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Abstract

Background Polymorphisms of genes related to the immune response have been reported to confer susceptibility
to Vogt-Koyanagi-Harada (VKH) disease. This study was carried out to determine whether zinc finger CCCH-type
containing antiviral 1 (ZC3HAV1) and tripartite motif-containing protein 25 (TRIM25) genetic polymorphisms are
associated with this disease.

Methods A total of 766 VKH patients and 909 healthy individuals were enrolled in this two-stage case-control study.
Thirty-one tag single nucleotide polymorphisms (SNPs) of ZC3HAV1 and TRIM25 were genotyped by MassARRAY
System and iPLEX Gold Genotyping Assay. Allele and genotype frequencies were analyzed by the x* test or Fisher’s
exact test. Cochran-Mantel-Haenszel test was used to assess the pooled odds ratio (OR) in the combined study. A
stratified analysis was performed in terms of the major clinical features of VKH disease.

Results We found a statistically significant increased frequency of the minor A allele of ZC3HAV1 rs7779972
(P=1.50x10"* pooled OR=1.332, 95%Cl=1.149-1.545) in VKH disease as compared with controls by using the
Cochran-Mantel-Haenszel test. The GG genotype of rs7779972 showed a protective association with VKH disease
(P=1.88x 1073 OR=0.733, 95%Cl = 0.602-0.892). There was no difference regarding the frequency of the remaining
SNPs between VKH cases and controls (all P>2.08x 1073). The stratified analysis showed no significant association of
rs7779972 with the major clinical characteristics of VKH disease.

Conclusion Our study indicated that the ZC3HAV1 variant rs7779972 might confer susceptibility to VKH disease in
Han Chinese.
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Background

Vogt-Koyanagi-Harada (VKH) disease is a systemic
autoimmune disorder characterized by granulomatous
uveitis, with or without extraocular features, including
neurological abnormalities, alopecia, tinnitus, and vit-
iligo [1], [2]. It is one of the most common uveitis enti-
ties in China [3]. The specific etiology and pathogenesis
of VKH disease remain uncertain, but genetic factors
and abnormal immune responses have been shown to
be implicated in its development [1], [4], [5]. Polymor-
phisms of genes related to the immune response have
been reported to confer susceptibility to this disease [1].
In addition, several previous studies suggested that viral
infection might be an immunological triggering factor for
VKH disease [6-9].

Zinc finger CCCH-type containing antiviral 1
(ZC3HAV1), also known as zinc-finger antiviral protein
(ZAP) and poly (ADP-ribose) polymerase-13 (PARP13),
is an essential intracellular antiviral and pro-inflam-
matory factor [10, 11]. ZC3HAV1 has been shown to
inhibit a wide range of viruses such as human cytomega-
lovirus (HCMYV) [12], influenza A virus (IAV) [13], and
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [14]. In addition, studies suggest that ZC3HAV1
is involved in the innate immune response through
posttranscriptional RNA regulation [11]. The tripartite
motif-containing protein 25 (TRIM25) was found to be
required for the antiviral activity of ZC3HAV1 [15-17],
implicated in the innate immune response against RNA
viruses as well [18]. ZC3HAV1 and TRIM25 were shown
to contribute to the up-regulation of type I interferons
(IEN) upon viral infection [18-20]. Moreover, polymor-
phisms in ZC3HAV1 were found to be associated with
the susceptibility to multiple sclerosis (MS) in an Ital-
ian population [21]. Several studies also indicated that
TRIM25 is involved in the development of autoimmune
disorders and inflammation [22, 23].

Given the potential link of ZC3HAV1 as well as
TRIM25 with autoimmunity, we presume that genetic
polymorphisms in ZC3HAV1 and TRIM25 might confer
susceptibility to VKH disease. This study was therefore
carried out to examine the association between polymor-
phisms of these two genes and VKH disease.

Methods

Participants

The study enrolled a total of 766 patients with VKH dis-
ease and 909 healthy individuals from the First Affiliated
Hospital of Chongging Medical University, Chongqing,
China between September 2016 and November 2020.
This study was carried out by two stages. A cohort con-
taining 384 VKH cases and 384 controls was recruited
for the first stage of study. The subjects enlisted in the
second stage of study consisted of 382 cases and 525
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controls for validation. The diagnosis of VKH disease was
made according to both set criteria: the Standardization
of Uveitis Nomenclature (SUN) Working Group’s crite-
ria [24] and those proposed by our team [25]. All control
subjects were matched for sex, ethnicity, and geographic
region with VKH cases. Research design and experimen-
tal procedures were conducted according to the Declara-
tion of Helsinki. This study was approved by the Ethical
Committee of Chongqing Medical University (No. 2009-
201008). Informed consent was obtained from all indi-
vidual participants included in the study.

Tag SNPs selection

The selection of the candidate SNPs was carried out
according to the data of the Han Chinese in Beijing
(CHB) from 1000 Genomes Project (http://grch37.
ensembl.org/). We used Haploview 4.2 program to select
tag SNPs with a minor allele frequency (MAF) over 0.05
and r? threshold higher than 0.8 (r?>0.8). Finally, thirty-
one tag SNPs (22 variants of ZC3HAV1 and 9 variants of
TRIM25) were included for this study (Supplementary
Table S1).

DNA extraction and genotyping

Genomic DNA was extracted from the collected periph-
eral blood samples of all participants by using the
QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA,
USA). The concentration and purity of all DNA samples
were examined on the Nanodrop 2000 (Thermo Fisher
Scientific, Wilmington, Delaware, USA). The primers
of all selected SNPs were designed using the MassAr-
ray Assay Design software (Sequenom) and were shown
in Supplementary Table S2. All DNA samples and prim-
ers were stored at —20°C. Polymerase chain reaction
(PCR) was performed with a GeneAmp PCR System
9700 instrument (ABI, Foster City, California, USA).
Genotypes of the 31 tag SNPs were identified through
MassARRAY System (Sequenom, San Diego, California,
USA) and iPLEX Gold Genotyping Assay, then analyzed
the experimental data via TYPER V.4.0 software. In the
second stage, one statistically significant SNP in the
first stage was further genotyped using this method. All
experimental steps were strictly conducted based on the
manufacturer’s protocol.

Statistical analysis

The chi-square (x°) test was chosen to analyze the Hardy-
Weinberg equilibrium (HWE) in healthy controls. The
demographic data of subjects were compared by Mann-
Whitney U test or x* test. The Quanto software was
used to calculate the statistical power with the follow-
ing parameters: a minor allele frequency of 0.058, the
dominant model, a prevalence of VKH disease in Asian
of 0.001% [26] and an odds ratio (OR) of 2.0. Allele and
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Table 1 Clinical features of VKH patients and healthy controls enrolled in the study
Clinical features First Stage Second stage Total
VKH % VKH % VKH %
(n=384) (n=382) (n=766)
Age, median (IQR) 44 (32-53) 39.5(29-47) 42 (31-50)
Male 199 518 201 526 400 52.2
Female 185 48.2 181 474 366 47.8
Uveitis 384 100.0 382 100.0 764 100.0
Sunset glow fundus 181 47.1 190 50.0 371 486
Headache 193 503 175 46.1 368 48.2
Tinnitus 171 445 166 435 337 44.0
Vitiligo 39 10.2 51 134 90 11.8
Alopecia 106 276 128 33.7 234 30.6
Poliosis 102 266 114 300 216 283
Dysacusia 148 385 118 309 266 347
Healthy controls 384 525 909
Age, median (IQR) 38 (31-46) 40 (33-46) 39 (32-46)
Male 183 47.7 267 509 450 49.5
Female 201 523 258 49.1 459 50.5

VKH: Vogt-Koyanagi-Harada Disease

IQR: Interquartile range

genotype frequencies were compared between VKH case
and control groups by the x> test or Fisher’s exact test, as
appropriate. Cochran-Mantel-Haenszel test was applied
to estimate the pooled OR accounting for the stratifica-
tion factor (two stages of study) [27]. All the statistical
analyses were performed with the IBM SPSS Statistics
V.25.0 software. The Bonferroni correction method was
applied to adjust the p values for multiple comparisons.
P<2.08x1073 (0.05/24) was considered to have statisti-
cal significance, since twenty-four SNPs were included to
be tested in this study. Three genetic inheritance models
were additionally constructed to assess the genotype fre-
quencies, including dominant, recessive, and co-domi-
nant [28]. Logistic regression analyses were executed to
adjust the odds ratios for sex and age.

Results

Clinical features

Demographic data and clinical features of enrolled VKH
cases and healthy controls are presented in Table 1. The
VKH case group consisted of 400 men (52.2%) and 366
women (47.8%) in total, with a median age (interquartile
range [IQR]) of 42 (31 to 50) years. The median age (IQR)
of the control group was 39 (32 to 46) years, including
450 men (49.5%) and 459 women (50.5%). All partici-
pants were Han Chinese.

Genotyping results of tested SNPs in the first stage

Among 31 SNPs genotyped in the first stage, seven SNPs
were not included in the analysis because rs77429073,
rs17133451, rs10272189, rs205494 could not be geno-
typed successfully with the assay, rs528478132 and
rs200986947 were not polymorphic in this cohort, and

Table 2 Allelic distributions of the rs7779972 in patients with
VKH and healthy controls

Allele VKH Controls P* OR (95%
n (%) n (%) Cl) *

First

A 262(35.2) 210(27.6) 0.001 1.429(1.148-
1.778)

G 482(64.8) 552(724) 0.001 0.700(0.562—
0.871)

Second

A 258(35.3) 312(304) 0.028 1.254(1.025-
1.535)

G 472(64.7)  716(69.6) 0.028 0.797(0.652—
0.975)

Combined Pt pooled OR
(95% Cl) +

A 520(35.3) 522(29.2) 1.50x107™*% 1.332(1.149-
1.545)

G 954(64.7) 1268(70.8) 1.50x10™* 0.751(0.647—
0.871)

VKH: Vogt-Koyanagi-Harada Disease; OR: odds ratio; 95% Cl: 95% confidence
interval.

*x? test.
1 Cochran-Mantel-Haenszel test.

P<2.08x 1073 (0.05/24) indicates statistical significance for each variant tested.
Values with statistical significance are in boldface.

rs55946764 was deviated from the Hardy—Weinberg
equilibrium (P<0.01). The statistical power was 93.01%
according to the sample size in the first stage. A signifi-
cant higher frequency of the ZC3HAV1 rs7779972 minor
A allele (P=0.001, OR=1.429, 95%CI=1.148-1.778) was
found in VKH patients as compared with the controls
(Table 2). No statistically significant association was
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Table 3 Genotype distributions of rs7779972 between VKH case
and control groups

Genotype VKH Controls P OR (95% Cl)
n (%) n (%)
First
AA 47(12.6) 25(6.6) 0.005 2.059(1.239-3.422)
AG 168(45.2) 160(42.0) 0381 1.138(0.853-1.518)
GG 157(42.2)  196(514) 0011 0.689(0.517-0.919)
Second
AA 44(12.1) 45(8.7) 0.110 1.429(0.921-2.216)
AG 170(46.6) 222(41.2) 0320 1.147(0.876-1.502)
GG 151(41.4)  247(48.1)  0.050 0.763(0.582-1.000)
Combined
AA 91(12.3) 70(7.8)  228x1073  1.660(1.196-2.305)
AG 338(459) 382(42.7) 0.198 1.138(0.935-1.384)
GG 308(41.8) 443(495) 1.88x1073 0.733(0.602-0.892)

VKH: Vogt-Koyanagi-Harada Disease; OR: Odd ratios; 95% Cl :95% confidence
interval

P: P-value which was calculated by x* test lower than 2.08x 1073 (0.05/24) has
statistical significance, and indicated by boldface

observed between the other 23 SNPs with the risk of
VKH (all P>2.08x10"%) (Supplementary Table S3).

Genotyping results of tested SNPs in the second stage and
combined study
In the second stage of the study for further replication
and validation of first-stage findings, rs7779972 was
genotyped in another independent cohort. A higher
frequency of the minor A allele for rs7779972 was con-
sistently observed (P=0.028, OR=1.254, 95%CI=1.025—
1.535) in VKH cases as compared with the controls.
There was similar homogeneity of OR in these two
stages cohort (P=0. 391), we therefore combined the
data of the two stages, the rs7779972 minor A allele was
significantly associated with an increased risk of VKH
disease through the Cochran-Mantel-Haenszel test
(P=1.50x10"%, pooled OR=1.332, 95%CI=1.149-1.545,
Table 2). The significant association between the minor
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A allele of rs7779972 and VKH disease was further con-
firmed by logistic regression analysis (P,q = 2.29x1074,
OR=1.321, 95%CI=1.139-1.532) after adjusting the gen-
der and age in the combined populations.

In addition, we found a protective association between
the GG genotype and VKH disease (P=1.88x1073,
OR=0.733, 95%CI=0.602—-0.892) in the combined sub-
jects (Table 3). Three genetic models were subsequently
applied to explore the genotypic association between
rs7779972 and VKH risk by logistic regression analysis.
Subjects carrying the minor A allele were more suscep-
tible to VKH disease as compared to those with the GG
homozygous genotype under the co-dominant and domi-
nant models (Table 4). Similarly, the AG and GG geno-
types instead of the AA genotype showed a protective
association with VKH disease under a recessive model
(P=0.003, OR=0.609, 95%CI=0.438—0.846).

Stratified analysis of the tested SNP with major clinical
characteristics of patients with VKH disease

Stratified analysis was executed to estimate whether
rs7779972 has an association with the major clinical
characteristics of VKH disease, including sunset glow
fundus, headache, tinnitus, dysacusia, alopecia, poliosis,
and vitiligo. Our results showed that there was no asso-
ciation between the primary clinical manifestations of
VKH disease and rs7779972 (Supplementary Table S4).

Allele frequency analysis of the tested SNP in different
populations

We additionally searched for the genetic data of
rs7779972 in different populations from the ENSEMBL
database. We treated those populations as controls and
compared them with VKH cases, respectively. The results
showed no significant association between rs7779972
and VKH disease in different East Asian populations
(Supplementary Table S5).

Table 4 Genotype distributions of rs7779972 between VKH case and control groups under different inheritance models

Genotype First stage Second stage Combined

P OR (95% Cl) P OR (95% Cl) P OR (95% Cl)
Co-dominant
GG - 1 - 1 - 1
AG 0.113 1.280(0.943-1.739) 0.121 1.254(0.942-1.668) 0.021 1.275(1.037-1.568)
AA 0.002 2.295(1.343-3.922) 0.038 1.633(1.027-2.596) 4.64x1074 1.852(1.311-2.614)
Dominant
GG - 1 - 1 - 1
AA+AG 0.019 1.417(1.059-1.897) 0.047 1.317(1.004-1.728) 0.002 1.365(1.121-1.662)
Recessive
AA - 1 - 1 - 1
AG+GG 0.007 0.491(0.293-0.822) 0.093 0.686(0.441-1.065) 0.003 0.609(0.438-0.846)

VKH: Vogt-Koyanagi-Harada Disease; OR: Odd ratios; 95% Cl :95% confidence interval

P: Adjusted by age and gender. P-value lower than 0.05 has statistical significance, and indicated by boldface.
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Discussion

In this case-control association study, we examined the
association of ZC3HAV1 and TRIM25 genetic polymor-
phisms with VKH disease in Han Chinese, and observed
that the minor A allele and GG genotype of ZC3HAV1
rs7779972 was significantly associated with VKH disease.
While rs7779972 did not show any significant association
with the primary clinical features of VKH disease.

There was no significant association between rs7779972
and VKH disease in terms of the different populations’
genetic data from the ENSEMBL database. But it is worth
noting that the distribution of rs7779972 deviated from
the HWE in East Asian population (P<0.05). In addi-
tion, the number of subjects in each population was less
than that in our study (n=909). Geographical factor and
statistical power should also be taken into consideration.
Therefore, the results need to be further confirmed in
various populations with sufficient sample size in the
future.

The clinical manifestations presented in the prodro-
mal stage of VKH disease are similar to those caused by
viral infection symptoms like fever and headache [1]. It
has been reported that infective triggers such as CMV
[29], Epstein—Barr virus (EBV) [30], IAV [9] and SARS-
CoV-2 [6, 8] may be responsible for the onset or devel-
opment of VKH disease by molecular mimicry and cross
reactivity. However, there is a lack of exact experimental
proof to support this hypothesis. It has been shown that
most viruses as mentioned above are potently inhibited
by ZC3HAV1. ZC3HAV1 was found to diminish levels of
HCMV mRNA and protein, and inhibit the progression
of viral infection by mediating degradation of specific
viral transcripts [31], [32]. ZC3HAV1 was also regarded
as an interferon-stimulated gene (ISG). A previous study
found that it inhibited IAV replication through regulating
type I interferon response [33]. In addition, ZC3HAV1
was reported to promote the degradation of cytosine—
phosphate—guanine (CpG) containing viral RNAs to
inhibit SARS-CoV-2 and conduce to the antiviral effect of
IFNs [34]. Although there is no direct evidence to show
an inhibition effect of ZC3HAV1 on EBYV, the protective
allele of MS risk SNP rs10271373 enhanced the expres-
sion of ZC3HAV1 in EBV infected B cells [35]. On the
other hand, several studies have revealed that ZC3HAV1
affects the expression of pro-inflammatory cytokines
involved in the nuclear factor kappa-B (NF-kB) pathway,
such as IFN-p, interleukin-6 (IL-6), and tumor necrosis
factor (TNF) [19], [33]. These cytokines were directly or
indirectly involved in the development of VKH disease
[36—41]. All of those results stated above stimulated us
to investigated whether the polymorphisms were asso-
ciated with the development of VKH disease. Further
experimental studies are required to confirm the possible
mechanisms.
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As far as we know, there are few studies concerning
the genetic polymorphism of ZC3HAV1. We analyzed
seventeen tag SNPs in this study which represent most
SNPs of this gene. The variant associated with VKH dis-
ease identified in our study was rs7779972, located in the
intron of ZC3HAV1. The minor A allele of rs7779972
was a risk allele which confers genetic susceptibility to
VKH disease. While the GG genotype showed a protec-
tive association with VKH disease. The biological func-
tion of this locus is presently uncertain. No association is
found between rs7779972 with other diseases. An Italian
cohort study indicated an association of the ZC3HAV1
rs3735007 polymorphism with MS [21], an autoimmune
disorder which may have a common immune pathogene-
sis with VKH disease [42], [43]. However, this association
was not replicated in a population from Belgium [21].
No significant difference in the genotype distributions of
rs3735007 was found in our study (Supplementary Table
S3). This discrepancy may be due to the distinct geo-
graphic locations, specific disease mechanisms, and eth-
nic populations.

A previous study has demonstrated upregulation
of TRIM25 in muscle samples from dermatomyositis
patients [22]. TRIM25 is also implicated in the patho-
genesis of neuroinflammation [23]. Polymorphisms
in TRIM25 have been reported to be associated with
immune responses to measles vaccine [44]. In this study,
we did not show any association of TRIM25 gene poly-
morphism with VKH disease in Han Chinese. We cannot
rule out the possibility that other untested TRIM25 vari-
ants affect VKH disease susceptibility.

There are some limitations in our study. We only
recruited individuals from a Chinese Han population,
the finding therefore may need to be confirmed in other
ethnic populations. Second, we examined only one wide-
spread uveitis entity, it remains to be seen whether the
genetic polymorphisms of ZC3HAV1 may confer suscep-
tibility to other types of uveitis. Last, the possible biologi-
cal function of rs7779972 is unclear, further functional
experiments are necessary to investigate how this variant
plays a role in the pathogenesis of VKH disease.

Conclusions

In summary, this study performed in Han Chinese reveals
that rs7779972 of ZC3HAV1 has a significant association
with VKH disease, thus providing a novel insight into the
etiology and pathogenesis of this disease.

Abbreviations

ZC3HAV1 Zinc finger CCCH-type containing antiviral 1.
TRIM25 tripartite motif-containing protein 25

VKH disease  Vogt-Koyanagi-Harada disease

SNP single nucleotide polymorphism

HCMV human cytomegalovirus

IAV influenza A virus

SARS-CoV-2  severe acute respiratory syndrome coronavirus 2
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IFN interferon

MS multiple sclerosis

SUN Standardization of Uveitis Nomenclature
CHB Han Chinese in Beijing

MAF minor allele frequency

HWE Hardy-Weinberg equilibrium
OR odds ratio

@] confidence interval

IQR interquartile range

EBV Epstein-Barr virus

CpG cytosine-phosphate—guanine
NF-kB nuclear factor kappa-B

IL-6 interleukin-6

TNF tumor necrosis factor

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512920-023-01546-3.

[ Supplementary Material 1

Acknowledgements
The authors thank all the participants in this study.

Author contributions

PY, QW and ZZ conceived and designed the study. QW, CZ, QC and

GS collected the clinical data and samples. QW and CZ performed the
experiments. QW analyzed and interpreted the data. QW wrote the initial
draft. PY and ZZ revised the manuscript. PY provided technical and material
support. All authors have given the final approval of the manuscript for
submission and publication.

Funding

The study was supported by National Natural Science Foundation Key
Program (81930023 and 82230032), Chongging Key Project (CSTC2021jscx-
gksb-N0010), Chongging Outstanding Scientists Project (2019), Chongging
Chief Medical Scientist Project (2018), Chongging Science & Technology
Platform and Base Construction Program (cstc2014pt-sy10002), and
Chongqing Key Laboratory of Ophthalmology (CSTC, 2008CA5003).

Data Availability

Data will be available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Research design and experimental procedures were conducted according to
the Declaration of Helsinki. This study was approved by the Ethical Committee

of Chongging Medical University (No. 2009-201008). Informed consent was
obtained from all individual participants included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 January 2023 / Accepted: 14 May 2023
Published online: 23 May 2023

References

1. Dul,Kijlstra A, Yang P.Vogt-Koyanagi-Harada disease: novel insights
into pathophysiology, diagnosis and treatment. PROG RETIN EYE RES.
2016;52:84-111.

21.

22.

23.

24.

25.

26.

Page 6 of 7

Yang P, Ren'Y, Li B, Fang W, Meng Q, Kijlstra A. Clinical characteristics of
Vogt-Koyanagi-Harada syndrome in chinese patients. Ophthalmology.
2007;114(3):606-14.

Yang P, Zhong Z,Du L, Li F, Chen Z, Zhu Y, et al. Prevalence and clinical fea-
tures of systemic diseases in chinese patients with uveitis. Br J Ophthalmol.
2021;105(1):75-82.

Hou S, Kijlstra A, Yang P. Molecular genetic advances in Uveitis. Prog Mol Biol
Transl Sci. 2015;134:283-98.

Zhong Z, Su G, Kijlstra A, Yang P. Activation of the interleukin-23/interleu-
kin-17 signalling pathway in autoinflammatory and autoimmune uveitis.
PROG RETIN EYE RES. 2021;80:100866.

Anthony E, Rajamani A, Baskaran P, Rajendran A. Vogt Koyanagi Harada
disease following a recent COVID-19 infection. INDIAN J OPHTHALMOL.
2022;70(2):670-2.

Lavezzo MM, Sakata VM, Morita C, Rodriguez EE, Abdallah SF, Da SF, et al.
Vogt-Koyanagi-Harada disease: review of a rare autoimmune disease target-
ing antigens of melanocytes. ORPHANET J RARE DIS. 2016;11:29.
Santamaria A, Chang J, Savarain C. SARS-CoV-2 among the potential viral
triggers for Vogt-Konayagi-Harada Disease: First Case Report and Literature
Review. OCUL IMMUNOL INFLAMM 2021: 1-7.

Yoshino N, Kawamura A, Ishii A, Yoshida K, Watanabe T, Yamashita T, et al.
Vogt-Koyanagi-Harada Disease Associated with Influenza A Virus infection.
Intern Med. 2018;57(11):1661-5.

Ficarelli M, Neil S, Swanson CM. Targeted restriction of viral gene expres-
sion and replication by the ZAP Antiviral System. ANNU REV VIROL.
2021;8(1):265-83.

Todorova T, Bock FJ, Chang P. Poly(ADP-ribose) polymerase-13 and RNA
regulation in immunity and cancer. TRENDS MOL MED. 2015;21(6):373-84.
Gonzalez-Perez AC, Stempel M, Wyler E, Urban C, Piras A, Hennig T et al.
The Zinc Finger antiviral protein ZAP restricts human cytomegalovirus and
selectively binds and destabilizes viral UL4/UL5 transcripts. MBIO 2021; 12(3).
Tang Q, Wang X, Gao G. The short form of the Zinc Finger antiviral protein
inhibits influenza a virus protein expression and is antagonized by the virus-
encoded NS1.JVIROL 2017;91(2).

Nchioua R, Kmiec D, Muller JA, Conzelmann C, Gross R, Swanson CM et al.
SARS-CoV-2 Is Restricted by Zinc Finger Antiviral Protein despite Preadapta-
tion to the Low-CpG Environment in Humans. MBIO 2020; 11(5).

Shaw AE, Rihn SJ, Mollentze N, Wickenhagen A, Stewart DG, Orton R, et al.
The antiviral state has shaped the CpG composition of the vertebrate inter-
ferome to avoid self-targeting. PLOS BIOL. 2021;19(9):e3001352.

Yang E, Nguyen LP, Wisherop CA, Kan RL, Li M. The role of ZAP and TRIM25
RNA binding in restricting viral translation. Front Cell Infect Microbiol.
2022;12:886929.

Zheng X, Wang X, Tu F, Wang Q, Fan Z, Gao G. TRIM25 is required for the
antiviral activity of Zinc Finger antiviral protein. JVIROL 2017; 91(9).
Choudhury NR, Trus |, Heikel G, Wolczyk M, Szymanski J, Bolembach A et al.
TRIM25 inhibits influenza a virus infection, destabilizes viral mRNA, but is
redundant for activating the RIG-I pathway. NUCLEIC ACIDS RES 2022.
Hayakawa S, Shiratori S, Yamato H, Kameyama T, Kitatsuji C, Kashigi F, et al.
ZAPS is a potent stimulator of signaling mediated by the RNA helicase RIG-I
during antiviral responses. NAT IMMUNOL. 2011;12(1):37-44.

Oshiumi H, Mifsud EJ, Daito T. Links between recognition and degrada-
tion of cytoplasmic viral RNA in innate immune response. REV MED VIROL.
2016,26(2):90-101.

Cagliani R, Guerini FR, Fumagalli M, Riva S, Agliardi C, Galimberti D, et al. A
trans-specific polymorphism in ZC3HAV1 is maintained by long-standing
balancing selection and may confer susceptibility to multiple sclerosis. MOL
BIOL EVOL. 2012;29(6):1599-613.

Aljabban J, Syed S, Syed S, Rohr M, Weisleder N, McElhanon. Investigating
genetic drivers of dermatomyositis pathogenesis using meta-analysis. Heli-
yon. 2020;,6(9):e4866. KE.

Torre S, Polyak MJ, Langlais D, Fodil N, Kennedy JM, Radovanovic |, et al.
USP15 regulates type I interferon response and is required for pathogenesis
of neuroinflammation. NAT IMMUNOL. 2017;18(1):54-63.

Classification Criteria for Vogt-Koyanagi-Harada Disease. AM J OPHTHALMOL.
2021;228:205-11.

Yang P, Zhong Y, Du L, ChiW, Chen L, Zhang R, et al. Development and
evaluation of Diagnostic Criteria for Vogt-Koyanagi-Harada Disease. JAMA
OPHTHALMOL. 2018;136(9):1025-31.

Murakami S, Inaba Y, Mochizuki M, Nakajima A, Urayama A. A nationwide
survey on the occurrence of Vogt-Koyanagi-Harada disease in Japan. JPN J
OPHTHALMOL. 1994;38(2):208-13.


http://dx.doi.org/10.1186/s12920-023-01546-3
http://dx.doi.org/10.1186/s12920-023-01546-3

Wu et al. BMC Medical Genomics

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

(2023) 16:113

Manetti M, Allanore Y, Saad M, Fatini C, Cohignac V, Guiducci S, et al. Evidence
for caveolin-1 as a new susceptibility gene regulating tissue fibrosis in sys-
temic sclerosis. ANN RHEUM DIS. 2012;71(6):1034-41.

Minelli C, Thompson JR, Abrams KR, Thakkinstian A, Attia J. The choice of a
genetic model in the meta-analysis of molecular association studies. INT J
EPIDEMIOL. 2005;34(6):1319-28.

Sugita S, Takase H, Kawaguchi T, Taguchi C, Mochizuki M. Cross-reaction
between tyrosinase peptides and cytomegalovirus antigen by T cells

from patients with vogt-koyanagi-harada disease. INT OPHTHALMOL.
2007,27(2-3):87-95.

Bassili SS, Peyman GA, Gebhardt BM, Daun M, Ganiban GJ, Rifai A. Detection
of Epstein-Barr virus DNA by polymerase chain reaction in the vitreous from a
patient with Vogt-Koyanagi-Harada syndrome. Retina. 1996;16(2):160-1.
Gonzalez-Perez AC, Stempel M, Wyler E, Urban C, Piras A, Hennig T et al.

The Zinc Finger antiviral protein ZAP restricts human cytomegalovirus and
selectively binds and destabilizes viral UL4/UL5 transcripts. MBIO 2021; 12(3).
Lin YT, Chiweshe S, McCormick D, Raper A, Wickenhagen A, DeFillipis

V, et al. Human cytomegalovirus evades ZAP detection by suppressing

CpG dinucleotides in the major immediate early 1 gene. PLOS PATHOG.
2020;16(9):21008844.

Zhang B, Goraya MU, Chen N, Xu L, Hong Y, Zhu M, et al. Zinc Finger CCCH-
Type antiviral protein 1 restricts the viral replication by positively regulating
type I Interferon Response. FRONT MICROBIOL. 2020;11:1912.

Nchioua R, Kmiec D, Muller JA, Conzelmann C, Gross R, Swanson CM et al.
SARS-CoV-2 Is Restricted by Zinc Finger Antiviral Protein despite Preadapta-
tion to the Low-CpG Environment in Humans. MBIO 2020; 11(5).

Afrasiabi A, Fewings NL, Schibeci SD, Keane JT, Booth DR, Parnell GP et al. The
Interaction of Human and Epstein-Barr Virus miRNAs with multiple sclerosis
risk loci. INT J MOL SCI 2021; 22(6).

Chen Z, Zhong Z, Zhang W, Su G, Yang P. Integrated Analysis of Key Pathways
and Drug targets Associated with Vogt-Koyanagi-Harada Disease. FRONT
IMMUNOL. 2020;11:587443.

37.

38.

39.

40.

41.

42.

43.

44,

Page 7 of 7

El-Asrar AM, Struyf S, Kangave D, Al-Obeidan SS, Opdenakker G, Geboes K,

et al. Cytokine profiles in aqueous humor of patients with different clinical
entities of endogenous uveitis. CLIN IMMUNOL. 2011;139(2):177-84.

Garbers C, Heink S, Korn T, Rose-John S. Interleukin-6: designing specific ther-
apeutics for a complex cytokine. NAT REV DRUG DISCOV. 2018;17(6):395-412.
Nakai S, Takeuchi M, Usui Y, Namba K, Suzuki K, Harada Y et al. Efficacy and
safety of Adalimumab for Exacerbation or Relapse of ocular inflammation

in patients with Vogt-Koyanagi-Harada Disease: a Multicenter Study. OCUL
IMMUNOL INFLAMM 2022: 1-9.

Yang S, Tao T, Huang Z, Liu X, Li H, Xie L, et al. Adalimumab in Vogt-Koyanagi-
Harada Disease Refractory to Conventional Therapy. Front Med (Lausanne).
2021;8:799427.

YuN, Zhang S, Sun T, Kang K, Guan M, Xiang L. Double-stranded RNA induces
melanocyte death via activation of toll-like receptor 3. EXP DERMATOL.
2011;20(2):134-9.

Algahtani H, Shirah B, Algahtani R, Alkahtani A, Alwadie S. Vogt Koyanagi
Harada Syndrome mimicking multiple sclerosis: a case report and review of
the literature. Mult Scler Relat Disord. 2017;12:44-8.

Montero JA, Sanchis ME, Fernandez-Munoz M. Vogt-Koyanagi-Harada syn-
drome in a case of multiple sclerosis. J Neuroophthalmol. 2007;27(1):36-40.
Ovsyannikova IG, Haralambieva IH, Vierkant RA, O'Byrne MM, Poland GA.
Associations between polymorphisms in the antiviral TRIM genes and
measles vaccine immunity. HUM IMMUNOL. 2013;74(6):768-74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association of ZC3HAV1 single nucleotide polymorphisms with the susceptibility of Vogt-Koyanagi-Harada Disease
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Participants
	﻿Tag SNPs selection
	﻿DNA extraction and genotyping
	﻿Statistical analysis

	﻿Results
	﻿Clinical features
	﻿Genotyping results of tested SNPs in the first stage
	﻿Genotyping results of tested SNPs in the second stage and combined study
	﻿Stratified analysis of the tested SNP with major clinical characteristics of patients with VKH disease
	﻿Allele frequency analysis of the tested SNP in different populations

	﻿Discussion
	﻿Conclusions
	﻿References


