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ABSTRACT

Langerhans cell histiocytosis (LCH), a disorder of antigen-presenting cells, is the commonest disorder of the mononuclear
phagocytic system. Diagnosis is always challenging due to heterogeneous clinical presentation. However, with the evolution
and better understanding of its biology, many of these children are being diagnosed early and offered appropriate
therapy. Despite these advances, in developing countries, an early diagnosis is still challenging due to resource constraints
for specialized tests. As a result, many patients succumb to their disease. Autopsy data on LCH is notably lacking in the
literature. We sought to analyze the clinical (including mutational) and morphologic features at autopsy in six proven
cases of LCH. This study includes a detailed clinico-pathological and mutational analysis of 6 proven cases of LCH.
Presence of BRAF V600E mutation was assessed by both Real Time PCR and Sanger sequencing. A varied spectrum of
organ involvement was noted with some rare and novel morphological findings, like nodular bronchiolocentric infiltration
of LCH cells, lymphovascular emboli of LCH cells, and paucity of eosinophils within the infiltrate; these features have
not been described earlier. Surprisingly, all cases were negative for BRAF V600OE mutation on both RQ-PCR and Sanger
sequencing. The present study is perhaps the first autopsy series on LCH. This extensive autopsy analysis represents a
correlation of pathological features with clinical symptoms which provides clues for a timely diagnosis and appropriate
therapeutic intervention. Also, our findings hint at the low frequency of BRAF V600E mutation in our LCH patients.
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INTRODUCTION

Langerhans cell histiocytosis (LCH) is a rare
histiocytic disorder characterized by the infiltration of
tissues with a distinct dendritic cell, the Langerhans cell
(LC). It is the commonest of all histiocytic disorders. This
LC is distinguished from other dendritic cells by their
peculiar morphological, immunohistochemical and
ultrastructural features which include the presence of

intracellular Birbeck granules and surface expression
of S100, CD1a and CD207 (Langerin)." The clinical
presentation ranges from relatively benign self-limited
disease to a devastating multisystem disease, latter
having poor prognosis.? The severity of LCH is usually
age-related. Extensive disseminated multisystem
variants with a poor prognosis and mortality rate
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up to 50%:3 have been primarily described in early
childhood. In contrast, multifocal single-system disease
is often diagnosed in children aged up to 5 years.
Unifocal bone restricted disease primarily hits older
children.* The presenting symptoms depend upon the
system involved and are wide-ranging from cutaneous
symptoms, ear discharge, bone pain, fever, and
lymphadenopathy. Recently, the identification of MAP
kinase pathway alterations, particularly BRAF V60OE
mutation in LCH, has settled the earlier debate on
its inflammatory versus clonal/neoplastic etiology.
BRAF V600E mutation has been identified in up to
50% of cases of pediatric LCH and 35% of adult
cases.>® Although BRAF V600E mutation in LCH does
not correlate with clinical severity or classification, the
presence of this mutation has implications both for
molecular diagnosis and for targeted therapy with BRAF
kinase inhibitors such as Vemurafenib. Additionally, it is
useful for monitoring treatment efficacy and has been
observed to indicate an increased risk of recurrence
compared to those without the mutation.”8

The main purpose of the study is to emphasize
the different histological patterns of organ infiltration
in LCH at autopsy and to evaluate the presence of
BRAF V600E mutation in fatal cases of LCH. Autopsy
data on LCH notably lacks in the literature with
histopathological evaluation being limited to rare
case reports (including two cases which are part of
this data).®'° Also, BRAF mutational status so far has
been assessed in small case series.>®&1112 To the best
of our knowledge, this is the first autopsy study on
LCH providing a detailed analysis of clinic-pathological
findings and illustrating the unusual locations and
pattern of infiltration. Our third objective of correlating
the organ infiltration with mutational status could
not be fulfilled as all the cases were negative for
BRAF V600E mutation. Nonetheless, analysis of
autopsy data helps in better understanding the
clinical manifestations and provides clues for timely
intervention, which might contribute to improving the
morbidity and mortality in these patients.

MATERIALS AND METHODS

The study included a detailed clinico-pathological
analysis of 6 autopsy cases of LCH performed at our
Institute over the past 10 years. The clinical data and
records were retrieved from case records and files of the
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pediatric clinics, and the autopsies were performed in the
Department of Histopathology. The study was approved
by Departments’ review boards as per the existing
practice at our Institute. Written, informed consent was
taken for the autopsy. The clinical data included age at
presentation and diagnosis, presenting complaints, and
detailed laboratory investigations. Family history and
birth history was analyzed wherever provided. In four
cases, all organs excluding the brain were examined,
while in one case brain was also autopsied along with
the rest of the organs. For each autopsy, detailed gross
and microscopic examination of both lungs with the
tracheobronchial tree, heart, liver, spleen, pancreas,
kidneys, gastrointestinal tract, bone marrow, lymph
nodes, skin, testis, skeletal muscle, and adrenals was
performed. Special histochemical stains, such as Ziehl
Neelsen (ZN), Gram, Periodic acid-Schiff (PAS), and
Grocott's stain were used to identify superadded
bacterial and fungal infections. Immunostain for CD1a,
S100, CD68 and/or Langerin were performed in all the
cases to confirm the diagnosis. Electron microscopic
examination was done in two cases.

Mutational Analysis

Mutation analysis was performed in all six cases by
both Real-time PCR (RQ-PCR) and Sanger sequencing.
Briefly, FFPE blocks or autopsy tissue sections with tumor
involvement and presence of at least > 30% tumor
volume were selected for downstream analysis. Blocks
were further macro-dissected to avoid contamination
from surrounding normal tissue. DNA was extracted
using the QIAmp DNA FFPE extraction kit (Qiagen,
Germany) as per manufacturer’s instructions.
DNA quality check based on electrophoretic gel
assessment of bands and nanoquant ratio was
performed before further PCR analysis. RQ-PCR was
carried out using Tag-Man probes (Applied Biosystems)
according to the manufacturer’s protocol, utilizing
Applied Biosystem’s StepOnePlus RQ-PCR system.
The data was analyzed using Applied Biosystem’s
Mutation Detector Software. BRAF mutation was
further confirmed by Sanger sequencing on the
ABI 3730 Genetic Analyzer using forward primer
TGCTTGCTCTGATAGGAAAATG and reverse primer
CCACAAAATGGATCCAGACA. Following PCR
conditions were used- denaturation-95°C (30 sec),
annealing-57°C (30 sec) and extension-72°C (30 sec)
for 35 cycle Mutation analysis was performed in all six
cases by Sanger sequencing.
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RESULTS

Clinical Characteristics and Investigations

Six patients (all males) with final autopsy diagnosis
of LCH were included in the study. Out of 6 cases,
three cases had a clinical diagnosis of LCH. The clinical
details and investigations are summarized in Table 1.

Autopsy Findings

The detailed autopsy findings are summarized in
Table 2. There were six cases diagnosed as multisystemic
LCH on autopsy. All cases were males with a mean age
of 1.8 years (10 months-3.5 years). Pleural effusion
was noted in 4 cases, ascites in 3 cases and pericardial
effusion in 1 case.

Frequency of Organ Infiltration (Figure 1)

The classical Langerhans cells demonstrated
convoluted nuclei with vesicular chromatin, nuclear
grooves, and characteristics Birbeck granules within
the cytoplasm on electron microscopy performed from
the paraffin-embedded tissue in two cases. LCs in all
cases were immunoreactive for CD1a, S100, and CD68
(Figures 2A to 2D).

The lymph node and the liver were the two
organs that were universally involved by LCH cells
in all the cases (n=-6, 100%). Lungs and spleen
involvement were the second commonest in
frequency (n=5, 83.3%). The pancreas was involved
in 4 of the cases (66.7%) followed by gastrointestinal
tract (GIT) and bone marrow in 3 cases (50%).
Kidney, skin and, thymus were infiltrated in
2 subjects each (33.3%). Rare organs to be infiltrated
included the heart (case#2), testes (case#6), thymus

Number of cases

1

u Liver, Lymph Node m Spleen, Lung Pancreas

= Bone marrow, GIT m Skin, Kidney, Thymus Heart, Testis, Choroid plexus

Figure 1. Pie chart depicting the frequency of organ
infiltration.
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(case#1), and choroid plexus (case#6) in one case
each (16.7%). Hepatosplenomegaly was noted in
5 subjects (83.3%).

Pattern of Infiltration by LC (Table 2):
Liver (n=6/6)

This was seen both in the sinusoids and in portal
tracts. It was not accompanied by eosinophils or
giant cells. A single case showed injury to bile duct
with fibrosis and destruction with infiltrate showing
admixture of eosinophils (Figure 3A-C).

Lymph Node (n=6/6)

There was both total and subtotal effacement of
nodal architecture by the infiltrate. In a single case, the
infiltrate was predominately seen filling up the sinuses
and subcapsular regions. Giant cells, neutrophils, and
plasma cells were not seen. No accompanying necrosis
or fibrosis was noted. Two cases (case#1 and #2)
showed lymphovascular emboli of LC within the
subpleural vessels and those around lymph nodes
(Figures 4A-C).

Lungs (n=5/6)

In 3 cases, the pleura showed a thick plaque-like
infiltrate that microscopically showed large subpleural
deposits of LC, admixed with a variable number of
lymphocytes and eosinophils. The lung infiltrate
was dominantly seen along the peribronchiolar
interstitium and alveolar interstitium. In two cases,
nodular collections of LCs were seen filling up
the alveolar lumen while in the other two cases,
the infiltrate was seen in the form of granulomas
(Figures 5A-D). Cytomegalovirus inclusions (CMV)
were noted within the lymph nodes (n=2/6) and lungs
(n=1/6) (Figure 5D).

Spleen (n=5/6)

The infiltrate was mostly seen within the red pulp
(Figure 6). Granulomas were seen in a single case.

Heart (n=1/6)

Infiltration of heart was very unusual. In one
case, large nodular deposits on the pericardial
surface distorted the shape of the heart. There was
transmural infiltration of the ventricular wall by LC with
bi-ventricular hypertrophy (Figures 7A-C). The heart
valves were, however, normal in this case.
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Figure 2. Photomicrographs of the lymph node showing in A — Characteristic Langerhans cells with convoluted
nuclei and nuclear grooves (H&E x1000); B, C—Langerhans cells immunoreactive for CD1a and CD68 (B and C x400);

( ).

Figure 3. A — Gross view of the enlarged liver and spleen. B, and C — Photomicrographs of the liver. B - Cellular
infiltrate within the portal tracts, and extending to the periportal areas (H&E x200); C - LC within the portal tracts
causing destruction of bile ducts (H&E x400).

cells enmeshed within fibrin (x100, B x200 respectively); C — High magnification showing the lymphovascular emboli
comprising of LC (H&E x400).

6-13 Autops Case Rep (Sao Paulo). 2020;10(2):e2020154
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Figure 5. A - Gross view of the cut surface of both lungs showing nodules centered on the airways;
B - Bronchiolocentric infiltrate seen within the lung parenchyma (H&E x200); C - LC infiltration causing destruction
of the airways (H&E x400); D — Cytomegalovirus inclusions (CMV) seen lining the alveolar epithelial cells (H&E x400).

. 3 ‘;.e,,.{f %&ﬁc '
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Figure 6. Photomicrography of the spleen showing a
subtotal effacement of nodal architecture by LC and
accompanying cells (H&E x200).

Gastrointestinal Tract (n=3/6)

Infiltration of the intestine was seen in three cases
wherein the lamina propria was expanded by a diffuse
infiltrate without any ulceration of the overlying mucosa.

Autops Case Rep (Sao Paulo). 2020;10(2):e2020154

In contrast, in a single case, the overlying mucosa
showed multiple punched out hemorrhagic ulcers
(Figures 8A and 8B).

Kidneys (n=2/6)

Infiltrate was noted within the interstitium.

Unusual sites for infiltration included pancreas
(n=4/6) (Figure 8C), heart (n=1/6), GIT in three and
testis, thymus (Figure 8D), and choroid plexus in a
single case each.

Other Associated Findings

Bronchopneumonia was seen in 5 subjects
(83.3%), which was bacterial in all cases. Pulmonary
hemorrhage was seen in 3 cases (50%), and diffuse
alveolar damage was noted in 2 cases (33.3%). One of
the cases (case#2) showed ill-formed LCH granulomas
mimicking tuberculosis, both clinically and histologically
(Figures 9A-9C). There was a paucity of eosinophils in
this case (case#1). Tubercular etiology was excluded
by performing polymerase chain reaction (PCR) for
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Figure 7. Gross view of the heart showing prominent nodular elevation on the anterior surface of right ventricle
and right border; B and C Photomicrographs of the heart — A and B - depicting infiltration of ventricular wall by LC

(H&E, B x200, C x400).

tubercular bacilli. Secondary hemophagocytosis was
seen in 2 cases (case#1 and case#6).

None of the subjects showed any superadded
fungal (negative PAS stain) or tubercular infection
(negative Ziehl-Neelsen stain) except for a single case
with Candida ulcers in the esophagus (case#1).

8-13

Figure 8. A - Gross view of the small intestine showing hemorrhagic ulcers; B - LC infiltrate expanding the lamina
propria (H&E x200); C - Infiltrate within the pancreas (H&E x400); D — Infiltrate within the thymus (H&E, x400).

Mutational Analysis

RQ-PCR was performed in all six cases in duplicate.
Positive control Ct (threshold cycle) values ranged
from 22-24.0 with a mean of 23.0. None of the cases
showed amplification. Sanger sequencing of the
amplified and purified PCR products did not reveal

Autops Case Rep (Sao Paulo). 2020;10(2):e2020154
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Flgure 9. Photomicrographs of the Iung showing: A-LCH granulomas m|m|ck|ng tuberculosis (H&E x200); B - High

magnification showing the cellular composition of the infiltrate chiefly composed of LC cells and lymphomononuclear
cells (H&E x400); € — Photomicrograph in oil immersion field depicting the characteristic grooved nuclei of LC cells
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Figure 10. RT-PCR result showing BRAF V600E amplification in the control (Red) while the test (yellow) does not

show any amplification in any of our cases.

any mutation in the BRAF gene including the hotspot
region of BRAF600, as well (Figure 10)

DISCUSSION

Langerhans cell histiocytosis, a disorder of
antigen-presenting cells, the Langerhans-type cells,
is the commonest disorder of the mononuclear
phagocytic system.” The neoplastic cells share
immunophenotypic and ultrastructural similarities
with Langerhans cells of the epidermis. Due to this
resemblance, it was earlier hypothesized that the
disease originated from epidermal Langerhans cells;
however, lately, the gene profiling studies have
indicated their origin from marrow-derived immature
myeloid dendritic cells.” LCH has a broad spectrum of
clinical manifestations and outcome. Some cases are
self-limited, whereas others involve multiple organs
and present a high rate of mortality. The etiology

Autops Case Rep (Sao Paulo). 2020;10(2):e2020154

remains unknown. The benign morphology of its
proliferating cells and its characteristic inflammatory
infiltrates, earlier suggested that LCH may be an
inflammatory disorder,' and dysregulated expression
of inflammatory cytokines, such as interleukin-17A,
has been reported.’™ Subsequent research provided
strong evidence for its neoplastic nature and proved
the clonal nature of pathologic LCs.'®"”

Autopsy studies on LCH are limited to a few case
reports.®'918 The findings of this index study highlight
interesting aspects of organ infiltration and pattern
of infiltration. While hepatomegaly is a common
feature of LCH, actual infiltration of the liver is rare, as
reported in the literature.' However, liver infiltration
was noted in all the cases in our study, and was
restricted to the presence of LC within the sinusoids
and portal triads. A single case featured an unusual
pattern of infiltration in the liver with lesions centered
mainly in the periductal location with infiltration and
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injury to the bile ducts. The involvement of the lymph
nodes paralleled that of the liver with infiltration
found in all the cases, followed by lungs and spleen.
The pulmonary infiltration in systemic LCH has been
recently and extensively studied by Kambouchner
M et al.,”" and ranged from nodular pattern with
cavitation to cysts, fibrotic scars, or a peribronchiolar
distribution of the lesions. Cervical lymph nodes are
most commonly involved as compared to other lymph
nodes.?° Histologically, 3 main architectural patterns
of LCH in lymph nodes have been described with
subtotal effacement of nodal architecture being the
commonest.?? As our cases comprised of autopsy cases
with the multi-systemic disease, total effacement of
the architecture was the commonest.

Other rare sites of infiltration encountered in this
series included the pancreas, GIT, heart, testes, thymus,
and choroid plexus. The involvement of GIT and
pancreas has been seldom reported in the literature.®2!
Both, small and large intestine, is involved in equal
proportion,?'?> and the majority occurs in children
mostly associated with severe systemic disease. In the
present series, one of the cases showed numerous
punched out ulcers involving the terminal ileum and
whole of the large intestine with extensive infiltrate
of LC within the lamina propria. The pancreatic
infiltration, in our series, was dominated by inter and
intra-lobular fibrosis, ductal dilation, and destruction
of acini in three cases, while in a single case, the
infiltration was focal. The testis is a very unusual site for
infiltration by LC such that it has never been mentioned
in the literature. Infiltration of the heart in a single case
was very peculiar, seen as nodular masses distorting
the pericardial surface and completely replacing the
left ventricular and right ventricular wall. This case
also showed significant biventricular hypertrophy with
grade-Il pulmonary arterial hypertension. Heart valves
are another common site which is infiltrated; however,
we did not observe It in our cohort, especially in the
case with the nodular pattern of heart infiltration.
Within the central nervous system, the pituitary gland
involvement has been reported to be the commonest.?*
We could not substantiate the same in our cases, as
consent for brain autopsy could be obtained in a single
case, which interestingly revealed infiltration within
the choroid plexus. We did not find much proof to
the earlier belief that older lesions tend to contain
fewer LCH cells,? as in most of our cases, regardless
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of the age groups, numerous LC within sites of organ
infiltration were found. An interesting and novel
histological feature observed in two cases was the
presence of lymphovascular emboli composed of LC
and other inflammatory cells enmeshed in fibrin within
the subcapsular sinus of the lymph node.

Clinical presentation and symptoms are varied,
ranging from single to multiple organ manifestations.
In multisystem LCH, nearly all organs are involved.
Pulmonary involvement needs special mention as
pulmonary LCH in adults may present as an isolated
disease with bilateral nodular infiltrates with the
presence of both polyclonal and clonal population
of LCs. Thereby, pulmonary LCH is regarded as a
distinct entity compared to the childhood LCH.?¢
The cause of death in all cases, in this cohort, was
both due to an infiltrative disease (n=6/6) and also
due to pulmonary involvement resulting in bacterial
bronchopneumonia, pulmonary hemorrhage and
diffuse alveolar damage. Apart from candida ulcers and
early candida abscess in one case, none of the cases
had any evidence of fungal/ bacterial or mycobacterial
etiology for bronchopneumonia.

A major breakthrough in the pathogenesis of
LCH was the identification of recurrent BRAF V600E
point mutations in approximately 60% of LCH lesions.®
Currently, the World Health Organization has officially
classified the entity as a hematolymphoid tumor.
Badalian-Very et al.,® detected this mutation in 57%
of their cases. Subsequently other series indicate
that 38-60% of LCH cases harbor this mutation .57
BRAF V600E mutations lead to the constitutive
activation of the RAS/RAF/MEK/ERK pathway, and
ERK activation is the universal endpoint from the
various pathological activation occurring upstream.
Therefore, LCH is now regarded as neoplastic disease.
Furthermore, their findings also indicated the existence
of other mutations or translocations, which can result
in MAP kinase pathway activation. Next-generation
sequencing of LCH lesions subsequently has identified
mutations in MAP2K 1,28 which occur in 50% of
BRAF wild-type cases, and mutations in ARAF,?° in
sporadic cases. Mutations in MAP2K1, that encodes
for the dual-specificity kinase MEK1 protein in the
MAP kinase pathway were subsequently identified
in 27.5% of LCH cases. BRAF V600E and MAP2K1
mutations were found to be mutually exclusive.*®
None of the cases in our series contained BRAF V600E
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mutation. Recently, this mutation has been proposed
to be associated with the most aggressive forms of
LCH.>"23" Qur finding is surprising, as all our cases
had multisystemic involvement with a fatal outcome.
However, it has also been reported that Asian patients
with LCH tend to show a lower rate of BRAF V600E
mutation with a frequency ranging from 20-24% in
different studies.?? In a recently published ten-year
retrospective data from our group on confirmed LCH
cases (2007-2017), we had analyzed 31 formalin-fixed
paraffin-embedded biopsy blocks/ cytology Cytoscrape
slides for BRAF V600E mutation by both RQ-PCR and
Sanger sequencing. Of these, 6/31 (19%) revealed
BRAF VV600E mutation, and all six had multisystem risk
organ disease. However, in overall 31 cases, 15 (48%)
had multisystem LCH, and 9 out of these were negative
for BRAF V60OE (unpublished data). The reason for the
absence of BRAF V600E might be the presence of other
mutations, including MAP2KT in our present cohort
of six autopsy cases, which needs to be looked into
larger prospective studies. In addition, the literature
highlights the presence of many other mutations in
LCH cases, and these non-recurrent mutations include
those in genes like ARAF,* ERBB3,” PI3KCA,** and
MAP3K 128 with frequency ranging from 17% to 27.5%
730 in cases with wild type BRAF. Another reason for
the absence of mutation might be that we did not use
low allele detection methods like digital droplet PCR
or deep sequencing by next-generation sequencing
technique, which have a very high sensitivity to pick
somatic mutations with low frequency. Detecting
these mutations (BRAF V60OE and MAP2K1) has both
prognostic and therapeutic relevance.?* Vemurafenib,
an inhibitor of BRAF, has already been shown to be
effective in the treatment of melanoma and hairy cell
leukemia that harbor BRAF mutations.

In conclusion, this autopsy series illustrates
the different patterns, extent, and sites of organ
infiltration in LCH. Some rare sites, which hitherto
have not been documented in the literature, have
been highlighted. This is particularly important as
such data gives important clues for early diagnosis and
timely intervention. Apart from testing for BRAF V600E
mutations, other mutations resulting in activation of
the MAP kinase pathway should also be assessed.

Key Messages:

eLangerhans cell histiocytosis has a variable clinical
presentation;
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eApart from its classic organ infiltration described in
reticuloendothelial system, skin and bones; it infrequently
may infiltrate heart, thymus, choroid plexus and testis;

e Pulmonary infiltration is seen as nodular bronchiolocentric
infiltration of LCH cells;

eLymphovascular emboli of LCH
uncommon, can also occur;

cells, extremely

eFrequency of activating BRAF V600E mutation is variable,
with some regions reporting a low frequency as was also
noted in this study.
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