (range, 1 mo to 1 y 9 mo).

detection of MCPyV DNA sequences in both whole (25%;
see Table 4) and microdissected DLA tissues (Table 7)
suggest that LCs behave as a reservoir for MCPyV in an
asymptomatic state and that LCs can transfer the MCPyV
DNA from the epidermal layer to lymph nodes.

In patients affected by LCH, antibodies against MCPyV
viral proteins (VP) were not detected by enzyme-linked
immunoassay in patients younger than 2 years, compared
with an incidence of 40% in patients 2 to 5 years of age,
about 50% in patients 6—50 years, and 80% in patients older
than 50 years [27]. Conversely, in a large seroepidemiologic
study, Kean and coworkers [28] showed that about 20% (1-35
years old), 30% (6—10 years), 40% (11-70 years), and 60%
(above 70 years) of the healthy population carries anti-
MCPyV VP-1 antibodies. Although LCs seem to provide a
sanctuary for MCPyV instead of inducing host resistance,
as happens with several viruses [16,29], virtually trans-
formed LCH cells may produce intense tissue overreaction
and symptoms.

Considering our data, ie, the presence of MCPyV DNA
in 4 samples of LCH tissue in patients younger than 2
years (Table 2) together with the previously published
seroprevalence of MCPyV in a both healthy population
between 1 and 5 years of age [28] and LCH patients
younger than 2 years [27] and the absence of viral
sequences in non-LCH skin lesions (Table 5), the primary

disease with onset in the carrier state.

With respect to the presence of other pathogenic
infectious agents, Epstein-Barr virus [30], human cytomeg-
alovirus [31], and human herpesvirus 6 [32] have been found
in patients affected by LCH. However, at present, they are
regarded as bystanders in LCH lesions according to case-
controlled seroepidemiologic studies and in situ hybridiza-
tion analysis [16,33]. In this regard, our data suggest the
presence of MCPyV in LCH tissue lesions, especially in
patients younger than 2 years (100%; Table 2), excluding the
occasional viral infection. In this context, the presence of
MCPyV DNA was reported in the blood of a 53-year-old
recipient of a renal allograft and a 75-year-old patient with
chronic psoriasis and MCC [34]. Mertz and colleagues [34]
reported that CDI14+ activated monocytes might be a
reservoir of MCPyV in the blood and that these cells can
spread the inflammatory reactions to various locations in the
body. Presumably, LCH cells that currently show elevated
numbers of CD14 molecules may also disseminate granulo-
matous lesions in patients affected by LCH with high-risk
organ involvement [35].

5. Conclusion

This is to our knowledge the first report of a relation
between MCPyV infection and LCH. We suggest that
MCPyV triggers an inflammatory process associated with
LCH activity and subtype. The frequent but lower viral loads

Table 6 Detection of MCPyV-DNA by Q-PCR of whole LCHT samples and microdissected S100+ or S100— from LCH lesions

Patient Subtype Biopsy Viral load Q-PCR (Microdissection)

site (Q-PCR) S100+ (Viral load) S100—
LCHT!I SS Bone + (0.006) +(0.02) -~
LCHT3 Ss Soft tissue +(0.002) + (0.0006) -
LCHT10 MS Soft tissue ND + (0.0001) -
LCHT12 MS Skin +(0.033) - “)
LCHT13 MS Skin + (0.003) +(0.001) -

NOTE. MCPyV-DNA was detected in microdissected epidermal layers, which included S100-positive Langerhans cells (viral load 0.0006).

Abbreviations: MS, multisystem LCH; ND, not done; SS, single-system LCH.
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Fig. Immunoreactivity for Merkel cell polyoma virus large T-
antigen using monoclonal antibody CM2B4 in multisystem
Langerhans cell histiocytosis tissue (LCHT7). Scale bar, 20 um.

detected by Q-PCR and low positive immunoreactivity rate
using the anti-MCPyV-LT antibody in 2 of 13 of LCH tissue
samples suggest that development of LCH is more a reactive
rather than a neoplastic process, which may be relevant to
MCPyV infection. We propose that LCH subtypes are
defined by abnormal immunoreactivity against the MCPyV
pathogen with an underlying oncogenic capacity. These data
open novel possibilities for using antiviral molecules for
therapeutic interventions in patients affected by LCH.
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ABSTRACT

The osteoclast (OC) is a major player in the pathogenic bone destruction of inflammatory bone diseases such as rheumatoid arthritis and
Langerhans cell histiocytosis. Recently, it was shown that immature dendritic cells (iDC) fuse faster and more efficiently than monocytes in
forming OC-like multinucleated giant cells (MGCs), and that osteopontin (OPN) is involved in the pathogenesis of inflammatory bone diseases. In
this study, we hypothesized that OPN is a key factor for generation of 0C-like MGCs from iDCs. We used an in vitro culture system to differentiate
iDCs, derived from monocytes obtained from the blood of healthy donors, into OC-like MGCs. We evaluated OPN levels and expression of OPN
receptors during the course of differentiation. OPN has an arginine-glycine-aspartic acid (RGD) motif, and protease cleavage reveals a SVVYGLR
motif. The concentrations of both full-length and cleaved forms of OPN increased during the course of OC-like MGC formation. Expression of
OPN RGD- and SVVYGLR-recognizing receptors also increased at later stages. We analyzed whether blocking OPN binding to its receptors
affected OC-like MGC formation. Monocytes treated with OPN siRNA were able to differentiate into iDCs effectively; however, differentiation of
these iDCs into OC-like MGCs was significantly reduced. The formation of OC-like MGCs was not significantly reduced by RGD synthetic peptide.
By contrast, SVVYGLR synthetic peptide caused a significant reduction. These data suggest that the cleaved form of OPN plays a critical role in
driving iDC differentiation into OC-like MGCs in the early phase of differentiation, in an autocrine and/or paracrine fashion. J. Cell. Biochem.
115: 585-595, 2014. © 2013 Wiley Periodicals, Inc.

KEY WORDS: 0STEOPONTIN; OSTEOCLAST; IMMATURE DENDRITIC CELL; MULTINUCLEATED GIANT CELL: INFLAMMATORY BONE DISEASE

O steoclasts (OC) are bone-resorbing giant polykaryon cells that
differentiate from mononuclear macrophage/monocyte-lineage
hematopoietic precursors. Upon stimulation by cytokines, such as
macrophage colony-stimulating factor (M-CSF) and receptor activator of
NF-kB ligand (RANKL), OC precursor cells migrate and attach onto the
bone surface. There they fuse with each other to form multinucleated
giant cells (MGCs) and mediate bone resorption [Teitelbaum, 2000].
Osteopontin (OPN) plays an important role physiologically in bone
remodeling, especially in bone resorption, by modulating OC function
[Chellaiah et al., 2003; Standal et al., 2004]. OPN contains the
classical cell-binding motif arginine-glycine-aspartic acid (RGD) that

DOI 10.1002/jcb.24695 e © 2013 Wiley Periodicals, Inc.

binds cell surface RGD-recognizing integrins such as avf1, av3,
o581, and CD44 variant (v) 6 [Hu et al., 1995; Gao et al., 2003]. RGD-
recognizing integrins are expressed by a variety of cells including
fibroblasts, smooth muscle cells, endothelial cells, epithelial cells, and
immune cells [Uede, 2011]. OPN can be cleaved by proteases,
including thrombin and plasmin, which exposes a serine-valine-
valine-tyrosine-glycine-leucine-arginine (SVVYGLR) motif [Yoko-
saki et al., 1999]. This motif is recognized by non-RGD-recognizing
integrins such as a4f31 expressed by T cells and macrophages, and
a9B1 expressed by fibroblasts, neutrophils, macrophages, smooth
muscle cells, and OCs [Smith et al., 1996; Green et al., 2001].
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0Cs play a major role in the pathogenic bone destruction of
rheumatoid arthritis (RA) and Langerhans cell histiocytosis (LCH)
[Redlich et al., 2002; da Costa et al., 2005]. Recently, it was revealed
that immature dendritic cells (iDC) fuse more quickly and efficiently
than monocytes to form OC-like MGCs in the inflammatory
environment [Rivollier et al., 2004]. This suggests that iDC-derived
0Cs may be directly involved in the osteolytic lesions observed in
inflammatory bone diseases such as RA or LCH. OPN is implicated in
the pathogenesis of RA [Yumoto et al., 2002; Yamamoto et al., 2007]
and LCH [Prasse et al., 2009; Allen et al., 2010].

Based on these findings, we hypothesized that OPN is a key factor
in the formation of 0C-like MGCs from iDCs. In this study we found
that OPN, particularly after cleavage, plays a critical role in the
formation of OC-like MGCs from iDCs in an autocrine and paracrine
manner.

MONOCYTE PURIFICATION AND IDC DIFFERENTIATION

Monocytes and iDCs were defined by the expression of CD14 and
CD1a, respectively [Chapuis et al., 1997]. PBMC were obtained from
healthy adult volunteer donors. Informed consent was obtained from
them. The ethics committee, Jichi Medical University School of
Medicine approved this study. A positive selection of CD14™ cells was
performed by adding MACS colloidal superparamagnetic microbeads
conjugated with monoclonal anti-human CD14 Abs (IgG2a),
(Miltenyi Biotec, Tokyo, Japan) to freshly prepared PBMC preparation
in MACS buffer according to the manufacture’s instructions. Briefly,
after incubation of cells and microbeads (15 min at 4°C), cells were
washed with MACS buffer, resuspended, and loaded onto the top of
the separation column. Trapped CD14" PBMC were eluted with a
sixfold amount of cold MACS buffer. Using flow cytometry, the purity
of the CD14™ cells was evaluated at 98.8 + 0.4%.

Purified monocytes were used to generate monocyte-derived iDCs
in vitro, as previously described [Rivollier et al., 2004]. Briefly,
monocytes were seeded at 10° cells/ml and maintained in RPMI 1640
(Life Technologies, Paisley, UK) supplemented with 10mM N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES), 2 mM L-
glutamine, 100U/ml penicillin and 100 wg/ml streptomycin (Life
Technologies), 10% heat-inactivated fetal calf serum (FCS; Biological
Industries, Beit Haemek, Israel), 50 ng/ml human recombinant (h)
granulocyte-macrophage colony-stimulating factor (GM-CSF), and
500U/ml h IL-4 (PeproTech, Rocky Hill, NJ). After 5 days in culture,
more than 90% of the cells were iDCs as assessed by CD1a labeling.

OC-LIKE MGC FORMATION AND TRAP ASSAY

iDCs were seeded at 1,600 cells/mm? in 48-well plates, into which a
sterilized glass coverslip was placed, in a-minimum essential medium
(e-MEM] (Life Technologies) supplemented with 10% FCS, 2 mM L-
glutamine, 100U/ml penicillin, and 100 pg/ml streptomycin in the
presence of 25ng/ml M-CSF and 100ng/ml RANKL (PeproTech,
Rocky Hill, NJ). During the course of differentiation, we harvested
culture supernatants and various cells including monocytes, iDCs,
and various differential stages of OC-like MGCs at day 4 (0C4), day 8
(0C8), and day 12 (0C12). Tartrate-resistant acid phosphatase (TRAP)

activity, a signature marker for OCs, was assessed using a leukocyte
acid phosphatase kit (Sigma-Aldrich) at day 12. Nuclear DNA was
stained with 10 pg/ml Hoechst 33342 (Sigma-Aldrich) for 30 min at
37°C and fixed with 15% formol.

SUPPRESSION OF OPN BY RNA INTERFERENCE

Suppression of OPN expression was performed by RNA interference
using specific small interfering RNA oligonucleotides (siRNA)
(ccaaguaaguccaacgaaalT). Control siRNA sequence was acucuau-
cugcacgcugacTT. siRNAs were transfected into human monocytes or
monocyte-derived iDCs using Lipofectamine RNAIMAX (Life Tech-
nologies). Transfected monocytes or iDCs were cultured to form OC-
like MGCs as described above. The number of OC-like MGCs (TRAP-
positive and strictly more than two nuclei) was counted on day 7 of
OC differentiation.

INHIBITION OF MGC FORMATION WITH SYNTHETIC PEPTIDES
DERIVED OPN INTERNAL SEQUENCE

In order to examine whether the interaction of OPN and its receptors is
involved in MGC formation, we used synthetic peptides (RGD and
SVVYGLR) to both RGD-recognizing and SVVYGLR-recognizing
integrins. RGD and SVVYGLR peptides interfere with the binding of
OPN to RGD- and non RGD («4f1 and «9B 1) integrins, respectively
[Storgard et al., 1999; Green et al., 2001]. MGCs were differentiated
from iDCs, in the presence of 10 p.g/ml RGD or RGE (control) peptides
(Abbiotec, San Diego, CA), or 1pg/ml SVVYGLR or GRVLYSV
(control) peptides (GenScript, Piscataway, NJ). The number of OC-like
MGCs (TRAP-positive and strictly more than two nuclei) was counted
on day 7 of OC differentiation.

IMMUNOFLUORESCENCE AND MICROSCOPY

Monocytes and iDC were attached to slide glass by cytospin.
Monocytes, iDC and cells cultured on glass coverslips (0C4, 0C8,
0C12) were first fixed with 4% paraformaldehyde for 30 min at 4°C.
The slide glass or the glass coverslips were incubated in normal goat
serum for 30 min at 30°C, followed by primary antibody (polyclonal
rabbit anti-human OPN antibody (IgG), (Abcam, Cambridge, UK),
polyclonal rabbit anti-human CD1a antibody (Sigma-Aldrich, St.
Louis, MO), monoclonal mouse anti-human CD44v6 antibody (IgG1),
(Leica, Newcastle upon Tyne, UK), monoclonal mouse anti-human
avB3 antibody (IgG1), (Hycult Biotech, Uden, The Netherlands), and
monoclonal mouse anti-human a9B1 antibody (IgG1), (Abcam) for a
further overnight at room temperature. Rabbit IgG (SP137), (Abcam)
and mouse IgG1 (MOPC21), (Affinity BioReagents, Golden, CO) was
used as substitute isotype control. After washing with PBS, the
appropriate secondary antibody (Alexa Fluor 488 goat anti-mouse
IgG (H+ 1), Alexa Fluor 488 goat anti-rabbit IgG (H+ L), or Alexa
Fluor 555 goat anti-mouse IgG (H+1) (Molecular Probes, Inc.,
Eugene, OR) was applied for 30 min at 30°C. Nuclear DNA was stained
by DAPI (4'-6-diamidino-2-phenylindole). The cells were analyzed
using an Olympus AX80 microscope equipped with an 40x/0.85 NA
or a 100x/1.35 oil iris NA objective lens, an Olympus DP70 camera,
and Olympus DP controller software (Olympus Co. Ltd., Tokyo,
Japan). The number of CD1a positive cells and «9B 1 positive cells was
counted on monocyte, iDC, and day 4, 8, 12 of OC differentiation.
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QUANTIFICATION OF IMMUNOFLUORESCENCE

Images collected using the Olympus DP controller software were
analyzed for immunofluorescence intensity using Adobe Photoshop
Elements, version 11 (Adobe Systems Incorporated, Tokyo, Japan) as
follows. Using the magic wand tool in the “Select” menu of
Photoshop, the cursor was placed on a9B1-positive cytoplasm. The
tolerance level of the magic wand tool was adjusted so that the entire
positive cytoplasm was selected automatically. The mean staining
intensity was calculated as follows: intensity score (IS)=mean of
brightness of selected cells’ red channel score (in arbitrary units, AU)
using Adobe Photoshop Elements, version 11 [Murakami et al., 2013].

RELATIVE QUANTITATIVE RT-PCR

Levels of OPN, CD44v6, integrin av, and integrin 9 mRNA were
measured by relative quantitative real-time reverse transcription
polymerase chain reaction (RT-PCR) using the 7500 Fast System
(Applied Biosystems, Foster City, CA); B-actin was used as an internal
standard. Briefly, RNA was isolated from the harvested cells using an
RNeasy kit (Qiagen, Hilden, Germany), reverse transcribed, and PCR
amplified using a One Step PrimeScript RT-PCR Kit (Takara Bio,
Shiga, Japan), with TagMan Gene Expression Assay primers for
human OPN (Hs00959010), integrin av (Hs00233808), integrin «9
(Hs00979865), CD44v6 (Hs01075854), and B-actin (Hs99999903).
Data were analyzed using the 2744% method.

MEASUREMENTS OF THE FULL-LENGTH AND THE CLEAVED FORMS
OF OPN IN THE CELL SUPERNATANT

We measured the amounts of the full-length OPN in the cell culture
supernatant with human osteopontin ELISA kit (R&D Systems,
Minneapolis, MN) and the cleaved forms of OPN with human
osteopontin N-half assay kit (IBL, Gunma, Japan), which can
specifically measure the N-terminal OPN fragment cleaved by
thrombin. N-terminal OPN fragments expose a cryptic epitope,
SVVYGLR, which is recognized by «9B1 integrin. Thus, the presence
of high amounts of N-half OPN indicates the involvement of a9p1
integrin in OC-like MGC differentiation.

FLOW CYTOMETRIC ANALYSIS

We used directly conjugated antibodies, FITC-anti-CD 14 (M5E2), PE-
anti-CD1a (HI149), FITC-1gG2a (G155-178), and PE-IgG1 (MOPC-21)
(BD Pharmingen, Tokyo, Japan). Cells were suspended in PBS
supplemented with 10% FCS (FACS buffer) and stained with
appropriate concentrations of antibodies for 15min on ice, then
washed with FACS buffer. Cells were analyzed using a BD LSR
cytometer and CellQuest software (BD, Tokyo, Japan).

DETERMINATION OF VIABILITY AND APOPTOSIS

For floating cells, we analyzed the proportion of viable and apoptotic
cells using flow cytometry. The number of floating cells was counted,
cells were suspended in binding buffer (BD Pharmingen, Tokyo, Japan),
and cell suspensions were incubated with Annexin V-PE and 7-AAD
(BD Pharmingen, Tokyo, Japan) for 15 min at room temperature. Cells
were analyzed using a BD LSR Fortessa cell analyzer and FlowJo
software (Tree Star, San Carlos, CA). Unstained cells were used as
negative controls. Viable cells were defined as double negative for
Annexin V and 7-AAD, and apoptotic cells were defined as Annexin V

positive and 7-AAD negative. For analysis of adherent cells, cells
cultured on glass coverslips were stained by 0.4% trypan blue to count
viable cells. To detect apoptotic cells, terminal deoxynucleotidyl
transferase mediated dUTP nick end labeling (TUNEL) stain was
performed. Cells were fixed with 4% paraformaldehyde for 30 min at
4°C. The glass coverslips were incubated with permeabilization buffer
for 2 min at 4°C, followed by FITC-labeled terminal deoxynucleotidyl
transferase (TdT) enzyme for 90 min at 37°C. DNA was stained by DAPL
The cells were analyzed using an Olympus AX80 microscope.

QUANTIFICATION OF CASPASE-3 ACTIVITY

Caspase-3 activity was quantified using an ApoAlert Caspase-3
colorimetric assay kit (Clontech, Tokyo, Japan). This assay uses the
spectrophotometric detection of the chromophore p-nitroaniline
(pNA) after its cleavage by caspases from the labeled caspase-specific
substrates. 1.5 x 10° cells were harvested at each stage (0C1,0C3, and
0C7), and resuspended in 50 pl of lysis buffer and incubated for
10 min at 4°C. Cell suspension were centrifuged at 15,000 rpm for
10 min. Twenty-five microliters of the supernatants were added to
25l of 2x reaction buffer, and then incubated with caspase-3
substrate, aspartic acid-glutamic acid-valine-aspartic acid (DEVD)-p-
nitroaniline (pNA), for 60 min at 37°C. The chromophore pNA was
measured at 405 nm in Benchmark Plus microplate reader (BIO-RAD,
Tokyo, Japan). We constructed a standard curve for each assay run
using pNA in the concentration range of 0-200 pM, and converted
optical density of each sample into pNA concentration.

MEASUREMENT OF INTRACELLULAR REACTIVE OXYGEN SPECIES
PRODUCTION

Reactive oxygen species (ROS) activity was quantified using an
OxiSelect Intracellular ROS assay kit (Cell Biolabs, San Diego, CA).
Briefly, 1.5 x 10° cells were harvested at each differentiation stage
(Mo, iDC, 0C1, 0C3, and 0C7), and then incubated with 100 .l of 2/,
7’-dichlorodihydrofluorescin diacetate (DCFH-DA) at 37°C for
60 min. Cells were washed twice with PBS, and lysed by cell lysis
buffer. Fluorescence was measured at 480nm excitation/530 hm
emission in Wallac 1420 ARVO MX (Perkin Elmer, Yokohama,
Japan). We constructed a standard curve for each assay run using 2/,
7’-dichlorodihydrofluorescein (DCF) in the concentration range of 0-
10 wM, and converted fluorescence intensity into DCF concentration.

INHIBITION OF ROS GENERATION

We used diphenyleneiodonium chloride (DPI) (Enzo Life Sciences,
Lausen, Switzerland) or N-acetyl-L-cysteine (NAC) (Sigma-Aldrich) as
ROS inhibitors. DPI was dissolved in Dimethyl sulfoxide (DMS0). NAC
was dissolved in a-MEM, and pH was adjusted to 7.4 by the addition of
NaOH. Monocytes or iDCs were incubated with 100 nM DPI or 20 mM
NAC for 60 min at 37°C, and washed twice with medium. Pretreated
monocytes were cultured with GM-CSF and IL-4 for 5 days, and
pretreated iDCs were cultured with M-CSF and RANKL for 7 days.

STATISTICAL ANALYSIS

The paired #-test was used to analyze the difference between groups;
P <0.05 was considered significant. All error bars in this study
represent the standard error mean of the mean (SEM). Statistical
analyses were performed using Microsoft Excel software.
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obtained monocytes from the blood of healthy adult volunteer donors
and from them generated iDCs and then OC-like MGCs using an in
OPN PRODUCTION IS INCREASED DURING THE COURSE OF OC-LIKE  vitro culture system (Fig. 1A). During the course of differentiation, we
MGC FORMATION FROM iDCs harvested culture supernatants and various cells including mono-
The production of OPN mRNA and protein was investigated over the cytes, iDCs, and various differential stages of OC-like MGCs at day 4
course of OC-like MGC formation from iDCs in vitro. First, we (0C4), day 8 (0C8), and day 12 (0C12). Monocytes had no detectable
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Fig. 1. OPN production in the course of OC-like MGC formation from iDCs in vitro. A: Schema of experimental design. Monocytes were purified from the peripheral blood of
healthy adult volunteer donors. Monocyte-derived immature dendritic cells were generated in vitro by culturing for 5 days with GM~CSF/IL-4. Osteoclasts were generated in vitro
by culturing iDCs for 12 days with M-CSF/RANKL. Cells and supernatants were harvested from the starting population of monacytes, the resultant iDCs, and OC-like MGCs on day 4,
day 8, and day 12 of culture. B: OPN mRNA expression measured by relative quantitative RT-PCR (data shown are the mean of experiments with cells from five donors). Error bars
represent mean £ SEM. C: Immunofluorescence staining with anti-OPN antibody (green) and DAPI (blue) performed on Mo, iDC, 0C4, OC8, and OC12. Bars: 20 um. D: Full-length
and cleaved OPN in the cell culture supernatants of OC differentiation from iDCs (independent experiments with cells from eight donors). Error bars represent mean of the eight
experiments - SEM. GM-CSF, granulocyte-macrophage colony-stimulating factor; iDC, immature dendritic cell; M-CSF, macrophage colony-stimulating factor; MGC,
multinucleated giant cell; Mo, monocyte; OC: osteoclast; 0C4, OC-like MGCs on day 4; OC8, OC-like MGCs on day 8; 0C12, OC-like MGCs on day 12; OPN, osteopontin; RANKL,
receptor activator of NF-kB ligand; siRNA, small interfering RNA.
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