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The term sarcoidosis, also known as Morbus Besnier-Boeck, was coined by the
Norwegian dermatologist Caesar Boeck in 1899 to describe the clinical features of this
granulomatous disorder. The word ‘‘sarcoidosis’’ is derived from the Greek words for
‘‘sark’’ and ‘‘oid’’, meaning ‘‘fleshy condition’’. These lesions are noncaseating
granulomas, a hallmark of sarcoidosis [1]. A more informative and still useful definition
of the disease, as reported at the World Congress in Kyoto in 1991 and updated since the
proclaimed definition dating from 1976, reads as follows: ‘‘Sarcoidosis is a multisystem
disorder of unknown cause. It commonly affects young and middle-aged adults and
frequently presents with bilateral hilar lymphadenopathy, pulmonary infiltration, ocular
and skin lesions. Other organs may also be involved. The diagnosis is established when
clinicoradiological findings are supported by histological evidence of noncaseating
epitheloid cell granulomas. Granulomas of known causes and local sarcoid reactions
must be excluded. Frequently observed immunological features are depression of
cutaneous delayed-type hypersensitivity and increased CD4/CD8 ratio at the site of
involvement. Circulating immune complexes along with signs of B-cell hyperactivity
may also be detectable. The course and prognosis may correlate with the mode of the
onset and the extent of the disease. An acute onset with erythema nodosum or
asymptomatic bilateral hilar lymphadenopathy usually heralds a self-limiting course,
whereas an insidious onset, especially with multiple extrapulmonary lesions, may be
followed by relentless, progressive fibrosis of the lungs or other organs. Corticosteroids
relieve symptoms and suppress inflammation and granuloma formation’’ [2].

As .90% of patients have involvement of the lungs and thoracic lymph nodes
sarcoidosis management is most often done by pulmonary physicians. However, most
physicians may encounter sarcoidosis in their practice. Therefore, a multidisciplinary
approach is mandatory. This chapter of the European Respiratory Monograph aims to
provide a ‘‘state of the art’’ for all those involved in the care and basic research of this
particular disease.

Scientific background

Epidemiology

Sarcoidosis is thought to be a disease of all races and ethnic groups, although the
incidence of this disease varies widely throughout the world [1]. This is attributed to
differences in predisposing human leukocyte antigen (HLA) genes and other genetic
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factors, environmental exposures, and surveillance methods. The highest incidence of
sarcoidosis in Europe has been reported from Sweden: 24 cases per 100,000 [3].
Incidence studies from the USA showed a remarkable higher incidence rate among black
compared with white Americans (35.5 cases per 100,000 compared with 10.9 per
100,000) [4]. In many epidemiological studies, females have a slightly higher incidence
compared with males, and in Scandinavian countries and Japan, besides a peak between
20–40 year of age, a second incidence peak in females over 50 yrs of age has been
reported [1, 3].

There are not only differences in incidence across ethnicities, but also marked
phenotype differences have been observed. For example, the Löfgren’s syndrome, which
is common in northern European countries, is very rare in patients of African or
Japanese origin [5–7]. Conversely, uveitis and cardiac involvement are especially
common in Japanese sarcoidosis patients.

Genetics

The familial associations in sarcoidosis have been reported for many years. Early twin
studies have shown a preponderance of monozygous (13 reported cases) over dizygous
twins (one reported case) concordant for sarcoidosis [8]. More recently, familial
aggregation of sarcoidosis was closely studied by RYBICKI et al. [9] in A Case–Control
Etiological Study of Sarcoidosis (ACCESS) in the USA. They found that patients with
sarcoidosis reported five times more often siblings or parents with this disease as
controls. Furthermore, a Danish and Finnish population-based twin study has reported
an 80-fold increased risk of developing sarcoidosis in monozygotic twins, whereas the
increased risk in dizygotic twins was only sevenfold [10].

These and other observations have led to the hypothesis that gene variants are
involved in the development of sarcoidosis or might affect disease presentation. Thus,
SCHÜRMANN et al. [11] investigated 138 individuals from 63 German families and used
microsatellite markers to identify areas of the genome linked to the disease. The most
prominent finding was that of linkage to a section within major histocompatibility
complex (MHC) on the short arm of chromosome 6 (including marker D6S1666). A
series of other studies were consistent and have shown associations between class II
MHC alleles and disease susceptibility or phenotype [12]. For example, HLA-
DQB1*0201 and HLA-DRB1*0301 are strongly associated with acute type sarcoidosis,
i.e. Löfgren’s syndrome, and a good prognosis [13]. Haplotype analysis including these
alleles and the tumour necrosis factor (TNF) promoter polymorphism -308A shows that
76% of Löfgren patients carry this haplotype compared with 24% of controls (odds ratio
9.9) [14]. Chronic and severe type sarcoidosis has been consistently associated with
HLA-DQB1*1501 and HLA-DQB1*0602 [13, 15]. Given the fact that antigen-
presenting cells are thought to initiate the formation of granulomas, these genetic
HLA-associations are as intriguing as difficult to prove causation. Decoding the
antigen-binding properties of the HLA class II peptide-binding grooves might, however,
help the identification of candidate (auto-)antigens in sarcoidosis [15, 16].

Of the reported genetic associations between sarcoidosis and non-HLA gene that are
based in the MHC region, only the TNF-308A allele has been shown to be consistently
associated with Löfgren’s syndrome across different populations in northern Europe
[17–19]. The question remains, however, if this TNF allele is causative, or if the
association is merely due to linkage across the MHC region. One of the most recent
associations of MHC based non-HLA genes has been reported by VALENTONYTE et al.
[20] in German sarcoidosis patients. A variant of the butyrophilin-like 2 gene (BTNL2)
was found to associate with sarcoidosis independently of variations in HLA-DRB1. The
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BTNL2 single nucleotide polymorphism (rs2076530 GRA) leads to the production of a
truncated variant of what is believed to be a co-stimulatory molecule, related to the
CD80 and CD86 co-stimulatory receptors, that could influence the T-lymphocyte
activation and regulation. The BTNL2 association was replicated in a US study on
white but not on black Americans [21]. A recent study by SPAGNOLO et al. [22], however,
questioned the independence of the BTNL2 association with sarcoidosis. They found
that the association of the rs2076530 A allele in British and Dutch sarcoidosis patients
disappeared after excluding patients with Löfgen’s syndrome and adjusting for HLA-
DRB1. Thus, the tight linkage disequilibrium (LD) across the HLA complex makes it
again very difficult to identify exactly the susceptibility locus for sarcoidosis in this
region. Larger sample sets from different ethnic groups, finer mapping, and more robust
LD analyses across the HLA region are required to resolve this problem.

Finally, many genetic variants of non-MHC based genes have been studied during the
last decade, but the results are largely inconsistent or not convincingly replicated so far
[23, 24]. Table 1 shows a summary of these studies.

Environment

Environmental factors may also have an important role in the aetiology of
sarcoidosis. There are various reports on spatial clustering of disease, e.g. living in
rural areas, occupations such as those involving fire, and latitude (north versus south of
Japan) [81, 82]. There is also an association between presentation of sarcoidosis and
season: cases with erythema nodosum present most commonly in the winter and early
spring months, in both the northern and the southern hemispheres [83, 84]. Recently,
exposure to photocopier toner dust was found to increase the risk of sarcoidosis in
African-American siblings [85]. This and other findings suggest a transmissable and
most likely airborne factor that triggers the disease [84, 86]. The concept of a
transmissable agent was also strongly supported by the Kveim–Siltzbach test [87]. The
characteristic alpha-beta TCR+ T-cell infiltrate in Kveim-induced granuloma consists
predominantly of CD4+ T-cells, and V beta gene sequencing has revealed marked
clonality and oligoclonality strongly suggesting a T-cell response to a single or limited
number of antigens in Kveim [88].

Through the years many potential micro-organisms or organic/inorganic substances
have been suggested to trigger sarcoidosis (table 2) [1, 89–94]. Two of the best studied
aetiological agents are propionibacterium species and Mycobacterium tuberculosis and
also other mycobacterial species, or its acid-fast cell-wall-deficient forms [95, 96].
Using PCR techniques, EISHI et al. [97] have retrieved propionibacterial DNA from
almost all lymph node biopsies of sarcoidosis patients from different cohorts in Europe
and Japan. Other groups have reported that serum samples from patients with
sarcoidosis contain antibodies to M. tuberculosis catalase–peroxidase (mKatG) in
y50% of cases, compared with 0% in controls [98]. In addition, CARLISLE et al. [99]
found evidence for a strong Th1 immune response to various mycobacterial antigens in
almost half of their sarcoidosis patients. Remarkably, the interferon (IFN)-c
production capacity of peripheral blood mononuclear cells of these subjects after
stimulation by mKat-G, early secreted antigenic target protein-6 and superoxide
dismutase A antigens showed a similar pattern to subjects with latent tuberculosis, as
opposed to purified protein derivative (PPD)-negative, healthy controls.

A role for mycobacteria in the aetiology of sarcoidosis was further supported by a
recent meta-analysis of 31 studies, including 875 sarcoidosis patients [100]. In
approximately one-quarter of cases, molecular evidence for the role of mycobacteria
was found [100]. Furthermore, a computer simulation study has recently suggested an
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Interestingly, there is evidence of oligoclonal expansion of T-cells at sites of disease.
For example, in Scandinavian subjects, remarkable expansion of AV2S3(Va2.3)+ T-cells
has been demonstrated in BAL fluid from HLA-DR17+ (now designated DRB1*0301)
patients. This finding supports the hypothesis that granulomatous inflammation in
sarcoidosis involves conventional antigen-driven responses [106–108]. Oligoclonal
expansion of other specific Vb+ or Va+ T-cell subsets has also been documented in
the lung, skin and blood of other patients with sarcoidosis [88, 109, 110].

Related to this ongoing immunological response the cells organise spatially into
immune granulomas. Granulomas, which are the pathological hallmark of sarcoidosis,
are usually non-necrotising, but occasionally necrosis is found [111]. However,
granulomas are a feature not only of sarcoidosis, but of many chronic interstitial
diseases, e.g. hypersensitivity pneumonitis, berylliosis and pulmonary Langerhans’ cell
histiocytosis [103].

Phase 3. Phase 3 involves the evolution of the granulomatous inflammation, which can
be classified as either spontaneous resolution or persistence of disease, i.e. a chronic
course of disease. Spontaneous resolution may be associated with a general down-
regulation of the immune response, but before this occurs it is likely that a critical
component of this outcome depends on clearance of the initial pathogenic antigen(s).
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Fig. 1. – Induction of the primary immune response in sarcoidosis. A yet unknown exogenous antigenic agent is
internalised and processed into peptides by antigen-presenting cells (APC). Peptides are loaded onto major
histocompatibility complex class II molecules and presented to T-cell receptors (TCR) of CD4+ T-lymphocytes (Th0)
in the context of co-stimulatory molecules (B7 to CD28, CD40 to CD40L). Two intracellular activation signals
subsequently lead to activation of the Th0 cells, which are polarised to T-helper type 1 (Th1) cells under the influence
of interleukin (IL)-12 and -18. HLA: human leukocyte antigen.
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Summary

Despite decades of research, sarcoidosis remains an enigmatic disorder in terms of
aetiology, and also its pathogenesis is only partly understood. The prevailing
hypothesis is that the disease is due to an altered or incomplete immune response to an
auto- or alloantigen, such as (in-)organic particles of dust, a virus or a bacterium, that
is inhaled into the lung of genetically susceptible hosts.
Sarcoidosis is probably not a single disease, but a constellation of granulomatous
diseases, each with its own triggering agent, a specific human leukocyte antigen
(HLA) background, and a shared multitude of genes involved in granuloma
formation and resolution. In particular, the acute form of sarcoidosis, i.e. Löfgren’s
syndrome, has a very strong association with HLA-DRB1*0301/DQB1*0201. In
addition, the onset of this syndrome is associated with spring, giving rise to
speculations concerning the trigging agent.
To date, there is no single and specific test for the diagnosis sarcoidosis. It depends on
the presence of compatible clinical, radiological and histological findings, and the
exclusion of well-known causes of granuloma formation. Recent advances in the
imaging of sarcoidosis include 18F-fluorodeoxyglucose positron emission tomography
and magnetic resonance imaging, especially for the detection of cardiac involvement.
Although there is still no curative treatment for sarcoidosis, there are several case
reports, some case series, and a randomised, controlled trial showing promising
results for the use of the tumour necrosis factor-a blocker infliximab, especially in
cases of severe and/or refractory disease. However, further studies are needed to
increase our knowledge on the optimal use of anti-tumour necrosis factor treatment in
sarcoidosis.

Keywords: Anti-tumour necrosis factor therapy, diagnosis, genetics, sarcoidosis,
treatment.
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