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SUMMARY

Introduction Sarcoidosis is a multisystemic disease of unknown etiology. Genetic factors play a
considerable role in the onset of the disease. Tumor necrosis factor alpha (TNF-a) is a proinflammatory
cytokine which plays an important role in the pathogenesis of the disease and the formation of granuloma
by regulating cellular proliferation and apoptosis.

Objective The aim of this study was to investigate the role of TNF-a-308 G/A polymorphism in the
development of sarcoidosis and to evaluate the association between the aforementioned type of
polymorphism and the clinical course of the disease.

Methods Seventy patients with sarcoidosis and 50 healthy volunteers were genotyped for the TNF-a-
308G/A polymorphism. Polymorphism variants were examined by PCR-RFLP (polymerase chain reaction-
restriction fragment length polymorphism) on the DNA isolated from blood leukocytes.

Results There were no significant differences in TNF-a-308A allele frequency distribution between
sarcoidosis patients and the control group, but the TNF-a-308A allele was observed significantly more
frequently in the sarcoidosis patients with Lofgren’s syndrome when compared with non-Lofgren’s patients.
Conclusion We have found that the TNF-a-308A variant is associated with Lofgren’s syndrome in Serbian
patients with sarcoidosis.
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INTRODUCTION

Sarcoidosis is a multisystemic disease of un-
known etiology, characterized by the formation
of lymphocytes, mononuclear phagocytes and
epithelioid cell granuloma in the affected organs.
The pathological changes are most often local-
ized in the lungs. However, all organs within the
body can be affected [1, 2]. Although the etiol-
ogy of the disease is unknown, it is generally ac-
cepted that genetic factors play an important role
in the onset of the disease. The more frequent
occurrence of the disease within certain races
and ethnic groups, as well as the described cases
of familial sarcoidosis confirms this assumption.

Tumor necrosis factor alpha (TNF-qa) is a
proinflammatory cytokine which plays an es-
sential role in the appearance of granuloma by
regulating cell proliferation and apoptosis [3].
Given the fact that an increased production of
TNF-a during a prolonged period of time can
result in an uncontrolled inflammation and have
considerable negative side-effects on the organ-
ism, control production of this cytokine is es-
sential. The regulation is mostly performed at the
level of transcription. The TNF-a gene is located
on the chromosomal region 6p21.3-21.1, within
the highly polymorphic HLA region. The TNF-a
gene harbors different types of polymorphisms.
Several single nucleotide polymorphisms (SNP)

on the TNF-a gene are known to affect TNF-a
production. Depending on their location, poly-
morphisms can result in an increased or a de-
creased production of TNF-a. The polymor-
phism of TNF-a-308, at position in the promoter
region of the TNF-a gene, occurs in two variants:
-308G and -308A alleles. The TNF-a-308A al-
lele is present in the population to a much lesser
extent, and it is associated with an increased pro-
duction of TNF-a [4]. Moreover, it is often con-
nected to autoimmune and inflammatory dis-
eases such as systemic lupus erythematosus, in-
sulin-dependent diabetes mellitus, inflammatory
bowel diseases and rheumatoid arthritis [5]. The
TNF-a-308A allele is associated with fourfold in-
creased risk for cerebral malaria, the most severe
outcome such as mucocutaneous leishmaniasis,
severe septic shock and sepsis [6]. In autoim-
mune diseases, the majority of studies found no
association between TNF-a-308 polymorphism
and disease predisposition, but the TNF-a-308 A
allele was more common in patients with severe
rheumatoid arthritis, juvenile arthritis, and poor
response to anti TNF-a treatment in this disease
[7]. In breast cancer, the TNF-a-308A allele is
found to be a protective factor in the European
populations, but the TNF-a-308 AA genotype
may be a risk factor for breast cancer in Afri-
can women [8]. Previous studies showed con-
troversial results regarding the role of this type
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of polymorphism in the predisposition and clinical course
of sarcoidosis [9]. Although previous studies on sarcoidosis
have reported TNF-a-308 polymorphism association with
a different clinical course of the disease, no such study is
available in the Serbian population.

OBJECTIVE

The aim of this research was to investigate the role of
TNF-a-308 G/A polymorphism in sarcoidosis and to es-
timate the association between this polymorphism and the
course of the disease.

METHODS

Seventy patients with sarcoidosis (52 women, 18 men), aver-
age age 49.9+12.8 (22-67 years) were included in the study.
All patients have been under follow-up for at last two years.
Acute sarcoidosis was defined as one course of the disease
which totally resolved within two years. Chronic sarcoidosis
was defined as the disease lasting for over two years or at
least two episodes of the disease in the lifetime. All patients
were diagnosed at the Clinic of Pulmonary Diseases, Clini-
cal Center Ni$, and Clinic of Pulmonary Diseases, Belgrade,
Clinical Center of Serbia. The diagnosis of sarcoidosis was
based on the ETS/ARS/WASOG criteria [10], including
histological confirmation, except in patients with Lofgren’s
syndrome (n=21), where the diagnosis was based on clini-
cal, radiological and bronchoalveolar lavage fluid findings.
This policy is consistent with the World Association of
Sarcoidosis and Other Granulomatous Disease (WASOG)
guidelines. A written patient’s consent was obtained from
all subjects. The study was approved by the local Ethical
Committee of the Medical Faculty in Nis.

The control group consisted of 50 healthy blood donors
(28 women, 22 men), mean age 47.9+14.2. None of them
had any evidence of lung disease, autoimmune disease or
any symptoms of other diseases. All subjects were of Ser-
bian origin, and were not related.

Genetic analysis

Genetic tests were performed using the patients’ whole
peripheral blood. TNF-a-308 G/A allelic variants were
determined by PCR-RFLP (polymerase chain reaction -
restriction fragment length polymorphism) on DNA iso-
lated from blood leucocytes by a commercial kit (Fermentas
UAB, Vilnius, Lithuania), as previously described by Wilson
et al. and Yamaguchi et al. [4, 11]. The presence of PCR
products was checked on the 2% agarose gel, and visualized
under UV light. PCR products were digested with restric-
tion enzyme Ncol. After digestion three genotypes of TNF
polymorphism could be identified; homozygote G/G had
one band of 97 and one of 20 base pairs (bp), homozygote
A/A had only one band of the 117 bp and heterozygotes
G/A had three bands of 117, 97 and 20 bp fragments.

Statistical analysis

The statistical analyses were performed using SPSS 17.0
program (SPSS Inc., Chicago, IL) for Windows. The allele
ratios and genotype distributions in patients with sarcoid-
osis and healthy control subjects, radiographic stages, as
well as the form of the disease were analyzed using the ¥
test. The Fisher exact test was also applied for the com-
parison of small populations with expected values of <5.
Tests for Hardy-Weinberg equilibrium were performed by
the x? test. Odds ratio was calculated by logistic regression
analyses. Probability values less than 0.05 were considered
statistically significant.

RESULTS

All patients and control subjects were genotyped for the
TNF-a-308 polymorphism. Table 1 shows the demograph-
ic characteristics of the analyzed patients and the control
group. Chest radiographic staging at the time of diagnosis
showed that 35 patients (50%) were in stage I, 24 patients
(34.29%) in stage II, and 11 (15.71%) patients in stage III.
Lofgren’s syndrome was manifested in 21 (30%) patients.
Thirty-four patients (48.57%) had acute and 36 (51.43%)
chronic course of the disease. Fifty-one patients were ad-
ministered corticosteroid therapy during the follow-up peri-
od. Allele and genotype frequencies in patients and the con-
trol group are summarized in Table 2. Genotype frequencies
in patients and in the control group were in agreement with
Hardy Weinberg’s equilibrium. We found no significant dif-
ferences in the allele and genotype frequencies between the
patients with sarcoidosis and healthy subjects.

Table 3 illustrates the distribution of genotype and al-
lele frequencies in patients with and without Lofgren’s syn-
drome. Allele A was statistically more frequent in the pa-
tients with Lofgren’s syndrome (30.95%) than in the patients
without this manifestation (13.26%) (p<0.05). There was no
statistically signifficant difference in genotype distribution
between men and women with Lofgren’s syndrome.

Allele A was observed more frequently in patients with
acute form of the disease, but this difference was not sta-
tistically significant (Table 4).

Table 1. Demographic characteristics of study population

Characteristics Patients Control
Number Man 18 22
of patients Women 52 28
Age Mean 49.9+12.8 47.9+14.2
(years) Range 22-68 28-69
Lofgren’s syndrome 21
X Acute 34 (48.6%)

Disease -

Chronic 36 (51.4%)

| 35 (50.0%)
Radiological I 24 (34.3%)
stage 1 11 (15.7%)

[\ 0

Values are expressed as number of patient with per cent and mean value +
standard deviation.
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Table 2. Allele and genotype frequencies in sarcoidosis vs. control

Genotype Patients Control OR 95% Cl p
GG 46 (65.71%) 30 (60%) 1.00 Standard -
GA 22 (31.43%) 15 (30%) 0.96 0.42-2.13 0.53
AA 2 (2.86%) 5 (10%) 0.26 0.05-1.43 0.11
GA+AA 24 (34.29%) 20 (40%) 0.78 0.37-1.66 0.33
Allele G 114 (81.43%) 25 (25%) 1.00 Standard -
A 26 (18.57%) 75 (75%) 0.68 0.36-1.27 0.15
Table 3. Allele and genotype frequencies in patients with Léfgren’s syndrome vs. patients without Lofgren’s syndrome
Genotype Lofgren’s syndrome Non Loéfgren’s syndrome OR 95% Cl p
GG 10 (47.62%) 36 (66.67%) 1.00 Standard -
GA 9 (42.85%) 13 (33.33%) 249 0.83-7.49 0.09
AA 2(9.52%) 0 - - -
GA+AA 11 (52.37%) 13 (33.33%) 3.05 1.05-8.84 0.03
Allele G 29 (69.05%) 85 (86.74%) 1.00 Standard -
A 13 (30.95%) 13 (13.26%) 293 1.22-7.04 0.01
Table 4. Allele and genotype frequencies in patients with acute vs. patients with chronic form of the disease
Genotype Acute disease Chronic disease OR 95% Cl p
GG 19 (55.88%) 27 (75%) 1.00 Standard -
GA 13 (38.24%) 9 (25%) 2.05 0.73-5.77 0.17
AA 2 (5.88%) 0 - - -
GA+AA 15 (44.12%) 9 (25.0%) 2.37 0.86-6.52 0.07
Allele G 51 (75%) 63 (87.5%) 1.00 Standard -
A 17 (25%) 9(12.5%) 0 0.06-5.67 0.06
DISCUSSION Our research showed the association of the TNF-a-

TNF-a plays several important roles in the body. The pro-
duction of this cytokine can result both in cell proliferation
and cell destruction. In experimental models of granu-
lomatous inflammation TNF-a has a key role in granu-
loma formation, as it is involved in the early pathogenesis
cascade of sarcoidosis [12]. It is generally considered that
TNF-a has a double role in the development of sarcoidosis.
On one hand, it maintains the chronic inflammation with
clustering of inflammed cells, while on the other hand it
reduces the apoptosis of T lymphocytes, which contrib-
utes to the maintenance of granuloma. Increased levels
of TNF-a were detected in sarcoidosis patients’ lavage
samples [13]. The TNF-a gene is a strong candidate gene
for sarcoidosis. Promoter polymorphisms of this gene are
of great interest, since there is in vitro evidence that they
have a role in interindividual variations in the TNF-a pro-
duction of immune response in sarcoidosis [9].

In this study, we found no influence of the TNF-a-308
genotype as risk for sarcoidosis development in general.
Kieszko et al. [14] investigated Polish patients with sar-
coidosis and found no association between this type of
polymorphism and susceptibility to sarcoidosis. Sharma
etal. [15] obtained the same results working on the Indian
population. So did Rybicki et al. [16] on African Americans
patients and Mrazek et al.[17] when testing Czech patients
with sarcoidosis. Only one study found the association be-
tween the TNF-a-308A polymorphism and the risk for sar-
coidosis, but the study groups were small and consisted of
26 Japanese patients with cardiac sarcoidosis [18].

308A allele with one clinical phenotype in sarcoidosis,
Lofgren’s syndrome. We found that in our patients carri-
ers of the TNF-a-308A allele had three times higher risk
for Lofgren’s's syndrome in sarcoidosis. Similar findings
were reported by Seitzer et al. [19] in German patients
with Lofgren’s syndrome. A studa by McDougal et al.
[20] showed eight times higher risk for sarcoidosis with
erythema nodosum in Caucasian carriers of the TNF-a-
308AA genotype. Labunski et al. [21] found a strong as-
sociation between the TNF-a-308A allele and erythema
nodosum in sarcoidosis, but this association was not en-
countered in erythema nodosum in other diseases. Wi-
jnen et al. [22] showed that the carrier of the TNF-a-308A
allele had a favorable prognosis of sarcoidosis.

CONCLUSION

We have established that TNF-a-308-A variant is asso-
ciated with Lofgren’s syndrome in Serbian patients with
sarcoidosis. Further investigations performed on a larger
number of patients would additionally highlight the im-
portance of this type of polymorphism for the clinical
presentation of the disease.

NOTE

This article is a part of research conducted in the process of
working on the PhD thesis of Tatjana Radjenovi¢ Petkovic.
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Nonumopdursam reHa 3a GpakTop TYMOpPCKe HeKpo3e anda Kog, 6onecHUKa ca

capkougosom y Cpbuju

TaTjaHa PaheHoBuh MeTkoBuh', TaTjaHa Mejunh’, Jenmua BugeHosuh-BaHog?, TatjaHa JeBToBuh CToMmeHOB?,
WpeHa Jankosuh?, fleca HactacujeBuh boposau/, [laHnjena PapojkoBuh?

'KnuHuka 3a nnyhHe 6onectu, Knninukn uentap, Huw, Cpbuja;

2Knunwika 3a nayhHe 6onectu, Knunnukn ueHtap Cpbuje, beorpap, Cpbuja;
*JlabopaTopuja 3a GYHKLMOHAIHY FeHOMUKY 1 NPOTeOMUKY, MeanumHCKmM dakynTeT, YHuBepautet y Huwy, Huw, Cpbuja;
4LleHTap 3a MEAULIMHCKY CTaTUCTUKY, MegnumHckmn dakyntet, YHusep3utet y Huwy, Huw, Cpbuja;

*KnuHwika 3a eHgokpuHonorujy, KnuHnukn uentap, Huw, Cpbuja

KPATAK CAOPXKAJ

YBop Capkougosa je cuctemcka 601ect HenosHate eTMoNoru-
je. CmaTpa ce Aa reHeTUUKM GaKTOpU NMajy 3HauajHy ynory y
HacTaHKy 6onectu. DakTop Tymopcke Hekpo3se anda (TNF-a) je
nponHbNaMaTopHU LIUTOKMH KOj1 MMa 3HauajHy yniory y naro-
reHe3n 601eCTy 1 HaCTaHKy rpaHysioMa perynawmujom nponu-
depauuje n anontose henvja.

Liwn papa Linb ncnutrsarba je 610 pa ce ytBpae ynore no-
numopdusma reHa 3a TNF-a-308G/A y HacTaHKy capkonpose 1
HbE€HOM KJIMHUYKOM TOKY.

Metoge papa VicnnTaHo je 70 ocoba ca capkomgosom u 50
34paBux fobpososbala. Kog cBMx ucnutaHuka ogpehusax je
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reHoTvn nonumopgdrama reHa 3a TNF-a-308G/A metogom PCR-
RFLP.

Pesynrtatun Huje npymeheHa 3HauajHa pasnuka y auctpumbyuujmn
reHoTUNoBa 1 anena usmehy ekcnepumeHTanHe 1 KOHTPOsHE
rpyne ncnutaHvka. Mehytum, anen TNF-a-308A 6110 je 3HaTHO
yewhn y rpynm 6onecHrKa Koa Kojux ce capkorao3sa MaHude-
cToBana JledprpeHosum (Lofgren) ciHapOMOM y OBHOCY Ha rpy-
ny 6onecHuKa 6e3 oBe KNMHMYKe MaHudecTauyje.

3akmyuak Moxe ce pehu pa je anen TNF-a-308A ynpyxeH
c nojaBom JleprpeHoBor cnHApoma Kog ocoba obonenmx of
capkoupose.

KmbyuHe peun: capkongosa; reHu; nonumopousam; TNF-a
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