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Abstract
Sarcoidosis is a multisystemic immune disorder with unknown etiology. The disease is characterized by the 

spread of noncaseating epithelioid granulomas. Recent data from Genome Wide Association Studies (GWAS) have 
identified annexin A11 (ANXA11) as a new sarcoidosis susceptibility gene. These studies further indicated a strong 
association of a single nucleotide polymorphism (rs1049550) with sarcoidosis. Our aim was to determine whether 
the rs1049550 is associated with sarcoidosis in Turkish patients and to scan a 306 bp region of ANXA11 for other 
variations associated with sarcoidosis. Genomic DNA was isolated from the leukocytes of 53 sarcoidosis patients 
and 52 controls. A 306 bp region of ANXA11 encompassing rs1049550 was amplified by PCR, and the amplicons 
were sequenced using the Sanger method. The sequence data of both patients and controls were analyzed using the 
BLAST database to identify variations. The allele and genotype frequencies of the groups were analyzed using the chi-
square test. The rs1049550 polymorphism was the only genetic variation observed in the 306 bp region. There was no 
statistically difference (χ2=2.689, P=0.273) when the frequencies of the CC, CT and TT genotypes in the sarcoidosis 
group (58.5%, 30.2% and 11.3%, respectively) were compared with the corresponding genotypes in the control group 
(65.4%, 17.3% and 17.3%, respectively). Furthermore, the allele frequencies for the rs1049550 polymorphism were 
not significantly different (χ2=0.006, P=0.940) when comparing the sarcoidosis patients (C=73.6%, T=26.4%) with 
the controls (C=74.0%, T=26.0%). Our results suggest that the ANXA11 rs1049550 polymorphism is not a genetic 
predisposition marker for Turkish patients with sarcoidosis.
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Introduction
Sarcoidosis is a multisystemic and polygenic immune disorder [1]. 

The disease is typically characterized by the presence of noncaseating 
epithelioid granulomas, particularly in the lungs, skin and eyes [2]. 
Although the etiology of sarcoidosis remains unknown, recent findings 
have given researchers important clues about the pathogenesis of the 
disease. Case control studies have been particularly informative in this 
regard. According to the sarcoidosis progression hypothesis put forth 
by ACCESS (A Case Control Etiologic Study of Sarcoidosis), altered 
immune responses to several environmental, occupational or infectious 
agents reflect genetic susceptibility and lead to sarcoidosis progression. 
Furthermore, no singular primary cause of the disease has been 
identified in the research on sarcoidosis [3]. As the interactions between 
environmental exposure and genetic susceptibility reflect the etiology 
of sarcoidosis [3], the genetic basis of the disease will be critical for 
understanding the molecular pathways underlying disease progression. 
In this regard, many candidate genes and sarcoidosis-associated 
polymorphisms have been investigated, and genome scanning studies 
have uncovered genes strongly associated with the disease along with 
the corresponding genetic variation [4-6]. In recent years, Genome-
Wide Association Studies (GWAS), which use millions of genetic 
markers to analyze whole genomes, have allowed researchers to identify 
disease-associated loci, variations and mutations [6]. Early findings 
pertaining to sarcoidosis identified the Major Histocompatibility 
Complex (MHC) as a susceptibility locus for the disease [6]. Follow-
up studies for the identification of new candidates were subsequently 
performed. Linkage analyses of MHC loci revealed numerous variants 
with significant linkage, including the putative susceptibility allele 
5p15.2 and the protective allele 5q11.2 [7,8]. Further analysis of this 
MHC region revealed a novel susceptibility risk variant in the BTNL2 
(butyrophilin-like 2) gene [9], whose association with sarcoidosis was 

subsequently validated by independent studies in different ethnic groups 
[10,11]. However, whether the BTNL2 variant is independent from 
HLA alleles remains controversial. Hoffman et al. performed the first 
sarcoidosis GWAS by genotyping 499 patients and 490 controls using 
440,000 SNP markers [6,12]. A significant association was identified on 
chromosome 10, mapping a new sarcoidosis susceptibility gene. This 
finding was validated by a follow-up GWAS with 1649 patients and 
1832 controls. Further analysis of this gene revealed a single nucleotide 
polymorphism (SNP), rs1049550 (c.688C>T), strongly associated with 
sarcoidosis [6,12]. This non-synonymous SNP in ANXA11 replaces 
the arginine at position 230 to a cysteine and is located within a 
conserved annexin repeat domain in the C-terminal domain [13]. The 
association of rs1049550 with sarcoidosis has been validated in studies 
of independent European populations such as European Africans and 
Americans [14,15]. Nevertheless, the significance of rs1049550 in 
terms of protein function and disease association remains unknown. 
ANXA11 is a member of a vertebrate annexin family of calcium-
dependent phospholipid-binding proteins and is thought to play a role 
in the regulation of cytokinesis [16]. However, as mentioned above, the 
functional significance of the variant in terms of sarcoidosis progression 
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and the underlying mechanism have not been determined. Despite the 
evidence from genome scanning studies that the ANXA11 rs1049550 
SNP is a novel susceptibility variant, it is important to note that studies 
in different populations may reveal differences in terms of disease 
association [14,15]. Thus, the association of this SNP with sarcoidosis 
needs to be assessed in different ethnic groups to complement or inform 
future functional analyses of the molecular mechanisms underlying 
disease progression. 

The aim of the present study was to investigate the association 
between the ANXA11 rs1049550 SNP and sarcoidosis in a Turkish 
population and to determine the presence of population-specific SNPs 
associated with sarcoidosis within the region of interest.

Materials and Methods
Subjects 

The study subjects were divided into two groups. Subjects with 
sarcoidosis composed the first group (n=53; 40 women and 13 men), 
and the mean age was 51.6 ± 11.3 years. The second group consisted of 
healthy controls (n=52; 30 women and 22 men), and the mean age was 
49.7 ± 15.8 years.

Sarcoidosis was diagnosed based on previously established 
criteria [17]. The controls were healthy persons with no disease. 
Informed consent was obtained from all patients and healthy controls 
in accordance with our protocol, which was approved by the Ethics 
Committee of the Eskişehir Osmangazi University Faculty of Medicine. 
The study was conducted in accordance with the ethical principles 
outlined in the 1975 Declaration of Helsinki. The patients and healthy 
controls represented a homogeneous Turkish population in terms of 
ethnicity. Blood samples for the DNA analysis were drawn from the 
sarcoidosis patients and healthy controls.

Genotyping

Genomic DNA was isolated from the peripheral leukocytes of the 
individuals using standard methods [18]. The primer sequences used 
for the amplification of the 306 bp region of ANXA11 encompassing 
the rs1049550 SNP were F- 5’- GCAGAGCATCTCATGACCCCTAC 
-3’ and R- 5’- AACGATGCCACCAGCTGGATG -3’. The 50 µl reaction 
volume contained 45 µl master mix and 5 ng genomic DNA. The 
amplification protocol was as follows: initial denaturation at 95°C for 
3 minutes; 35 cycles of denaturation at 95°C for 30 s, annealing at 59°C 
for 30 s and extension at 72°C for 1 min; and a final extension for 10 
minutes. Amplicon quality was controlled by agarose gel electrophoresis 
(Figure 1). Following the purification protocols, the amplified ANXA11 
PCR products were sequenced by DNA cycle sequencing (Applied 
Biosystems 3130) employing BigDye Terminator chemistry according 
to the manufacturer’s protocols. The genotypes were determined 

using Sequence Analysis 5.1 software. For each sample, the genotype 
was compared to the sequence data from the BLAST database for the 
identification of any other sequence variations. 

Statistical Analysis

SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for 
the statistical analysis of the allelic and genotypic distributions. The 
frequencies of the genotypic and allelic variation in the two groups were 
compared using the Pearson Chi-Square test.

Results
The sequence data of both patients and controls were analyzed 

using the BLAST database to identify variation. The allele frequencies 
and genotype distributions of the groups were analyzed using the 
Pearson Chi-Square test (Table 1). The rs1049550 polymorphism was 
the only genetic variation observed in the 306 bp region sequenced 
(Figure 2). There was no statistically significant difference (χ2=2.689, 
P=0.273) when the frequencies of the CC, CT and TT genotypes in 
the sarcoidosis group (58.5%, 30.2% and 11.3%, respectively) were 
compared with the corresponding genotypes in the control group 
(65.4%, 17.3% and 17.3%, respectively). Furthermore, the allele 
frequencies for the rs1049550 polymorphism were not significantly 
different (χ2=0.006, P=0.940) when comparing the sarcoidosis patients 
(C=73.6%, T=26.4%) with the controls (C=74.0%, T=26.0%).

Figure 1: Electrophoresed PCR products on a 2% gel stained with ethidium 
bromide were photographed under ultraviolet transillumination. The left lane 
contains DNA ladder marker (GeneRuler 100 bp DNA Ladder, Thermo Fisher 
Scientific Inc., MA, USA). Other lanes contain amplified PCR products (306 bp 
in length) of the samples 

Groups N
Genotypes Alleles

CC CT TT C T
N         % N          % N         % N          % N          %

Controls 52 34  65.4% 9    17.3% 9   17.3% 77  74.0% 27  26.0%
Sarcoidosis 

patients 53 31 58.5% 16  30.2% 6   11.3% 78  73.6% 28 26.4%

P value *P=0.273 *P=0.940

*Pearson’s Chi-Square test
Table 1: Genotype and allele frequencies of the ANXA11 rs1049550 polymorphism 
in sarcoidosis patients and healthy controls

 
Figure 2: DNA sequence analysis of a 306 bp region of the ANXA11 gene 
encompassing the rs1049550 polymorphism. a) The homozygous wild-type 
genotype (CC), b) the heterozygous mutant type genotype (CT) and c) the 
homozygous mutant type genotype (TT) of the samples for the c.688C>T 
polymorphism (rs1049550). Compared with the reference DNA using the 
BLAST database, there was no variation other than the c.688C>T polymorphism 
in the sarcoidosis patients.
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Discussion
In the present study, a 306 bp region of the ANXA11 gene 

encompassing the rs1049550 SNP was analyzed in Turkish patients 
with sarcoidosis. This polymorphism was described in the first 
sarcoidosis GWAS performed by Hoffman et al. [12], which included 
499 patients and 490 controls from a German population and utilized 
440,000 SNP markers for genotyping. Significant association was 
detected at chromosome 10q22.3, and this finding was confirmed in an 
independent cohort study comprising 1649 patients and 1832 controls 
[6,12]. Detailed analysis of ANXA11 revealed a non-synonymous SNP, 
rs1049550, that converted arginine to cysteine at position 230 [12]. 
Other risk variants in this region (rs1953600, rs2573346 and rs2784773) 
were also found to be in strong linkage disequilibrium with rs1049550 
[6,13,15]. In the present study, the risk variants rs1953600, rs2573346 
and rs2784773 were not analyzed because they were located outside the 
sequenced region. The previous findings for rs1049550 were confirmed 
by Li et al. [19] in an independent replicative case-control association 
study of 325 patients and 364 healthy matched controls. Specifically, 
the frequency of the rs1049550 C allele was significantly higher in 
the patient group, and the CC genotype was strongly associated with 
increased sarcoidosis risk [19]. In addition to this data, no significant 
differences were found between acute and chronic sarcoidosis for the 
rs1049550 and rs2573346 alleles, but both groups were found to have 
allelic and genotypic association for rs1049550 and rs2573346 [19].

ANXA11 and sarcoidosis association has also been investigated 
in an independent study of African and European Americans. The 
association of ANXA11 variants including rs1049550 with sarcoidosis 
and chest radiographic phenotypes was assessed along with HLA 
variation interactions with ANXA11. A total of 209 SNPs in the 
promoter, coding and untranslated regions of ANXA11 were genotyped 
in 1689 patients and 1251 controls. In addition to rs1049550, two new 
sarcoidosis-associated SNPs, rs61860052 and rs4377299, were identified 
in African Americans. Specifically, these variants were associated 
with radiologically classified Scadding stage IV sarcoidosis cases. 
Additionally, a significant association was found between rs1049550 
and rs9268839 near the HLA–DRA locus [15]. 

ANXA11 protein has critical roles in cellular function, including 
cell division, calcium signaling, vesicle trafficking, regulation of 
cytokinesis and apoptosis [3,20,21]. ANXA11 has also been implicated 
in other autoimmune diseases, such as rheumatoid arthritis, SLE and 
Sjögren syndrome [21]. The effect of the rs1049550 polymorphism 
on protein function remains unknown, but it has been proposed to 
alter the apoptotic characteristics, survival and apoptotic balance of 
the inflammatory cells [3]. Fatimathas et al. [13] over-expressed GFP-
tagged ANXA11 in A431 cells and focused on the possible effect of the 
R230C conversion of rs1049550 on the cellular distribution and Ca2+ 
sensitivity of annexin A11. According to their results, the sensitivity 
of annexin A11 to increases in intracellular calcium is not significantly 
affected by the sarcoidosis-associated SNP. However, other possibly 
relevant functions, including those involved in cytokinesis, nuclear 
envelope breakdown or intracellular signal response, were not evaluated 
in their study [13]. 

We found that the ANXA11 rs1049550 polymorphism is not a 
genetic predisposition marker for Turkish patients with sarcoidosis, 
and no significant variation was detected in the sequenced region. 
Due to the heterogeneity among different populations, the effect of 
this polymorphism on protein function and sarcoidosis progression 
may remain controversial. The present findings therefore underscore 
the need to evaluate multiple factors, such as genetic background, 
environmental exposure and disease subtype, in aggregate. Sarcoidosis 
shows a very varied incidence among different populations, Turkish 

people in particular have a very low incidence of the disease [22]. 
Therefore, the potential limitation of our study is small sample size. A 
larger sample size would reveal more clearly the present study findings.
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