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Adult pulmonary Langerhans’ cell

histiocytosis
A. Tazi

ABSTRACT: Adult pulmonary Langerhans’ cell histiocytosis is a rare disorder of unknown

aetiology that occurs predominantly in young smokers, with an incidence peak at 20–40 yrs of

age. In adults, pulmonary involvement with Langerhans’ cell histiocytosis usually occurs as a

single-system disease and is characterised by focal Langerhans’ cell granulomas infiltrating and

destroying distal bronchioles.

High-resolution computed tomography (HRCT) of the chest is essential to the diagnosis,

typically showing a combination of nodules, cavitated nodules, and thick- and thin-walled cysts. A

high macrophage count in bronchoalveolar lavage (BAL) fluid is a common but nonspecific

finding that merely reflects exposure to tobacco smoke. BAL is useful for eliminating infections

and the other infiltrating lung disorders that can be seen in young adults. Langerhans’ cells can be

identified in BAL fluid, but, in contrast to what was initially hoped, this test shows a very low

sensitivity and is rarely useful in the diagnosis of the disease.

The definite diagnosis of pulmonary Langerhans’ cell histiocytosis requires identification of

Langerhans’ cell granulomas, which is usually achieved by surgical lung biopsy at a site selected

by chest HRCT. In practice, however, lung biopsy is performed on a case-by-case basis.

No effective treatment is available to date, and improved understanding of the mechanisms

involved in the pathogenesis of pulmonary Langerhans’ cell histiocytosis is urgently needed, and

should help in the development of specific therapeutic strategies for patients with this orphan

disease.

KEYWORDS: Bronchoalveolar lavage, cytokines, dendritic cells, high-resolution computed

tomography of the lung, histiocytosis, Langerhans’ cells

L
angerhans’ cell (LC) histiocytosis (LCH)
encompasses a group of disorders of
unknown origin with widely diverse clin-

ical presentations and outcomes, characterised by
infiltration of the involved tissues by large
numbers of LCs, often organised into granu-
lomas. The classification of LCH clinical patterns
developed by the Histiocyte Society is based
chiefly on the number of organs involved [1, 2].
Acute disseminated LCH (Letterer–Siwe disease)
is a severe multisystemic disease that predomin-
antly affects young children and less commonly
older adults and carries a poor prognosis [3–6].
Multifocal LCH is seen mainly in older children
and adolescents (Hand–Schüller–Christian syn-
drome or multifocal eosinophilic granuloma) and
runs a variable but usually more favourable
course [3–6]. Single-system disease (eosinophilic

granuloma and primary pulmonary histiocytosis)
is characterised by the involvement of a single
organ (bone, lungs or skin) and usually follows a
benign course and can regress spontaneously [3–
6]. Pulmonary involvement in patients with
multisystemic disease is rarely at the forefront
of the clinical picture, yet may be of adverse
prognostic significance [5]. Isolated or predom-
inant pulmonary involvement is the pattern
encountered by pulmonologists in adults and
has a number of specific epidemiological and
clinical features that warrant its individualisation
as a separate entity [7–9].

EPIDEMIOLOGY
Pulmonary LCH (PLCH) in adults is an uncom-
mon disorder that occurs almost exclusively in
smokers and for which accurate epidemiological
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data are not available. In an early series of .500 patients with
diffuse infiltrating lung disease, surgical lung biopsy showed
LCH in ,5% of cases [10]. Over a 6-yr period, COLBY and
LOMBARD [11] identified 15 cases of PLCH compared with 274
cases of sarcoidosis among patients evaluated at a referral
centre. More recently, in a 5-yr prospective study in 20
pulmonology centres in Belgium, 360 patients with interstitial
pneumonia were identified, of whom 3% had LCH [12]. A
study of discharge diagnoses in hospitals with .200 beds
found 160 cases of PLCH over a 1-yr period in Japan, with the
crude prevalence of the disease estimated at 0.27 and 0.07 per
100,000 population in males and females, respectively [13].
Although this survey carries some bias and was not compre-
hensive, these data at least confirm that severe PLCH is rare.
The prevalence of PLCH is, however, probably underestimated
because some patients exhibit no symptoms or experience
spontaneous remission, and histological findings are nonspe-
cific in the advanced forms. The wide use of chest high-
resolution computed tomography (HRCT) in the evaluation of
patients may lead to an increase in the number of patients in
whom PLCH is diagnosed.

A few familial cases of LCH have been reported [14], but
pulmonary disease occurs sporadically. Although PLCH has
rarely been described in Black patients [15, 16], no accurate
epidemiological data are available regarding racial differences.
The clinical and epidemiological features of PLCH in Asians
have recently been described [13].

PLCH predominantly affects young adults, with a frequency
peak at 20–40 yrs of age [6, 11, 13, 15–21]. Female patients may
be slightly older, particularly in the USA [15]. A marked male
predominance was initially reported [17], but, in more recent
studies, a similar proportion of males and females, or even a
slight predominance of females, was observed, particularly in
series from the USA [6, 11, 15, 16, 19, 21]. These differences
probably reflect smoking habit changes over time. Indeed, the
most striking epidemiological characteristic of adult PLCH is
that 90–100% of patients are smokers (often smoking
.20 cigarettes?day-1) [6, 11, 13, 15–22]. No other epidemi-
ological factors associated with PLCH have been identified.
Cases of PLCH have been reported after radiation therapy
and/or chemotherapy for lymphoma, most notably Hodgkin’s
disease [23–25].

CLINICAL PRESENTATION
PLCH is pleomorphic in its presentation [6–9, 11, 13, 15–21].
Despite diffuse lung involvement, symptoms can be relatively
minor or absent, and patients often initially attribute their
symptoms to smoking. The interval between the onset of
clinical symptoms and diagnosis is highly variable, but, on
average, is ,6 months [15]. The diagnosis is usually made in
one of the following three circumstances. 1) In ,25% of cases,
the disease causes no symptoms and is detected on a routine
chest radiograph. 2) Respiratory symptoms, mainly a dry
cough and, somewhat less frequently, dyspnoea on exertion,
are present in approximately two-thirds of cases and can be
associated with constitutional manifestations (asthenia, fever,
night sweats and weight loss). 3) Spontaneous pneumothorax
responsible for chest pain leads to the diagnosis in ,10–20% of
cases. The occurrence of pneumothorax seems more common
in young males, may occur at any time during the course of the

disease and may be bilateral and/or recurrent, raising difficult
therapeutic challenges [6, 11, 13, 15–21, 26, 27]. Pneumothorax
should also be excluded in any patient complaining of
increased dyspnoea.

Other infrequent presentations include chest pain resulting
from an associated rib lesion or wheezing. Haemoptysis is
uncommon and should not be attributed to PLCH until other
causes (particularly lung cancer in these smoking patients)
have been ruled out [8, 15, 16, 19, 28].

PLCH in adults is usually a single-system disease. In the large
majority of patients, there is no evidence for the involvement of
other tissues. Bone lesions (,20% of patients), diabetes
insipidus with polyuria and polydipsia, resulting from
infiltration of the posterior pituitary (5% of patients), and skin
lesions are the most common extrapulmonary manifestations
[6, 13, 15–21].

The result of physical examination of the chest is usually
normal, except in patients with pneumothorax, rib lesions or
advanced disease with signs of cor pulmonale. Rales are rarely
present and clubbing is exceedingly rare. In patients without
extrapulmonary involvement, the remainder of the physical
examination results are typically unremarkable.

RADIOLOGY

Chest radiography
A standard chest radiograph performed as a routine investiga-
tion leads to the diagnosis of adult PLCH in a substantial
proportion of cases [7–9]. The abnormalities vary with the
stage of the disease. Reticulomicronodular infiltration is
the commonest pattern [7–9, 29]. Cysts may be visible within
the infiltrates, which symmetrically involve both lungs,
predominating in the middle and upper lung fields and
sparing the costophrenic angles [29]. The infiltrates are often
extensive, contrasting with the mildness of the respiratory
symptoms. In contrast with most other diffuse pulmonary
infiltrating diseases, except lymphangioleiomyomatosis, lung
volumes are normal or increased. Pneumothorax or, more
rarely, a lytic lesion in a rib may be visible, providing valuable
diagnostic orientation. Fluid pleural effusion is not a feature,
and mediastinal adenopathy is unusual, although hilar
enlargement may occur in patients with pulmonary hyperten-
sion [7–9, 29, 30]. In advanced disease, nodular lesions are
sparse or absent, and cysts constitute the main radiographic
abnormality, sometimes producing an emphysema-like
appearance. Finally, in rare cases, the chest radiograph may
be normal (,10% of patients in an early series) [31].

High-resolution computed tomography
HRCT has proved a major breakthrough in the diagnosis of
PLCH, and is now mandatory when this condition is suspected
[7–9]. HRCT provides additional details about the parenchy-
mal elementary lesions, such as cavitation of nodules, which is
not readily visible on standard radiographs [30, 32]. Similarly,
the reticulation seen on standard radiographs is usually
produced by contiguous small pulmonary cysts. HRCT also
permits the demonstration of parenchymal abnormalities in
the rare patients whose chest radiographs are interpreted as
normal. The typical HRCT pattern combines small poorly
limited nodules, cavitated nodules, and thick- and thin-walled
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cysts (fig. 1). These changes affect both the peripheral and the
central parts of the lung fields. The lesions are focal, being
separated by parenchyma that appears normal, usually
predominate in the upper and middle lung fields, and tend
to spare the basal portions of the lungs. The distribution of the
nodules is centrilobular, reflecting the bronchiole-centred
development of PLCH lesions. As the disease evolves, cystic
lesions become a predominant finding (fig. 2). They vary in
size, although most are ,1 cm in diameter, and may be
isolated or confluent, sometimes mimicking centrilobular
emphysema. Longitudinal studies involving serial CT scans
have shown that radiological lesions progress over time from
nodules to cavitated nodules, then thick-walled cysts and
finally thin-walled cysts [33]. They have also shown that
nodules and cavitated nodules can resolve, whereas cysts
usually persist or enlarge over time [33]. Other findings in
PLCH may include ground-glass attenuation and linear
densities or emphysematous bullae secondary to cigarette
smoke exposure [30, 32]. Pleural fluid effusion is exceedingly
rare and mediastinal adenopathy unusual. Pulmonary artery
enlargement has been reported in some patients [30]. Finally,
HRCT is crucial for selecting surgical biopsy sites in those
patients who require this investigation.

PULMONARY FUNCTION
Pulmonary function abnormalities are variable and depend on
both the predominant anatomical lesions and disease duration
[7, 8]. Extensive radiological changes are not uncommon,
however, in patients with little or no pulmonary function
impairment. Pulmonary function is normal at rest in 10–15% of
patients [13, 16, 17, 19–21]. A reduction in the diffusing
capacity of the lung for carbon monoxide (DL,CO) is the most
common functional abnormality, being found in 70–90% of
patients [13, 16, 17, 19–21]. In the majority of patients, an
obstructive dysfunction can be observed. Low vital capacity
(VC), mild alterations in total lung capacity (TLC) and an
elevated residual volume (RV)/TLC ratio constitute a common
function testing profile. In a sizeable proportion of patients,
airflow limitation is present. Although most patients are
smokers, which may contribute to the observed abnormalities,
the degree of airway obstruction appears out of proportion to

total cigarette consumption and probably reflects the predom-
inantly bronchiolar location of PLCH lesions. Flow–volume
curve alterations are seen in ,50% of patients, and the ratio of
forced expiratory volume in one second (FEV1) to VC is low in
20–30% of patients with recent-onset PLCH, and in a far
greater proportion of patients with advanced disease [13, 16–
21]. An obstructive pattern in a patient with diffuse pulmonary
infiltrates is suggestive of PLCH. In a minority of patients,
pure restrictive dysfunction has been reported [16, 19–21].
Blood gas levels at rest remain normal for a long time; earlier in
the disease, exertion may cause alveolar–arterial oxygen
gradient elevation and hypoxaemia [16, 18], and this exercise
limitation in patients with PLCH has been ascribed to vascular
impairment [16].

The extent of the abnormalities detected by HRCT has been
correlated with DL,CO [30]. A detailed study comparing the
progression of HRCT findings and pulmonary function in
patients with PLCH is not currently available.

BRONCHOSCOPY AND BRONCHOALVEOLAR LAVAGE
The bronchial tree is normal on gross examination or shows
only nonspecific inflammation related to smoking. Bronchial
mucosa biopsy specimens are not helpful in the diagnosis of
PLCH but are useful in ruling out other diagnoses, most
notably in patients with atypical manifestations. Trans-
bronchial biopsy procedures may show PLCH provided
multiple specimens are obtained and examined extensively,
using immunohistochemical techniques if necessary [19, 34, 35].
Studies from the USA, where transbronchial biopsy is more
widely used in this setting, found diagnostic yields ranging only
10–40%, reflecting the focal distribution of the parenchymatous
lesions [19, 34, 35]. In addition, the risk of pneumothorax is
probably increased in patients with pulmonary cysts.

The number of cells recovered by bronchoalveolar lavage
(BAL) is usually increased, and cell counts of .16106

cells?mL-1 are common, with a marked predominance of
alveolar macrophages. This finding reflects cigarette smoke
exposure, and the macrophage count is strongly correlated
with the level of daily cigarette consumption [22]. Alveolar cell
counts are normal in the small minority of patients who are

FIGURE 1. High-resolution computed tomography scan of the chest in a

patient with pulmonary Langerhans’ cell histiocytosis, showing the typical

combination of nodules, cavitated nodules, and thick- and thin-walled cysts.

FIGURE 2. High-resolution computed tomography scan of the chest in a

patient with advanced pulmonary Langerhans’ cell histiocytosis, showing numerous

variably sized pulmonary cysts that are confluent in some places.
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nonsmokers. Differential BAL fluid cell counts may show a
moderate nonspecific increase in eosinophil numbers (usually
,10%) [7, 22]. The proportion of alveolar lymphocytes is
normal or diminished, and the CD4/CD8 ratio is decreased, as
is observed in smokers.

The identification of LCs among cells recovered by lavage
using monoclonal antibodies directed against CD1a (OKT6 or
equivalent) has previously been suggested to be useful as a
diagnostic test in PLCH [36–38], but more recent evidence
indicates that this approach can be disappointing and lacks
sensitivity. False positive results are common and the speci-
mens must be examined by an experienced cytologist. LC
densities of up to 3% can be recovered by lavage from cigarette
smokers without diffuse lung disease, and increased numbers
of LCs (up to 4% (unpublished data)) can be seen in patients
with diffuse interstitial lung disease associated with alveolar
hyperplasia (particularly diffuse pulmonary fibrosis) [7, 39]. If
the threshold of 5% LCs is used for the diagnosis of LCH in
adults, the specificity of the test is good but the sensitivity
appears to be quite low (,25% in the present author’s
experience). In most adults with PLCH, the proportion of
CD1a-positive LCs is similar to that found in smokers without
lung disease. It remains to be established whether the clinical
characteristics of patients with and without increased numbers
of LCs on lavage are different.

In practice, BAL rarely establishes a definite diagnosis of
PLCH in adults, but rather provides additional orientation by
showing high alveolar macrophage counts. It is of greatest use
in differential diagnosis in patients without typical radiological
findings. The test can be used to orient the diagnosis away
from interstitial lung diseases with more characteristic lavage
findings, and rule out certain pulmonary infections, such as
excavated forms of Pneumocystis carinii (recently renamed P.
Jiroveci) pneumonia, which may cause confusion in certain
cases [40].

ROUTINE LABORATORY TESTS
Standard laboratory tests are uninformative. A mild increase in
peripheral neutrophil counts related to smoking may be found,
but eosinophil counts are not elevated. Evidence of a systemic
inflammatory reaction (e.g. increased sedimentation rate) may
be present in occasional patients, but is typically absent. Serum
immunoglobulin levels are normal. Various autoantibodies
and circulating immune complexes have been found at low
levels but are of no diagnostic significance. In patients with
constitutional symptoms, serological tests should be per-
formed in order to rule out HIV infection. Serum levels of
angiotensin-converting enzyme are usually normal.

UNUSUAL PRESENTATIONS
Atypical forms of PLCH are very uncommon but raise major
diagnostic challenges. A variety of atypical radiographic
findings have been reported, including isolated nodules,
markedly asymmetric radiological abnormalities, air fluid
levels in cystic lesions, focal ‘‘alveolar’’ consolidation, pleural
effusion and mediastinal adenopathy [41–45]. Recently, rare
cases with extensive ground-glass opacities on lung HRCT
have been reported [46]. This ground-glass pattern seems to
reflect the extent of the histological respiratory bronchiolitis-
associated interstitial lung disease (RB-ILD)-like changes

related to smoking that are observed in the lungs of these
patients [46].

PLCH can be associated with severe pulmonary arterial
hypertension, and symptoms and haemodynamic features
similar to those seen in primary pulmonary hypertension can
dominate the clinical presentation [47]. The pulmonary
vascular lesions tend to predominate in the venules and may
produce a picture reminiscent of pulmonary veno-occlusive
disease [47, 48].

LUNG PATHOLOGY
Accumulation of activated LCs organised into loose granu-
lomas that develop in, and destroy, the distal bronchiole walls
is the pathological hallmark of PLCH. Lymphocytes and
inflammatory cells, including eosinophils and macrophages,
are also found.

In most respects, the morphology of LCs in LCH is similar to
that found in normal tissues [49]. Viewed using light
microscopy, LCs are moderately sized cells (15 mm in
diameter). They have a convoluted irregular nucleus and a
pale weakly eosinophilic cytoplasm that contains few, if any,
phagocytic particles. Cell type confirmation must be obtained
by immunohistochemical staining with monoclonal antibodies
directed against the membrane antigen CD1a or by electron
microscopic visualisation of Birbeck granules, which are more
numerous than in normal LCs [50–52] (fig. 3). The nature of
LCs present in the lesions can also be confirmed with an
antibody against langerin, a lectin specifically expressed by
LCs, including those in LCH lesions [53, 54]. Positive staining
for the intracellular S100 protein, although widely used in the
past to identify LCs, is not specific to these cells and can also be
observed in other cell types, such as neuroendocrine cells and
some macrophages.

The appearance of LCH lesions varies with the stage of the
disease and the tissue involved. In the lung, the lesions are
focal, poorly demarcated, separated by apparently normal
lung parenchyma, and centred on the terminal and respiratory
bronchioles, destroying the airway walls [7, 8, 11, 15, 17, 19]. In

FIGURE 3. Electron micrograph of a Langerhans’ cell in a Langerhans’ cell

histiocytosis lesion containing numerous Birbeck granules. Scale bar550 nm.
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view of this feature, PLCH resembles bronchiolitis rather than
a diffuse infiltrating lung disease. The granulomas are poorly
demarcated, however, and extend into adjacent alveolar
structures. In addition, these alveoli often contain an abun-
dance of pigmented macrophages, producing RB-ILD-like
changes or a desquamative interstitial pneumonia-like pattern
[11, 46]. In uninvolved areas, the lung architecture seems
normal, despite the common presence of nonspecific smoking-
related abnormalities (respiratory bronchiolitis, intra-alveolar
accumulation of pigmented macrophages and lymphoid
clusters infiltrating the alveolar walls). The pathological
features change over time, and lesions of various ages are
often found in the same lung biopsy specimen. Early lesions
are responsible for eccentric infiltration of the walls of terminal
and respiratory bronchioles, which undergo gradual destruc-
tion (fig. 4). Owing to their close anatomical association with
bronchioles, spread to adjacent arterioles is common, although
the disease is not primarily a vasculitis. LCs are abundant at
this stage and form a compact central granuloma with a large
number of lymphocytes located between the LCs and at the
periphery of the lesion. Inflammatory cells, mainly eosinophils
and macrophages, are also present in variable numbers.
Destruction of the bronchiolar epithelium occurs early in the
disease process, such that the bronchiole-centred development
of the lesions may be difficult to confirm on a single section.
Three-dimensional reconstruction of the lesions from serial
sections shows a granulomatous cuff spreading along the walls
of the distal airways [55]. Although early lesions often seem
cavitated, the cavity is the residual lumen of the bronchiole
destroyed by the granulomatous reaction and does not result
from tissue necrosis. Later in the process, the LCs are less
abundant and form clusters surrounded by lymphocytes and
inflammatory cells, including eosinophils, macrophages and a
smaller number of neutrophils. Lymphoid nests are often seen
peripherally at the interface with an incipient fibrous reaction.
Finally, in advanced disease, there are few or no LCs, and
macrophages containing pigment or lipid inclusions are found.
The lesions are replaced by stellar fibrotic scars or by confluent
and adjacent cystic cavities surrounded by a fibrous ring,
which, when confluent, can give a honeycomb aspect. Traction
emphysema contributes to the cystic appearance of advanced
lesions.

DIAGNOSIS
The definite diagnosis of LCH rests on the identification of an
LC granuloma in a tissue involved by the disease. Although
transbronchial biopsy may show LC granulomas in patients
with PLCH, histological documentation is more often obtained
by surgical biopsy (usually video-assisted thoracoscopy). The
biopsy specimens should be taken from sites at which HRCT
shows an abundance of nodules. Since the lesions are focal,
precautions should be taken to increase the diagnostic yield:
the specimens should be sufficiently large to ensure the
availability of adequate material; an extensive search for
specific lesions should be performed; and, whenever possible,
a tissue fragment should be frozen for immunohistochemical
studies aimed at identifying LCs. When no frozen tissue is
available, the specimens can be tested with the anti-CD1a O10
antibody, which reacts with LCs in LCH granulomas fixed in
formalin and embedded in paraffin [56, 57]. Features of
desquamative interstitial pneumonia- or RB-ILD-like patterns

may mask the LCH lesions, and the presence of these findings
should not discourage a meticulous search for pathological
changes specific to LCH [11, 19, 46, 58].

In patients with suggestive clinical manifestations, HRCT
findings are often sufficient to establish the diagnosis, such
that the need for surgical biopsy should be discussed on a case-
by-case basis by an experienced pulmonologist. A nodular and
cystic pattern predominating in the upper half of the lung
fields in a young asymptomatic smoker whose BAL fluid
contains high macrophage counts leaves little doubt as to the
diagnosis of PLCH. Conversely, in patients with systemic
symptoms and cavitated pulmonary nodules, as well as in the
rare pure nodular forms, there is a long list of differential
diagnoses, including mycobacterial infection, other infections,
sarcoidosis, Wegener’s granulomatosis, cavitated pulmonary
metastases, bronchiolar–alveolar carcinoma, septic emboli or
cavitated P. Jiroveci pneumonia. In females, pure cystic PLCH
may be difficult to differentiate from lymphangioleiomyoma-
tosis (ultrasonography and computed tomography of the
abdomen may show angiomyolipomas, thus supporting a
diagnosis of lymphangioleiomyomatosis) [59].

In practice, a presumptive diagnosis seems appropriate during
the initial work-up of patients with typical manifestations and
few or no symptoms, and the availability of HRCT has
expanded the number of cases in which this is an option.
Surgical lung biopsy can be performed during surgical
pleurodesis in patients with recurrent or persistent pneu-
mothorax. The present author’s group also perform lung
biopsy in females with isolated diffuse pulmonary cystic
lesions, symptomatic patients with predominant nodular
lesions who are being considered for systemic corticosteroids
and patients with atypical presentations. Conversely, in
patients with extensive destructive lesions, lung biopsy may
not be justified because of the excessive surgical risk entailed.
Finally, biopsy of an extrathoracic lesion, for instance in a bone,
may provide the diagnosis when the pulmonary manifesta-
tions are consistent with LCH.

COURSE AND PROGNOSIS
The natural history of the disease is widely variable, and
unpredictable in the individual patient [7–9]. Approximately
50% of patients experience a favourable outcome, either
spontaneously or with glucocorticoid therapy. Partial or
complete clearance of the radiological abnormalities occurs,
and any symptoms resolve. However, lung function tests may
show obstructive dysfunction. Approximately 10–20% of
patients have early severe manifestations, consisting of
recurrent pneumothorax or progressive respiratory failure
with chronic cor pulmonale. Finally, 30–40% of patients show
persistent symptoms of variable severity with conversion of
radiological nodules into thick-walled and then thin-walled cysts
that remain stable over time. Despite the apparent quiescence of
the disease in these patients with persistent stable cysts, LC
granulomas may be present in the pulmonary parenchyma [60].
Thus, long-term follow-up is mandatory and may detect
exacerbation of respiratory dysfunction after many years, or,
rarely, a relapse with recurrent nodule formation [61, 62].

Factors reported to predict adverse outcomes include onset of
PLCH at an old age, prolonged constitutional symptoms,
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recurrent pneumothorax, extrathoracic lesions (except for bone
involvement, which has no bearing on the prognosis), diffuse
cysts on imaging studies and severe pulmonary function
abnormalities on diagnosis (particularly abnormalities in the
FEV1 and FEV1/VC, and, to a lesser extent, in RV/TLC) [17, 20,
21]. None of these criteria is failure proof for predicting
outcome in the individual patient. Severe pulmonary hyper-
tension indicates a poor prognosis [47].

Pregnancy does not seem to influence the course of PLCH in
most patients. Exacerbation of LCH-related diabetes insipidus
has been reported during pregnancy [63, 64]. Thus, unless
there is severe respiratory failure, LCH is not a contra-
indication to pregnancy.

In addition to an association between LCH and lymphoma, a
high rate of primary lung cancer has been reported in patients
with PLCH, with continued smoking being a risk factor;
various other malignancies have also been found to occur at
increased rates [6, 21, 23, 24, 65–67].

TREATMENT
Since many patients with PLCH recover spontaneously or
remain in a stable condition without treatment, the effective-
ness of the various treatments used in this condition is difficult
to assess. In addition, the low incidence of PLCH is a major
obstacle to recruitment of a sufficient number of patients for
controlled therapeutic trials. In practice, no effective treatments
are available, and no randomised double-blind studies have
been published. The mortality rate is difficult to evaluate
because patients with minor symptoms are frequently lost to
follow-up. Thus, mortality is probably overestimated in long-
itudinal studies of patients with PLCH [20, 21].

The very tight association between PLCH and smoking
suggests a causal role for cigarette smoke. Therefore, smoking

cessation is mandatory. A smoking cessation programme may
be needed, as these patients are often heavy smokers.
Resolution of the disease after smoking cessation has been
reported [68, 69]. However, although likely, a beneficial effect
on long-term outcomes has not yet been established, and a few
cases of recurrence despite smoking cessation have been
reported [62]. Smoking cessation consistently reduces the risk
of primary lung cancer, cardiovascular disease and progressive
respiratory function impairment due to smoking-related
chronic obstructive pulmonary disease, which are common
events in patients with PLCH.

Glucocorticoid therapy attenuates the constitutional symptoms
and is advocated on empirical grounds in the treatment of
recent-onset symptomatic nodular PLCH, for instance as
prednisone or prednisolone at a starting dose of 0.5–1 mg?kg-1

?day-1 tapered over 6–12 months [7, 8]. It should be high-
lighted, however, that there are no evidence-based data for the
use of this treatment in PLCH. Although glucocorticoid
therapy may be associated with resolution of the symptoms
and radiological abnormalities, it has not been proven to
induce significant respiratory function improvement [18].
Glucocorticoid therapy has been associated with worse out-
comes in some studies, probably as a result of selection bias
towards severe forms of the disease [20, 21]. The present
author’s group reserve glucocorticoid therapy for patients with
symptomatic nodular disease, in the hope that this treatment
may accelerate the resolution of inflammatory granulomatous
lesions.

Cytotoxic agents (vinblastine and, less often, methotrexate) are
indicated in combination with glucocorticoid therapy in severe
multisystemic LCH. There is no evidence that these agents are
beneficial in adults with isolated PLCH. Although 2-chloro-
deoxyadenosine has been shown to be useful in cases of
refractory systemic LCH, an improvement in lung function in
patients with PLCH has not been clearly demonstrated [70–72].

Lower respiratory tract infection is a common cause of
respiratory status deterioration in patients with PLCH and
should lead to prompt and careful treatment. Pneumothorax
requires drainage. Pleurodesis may also be needed [27].
Pleurectomy is best avoided in those young patients who
may one day be candidates for lung transplantation. A number
of patients with very severe respiratory failure or major
pulmonary hypertension have been treated with lung transplan-
tation, with results similar to those found in patients with other
patterns of diffuse infiltrating lung disease [73, 74]. However,
recurrence of the disease in the transplant within the first year has
been reported, with possible risk factors being resumption of
smoking and extrapulmonary involvement [73–77].

Obstacles to defining the optimal follow-up strategy in patients
with PLCH include the limited symptoms in some patients
and, above all, the absence of effective treatments. A physical
examination, chest radiography and lung function tests should
be performed periodically, for instance at intervals of 3–
6 months. Changes in the chest radiograph should lead to
HRCT scanning. Although HRCT is useful for monitoring the
natural history of PLCH, the optimal frequency and impact on
management remain unclear. In particular, although the
severity of pulmonary abnormalities on HRCT scans correlate

FIGURE 4. Immunostaining (haematoxylin and eosin) of an early lesion of

pulmonary Langerhans’ cell histiocytosis with an antibody directed against CD1a.

The bronchiole wall is infiltrated and partially destroyed by numerous Langerhans’

cells. Scale bar525 mm.
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with DL,CO [30], no studies comparing HRCT and lung
function test results over time are available.

Typically, obstructive ventilatory dysfunction is associated
with worsening of the cystic lesions, which coalesce into
bullous-like images in patients with advanced disease.
However, since standard chest radiography is of low sensitiv-
ity for visualising pulmonary cysts, apparent radiographic
stability of the lesions, or improvement due to substitution of
cysts for nodules, is not infrequent in patients with gradually
worsening obstructive dysfunction. Doppler echocardiography
is useful for seeking pulmonary hypertension in patients with
unexplained dyspnoea or suggestive radiographic changes.

No reliable criteria are available for assessing the activity of
PLCH. HRCT is not entirely reliable for identifying inactive
disease because, even in patients with cysts as the only visible
lesions, granulomas may persist in the pulmonary parenchyma
[60]. Recent preliminary results suggest that scintigraphy using
indium-111 pentetreotide (a somatostatin analogue) may be
useful in assessing lesion activity, although larger studies are
needed to determine the role of this investigation in the
management strategy [78–80].

PATHOGENESIS
Since the aetiology of LCH is unknown, the pathogenesis of the
disease remains poorly understood. In addition, no animal
model is available for this disease, and, although the various
clinical patterns of LCH share similar histopathological
features, it is unclear whether similar mechanisms apply to
all forms of LCH. The tremendous progress achieved recently
in knowledge concerning the biology of dendritic cells (DCs),
however, has given important input into the understanding of
the mechanisms potentially involved in LCH [51, 52, 81, 82].

In PLCH, pathogenic hypotheses must take into account at
least three aspects: 1) the selective involvement of bronchioles
by the LCH lesions and the initial accumulation of LCs at this
site; 2) the ability of LC granulomas to destroy the bronchioles
that they infiltrate; and 3) the very strong epidemiological link
with smoking, as well as the low incidence of PCLH compared
with the prevalence of smoking in the general population. It
should be highlighted that a similar mechanism can be
involved at these different steps, leading to, for example, both
focal LC accumulation and the destructive effects of LCs on the
bronchiole wall.

Langerhans’ cell biology
LCs belong to the DC lineage, which forms a heterogeneous
population of mobile cells produced in the bone marrow and
whose main function is antigen presentation to T-cells [51, 52].
Since the 1990s, studies in which various haematopoietic
precursors were cultured in vitro with different combinations
of growth factors and cytokines have identified various DC
subsets [51, 52]. Myeloid DCs (DC1) differentiate from CD34-
positive myelomonocytic precursors in the presence of
granulocyte-macrophage colony-stimulating factor (GM-CSF)
and tumour necrosis factor (TNF)-a [83]. DC1 can also be
obtained from purified blood monocytes exposed to GM-CSF
and interleukin (IL)-4 [51]. These precursors can also give rise
to LCs, particularly in the presence of transforming growth
factor (TGF)-b, which plays a crucial role in LC differentiation

[84–86]. More recently, another DC subset derived from
lymphoid precursors (plasmacytoid DCs or DC2), whose
survival is dependent not on GM-CSF but on IL-3, was
identified in animals and humans [87]. Under certain condi-
tions, these cells can differentiate into LC-like cells [88], but the
exact correspondence of these differentiation pathways with
DC ontogeny in vivo is not completely established.

In contrast to DCs that are present in most tissues (i.e.
lymphoid organs, dermis, pulmonary parenchyma, etc.), LCs
are localised specifically in the epidermis and other mucosal
epithelia, including the epithelium of the airways [51, 52, 89].
These cells differ morphologically from other DCs by the
presence in their cytoplasm of specific organelles, Birbeck
granules, visible only by electron microscopy and involved in
internalisation of exogenous substances. LCs can also be
identified by the expression of the specific marker langerin
(CD207), a type II mannose lectin that is constitutively
associated with Birbeck granules [53]. Beside the circulating
precursors of LCs, it was recently shown that dermally
resident CD14-positive cells can differentiate into LCs [90–92].

The epithelial micro-environment is essential to LC recruit-
ment and differentiation, in particular through local secretion
of GM-CSF, TGF-b and the CC chemokine CCL20 (macrophage
inflammatory protein (MIP)-3a) [51, 84, 85, 93–102]. Other
factors, such as the expression of E-cadherin by both epithelial
cells and LCs, are important for the tissue homing of these cells
[103–105].

In the normal lung, LCs are virtually confined to the
tracheobronchial epithelium, where they form a well-de-
veloped network [50, 106]. Although LCs are extremely sparse
in the normal alveolar epithelium, these cells are present in the
alveoli of smokers and patients with pulmonary inflammation,
in areas of alveolar epithelial hyperplasia [107, 108]. In
addition, abundant LC infiltrates may be found in lung cancer
[108, 109]. Interestingly, the presence of LCs in these different
pathological situations was closely correlated with local GM-
CSF production by hyperplastic alveolar cells, or bronchial
tumour cells, strongly suggesting that GM-CSF plays a key role
in controlling the recruitment and/or differentiation of LCs in
the human lung [108].

LCs, like other DCs found in peripheral tissues, are immature
DCs and serve essentially as sentinels that take up antigens but
do not induce an immune response in situ [51, 52, 89]. In
response to various stimuli (particularly pro-inflammatory
signals such as lipopolysaccharide, TNF-a and IL-1b), these
cells migrate via afferent lymph ducts to the regional lymphoid
organs, where they stimulate the antigen-specific T-cells [110,
111]. This migration towards secondary lymphoid organs is
crucial to the induction of a specific immune response and is
strongly influenced by the chemokine gradient between the
afferent lymph ducts and the antigen introduction site [51, 52,
97, 98, 101, 112]. During their migration, LCs lose their Birbeck
granules, and switch their surface expression of the CC
chemokine receptor CCR6 to CCR7, the ligand of CCL19
(MIP-3b), the chemokine produced in secondary lymphoid
tissues. These cells lose their ability to capture antigens, and, in
response to additional signals, particularly CD40–CD40 ligand
(CD40L) interaction, become fully mature DCs that are able to
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secrete large amounts of IL-12 and efficiently activate T-
lymphocytes [81, 113]. Importantly, the micro-environment
exerts a strong influence on DC function at all steps of the
immune response and influences the elicitation of an efficient
immune response or tolerance (fig. 5). Thus, cytokines and
membrane signals delivered to DCs influence the functional
maturation of these cells, thereby directing the immune
response to an effective T-helper cell (Th) type 1 response,
or, conversely, to immune tolerance via activation of Th2
lymphocytes or regulatory T-lymphocytes [81, 82, 113]. Thus,
when pulmonary DCs from healthy animals are isolated and
incubated in vitro with T-cells, they preferentially induce a Th2
response and immune tolerance [106, 114]. Conversely, in the
presence of inflammation-inducing signals, such as those
emitted by microorganisms, cytokines such as GM-CSF or
TNF-a, or membrane interactions (CD40–CD40L), these cells
express costimulatory molecules and induce an effective Th1
cell-mediated immune response [106, 114, 115].

Consistent with their functional abilities, LCs, including LCs in
normal lung, express a surface phenotype of immature DCs
(table 1). In particular, these cells show little or no expression
of the costimulatory molecules CD40, CD80 (B7-1) and CD86
(B7-2) [50, 106, 114, 115]. Interestingly, although LC counts are
substantially increased at sites of alveolar epithelial hyper-
plasia and in some lung cancers, these cells remain negative for
CD80, CD86 and CD40 [115].

Bronchiolar LC accumulation in PLCH
In PLCH, numerous LCs accumulate in the bronchioles
involved by the pathological process. The lesions are focal,
involving some of the distal bronchioles but sparing others.
This distribution suggests that changes in the bronchiolar
epithelial micro-environment, presumably induced by cigar-
ette smoking, are essential to bronchiolar LC accumulation.
This bronchiolar infiltration by numerous LCs may be related to
LC recruitment of LC precursors, local LC proliferation and/or
decreased LC sensitivity to apoptosis-inducing mechanisms.

As pointed out previously, bronchiolar epithelial cells can
produce a number of mediators, most notably GM-CSF, known
to regulate the proliferation and differentiation of haemato-
poietic LC precursors and to enhance their survival in vitro
[108]. In very early PLCH lesions, the epithelium of involved

bronchioles produces larger amounts of GM-CSF than that of
uninvolved bronchioles from the same patient [116].
Interestingly, abundant GM-CSF production has also been
found in skin LCH lesions, and the LCs in these lesions
expressed the GM-CSF receptor [117]. In addition, intradermal
injection of GM-CSF into patients with leprosy is associated
with accumulation of numerous LCs at the injection site, and
skin from transgenic animals that overexpress the GM-CSF
gene contains far more epidermal LCs than skin from control
animals [95, 118, 119]. Finally, GM-CSF transfection into the
lung of mice promotes the differentiation and activation of a
myeloid DC population, primarily by acting on macrophages
during pulmonary immune responses [120]. Taken together,
these data strongly suggest a role for GM-CSF in the accumu-
lation of LCs within LCH lesions, particularly in the lungs.

Other mediators are produced by airway cells, however, and
probably contribute to this process. For instance, hyperplasia
of pulmonary neuroendocrine cells, producing peptides
analogous to bombesin, has been reported in patients with
PLCH, but the role of these cells in the pathogenesis of the
disease remains unelucidated [121–123]. Similarly, granuloma-
tous lesions of PLCH produce large amounts of TGF-b, which
is crucial to intra-epithelial LC differentiation [124]. Finally, in
two recent studies, CCL20 (MIP-3a) was shown to be produced
within bone and skin LCH lesions [125, 126]. Interestingly, the
LCs of these granulomas expressed both CCR6, and, surpris-
ingly, also CCR7 in one study [126]. Similar studies have not
been reported for PLCH.

The rapid destruction of the bronchiolar epithelium by PLCH
lesions indicates that nonepithelial factors must contribute to
the maintenance of the LCs within the granuloma. LCs
themselves produce many mediators, including GM-CSF, and
may contribute to perpetuation of the lesions via an autocrine
and/or paracrine mechanism [117, 122]. In addition, immuno-
histochemical studies of pulmonary LC granulomas have
identified several cytokines, of which some (including TNF-a
and IL-4) influence LC growth, survival and differentiation in
vitro, but their exact role in the pathogenesis of PLCH remains
to be determined [121, 122]. A dramatic improvement induced by
anti-TNF-a therapy in a patient with severe systemic LCH has
been reported [123]. Other aspects of the selective intrabronch-
iolar accumulation of LCs in patients with PLCH remain to be
investigated, including LC homing mechanisms and expression
of addressins or specific adhesion molecules [127, 128].

The ability of LCs to proliferate within LCH lesions is a matter
of controversy. The division rate of LCs within PLCH
granulomas is similar to that of normal bronchial epithelial
cells and far lower than that of lung cancer cells, suggesting a
limited role for cell division in LC accumulation within PLCH
lesions [129]. Conversely, at other sites, particularly in the skin
and bone, LCs within LCH lesions express the proliferation
marker Ki67, as well as other peptides involved in the cell cycle
[130].

The prolonged persistence of LCs within LCH granulomas
seems to be ascribable to a decreased sensitivity to mechanisms
inducing cell death by apoptosis [130–132].

A central point concerning LCH is whether the disease results
from a neoplastic process or is reactive to yet unidentified
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FIGURE 5. Comparison of the surface phenotype and inhibitory/activating

signal micro-environment of: a) immature, and b) mature dendritic cells (DCs). MHC

II: class II major histocompatibility complex; LC: Langerhans’ cell; CCR: CC

chemokine receptor; IL: interleukin; TGF: transforming growth factor; VEGF:

vascular endothelial growth factor; LAMP: lysosome-associated membrane protein;

TNF: tumour necrosis factor; CD40L: CD40 ligand.
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stimuli. Although LCs within lesions from patients with a
variety of clinical presentations originate in clonal prolifera-
tion, supporting a neoplastic origin [133–135], another study
suggests polyclonal expansion of LCs in the lungs of patients
with PLCH [136]. Thus, PLCH seems to be rather a reactive
process in response to one or more unknown stimuli.

In summary, a number of mechanisms contribute to the
accumulation of LCs within PLCH lesions, although LC
recruitment from precursors in the lungs and/or blood is
probably preponderant. The increased number of CD34-
positive precursors in peripheral blood from patients with
PLCH further supports this hypothesis [137].

Destruction of bronchioles by LC granulomas
In other situations characterised by LC accumulation within
the lungs (e.g. alveolar epithelial hyperplasia and some lung
cancers), the LCs do not induce tissue destruction and are not
associated with large numbers of inflammatory cells, two
important differences with PLCH [7]. A possible explanation
for the bronchiolar destruction seen in PLCH is that the LCs
are in a special functional state that allows them to induce a
local T-cell immune response with cytotoxic effects on the
bronchiolar epithelial wall and adjacent lung tissue. Consistent
with this hypothesis, apart from LCs, T-cells constitute the
main cell population that is present in early PLCH lesions. This
accumulation of T-cells occurs selectively within the specific
lesions and T-cell counts are not increased in the unaffected
parenchyma separating the granulomas [138]. As with cell-
mediated immune responses secondary to antigen stimulation,
these T-cells are primarily CD4-positive and express ab

antigen receptors, as well as early activation markers [138].
Using electron microscopic visualisation, the LCs in PLCH
lesions contain many more Birbeck granules, cytoplasmic
organelles that are involved in internalisation of exogenous
substances, than normal LCs (fig. 3) [138]. LCs in this condition
are seen to have close and differentiated membrane contacts
with lymphocytes, similar to those seen in cutaneous hyper-
sensitivity responses or when DCs are incubated with T-cells in
vitro [138, 139]. More recently, LCs in PLCH lesions were
shown to express a unique surface phenotype, which strongly
suggests that these are activated cells [115]. Thus, LCs in PLCH
lesions express CD80, CD86 and CD40, which are not found at

the surface of LCs from normal lungs or other pulmonary
lesions, such as alveolar epithelial hyperplasia or lung cancer
[115]. In addition, T-cells expressing CD40L are present in
these lesions, supporting the existence of local interactions
with LCs [115]. These data, however, are not a definitive proof
that these LCs are fully mature DCs and can induce T-cell
proliferation. Indeed, local production of IL-12 by these cells
has not been demonstrated, and the difficulty in isolating a
sufficient number of LCs from PLCH lesions for in vitro studies
has not permitted functional evaluation of these cells.

Interestingly, however, the micro-environment surrounding
LCs in PLCH lesions is conducive to local LC activation
(table 1). The cytokine profile (presence of GM-CSF, TNF-a
and IL-1b but absence of IL-10) is similar to that which
promotes DC maturation in vitro, whereas, in the other
pathological situations in which LCs exhibit an immature
phenotype, the opposite cytokine profile is found (presence of
IL-10 and absence of IL-1b) [51, 82, 114, 115, 140]. In summary,
LCs in LCH lesions clearly exhibit an unusual surface
phenotype, which suggests at least a partial maturation of
these cells. Further studies are needed to precisely evaluate the
functional abilities of these cells in PLCH granulomas,
particularly the local activation of T-cells present in these
lesions.

Apart from a putative T-cell cytotoxicity directed against
airway epithelial cells, mediators such as TGF-b and some
types of metalloproteinase are produced locally and may be
involved in the tissue remodelling, including cyst formation
and fibrous reaction, seen as the lesions change over time [124,
141].

The hypothesis that PLCH lesions result from an uncontrolled
immune response implies that one or more antigens induces
this response. To date, no candidate antigens have been
identified. A viral cause was hypothesised initially when
intramitochondrial inclusions were found in some granuloma
LCs, and a role for the human herpesvirus 6 was suggested but
not confirmed [135, 142–144]. Testing for the genomes of a
broad array of viruses within LCH lesions has yielded negative
results [135, 144].

Smoking and PLCH
The close association between smoking and PLCH strongly
suggests a role for tobacco smoke in the pathogenesis of this
disease. The role of smoking in triggering PLCH was high-
lighted recently by the finding that most children with
systemic LCH who developed PLCH in adolescence or
adulthood started to smoke before this event [145]. In addition,
in an animal model, one group reported accumulation of LC
clusters in mouse lungs exposed to tobacco smoke, but this
study has not been reproduced [146].

The details regarding how tobacco smoke triggers the
formation of PLCH lesions remain imprecise. An immune
response to a component of tobacco smoke has been suggested,
but, surprisingly, proliferation of blood lymphocytes from
patients with PLCH in response to tobacco glycoprotein was
found to be decreased compared with controls [147]. More
recently, the effects of nicotine on DC function were evaluated
and both stimulatory and inhibitory effects were reported [148,
149]. A direct effect of tobacco smoke, however, fails to explain

TABLE 1. Correlation between costimulatory molecule
expression by pulmonary Langerhans’ cells and
the cytokines produced in their micro-environment

Alveolar hyperplasia Lung carcinoma LCH granuloma

CD80 - - +++
CD86 - - +++
CD40 - - +++
GM-CSF + +/++ +++
IL-1b - - ++
IL-10 ++ ++ -

LCH: Langerhans’ cell histiocytosis; GM-CSF: granulocyte-macrophage

colony-stimulating factor; IL: interleukin. -: absent; +: some expression; ++:

moderate expression; +++: strong expression. Data from [114].
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the occurrence of PLCH in young children and, occasionally, in
adult nonsmokers. Another possibility is that the bronchiolar
epithelial cells are the target of the immune response in PLCH.
Thus, the development of hyperplastic or dysplastic bronch-
iolar lesions may be involved in both the accumulation and
activation of LCs in bronchioles, and, in addition, epithelial
cells may express neoantigens, making them the target of an
immune response. This hypothesis, which remains to be
proved, would explain the bronchiole-centred distribution of
the lesions, as well as the early destruction of the bronchiolar
epithelium. Smoking, a common cause of bronchiolar epithe-
lium alterations, may be a predisposing factor, but patients
with bronchiolar abnormalities related to other factors (e.g.
radiation therapy) may also be at risk of PLCH.

However, the low incidence of PLCH compared with the high
prevalence of smoking in the population at large strongly
supports the existence of host-related factors that predispose to
the development of this disease. Reports of recurrent disease in
lungs transplanted into patients with PLCH are further
evidence in favour of patient-related factors, the nature of
which remain to be determined [73–77].

CONCLUSION
Although some of the steps in the disease process that leads to
pulmonary Langerhans’ cell histiocytosis are beginning to
come to light, further work is needed to explain the different
aspects of the Langerhans’ cell granuloma. A key goal is
determination of the mechanisms involved according to the
location and clinical expression of the disease. Improved
understanding of the pathogenesis of Langerhans’ cell histio-
cytosis and, in particular, of the role of Langerhans’ cells
should ultimately lead to the development of rational treat-
ments for this orphan disease.
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