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Purpose: Complement factor I (CFI) plays an important role in complement activation pathways and is known to affect
the development of uveitis. The present study was performed to investigate the existence of an association between CFI
genetic polymorphisms and Vogt-Koyanagi-Harada (VKH) syndrome.

Methods: A total of 100 patients diagnosed with VKH syndrome and 300 healthy controls were recruited for the study.
Two milliliters of peripheral blood were collected in a sterile anticoagulative tube. CFI-rs7356506 polymorphisms
were genotyped using Sequenom MassARRAY technology. Allele and genotype frequencies were compared between
patients and controls using a ? test. The analyses were stratified for recurrent status, complicated cataract status, and
steroid-sensitive status.

Results: No significant association was found between CF/-rs7356506 polymorphisms and VKH syndrome. However,
patients with recurrent VKH syndrome had lower frequencies of the G allele and GG homozygosity in CFI-rs7356506
when compared to the controls (p=0.016, odds ratio [OR]=0.429, 95% confidence interval [CI]=0.212-0.871; p=0.014,
OR=0.364, 95% CI=0.158-0.837, respectively). Furthermore, there were significant decreases in the frequencies of the
G allele and GG homozygosity in CFI-rs7356506 in patients with VKH syndrome with complicated cataract compared
to the controls (p<0.001, OR=0.357, 95% CI=0.197-0.648; p<0.001, OR=0.273, 95% CI=0.135-0.551, respectively).
Nevertheless, no significant association with patients with VKH syndrome in steroid-sensitive statuses was detected for
CFI-rs7356506 polymorphisms.

Conclusions: Our results indicate that CFI polymorphisms are not significantly associated with VKH syndrome; nev-
ertheless, we identified a trend for the association of CFI-7356506 with VKH syndrome that depends on the recurrent
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status and the complicated cataract status but not on the steroid-sensitive status.

Vogt-Koyanagi-Harada (VKH) syndrome, one of the
most common types of panuveitis in China, is a systemic
autoimmune disorder characterized by bilateral, chronic,
diffuse granulomatous panuveitis associated with auditory,
neurologic, and cutaneous involvement [1]. VKH syndrome
is not associated with mortality; however, the develop-
ment of VKH syndrome may result in long-term blinding
complications, including complicated cataracts, secondary
glaucoma, and subretinal neovascularization or prolifera-
tion. The vision-threatening complications often occur during
the recurrent stage. Iwahashi et al. reported that 25.5% of
patients with VKH syndrome in Japan exhibited recurrent
inflammation [2]. Sakata and associates reported that 79% of
Brazilian patients with VKH syndrome given early high-dose
corticosteroids evolved to chronic-recurrent inflammation
[3]. Complicated cataract, which has a reported prevalence
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of 42% in patients with VKH syndrome, is the most common
complication of VKH syndrome [4]. Quek et al. identified
recurrent inflammation as a critical poor prognostic factor for
cataract surgery in VKH syndrome [5]. In addition, the recur-
rence of VKH syndrome inflammation gives rise to longer
courses of therapy with corticosteroids or immunosuppres-
sive agents, elevating the risk of side effects.

The specific etiology of VKH syndrome is unclear,
although it has been speculated that VKH syndrome
pathogenesis involves autoimmune mechanisms, genetic
factors, and infection [6,7]. Previous studies suggested that
VKH syndrome is mediated by an autoimmune response
directed against melanocytes [6,8]. VKH syndrome with
an underlying genetic predisposition typically occurs more
frequently in pigmented individuals, such as Chinese, Japa-
nese, Hispanics, and Indians, and is rare in Caucasians [6].
Furthermore, recent genetic surveys of VKH syndrome
have shown numerous immune-associated genes including
the human leukocyte antigen (HLA) system (HLA-DRB4,
Gene ID: 3126; HLA-DRBI, Gene ID: 3123, OMIM 142857),
programmed cell death 1 (PDCDI, Gene 1D:5133, OMIM
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600244), interleukins (/L-12B, Gene 1D: 3593, OMIM 161561;
IL-12RBI, Gene ID: 3594, OMIM 601604; IL-17F, Gene ID:
112744, OMIM 606496), macrophage migration inhibitory
factor (MIF, Gene ID: 4282, OMIM 153620), Fc receptor-like
3 (FCRL3, Gene ID: 115352, OMIM 606510), and osteopontin
(OPN, Gene ID: 6696, OMIM 166490) [1,9-14]. In addition,
Hou et al. revealed a decreased frequency of the C4 gene copy
number determined with real-time PCR in patients with VKH
syndrome [15]. Yang et al. demonstrated higher frequencies
of the G allele of the CFH-rs800292 in patients with non-
infection intermediate and posterior uveitis using TagMan
single nucleotide polymorphism (SNP) genotyping assays
[16]. However, to date, an association between SNPs in CF/
and VKH syndrome has not yet been reported.

The complement system is a critical component of the
innate immune system and is involved in regulating various
immunological and inflammatory processes. Previous genetic
studies of the complement system have identified several
associated intraocular inflammatory diseases, including
uveitis, pathological myopia, and age-related macular degen-
eration [16-19]. Ocular complement activation via the alterna-
tive pathway contributes to the development of experimental
autoimmune anterior uveitis (EAAU) in melanin-associate
antigen (MAA)-sensitized Lewis rats, whereas complement
system depletion in the host can mediate inhibition of EAAU
[20]. Complement factor H (CFH, Gene ID: 3075, OMIM
134370), complement factor B (CFB, Gene ID: 629, OMIM
138470), complement factor I (CFI, Gene ID: 3426, OMIM
217030), and component 2 (C2, Gene ID: 717, OMIM 613927)
have been shown to be associated with acute anterior uveitis
(AAU) [17,21,22]. To the best of our knowledge, only one
study, by Hou and associates, identified a decreased copy
number of C4 in patients with VKH syndrome using TagMan
real-time PCR technology and concluded that C4 might be
an important factor in the development of this disease [9].
However, the direct role of component system in the patho-
genesis mechanisms of VKH syndrome has not yet been
established.

Recently, we described a significant association between
CFI-rs7356506 and the development of AAU [15]. Our find-
ings revealed an increased frequency of the A allele and AA
genotype in Chinese patients with AAU. In the genotype—
phenotype analysis, we showed that gender and HLA-B27
status influenced the susceptibility to inherit the CFI risk
alleles. On this basis, we hypothesized that CFI- rs7356506
might be associated with other types of uveitis, such as VKH
syndrome. In this study, we aimed to investigate an associa-
tion of CFI-rs7356506 gene variants with VKH syndrome in
Chinese patients. To the best of our knowledge, this is the first
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study to report an association between polymorphisms in the
CFI gene and VKH syndrome. In addition, we identified that
CFI-rs7356506 associated with VKH syndrome depended on
recurrent and complicated cataract status.

METHODS

Subjects: The study protocol was designed according to the
tenets of the Declaration of Helsinki and approved by the
Ethic Committee of the Eye Hospital of Wenzhou Medical
University. Informed consent was obtained from all patients
and controls who participated in this study. The study adhered
to the ARVO statement on human subjects.

Patients were recruited at the Eye Hospital of Wenzhou
Medical University. A total of 100 patients with VKH
syndrome and 300 healthy controls, who were recruited from
a Chinese Han population, were enrolled in the study. All
subjects were given a detailed ophthalmic assessment that
included slit-lamp examinations, dilated fundoscopy, B ultra-
sonography, optical coherence tomography (GmBH, Heidel-
berg, Germany), and fluorescence angiography. All patients
with VKH syndrome fulfilled the revised diagnostic criteria
proposed by the First VKH International Workshop group.
Patients diagnosed with any other type(s) of uveitis were
excluded from the study. The treatment protocol for VKH
syndrome was started from orally administered prednisolone
in the range of 1-1.5 mg/kg/day or intravenously administered
hydroprednisone in the range of 0.5—1 g daily, and followed
by tapering of the orally steroid guided by ocular inflamma-
tion for 12 months or more. Additional immunosuppressive
therapy was required for those in whom no improved activity
of inflammation was observed for 1 week or more, and he (or
she) was defined as steroid insensitive [23]. Recurrent status
was defined as recurrent episodes of intraocular inflamma-
tion that occurred after uveitis had been in remission for
more than 3 months [23]. The healthy controls were unrelated
individuals without any ocular disease except senile cataract.
The subjects with autoimmune disorder were also excluded.
The clinical characteristics of the subjects are presented in
Table 1.

Genomic DNA extraction and genotyping: Peripheral venous
blood was obtained from each subject, and genomic DNA was
extracted using a DNA extraction kit (Simgen, Hangzhou,
China) according to the manufacturer’s protocols. Genomic
DNA concentration was determined using a NanoDrop 2000
Spectrophotometer (Thermo Fisher Scientific, Wilmington,
DE). The rs7356506 single nucleotide polymorphism (SNP)
in the CFI gene was genotyped in our study. The SNP was
genotyped using the Sequenom MassARRAY technology
platform with iPLXGOLD chemistry (Sequenom, San Diego,
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CA). Genotyping reagents recommended by the iPLEX Gold
SNP genotyping kit (Sequenom) were used in this study.
The software and equipment provided by the MassARRAY
platform (Sequenom) were also employed.

Statistical analysis: Hardy—Weinberg equilibrium (HWE)
was tested using the y? test for evaluating the deviation of
the selected SNP. Either the y? test or a Fisher exact test was
performed to compare the allele and genotype frequencies
between the patients with VKH syndrome and the control
subjects. Common genetic models (dominant and recessive)
in terms of minor alleles were applied to identify associations.
Stratified analyses were performed based on recurrent status,
complicated cataract status and steroid sensitive status. We
also calculated the odds ratios (ORs) and 95% confidence
intervals (95% CI). A p value of less than 0.05 was considered
statistically significant.

RESULTS

Clinical observations: Of the 100 patients with VKH
syndrome, 54 (54.0%) were men, and 46 (46.0%) were women.
The mean age of patients with VKH syndrome was 42.6 years
(range from 14 to 74 years). All patients had recorded detailed
lens diaphaneity, and 56 (56.0%) were diagnosed with compli-
cated cataract. Sixteen (16.0%) patients were insensitive to
steroid treatment. Seventy-two subjects were followed for at
least 3 years; 27 (37.5%) had recurrent VKH syndrome, and
45 (62.5%) had non-recurrent VKH syndrome. The control
group of subjects (300 individuals) comprised 66% men and
34% women. The mean age of the controls was 69.5 years
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(range from 60 to 88 years). Patients’ detailed clinical char-
acteristics are presented in Table 1.

Association of CFI with VKH syndrome: The CFI genotyped
SNP successfully conformed to HWE in the controls. No
significant associations in either allele or genotype frequen-
cies for the SNP were detected between the patients with
VKH syndrome and the controls (Table 2).

Associations between SNP and VKH syndrome stratified
by clinical features: When the analyses were stratified by
the recurrent status, there was a significant decrease in
the frequency of the G allele and GG homozygosity for
the CFI-rs7356506 SNP in recurrent patients with VKH
syndrome compared with the control subjects (p=0.016,
OR=0.429, 95% CI=0.212-0.871; p=0.014, OR=0.364, 95%
CI=0.158-0.837, respectively); however, no significant asso-
ciation was detected in either the allelic or genotypic frequen-
cies for the CF/ SNP between the non-recurrent patients with
VKH syndrome and the controls (Table 3).

When the analyses were stratified by complicated cata-
ract status, there was a significant decrease in the frequency
of the G allele and GG homozygosity for the CFI-rs7356506
SNP in patients with VKH syndrome with complicated cata-
ract compared to the control subjects (p<0.001, OR=0.357,
95% CI=0.197-0.648; p<0.001, OR=0.273, 95% CI=0.135-
0.551, respectively); however, no significant association
was detected in either allelic or genotypic frequencies for
the CFI-rs7356506 SNP between the patients with VKH
syndrome without complicated cataract and the controls
(Table 4).

TABLE 1. CLINICAL CHARACTERISTICS OF THE INVESTIGATED SUBJECTS.

Clinical characteristics n (range) %

VKH patients 100

Age (years) 42.6 (14-74)

Male 54 54
Female 46 46
Non-recurrent 45 62.5
Recurrent 27 37.5
With complicated cataract 56 56
Without complicated cataract 44 44
Steroid sensitive 84 84
Steroid insensitive 16 16
Controls 300

Age (years) 69.5 (60—88)

Male 198 66
Female 102 34

VKH, Vogt-Koyanagi-Harada syndrome.
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When the analyses were stratified by steroid-sensitive
status, there was no significant association in either the
allele or genotype frequencies for the CFI-rs7356506 SNP
in the steroid-sensitive patients with VKH syndrome and the
control subjects (p=0.239 and 0.491, respectively). The same
result was detected for steroid-insensitive patients with VKH
syndrome and control subjects (Table 5).

DISCUSSION

In this study, we demonstrated that CF7 gene polymorphisms
are not significantly associated with VKH syndrome. Inter-
estingly, the stratified analyses revealed that there was a
significant decrease in the frequency of G allele and GG
homozygosity for the CFI-rs7356506 SNP in the patients
with recurrent VKH syndrome or with complicated cata-
ract compared with the control subjects, suggesting that
CFI-rs7356506 may decrease the risk for VKH syndrome in
the context of recurrent VKH syndrome or complicated cata-
ract. Whereas, no significant association with patients with
VKH syndrome in the steroid-sensitive status was detected
for CFI-rs7356506 polymorphisms.

Complement factor I (CFI) is a serine protease, which
inhibits activation of the complement proteins C3b and C4b
in the presence of cofactors [24]. CFI can inhibit C3b and
cleave C3b into inactive iC3b. This process prevents the
assembly of C3 convertases in the classical and alternative
pathways. The complement system plays an important role in
the primary immune process and is an essential component of
various immunological and inflammatory responses [1]. As a
key regulator in the complement pathway, CFT deficiency is
associated with various kinds of immune diseases or inflam-
matory disease such as atypical hemolytic uremic syndrome
(aHUS), acute hemorrhagic leukoencephalitis (AHL), and
age-related macular degeneration (AMD) [18,19,24,25].
Uveitis is usually regarded as intraocular inflammation. Our
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previous study showed that CFI-rs7356506 played a genetic
protective role in acute anterior uveitis [17]. Meanwhile, our
results indicated the G allele and GG genotype play a protect
role in recurrent inflammation and complicated cataract of
patients with VKH syndrome. The single ethnicity of the
subjects may only represent a selected population of patients.
Therefore, the results may be applicable only to Chinese Han
populations and must be verified in other ethnic cohorts.
Although we recruited quite a few cases and controls, the
small sample size and the diverse phenotype of VKH
syndrome might have affected the stratified analysis. Also
of note, it is difficult to separate complicated cataract caused
by intraocular inflammation and secondary to long-course
corticosteroid agents. Further studies are needed to expound a
more accurate relationship between phenotype and genotype
in VKH disease.

In conclusion, although our results indicate that CF/
polymorphisms are not significantly associated with VKH
syndrome, we identified a trend for the association of
CFI-rs7356506 with VKH syndrome, depending on recur-
rent status and complicated cataract status. To the best of
our knowledge, this is the first study to investigate the geno-
type—phenotype association between a CF/ SNP and VKH
syndrome. Further studies are required to replicate the candi-
date SNP in other phenotypes of VKH syndrome and in other
ethnic groups, and to investigate the biologic roles of these
polymorphisms in immune mechanisms involved in uveitis.
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TABLE 2. COMPARISON OF GENOTYPE AND ALLELE FREQUENCIES OF CFI-Rs7356506
POLYMORPHISMS IN PATIENTS WITH VKH AND CONTROL SUBJECTS.

Polymorphism
VKH (n=100) Controls (n=300) p-value
CFI- rs7356506 (G/A)
Genotype
GG 9 (9.0) 34 (11.3) 0.379 *
AG 41 (41.0) 139 (46.3)
AA 50 (50.0) 126 (42.4)
Allele
G 59 (29.5) 207 (34.6) 0.184*
A 141 (70.5) 391 (65.4)

Data are the number of subjects (% of the total group). *y2 test. VKH, Vogt-Koyanagi-Harada syndrome.
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