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Summary Differentiating between sarcoidosis as an
autonomous disease and sarcoid-like reactions requires
considerable efforts. The epithelioid cell granuloma is
not equivalent to sarcoidosis because it may be identi-
fied in a number of infectious and noninfectious disor-
ders, including neoplastic diseases. At the current state
of knowledge, accurate distinction between different
causes of epithelioid cell granulomas is in many cases
not possible. Despite being characteristic of sarcoidosis
and sarcoid-like reactions, the epithelioid cell granu-
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loma is not their synonym, as numerous other causes
can give rise to such a type of granulomatous infiltrate.
Its etiology should be sought through careful additional
investigations, including the genetic signature of both
conditions.

Sarcoid-like reactions may be grouped generally into
several subtypes. The differentiation between each one
of them requires a certain combination of diagnostic
tests. The major objective of these tests is to exclude or to
prove the presence of an infectious, tumoral, or immu-
nogenic antigen on the one hand, and to characterize
the genetic profile of the affected patients (for example,
sarcoidosis-specific genes) on the other. Only thus may
one accurately differentiate between the two pathologic
conditions described earlier in the abstract.

The clear differentiation between sarcoidosis as a sep-
arate disease and sarcoid-like pathologies leads to the
more precise clarification of the final diagnosis, which
may in turn allow for a more appropriate therapy and
improvement in the quality of life of the patients. Equat-
ing sarcoid granulomas with sarcoidosis can lead to seri-
ous consequences in a number of patients. Sadly enough,
after scrutinizing the current available data in the world
literature, one cannot find criteria to allow such distinc-
tion in a high percentage of the investigated cases.

This critical review provides a completely new patho-
genetic and diagnostic algorithm, helping in the differ-
entiation between the disease sarcoidosis and the sar-
coid-like pathologies with different etiology. An update
on the inclusion criteria from the ATS/ERS/WASOG
(American Thoracic Society/European Respiratory Soci-
ety/World Association of Sarcoidosis and other Granulo-
matous Disorders) statement (which at the current state
of knowledge seems to be ineffective) for the diagnosis of
sarcoidosis is also suggested.

In conclusion, molecular mimicry may be seen as
the main pathogenic generator not only of sarcoidosis
but also of sarcoid-like reactions. A completely new and
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exact definition of the notion of or the sarcoidosis disease
itself will be possible only after

1. defining the genetic risk for the development of sar-
coidosis as an autonomous disease and supplement-
ing the sarcoidosis consensus of ATS/ERS/WASOG
from 1999 with this important information, and

2. defining the notion of a sarcoid-like reaction and its
subforms.

Keywords Sarcoidosis - Sarcoid-like reactions - Molecu-
lar mimicry - Tumor - Infection

Sarkoidose versus sarkoidale Reaktionen: Zwei
Seiten einer Medaille?

Zusammenfassung Die Unterscheidung von Sarkoidose
als eigenstdndiger Erkrankung und sarkoidaler Reak-
tion erfordert erhebliche Anstrengungen. Der Nachweis
epitheloidzelliger Granulome ist nicht der Diagnose
einer Sarkoidose gleichzusetzen, da diese bei einer Viel-
zahl von infektidsen und nicht infektiosen Erkrankun-
gen, einschliefllich der Tumore, auftreten konnen. Mit
unserem derzeitigen Wissensstand ist die exakte Diffe-
renzierung beziiglich ihrer Ursachen aus nicht immer
moglich. Obwohl die epitheloidzelligen Granulome cha-
rakteristisch fiir Sarkoidose und sarkoidale Reaktionen
sind, kénnen zahlreiche andere Ursachen fiir ihre Ent-
stehung verantwortlich sein. Thre Atiologie sollte durch
sorgfiltige zusétzliche Untersuchungen einschliefilich
der genetischen Signatur beider Erkrankungen geklért
werden.

Sarkoidale Reaktionen konnen in verschiedene Sub-
typen klassifiziert werden. Deren Unterscheidung bedarf
einer gewissen Kombination der Untersuchungsverfah-
ren. Hauptanliegen dieser Untersuchungen ist die Veri-
fizierung bzw. der Ausschluf infektioser, tumoraler oder
immunogener Antigene einerseits und die Beschreibung
des genetischen Profils des betroffenen Patienten (z.B.
sarkoidose-spezifische Gene) andererseits. Nur hier-
durch wird eine exakte Differenzierung beider Patholo-
gien (Sarkoidose, sarkoidal) méglich.

Die eindeutige Differenzierung von Sarkoidose und
sarkoidaler Reaktion als verschiedene Erkrankungen
erlaubt eine prizisere Diagnose, eine zielgerichtetere
Behandlung und die Verbesserung der Lebensquali-
tdt der Patienten. Umgekehrt kann die Nichtbeachtung
dieses Grundsatzes zu ernsten Konsequenzen fiir betrof-
fene Patienten fiihren. Leider ist bietet die wissenschaft-
liche Weltliteratur bislang keine Kriterien, die eine klare
Unterscheidung beider Pathologien bei einem hohen
Prozentsatz der Patienten erlaubt.

Diese kritische Ubersicht entwickelt einen komplett
neuen pathogenetischen und diagnostischen Algorith-
mus zur Differenzierung von Sarkoidose und sarkoida-
ler Reaktion verschiedener Atiologien. Ein Update der
EinschluBkriterien der ATS/ERS/WASOG (American
Thoracic Society/European Respiratory Society/World

Association of Sarcoidosis and other Granulomatous
Disorders) fiir die Sarkoidose-Diagnose wird ebenfalls
vorgeschlagen.

Schlufdfolgerungen: Molekulare Mimikry kann als
wesentlicher Motor nicht allein fiir die Sarkoidose, son-
dern auch die sarkoidale Reaktion angesehen werden.
Eine komplett neue und exakte Definition der Diagnose
Sarkoidose wird nur dann moglich werden, wenn:

1. Das genetische Risiko der Sarkoidoseentwicklung
bestimmt und der Konsensus der ATS/ERS/WASOG
von 1999 implementiert wird.

2. Die sarkoidale Reaktion und ihre Subtypen bestimmt
werden.

Schliisselworter Sarkoidose - Sarkoidale Reaktionen -
Molekulare Mimikry - Tumor - Infektion

Sarcoidosis or a sarcoid-like reaction

Currently, anumber of authors hold the belief that sarcoid-
osis may be viewed as a kind of paraneoplastic disease,
morphologically characterized by the manifestation of
epithelioid cell granulomas of variable location [1-3]. This
view has been the major cause of many problems related
to the interpretation of the available data in current-day
literature: are we discussing sarcoidosis or a sarcoid-like
reaction? The most common modern understanding is
that in predisposed subjects, sarcoidosis may be induced
by a cross-reaction to de novo-appearing tumor antigens
or immunogenes, which are, as a rule, noninfectious
structures or proteins with diverse nature (bacterial, viral
antigens, and other inorganic components) in the tissue
[3, 4]. There are no investigations that may serve to indi-
cate the degree to which a certain genetically determined
form of sarcoidosis—as an autonomous disease—is asso-
ciated with various types of tumors. In most cases, the
authors associate epithelioid cell granuloma with sarcoid-
osis [5, 6]. Data related to the identification of the respec-
tive tumor antigens in sarcoid granulomas in patients
with a concomitant neoplasm are also hard to come by
[7]. Some authors describe such cases and make us think
whether in many instances, the conditions identified as
sarcoidosis are indeed sarcoidosis as an autonomous dis-
ease or, instead, a sarcoid-like reaction [7-10].

The percentage of cases described in the literature
that may relate to the generation of a sarcoid-like reac-
tion to tumor microantigens in the tissue is also unclear
[7, 9, 10]. As there are no specific tests or algorithms to
confirm these hypotheses or assertions, skepticism is
appropriate. The major question is as follows: sarcoid-
osis or sarcoid-like reactions? Such roundabout ways, or
bearing points, should have two major objectives based
on the well-known fact that, as a rule, sarcoidosis is a
noncontagious disease [11]. Secondly, the patients suf-
fering from sarcoidosis should be genetically predis-
posed, and this predisposition should be proved [12, 13].
Even the genetic predisposition criteria have been not
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added to the sarcoidosis inclusion criteria. In itself, such
verification requires the implementation of certain new
diagnostic panels containing a sufficient amount of data,
the subsequent interpretation of which should lean the
scales in favor of one or the other of these claims [11-15].

Subtypes of sarcoid-like reactions and panels for
the identification and correct assessment of the
reaction and the type of the disease

1. The sarcoid-like reaction can be the result of a local
reaction to certain infectious antigens (leprosy, cer-
tain forms of leishmaniasis, deep fungal infections,
tertiary syphilis, atypical (nontuberculous) myco-
bacterial infections, etc.) [16, 17]. Practically, in such
cases, one observes a sarcoidal granulomatous infil-
trate to a given specific infectious antigen [16, 17].

2. However, sarcoid-like reactions are also known to
occur in association with antigens of noninfectious
nature (tumor antigens, inorganic substances). The
differentiation of this subtype of sarcoid reactions is
possible only when based on an additional genetic
analysis and more specifically in the course of proving
the presence—or absence—of disease-specific genes
for sarcoidosis, for example [11-13]. With this subtype
of reactions, the problems relating to the interpreta-
tion of the reaction’s pathological mechanisms spring
from the fact that these key pathogenic antigens may
be identified in the sarcoidal granulomas, but they
may also be identified in sarcoid-like reactions [3].

Thinking of the future, it might be of significant
benefit to categorize genes that may serve to charac-
terize the sarcoid-like reactions, or to establish the
degree to which genetic polymorphisms described in
the literature conform to a case of sarcoidosis as an
autonomous disease or are more characteristic of the
sarcoid-like reactions.

3. The third subtype of sarcoid-like reaction may be
observed in association with immunogenic but non-
infectious antigens, possibly relating to an infectious
disease suffered in the past or a secondary contami-
nation or incorporation of such antigens in the tissue
(bacterial, viral antigens in the tissue proven by, for
example, polymerase chain reaction (PCR) or immu-
nochistochemistry) [6].

Regarding this group of patients, it is highly recom-
mendable or obligatory to try to apply or establish
genetic maps for the exclusion of disease-specific
genes for sarcoidosis [11-13], and they are probably
the only possible way to differentiate sarcoidosis as
an autonomous disease [11-13]. This type of sarcoid-
like reaction should be the most difficult to separate
because it demands a number of additional tests for
the identification of the respective bacterial, viral, and
parasitic antigens.

Differentiating the diagnosis of sarcoidosis from a sarcoid-
like reaction, within the framework of clinical practice,

is often very problematic, particularly when one is faced
with the absence of additional data supplied by certain
diagnostic tests, namely: (1) (see Table 1), which is aimed
at identifying a sarcoid-like reaction—cultures, immu-
nohistochemical staining, and PCR in the tissue—the
major objective of which is the identification of a given
pathogenic agent, the force of its infectious effects, and its
immunogenic features [6, 18, 19]; and (2) (see Table 2)—
serological and genetic tests aimed at proving the presence
of sarcoidosis as an autonomous disease (for example,
angiotensin-converting enzyme, HLA/non-HLA alleles,
disease-specific genes for sarcoidosis) [11-13, 19].

In addition, (see Table 3) might (1) pursue the objective
ofidentifying tumor microantigens in sarcoid granulomas
in the case of a known associated tumor, or (2) attempt
to identify a certain type of tumor antigens in the case of
a neoplastic disease that is unknown by the time of the
diagnosis of the granulomatous reaction [7, 8].

Data in the literature on the aforementioned issues are
frequently contradictory [6]. For example, the question
remains as to whether the proven presence of spirochetes
in Western Austria in cases diagnosed as sarcoidosis actu-
ally represented sarcoidosis or, alternatively, a sarcoid-
like reaction to certain bacterial antigens that have been
able to retain their immunogenic properties [6]. Given the
absence of genetic analysis in these cases, it is unavoidable
that this question will remain without an answer [11-13].

After careful analysis of the greater part of the single
cases and case series of sarcoidosis published during the
past 15 years, one comes to the conclusion that the dif-
ferentiation between sarcoidosis as an autonomous dis-
ease and sarcoid-like reactions frequently has not been
accurately performed [20, 21]. In the publications from
the past several years, the claims raised by many colleges
are becoming more differentiated and accurate [22-25].
Cases are no longer described as sarcoidosis associated
with a given type of tumor but rather as a sarcoid-like
reaction associated with a neoplasm [25-33]. The need
for a genetic analysis as a means to define the individ-
ual susceptibility to the development of sarcoidosis in
such patients is of particular importance and attracts a
growing number of adherents [11-13]. It would be highly
beneficial if future research be directed toward the char-
acterization of a new genetic profile, namely that of the
patients with sarcoid-like reactions and sarcoidosis.

The implementation of certain additional standard
diagnostic panels could be an important step forward
in solving the enigma presented by these cases. Proving
the existence of disease-specific genes for sarcoidosis
in the respective geographical regions could support a
more accurate differentiation between sarcoidosis and
sarcoid-like reactions.

Epithelioid cell granuloma: algorithm for clinical
behavior

The role of certain infectious antigens in the pathogene-
sis of sarcoidosis has been the subject of spirited debates.

@ Springer

Sarcoidosis vs. Sarcoid-like reactions: The Two Sides of the same Coin? 249




Table 1 Screening to reveal some infectious antigens in patients with sarcoid-like reaction

Infection Investigations

Borrelia bur-

dorferi or immunofluorescence assay (IFA)

If positive results and sign/symptoms <30 days, confirm with IgM

and lgG Western blot
If positive results and sign/symptoms
> 30 days, confirm with 1gG Western blot

Mycobacterium
tuberculosis

Screening

Tuberculin skin test (TST)

Interferon gamma release assay (IGRAS)
QuantiFERON-TB Gold In-Tube test
T-SPOT.TB test (T-Spot)

Diagnosis

Ziehl-Neelsen staining of sputum

Serologic testing with enzyme-linked immunosorbent assay (ELISA)

Comments Reference

False negative with early disease

False positive with other infections (e.g., syphi-
lis) or noninfectious disease (€.g., rheumatoid
arthritis)

Wormser et al. [50]

TST and IGRAs should be used in the diagnosis
of M. tuberculosis infection

Prefer IGRA in patients with low compliance to

TSTs (e.g., drug users and homeless subjects)

or who have received bacillus Calmette—Guérin
Prefer TST in children aged

5 years

Mazurek et al. [51]

Polymerase chain reaction (PCR) to reveal DNA of M. tuberculosis
Culture for acid-fast bacili has the higher specificity but is slow to

obtain (up to 8 weeks)
Additional tests
Chest RX (Chest radiography), abdomen ultrasound, computed

tomography or magnetic resonance imaging (based on the affected

organs)

Mycobacterium

leprae biopsy)

Fite’s acid-fast stain to detect acid-fast bacilli (nasal smears, skin

Anderson et al. [52]

Serologic assays to reveal phenolic glycolipid-1 and lipoarabino-

mannan (the first specific for a M. leprae infection)
PCR

Leishmaniasis ELISA or IFA for recombinant K39 antigen

Kubar et al. [53]

Isolation of parasites from affected organs and confirmation with

PCR

Serologic tests (IgM and IgG against coccidioides)
Skin test (injection of antigen preparation)

PCR

Culture of microorganisms isolated from specimens

Coccidioidomy-
cosis

A number of authors believe that some infectious anti-
gens—like mycobacteria, propionibacteria, human her-
pes virus 8, hepatitis viruses, and others—are capable of
provoking sarcoidosis in genetically predisposed individ-
uals [34-38]. Some perplexing literary data, for example,
offer information about a conveyable antigen, capable
of causing sarcoidosis after transplantation [39-40]. It is
highly unlikely that this may include patients with similar
predisposition to the development of sarcoidosis. In this
case, it would be more appropriate to speak of a sarcoid-
like reaction with an obscure genesis (Figs. 1, 2, and 3).

As far as sarcoidosis and the sarcoid-like reaction
is concerned, the role of each separate pathogenetic
inducer could be clarified thanks to additional diag-
nostic steps taken to reveal whether the case at hand is
(1) an infectious type of antigen or only an (2) immu-
nogenic antigen that lacks infectiousness. In case the
results obtained prove to be negative (both for infectious
and noninfectious, but still an immunogenic agent), one
should think firstly of the epithelioid cell granuloma
resulting from cross-reactivity to possible tumor macro-
or microantigens or some other inorganic compounds.
In other words, the entire screening of the patients as
well as immunohistochemical staining in lesional tis-
sue that may contribute to establish the presence or
absence of infectious or tumoral microantigens becomes
mandatory.

PCR: high sensitivity and specificity
Culture: mean growth of microorganisms—3
days

Blair [54]

It follows, therefore, that it would be particularly diffi-
cult to differentiate between a case of sarcoidosis associ-
ated with a neoplasm and a sarcoid-like reaction within
the framework of the tumoral disease itself. The latter
hypothesis appears to be logically better placed, at least
in the absence of available data supporting a genetic
background of sarcoidosis.

Despite the fact that the available literature does
not present data on more than 60% of the cases—
information that could serve to differentiate between
the two possibilities described earlier in the text—all
of them have been described more like a sarcoidosis
disease potentiated by the effects of immune suppres-
sion therapy [41, 42]. Although the etiology of sarcoid-
osis remains unknown, recent molecular, genetic, and
immunologic studies strengthen the association of sar-
coidosis with infectious antigens [42]. Currently, the
most strongly associated agents include Propionibac-
terium and Mycobacterium species [42]. Independent
studies report the presence of microbial nucleic acids
and proteins within sarcoidosis specimens [42]. Unfor-
tunately, the genetic background of the patients from
these investigations has not been added to the interna-
tionally accepted inclusion criteria for the diagnosis of
sarcoidosis.

Of considerable interest has been a recent publica-
tion of a randomized, placebo-controlled research,
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Table 2 Genes that have most frequently been involved in sarcoidosis

Gene
Annexin A11 gene

Chromosome 11q13.1 (rs479777)

BTLN2
HLA-DRB1*03

HLA-DRB1*1501/DQB1*0602
Tumor necrosis factor (TNF)-

Interleukin (IL)-1
IL-2

Association

Single-nucleotide polymorphism (SNP) [rs1049550, C > T, (corrected) R230C] strongly associ-
ated with sarcoidosis

Strong association with sarcoidosis in European
BTNL2 SNP associated with sarcoidosis (rs2076530 G—A in whites)

Increased association with Léfgren syndrome
Increased risk of severe pulmonary sarcoidosis

TNF-A2 significantly associated with Lofgren syndrome
TNF-857T allele significantly increased in patients with sarcoidosis
TNF-A1031 and TNF-A863 polymorphisms associated with sarcoidosis onset in Asian Indians

IL-1 alpha —889 1.1 genotype significantly overexpressed in sarcoidosis patients
Increases levels of soluble IL-2 receptor in acute pulmonary disease and neurosarcoidosis

IL-8 Increased levels of IL-8 in bronchoalveolar lavage (BAL) of sarcoidosis patients
TGF-B1 Haplotypes that included the —509C and codon 10T are associated with reduced levels of TGF-
TGF-B2 B1 and a more severe granulomatous disease
TGF-B3 SNPs in TGF-B2 (rs1891467) associated with an acute/self-remitting
Course of sarcoidosis
SNPs in TGF-33 (rs3917200) increase the risk of pulmonary fibrosis
CCR2 CCR2-haplotype 2: strong association with Lofgren syndrome
VDR VDR gene polymorphism (B allele) is related to risk of sarcoidosis
ACE Allele deletion is associated with increased risk of sarcoidosis in African Americans, Germans,
and Asian Indians
COX-2 C0X2.8473 T > C polymorphism associated with increased sarcoidosis susceptibility
RAGE Overexpression of RAGE in sarcoidal granulomas
MMP-12 High levels of MMP-12 in BAL are associated with a severe course of disease

Reference
Hofmann et al. [55]

Fischer et al. [56]
Rybicki et al. [57]

Hedfors et al. [58]
Voorter et al. [59]

Swider et al. [60]
Grutters et al. [61]
Sharma et al. [62]

Hutyrova et al. [63]
Rothkrantz et al. [64]
Petereit et al. [65]
Cui et al. [66]

Jonth et al. [67]
Pabst et al. [68]
Pabst et al. [68]

Spagnolo et al. [69]
Nimi et al. [70]

Maliarik et al. [71]
Tahir et al. [72]
Schurmann et al. [73]

Lopez-Campos et al.
[74]

Morbini et al. [75]
Ho et al. [76]

TGF Transforming Growth Factor

Table 3 A list of tumor antigens that can be searched in affected tissues in patients with sarcoid granulomas

Tumor Antigens
Prostate cancer

Breast cancer Estrogen receptor

Progesterone receptor

Human epidermal growth factor receptor-2
Lung cancer TTF-1, p63, CK5/6, 34BE1
Colorectal cancer

Ovarian tumors Epithelial membrane antigen (EMA)

Inhibin, calretinin, HMB-45, S-100 protein, TTF 1, CK7
Soft tissue tumors

PSA, PSAP, high-molecular-weight cytokeratin, P63, alpha-methylacyl coenzyme A racemase

p27, p53, hMLH-1, hMSH-2, hMSH-6, EGFR, thymidylate synthase, PMS-2

CD34, EMA, desmin, alpha smooth muscle actin, S100 protein, keratin cocktail AE1/AE3

Reference
Varma et al. [77]
Wolff et al. [78]

Rekhtman et al. [79]
Taliano et al. [80]
McCluggage et al. [81]

Miettinen et al. [82]

PSA prostate specific antigen, PSAP prostate specific acid phosphatase, TTF- 7 Thyroid transcription factor 1, p63 transformation related protein 63, CK5/6
Cytokeratin 5 and 6, p27 Cyclin-dependent kinase inhibitor 1B (p27%¥") i, hAMLH-1 MutL homolog 1, EGFR epidermal growth factor receptor, EMA Epitheliale

membrane antigen

which shows an improvement in the clinical condi-
tion of patients with a chronic form of sarcoidosis after
the implementation of antimycobacterial therapy [43].
The question remains, however, as to whether the 30
patients observed have shown instead a sarcoid-like
reaction, and whether their genetic background was
known prior to administering the treatment. Given
the absence of information on (1) sarcoidosis-specific
genes, (2) immunohistochemical staining in the tis-
sue to detect the presence of tumor microantigens, and
(3) complementary diagnostic tests in lesional tissue

aimed at identifying infectious or noninfectious, but
immunogenic, antigens, one should at least consider
the possibility of a sarcoid-like reaction [42].

The work of other researchers has led to similar results
in that they have found data on mycobacterial antigens in
cases that have been definitely identified as sarcoidosis
[44]. Results from that study led to the conclusion that
malignancy-associated “pseudosarcoid” granulomas do
not differ antigenically from genuine sarcoid granulomas
[44].
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Fig. 1 Histopathology of a patient with sarcoidosis. The same
histopathological findings could be observed in a high per-
centage of patients with sarcoid-like pathologies

Fig. 2 A patient with a red-yellow-colored macular lesions lo-
cated on the nose and on the cheeks. Clinically the lesions
seem to be highly suspicious for sarcoidosis (lupus pernio) or
sarcoid-like pathologies

New hopes for the genetic analysis: disease-
specific genes for sarcoidosis? Tuberculosis vs.
sarcoidosis vs. sarcoid-like reactions

To a certain extent, genetic samples may be able to clas-
sify one or another disease or one or another type of
reaction helping, in this way, to better clarify a given
diagnosis or the pathogenetic background [11]. A rela-
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Fig. 3 Plaque-like lesions with desquamation on the dorsum
of the hand in a female patient, clinically suspicious for sar-
coidosis or sarcoid-like pathology

tively recent investigation has revealed certain similari-
ties in the genetic profiles of patients with sarcoidosis
and tuberculosis (TB), which is, indirectly, an alarming
signal with respect to the etiopathogenesis of sarcoidosis
and the possible connection to the sarcoid-like reactions
[11].

To a certain extent, this publication comes as a direct
support to the thesis of immunogenic, noninfectious
antigens as possible generators of molecular mimicry,
triggering the clinical manifestations of sarcoidosis or
sarcoid-like reactions [3, 4, 11].

A further step in this direction could be the compari-
son of genetic sarcoidosis samples with those of sarcoid-
like reactions and healthy individuals. In this way, genes
could be grouped and categorized according to their
association with a given type of disease or reaction [11].

It will be of importance to define the variants common
to both diseases (as currently described for sarcoidosis
and TB) [11], and also the ones specific for sarcoidosis
and for sarcoid-like reactions.

There are prerequisites for data to be entered in the
Kyoto Encyclopedia of Genes and Genomes (KEGG)
database, which will be of considerable help in the pro-
cess of not only identifying the susceptibility of certain
groups of patients to sarcoidosis (the genes in the KEGG
pathway, KEGG ID hsa05152; i.e., genes with established
significant relation to TB), but also trying to identify the
genetic signature of patients with sarcoid-like reactions.

The objective of these investigations is to identify
disease-specific genes [11]. For the time being, the set of
genes specific for sarcoidosis includes the overexpres-
sion or adjustment of the gene matrix metalloproteinase
14 (MMP14) and a decreased expression of genes clus-
ter of differentiation (CD)247, CD8A, and CD8B, which
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may reflect abnormally low T-cell counts in a substantial
number of SARC patients as described previously [11].

SARC patients also displayed a significant number
of unique features, with the most striking being the
increased expression of MMP1I14. This report links MMP14
to SARC, which also is distinct from its expression in TB
and in healthy individuals.

The next important step, however, is to perform
additional investigations regarding the degree to which
MMP14 is associated to or expressed in patients with sar-
coid-like reactions.

The similarity between the expressional samples of
the active form of pulmonary sarcoidosis and TB, for
example, is of considerable importance when defining
the possible common pathophysiological pathways [45,
46). A comparison of these samples, thanks to the KEGG
TB pathway, points to a very similar expression of certain
genes in patients with active lung sarcoidosis and TB [45,
46].

At this point, one may wonder whether sarcoidosis
indeed exists as an autonomous disease. Or are we sim-
ply observing sarcoid-like reactions to diverse immuno-
genic antigens?

Can one establish the existence of a common patho-
genic pathway for an infectious disease like pulmonary
TB conforming to the sarcoidosis pathway, which—by
definition—should be a noninfectious, immunologic
disease?

Do genes exist that may characterize not only the type
of disease but also the type of reaction?

The considerable overlap of differentially expressed
genes between TB and SARC within these published TB-
related signatures, as shown by several authors, indicates
that these signatures do not reliably distinguish between
the two diseases [11, 45, 46]. At this particular point, we
may ask ourselves once again how two diseases with dif-
ferent etiopathogenesis (sarcoidosis and TB) can dem-
onstrate a similar genetic profile?

Should we not consider the possibility that sarcoidosis
is a reaction pattern to a variety of immunogenic stimuli
rather than a single autonomous disease?

Antigen mimicry and its role in sarcoidosis
and in a proportion of patients suffering from
sarcoidal granulomas

One result from this type of cross-reactivity, which is
known in the literature as antigenic mimicry, is the
appearance of an immunological reaction directed to
similar antigenic structures [3]. Until disease-specific
genes for sarcoidosis are not identified and added to
the inclusion diagnostic criteria, this process should be
probably better characterized as a sarcoid-like reaction
rather than sarcoidosis [10, 13, 15]. The fact that there are
isolated publications describing certain tumor micro-
antigens in sarcoid granulomas should require that, in
addition to tests aimed at identifying infectious or other
immunogenic agents, one should also be able to identify

the presence of common tumor antigens in the tissue
containing sarcoidal granulomas (Tables 1 and 3) [7, 16,
17, 47, 48].

Sarcoid-like diseases could be probably also due to
the similarity of certain amino acid sequences between
the proteins of the tumor and the host but it may also
be due to the so-called momentary imitation followed
by an immunological reaction, as recently described in
sarcoidosis [49]. In other words, it can manifest itself
clinically and be established histopathologically without
the presence of a similarity in the sequence of the amino
acids of the antigen and the respective tissue equivalent
[49].

“Momentary imitation” is a condition that may be
additionally influenced, or potentiated, by various
hydrophilic or hydrophobic interactions, the electrostatic
charge of the molecules at a certain point in time, or by
the temporary activation of the immune system [49]. The
basic theory, which is becoming increasingly accepted,
is that the appearance of a sarcoid-like reaction in asso-
ciation with certain tumors appears to be more probable
than sarcoidosis as an individual autonomous disease
associated with cancer [24-33]. This is especially true if
no data are available to confirm the genetic predisposi-
tion of a given patient to sarcoidosis [12—15] or to exclude
the role of certain infectious and/or immunogenic anti-
gens as generators of one of the two conditions. Due to
these facts, for the time being the management of these
two conditions (sarcoidosis and sarcoid-like reactions)
is rather dependent on each clinician, and there may be
significant differences according to different practices in
various geographical areas, and even between different
institutions in the same region.

In clinical practice, the following scenarios seem pos-
sible, according to the different availability of diagnostic
tests, including genetic investigation:

1. Sarcoidosis with proven immunogenic but, as a rule,
in the current moment, noninfectious antigens (bacte-
rial, viral, parasitic) plus a proven genetic background
(according to the latest view on the pathogenesis) [3,
11]).

2. Sarcoidosis with no available data for immunogenic
noninfectious (bacterial, viral, parasitic) antigens
after performing the appropriate diagnostic tests;
with or without data for tumoral disease; presence of
a genetic predisposition (disease-specific sarcoidosis
genes) [11-13, 15].

3. Sarcoidal granulomatous reaction associated with an
infectious agent, confirmed by ancillary methods; no
need for further testing, namely genetic predisposi-
tion for sarcoidosis [4, 11].

4. Sarcoid-type reaction with no evidence of an infec-
tious trigger; possible reaction to tumor antigens or
inorganic material; negative genetic testing for sar-
coidosis.

5. Sarcoid-type reaction with available data for a second-
ary noninfectious (primary infectious bacterial, viral
or parasitic components, or later incorporation from
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immunogenic noninfectious components) but immu-
nogenic antigens; negative genetic testing for sarcoid-
osis.

6. Sarcoid-type reaction with available data for primary
noninfectious but immunogenic antigens; negative
genetic testing for sarcoidosis.

This would demand the performance of a complete set
of tests, the objective of which would be to identify the
pathogenesis of a given epithelioid cell granuloma:

e bacterial and fungal cultures, histopathological exam-
ination, immunohistochemistry, molecular biology
techniques, and PCR;

e genetic analysis with the aim of excluding the pres-
ence of disease-specific genes of sarcoidosis [11];

e identification of tumor microantigens in the tissue
and in the human body.

Toll-like receptors (TLRs) are major components of the
innate immune system and microbial sensors of the
human body. Ten different TLRs have been identified and
mapped to seven chromosomal segments.

Gene polymorphism of respiratory epithelial cells
represents a defense mechanism in innate immunol-
ogy. The TLRs are involved in this immune response.
Inflammatory cytokines can upregulate TLR expression.
In cell culture, both tumor necrosis factor alpha (TNF-o)
and interferon-gamma (IFN-y) enhance the expression
of TLR2 by respiratory epithelial cells. Dexamethasone
synergistically increase TLR2 expression in combination
with either TNF-o or IFN-y [83]. This results in induc-
tion of cytokines such as interleukin (IL)-6 and -8, and
beta-defensin in response to peptidoglycan stimulation
[83]. Another group of microbial sensors is the family of
nucleotide-binding domain, leucine-rich repeat con-
taining receptors (Nod-like receptors or NLR). They also
trigger immune responses to bacterial peptidoglycan.
These molecules stimulate proinflammatory cytokines
and antimicrobial peptides.

Sarcoidosis is considered an altered immune response
to a yet-unidentified microbial stimulus. Gene poly-
morphism and mutations of TLR may be implicated on
the pathogenesis sarcoidosis. The genetic background
can vary between different populations, creating more
complexity.

TLR2 polymorphism has been studied in 419 sarcoid-
osis patients and 196 healthy controls from The Nether-
lands [84]. The prevalence of AA genotype at promoter
location 16934 was significantly higher in chronic vs.
acute or self-limiting disease: 34.5 vs. 15.9 % [84]. Further
analysis, however, suggested that TLR2 polymorphism
might play a role in only a small group of patients [84].
This could not be confirmed in a Japanese study in 257
sarcoidosis patients and 193 controls [85].

TLR2 might play a role in the granulomatous inflam-
matory reaction observed in sarcoidosis. Serum amyloid
A could be localized to macrophages and to giant cells
in sarcoid granulomas and correlated to CD3-positive

T lymphocytes. The effect of serum amyloid A on TLR2
expression was investigated in vitro using transformed
human cell lines and bronchoalveolar lavage (BAL) cells
from sarcoidosis patients. Serum amyloid A activated
nuclear factor kB in those cells expressing TLR2. As a
consequence of that, pro-inflammatory cytokines such
as TNF-q, IL-10, and IL-18 were stimulated in cells from
sarcoidosis patients. Cytokine secretion could be inhib-
ited by blocking TLR2. These data suggest that serum
amyloid A is involved in the granulomatous inflamma-
tory reaction in sarcoidosis [86]. Studying alveolar mac-
rophages from sarcoidosis patients, Wikén et al. [87]
observed areduced expression of TLR2 mRNA compared
to controls.

TLR1, TLR6, and TLR10 act as co-receptors of TLR2.
They are located on chromosome 6 in a common gene
cluster. The expression of the common haplotype in the
gene cluster TLR10-TLR1-TLR6 increases the risk of chro-
nicity in patients with sarcoidosis [88].

In a study involving Greek patients, both G908R muta-
tion of the CARD15/NOD2 gene as well as T allele and
TT genotype of the CD14 promoter were associated with
increased susceptibility for pulmonary sarcoidosis [89].
TLR4 and CD14 are essential receptors for the recogni-
tion of lipopolysaccharides of gram-negative bacteria.

In a study from Germany, Asp299Gly and Thr399Ile
polymorphisms of TLR4 gene were investigated. Among
141 sarcoidosis patients, the prevalence of Asp299Gly
and Thr399Ile mutant allele was 15.6 %. These mutations
would lead to a change in the extracellular matrix domain
of TLR4 and possibly impair lipopolysaccharide recogni-
tion. In the control group (n =141), the prevalence was
significantly lower at 5.7 %. Patients with chronic pulmo-
nary sarcoidosis showed a highly significant association
to TLR4 gene polymorphism [90].

In another German study analyzing linkage of TLR
using closely flanking microsatellite markers in 83 fami-
lies, a significant linkage was found between TLR4 and
sarcoidosis. No other known gene locus disclosed such
an association. The TLR4 association was further con-
firmed by a subsequent analysis of another 1,203 sarcoid-
osis patients. The study did not confirm Asp299Gly and
Thr3991le as susceptibility markers [91].

This might be involved in the chronic antigenic stimulus
supposed to play a pivotal role in sarcoidosis pathogenesis.

Among 200 Dutch patients suffering from sarcoidosis,
a statistically significant difference in mutant Asp299Gly
allele prevalence was not confirmed [92].

A Greek study analyzing 109 sarcoidosis patients and
209 controls could not confirm increased susceptibility
for sarcoidosis due to Asp299Gly and Thr399Ile poly-
morphisms either [93]. The same was true for a Japanese
investigation in sarcoidosis-related uveitis [94]. This
argues clearly in favor of a heterogeneous genetic back-
ground in sarcoidosis.

TLR9 recognizes bacterial CpG-DNA motifs. Pabst
et al. [95] found a significantly higher prevalence of the
C-allele of T1237C single-nucleotide polymorphism in
patients with chronic sarcoidosis.
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TLR9 genetics were not different between sarcoidosis
patients and controls in a study from The Netherlands.
On stimulation with TLR9 agonists, however, sarcoid-
osis patients produced not only less IFN-v, but also more
IL-23 [96].

An upregulated TLR9 and TLR7 expression was
observed in a Greek study using BAL cells [97].

Mutations in Nodl and Nod2 have been identified in
early-onset sarcoidosis among other granulomatous dis-
orders like Crohn’s disease [98].

Using blood mononuclear cells, expression of TLR2
and TLR4 was significantly higher in sarcoidosis patients
compared with controls. Combined stimulation of TLR2
and Nod2 by specificligands resulted in a 13-fold increase
of IL-1J secretion in sarcoidosis patients. In healthy con-
trols, IL-10 was synergistically induced [99].

Recognition of bacterial moieties by both TLR and NLR
evokes a sequential activation of mitogen-activated pro-
tein kinases (MAPKs). Stimulation of BAL cells from sar-
coidosis with either TLR4 or Nod1 failed to induce MAPK
phosphatase 1. Enhanced p38 signaling in response to
microbial stimuli was observed that could be due to an
abnormal MAPK pathway [100].

Nicotine treatment restored peripheral immune
responsiveness to TLR2 and TLR9 in patients with active
pulmonary sarcoidosis. This has led to an immune phe-
notype closely resembling asymptomatic patients [101].

What about sarcoid-like reactions?

There is an increasing number of reports of sarcoid-
like reactions to medical drugs, from chemotherapy
agents to biologicals, malignancies, and chronic infec-
tions. Paradoxically, even TNF-a inhibitors may cause
sarcoid-like reactions [25, 102, 103]. The role of TLRs and
NLRs in these reactions has to be studied.

The characteristic abnormalities in innate immune
mechanisms might provide a molecular base for
differentiation.

In conclusion, a number of studies pointed to the
occurrence of either genetic or functional abnormalities of
selected TLRS and related NLRs. Available data argue more
for a disease-modifying influence of TLRs and NLRs than
a causative relationship to (pulmonary) sarcoidosis. There
is a remarkable heterogeneity on a genetic background of
different populations. First therapeutic approaches need
confirmation. Data on cutaneous sarcoidosis and sarcoid-
like reactions are completely missing.

It is exactly these facts that bring to the necessity of a
clear and exact definition—subsequently the differen-
tiation—between these two conditions (sarcoidosis and
sarcoid-like reactions) and their subforms.

The similar histopathological findings and the hetero-
geneous location of the granulomatous infiltrates in sar-
coidosis and sarcoidal granulomas with a different genesis
raise the possibility of a unified immunological mecha-
nism, probably directed at various antigenic determinants.

When the aforementioned is combined with certain
diagnostic algorithms, the diagnosis could weigh either
in favor of a sarcoid-like reaction or of sarcoidosis as an
autonomous disease. In the absence of additional data,

or the impossibility of performing a given set of tests
(Table 1-3), it would be more appropriate—initially at
least—for one to speak of a sarcoid-like reaction with a
currently undefined genesis.

Conclusions

1. The sarcoid-like reaction is not the equivalent of a sar-
coidosis.

2. Sarcoidosis, the sarcoid-like reaction, and their vari-
able genetically based clinical manifestations may, in
many cases, be based on the molecular mimicry phe-
nomenon. Molecular mimicry seems to be one of the
main pathogenetic triggers in autoimmune dermato-
logic diseases, as recently described by some authors
[104].

3. Anupdate of the inclusion criteria for sarcoidosis from
1999 is strongly recommended.

4. The additional characterization of the genetic risk for
the sarcoidosis disease and its integration as a stan-
dard genetic panel will serve as a decisive support for
the placing of the following clinical management.

5. Sarcoid-like reactions have to be analyzed and classi-
fied additionally.
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