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Background: Sarcoidosis is an immune-mediated systemic disease with unknown etiology affecting the lung predominantly. The clinical manifestation of sarcoidosis is rather diverse ranging from Löfgren’s syndrome to fibrotic disease. Also, it differs among patients with distinct geographical and ethnic origins, consistent with environmental and genetic factors’ role in its pathogenesis. Of those, the polymorphic genes of the HLA system have been previously implicated in sarcoidosis. Therefore, we have performed an association study in a well-defined cohort of Czech patients aiming to define how variation in HLA genes, may contribute to disease origin and development.

Materials and methods: Total of the 301 Czech unrelated sarcoidosis patients were diagnosed according to international guidelines. In those, HLA typing was performed using next-generation sequencing. The allele frequencies at six HLA loci (HLA-A,-B,-C,-DRB1,-DQA1, and -DQB1) observed in the patients were compared with HLA allele distribution determined in 309 unrelated healthy Czech subjects; sub-analyses of relationships between HLA and distinct sarcoidosis clinical phenotypes were performed. Associations were assessed by two-tailed Fischer’s exact test with correction for multiple comparisons.

Results: We report two variants, HLA-DQB1*06:02, and HLA-DQB1*06:04, as risk factors for sarcoidosis, and three variants, HLA-DRB1*01:01, HLA-DQA1*03:01, and HLA-DQB1*03:02 as protective factors. HLA-B*08:01, HLA-C*07:01, HLA-DRB1*03:01, HLA-DQA1*05:01, and HLA-DQB1*02:01 variants associated with Löfgren’s syndrome, a more benign phenotype. HLA- DRB1*03:01 and HLA-DQA1*05:01 alleles were connected with better prognosis—chest X-ray (CXR) stage 1, disease remission, and non-requirement of corticosteroid treatment. The alleles HLA-DRB1*11:01 and HLA-DQA1*05:05 are associated with more advanced disease represented by the CXR stages 2−4. HLA-DQB1*05:03 associated with sarcoidosis extrapulmonary manifestation.

Conclusion: In our Czech cohort, we document some associations between sarcoidosis and HLA previously described in other populations. Further, we suggest novel susceptibility factors for sarcoidosis, such as HLA-DQB1*06:04, and characterize associations between HLA and sarcoidosis clinical phenotypes in Czech patients. Our study also extends the role of the 8.1 ancestral haplotype (HLA-A*01:01∼HLA-B*08:01∼HLA-C*07:01∼HLA-DRB1*03:01∼HLA-DQA1*05:01∼HLA-DQB1*02:01), already implicated in autoimmune diseases, as a possible predictor of better prognosis in sarcoidosis. The general translational application of our newly reported findings for personalized patient care should be validated by an independent study from another, international referral center.
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1. Introduction

Sarcoidosis is a multi-systemic inflammatory disease characterized by non-caseating granulomas of unknown etiology that majorly affect the lung but can affect any organ system. The presentation of sarcoidosis is diverse, and the course of the disease can vary from acute to sub-acute inflammatory Löfgren’s syndrome (LS) to progressive form, which occurs in almost 20% of patients (1) and may eventually include fibrosis.

The prevalence and incidence of sarcoidosis vary substantially by ethnicity, region, sex, and age of onset. The lowest incidence and prevalence are in the Asians; in the Caucasian and African American populations, the incidence is more pronounced. The incidence of sarcoidosis in the Czech population is 3.1 per 100,000 inhabitants; its prevalence is 63.1 per 100,000 (2, 3). In Czech patients, apart from the lungs, another extrapulmonary manifestation has also been reported; extrapulmonary impairment is present in 10–90% of patients, depending on the analysis (4, 5).

The genetic background of individuals has been suggested as an essential factor in sarcoidosis susceptibility. Several genetic association studies have supported the genetic basis of sarcoidosis, its sub-phenotypes, and clinical course (6, 7). Studies also reported different genetic variants based explicitly on the ethnic background of the studied subjects (8). The crucial role of the immunogenetic polymorphic system, HLA (Human Leukocyte Antigen), in susceptibility to sarcoidosis has been shown by some previous investigators enrolling mostly patients of North European descent (7, 9, 10); a previous study in a group of 114 Czech, i.e., Central European patients, was limited to a single class II (HLA-DRB1) locus (11).

To investigate a possible role of HLA polymorphisms across class I and II loci in sarcoidosis in this particular population, we enrolled three hundred one well-defined Czech patients and employed precise NGS (Next Generation Sequencing) genotyping focusing on associations between HLA and sarcoidosis clinical phenotypes.



2. Patients and methods


2.1. Patients and control subjects

A total of 301 sarcoidosis patients enrolled in this study were diagnosed and followed according to the ATS (American Thoracic Society), ERS (European Respiratory Society), and WASOG (World Association of Sarcoidosis and other Granulomatous Disorders) statement on sarcoidosis (12) at the Department of Pneumology and Phtiseology, University Hospital and Faculty of Medicine, Brno, the Czech Republic. The control group consisted of 309 unrelated healthy blood donors from the same geographical region of the Czech Republic, the place of sampling was Olomouc, a city located close (70 km) to Brno. Both patients and control subjects were of Czech ethnicity as assessed by place of birth, surname, and Czech as a native language. For the characteristics of patients and control subjects see Table 1. Study participants provided informed consent with participation in the study, which was approved by the institutional review board–the Ethic committee of the University Hospital and the Faculty Medicine Palacký University in Olomouc, vote on project NV18-05-00134 dated 27.06.2017).


TABLE 1    Characteristics of the patients and healthy control subjects enrolled in the study.
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Genomic DNA from peripheral blood samples obtained from patients and control subjects was isolated using the Arrow automated extraction system (Isogen Life Science, PW De Meern, Utrecht, Netherlands).



2.2. NGS HLA analysis

To determine HLA alleles, DNA samples obtained from the study subjects were sequenced using the Omixon Holotype HLA 96/11 and 96/7 (Omixon Biocomputing Ltd., Budapest, Hungary) kit on the Illumina MiSeq next-generation sequencing platform (Illumina, San Diego, CA, USA). Long-range PCR amplified the HLA class I and class II loci. All seven amplicons from each sample were pooled into a final 35 μl volume on a new 96-well PCR plate and purified from residual primers and unincorporated nucleotides. Then follows library preparation with the fragmentation of pooled amplicons, fragment end repair, and ligation of sample-specific indexed adaptors. Equal aliquots of indexed sample-specific libraries were combined into one pooled library to carry out magnetic bead-based library clean-up. The concentration of the size selected library was determined on LightCycler 480 II (Roche Diagnostics, Mannheim, Germany) real-time PCR instrument using KAPA Sybr Fast qPCR Master Mix (KAPA Biosystems, Boston, MA, USA). Before sequencing, the library was denatured by NaOH, diluted with hybridization buffer, and a 9 pM library was loaded on a MiSeq flow cell (Illumina, San Diego, CA, USA) sequenced in a single 300 cycle (V2) paired-end sequencing run. Collected reads were exported in fastq format (13).

Allele assignment was performed with the Omixon Twin software v4.1.0.–v4.4.1. and the IPD-IMGT/HLA database Release 3.34−3.45.

The success rate of NGS HLA-typing in all seven loci is presented in Supplementary Table 1.

The HLA-DPB1 locus was excluded from further analyses due to a suboptimal genotyping score in the patients (84%). HLA-DQB1 locus was genotyped in all control samples and in 205 out of 301 patient samples.



2.3. Statistical analysis

Frequencies of the determined HLA alleles were obtained by direct counting (Supplementary Tables 2, 3). Association between the allele frequency and sarcoidosis and its clinical phenotypes was evaluated by two-sided Fisher’s exact probability test, providing odds ratio (OR), 95% confidence interval (CI), and level of significance (p-value < 0.05). Bonferroni’s correction for multiple comparisons was performed for each HLA loci as pcorr = 1-(1-p)n (n of variants in loci at four digits). The statistical analysis was performed using1 (9.09.2022), 2 × 2 Contingency Table vassarstats.net (9.09.2022) and excel tables; p < 0.05. For subanalyses between clinical phenotypes, an additional parameter-carriage rate-was employed; this parameter, also known as HLA “antigen frequency,” was determined as a number of individuals carrying a particular variant divided by the number of all individuals tested for the given locus; comparisons using this data are shown in Supplementary Tables 4−7.




3. Results


3.1. Comparison of the distribution of HLA variants between patients and healthy population

We analyzed 6 HLA loci (HLA-A,-B,-C,-DRB1,-DQA1, and -DQB1) in 301 unrelated patients with sarcoidosis diagnosed and followed according to the ATS, ERS, and WASOG statement on sarcoidosis (12) at the Department of Pneumology and Phtiseology, University Hospital and Faculty of Medicine, Brno, Czechia and 309 unrelated Czech healthy control subjects, blood donors from the same geographical region of Czechia. The numbers of the determined variants in the typed loci in patients and control subjects are shown in Supplementary Table 1 and frequencies of determined variants in Supplementary Tables 2, 3.

When comparing the distribution of HLA polymorphisms between sarcoidosis patients and control subjects, we observed 18 HLA variants associated with sarcoidosis on the primary level, 3 of those in HLA class I and 15 in HLA class II, respectively; for numbers that correspond to loci see Supplementary Table 1 (the right column).

Table 2 shows the variants which remained associated with the disease after the correction for multiple comparisons. All were within HLA class II loci. HLA-DQB1*06:02 and HLA-DQB1*06:04 can be considered as susceptibility (risk) factors for sarcoidosis; the frequency of the HLA-DQB1*06:02 in the patients was increased 1.75 times compared with the control subjects, and the HLA-DQB1*06:04 frequency increased four times in the patients. HLA-DRB1*01:01, HLA-DQA1*03:01, and HLA-DQB1*03:02 may confer protection against sarcoidosis: frequency of HLA-DRB1*01:01 decreased in the patients 2.5 times compared with the healthy control subjects, HLA-DQA1*03:01 dropped two times, and HLA-DQB1*03:02 4.5 times.


TABLE 2    Summary of the observed associations between HLA alleles and sarcoidosis in the investigated Czech patients (only the alleles associated at least on primary level are shown).
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3.2. HLA variants in patients with Löfgren’s syndrome

We performed several subgroup analyses to evaluate the relationship between HLA and sarcoidosis clinical phenotypes. We first compared the patients with Löfgren’s syndrome (LS), a benign sarcoidosis phenotype, and those with non-Löfgren sarcoidosis. Ten variants were associated with LS on the primary level, and six remained significantly associated after correction for multiple comparisons (Table 3). Regarding HLA class I, variants HLA-A*01:01 (pcorr = 3.86 × 10–04), HLA-B*08:01 (pcorr = 2.50 × 10–04), and HLA-C*07:01 (pcorr = 2.46 × 10–04) were overrepresented in the patients with LS (Table 3). When comparing carriage rates in LS and non-LS groups, HLA-B*08:01 (pcorr = 9.34 × 10–05) and HLA-C*07:01 (pcorr = 0.002) again appeared more frequently (Supplementary Table 4), and can be considered risk factors for LS.


TABLE 3    Comparison of the HLA allele frequencies between the patients with Löfgren’s syndrome, LS (n = 55) compared with the patients with non-LS (n = 244).
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Regarding HLA class II, 3 variants associated with LS: HLA-DRB1*03:01 (pcorr = 5.16 × 10–08); HLA-DQA1*05:01 (pcorr = 3.42 × 10–09) and HLA-DQB1*02:01 (pcorr = 1.67 × 10–03) (Table 3). Two of these variants were associated with LS when carriage rates were used for comparisons–HLA-DRB1*03:01 (pcorr = 1.93 × 10–08) and HLA-DQA1*05:01 (pcorr = 0.02) (Supplementary Table 4).



3.3. Comparison of the distribution of HLA variants in the context of different chest radiography stages

Next, we were interested if there is an association between the distinct CXR stage(s) of sarcoidosis and particular HLA variants. Therefore, the observed HLA frequencies were compared between the patient subgroups separated according to the CXR stages. The patients were divided into two groups—in the first group there were patients with CXR stage 1 sarcoidosis, and in the second group, patients with sarcoidosis CXR stage 2−4. We observed nine variants associated with CXR stage 1 on the primary level; two variants remained associated after correction for multiple comparisons (Table 4). Both these variants (HLA-DRB1*03:01 and HLA-DQA1*05:01) occurred three times more often in the CXR 1 patients than in patients with higher CXR stages. In comparisons based on carriage rates, apart from HLA-DRB1*03:01 (pcorr = 6.29 × 10–05) and HLA-DQA1*05:01 (pcorr = 3.63 × 10–06) CXR stage 1 associated also with HLA-B*08:01 (pcorr = 0.042) and HLA-C*07:01 (pcorr = 0.011) (Supplementary Table 5).


TABLE 4    Comparison of the HLA allele frequencies between the patients with chest X-ray (CXR) stage 1 (n = 95) compared with the patients with stages 2–4 (n = 206); only the alleles associated at least on the primary level are shown.
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Of the four variants associated with higher CXR stages on the primary level, two (HLA-DRB1*11:01, HLA-DQA1*05:05) remained associated after correction for multiple comparisons (Table 4). HLA-DRB1*11:01 frequency was four times higher in CXR stages 2−4 than in CXR stage 1 and this variant was associated with higher sarcoidosis CXR stages (pcorr = 0.001) also when comparing carriage rates (Supplementary Table 5).



3.4. HLA variants in the context of clinical disease course

We were also interested if HLA variation can be linked to the clinical course of the disease. We, therefore, compared the patients undergoing remission and the patients in whom the disease persisted; the disease status was assessed 2 years after the diagnosis. Eight variants were associated with remission on the primary level, two variants remain associated after correction for multiple comparisons (Table 5). Patients with variants HLA-DRB1*03:01 or HLA-DQA1*05:01 were three times more likely to develop remission of the disease. Those two variants were significantly associated with remission also in comparison of carriage rates, HLA-DRB1*03:01 (pcorr = 1.65 × 10–04) and HLA-DQA1*05:01 (pcorr = 6.03 × 10–05) (Supplementary Table 6). We observed eight variants associated with persistent sarcoidosis on the primary level of significance (Table 5).


TABLE 5    Comparison of the HLA allele frequencies between the patients with disease remission (n = 142) compared with the patients with persistent disease course (n = 134); only the alleles associated at least on the primary level are shown.
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3.5. HLA variants in the context of corticosteroid treatment

Treatment requirement may be considered as another indicator of sarcoidosis disease course. Our further subanalysis examined whether corticosteroid treatment is connected to a particular HLA variant. We compared the patients who received corticosteroid treatment with those who did not receive it. Nine HLA variants were primarily associated with no need of treatment; three variants (HLA-A*01:01, HLA-DRB1*03:01, and HLA-DQA1*05:01) remained associated after correction for multiple comparisons (Table 6), they occurred twice more often in non-treated patients. The same three variants were associated with non-treated patients also in comparison of carriage rates: HLA-A*01:01 (pcorr = 1.45 × 10–04), HLA-DRB1*03:01 (pcorr = 0.024), and HLA-DQA1*05:01 (pcorr = 0.007) (Supplementary Table 7). By contrast, one variant associated with the need for treatment: HLA-A*02:01 (pcorr = 0.038) (Supplementary Table 7).


TABLE 6    Comparison of the HLA allele frequencies between the patients with treatment (n = 194) compared with the patients without treatment (n = 105); only the alleles associated at least on the primary level are shown.
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3.6. HLA variants in patients with an extrapulmonary manifestation of sarcoidosis

Our final subanalysis focused on a possible link between HLA and the extrapulmonary manifestation of sarcoidosis, which was reported in 91 (30%) of our patients. When comparing patients with the extrapulmonary manifestation of sarcoidosis with the patients without it, we observed one variant associated with extrapulmonary manifestation–HLA-DQB1*05:03 (p = 0.033; OR; 95% CI = [2.653; 1.114−6.318]); its frequency in patients with extrapulmonary manifestation was doubled. By contrast, HLA-DRB1*01:01 (p = 0.049; OR; 95% CI = [0.151; 0.02−1.151]) occurred six times more often in patients without extrapulmonary manifestation; both these associations were detected on the primary level.



3.7. Linkage disequilibrium between associated HLA variants

Linkage disequilibrium between the alleles associated with sarcoidosis in Czech patients was calculated. A non-random association was identified between variants associated with the risk of sarcoidosis. The strongest linkage was detected between HLA-DQB1*06:02-HLA-DRB1*15:01. In the context of variants protective from sarcoidosis, the strong association was (among others) between alleles HLA-DQA1*03:01-HLA-DQB1*03:02. Regarding variants associated with higher stages of the disease there was a linkage disequilibrium between variants HLA-DQA1*05:05-HLA-DRB1*11:01. A strong linkage disequilibrium was detected between variants HLA-DQA1*05:01-HLA-DRB1*03:01 which related both to CXR stage 1 and to disease remission. There was also a linkage between variants HLA-A*01:01-HLA-DRB1*03:01 associated with no need for treatment. The variants associated with LS, i.e., HLA-A*01:01, HLA-B*08:01, HLA-C*07:01, HLA-DRB1*03:01, HLA-DQA1*05:01, and HLA-DQB1*02:01 were found in linkage with each other except for HLA-A*01:01- HLA-DQB1*02:01 (Table 7).


TABLE 7    Linkage disequilibrium between HLA alleles observed to be associated with sarcoidosis in Czech population among variants being susceptible for sarcoidosis, protective for sarcoidosis, associated with unfavorable prognosis and associated with better prognosis in sarcoidosis.
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4. Discussion

This study, performed in the Czech population, investigated the association of HLA polymorphisms with sarcoidosis and focused on associations between HLA and sarcoidosis clinical phenotypes. Observations of an association between sarcoidosis and HLA-DQB1*06:04 as a susceptibility and of HLA-DQA1*03:01 as a protective marker in the Czech population represent novel findings. Further, this study, including altogether 610 subjects, confirmed associations between HLA-DQB1*06:02 (susceptibility) and HLA-DRB1*01:01, HLA-DQB1*03:02 (protection), previously reported in smaller-scale studies in other, namely North-European and also East-Asian populations (13–17). Regarding clinical phenotypes of sarcoidosis, HLA-A*01:01, HLA-B*08:01, HLA-C*07:01, HLA-DRB1*03:01, HLA-DQA1*05:01, and HLA-DQB1*02:01 associated with Löfgren’s syndrome. The variants HLA-DRB1*03:01 and HLA-DQA1*05:01 were associated with disease remission and the presence of CXR stage 1, while the variants HLA-DRB1*11:01 and HLA-DQA1*05:05 associated with CXR stages 2−4. Associations were also observed with other clinically relevant disease features, i.e., non-requirement of corticosteroid treatment and systemic disease: i.e., HLA-A*02:01 was overrepresented in patients needing treatment, and HLA-DQB1*05:03 associated with extrapulmonary sarcoidosis.


4.1. HLA in sarcoidosis patients compared with the healthy population

This first detailed analysis of the HLA variants in 6 loci (HLA-A,-B,-C,-DRB1,-DQA1, and -DQB1) could compare so far the highest number of patients and control subjects from the Czech population.

In line with their role in sarcoidosis immunopathogenesis (1, 8, 18), HLA class II loci emerged as the central location of the disease-associated variants: HLA-DQB1*06:02, here defined as a risk variant; was previously reported to be associated mainly with a worse prognosis in sarcoidosis in Swedish and Dutch patients (14, 19) and linked with variants HLA-DRB1*15:01 and HLA-B*07 (15). In our study, HLA-DRB1*15:01 and HLA-B*07:02 were also observed as risk factors for sarcoidosis at the primary significance level. As these two variants were reported in linkage disequilibrium with the HLA-DQB1*06:02 variant (Table 7), it may be speculated that the HLA-DQB1 locus allele is responsible for the observed association.

In this context, we newly characterized variant HLA-DQB1*06:04 as a risk factor for sarcoidosis development, contrary to a previous report from the Netherlands, where there was no difference in the occurrence of this variant in patients compared to the controls (15). The discrepancy could reflect different cohort sizes and distinct ethnic backgrounds of the investigated patients (8).

Variant HLA-DRB1*01:01 was previously reported as protective against sarcoidosis in the population of the United Kingdom, Netherlands, Finland, and Japan, where it was identified as part of the haplotype DQA1*01:01 ∼ DQB1*05:01 ∼ DRB1*01:01; all these variants we report to be in LD and act as protective against sarcoidosis development (17, 20, 21). Except for HLA-DRB1*01:01, which occurred more frequently in our Czech control population than in our patients, the other two protective variants were HLA-DQA1*03:01 and HLA-DQB1*03:02. HLA-DQB1*03:02 was recently reported as protective from sarcoidosis also in Korean population (13). HLA-DQA1*03:01 has so far never been mentioned in connection with sarcoidosis. A hereby observed association can, however, result from LD between HLA-DQA1*03:01 and HLA-DQB1*03:02, and another protective variant–HLA-DRB1*04:01, which we report to protect on the primary level. These three variants are part of one of the most common haplotypes in Caucasian populations (22). Another common haplotype, HLA-DQB1*06:02 ∼ HLA-DQA1*01:02, relates to the risk of sarcoidosis in this study.



4.2. HLA and clinical phenotypes of sarcoidosis

We determined variant HLA-DRB1*11:01 as a risk factor for more advanced CXR stages of sarcoidosis. This variant was previously reported to relate to sarcoidosis in general across a spectrum of ethnicities (9), but we are the first to connect this variant with higher CXR stages of the disease, specifically for the Czech population.

Regarding Löfgren’s syndrome, we report six variants (HLA-A*01:01∼HLA-B*08:01∼HLA-C*07:01∼HLA-DRB1*03:01 ∼HLA-DQA1*05:01∼HLA-DQB1*02:01), forming 8.1 haplotype, to be associated with LS. The 8.1 ancestral haplotype is most common in Northern Europe and was associated with risk for autoimmune diseases (23), it was also described as associated with sarcoidosis in populations from Northern Europe (18, 24, 25). The linkage of variants HLA-B*08, HLA-DRB1*03:01, and HLA-DQB1*02:01 with good prognosis of sarcoidosis was observed previously in a Croatian population (26). A favorable disease course was also previously linked to HLA-DQB1*02:01 (19, 27).

Some of the variants of the 8.1 haplotype, HLA-DRB1*03:01 and HLA-DQA1*05:01, were associated with a milder disease course, i.e., initial chest X-ray (CXR 1) or remitting disease. Further, together with HLA-A*01:01, these variants occurred more frequently in patients not requiring corticosteroid treatment. Our observations, therefore, extend findings from previous reports from sarcoidosis association studies across populations that showed the link between HLA-DRB1*03:01 and sarcoidosis patients, especially in the group with a better prognosis (11, 27, 28). We can also speculate about the effect of HLA-DRB1*03:01 homozygosity on better prognosis as four of five homozygotes among our Czech sarcoidosis patients had a remitting disease, a similar relationship was previously observed in HLA-DRB1*03:01 homozygous patients with remission of multiple sclerosis (29). The association of variant HLA-B*08:01 with the milder disease and especially with LS has also been previously reported (27, 30). Concerning our observation of HLA-DQA1*05:01 associating with better prognosis, this variant was reported to be overrepresented in Japanese sarcoidosis patients compared with controls (31), and HLA-A*01:01 was reported with the resolving course of disease in Sweden (27).

Regarding systemic disease, previous reports from Swedish, UK, and Turkish populations associated alleles of the HLA-DRB1 locus (HLA- DRB1*04 -DRB1*15) with extrapulmonary sarcoidosis (16, 32, 33). In our study, extrapulmonary involvement was associated with another class II locus, HLA-DQB1: the variant HLA-DQB1*05:03, previously mentioned in connection with sarcoidosis uveitis in UK patients (16), was associated with extrapulmonary disease in our Czech patients. Further, HLA-DQB1*05:03 was associated with persistent disease on the primary level, as well as HLA-DRB1*14:54 and HLA-DQA1*01:04; these three variants occur in LD in the Czech population. In an Indian population, these variants were associated with the risk of sarcoidosis (34).

In context of treatment requirement, there has been scarce information on the relationship between immunogenetic markers and non-requirement for corticosteroid therapy. In a previous study, the presence of the mutant CCR5Delta32 allele carried an increased relative risk of the need for treatment in another cohort of Czech sarcoidosis patients (35). Here we observed that HLA-A*02:01 carriers require treatment two times more often than patients not carrying this variant. As corticosteroid treatment is indicated for patients with significant pulmonary sarcoidosis involvement, who are expected to have a higher risk of future mortality or permanent disability (36), the availability of an additional laboratory marker to be included in the complex decision for treatment initiation may be useful. However, before potential clinical application, this finding must be replicated. On the other hand, no need for treatment was associated with three alleles of the 8.1 haplotype and this observation fits well with the hereby reported link of this haplotype with milder sarcoidosis.



4.3. Study strength, limitations, and conclusions

The main strength of this study is the large number of patients characterized in detail and enrolled in a single medical center, allowing comparisons between adequately sized subgroups according to clinical diagnostic standards. We analyzed data from 301 precisely characterized sarcoidosis patients with representative phenotypes. In this context, a low number of patients in CXR stage 4 was the main limitation, the inability to address the allele primarily responsible for an association in cases of linked allele pairs may also be considered limiting. The methodology employed for HLA-typing represents another substantial advantage over previous studies as the precise NGS technique allowed indeterminate characterization at the allele level. Certain limitation of the clinical utility of hereby newly reported results is their validity in a Czech population, unless further replicated elsewhere. On the other hand, the study results could be applied in the meta-analyses of sarcoidosis immunogenetic data.

In conclusion, while the HLA region has long been consistently associated with sarcoidosis, the majority of the reports focused on populations of Northern/Western Europe origin and pointed to class II loci, namely the HLA-DRB1, in line with its major role in antigen presentation (1, 8, 18). In this context, our study provides further information obtained from patients of the Slavonic population from Central Europe, and re-emphasizes the possible role of another class II locus—HLA-DQB1. Study findings nominate a new susceptibility variant for sarcoidosis, HLA-DQB1*06:04, and extend the previous knowledge on HLA-DQB1*06:02 as a sarcoidosis susceptibility marker to the Czech population. Our study also suggests that the variant HLA-DRB1*11:01, previously reported as a general susceptibility factor, may serve as a marker for the advancing course of the disease. Further, other HLA variants associated with extrapulmonary involvement and the requirement for treatment are reported in our study. Patients with these HLA markers should, therefore, be carefully followed up, screened for extrapulmonary involvement, and considered for treatment.

Finally, a possible contribution of the “autoimmune” 8.1 ancestral haplotype to the better sarcoidosis prognosis, is another important outcome of our study. Association of Löfgren’s syndrome and other milder disease forms with the combination of the following six variants, HLA-A*01:01∼HLA-B*08:01∼HLA-C*07:01∼HLA-DRB1*03:01∼HLA-DQA1*05:01∼ HLA-DQB1*02:01, may be, therefore, considered in the context of the personalized approach to sarcoidosis patients.
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