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SUMMARY

Sarcoidosis is characterized by granulomatous inflammation developing in
the affected organs. The ethiopathogenesis of the disease is still unknown. The
lungs are most commonly affected, and uncontrolled, long-lasting inflammation can
result in pulmonary fibrosis. Many different mediators, such as cytokines, chemo-
kines, and other proteins with various functions that participate in its complex
pathogenesis have been studied as markers of the disease. This article is a review
of the available literature on the different markers. Although a considerable number
of markers are elevated in the active stage of the disease, the studies conducted
so far have shown that the values of serum ACE, IL-2R and chitotriosidase decre-
ase with a good treatment response. KL-6 can be useful as a predictive marker for
the development of pulmonary fibrosis in sarcoidosis.

In conclusion, prospective studies with a larger number of patients will offer a
much better insight considering the importance of these parameters when dealing
with sarcoidosis.
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INTRODUCTION

Sarcoidosis is a multisystemic disease of un-
known origin. It usually occurs in younger and middle-
aged people, and it is clinically manifested by enlarged
chilar lymph nodes, pulmonary infiltrates, ocular and
skin lesions. The liver, spleen, lymph nodes, salivary
glands, heart, kidney, nervous system and bones can
also be affected by the disease. The course and the
prognosis of the disease depend on particular organs
affected, as well as the general spread of the disease
(1, 2). The basic pathogen substrates of the disease
are sarcoid granuloma, which occur as the immune
response to the unknown antigen by gathering of
macrophages and CD4+ T lymphocytes (3). In the ma-
jority of patients, the disease occurs in its mild form
with a spontaneous remission. In one third of the pati-
ents, the chronic form of the disease develops with an
unforeseeable course. Mortality rate in sarcoidosis is
less than 5%. The most common cause of mortality is
progressive pulmonary fibrosis, sarcoidosis of the heart
or sarcoidosis of the nervous system (4).

Sarcoidosis is a disease with an unforeseeable
course and outcome; possible progression and exacer-
bations can occur. The estimation of the disease activity
is based on the clinical estimation, radiological findings
and the measurement of certain markers’ value in the
serum. A large number of biochemical and cellular para-
meters have been researched in order to monitor the
development and the activity of the disease. However,
so far, none of them have clinical application except
the serum angjotensin-converting enzyme (sACE). Re-
cent results unveil the possible role of new markers that
could have diagnostic or prognostic importance.

Angiotensin-converting enzyme (ACE)

ACE belongs to the group of exopeptidases res-
ponsible for the transformation of angiotensin | into
angiotensin Il and the deactivation of bradikinine. It has
a significant role in the regulation and maintenance of
the liquid volume, as well as in the immune and infla-
mmatory response. Angjotensin Il plays the role as
chemoatracant for T-lymphocytes (5). ACE also perfor-
ms the hydrolysis of bradikinine and substance P, the
proteins which have an essential role in inflammation,
the activation of macrophages, the proliferation of lym-
phocytes and phagocytosis (6). In granuloma, there is a
significant increase in the production of ACE by the acti-
vated macrophages, epithelioid and giant cells, which
points to the important role of this enzyme in the patho-
genesis of the disease. The enzyme is ubiquitous, largely
distributed in the body, mostly produced by the endo-
thelial cells of pulmonary capillaries and proximal renal
tubules. Increased values of this enzyme in sarcoidosis
were first described by Lieberman in 1975. It has rema-
ined the most commonly used biochemical marker in
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sarcoidosis ever since. Still, the majority of studies
consider this marker to be insensitive and nonspecific
in the diagnostics of sarcoidosis (7, 8).

According to the data available in literature, se-
rum ACE is increased in 40-90% of patients with sarco-
idosis. The highest values of this marker have been
detected in patients with bichilan lymphadenopathy and
parenchymal changes (Il radiologjcal stage according to
Scadding’s scale) (9), but its values have been elevated
in the extrapulmonary sarcoidosis as well.

Apart from sarcoidosis, other diseases and phy-
siological conditions can be associated with elevated
values of ACE in the serum (Table 1). Importantly, in
patients with Hodgkin’s disease, which is often a con-
siderable differential diagnosis when compared to pul-
monary sarcoidosis, the values of ACE are lower than
normal (10).

Table 1. Diseases other than sarcoidosis with
elevated sACE values

Mildly elevated values

Diabetes mellitus
Chronic renal failure
Age less than 19 years
DD polymorphism
Asbestosis

Silicosis

Moderate to high values

Hypertyreodism
Tuberculosis
Histoplasmosis
Coccidiomycosis
Berylliosis

Constantly elevated values

Gauchiers disease
Leprosy

The reason for the insufficient sensitivity of in-
creased values of ACE in sarcoidosis has been disco-
vered a couple of years ago by the study of genetic poly-
morphisms connected to ACE. The polymorphism of ge-
nes for ACE is based on the presence (insertion I) or
absence (deletion D) of the sequence of 287 bp in
intron 16. It has been proven that the carriers of the
genotype Il (25% of the population) have considerably
lower values of ACE when compared to the carriers of ID
or DD phenotype (11). Consequently, those differences
account for the differences in ACE values in patients
with sarcoidosis.



Tatjana Radenovié Petkovi¢ et al.

Despite the fact that this marker has minor
diagnostic importance, most of the authors agree that
SACE can be used to observe the course of the dise-
ase. The reactivation of the disease in patients who
would have higher values in previous exacerbation is
almost always followed by the increase in sACE (12).
The application of corticosteroids in treatment leads to
the decrease in values of ACE in the serum, whereas
the reduction of the corticosteroid dosage in treatment
can be followed by the increase in sACE. In other words,
its values correlate with the therapeutic dosage of
corticosteroids, and not with the clinical status of the
disease (13, 14). Increased ACE values in tears have
been detected in patients with ocular sarcoidosis (15),
while increased values in the cerebrospinal fluid have
been noted in patients suffering from sarcoidosis of the
central nervous system (16).

Lysozyme

Lysozyme is a bacteriolytic enzyme produced by
the activated macrophages and it is present in various
cells and tissues. In sarcoidosis, it is produced by the
macrophages and epithelioid cells of the active granu-
loma, while its activity is not detected in old lesions
(17). Increased values of this enzyme have been dete-
cted in patients suffering from tuberculosis (18), certain
malignant disease (19), berylliosis, silicosis an asbesto-
sis. Although some authors consider it to be more
sensitive than sACE, given the fact that its values are
increased in a large number of patients, lysozyme has
less specificity than the aforementioned enzyme. Hence,
its clinical application in diagnostics and monitoring of
the disease is not very relevant (17).

Soluble IL-2 receptor (sIL-2R)

Interleukin 2 (IL-2) is Th1 cytokine which induces
T cellular proliferation and activation by the interaction
with IL2 receptor. The values of IL-2R are increased in
the bronchoalveolar lavage of patients suffering from
sarcoidosis, whereas in the serum, the values of IL-2R
are higher in patients with extrapulmonary sarcoidosis
when compared to patients with the isolated pulmonary
form of the disease (20). Soluble IL-2R is a T lympho-
cyte activity marker that can be used, according to the
research data, as an activity marker for the disease
(21). Elevated levels of IL-2R would fall during therapy
or with spontaneous remission. Increased values of IL-
2R in the serum in patients with minimal pulmonary
changes can point to extrapulmonary sarcoidosis (22).
When examining large numbers of serum markers in
sarcoidosis, IL-2R was the only one which proved to be
a significant factor of disease progression (20).

Neopterin

Neopterin is a metabolitite of guanosine triphos-
phate, which is produced in vitro by macrophages under
the effect of inteferon gamma (IFNy). Neopterin is a

macrophage activity marker whose increased values ha-
ve been detected in the serum and urine of patients
with an active form of sarcoidosis. On the other hand,
its values tend to decrease as the disease resolves (23).
Neopterin is considered to be, together with IL-2R, the
independent factor of the disease progression (20).

P2 microglobulin

B2 microglobulin is a low molecular protein which
comprises the HLA molecule. Activated lymphocytes
produce large amounts of this protein, which makes it
as an important marker of malign chematological dise-
ases. Increased values of B2 microglobuline in sarco-
idosis have been detected in patients with the acute
stage of the disease, and they decrease with the good
therapeutic response (24). Due to low specificity, this
marker is not very important in the monitoring of the
disease activity.

Chitotriosidase

Chitotriosidase belongs to the group of chitinases
and is produced by activated macrophages. Chitinases
have the ability to catalyze hidrolysis of chitine and
similar substrates. Chitotriosidase has an essential role
in the immune response concerning microorganisms
which contain chitine in their layer, such as parasites
and insects. A multiple increase in values of this enzyme
are detected in patients with sarcoidosis, while the valu-
es are normal in patients with tuberculosis (25). Rese-
arch has confirmed that the values of this enzyme corre-
late with radiological stage, and that it can be consi-
dered a disease progression marker (26). A significat
increase in values of chitotriosidase can point to extra-
pulmonary sarcoidosis (27), whereas a good therapeutic
response is followed by the normalization of values of
this parameter in serum.

Krebs von den lungen-6 (KL-6)

KL-6 is a mucin which is produced by pneumo-
cytes type Il and cells of the bronchial epithelium. KL-6
is a fibroblast chemoattracant, which signifies that it has
an important role in the fibrosis process. This is the
exact reason why this marker has been investigated in
various interstitial pulmonary conditions. Increased valu-
es of KL-6 in the serum and the bronchoalveolar lavage
have been detected in patients with interstitial pulmo-
nary fibrosis, fibrous form of scleroderma as well as in
the fibrous form of the pulmonary sarcoidosis (28). KL-6
is suitable parametar for monitoring disease progression,
especially progression to fibrous form of sarcoidosis (17).

YKL-40

YKL-40 (human cartilage glycoprotein 39) is a
glucoprotein which is produced by inflammatory cells
and which has lately been mentioned as the marker for
a large number of cancers, including lung cancer. The
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study by Johansen et al. (29) describes this marker as
the marker for sarcoidosis which negatively correlates
with the value of DLCO (diffusion lung capacity for car-
bon monoxide), so it can be considered as the fibrosis
marker in sarcoidosis. Low specificity of this marker
limits its clinical application.

CONCLUSION

The examination of serum markers when diagno-
sing and monitoring the course of the disease often

leads to different, contradictory results. Although a con-
siderable number of markers are elevated in the active
stage of the disease, the studies conducted so far have
shown that the values of ACE, IL-2R and chitotriosidase
decrease with a good treatment response. KL-6 can be
useful as a predictive marker for the development of
pulmonary fibrosis in sarcoidosis. In conclusion, prospe-
ctive studies with a larger number of patients will offer a
much better insight considering the importance of these
parameters when dealing with sarcoidosis.
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MARKERI AKTIVNOSTI BOLESTI U SARKOIDOZI
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Sazetak

Sarkoidoza je bolest koja se karakteriSe inflamacijom sa formiranjem granuloma u zahvac¢enim orga-
nima. Etiopatogeneza bolesti je nepoznata. Bolest najces¢e zahvata pluéa i hroni¢na, nekontrolisana infla-
macija moze rezultirati pluénom fibrozom. Mnogi medijatori zapaljenja, citokini, hemokini, ali i drugi prote-
ini sa razlicitim bioloskim funkcijama koji ucestvuju u patogenezi ispitivani su kao markeri bolesti. U ovom
radu sagledani su postojeci podaci u literaturi o markerima aktivnosti i progresije u sarkoidozi. lako je kon-
centracija razli¢itih proteina poveé¢ana u aktivnoj fazi bolesti, studije su pokazale da vrednosti ACE, IL-2
receptora i hitotriozidaze opadaju sa dobrim terapijskim odgovorom. KL-6 moze biti znacajan prediktivni
marker pluéne fibroze u sarkoidozi. U svakom slucaju, dalje, prospektivne studije, na veéem broju bolesni-
ka, dace bolji uvid u znacaj ovih markera u prac¢enju aktivnosti i prognozi bolesti.

Kijuéne redéi: sarkoidoza, marker, ACE
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