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Purpose: To investigate the associations of IL17A, IL17F, IL23A, and IL23R copy number variants (CNVs)
with Vogt-Koyanagi-Harada (VKH) syndrome and Behget’s disease (BD) and the possible mechanisms involved.

Design: Two-stage case-control and functional studies.

Participants: A total of 1159 VKH patients, 1036 BD patients, and 2050 controls were enrolled.

Methods: TagMan real-time polymerase chain reaction assay was used for genotyping of copy number
variant. Cell proliferation was measured by colorimetric assay.

Main Outcome Measures: Association of CNVs in IL17A, IL17F, IL23A, and IL23R with BD and VKH
syndrome and the functional roles of IL77F CNVs.

Results: Increased frequencies of more than 2 copies of IL17F and IL23A were found in BD patients as
compared with controls (L717F: P = 4.17 x 1078; odds ratio [OR], 2.2; IL23A: P = 2.86 x 10~ ''; OR, 2.8,
respectively). A similar result was found for VKH syndrome (IL17F: P = 2.84 x 107 '3, OR, 2.7; IL23A: P = 4.46 x
10~'"; OR, 3.4, respectively). Interestingly, the association of IL17F and IL23A with BD was found only in male
patients (L717F: P = 1.06 x 1075 OR, 2.3; IL23A, P = 3.81 x 107%; OR, 2.8, respectively), but not in female
patients. No association of CNVs in IL17A and IL23R was found for BD and VKH syndrome. IL17F protein levels
were correlated positively with gene copy numbers (P = 3.43 x 10~ 7). Individuals with high IL17F copies showed

enhanced peripheral blood mononuclear cells (PBMC) proliferation (P = 5.67 x 1073).

Conclusions:
Enhanced

High gene copy numbers of IL17F and IL23A were associated with BD and VKH syndrome.
IL17F protein production and PBMC proliferation were associated with high IL17F copy

numbers. Ophthalmology 2015;122:518-523 © 2015 by the American Academy of Ophthalmology.

Uveitis is one of the leading causes of blindness for middle-
aged people in the world." It is estimated to cause 10% to
15% of all cases of blindness in the United States and 3% to
7% in Europe.' Behget’s disease (BD) and Vogt-Koyanagi-
Harada (VKH) syndrome are 2 commonly seen uveitis en-
tities in Asia, especially in China.” * Behget’s disease is a
chronic multisystem immune-mediated disorder character-
ized by nongranulomatous uveitis, genital ulcers, recurrent
oral ulcers, and skin lesions.” Vogt-Koyanagi-Harada syn-
drome is a multisystemic autoimmune disorder character-
ized by bilateral granulomatous panuveitis frequently
associated with systemic involvement including vitiligo,
poliosis, alopecia, auditory, and central nervous system
signs.® The different clinical symptoms suggest that uveitis
in which symptoms are confined to the eye and systemic
uveitis may be caused by different pathogenetic pathways.

Usually, autoreactive effector CD4+ T cells have been
implicated as the mediators in the pathogenesis of immune
diseases. Until recently, a new effector T-cell subset, the
IL17-producing Th17 cell, has emerged as a major player in
autoimmune or autoinflammatory diseases. Accumulating
evidences showed that Th17 cells are associated with VKH
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syndrome’® and BD.”"'” Recently, studies indicated that the
numbers of IL17-producing T cells are elevated in VKH
patients and BD patients.”'" These studies suggest that the
Th17 cell or Th17 cell—related genes may be responsible for
the pathogenesis of uveitis.

Copy number variation (CNV) recently was identified as
a major cause of structural variation in the genome,
involving both duplications and deletions of sequences.
Evidence is accumulating that CNVs have phenotypic
consequences and play important roles in human diseases,
including BD,'*"? systemic lupus erythematosus (SLE),"
and leprosy.'” The association of CNV with Th17 cell-
related genes recently was addressed in patients with SLE."
As yet, no studies have been reported concerning the role of
Thl7-related gene copy numbers in uveitis, and therefore
this was the subject of the study presented herein.

This study aimed to investigate the association between
the copy number variants of ILI7A, ILI7F, IL23A, and
IL23R and various uveitis entities including BD and VKH
syndrome. Our findings provide further support for impor-
tant roles of Th17 cell—related genes in the pathogenesis of
intraocular inflammation.
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Table 1. Clinical Features of Behcet’s Disease Patients Enrolled in
the Present Study

Behget’s Disease Patients

Clinical Features No. (n = 1036) %

Age at onset (yrs), mean + standard 33.448.7
deviation

Male 876 84.6
Female 160 154
Uveitis 1036 100
Oral ulcer 1036 100
Skin lesions 752 72.6
Genital ulcer 562 54.2
Arthritis 158 15.3
Positive pathergy test results 207 20.0
Hypopyon 257 24.8
Methods

Upveitis Patient and Normal Control Recruitment

A total of 1036 BD patients, 1159 VKH patients, and 2050 healthy
individuals were recruited from the First Affiliated Hospital of
Chongging Medical University (Chongging, China) or the
Zhongshan Ophthalmic Center, Sun Yat-sen University (Guangz-
hou, China; Tables 1 and 2). The diagnoses of VKH syndrome and
BD were based strictly on the revised diagnostic criteria 2001 for
VKH syndrome'® and the International Study Group for BD,'”
respectively. If there was any doubt about the diagnosis, the pa-
tients were excluded from the study. The controls used in this study
were unrelated healthy individuals without any intraocular
inflammation. They were age- and ethnicity-matched with the pa-
tients. All participants were Chinese Han and gave written
informed consent. This study was approved by the Ethics Com-
mittee of the First Affiliated Hospital of Chongqing Medical
University (permit no., 20092-01008) and adhered to the tenets of
the Declaration of Helsinki. This project was registered in the
Chinese Clinical Trial Registry (registration no., ChiCTR-CCC-
12002184).

Table 2. Clinical Features of the Vogt-Koyanagi-Harada Syn-
drome Patients in the Study

Patients with Vogt-Koyanagi-Harada

Syndrome

Clinical Features No. (n = 1159) %

Age at onset of disease (yrs), 39.0+13.8
mean = standard deviation

Male 635 54.8
Female 524 45.2
Uveitis 1159 100
Nuchal rigidity 129 8.8
Headache 497 42.9
Scalp allergy 176 152
Tinnitus 525 453
Dysacusia 385 33.2
Alopecia 449 38.7
Poliosis 421 36.8
Vitiligo 206 17.8

Genomic DNA Extraction and Analysis of IL17A,
IL17F, IL23A, and IL23R Gene Copy Number

Variation

Genomic DNA was extracted from peripheral blood using the
QIAGEN QIAamp DNA Mini Blood Kit (Hilden, Germany)
according to the manufacturers’ recommendations. Gene CNVs of
IL17A, ILI7F, IL23A, and IL23R were determined by TagMan
real-time polymerase chain reaction and were performed in 96-well
optical plates on a 7500 real-time polymerase chain reaction
system following the manufacturer’s protocols (Applied Bio-
systems, Foster City, CA). TagMan assays labeled with FAM
(6-carboxy-fluorescein) were used to detect IL17A (Hs00859511_cn),
ILI7F (Hs00345894_cn), IL23A (Hs00323081_cn), and IL23R
(Hs02945077_cn; all Applied Biosystems), respectively. TagMan
RNaseP assay labeled with VIC (Applied Biosystems green fluo-
rescent dye) was used as an internal copy number reference (Applied
Biosystems). Copy number was calculated according to the man-
ufacturer’s instructions. We also evaluated the accuracy of the 4
CNVs using 60 randomly selected samples with the AccuCopy
technique (Shanghai Geneskies Biotech, Shanghai, China)."®

Cell Proliferation Assay

Peripheral blood mononuclear cells (PBMCs) were prepared from
venous blood by Ficoll-Hypaque density-gradient centrifugation.
The PBMCs were treated with anti-CD3 (OKT3, 0.5 jlg/ml)/anti-
CD28 antibodies (15E8, 0.1 pg/ml; Miltenyi Biotec, Palo Alto,
CA) for 72 hours. Cell proliferation was measured using the Cell
Counting kit-8 (Sigma-Aldrich, St. Louis, MO) according to the
manufacturer’s instructions. The absorbance was determined at 450
nm using an ELISA reader (SpectraMax M2°; Molecular Devices,
Beijing, China).

Statistical Analysis

The real-time polymerase chain reaction data were analyzed by
7500 software version 2.0.6 (Applied Biosystems). Relative gene
copy numbers were examined by the comparative Ct method using
CopyCaller version 2.0 (Applied Biosystems). The differences in
total ILI7A, ILI7F, IL23A, and IL23R were compared between
patients and controls by the chi-square test using SPSS software
version 17.0 (SPSS, Inc, Chicago, IL). The expression of IL17F
was analyzed by 1-way ANOVA analysis using SPSS version
17.0. To account for multiple testing, the Bonferroni correction
was applied.

Results

Clinical Findings of Uveitis Patients and Controls

The clinical characteristics of the uveitis patients were assessed at
the time of diagnosis and are summarized in Tables 1 and 2. The
average age + standard deviation of normal controls was 39.5 £+
11.0 years.

High Copy Number of IL17F and IL23A Confer
Susceptibility to Behget’s Disease and Vogt-
Koyanagi-Harada Syndrome in Chinese Han
Individuals

The association of CNVs in ILI17A, ILI7F, and IL23A and its
receptor, including IL23R, in patients with BD and VKH
syndrome was examined. The results showed that increased
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Table 3. Summary of the Association of ILI7A, ILI7F, IL23A, and IL23R Copy Number Variants with Behget’s Disease in the Chinese

Han Population

Men Women Total
Odds Ratio Odds Ratio Odds Ratio
Gene (95% (95% (95%
Copy Behget's Confidence Behget's P Confidence  Behget's Confidence
Gene No. Disease NC P Value Interval) Disease NC Value Interval) Disease NC P Value Interval)
ILI7TA <2 6 4 028 2.0 (0.6—17.0) 0 3 — 6 7 0.34 1.7 (0.6—5.0)
2 778 1057 0.03 0.7 (0.5—-1.0) 141 811 0.17 0.7(04—12) 919 1868 7.84 x 10> 0.7 (0.6—0.9)
>2 92 91 0.04 1.4 (1.0—1.9) 19 72 0.12 1.5 (0.9-2.6) 111 163 0.012 1.4 (1.1-1.8)
ILIZFE <2 15 17 0.66 1.2 (0.6—2.4) 2 9 079 1 2 (0.3—-5.8) 17 26 048 1.3 (0.7-2.3)
2 771 1086 3.41 x 107¢ 05 (0.4—0.7) 147 838 0.22 (0.4—1.3) 918 1924 8.08 x 1078 0.5 (0.4—0.6)
>2 90 54 1.06 x 107 2.3 (1.6-3.3) 11 41 023 15 (0.8—3.0) 101 95 4.17 x 107 2.2 (1.7-2.9)
IL23A <2 34 35 0.29 1.3 (0.8-2.1) 6 33 098 1 0 (0.4—2.5) 40 68 0.44 1.2 (0.8—1.7)
2 756 1080 2.27 x 1077 0.5 (0.3—0.6) 144 830 0.16 7(04-12) 900 1910 7.05 x 107 0.5 (0.4—0.6)
>2 86 44 381 x 107% 2.8 (1.9—4.0) 10 28 0.05 21 (1.0—4.3) 96 72 2.86 x 107! 2.8 (2.0-3.8)
IL23R <2 1 1 0.843 1.3 (0.1-21.2) 0 1 — 1 2 1.00 1.0 (0.09—10.9)
2 839 1115 0.558 0.9 (0.6—1.4) 156 867 095 1.0(04-3.0) 995 1982 0.29 0.8 (0.5—1.2)
>2 36 42 0.575 1.1 (0.7-1.8) 4 22 098 1.0(0.3-3.0) 40 64 0.29 1.3 (0.8—1.9)

P<0.05/12 = 4.2 x 10~ was considered significant.

frequencies of more than 2 copies of ILI7F and IL23A were
found in BD patients as compared with controls (ILI7F: P =
4.17 x 10~% odds ratio [OR], 2.2; IL23A: P = 2.86 x 107'};
OR, 2.8, respectively; Table 3). More than 2 copies of /LI/7F and
IL23A also showed a similar association with VKH syndrome
(ILI7F: P = 2.84 x 107'3; OR, 2.7; IL23A: P = 4.46 x 107'7;
OR, 3.4, respectively; Table 4). Because there is quite a marked
disparity between the male-to-female ratio (876 men vs. 160
women) in the BD patients and in view of the worse ocular
disease in male patients, a separate comparison was performed
according to gender. The results showed that increased fre-
quencies of high copies of ILI7F and IL23A were found only in
male BD patients (ILI7F: P = 1.06 X 107%; IL23A: P = 3.81 x
10~®), but not in female BD patients (Table 3). No association of
CNVs in ILI7A and IL23R was found for BD and VKH
syndrome.

The genotyping accuracy of the 4 CNVS also was assessed with
the AccuCopy technique.'® The results showed that the concordant
call (percent) of the genotyping between the TagMan and Accu-
Copy techniques was more than 96.7%.

Levels of IL17F and

Correlation between Protein

Their Copy Numbers

We subsequently investigated whether the protein levels of IL17F
positively were correlated with its copy numbers. The results
showed that the expression of IL17F was increased in individuals
with more than 2 copies of ILI/7F as compared with those with 2
copies of ILI7F (P = 3.43 x 1077; Fig 1). As with the low fre-
quency of high copies of IL23A (CNV > 2: less than 3.6% in
controls), fewer than 3 samples with high copies of /L23A were
found in 82 controls. We therefore did not test the association
between the expression of IL23A and its copy numbers.

Peripheral Blood Mononuclear Cell Proliferation in
Individuals with Different Copy Numbers of IL17F

Because the expression of ILI7F showed an association with its
CNVs, we therefore focused on its function. IL17 can stimulate the
proliferation of human mesenchymal stem cells,'” and in view of a
lack of evidence regarding whether this is also true for PBMCs, we

Table 4. Summary of the Association of ILI17A, IL17F, IL23A, and IL23R Copy Number Variants with Vogt-Koyanagi-Harada Syndrome
in the Chinese Han Population

Gene Gene Copy No. Vogt-Koyanagi-Harada Syndrome NC P Value Odds Ratio (95% Confidence Interval)
ILI7A <2 7 7 0.28 1.8 (0.6—5.0)
2 1027 1868 462 x 1072 0.7 (0.6—0.9)
>2 125 163 8.14 x 107> 1.4 (1.1-1.8)
ILI7F <2 14 26 0.79 0.9 (0.5—-1.8)
2 1011 1924 1.81 x 1071 0.4 (0.3—-0.6)
>2 134 95 2.84 x 1071 2.7 (2.0-3.5)
IL23A <2 35 68 0.65 0.9 (0.6—1.4)
2 997 1910 271 x 1071 0.5 (0.4—0.6)
>2 127 72 446 x 10717 3.4 (2.5-4.6)
IL23R <2 5 2 0.11 4.5 (0.9-22.9)
2 1091 1982 2.00 x 1072 0.6 (0.4—0.8)
>2 58 64 6.98 x 1072 1.6 (1.1-2.4)

P<0.05/12 = 4.2 x 10~ was considered significant.
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Figure 1. Graph showing the relationship between the expression of IL17F
and IL17F copy number variant (CNV). Supernatants of stimulated pe-
ripheral blood mononuclear cell samples from 3 normal controls with fewer
than 2 copies of IL17F, 43 normal controls with 2 copies of ILI7F, and 9
normal controls with more than 2 copies of IL17F were collected to detect
the production of IL17F using an enzyme-linked immunosorbent assay.
Data are expressed as mean + standard deviation. Statistical analysis was
performed using the 1-way analysis of variance.

examined whether the different CNVs of ILI7F affected the pro-
liferation of PBMCs. The results revealed that an increased ten-
dency of PBMC proliferation was found in individuals with high
copies of IL17F. Having high copies of ILI7F (CNV > 2) resulted
in an increased PBMC proliferation after stimulation with anti-
CD3/CD28 antibodies as compared with individuals having a low
copy number of ILI7F (CNV < 2; P = 5.67 X 1073 Fig 2).

Discussion

Previous studies have shown that Th17 cells and Th17 cell-
related genes were implicated as the critical agents in the
pathogenesis of uveitis in such settings as VKH syndrome
and BD.”?"?' To our knowledge, this is the first study
addressing copy number variants of Th17 cell-related genes
with ocular disease. We identified 2 common risk CNVs of
ILI7F and IL23A for VKH syndrome and BD. More
importantly, our study showed that high copies of ILI7F
were related positively with the expression of ILI7F and
may enhance PBMC proliferation.

Accumulating evidence suggested that a variety of hu-
man diseases were caused by alterations in DNA sequence
or dosage of gene expression. Th17 cell-related genes show
an upregulated expression in uveitis patients and glay an
important role in the pathogenesis of uveitis.””” DNA
sequence variants such as CNVs clearly have been shown to
have a potential influence on the dosage of disease-related
genes.”” Our findings were consistent with an increased risk
of high ILI7F CNVs reported recently in a systemic auto-
immune disease such as SLE.'* More generally, our results,
together with the report on SLE,'* illustrated that ILI7F
CNVs may be a shared risk for systemic disorders including
SLE, VKH syndrome, and BD.

Further functional studies were designed to investigate
the relationship between ILI7F CNV and its expression.
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Figure 2. Graph showing the influence of ILI7F copy number variants
(CNVs) on the proliferation of peripheral blood mononuclear cells
(PBMC:s). Proliferation of PBMCs stimulated by anti-CD3/CD28 anti-
bodies was tested in normal controls carrying different copy numbers of
ILI7F (CNV < 2,n=3;CNV = 2, n = 70; CNV > 2, n = 10). Data are

expressed as mean =+ standard deviation.

The present study showed that an increased copy number of
ILI7F was correlated with elevated levels of IL17F. This
ﬁndin% was consistent with data shown earlier in SLE pa-
tients.”* Previous studies showed that IL/7 was elevated in
uveitis patients as in BD and VKH syndrome,”'" but also in
animals with experimental autoimmune uveoretinitis,”"
supporting the important role of Th17 cells in the patho-
genesis of intraocular inflammation. Combining the associ-
ation of ILI7F CNVs with systemic uveitis, the results
suggested that /LI/7F CNV may be involved in uveitis via
the upregulated expression of ILI7F.

Further functional studies were performed to assess
whether ILI7F CNVs had an effect on proliferation of
PBMC:s. In view of the marked clinical heterogeneity of
uveitis and the fact that these patients often were receiving a
treatment regimen that included immunosuppressive drugs,
we examined these issues in healthy controls. Our results
showed that individuals with a high copy number of ILI7F
showed enhanced PBMC proliferation when these cells
were stimulated by anti-CD3/CD28 antibodies. To our
knowledge, the role of ILI7F on PBMC proliferation has
not yet been shown. Earlier reports showed that ILI7
induced proliferation of human bone marrow—derived
mesenchymal stem cells.'” This study did not show an as-
sociation of ILI7A and IL23R CNVs with BD and VKH
syndrome; however, our previous study showed the asso-
ciation of IL23R polymorphisms, other common genetic
variants, with these 2 types of uveitis in Chinese Han per-
sons.”>** These results suggest that specific genetic variants
of IL23R, gene polymorphisms but not CNVs, are involved
in the development of VKH syndrome and BD.

It is worthwhile to point out that a large number of
controls also have more than 2 copies of ILI7F or IL23A,
but do not have immune-mediated disease such as uveitis.
Moreover, we observed a relatively low OR value for ILI7F
and IL23A CNVs. This evidence suggests that /LI7F and
IL23A, although important, are not sufficient to explain their
genetic role in uveitis and indicates indirectly the existence

521



Ophthalmology  Volume 122, Number 3, March 2015

of other risk factors. In addition to the association of ILI7F
and JL23A with uveitis, many other genes are shown to be
associated with uveitis, such as CNVs in complement
component 4'°”° and polymorphisms in HLA,***’
IL23R”  STAT4,"*®  CCRI-CCR3,””  UBAC2,"
SUMO4,>"*? and PDGFRL.” Additionally, although the
actual number of BD patients in our study is barely higher
than the number of controls in the more than 2 copies group
of ILI7F, the significant difference of the frequency of
having more than 2 copies for ILI7F and the relatively low
frequency of ILI7F cases with more than 2 copies between
BD patients and controls (9.75% vs. 4.65%) led to the high
P value. Further studies are needed to allow an extrapolation
of our findings to larger samples and other ethnic
populations.

In conclusion, our results identified 2 common risk
CNVs of ILI7F and IL23A for BD and VKH syndrome. We
also found a positive association of ILI7F copy number
with the expression of ILI7F and observed an enhanced
PBMC proliferation in individuals carrying a high copy
number of ILI7F.
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