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ABSTRACT:

KEY WORDS:

Sarcoidosis is a chronic multisystem disease with variable
course resulting from the interaction between environmental
factors and the immune system of individuals genetically predis-
posed. The evidence linking sarcoidosis with environmental
triggers such as metals is increasing. We describe the case of
a 44 year old female with a history of smoking since age
30 and previous mercury dental filling who presented at
physical examination with numerous subcutaneous nodules.
Laboratory data showed accelerated erythrocyte sedimentation
rate and high titer of anti-U1 ribonucleoprotein antibodies (U1
RNP). Skin biopsy and chest X-ray suggested the diagnosis
of sarcoidosis. In this report we illustrate the different causes
involved in the onset of sarcoidosis.
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arcoidosis is a chronic multisystem disorder characterized by
S the formation of non-caseating granulomas that most com-
monly affect young and middle-aged individuals of both genders;
its overall prevalence is 10-20 per 100,000 people [1]. Whereas
Caucasians tend to present with asymptomatic and chronic
disease, Afro-Caribbeans and African-Americans, besides
being more frequently affected, are at higher risk of developing
severe forms of the disease [1]. Although the pathophysiology
remains obscure, it is likely that heterogeneous triggers lead to
the formation of granulomas involving multiple organ systems in
genetically susceptible individuals [1]. Clinical presentation and
long-term prognosis vary significantly according to the organ
involved. In up to 20% of patients, cutaneous lesions such as
macules, papules, plaques, nodules, infiltrated scars, subcuta-

neous lesions or lupus pernio can occur, often at the onset of
systemic illness [1]. Diagnosis is based on the combination of
clinical, radiographic and histologic features and the exclusion
of other known causes of inflammatory granulomas including
local sarcoid-like reactions [2]. Since there is no specific diagnos-
tic test, the diagnosis often remains uncertain. The differential
diagnosis may include granulomatosis with polyangiitis, giant
cell arteritis, systemic lupus erythematosus (SLE), polyarteritis
nodosa, and eosinophilic granulomatosis with polyangiitis [3].
The prognosis of sarcoidosis depends on different organ mani-
festations: if the central nervous system (CNS) or the cardiac
system is affected the prognosis gets worse. Thus, a multidisci-
plinary approach is necessary for the comprehensive care of the
sarcoidosis patient [3].

PATIENT DESCRIPTION

A 44 year old Caucasian woman first presented with sub-
cutaneous nodules, tremor of the hands, diplopia and arthralgia.
Apart from smoking and having a dental amalgam filling that
contained mercury, her history was unremarkable. She led
a sedentary lifestyle and worked as a hairdresser. Her family
history for autoimmune diseases included autoimmune
hypothyroidism, SLE and rheumatoid arthritis (RA). Clinical
examination revealed subcutaneous nodules, predominantly
on the arms and upper chest region. Laboratory workup was
normal except for the high sedimentation rate and high titers of
anti-Ul ribonucleoprotein antibodies (anti-U1-RNP). Despite
normal levels of angiotensin-converting enzyme and serum
calcium, the skin biopsy demonstrated typical non-caseating
granulomas compatible with sarcoidosis. With regard to
imaging studies, chest X-ray demonstrated bilateral hilar-
mediastinal lymphadenopathy (stage 1), and brain magnetic
resonance imaging (MRI) was normal.

Despite high anti-UIRNP antibodies, there was no other
clinical evidence to suggest the diagnosis of mixed connective
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Table 1. Several autoantigens related to common autoimmune diseases

Autoantigen

Remarks

Myasthenia gravis

nAChR

Antibodies in most MG patients [32]

MuSK

Antibodies in “seronegative” MG patients [33]

Diabetes mellitus type 1

Insulin Antibodies already in pre-diabetics [34]
1A-2 Antibodies in 50% of diabetics [35]
Glutamic acid Considered a biomarker for the early diagnosis of DM1 and related

decarboxylase (GAD 65)

inflammations [36]

Rheumatoid arthritis

Fc-part of
immunoglobulins
(rheumatoid factor)

Antibodies in > 80% of RA patients

Citrullinated antigens

Antibodies before and during disease course, specific B cells in
synovial fluid

Carbamylated antigens

Antibodies in 45% of RA patients [37]

Collagen

Antibodies to post-translationally modified forms [38]

65 kDa heat shock

Antibodies in RA patients

Sjogren’s syndrome

Ro/SSA and/or La/SSB

Primary SS negative for anti-Ro/SSA, and anti-La/SSB antibodies
appear to be characterized by a lower risk of lymphoma

Systemic lupus erythematosus

dsDNA

50-70% of SLE patients [39]

P ribosomal protein

Antibodies associated with psychosis and cognitive impairment
(NPSLE)

Phospholipids

Antibodies anti-B2GPI, LA, anti-cardiolipin [40]

Sarcoidosis

ZNF688 There is a narrow connection between Blau syndrome and early-onset
MRP-PL43 sarcoidosis as they are respectively defined as the familial and
NCOA2 sporadic forms of the same non-caseating granulomatous auto-
ARFGAPA1 inflammatory disease in children. Blau syndrome and early-onset

Serum amyloid A (SAA)
NOD2 (CARD15)

sarcoidosis are characterized by granulomatous arthritis, dermatitis,
uveitis and sometimes systemic involvement

MCTD

UTRNP

Raynaud’s phenomenon, puffy hands, arthritis, myositis, acro-
sclerosis

MG = myasthenia gravis, DM1 = diabetes myelitis type 1, SS = Sjogren’s syndrome,
SLE = systemic lupus erythematosus, LA = Lupus anticoagulant,
NPSLE = neuropsychiatric SLE, anti-2GPI = anti-p2glycoprotein |
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tissue disease (MCTD). Based on the high sedimentation rate
and progressive involvement of the lung and skin (she later
developed skin granulomas in other parts of the body), the
diagnosis of sarcoidosis was determined.

DISCUSSION

Sarcoidosis can be considered a multifactorial disorder resulting
from exposure of a genetically prone individual to an unidenti-
fied (probably environmental) antigen that triggers a Th1-type
cellular immune response leading to the formation of granu-

lomas. The clinical variability among different individuals and
populations of different ethnicity probably reflects the distinct
genetic backgrounds and environmental exposures [4]. Clearly
therefore, what is needed is a full understanding of the close
link between the distribution of autoimmune diseases across
different geographic regions (and ethnic groups) and the cor-
responding genetic and environmental factors that may trigger
the disease [2].

SARCOIDOSIS AND GENETICS

Concerning the association between sarcoidosis and genetic
susceptibility, it is well known that the genetic variants in mol-
ecules involved in antigen presentation - such as specific hap-
lotypes of the human leukocyte antigen (HLA) - are associated
with a greater risk of developing several autoimmune diseases
as well as sarcoidosis and that they vary among populations.
For instance, in the ACCESS study (A Case Control Etiologic
Study of Sarcoidosis) considerable differences were observed
in the distribution of HLA class II alleles between black and
white populations. Only the HLA-DRB1*1101 was associated
with sarcoidosis in both ethnic groups. Additionally, in the
same study the HLA-DRB1*1101, DRB1*1201, DRB1*1501
and DRB1*0402 were suggested to be the strongest alleles
predisposing to sarcoidosis [5]. Moreover, variants of the HLA-
DRBI locus are associated with disease course [6] and specific
organ involvement [7]. Ozylimaz et al. [8] found an intriguing
link between the haplotype HLA-DRB1*15 and sarcoidosis in
the Turkish Caucasian population and a potential protective
effect of HLA-DRB1*11 from extra-pulmonary involvement of
disease. Furthermore, Levin et al. [9] showed that carriers of
the HLA-DRB1*0301 had a decreased risk of extra-pulmonary
manifestations of sarcoidosis in non-thoracic lymph nodes,
eyes, skin and liver. On the other hand, the HLA-DR3 seems
to be associated with extra-pulmonary manifestations. Other
predisposing HLA include HLA-DRB1*0301 (acute sarcoid-
osis), HLA-DQB1*0201 (remitting disease), and DQB1*602-
DRB1*150101 (chronic active disease).

The genetic background of sarcoidosis has not been
completely depicted; nonetheless, non-HLA genes seem to be
involved in its onset. In this context, a number of studies showed
that several polymorphisms in genes encoding for cytokines,
chemokines and other molecules involved in the inflammatory
pathway, such as tumor necrosis factor-alpha (TNFa),
interleukin-1 (IL-1), interferon-alpha (IFNa) and CCR2, may
predispose to the development of sarcoidosis. Bordignon et al.
[10] suggested that TLR7 gene polymorphisms could be related
to disease severity. It is possible that other polymorphisms could
serve as protective factors against the disease.

SARCOIDOSIS, AUTOANTIGENS AND AUTOANTIBODIES
Antigen presentation is a pivotal step in host defense against
pathogens, or when the immune system is unbalanced, thus
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leading to the development of an autoimmune disease [11].
Autoantigens found in the most frequent autoimmune diseases
are shown in Table 1. One of the most interesting reports, by
Haggmark et al. [12], demonstrated the presence of several
sarcoidosis-associated autoantigens in the bronchoalveolar
lavage and in serum samples from patients with sarcoidosis.
The zinc finger protein 688 (ZNF688) and the mitochondrial
ribosomal protein (MRP-PL43) showed a higher frequency in
sarcoidosis patients, highlighting that these proteins could act
as autoimmune targets. In addition, high levels of antibodies
to the adenosine-diphosphate-ribosylation GTPase activating
protein-1 (ARFGAPAL1) and an increased reactivity toward
nuclear receptor coactivator 2 (NCOA?2) were found in patients
with sarcoidosis. It was proposed that serum amyloid A (SAA)
could be another antigen involved in the pathophysiology of
sarcoidosis. SAA may have a role in promoting the chronic
inflammation in sarcoidosis since it is found in epithelioid
granulomas. Moreover, by interacting with a diverse family of
receptors such as TLR2, RAGE, CD36 and FPRL1, SAA may
enhance the expression of several cytokines (TNF, IL-18, IL-10)
that are upregulated in sarcoidosis and enhance the sequestering
capability of sarcoid granulomas [13]. Hence, the persistence of
granulomatous inflammation in the lung in an experimental
model that received the protein supports the fact that SAA can
represent a sarcoidosis antigen.

Concerning antibodies, there is one report of two patients
who developed sarcoidosis a few years after being diagnosed
with mixed connective tissue disease (MCTD). In these
patients, the levels of anti-U1RNP antibodies increased as sar-
coidosis developed and decreased after appropriate treatment.
Although our patient described in the present report did not
meet the criteria for the diagnosis of MCTD, the finding of high
titers of anti-UIRNP is interesting. Indeed, the mere presence
of anti-UIRNP might be a factor associated with sarcoidosis
[14].

SARCOIDOSIS AND ENVIRONMENTAL FACTORS

Multiple infectious agents including viruses and fungi have
been suggested over the years as the etiologic agents of sarcoid-
osis. Many reports supported a role of either Mycobacteria or
Propioni bacteria in the pathogenesis of sarcoidosis [15]. In a
study by Eishi [16], the presence of DNA of Propionibacterium
acnes was detected in over 70% of tissues samples from Japanese
and European patients with sarcoidosis. It should be underlined
that P. acnes can be commonly found in healthy people as well.
Nonetheless, it was suggested that reactivation of a latent form
might occur in patients with hypersensitivity to P. acnes, favor-
ing sarcoidosis onset. Due to the pathologic similarities that
exist between sarcoidosis and tuberculosis (TB), Dubaniewicz et
al. [17] suggested that mycobacterial antigens such as heat shock
protein Mtb-HSP (especially Mtb-HSP65) may cross-react with
the human HSP (chaperone proteins produced in cells during

stress and after T cell activation), causing the development of
sarcoidosis. In genetically different individuals the same anti-
gens, especially Mtb-HSP65, may produce a different immune
response developing into acute (e.g., Lofgren’s syndrome) or
chronic stages of sarcoidosis, or TB. This suggests that not the
entire M. tuberculosis but its particular antigens, such as Mtb-
HSP70, Mtb-HSP65 and Mtb-HSP16, may take part in sarcoid-
osis pathogenesis through a mechanism of cross-reaction with
human HSP. Another example of M. tuberculosis involvement
in sarcoidosis was suggested by Song et al. [18]. Those authors
showed the presence of M. tuberculosis catalase-peroxidase
protein (mKatG) in lung tissues of approximately 50% of
patients with sarcoidosis, reinforcing the idea that mycobacte-
rial antigens may have a central role in the pathophysiology of
the disease [18].

Among other environmental factors, airborne antigens could
be other contributing elements to sarcoidosis onset since the
lungs, eyes and skin are the most frequently involved organs.
Tannuzzi et al. [19] suggested that exposure to inorganic par-
ticles and insecticides, and to tree pollen, and in general, living
in unhealthy environments may potentiate the risk of developing
sarcoidosis. Certainly, an occupational risk exists for metalwork-
ers, agricultural workers, health care professionals, people who
handle building supplies, and firefighters as demonstrated by the
increased incidence of sarcoidosis and other pulmonary diseases
among New York City Fire Department workers involved in the
2001 World Trade Center disaster [20]. In addition, crystal-
line silica, solvents and ultraviolet radiation can contribute to
the generation of autoimmune diseases. In this context, Sola
et al. [21] reported the interesting case of a male patient who
developed clinical features of the disease after exposure to the
anhydrous colloidal silica contained in a drug formulation for
hypertension. The mechanism of silica granuloma development
remains unclear. Skin granulomas are mainly localized in scars
and areas of previous trauma; thus, external agents may serve as
a stimulus for the establishment of granulomas. The Swaisgood
murine model showed that silica generates granulomas in the
lungs, given the predominant role of the respiratory tract in
processing external agents [22], possibly explaining why the
pulmonary system is usually involved in sarcoidosis.

During the past few years, a link was suspected between
metals and autoimmune disease. Pathophysiologically, the
exposure to some metals may produce similar symptoms to
those found in the autoimmune/autoinflammatory syndrome
induced by adjuvants (ASIA) which denotes a complex of signs
and symptoms that suggests a possible direct link between
adjuvants, including silicone and vaccine-adjuvants, and
“autoimmune’-like syndromes [23].

Today, there is insufficient evidence that exposure to metals
is associated with the development of any autoimmune disease.
Nevertheless, murine models of mercury-induced autoimmu-
nity suggested the possibility that the pathogenesis of an autoim-
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Figure 1. Hypothetical pathogenic pathways in sarcoidosis. Infections, autoantigens and other environmental factors may trigger an immune response in
a genetically prone individual leading to granuloma formation

GENETIC BACKGROUND

v Acute sarcoidosis: HLA-DRB1*0301

v Remitting disease: HLA-DQB1*0201, DRB1*0301

v Chronic active disease: HLA-DQB1*0602, DRB1*150101
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mune disease can be triggered by heavy metals. Stejskal [23]
suggested that mercury might serve as a potent adjuvant induc-
ing ASIA. Mercury is used for dental filling amalgam and, in the
past, was used as a treatment for syphilis and for toothache in
children. In people who carry dental amalgam, mercury appears
to be constantly released from amalgam surfaces as elemental
mercury vapors, and abrasions from mastication may cause fur-
ther mercury release [24]. Nonetheless, as mentioned above, it
is still not clear how mercury induces an autoimmune disorder,
although a relationship has been observed between the emission
of mercury from dental fillings and the onset of lichen planus,
a mucosal inflammatory autoimmune disease. Furthermore, a
few case reports of a possible relationship between the presence
of local skin granulomas and the local injection of mercury have
been published [25]. Mercury and other heavy metals may play
a double role, either by creating damage as toxic agents or by
producing immunological reactions. The allergic potential of
these compounds has also been demonstrated by several patch
tests as well as in vitro studies. Thus, it is possible that one of
the contributing factors to sarcoidosis developing in our patient
could be her previous mercury dental fillings.

Smoking is another crucial and controversial risk factor in the
disease. Interestingly, cigarette smoke seems to reduce the inci-
dence of sarcoidosis, as the increased number of alveolar mac-
rophages in smokers may determine a “protective” role. Indeed,
previous studies observed that alveolar macrophages could
inhibit the formation of sarcoidosis granulomas by hamper-
ing T lymphocyte proliferation [26]. More recently, the immu-
nomodulatory potential of nicotine was demonstrated: following
nicotine treatment, patients with active pulmonary sarcoidosis

exhibited the phenotype of asymptomatic patients. On the
other hand, in another study on 518 patients with sarcoidosis
followed over 5 years, Krell et al. [27] found that, especially in
female patients, smoking was a risk factor for the development
of extra-thoracic manifestations. According to this, it is possible
that our patient’s smoking habit contributed to the development
of her extra-pulmonary involvement.

SARCOIDOSIS AND OTHER AUTOIMMUNE DISEASES

Autoimmune diseases can be subdivided into organ-specific,
i.e., when the autoimmune damage is focused on a specific
organ, and systemic, i.e., when the disease affects a large num-
ber of organs and systems. Above all, autoimmune endocrine
disorders are often related to sarcoidosis; in particular, the asso-
ciation with autoimmune thyroid disease has long been recog-
nized. Interestingly, the pathogenesis of many organ-specific
autoimmune diseases such as type 1 diabetes, SLE, Crohn’s
disease, Sjogren’s syndrome, psoriasis, systemic sclerosis, and
even sarcoidosis may be partly explained by a feedback loop
mechanism promoted by Th1 lymphocytes in the thyroid gland.
In fact, Th1-mediated response enhances IFNy and TNFa
production, which in turn stimulates CXCL10 secretion and
consequently the CXCR3 binding, thus starting, amplifying and
perpetuating the autoimmune process. In a perspective case
control study, Malli et al. [28] found that of 68 patients with
sarcoidosis, 29.4% presented thyroid disorders and 16.1% had
clinical autoimmune thyroid disease. Hence, the presence of
thyroid autoimmunity was significantly more frequent in sar-
coidosis patients compared to controls, and increased thyroid
peroxidase antibodies (TPO-Ab) were widely associated with
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clinical autoimmune disease in sarcoidosis. Likewise, another
report described a patient affected by concomitant sarcoidosis,
Sjogrens syndrome, Raynaud’s phenomenon, waxy skin lesions
and previous ulcerative colitis. This complex condition was
therefore given the acronym “TOASSUC” (thyroiditis, other
autoimmunity, Sjogren’s syndrome, sarcoidosis, ulcerative
colitis).

Our case is interesting because of the family history of SLE
and RA. The concurrence of sarcoidosis and SLE is not common
but has been described [29]. Although an overlap between RA
and sarcoidosis rarely occurs, a few cases of sarcoidosis onset
following treatment with a TNFa inhibitor (etanercept) have
been reported. The mechanism could be related to the specific
binding pathways of the drug determining the formation of
non-caseating granulomas [30]. Thus, sarcoidosis can be con-
sidered a consequence of several autoimmune disorders that
present a common immunopathogenetic mechanism (autoan-
tibody production including rheumatoid factor and antinuclear
antibodies); this mechanism has yet to be elucidated [31].

CONCLUSIONS

In this case report, we focused on the different pathways that
cross each other, leading to the onset of sarcoidosis. Firstly,
we examined the need for a predisposing genetic background,
including individual susceptibility and a family history of auto-
immunity. Then, environmental factors, chronic infections and
chemical compounds are likely to induce the disorder more
frequently in such predisposed individuals. In our case, a posi-
tive family history for autoimmunity, smoking habit and possibly
external agents may have interacted, causing the formation of
skin granulomas as an early feature of sarcoidosis [31]. Lastly, the
presence of anti-U1RNP antibodies in sarcoidosis may represent
a specific subgroup associated or not with MCTD. The identifica-
tion of responsible triggering factors as well as the contributing
genes will be fundamental to the management of patients with
this disorder. Furthermore, avoiding exposure to potentially
harmful environmental factors appears to be an important factor
to avert perpetuation of the disease.
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