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Abstract 
Background: Noninfectious anterior uveitis shares genetic factors, including HLA-B27, with ankylosing spondylitis (AS). The aim of this 
study was to identify significant single nucleotide polymorphisms (SNPs) associated with noninfectious anterior uveitis in AS patients, 
which may help predict help predict the risk of developing this condition and provide deeper insights into its genetic basis.
Methods: A genome-wide association study (GWAS) was conducted using the genomic data of 468 AS patients, including 90 with 
noninfectious anterior uveitis and 378 without it, from the Taiwan Precision Medicine Initiative. This study identified relevant genes 
using SnpXplorer and developed a polygenic risk score (PRS) model to identify AS patients with an increased risk of noninfectious 
anterior uveitis. Biological pathways were analyzed via Enrichr-KG and various databases.
Results: GWAS revealed two novel SNPs, rs1736952 and rs17354984, with p values <5 × 10−8, and 74 SNPs with p values <1 × 10−4. 
The associated genes were involved mainly in antigen presentation, interferon signaling, immune regulation pathways, ciliary movement, 
and neurodegeneration. An optimal PRS model was constructed using 19 SNPs, achieving an area under the curve (AUC) of 0.907.
Conclusion: Our results revealed that two novel and significant SNP loci, rs1736952 and rs17354984, are strongly associated 
with noninfectious anterior uveitis in patients with AS. However, their roles in uveitis and other immune disorders warrant further 
investigation.
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1. INTRODUCTION
Uveitis is an inflammation of the uvea, which includes the iris, cili-
ary body, and choroid. Uveitis can be classified based on anatomi-
cal location into anterior, intermediate, posterior, and panuveitis, 
and based on etiology into noninfectious and infectious types.1 
Uveitis accounts for approximately 5% to 10% of visual impair-
ments worldwide.2 If left untreated or inadequately managed, 
uveitis can lead to complications such as posterior synechiae, ocu-
lar hypertension, macular edema, cataracts, and glaucoma.3

Ankylosing spondylitis (AS) and uveitis are closely linked due 
to shared genetic immunological factors.4 A significant propor-
tion of AS patients develop uveitis, particularly noninfectious 
anterior uveitis, a common complication of the disease.5 This 
strong association is largely attributed to the presence of the 
HLA-B27 antigen, which is prevalent in both AS and uveitis. 
The shared genetic factor of HLA-B27 suggests that both AS and 
noninfectious anterior uveitis may result from similar underly-
ing genetic predispositions and immune system dysregulation. 
In fact, other genetic associations, such as ERAP-1, IL-23R, 
rs653778 of IFNA13, and rs28383797 of IFNA1, were dis-
covered in previous studies.4,6,7 Other studies have investigated 
cytokines and chemokines in HLA-B27+ AS-associated anterior 
uveitis patients to better understand this disease.8

Genome-wide association studies (GWASs) are powerful tools 
for identifying genetic variants associated with diseases by scan-
ning the genomes of large cohorts.9 This approach has been 
widely used in medical research to identify genetic risk factors for 
various conditions, including complex diseases such as diabetes, 
cancer, and autoimmune disorders.10–12 These studies can high-
light previously unknown genetic factors, offering new directions 
for biological pathways and potential therapeutic interventions.13

The aim of this study was to identify significant genetic fac-
tors associated with noninfectious anterior uveitis in AS patients. 
We conducted a GWAS using large amounts of genomic data 
from the Taiwan Precision Medicine Initiative (TPMI) (accessed 
on July 8, 2023), a large database consisting of genetic profiles 
and deidentified health information from one million volunteers 
from medical centers across Taiwan, and discovered signifi-
cant and novel single nucleotide polymorphisms (SNPs) in AS 
patients with noninfectious anterior uveitis. An optimal poly-
genic risk score (PRS) model was developed, which revealed 
the genetic variants involved in noninfectious anterior uveitis 
comorbidity in AS patients and effectively predicted AS patients 
with increased risks of noninfectious anterior uveitis. The tools 
SnpXplorer and Enrichr-KG were used to explore the associated 
genes and biological pathways to explore the biological signifi-
cance of the SNPs.14,15 Our most significant finding is the identi-
fication of two novel and highly significant SNP loci, rs1736952 
and rs17354984 (p < 5 × 10−8), which are strongly associated 
with noninfectious anterior uveitis in AS patients. Genes associ-
ated with rs1736952 are linked to immune pathways such as 
antigen presentation and T-cell regulation, whereas genes related 
to rs17354984 are more closely connected to ciliary movement 
and neurodegeneration. The optimal PRS model effectively pre-
dicted a greater risk for noninfectious anterior uveitis in AS 

patients, with an area under the curve (AUC) of 0.907 in the 
training set and 0.703 in the testing set.

2. METHODS

2.1. Study population
This study utilized genetic data from the TPMI (accessed on July 
8, 2023), a database containing genetic profiles and de-identified 
health information from one million volunteers across medical 
centers in Taiwan.16 The genotyping chip used in the TPMI data-
base is a modified version of the Axiom Genome-Wide TWB 
(Taiwan Biobank) 2.0 Array Plate (Affymetrix, Santa Clara, 
CA).16 Owing to the TPMI’s data management policies, the data 
were limited to Taipei Veterans General Hospital participants. 
A total of 83 597 patients were recruited from Taipei Veterans 
General Hospital from 2014 to 2023 from the TPMI database. 
Data collection was approved by the Institutional Review Board 
of Taipei Veterans General Hospital, Taipei, Taiwan (TPEVGH 
IRB No: 2023-11-007ACF).

Patients with both AS and noninfectious anterior uveitis were 
selected as the case group, and patients with AS without uvei-
tis composed the control group. Fig. 1 shows the flowchart for 
patient selection.

From a cohort of 83,597 individuals, we first identified 808 
AS patients using the International Classification of Diseases 
(ICD)-10 code M45. Among these patients, 70 patients with 
anterior uveitis were selected using the ICD-10 code H20 for iri-
docyclitis. We then excluded five patients with secondary infec-
tious iridocyclitis via the ICD-10 code H20.03, resulting in 65 
patients in the case group. From the 738 AS patients without the 
ICD-10 code for iridocyclitis, we further searched the electronic 
medical records for keywords indicative of uveitis (“AAU,” 
“uveitis,” “iridocyclitis,” “cyclitis,” “Harada,” “Fuch,” “VKS,” 
“Vogt-Kayanagi,” “Vogt,” “Kayanagi,” “hypopyon,” “glauco-
macyclitic,” “lens-induced,” “endophthalmitis,” “panophthalmi-
tis,” “panuveitis,” “ophthalmia,” “nodosa,” “planitis,” “vitreous 
abscess,” “chorioretinitis,” “retinitis,” “choroiditis,” “vasculitis,” 
“uveitis due to secondary syphilis,” “syphilitic uveitis,” “retino-
choroiditis,” “acute retinal necrosis,” “CMV retinitis,” “PORN,” 
“retinal necrosis,” “ARN,” “toxoplasmosis,” “ocular tuberculo-
sis,” “ocular TB,” “sarcoidosis,” and “Behcet”) and identified 100 
additional patients. We then excluded 22 patients via keywords 
indicative of infectious uveitis or nonanterior uveitis (“Harada,” 
“Fuch,” “VKS,” “Vogt-Kayanagi,” “Vogt,” “Kayanagi,” “glauco-
macyclitic,” “lens-induced,” “endophthalmitis,” “panophthalmi-
tis,” “panuveitis,” “ophthalmia,” “nodosa,” “planitis,” “vitreous 
abscess,” “chorioretinitis,” “retinitis,” “choroiditis,” “vasculitis,” 
“uveitis due to secondary syphilis,” “syphilitic uveitis,” “retino-
choroiditis,” “acute retinal necrosis,” “CMV retinitis,” “PORN,” 
“retinal necrosis,” “ARN,” “toxoplasmosis,” “ocular tuberculo-
sis,” “ocular TB,” “sarcoidosis,” and “Behcet”), resulting in an 
additional 78 patients for the case group. The final case group 
consisted of 143 patients. From the 738 AS patients without the 
ICD-10 code for iridocyclitis, the 638 patients whose electronic 
medical records did not contain keywords indicative of uveitis 
were selected as the control group.

A total of 781 patients were identified from the TPMI data-
base, comprising 143 in the case group and 638 in the control 
group. Before quality control (QC), 700 522 SNPs were identi-
fied across the 781 patients.

2.2. Quality control
A total of 143 and 638 patients were initially selected for the  
case and control groups, respectively. After patients with incom-
plete genetic data were excluded, the final control and case 
groups comprised 91 and 380 patients, respectively, for a total 
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of 471 individuals. QC was conducted through eight steps via 
PLINK software (version 1.9) to exclude patients with high SNP 
missing rates (>5% missing data) and high heterozygosity rates 
(>3 standard deviations from the mean)17 and to remove SNPs 
in linkage disequilibrium (LD), with >5% missing data, deviat-
ing from Hardy–Weinberg equilibrium (p value <1 × 10−5), with 
different missing rates between groups, and with minor allele 
frequency (MAF) <0.01 across all participants. After QC, the 
initial 471 patients were reduced to 468 (90 in the case group 
and 378 in the control group), and the number of SNPs was 
reduced from 700 522 to 268 240.

2.3. Genome-wide association study
A GWAS was conducted with PLINK v1.9 using QC-processed 
data to identify genetic factors in the case group compared with 
the control group. We applied the thresholds of a p value <5 × 
10−8 and a p value <1 × 10−4 to identify significant SNPs in non-
infectious anterior uveitis in the context of AS.

2.4. PRS model
To develop and evaluate PRSs, we randomly divided the pro-
cessed genetic data from cases and controls into training and test-
ing sets. Three different data partitioning ratios were applied: 9:1, 
8:2, and 5:5. A GWAS was performed on the training set to obtain 

summary statistics, which were then used in PRSice-2 software 
for PRS model training. The computations were performed using 
the C + T method, the default approach in PRSice-2, to develop 
the optimal PRS model. In addition, individual-level data such 
as age and sex were included as covariates in the computation. 
After the PRS model was built, a receiver operating characteristic 
(ROC) curve was generated, and the AUC was calculated. A den-
sity plot was used to visualize the results. Multiple random splits 
(20-30 times) were performed for each proportion (9:1, 8:2, 5:5) 
via the caret package in R, and the PRS model with the best AUC 
and density plot results was selected as the optimal PRS model.

2.5. Associated genes and biological pathway enrichment 
analysis
Both the significant SNPs from the GWAS and the SNPs used 
in the optimal PRS model were annotated via the online tool 
SnpXplorer to obtain information about their associated genes 
and previous research correlations, facilitating pathway analysis 
to explore their biological significance. Enrichment analysis was 
performed using Enrichr-KG to investigate associations between 
specific genes or gene sets and biological pathways. This analysis 
was based on databases including the Gene Ontology Biological 
Process (GOBP), Kyoto Encyclopedia of Genes and Genomes 
(KEGG, version 2021 Human), Reactome (version 2022), and the 
GWAS Catalog.18–20 In addition, significant SNPs from the GWAS 
were cross-referenced with the literature and the UVEOGENE 

Fig. 1 TPMI sample selection flowchart. Flowchart illustrating the criteria and number of patients selected in this study. The patients in the case group were 
ankylosing spondylitis patients with noninfectious anterior uveitis. The control group included ankylosing spondylitis patients without uveitis. ICD-10 = 10th 
revision of the International Classification of Diseases; TPMI = Taiwan Precision Medicine Initiative.
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database to determine if these SNPs had been previously identi-
fied, ensuring continuity with past research.21 The datasets were 
accessed on July 8, 2023.

3. RESULTS

3.1. Patient characteristics
A total of 468 patients, including 90 in the case group and 378 
in the control group after QC, with a total of 268 240 SNPs, 
were included in the GWAS. The optimal PRS model was built 
with the data of 84 patients in the case group and 337 patients 
in the control group; among them, 65 (77%) and 208 (62%) 
were men, respectively, with a p value of 0.007. The mean ages 
of the two groups were 52.33 ± 13.93 and 51.25 ± 15.10 years, 
respectively, with a p value of 0.4.

3.2. Noninfectious anterior uveitis risk loci in AS patients
A GWAS was conducted to identify significant genetic factors 
associated with noninfectious anterior uveitis in AS patients. 
The GWAS results are visualized in a Manhattan plot (Fig. 2). 

Two SNPs, rs1736952 (MAF = 0.051 in the case group, odds 
ratio [OR] = 39.89) on chromosome 6 and rs17354984 (MAF 
= 0.084 in the case group, OR = 7.597) on chromosome 7, 
showed genome-wide significance, with a p value <5 × 10−8 
(Table 1). A total of 74 SNPs had p values <1 × 10−4 (Table 2). 
These SNPs are considered noninfectious anterior uveitis risk 
loci in AS patients.

3.3. PRS and the optimal PRS model
To predict AS patients with higher risks of noninfectious anterior 
uveitis, we built the optimal PRS model by using a 9:1 training-
to-testing ratio trained with 84 and 337 patients in the case and 
control groups, respectively. This model incorporated 19 SNPs 
(Table 3) from the 74 significant (p value <5.5 × 10−4) SNPs.

The mean PRS in AS patients with noninfectious anterior 
uveitis was significantly greater than that in noninfectious ante-
rior uveitis patients, with a p  = 0.0125 (Fig. 3A), indicating the 
association of the 19 SNPs with noninfectious anterior uveitis 
comorbidity in AS patients. The risk of uveitis increases with 
higher PRS values (Fig. 3B, C). Patients in the Q3-maximum, 
Q2-3, and Q1-2 PRS quantiles had a 145.57-, 21.72-, and 

Table 1

Two SNPs with p values <5 × 10−8

SNP CHR Position
MAF (in 
cases)

MAF (in 
controls) p OR Gene symbol

rs1736952 6 29817876 0.05056 0.001333 1.07 × 10−8 39.89 NRM, HCG4, HLA-V, ABCF1, TRIM31, RNF39, PPP1R11, HLA-J, ZNRD1ASP, HCG9, HLA-G, 
HLA-F, ZFP57, TRIM27, HLA-H, HLA-A, HLA-F-AS1, MCCD1P2, HCG4B, HCG20, HLA-U, 
MICD, HLA-K, PAIP1P1, ZDHHC20P1, IFITM4P, DDX39BP2, RPL23AP1, HLA-P, HCG17, 
MICE, HCP5B

rs17354984 7 21742645 0.08427 0.01197 4.48 × 10−8 7.597 DNAH11

CHR = chromosome; MAF = minor allele frequency; OR= odds ratio; SNP = single nucleotide polymorphisms.

Fig. 2 Manhattan plot of the GWAS. The Manhattan plot (90 cases, 378 controls) illustrates SNPs associated with uveitis in AS patients. The red line represents 
the genome-wide significance threshold of a p value <5 × 10−8, and the blue line represents the threshold of a p value <1 × 10−4. Two SNPs, rs1736952 on 
chromosome 6 and rs17354984 on chromosome 7, reached the genome-wide significance threshold of a p value <5 × 10−8. A total of 74 SNPs reached the 
genome-wide significance threshold of a p value <1 × 10−4. AS = ankylosing spondylitis; GWAS = genome-wide association study; SNP = single nucleotide 
polymorphism.
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Table 2

Seventy-four significant SNPs with p values <1 × 10−4

SNP CHR Position MAF (in cases) MAF (in controls) p OR Gene symbol

rs1736952 6 29817876 0.05056 0.001333 1.07 × 10−8 39.89 HLA-G, MICF
rs17354984 7 21742645 0.08427 0.01197 4.48 × 10−8 7.597 DNAH11
Affx-56922559 9 137712385 0.05618 0.006631 2.30 × 10−6 8.917 COL5A1
rs7349185 1 25805163 0.1236 0.03581 2.36 × 10−6 3.797 TMEM57
rs117709055 3 130088948 0.05618 0.006649 2.39 × 10−6 8.893 COL6A5
rs76261069 17 33207596 0.1124 0.0305 2.84 × 10−6 4.023 CCT6B
Affx-20867811 3 107058830 0.05056 0.005305 3.64 × 10−6 9.985 CCDC54
rs12921488 16 74291233 0.0618 0.009284 4.67 × 10−6 7.029 PSMD7
rs74612506 22 47938038 0.04651 0.004155 5.94 × 10−6 11.69 TBC1D22A
rs79284941 6 14628325 0.1461 0.05053 5.96 × 10−6 3.214 CD83
rs864347 9 22185093 0.08989 0.02128 6.31 × 10−6 4.543 CDKN2A, CDKN2B
Affx-36911095 5 17242812 0.1236 0.03846 7.06 × 10−6 3.526 BASP1
rs2531818 6 28485325 0.05682 0.007958 7.17 × 10−6 7.51 GPX6
rs9257792 6 29366662 0.05618 0.007958 8.39 × 10−6 7.421 OR12D3, OR12D2, OR5V1
Affx-19653512 2 239614985 0.05618 0.007979 8.70 × 10−6 7.401 LOC100287387
Affx-33583936 9 25863318 0.1124 0.03316 9.26 × 10−6 3.691 TUSC1, LOC100506422
Affx-32558400 8 71731027 0.09091 0.02255 1.01 × 10−5 4.335 XKR9
Affx-26319870 5 2301371 0.09659 0.02527 1.03 × 10−5 4.125 IRX4
rs72805440 16 52379574 0.0625 0.01067 1.27 × 10−5 6.183 TOX3
Affx-70125822 2 235924552 0.0618 0.01061 1.38 × 10−5 6.142 SH3BP4
rs146618491 13 93772274 0.05056 0.006667 1.57 × 10−5 7.935 GPC6
rs150434741 7 42232504 0.09659 0.02653 1.85 × 10−5 3.924 GLI3
rs117016917 6 150111225 0.06742 0.01326 1.87 × 10−5 5.378 PCMT1
rs73425422 6 30262369 0.04762 0.00551 1.92 × 10−5 9.025 TRIM39, TRIM39-RPP21, RPP21, HCG18
rs117886821 16 69358909 0.07865 0.01857 2.40 × 10−5 4.512 SNTB2, VPS4A, PDF, COG8, NIP7, TMED6
Affx-8149256 12 51489354 0.04494 0.005305 2.45 × 10−5 8.824 TFCP2
rs75428604 16 73269528 0.07865 0.01862 2.50 × 10−5 4.5 C16orf47
rs12955989 18 24106190 0.07865 0.2162 2.58 × 10−5 0.3095 KCTD1
rs186845124 1 182327274 0.04494 0.005376 2.87 × 10−5 8.706 GLUL
rs28600278 6 69628538 0.04167 0.004132 3.06 × 10−5 10.48 ADGRB3, BAI3
rs77847061 8 98823474 0.1854 0.0809 3.13 × 10−5 2.586 LAPTM4B
rs12096215 1 17224893 0.5674 0.3963 3.35 × 10−5 1.998 CROCC, RNU1-2
rs62521632 8 125709909 0.1307 0.04667 3.48 × 10−5 3.071 MTSS1
rs142239901 14 54594533 0.03933 0.003979 3.84 × 10−5 10.25 BMP4
rs189232287 16 57911973 0.03933 0.003989 3.95 × 10−5 10.22 KIFC3, CNGB1
rs117292774 3 184145500 0.1404 0.05319 4.03 × 10−5 2.908 CLCN2, POLR2H, THPO, CHRD, EIF2B5
rs10968154 9 27862445 0.09551 0.02785 4.04 × 10−5 3.686 LINGO2
rs11844301 14 94766718 0.1798 0.07846 4.29 × 10−5 2.574 SERPINA6
rs11076811 16 4128510 0.1573 0.064 4.48 × 10−5 2.73 ADCY9
rs144407323 8 17870922 0.06742 0.01463 4.55 × 10−5 4.87 PCM1
rs147495637 5 121366814 0.08427 0.02255 4.75 × 10−5 3.99 SRFBP1
rs4832420 2 18173220 0.07303 0.01724 4.79 × 10−5 4.491 KCNS3
Affx-30491770 7 44572855 0.07303 0.01724 4.79 × 10−5 4.491 NPC1L1
rs6933672 6 28973911 0.05056 0.007958 4.85 × 10−5 6.639 ZNF311
rs185853321 8 38917423 0.05056 0.007958 4.85 × 10−5 6.639 ADAM9
rs144972591 15 26864741 0.05056 0.007958 4.85 × 10−5 6.639 GABRB3
rs12947919 17 71121946 0.07865 0.01989 4.89 × 10−5 4.206 SLC39A11, SSTR2, COG1
rs76979072 4 153960451 0.05056 0.008065 5.67 × 10−5 6.55 FHDC1
rs76824549 2 69162005 0.118 0.04111 5.85 × 10−5 3.12 GKN2
rs140214134 22 49123512 0.05747 0.0107 5.90 × 10−5 5.64 FAM19A5
rs73982684 2 191165894 0.118 0.04122 6.13 × 10−5 3.111 HIBCH
rs9396669 6 16399176 0.4944 0.3342 6.53 × 10−5 1.948 ATXN1
rs2741673 8 6941449 0.1404 0.2851 7.16 × 10−5 0.4096 DEFA3, DEFA5
rs74441014 4 117311047 0.05618 0.01064 7.31 × 10−5 5.536 TRAM1L1
rs139664253 2 223276572 0.09551 0.02926 7.33 × 10−5 3.504 SGPP2
rs75461080 3 123164453 0.08523 0.02387 7.44 × 10−5 3.81 ADCY5
rs9890089 17 50608431 0.1105 0.03714 7.70 × 10−5 3.22 CA10
rs3096696 6 32154695 0.04545 0.006631 7.81 × 10−5 7.133 AGER
rs148512981 1 185738115 0.07955 0.02122 8.04 × 10−5 3.986 HMCN1
rs78007164 7 76369091 0.07955 0.02122 8.04 × 10−5 3.986 SPDYE18
Affx-7054967 12 124301542 0.4101 0.2613 8.24 × 10−5 1.966 DNAH10

(Continued)
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4.16-fold increased risk of anterior uveitis, respectively, com-
pared with those in the minimum-Q1 quantile. The ROC curves 
illustrate the predictive performance of the optimal PRS model 
in the training and testing sets, yielding AUCs of 0.907 and 
0.703, respectively (Fig. 4). The covariates (age and sex) yielded 
a predictive accuracy of AUC = 0.612 in the training set, which 
was significantly lower than that of the PRS model. Our optimal 
PRS model effectively distinguished AS patients at high risk of 
noninfectious anterior uveitis.

3.4. Associated genes and biological pathway enrichment 
analysis
Biological pathway enrichment analysis was conducted to iden-
tify pathways and diseases associated with SNP-related genes 
(Figs. 5 and 6). Annotation using SnpXplorer revealed that 
rs1736952 is an intergenic locus, not within any specific gene, 
but associated with the following genes: NRM, HCG4, HLA-
V, ABCF1, TRIM31, RNF39, PPP1R11, HLA-J, ZNRD1ASP, 
HCG9, HLA-G, HLA-F, ZFP57, TRIM27, HLA-H, HLA-A, 
HLA-F-AS1, MCCD1P2, HCG4B, HCG20, HLA-U, MICD, 

HLA-K, PAIP1P1, ZDHHC20P1, IFITM4P, DDX39BP2, 
RPL23AP1, HLA-P, HCG17, MICE, and HCP5B. Rs17354984 
is located within the DNAH11 gene. Enrichment analysis of the 
genes associated with the significant SNPs via Enrichr-KG iden-
tified relevant biological pathways in the GOBP, KEGG, and 
Reactome databases.

Genes associated with the key SNP rs1736952, particularly 
HLA-A, HLA-F, HLA-G, and TRIM31, are involved in major 
histocompatibility complex (MHC)-mediated antigen presen-
tation, interferon signaling, and natural killer (NK) cell and 
T-cell immune regulation pathways. The related diseases are 
primarily infectious diseases, autoimmune diseases, and rejec-
tion responses, indicating that rs1736952-associated genes may 
play a role in the immune mechanisms of noninfectious ante-
rior uveitis in AS. The gene DNAH11, in which rs17354984 is 
located, is more closely related to neurodegeneration and cili-
ary movement. Collectively, our results indicate that novel and 
significant SNP loci, rs1736952 and rs17354984, are strongly 
associated with noninfectious anterior uveitis comorbidity in 
patients with AS. Further investigation is needed to elucidate the 

SNP CHR Position MAF (in cases) MAF (in controls) p OR Gene symbol

rs5764547 22 44123071 0.2022 0.09682 8.25 × 10−5 2.365 EFCAB6
rs61837322 1 234961493 0.0618 0.01326 8.69 × 10−5 4.901 IRF2BP2
rs74308888 9 5165324 0.0618 0.01326 8.69 × 10−5 4.901 INSL6
rs149037470 12 76984009 0.0618 0.01326 8.69 × 10−5 4.901 OSBPL8
rs77749096 15 29191308 0.04494 0.006631 8.85 × 10−5 7.049 APBA2
rs1052882 19 463528 0.3876 0.2427 9.01 × 10−5 1.975 SHC2, ODF3L2, C2CD4C
rs28488609 1 18852250 0.125 0.04642 9.10 × 10−5 2.935 KLHDC7A
rs56051417 6 134243665 0.04494 0.006649 9.10000 × 10−5 7.031 TCF21, TBPL1, SLC2A12
rs189769231 19 3779682 0.1071 0.03523 9.10 × 10−5 3.286 APBA3, MRPL54, RAX2, MATK, ZFR2
rs73200084 7 106502325 0.06742 0.01592 9.55 × 10−5 4.47 PIK3CG
rs148456362 18 70727519 0.07303 0.01857 9.74 × 10−5 4.165 NETO1, LOC100505797
rs9789784 20 38200784 0.07303 0.01857 9.74 × 10−5 4.165 MAFB
rs8179206 2 27497575 0.07865 0.02128 9.79 × 10−5 3.927 DNAJC5G

CHR = chromosome; SNP = single nucleotide polymorphism; MAF = minor allele frequency; OR = odds ratio.

Table 3

Nineteen SNPs included in the optimal PRS model

SNP CHR Position MAF (in cases) MAF (in controls) p OR Gene symbol

rs117064987 4 175000000 0.1566 0.06399 1.01 × 10−4 2.717 FBXO8, CEP44
rs117292774 3 184000000 0.1386 0.05373 1.33 × 10−4 2.833 CLCN2, POLR2H, THPO, CHRD, EIF2B5
rs5764547 22 44123071 0.1988 0.09375 1.42 × 10−4 2.398 EFCAB6
rs11076811 16 4128510 0.1566 0.06587 1.61 × 10−4 2.634 ADCY9
rs6486730 12 129000000 0.3313 0.494 1.66 × 10−4 0.5074 TMEM132C
rs11844301 14 94766718 0.1807 0.08209 1.67 × 10−4 2.467 SERPINA6
rs606316 11 129000000 0.4217 0.2738 2.05 × 10−4 1.934 KCNJ1
rs117406145 13 22299871 0.01807 0.1101 2.37 × 10−4 0.1487 FGF9
rs1052882 19 463528 0.3855 0.244 2.44 × 10−4 1.944 SHC2, ODF3L2, C2CD4C
Affx-31931112 8 23136285 0.1928 0.09254 2.53 × 10−4 2.342 R3HCC1
Affx-30915614 7 78209789 0.2711 0.1507 2.56 × 10−4 2.095 MAGI2
rs12625308 20 40695781 0.2108 0.1057 2.61 × 10−4 2.262 PTPRT
rs2289145 19 54193391 0.2229 0.1146 2.67 × 10−4 2.216 DPRX, MIR519C
Affx-21957861 3 195000000 0.4096 0.2657 2.69 × 10−4 1.918 FAM43A
rs16994839 20 14727707 0.2711 0.4254 2.72 × 10−4 0.5024 MACROD2
rs12977455 19 31465583 0.1566 0.06886 3.14 × 10−4 2.511 LOC101927254
rs12032930 1 190000000 0.3554 0.509 3.93 × 10−4 0.532 BRINP3
rs3744763 17 37730894 0.5904 0.4375 4.08 × 10−4 1.853 CDK12
Affx-12352968 16 1076543 0.3675 0.2336 4.32 × 10−4 1.906 LMF1, SOX8, SSTR5, C1QTNF8

CHR = chromosome; MAF = minor allele frequency; OR = odds ratio; PRS = polygenic risk score; SNP = single nucleotide polymorphism.

Table 2

Continued
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Fig. 3 Risk of noninfectious anterior uveitis in the case and control groups, as shown by the PRS. A, The density plot shows the distribution of PRS scores for 
the case and control groups via the optimal PRS model. B, Distribution according to PRS quantiles. C, ORs for anterior uveitis according to PRS quantiles. OR 
= odds ratios; PRS = polygenetic risk score.

Fig. 4 ROC curve for the optimal PRS model. The blue ROC curve shows the predictive accuracy of the optimal PRS model, with an AUC of 0.907 in the training 
set, whereas the orange line represents the predictive accuracy of the model in the testing set, with an AUC of 0.703. The purple line represents the predictive 
accuracy of covariates (sex, age), with an AUC of 0.612 in the training set. AUC = area under the curve; PRS = polygenic risk score; ROC = receiver operating 
characteristic.
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roles of genes associated with these two SNPs in noninfectious 
uveitis among AS patients.

4. DISCUSSION
Noninfectious anterior uveitis, which is closely linked to AS due 
to shared genetic and immunologic factors, can cause visual 
impairment and blindness. This study analyzed genomic data 
from AS patients with (n = 90) and without (n = 378) noninfec-
tious anterior uveitis using GWAS and developed a PRS model 
to identify genetic factors associated with anterior uveitis in 
AS patients. The model effectively distinguished AS patients 
at increased risk of noninfectious anterior uveitis. Two SNPs, 
rs1736952 on chromosome 6 and rs17354984 on chromosome 
7, achieved genome-wide significance (p < 5 × 10−8. A total of 
74 SNPs reached the genome-wide significance threshold of a p 
value <1 × 10−4. AS patients in the highest PRS quantile had a 
145.57-fold increased risk of noninfectious anterior uveitis com-
pared with those in the lowest PRS quantile. The optimal PRS 

model, incorporating 19 SNPs, demonstrated strong predictive 
performance with an AUC of 0.907.

Enrichment analysis of SNP rs1736952 (p < 5 × 10−8) and 
74 significant SNPs (p < 1 × 10−4) identified genes and biologi-
cal pathways involved in antigen presentation, immune regu-
lation, and interferon signaling. Enrichment analysis of SNP 
rs1736952 (p < 5 × 10−8) and 74 significant SNPs (p < 1 × 10−4) 
identified genes and biological pathways involved in antigen 
presentation, immune regulation, and interferon signaling. The 
cumulative effect of multiple genetic variations likely contrib-
utes to the risk of noninfectious anterior uveitis in AS, rather 
than a single genetic factor solely determining the phenotype. 
Previous studies identified genetic associations between uveitis 
and AS, including ERAP-1, IL-23R, rs653778 of IFNA13, and 
rs28383797 of IFNA1; however, these associations were not 
observed in our study.4,6,7 This result may indicate ethnic differ-
ences, as our study is based on a Taiwanese cohort.

The SNP rs1736952 exhibited a high odds ratio (OR) 
of 39.89. SNP annotation revealed associations with genes 

Fig. 5 Biological pathways related to the genes associated with the significant SNPs. Significant SNPs: (A) rs1736952, (B) rs17354984, (C) 74 significant SNPs 
with p values <1 × 10−4, (D) 19 SNPs involved in the optimal PRS model. The colors represent pathways in different databases: pink for GOBP, gray for KEGG, 
and teal for Reactome. GOBP = Gene Ontology Biological Process; KEGG = Kyoto Encyclopedia of Genes and Genomes; PRS = polygenic risk score; SNP = 
single nucleotide polymorphisms.
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involved in antigen presentation, interferon signaling, and 
immune regulation, such as HLA-A, HLA-F, HLA-G, and 
TRIM31. According to GeneCards (accessed on July 8, 2023),22 
HLA-A, HLA-F, and HLA-G are MHC class I molecules 
involved in antigen presentation and CD8+ T-cell regulation. 
MHC class I risk alleles are associated with autoimmune dis-
eases such as AS, psoriasis, and Behçet’s disease.23 In the human 
eye, Goverdhan et al24 reported that HLA class I antigens were 
mostly observed in large vessels of the choroid. This suggests 
that HLA class I gene variants may be associated with auto-
immune diseases of the choroid and could potentially affect 
other parts of the uvea. For example, approximately 50% of AS 
patients with acute anterior uveitis are HLA-B27 positive.25 In 
addition, the HLA-A29 serotype was found to increase the risk 
of Birdshot uveitis, and it was hypothesized to be expressed in 
choroidal melanocytes, which are possible targets of autoreac-
tive T cells.26 TRIM31 is an E3 ubiquitin-protein ligase involved 
in antiviral responses and inflammation regulation. Abnormal 
TRIM31 expression can contribute to innate immune diseases 
by enhancing NLRP3 inflammasome activation.27,28 Given the 
known immune dysregulation in noninfectious anterior uveitis 

and AS, the variation at rs1736952 may play a specific role in 
the immune pathways of uveitis in AS.

The SNP rs17354984 exhibited an OR of 7.597. It is located 
in the DNAH11 gene, which is associated with ciliary movement 
and neurodegeneration. Previous studies have identified associa-
tions between DNAH11 and diseases such as ciliary dyskinesia, 
asthenozoospermia, congenital heart disease, and heterotaxy.29–31 
Some studies have reported associations between DNAH11 and 
ovarian, breast, and esophageal squamous cell carcinoma.32,33 
Although the pathophysiology of DNAH11 remains poorly 
understood, its role in uveitis is difficult to determine. In con-
trast to rs1736952, the biological pathways and functions of 
rs17354984 are not directly linked to uveitis. However, further 
analysis of genes and biological pathways associated with the 
19 SNPs in the optimal PRS model revealed links to breast and 
gastric cancer. This finding suggests that genes associated with 
rs17354984 and the 19 SNPs in the PRS model may be involved 
in a shared biological mechanism, potentially related to immune 
pathways in both cancers.

The 19 SNPs in the optimal PRS model did not include the 
key findings, rs1736952 and rs17354984. This omission may be 

Fig. 6 Network diagram of biological pathways related to the genes associated with the significant SNPs. Significant SNPs: (A) rs1736952, (B) rs17354984, (C) 
74 significant SNPs with p values <1 × 10−4, (D) 19 SNPs involved in the optimal PRS model. The light green circles represent the genes associated with the 
significant SNPs. The colors represent pathways in different databases: pink for GOBP, gray for KEGG, and teal for Reactome. GOBP = Gene Ontology Biological 
Process; KEGG = Kyoto Encyclopedia of Genes and Genomes; PRS = polygenic risk score; SNP = single nucleotide polymorphisms.
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due to the low frequencies (0.051 and 0.084 in the case group) 
of these two SNPs. However, their high odds ratios (ORs) (39.89 
and 7.597) indicate that, despite their rarity, AS patients carry-
ing these SNPs have a significantly increased risk of developing 
uveitis.

Our study had several limitations. This study had a relatively 
small sample size (n = 468) and was limited to a single ethnic 
group, reducing its statistical power and highlighting the need 
for further validation of the PRS model in larger, multiethnic 
cohorts. The lack of an independent validation cohort and the 
use of TPMI samples for both training and testing may have 
led to overfitting and reduced generalizability. In addition, the 
cross-sectional design introduced potential errors, as control 
patients without noninfectious anterior uveitis might develop 
this condition in the future. Selection bias was also a concern, as 
the higher proportion of male participants, despite the greater 
prevalence of noninfectious uveitis in women, may have affected 
the representativeness of the findings.

Further studies with larger, more diverse cohorts are neces-
sary to validate these findings and assess their broader appli-
cability across different populations. Functional genomics and 
longitudinal studies are essential to establish causal relation-
ships between these SNPs and noninfectious anterior uveitis in 
AS patients. Gene editing in cellular or animal models may pro-
vide insights into the roles of rs1736952 and other identified 
SNPs in disease pathogenesis.

Additionally, it is important to acknowledge the limitations 
of GWAS.34 These studies often fail to identify specific causal 
variants and genes and may overlook relevant genetic factors 
influencing complex traits. The clinical predictive value of 
SNPs is limited, and GWASs based on SNP arrays are unable 
to detect extremely rare mutations that could contribute to the 
disease.

In conclusion, we performed a GWAS of AS patients with and 
without noninfectious anterior uveitis using genetic data from 
the TPMI database and identified two novel and significant SNP 
loci, rs1736952 and rs17354984, that are highly associated with 
noninfectious anterior uveitis comorbidity in AS patients. The 
rs1736952-related genes were associated with immune path-
ways such as antigen presentation and T-cell regulation, whereas 
the rs17354984-related genes were more related to ciliary move-
ment and neurodegeneration. The roles of these two SNPs in 
uveitis, ocular diseases, AS, and other immune-related disorders 
require further investigation.
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