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MICA*049, not MICA*009, is 
associated with Behçet’s disease in 
a Chinese population
Weifeng Zhu1,2, Yan Deng2,3, Jiucun Wang4,5,6, Xinjian Guo2, Weifeng Ding2,7, Jiashuo Chao8, 
Dan Lin9, Yuqin Wang9 & Xiaodong Zhou2

Behçet’s disease (BD) is a multi-systemic inflammatory disease. Previous reports indicated that 
MICA*009 confers susceptibility to BD. MICA*049 differs from MICA*009:01, a major MICA*009 
subtype, only at codon 335 in exon 6. However, the potential association of MICA*049 with BD  has 
not been addressed. In this study, we differentiated association among MICA*049, MICA*009 and 
HLA-B*51 with BD. A Han Chinese cohort consisting of 41 BD patients and 197 ethnically matched 
controls were examined with sequencing and T-ARMS-PCR for genotyping of MICA, and ARMS-PCR for 
HLA-B*51. The phenotype frequency of MICA*049 (41.5% versus 8.1%, OR = 8.01, P = 1.91 × 10−8) and 
HLA-B*51 (46.3% versus 15.7%, OR = 4.62, P = 1.21 × 10−5) were significantly higher in BD patients 
than those in controls, whereas MICA*009 showed no significant difference between the two groups 
(17.1% versus 13.2%, OR = 1.35, P = 0.51). After stratification for the effect of HLA-B*51, MICA*049 
was still associated with BD in HLA-B*51 negative patients (OR = 40.61, P = 0.02). Our results indicate 
that MICA*049, not MICA*009, is a risk factor to BD, and that is independent from HLA-B*51 in the Han 
Chinese cohort.

Behçet’s disease (BD) is a multi-system inflammatory disease characterized by recurrent oral and genital ulcers, 
uveitis, and skin lesions. Although the etiology and pathogenesis of BD are still uncertain, multiple genetic factors 
have been linked to BD1,2. Among them, HLA-B*51 appears to be the most strongly associated known genetic risk 
to BD in different ethnic groups2.

MICA (major histocompatibility complex class I chain related gene A), located only 46 kb centromeric of 
HLA-B, is a highly polymorphic gene. It normally expresses on the cell membrane, and functions in immune 
activation under cellular stress conditions, such as infections, tissue injury, pro-inflammatory signals, and malig-
nant transformation2. The MICA transmembrane (TM) A6 allele and the MICA*009 allele were associated with 
BD in multiple previous reports3–11. According to updated IMGT/HLA database, there are 107 MICA alleles 
identified. The MICA*009 can be further subtyped into MICA*00901, MICA*0090201 and MICA*0090202. 
The only difference between the MICA*00901 and the MICA*049 is at codon 335 in exon 6 (https://www.ebi.
ac.uk/ipd/imgt/hla/align.html). In the previous studies5,8–11, the ambiguity between the MICA*009 allele and 
the MICA*049 allele was not addressed, because exon 6 was not studied. Therefore, the MICA*009 allele maybe 
mixed with the MICA*049 allele. Here, we examined the association between MICA and BD in a Han Chinese 
cohort with MICA sequencing approach, along with a simple tetra-primer amplification refractory mutation 
system-polymerase chain reaction (T-ARMS-PCR) method to discriminate between the MICA*00901 allele and 
the MICA*049 allele.
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Results
The frequencies of MICA alleles in the 41 BD patients and 197 healthy controls were shown in Table 1. There were 
8 different MICA alleles in patients and 16 in controls. The frequency of MICA*049 was significantly higher in 
the patient group (24.4% in BD versus 4.3% in control, OR = 38.16, P = 6.52 × 10−10). However, the frequency of 
MICA*009 (including MICA*009:01 and MICA*009:02) was similar between the two groups (8.5% versus 6.6%, 
OR = 1.32, P = 0.53).

The genotype frequencies of MICA*008(:01 or:04)/MICA*049, MICA*010:01/MICA*049 and MICA*049/
MICA*049 were significantly higher in the patients (see Supplementary Table S1).

The MICA allele phenotype frequencies in BD patients and controls were shown in Table 2. The MICA*049 was 
significantly increased in BD patients compared to that in controls (41.5% versus 8.1%, OR = 8.01, P = 1.91 × 10−8). 
The difference of the MICA*009 frequency between patients and controls was not significant (17.1% in BD versus 
13.2% in control, OR = 1.35, P = 0.51). The allele frequency of the MICA*A6 was significantly higher in BD patients 
than that in controls (32.9% versus 11.7%, OR = 3.71, P = 1.18 × 10−6). The result of phenotype frequency was con-
sistent with that of allele frequency (53.7% versus 21.8%, OR = 4.15, P = 3.16 × 10−5).

The presence of HLA-B*51 in BD patients and controls were 46.3% and 15.7% (OR = 4.62, P = 1.21 × 10−5), 
respectively (Table 3).

MICA 
Allele

Patients 
n = 82 (%)

Controls 
n = 394 (%) χ2 P value OR (95% CI)

002:01 8 (9.8) 65 (16.5)

004 0 (0.0) 3 (0.8)

007:01 0 (0.0) 7 (1.8)

008 (:01 
or :04) 13 (15.9) 91 (23.1)

008:02 0 (0.0) 4 (1.0)

009:01 7 (8.5) 24 (6.1) 0.39 0.53 1.32 (0.55–3.16)

009:02 0 (0.0) 2 (0.5)

010:01 22 (26.8) 89 (22.6)

012:01 3 (3.7) 24 (6.1)

017 0 (0.0) 5 (1.3)

018:01 0 (0.0) 1 (0.3)

019 8 (9.8) 22 (5.6)

027 0 (0.0) 24 (6.1)

033 0 (0.0) 1 (0.3)

045 1 (1.2) 15 (3.8)

049 20 (24.4) 17 (4.3) 38.16 6.52 × 10−10 7.15 (3.55–14.41)

Table 1. Comparison of MICA alleles between BD patients and controls.

MICA Allele
Patients n = 41 
(%)

Controls 
n = 197 (%) χ2 P value

OR (95% 
CI)

002:01 8 (19.5) 60 (30.5)

004 0 (0.0) 3 (1.5)

007:01 0 (0.0) 5 (2.5)

008(:01or :04) 11 (26.8) 78 (39.6)

008:02 0 (0.0) 4 (2.0)

009:01 7 (17.1) 24 (12.2) 0.43 0.51 1.35 
(0.54–3.37)

009:02 0 (0.0) 2 (1.0)

010:01 20 (48.8) 79 (40.1)

012:01 3 (7.3) 23 (11.7)

017 0 (0.0) 4 (2.0)

018:01 0 (0.0) 1 (0.5)

019 8 (19.5) 21 (10.7)

027 0 (0.0) 23 (11.7)

033 0 (0.0) 1 (0.5)

045 1 (2.4) 14 (7.1)

049 17 (41.5) 16 (8.1) 31.59 1.91 × 10−8 8.01 (3.58–
17.91)

Table 2. Phenotype frequencies of MICA alleles in BD patients and controls.
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To examine whether the observed BD association of MICA*049 and HLA-B*51 are independent from each 
other, we performed subclonal analysis in HLA-B*51 negative subjects for MICA*049, and in MICA*049 neg-
ative subjects for HLA-B*51. As shown in Table 4, the MICA*049 remained significantly associated with BD 
(OR = 40.61, P = 0.02) in HLA-B*51 negative BD patients, but the association of HLA-B*51 with BD appeared 
lost in MICA*049 negative patients (Table 5).

Discussion
Previously, MICA*009 and MICA*A6 were suggested as susceptibility alleles for BD. The MICA*A6 is a polymorphism 
with 6 tendent repeats of GCT in exon 5 of MICA gene. This polymorphism is included in the MICA*009, and shared 
by MICA*049 and a number of other MICA alleles. In the previous studies5,8–11, the MICA alleles were identified by 
PCR-SSP or PCR-SBT based on sequences of exon 2 to exon 5. However, the MICA*00901 and the MICA*049 differ by 
only one nucleotide at codon 335 of exon 6. Therefore, the ambiguity between these two alleles could not be addressed, 
and the MICA*009 allele reported in the previous studies may be mixed with MICA*049. According to allelic func-
tional analysis using SIFT program (http://sift.bii.a-star.edu.sg/), the change at codon 335 may impact MICA function.

In the present study, we developed a rapid and cost-efficient T-ARMS-PCR to discriminate the MICA*009 
from the MICA*049. Comparison analysis between BD patients and controls showed that the MICA*049, not 
*009, was strongly associated with BD. As we expected, the MICA*A6 showed a consistent BD association with 
previous reports as it is within the MICA*049 polymorphism. It is worth noting that the allele frequency of the 
MICA*009 and *049 in controls were consistent with the previous report of MICA alleles in a Chinese popula-
tion12. Considering MICA and HLA-B genes are located next to each other, and strong linkage disequilibrium 
(LD) exists between alleles of these two genes, it is necessary to determine whether the observed association is 
due to LD effect from HLA-B*51. According to the clonal analysis, the MICA*049 was independently associated 
with BD in the Chinese cohort.

In conclusion, we investigated MICA polymorphisms in patients with BD of Chinese Han. It is the first report 
of MICA*049 in association with BD, and which appeared independent from HLA-B*51. Although the sample 
size is relatively small in the study, the association achieved significant p value with strong odd ratio. However, it 
still warrants further validation studies in a larger Chinese cohort and/or other ethnic populations. It may not rule 
out this observed association is ethnic specific for Chinese Han population.

Methods
Participants. A total of 41 Patients (34 male, 7 female) were enrolled between March 2010 and September 
2017 from the Eye Hospital of Wenzhou Medical University. The diagnosis of BD was followed the criteria of 
the International Study Group of BD13. The mean age of the patients was 37.8 years (range between 27–50 years) 
and the mean duration of the disease was 6.4 years (range between 1–18 years). A total of 197 unrelated healthy 

Patients 
n = 41 (%)

Controls 
n = 197 (%) χ2 P value OR (95% CI)

Presence 19 (46.3) 31 (15.7)
19.16 1.21 × 10−5 4.62 (2.24–9.54)

Absence 22 (53.7) 166 (84.3)

Table 3. Association of BD with HLA-B*51.

MICA*049

Absence of HLA-B*51 Presence of HLA-B*51

Patients Controls Patients Controls

Presence 2 0 15 16

Absence 20 166 4 15

χ2 15.25 3.74

P value 0.02 0.07

OR (95% CI) 40.61 (1.88–875.58) 3.52 (0.95–13.01)

Table 4. Association of MICA*049 with BD stratified for the effect of HLA-B*51.

HLA-B*51

Absence of MICA*049 Presence of MICA*049

Patients Controls Patients Controls

Presence 4 15 15 16

Absence 20 166 2 0

χ2 1.77 2.00

P value 0.25 0.29

OR (95% CI) 2.21 (0.67–7.32) 0.19 (0.01–4.23)

Table 5. Association of HLA-B*51 with BD stratified for the effect of MICA*049.
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individuals were recruited in the same geography. All of patients and controls were Chinese Han. The study 
was approved by the Ethics Committee of the Eye Hospital of Wenzhou Medical University and was conducted 
according to the Declaration of Helsinki Principles. Written inform consent was obtained from all participants.

Genomic DNA extraction. Genomic DNA was extracted from peripheral blood cells of all subjects using 
Bioteke DNA isolation kit (Beijing, China). After detecting DNA concentration by a Nanodrop 2000 spectropho-
tometer, a part of DNA of each subject was diluted to 10 ng/μl for genotyping assays.

HLA-B*51 genotyping. For control samples, the HLA-B*51 genotyping was performed with 
sequence-based typing (SBT) method using secore kits (Life Technologies, USA)14. For patients, each sample was 
genotyped for HLA-B*51 positivity by ARMS PCR method15.

MICA genotyping. MICA was genotyped by PCR sequencing exon 2–5 regions using bidi-
rectional Sanger sequencing methods16. For samples in patient group which were discriminated as 
MICA*009:01/*049, Sanger sequencing was used to distinguished the two alleles. Two primers (Forward primer: 
5′-AGAGAAAGGGCGAATCTGGT-3′, Reverse primer: 5′-AAGAGGGAAA-GTGCTCGTGA-3′) were used to 
amplify 301 bp PCR products. The PCR was performed in a total volume of 20 μl containing 10 μl of 2 × Taq 
Master Mix (Jinan, Shanghai, China), 0.4 μM of each primer (Invitrogen, Shanghai, China) and 10 ng of genomic 
DNA. PCR was carried out on a Veriti Thermal cycler. The PCR thermal cycling condition was an initial denatura-
tion at 94 °C for 3 min, followed by 35 cycles at 94 °C for 20 s, 60 °C for 20 s and 72 °C for 20 s, and a final extension 
at 72 °C for 5 min. For samples in control group which were detected as MICA*009:01/*049, T-ARMS-PCR was 
used to differentiate MICA*009:01 from MICA*049. The sequence of the four primers and concentration of each 
primer were listed in Table 6. Product sizes were 246 bp for T allele, 182 bp for C allele, and 382 bp for the for-
ward outer primer and reverse outer primer. The PCR was performed in a final volume of 10 μl containing 5 μl of 
2 × Hot-start Taq Red Master Mix (PHENIX, CA, USA), 0.4–1.4 μM of each primer (IDT, Skokie, USA) and 10 ng 
of genomic DNA. The PCR program on the Veriti Thermal cycler was as follow: 95 °C for 10 min; 35 cycles of 20 s 
at 94 °C, 30 s at 62 °C and 25 s at 72 °C, followed by a final extension of 5 min at 72 °C. The results of T-ARMS-PCR 
were verified by DNA sequencing. Direct sequencing was done with the two outer primers. The PCR products 
were purified using DNA clean & concentrator kit (Irvine, CA, USA), then the purified PCR products were sent 
to company for sequencing (GENEWIZ, NJ, USA). The sequencing data were analyzed using chromas software.

Statistical analysis. HLA-B*51 and MICA allelic frequencies were calculated by direct counting. The signif-
icance of the distribution of alleles between the patient group and the control group was calculated by Chi-square 
or Fisher’s exact test using SPSS22.0 or Epi info software. If the cell frequency as zero, the odds ratio (OR) was 
calculated using MedCalc software (https://www.medcalc.org/calc/odds_ratio.php).

Data Availability
The data generated and/or analyzed in the current study are available from the corresponding authors on reason-
able request.

References
 1. Takeuchi, M., Kastner, D. L. & Remmers, E. F. The immunogenetics of Behçet’s disease: A comprehensive review. J Autoimmun. 64, 

137–148 (2015).
 2. Deng, Y., Zhu, W. & Zhou, X. Immune Regulatory Genes Are Major Genetic Factors to Behcet Disease: Systematic Review. Open 

Rheumatol J. 12, 70–85 (2018).
 3. Mizuki, N. et al. Triplet repeat polymorphism in the transmembrane region of the MICA gene: a strong association of six GCT 

repetitions with Behçet disease. Proc Natl Acad Sci USA 94, 1298–1303 (1997).
 4. Yabuki, K. et al. Association of MICA gene and HLA-B*5101 with Behçet’s disease in Greece. Invest Ophthalmol Vis Sci. 40, 

1921–1926 (1999).
 5. Wallace, G. R. et al. MIC-A allele profiles and HLA class I associations in Behçet’s disease. Immunogenetics. 49, 613–617 (1999).
 6. Park, S. H. et al. Association of MICA polymorphism with HLA-B51 and disease severity in Korean patients with Behcet’s disease. J 

Korean Med Sci. 17, 366–370 (2002).
 7. Mizuki, N. et al. Analysis of microsatellite polymorphism around the HLA-B locus in Iranian patients with Behçet’s disease. Tissue 

Antigens. 60, 396–399 (2002).
 8. Mizuki, N. et al. Association analysis between the MIC-A and HLA-B alleles in Japanese patients with Behçet’s disease. Arthritis 

Rheum. 42, 1961–1996 (1999).
 9. Hughes, E. H. et al. Associations of major histocompatibility complex class I chain-related molecule polymorphisms with Behcet’s 

disease in Caucasian patients. Tissue Antigens. 66, 195–199 (2005).

Primer Sequence (5′ to 3′) Concentration (μM)

FO GATGGGAGGGAACTGGTAGGGGCT 0.4

FI GGTCCTGGATCAACACCCAGTTGGTAC 0.8

RI GGCATCCCTGTGGTCACGCA 1.4

RO AGGCACCAAGAGGGAAAGTGCTCG 0.4

Table 6. Primers for the T-ARMS-PCR to distinguish MICA*009:01 from MICA*049. FO: Forward outer 
primer, FI: Forward inner primer, RI: Reverse inner primer, RO: Reverse outer primer.

https://doi.org/10.1038/s41598-019-47289-z
https://www.medcalc.org/calc/odds


5Scientific RepoRts |         (2019) 9:10856  | https://doi.org/10.1038/s41598-019-47289-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

 10. Muñoz-Saá, I. et al. Allelic diversity and affinity variants of MICA are imbalanced in Spanish patients with Behçet’s disease. Scand J 
Immunol 64, 77–82 (2006).

 11. Mizuki, N., Meguro, A., Tohnai, I., Gül, A. & Ohno, S. Association of Major Histocompatibility Complex Class I Chain-Related Gene 
A and HLA-B Alleles with Behçet’s Disease in Turkey. Jpn J Ophthalmol. 51, 431–436 (2007).

 12. Zhu, F. et al. Distribution of MICA diversity in the Chinese Han population by polymerase chain reaction sequence‐based typing for 
exons 2-6. Tissue Antigens. 73, 358–363 (2009).

 13. Criteria for diagnosis of Behçet’s disease. International Study Group for Behçet’s Disease. Lancet. 335, 1078–1080 (1990).
 14. Yi, L. et al. Profiling of hla-B alleles for association studies with ankylosing spondylitis in the chinese population. Open Rheumatol J. 

7, 51–54 (2013).
 15. Tonks, S. et al. Molecular typing for hla class i using arms‐pcr: further developments following the 12th international 

histocompatibility workshop. Tissue Antigens. 53, 175–183 (1999).
 16. Zhou, X. et al. MICA, a gene contributing strong susceptibility to ankylosing spondylitis. Ann Rheum Dis. 73, 1552–1557 (2014).

Acknowledgements
This work was supported by Zhejiang Provincial Natural Science Foundation of China (Grant No. LY15H120003), 
Key Research Program of the Eye Hospital of Wenzhou Medical University (Grant No.YNZD201402), and Jiangxi 
Provincial Natural Science Foundation of China (Grant No. 20161BAB205260).

Author Contributions
X.D.Z. and Y.Q.W. designed this study. J.C.W. and D.L. collected samples. W.F.Z., Y.D., J.C.W., X.J.G., W.F.D. and 
J.S.C. performed the experiments. W.F.Z. and X.D.Z. analyzed the data. W.F.Z. and Y.D. wrote the manuscript. 
X.D.Z. reviewed the manuscript. All authors read and approved the final manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-47289-z.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-47289-z
https://doi.org/10.1038/s41598-019-47289-z
http://creativecommons.org/licenses/by/4.0/

	MICA*049, not MICA*009, is associated with Behçet’s disease in a Chinese population
	Results
	Discussion
	Methods
	Participants. 
	Genomic DNA extraction. 
	HLA-B*51 genotyping. 
	MICA genotyping. 
	Statistical analysis. 

	Acknowledgements
	Table 1 Comparison of MICA alleles between BD patients and controls.
	Table 2 Phenotype frequencies of MICA alleles in BD patients and controls.
	Table 3 Association of BD with HLA-B*51.
	Table 4 Association of MICA*049 with BD stratified for the effect of HLA-B*51.
	Table 5 Association of HLA-B*51 with BD stratified for the effect of MICA*049.
	Table 6 Primers for the T-ARMS-PCR to distinguish MICA*009:01 from MICA*049.




