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Tocilizamab has been approved as a biological drug for
the treatment of rheumatoid arthritis, systemic and poly-
articular juvenile idiopathic arthritis, and Castleman’s
disease [12]. Recent case reports and pilot studies have
reported the efficacy of tocilizumab for the treatment of
various other autoimmune and inflammatory diseases [20].
The ameliorative effect of tocilizumab in our patient raises
the possibility that BD could be another target disease for
tocilizumab. The mechanism by which IL-6 blockade can
lead to the suppression of disease activity in a patient with
refractory BD remains unknown. However, it is known that
tocilizamab inhibits the proinflammatory activities of IL-6
and also affects the function of effector T cells. One study
found that the serum IL-17 level was higher in active BD
than that in remission, which suggests a role for Th17 cells
in the development of BD [7]. It has been reported that
1L-6, together with transforming growth factor § (TGF-§),
induces the differentiation of naive T cells into Thi7 cells,
while IL-6 inhibits TGF- f-induced regulatory T cell (Treg)
differentiation [21). Dysregulation of IL-6 production thus
causes imbalance in the Th17/Treg ratio. In fact, it was
demonstrated that the blockade of IL-6 signaling in a
murine model of autoimmune uveoretinitis suppressed the
severity of uveoretinitis through Thi7 and/or Thi inhibi-
tion or Treg induction [22-24]. Whether tocilizumab can
affect effector T cell function in BD patients remains to be
determined. In conclusion, 1L-6 blockade may constitute an
optional treatment strategy for refractory BD with uveitis,
although further clinical studies are required to elucidate
the efficacy and safety of tocilizamab for BD.
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Toll-like receptor 2 (TLR?2) gene polymorphisms are not associated
with sarcoidosis in the Japanese population
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Purpose: Sarcoidosis is a systemic inflammatory disease characterized by the formation of non-caseating granulomas,
with varied clinical manifestations. The common etiology of sarcoidosis is uncertain, but it is thought to be triggered by
an exogenous antigenic stimulus, such as some bacterial proteins. Toll-like receptors (TLRs) recognize microbial
components and elicit innate as well as adaptive immune responses. It has been reported that polymorphisms in 7LR2
might be important in a small group of Caucasian sarcoidosis patients. The present study aimed to establish whether these
findings are relevant to the Japanese population.

Methods: We genotyped 5 single-nucleotide polymorphisms (SNPs) in 7LR2 and assessed the allelic diversity between
257 Japanese sarcoidosis patients and 193 Japanese healthy controls.

Results: No significant differences in the frequency of 7LR2 alleles and haplotypes in the sarcoidosis cases were found
in comparison with the controls. However, marginal associations were observed for 7LR2 at rs3804099 and rs3804100
in sarcoidosis patients with cutaneous manifestations.

Conclusions: Our results suggest that TLR2 polymorphisms are not signiticantly related to the pathogenesis of sarcoidosis
in the Japanese population.

Sarcoidosis is a systemic inflammatory disorder resulting
innon-caseating granulomas in multiple organs, such as: lung,
skin, eye, lymph nodes, central and peripheral nervous
system, and heart [1-3]. Japanese patients have a higher
likelihood of ocular involvement compared with other ethnic
groups [4]. Ocular manifestation is one of the most common
presentation in Japanese sarcoidosis patients [5].
Granulomatous inflammation can occur in any layer of the
eyeball, and leads to wide variety of ocular pathology,
including uveitis. A survey of almost 3,000 Japanese patients
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diagnosed with uveitis found that sarcoidosis was the most
frequent (13.3%) cause of non-idiopathic uveitis [6].

The exact cause of sarcoidosis is unknown, but the fact
that the frequency and course of the disease varies widely
among racial groups suggests that genetic factors may be the
basis of disease susceptibility. African Americans are more
commonly and severely affected by sarcoidosis than
Caucasian Americans. The annual sarcoidosis incidence for
African Americans is threefold higher, compared with
Caucasian Americans; at 35.5 versus 10.9 cases per 100,000,
respectively [7]. In the Swedish, another ethnic group, the
annual incidence of sarcoidosis is also high [8]. In Japan, the
annual estimated prevalence is 1.01 per 100,000 [5]. InKorea,
the reported incidence rate is similarly low [9].

Environmental factors are also thought to contribute to
the disease progression. The DNA of Mycobacterium
tuberculosis and Propionibacterium acnes has been detected
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in some sarcoid lesions by using polymerase-chain-reaction
(PCR) methods [10-13]. Recent studies have also shown that
the serum of some sarcoidosis patients contains antibodies
against mycobacterial antigens [14]. These studies suggest
that bacterial infections can affect the development of
sarcoidosis.

Toll-like receptors (TLRs) recognize microbial
components and elicit innate as well as adaptive immune
responses. Stimulation with TLR ligands induces the
production of proinflammatory cytokines and type I
interferons in cells of the innate immune system through
intracellular signaling cascades [15-17]. Accumulating data
suggest that 7R polymorphisms are closely associated with
many autoimmune diseases [18-20]. Among the TLR family
members, TLR2 recognizes multiple components of several
bacterial cell walls, including peptidoglycans and lipoproteins
from the cell wall of several bacteria and mycoplasma, by
forming a heterodimer with either TLR1 or TLR6, and plays
a critical role in the activation of innate immunity [21,22].
Polymorphisms in 7LR2 are associated with impaired
responses to bacterial infection in human [23-27]. Recently,
Veltkamp et al. [28] reported that they found the single
nucleotide polymorphisms (SNPs) located in the 7LR2
promoter lesion (rs4696480) was associated with sarcoidosis
in a Dutch Caucasian population, but could not confirm this
in their validation cohort. They inferred from these findings
that a TLR2 variant could play a role in a small percentage of
patients. The association between 7LR2 polymorphisms and
sarcoidosis needs to be confirmed by further replication
studies, particularly in other ethnic groups. In the present
study, we therefore evaluated the association of multiple SNPs
in TLR?2 in Japanese patients.

METHODS

Subjects: Two hundred fifty-seven unrelated patients with a
diagnosis of sarcoidosis and 193 healthy controls were
recruited from Yokohama City University, Hokkaido
University, Fujita Health University, Tokyo University, Keio
University, and Kumamoto City hospital. All patients and
control participants were of Japanese ethnicity. Sarcoidosis
patients were diagnosed according to the diagnostic criteria
developed by the Japanese Society of Sarcoidosis and Other
Granulomatous Disorders (JSSOG) previously described
[29]. Uveitis with sarcoidosis was assessed based on the
“Guidelines for Diagnosis of Ocular Lesions in Sarcoidosis™
prepared by the JSSOG. The ocular features of sarcoidosis
were defined as granulomatous uveitis plus two or more of the
following: infiltration of the anterior chamber (mutton-fat
Keratic precipitates/iris nodules), trabecular meshwork
nodules and/or tent-shaped peripheral anterior synechia,
masses of vitreous opacities (snowball-like or string of pearls-
like appearance), periphlebitis with perivascular nodules:
multiple candle-wax type chorioretinal exudates and nodules,
and/or laser photocoagulation spot-like chorioretinal atrophy.
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All subjects had a similar social background and resided in
the same urban area. The research methods were in
compliance with the guidelines of the Declaration of Helsinki.
Details of the study were explained to all patients and controls,
and valid consent for genetic screening was obtained.

Analysis  of TLR2 polymorphisms: Peripheral blood
lymphocytes were collected, and genomic DNA was extracted
from peripheral blood cells using the QlAamp DNA Blood
Maxi Kit (Qiagen, Tokyo, Japan). We evaluated five single-
nucleotide polymorphisms (SNPs): rs1898830, rs11938228,
rs3804099, re3804100, and rs 7656411 (Figure 1 and Table 1).
These SNPs had minor allele frequencies (>5%) trom the
National Center for Biotechnology Information db SNP.
Genotyping of all SNPs was performed using the TagMan 5’
exonuclease assay using primers supplied by Applied
Biosystems (Foster City, CA). Probe fluorescence signals
were detected by TagMan Assay for real-time PCR (7500 Real
Time PCR System; Applied Biosystems) following the
manufacturer’s instructions.

Statistical analysis: Hardy—Weinberg equilibrium was tested
for each SNP among the controls. Differences in allele and
genotype frequencies between cases and controls were
assessed by the y? test. The Haploview 3.32 (Daly Lab at the
Broad Institute, Cambridge, MA) program was used to
compute pair-wise linkage disequilibrium (LD) statistics
[30]. Standardized disequilibrium (D) value was plotted, and
LD blocks were defined according to the criteria [31].
Haplotype frequencies were estimated using an accelerated
expectation-maximization algorithm similar to the partition-
ligation-expectation- maximization method [32]. P values
<0.05 were considered statistically significant. The
Bonferroni method was used to correct multiple comparisons.

RESULTS
We genotyped five common SNPs in the 7LR2 gene:
rs1898830, r1s11938228, 153804099, re3804100, and

157656411 (Figure 1 and Table 1). All five SNPs were in
Hardy—Weinberg equilibrium in the controls (data not
shown). The minor allele frequencies of all SNPs were over
5% in the control group (Table 1). In this study, we did not
examine the polymorphism of rs4696480, because there were
no data for this minor allele in the Japanese HapMap database.

Linkage disequilibrium (LD) blocks of five SNPs in
TLR2 were defined (Figure 1). The 7LR2 region was divided
into two haplotype blocks, with substantial LD among the
SNPs of both blocks (block 1: D*[11.00; block 2: D*[J0.98).
The allele frequencies of the five SNPs in both the cases and
controls are listed in Table 1, and genotype frequencies are
listed in Table 2. No statistically significant association was
observed for any of the SNPs between the cases and controls
(p>0.05). We analyzed clinical features according to five
SNPs. In a stratified analysis according to lesion location,
which included the eye, lungs, heart, and nerves, none of these
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TABLE 1. ALLELE FREQUENCIES OF SNPs oF TLR2 AMONG SARCOIDOSIS PATIENTS AND CONTROLS.

Minor allele frequency,

n (%)
dbSNP Alleles Position (bp) Gene Cases Controls OR pvalue
(172) location (n=257) (n=193)
rs1898830 A/G 154,827,903 Intron 232 (45.1) 185 (47.9) 0.89 0.41
rs11938228 C/A 154,841,396 Intron 228 (44.4) 180 (46.6) 0.91 0.50
rs3804099 T/C 154,844,106 Exon 165 (32.1) 108 (28.0) 1.22 0.18
rs3804100 T/C 154,844,859 Exon 155 (30.2) 97 (25.1) 1.29 0.097
157656411 G/T 154,847,105 3'UTR 218 (42.4) 168 (43.5) 0.96 0.74

In the “Alleles” column, 1 indicates the major allele and 2 indicates the minor allele. The position reflects the distance from
short-arm telomere. p-values were caluculated by ¥’ test 2* 2 contingency table. bp, base pairs. OR, odds ratio.

clinical features were found to be significantly associated with
five SNPs (Table 3). Meanwhile, in 51 patients who had
dermatitis, the minor allele frequencies of rs3804099 and

rs7656411

|Block2 2 ko)

Figure 1. Linkage disequilibrium plot of five SNPs of 7LR2 in
sarcoidosis patients and healthy controls. The schematic of the
TLR2 gene 1s shown as a black line, with boxes representing its three
exons. The locations of the selected SNPs are indicated by the dotted
lines. The Haplotype blocks were determined using the Haploview
4.2 software. Each box provides estimated statistics of the coefficient
of determination, with brighter red representing a stronger Linkage
disequilibrium. Values in squares represent pairwise D’ values.

W

rs3804100 were higher when compared with the frequency in
193 controls (p=0.021; p=0.013). However, these statistical
differences disappeared after the Bonferroni correction was
applied (p>0.05).

DISCUSSION

The current study was designed to determine whether 7LR2
polymorphisms affect the development of sarcoidosis in the
Japanese population. Our results showed that all the 7LR2
polymorphisms so far examined were not significantly
associated with any clinical subtype of sarcoidosis including
ocular involvement in the Japanese population. However, a
marginally significant p-value was observed for the SNPs
rs3804099 and rs3804100 in patients with cutaneous
manifestations, in comparison with the healthy control group.
Healthy normal human skin contains two distinct major
subsets of resident dendritic cells: Langerhans cells (LCs) and
dermal DCs (DDCs). These DCs are located in the outer skin
layers of the epidermis and play a critical role as the first line
of defense against pathogens invading the skin. These DCs in
the skin, especially DDCs, express TLR2 as well as TLR1 and
TLR6. DDCs recognize bacteria and trigger the innate
immune response [33]. Our results indicate that a possible
connection may exist between 7R 2 polymorphisms and skin
manifestations of sarcoidosis. The variants of the TLR2 gene
in DDCs may play a causative role in the development of
cutaneous sarcoidosis in a site-specific manner.

Several reports have suggested that genetic variants of
innate immune receptors might be associated with the risk of
developing sarcoidosis [34]. Innate immune dysfunction
caused by genetic factors may fail to eliminate pathogens.
Consequently, it is postulated that frequent stimulation could
lead to the chronic inflammation of sarcoidosis.

TLR4 is a major receptor for lipopolysaccharide (LPS),
a component of gram-negative bacterial cell walls. TLR4 and
TLR2 signal transduction results in the activation of
inflammatory pathways involving nuclear factor-kappa B
(NF-kB). Conflicting reports about the association between
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TABLE 2. GENOTYPE FREQUENCIES OF FIVE SNPs OF THE TL R2 GENE IN SARCOIDOSIS PATIENTS AND CONTROLS.

SNP Genotype Cases, n (%) Controls, n (%) p value
rs1898830 AA 77 (30.0) 53 (27.5) 0.69
AG 128 (49.8) 95 (49.2)
GG 52 (202) 45 (23.3)
rs11938228 CcC 79 (30.7) 56 (29.0) 0.76
CA 128 (49.8) 94 (48.7)
AA 50 (19.5) 43 (223)
rs3804099 TT 116 (45.1) 99 (51.3) 0.39
TC 117 (45.5) 80 (41.5)
CC 24 (9.3) 14 (7.3)
rs3804100 TT 123 (47.9) 107 (55.4) 0.24
TC 113 (44.0) 75 (38.9)
CC 21(8.2) 11 (5.7
rs7656411 GG 86 (33.5) 62 (32.1) 0.95
GT 124 (48.2) 94 (48.7)
TT 47 (18.3) 37 (19.2)
p values were calculated using the %’ test 3 2 contingency table.
TaBLE 3. TLR2 SNPs ALLELE FREQUENCIES AMONG SARCOIDOSIS PATIENTS INFLAMMATORY SITES AND CONTROLS.
Minor allele frequency, n (%)
Patients
SNP Alleles Controls Cases Eye Lungs Skin (n=51) Heart Nerve
(172) (n=193) (n=257) (n=211) (n=138) (n=49) n=12)
rs1898830 AG 185 (47.9) 232 (45.1) 189 (44.8) 131 (47.5) 40 (39.2) 44 (44.9) 11 (45.8)
rs11938228 C/A 180 (46.6) 228 (44.9) 186 (44.1) 128 (46.4) 38(37.3) 43 (43.9) 11 (45.8)
rs3804099 T/C 108 (28.0) 165 (32.1) 141 (33.4) 91 (33.0) 41 (40.2)* 30 (30.6) 8(33.3)
rs3804100 T/C 97 (25.1) 155(30.2) 134 (31.8) 84 (30.4) 39 (38.2)** 27 (27.6) 7(29.2)
rs7656411 G/T 168 (43.5) 218(42.4) 170 (40.3) 113 (40.9) 37 (36.3) 43 (43.9) 8(33.3)

In the “Alleles™ column. 1 indicates the major allele and 2 indicates the minor allele. *p=0.021, Pc>0.05 **p=0.013, Pc>0.06

These values are not significant after Bonferroni correction.

TLR4 and sarcoidosis have recently been published. It was
shown that there is a significant association between patients
with chronic sarcoidosis and 7LR+ polymorphisms in the

Caucasian  population  [35]. Whereas, subsequent
investigations by other groups found no significant
association between polymorphisms and increased

susceptibility to sarcoidosis [36,37]. Our group also could not
find any association between TLR4 polymorphisms and
sarcoidosis in the Japanese population [29].

Nucleotide-binding oligomerization domain 2 (NOD?2),
a member of the NLR (Nod-like receptor) family, is an
intracellular microbial sensor. This protein detects muramyl
dipeptide (MDP); a component of bacterial peptidoglycans,
and induces innate immune responses. Several reports have
suggested there may be an association of polymorphisms in
NOD2 with early-onset sarcoidosis and Blau syndrome.
However, no significant associations between the genetic
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polymorphisms in the NOD2 gene and the risk of adult
sarcoidosis were detected [36,38-41].

In the present study, genetic variations in TLR2 did not
affect ocular sarcoidosis risk. However, some types of genetic
predispositions underlying the pathogenesis of sarcoidosis
can lead to ocular inflammation. Microbial pathogens have
long been suspected as the cause of sarcoidosis. Therefore,
further studies are needed to analyze other genes involved in
the innate immune response against bacterial antigens.

In summary, the minor allele frequencies of 7LR2 do not
appear to be significantly relevant to sarcoidosis in the
Japanese population. However, in cutaneous sarcoidosis,
rs3804099 and rs3804100 SNPs in 7LR2 are slightly
associated with clinical disease. Further studies, especially in
other ethnic populations, are required to elucidate what
association there may be between sarcoidosis and 7LR2.

—100—
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Abstract

Background Infliximab, an anti-TNF-a monoclonal anti-
body, administered to Behget’s disease (BD) patients in
Japan with refractory intraoccular inflammation, has
shown excellent clinical results. However, some patients
demonstrate a decreased response to infliximab during
the course of the treatment. In the present study, we
investigated the correlation between this reduced therapeutic
effect and elevation of the serum antinuclear antibody
{ANA) titers in patients with BD who were undergoing
infliximab therapy.

Methods Seventeen patients (14 males and three females)
with uveitis in BD who were undergoing treatment with
infliximab for 2 years or longer were enrolled. Their blood
test results and clinical histories were obtained from medical
records.

Results One patient (5.9%) was ANA-positive prior to the
initiation of infliximab, and 11 patients (64.7%) developed
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positive ANA during the therapy. The appearance of ANA
was observed 6 months after the initiation of the infliximab
therapy, and its titers gradually increased. None of the
patients showed lupus symptoms. Five patients (29.4%)
have suffered from ocular inflammatory attacks since the
sixth month from the initiation of infliximab treatment and
all of them were ANA-positive. In contrast, four patients
(23.5%) who were ANA-negative experienced no ocular
attacks during the follow-up period.

Conclusions Here we report the positive conversion and
subsequent elevation of serum ANA titers in some patients
with BD after the initiation of infliximab therapy. Since all
recurrences of uveitis were shown only in the ANA-positive
patients, serum ANA titer may be a helpful biomarker for
predicting the recurrence of ocular attacks in BD patients
treated with anti-TNF-« antibody therapies.

Keywords Behget’s disease - Retinal vasculitis - Uveitis -
Antinuclear antibody - Infliximab - Biomarker-
Anti-TNF-o monoclonal antibody

Introduction

Behget’s disease (BD) is a chronic systemic inflammatory
disease characterized by recurrent oral aphthous ulcers,
genital ulcers, skin lesions, gastrointestinal involvement,
vasculitis, neurological manifestations, and intraocular
inflammation. BD is one of the major etiologies of endoge-
nous uveitis in Japan [1], however, its prevalence and clinical
features vary among couniries and ethnic groups [2, 3].
Recurrent episodes of inflammatory ocular attacks can
cause severe visual loss. To prevent the relapse of intraocular
inflammation, colchicine and various immunosuppressive

Q Springer
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agents are administered including cyclosporine A (CyA), which
is a selective immunosuppressive agent of T-lymphocytes.
However, some patients cannot use these drugs due to
intolerable side-effects. Moreover, some patient’s diseases are
refractory to these agents and can progress to vision loss
[4-6].

Infliximab (IFX) is a chimeric monoclonal antibody to
TNF-«x that can minimize the immunological response when
used in humans [7]. It neutralizes both membrane-binding
and soluble TNF-«, in addition to suppressing TNF-x
production by macrophages. IFX is commonly administered
to patients with rheumatoid arthritis [8, 9], Crohn’s disease
[10], psoriasis [11, 12], and in case of refractory uveitis with
non-infectious etiologies including BD [13-20]. IFX is
effective for preventing relapse of intraocular inflamma-
tions in BD and its efficacy has been well documented in
previous studies [13~19]. In Japan, IFX was approved for
use in BD patients with refractory uveoretinitis by the
Ministry of Health, Labour and Welfare, Japan in January
2007 based on the excellent results from multicenter
clinical trials {15, 21]. Though IFX is an excellent agent
in the treatment of the BD with refractory uveoretinitis, it
has been observed to have decreased efficacy in a subset
of BD patients with uveoretinitis [ 19]. One report showed the
development of autoantibodies including antinuclear antibody
(ANA) during IFX treatment in BD [22], however, the
mechanisms and the meanings of it remain unknown.

In the present study, we investigated ANA titers of the
BD patients receiving IFX therapy and examined the
correlation between the elevation of ANA and the therapeutic
efficacy.

Materials and methods

BD patients with refractory uveoretinitis who had been
administered IFX for 2 years or longer were enrolled at
Hokkaido University Hospital. The results of their blood
tests and clinical histories were obtained from medical
records. BD was diagnosed based on the criteria set by the
BD Research Committee of Japan, which is part of the
Ministry of Health, Labour and Welfare, Japan [23] The
level of ocular inflammation was graded by means of the
Standardization of Uveitis Nomenclature (SUN) grading
criteria [24]. When a patient showed more than two steps
of increase in level of inflammation or increase from
grade 3+ to 4+, it was considered an inflammatory ocular
attack. Ocular attacks of BD flare up repeatedly and
usually disappear within a few weeks. Each ocular attack
shows a varying degree of uveitis including only mild
iridocyclitis or severe obstructive retinal vasculitis with
retinal exudates. The number of ocular attacks was counted
regardless of the severity and added both eyes.

@ Springer

Patients were administered 5 mg/kg of [FX intravenously
at weeks 0, 2, and 6 as the initial series of infusions and
thereafter every 8 weeks. Serum ANA and anti-double-
stranded DNA (dsDNA) antibodies were examined prior to
IFX infusion. ANA titers were quantified using an indirect
immunofluorescence technique using human epithelial
(Hep2) cells. Results were classified as positive (ANA>80)
or negative (ANA<40) according to previous reports [25-31],
Anti-dsDNA antibodies were identified using enzyme-linked
immunosorbent assay (ELISA).

Statistical analyses were performed using the Mann—
Whitney U test; p values <0.05 were considered to be
statistically significant. This study followed the tenets of
the Declaration of Helsinki and was approved by the Ethics
Committee of Hokkaido University Hospital.

Results

The demographics and clinical characteristics of the 17
Japanese patients, i.e., 14 (82.4%) males and three (17.6%)
females ranging in age from 15 to 58 (mean age: 36.9)
years, enrolled in the study are listed in Table 1. The rate
of ocular inflammatory attacks during 6 months prior to the
initiation of IFX was 3.8%2.1 {mean+SD). IFX therapy
significantly reduced the rate of ocular attacks to 0.7x1.1
during the first 6 months after the initiation of IFX (p<0.01).

Table 1 Characteristics of Behget’s disease patients treated with 1IFX

Case  Age Sex  Treatment before  Concomitant
(years) IFX initiation treatment with [FX

1 39 M CyA., Col, PSL -

2 33 M Col, PSL. PSL

3 58 M Col -

4 42 M Cot

5 40 F PSL PSL

6 31 M Col -

7 44 M PSL PSL

8 54 M CyA, PSL PSL

9 17 M CyA, Col -

10 52 M Col

11 10 M =

12 49 M CyA

13 40 M CyA

14 40 F CyA -

15 36 F PSL PSL

16 15 M PSL

17 28 M -

[FX ~ infliximab, CyA - cyclosporine A, Col - colchicine, PSL -
prednisolone
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Eight patients (47.1%) achieved no relapse of ocular
inflammatory attacks between the first infusion and the
24-month visit. Five patients (29.4%) experienced only
one ocular inflammatory attack and four patients (23.5%)
experienced several ocular attacks during the follow-up
period. It was not necessary to administer concomitant
drugs with IFX for 12 patients. Three of five patients
who were previously administered oral prednisolone (PSL)
could decrease and gradually stop their therapy after IFX
initiation. Two of these patienis required continued PSL
administration to control neurological symptoms.

Best-corrected visual acuities (BCVA) were reported T year
after the initiation of IFX; IFX therapy had successfully
maintained their vision acuity (Fig. 1).

ANA profiles and the frequency of ocular attacks in BD
patients treated with IFX are shown in Table 2. One patient
(5.9%) was ANA-positive prior to the initiation of IFX.
Anti-dsDNA antibodies were never detected prior to IFX
induction. The change in ANA-positive rates is shown in
Fig. 2. The positive conversion of ANA became common
6 months after the initiation of IFX, and the positive titers
continued to increase. At the end of the follow-up period, 13
patients (76.4%) were identified positive for ANA (Fig. 2).
One patient (5.9%) developed anti-dsDNA antibodies
{case #14). However, none of the patients showed lupus
symptoms.

The correlation of ocular attacks with elevation of ANA
titer is shown in Fig. 3. At the 6th month after the IFX
induction, five patients (29.4%) were ANA-positive and 12

(70.6%) were negative. In the ANA-positive group. three
patients {60%) had ocular inflammatory attacks during the
first 6 months after IFX admmistrations, whereas in the
ANA-negative group, four (33.3%) patients had these
attacks. Ocular attacks were much milder than those before
IFX therapy both in the ANA-negative group and ANA-
positive group.

However, since the 6th month of IFX therapy, all of five
patients {29.4%) suffering from a relapse of ocular inflam-
matory attacks were ANA-positive, and three of five
patients had multiple ocular attacks. In two of these three
patients, the administration interval was shortened from 8 to
7 weeks, and this successfully led to a lower rate of the
ocular attacks. On the other hand, all of four patients
{23.5%) with negative ANA had no ocular attacks.

Discussion

ANA appeared in the sera of BD patients 6 months after IFX
induction, and its titer gradually increased. It was reported
that the development of ANA and anti-dsDNA antibodies is
seen during the course of anti-TNF-« therapy in patients
with some autoimmune diseases such as rheumatoid arthritis
[32-34], psoriasis [35], Crohn’s disease [36], and BD [22].
In the present study, 75.0% of the patients converted to
ANA-positive during the course of IFX therapy and positive
ANA titers (1:80) had been detected in one patient on study
enrolment. This patient experienced a twofold increase in
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Table 2 ANA profile and the rate of ocular attacks of Behget’s disease patients treated with IFX

Case Frequency of  ANA (titer) Frequency of  ANA (liter) Frequency of ANA (liter) Frequency of  ANA (titer Frequency of  ANA (titer)
ocular attacks 0 month ocular attacks 6 month ocular attacks 12 month ocular attacks 18 month ocular attacks 24 month
-6~0 month 0~6 month 6~12 month 12~18 month 18~24 month

1 0 G 0 80 0 40 0 80 0 80

2 2 0 0 0 4] 0 4] 0 0 40

3 8 0 0 0 0 0 0 [ ¢ 40

4 4 0 0 40 0 80 0 80 ¢ 160

5 4 0 0 40 0 80 0 80 0 160

6 3 0 0 40 0 160 0 320 0 640

7 3 0 0 40 0 80 0 160 0 640

8 1 0 it 40 0 40 0 40 0 40

9 4 0 1 ¢ [ 40 0 40 0 80

10 2 0 I 0 ¢ 80 0 80 0 80

11 4 0 1 0 0 0 0 0 [t} 0

12 4 40 1 80 0 80 0 80 0 80

13 4 0 0 160 1 80 0 160 0 80

14 7 4] 1 160 5 160 4 320 3 640

i35 2 0 0 40 1 80 1 80 0 40

16 6 80 2 160 i 160 1 160 0 160

17 4 0 4 40 1 80 0 40 0 40

ANA positive: ANA titer>80, ANA - anti nuclear antibody

the titer (1:160). Only one patient (5.9%) converted to
anti-dsDNA antibody-positive during the follow-up period.
These findings are consistent with previous studies of
other autoimmune rheumatoid diseases, which reported
that 25-71% and 4-46% patients became positive for
ANA and anti-dsDNA antibodies after IFX initiation in
case of psoriasis and rheumatoid arthritis [32, 37, 38]. In
these previous studies, a small number of patients had
lupus-like symptoms [39-41]. Suhler EB et al. also
reported the results of a prospective study in which 23
patients with non-infectious uveoretinitis including four

100

80

60 /_——.—/
. /
.

e

L] 6 12 18 24

Percentage of positive ANA
(%)

Months after initiation of IFX therapy
Fig. 2 Frequencies of ANA positivity in BD patients undergoing IFX

therapy. The positive conversion of ANA became frequent 6 months after
the initiation of IFX, and its positivity rate gradually increased

@_ Springer

of BD patients were enrolled [42]. In the report, ANA
titers developed in 15 (75.0%) of the 20 patients and two
patients with very high titer showed arthritis. Although
none of the patients in our study have shown lupus symptoms,
we have to observe the patients very carefully.

It is still unknown how ANA and anti-dsDNA antibodies
develop during IFX therapy. One possible explanation is
that TNF-a may up-regulate cellular expression of the
adhesion molecule CD44, which plays a role in the

640 «©G
O Deular aMack i+
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Fig. 3 Correlation of ocular attacks with elevation of ANA titer. Since
the 6th month of IFX therapy, all five patients (23.5%) suffering from a
relapse of ocular inflammatory attack were ANA-positive, and
three of five patients had ocular attacks more than once throughout
the observation period
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clearance of apoptotic neutrophils by phagocytes [43, 44].
Impaired clearance of apoptotic cells and reduced CD44
expression on leukocytes has been reported in systemic lupus
erythematosus (SLE) [45, 46]. [FX may down-regulate CD44
expression and induce an immune reaction toward their own
nuclei by impairment of the clearance of apoptotic cells.

In the present study, we also demonstrated the association
between the development of ANA and reduced effects of
IFX therapy in BD patients. Only a few studies have
reported the association of serum ANA development with
the effects of IFX [35, 42]. Pink et al. reported that ANA
titer was associated with the loss of response to anti-TNF-«
therapy in psoriasis. In our study, during 6 months after the
initiation of IFX therapy, several patients experienced mild
ocular inflammatory attacks, both in the ANA-positive and
ANA-negative groups. Presumably, it takes some time for IFX
to exert an inhibitory effect on severe ocular inflammation in
BD patients. However, after the 6th month IFX therapy, the
cases suffering from the relapse of ocular inflammatory attacks
were limited to ANA-positive patients. Similar to the study in
psoriasis [35], these results suggest that the development of
elevated levels of serum ANA may be associated with the

" reduction of IFX efficacy for BD patients. Suhler EB et al.
mentioned no clear relation between the development of
ANAs and ocular therapeutic response [42]. The subjects in
the report included a variety of uveitis cases, in contrast to our
study, which targeted only BD. The tight disease enroliment
may be the reason why we could show the relation between
recurrences of uveitis and high titer of ANA.

The exact association between ANA and IFX also
remains unknown. It has also been found that repeated
infusion of IFX leads to induction of antibodies to IFX
(ATD) that reduce the efficacy of IFX. This phenomenon
has been a serious issue in rtheumatoid arthritis [47], Crohn’s
disease [48], psoriasis [49, 50] and BD [51] therapy. ANA
and ATI, both of which appear during the course of IFX
treatment, are Hkely to be involved in the reduced efficacy
of IFX; however, the correlation between the two antibodies
remains to be elucidated. We speculate that repeated
administration of protein agents such as IFX may activate a
systemic immune response, leading to the production of
various autoantibodies including ANA and ATL Therefore,
detection of high titer of ANA indicates the development of
ATl in the patients. According to this theory, the patients, such
as cases #6 and #7, with high ANA titer (640%) may have
already had ATI. These patients should be monitored closely
for further symptoms. If the theory is confirmed that ATI
is strongly correlated with the decreased therapeutic efficacy
of IFX, we need to consider concomitant use of immune
modulatory medicine in BD.

IFX has provided a new way to maintain good vision for
a long time in many BD patients with severe uveitis. How-
ever, in certain cases IFX becomes less effective while long-

term use of IFX. Serum ANA titers may be one of the
helpful biomarker to predict IFX ineffectiveness.
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ABSTRACT

The definition, classification, pathogenesis, test methods, clinical findings, criteria for diagnosis, and therapies
of allergic conjunctival disease are summarized based on the Guidelines for Clinical Management of Allergic
Conjunctival Disease (Second Edition) revised in 2010. Allergic conjunctival disease is defined as “a conjuncti-
val inflammatory disease associated with a Type | allergy accompanied by some subjective or objective symp-
toms.” Allergic conjunctival disease is classified into allergic conjunctivitis, atopic keratoconjunctivitis, vernal
keratoconjunctivitis, and giant papillary conjunctivitis. Representative subjective symptoms include ocular itch-
ing, hyperemia, and lacrimation, whereas objective symptoms inciude conjunctival hyperemia, swelling, follicu-
losis, and papillae. Patients with vernal keratoconjunctivitis, which is characterized by conjunctival proliferative
changes called giant papilla accompanied by varying extents of corneal lesion, such as corneal erosion and
shield ulcer, complain of foreign body sensation, ocular pain, and photophcbia. In the diagnosis of allergic con-
junctival diseases, it is required that type | allergic diathesis is present, along with subjective and objective
symptoms accompanying allergic inflammation. The diagnosis is ensured by proving a type | allergic reaction in
the conjunctiva. Given that the first-line drug for the treatment of allergic conjunctival disease is an antiallergic
eye drop, a steroid eye drop will be selecied in accordance with the severity. In the treatment of vemal kerato-
conjunctivitis, an immunosuppressive eye drop will be concomitantiy used with the abovementioned drugs.

KEY WORDS
allergic conjunctivitis, antiallergic eye drop, atopic keratoconjunctivitis, giant papillary conjunctivitis, vemal kera-
toconjunctivitis

reactions are involved.!

1. DEFINITION AND CLASSIFICATION OF

ALLERGIC CONJUNCTIVAL DISEASE

1.1. DEFINITION

Allergic conjunctival disease (ACD) is defined as “a
conjunctival inflammatory disease associated with a
type I allergy accompanied by some subjective and
objective symptoms.” Conjunctivitis associated with
type 1 allergic reactions is considered allergic con-
junctival disease even if other types of inflammatory

1.2. CLASSIFICATION

ACD is classified into multiple disease types accord-
ing to the presence or absence of proliferative
changes, complicated atopic dermatitis, and mechani-
cal irritation by foreign body (Fig. 1).

1.2.1. Allergic Conjunctivitis (AC) (Fig. 2)
Allergic conjunctival diseases without proliferative
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Allergic conjunctival

diseases (ACD)
; S A Atopic Vernal Giant papillary
Allergic ?xg;mctwms keratoconjunctivitis keratoconjunctivitis conjunctivitis
(AKC) (VKC) (GPC)

Seasonal allergic conjunctivitis

Perennial allergic conjunctivitis
AC) (PAC)

Fig. 1 Classification of ACD. ACD is classified as follows: (i) AC without proliferative change, (ii) AKC compli-
cated with atopic dermatitis, (i) VKC with proliferative changes, and (iv) GPC induced by irritation of a foreign
body. Allergic conjunctivitis are subdivided into SAC and PAC according to the period of onset of the symptoms.

Fig. 2 Upper palpebral conjunctival findings in AC.
Mild hyperemia and edema are present.

changes in the conjunctiva include seasonal allergic
conjunctivitis (SAC) where symptoms appear in a sea-
sonal manner and perennial allergic conjunctivitis
(PAC) where symptoms persist throughout the year.

1.2.2. Atopic Keratoconjunctivitis (AKC) (Fig. 3)
AKC is a chronic allergic conjunctival disease that
may occur in patients with facial atopic dermatitis. Gi-
ant papillae may be present although many AKC
cases have no proliferative changes.

1.2.3. Vernal Keratoconjunctivitis (VKC) (Fig. 4)

VKC is characterized by conjunctival proliferative
changes such as papillary hyperplasia of the palpebral
conjunctiva or its enlargement, and swelling or limbal
gelatinous hyperplasia. Many VKC cases accompany
atopic dermatitis. Corneal lesions with various severi-
ties including superficial punctate keratitis, corneal
erosion, persistent corneal epithelial defect, corneal
ulcers, or corneal plaque have been observed in VKC.

192

Fig. 3 Upper palpebral conjunctival findings in AKC.
Hyperemia, opacity, and sub-conjunctival fibrosis are
present.

1.2.4. Giant Papillary Conjunctivitis (GPC) (Fig.
5

G)PC is conjunctivitis that accompanies proliferative
changes in the upper palpebral conjunctiva induced
by mechanical irritations such as contact lenses, ocu-
lar prosthesis, or surgical sutures. Clinically, GPC dif-
fers from VKC by the absence of a corneal lesion and
by having a different papillary form.

2. EPIDEMIOLOGY OF ACD

In surveys of the entire population conducted by the
Allergy Integrated Project Epidemiologic Investiga-
tion Group of the Ministry of Health and Welfare in
1993, the proportion of persons with bilateral ocular
itching was 16.1% in children aged less than 15 and
21.1% in adults. The proportion of persons with aller-
gic conjunctival diseases diagnosed by ophthalmolo-
gists was 12.2% in children and 14.8% in adults. From
these results, the proportion of persons with allergic

Allergology International Vol 60, No2, 2011 www.jsaweb.jp/
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Fig. 4 Upper palpebral conjunctival findings in VKC.
Conjunctival hyperemia, conjunctival edema, eye dis-
charge, formation of giant papillae are present.

Fig. 5 Upper palpebral conjunctival findings in GPC.
Hyperemia and dome-like giant papillae are present.

conjunctival diseases in the entire population is esti-
mated to be about 15-20%.

A research group on allergic ocular disease of the
Japan Ophthalmologists Association conducted epide-
miologic surveys of all patients with allergic conjunc-
tival diseases that were treated at 28 facilities (7 uni-
versity attached hospitals, 5 general hospitals, and 16
ophthalmic hospitals and clinics) all over Japan dur-
ing the period from January 1, 1993 to December 31,
1995. They found that female patients with SAC or
PAC outnumbered male patients by 2 : 1, whereas
male patients with VKC outnumbered female patients
by 2 : 1. The number of patients with ACD was maxi-
mum at the age of 10 and the incidence decreased
with aging (Fig. 6). The main subjective symptoms
were an ocular itching, ocular hyperemia, eye dis-
charge, and a foreign body sensation in each disease
type. In SAC, symptoms of allergic rhinitis such as
sneezing, rhinorrhea, nasal blockade were found in
many cases.

Allergology International Vol 60, No2, 2011 www.jsaweb.jp/
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Fig. 6 Age distribution of patients with allergic conjuncti-
val diseases. The number of patients with allergic conjuncti-
val diseases who contacted the facilities was maximum at
the age of 10 and the number decreased with aging. The
peak incidence of each disease was also at the age of 10
and the incidence decreased with aging. (Incidence is cal-
culated by dividing the number of treated patients in each
age group by the entire population of the same age group in
Japan. The incidence at the age of 10 is made 1 and the re-
sult is expressed as ratio.) Adapted from reference 1.

3. PATHOPHYSIOLOGY

3.1. NETWORK OF VARIOUS IMMUNE SYSTEM
CELLS AND KERATOCONJUNCTIVAL RESI-
DENT CELLS

The pathological conditions of ACD with lesions in
the conjunctiva is assumed to be caused by interac-
tions between various immune system cells and resi-
dent cells, which are mediated by physiologically ac-
tive substances (e.g. histamine and leukotriene), cy-
tokines, and chemokines.

3.2. EOSINOPHILS AND CYTOTOXIC PROTEINS
Eosinophils are the main effector cells in ACD. Vari-
ous cytotoxic proteins released from eosinophils infil-
trating locally into the conjunctiva are thought to
cause keratoconjunctival disorders such as severe
AKC and VKC (Fig. 7).

3.3. HELPER T AND B CELLS AND CYTOKINES

An immunological feature of AKC and VKC is the in-
filtration of CD4+ helper T cells (Th) and IgE-
producing B cells into the conjunctiva. In normal tu-
nica propia conjunctivae, there are resident CD4+ T
cells and CD8+ T cells.23 Since T cell clones infiltrate
into the conjunctiva in VKC patients and produce Th2
cytokines such as IL4,4 which is detected in high
concentrations in the lacrimal fluid of VKC patients,5
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Fig. 7 Mechanisms of corneal disorder in severe éilergic conjunctival diseases. Various
cytotoxic proteins released from eosinophils and proteases released from mast cells in-
duce comeal epithelial disorders. IL-4 and [L-13 infilirate from the defective epithelium info
the stromal layer o activate the keratocytes and produce chemokines such as TARC, eo-
taxin, and SCF, and cytokines. These molecules atiract Th2 cells, eosinophils, and mast
cells to the cornea. TARG, thymus-and activation-regulated chemokine; CCR4, Chemo-
kine receptor 4; CCR3, Chemokine receptor 3; IL, Interieukin; SCF, stem cell factor; ECP,
eosinophil cationic protein; MBP, major basic protein; EDN, eosinophil-derived neurotoxin;

EPQ, eosinophil peroxidase.

it appears that Th2 cells and Th2 cytokines predomi-
nate in VKC. On the other hand, it is reported that in
the conjunctivae of AKC patients, Thl and Th2 may
be competitive.b It is also speculated that keratocon-
junctival resident cells may be involved in the etiol-
ogy of ACD by cytokine-stimulated production of
chemokines such as eotaxin?8 and TARC?® which
cause eosinophil and Th2 cell migrations from the
circulation respectively (Fig. 7).

4. TEST METHODS

The objective of tests is to prove a type I allergic reac-
tion in the conjunctiva and in the whole body. Clinical
test methods for proving type 1 allergic reactions in
the conjunctiva include the identification of eosino-
phils in the conjunctiva, instillation provocation test,
and total IgE antibody measurements in lacrimal
fluid. Systemic allergy tests detect antigen specific
IgE antibodies in the skin and serum.

4.1. IDENTIFICATION OF EOSINOPHILS IN THE
CONJUNCTIVA

Eye discharge or ocular secretions collected using
spatulas and tweezers, are smmeared onto glass slides,
then stained by Hansel or Giemsa staining methods,
and observed under an optical microscope.1®
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4.2, INSTILLATION PROVOCATION TEST

When an antigen can be presumed by skin test or se-
rum antigen specific IgE antibody measurements,
this test confirms the presence of conjunctivitis by in-
stillation of a solution of the known antigen. If itching
or hyperemia follows, the case is evaluated as being
positive.

4.3. TOTAL 1gE ANTIBODY MEASUREMENT IN
LACRIMAL FLUID ,

A kit is commercially available to measure the level of
total IgE antibody in lacrimal fluid using an immuno-
chromatography.i!

5. THE CLINICAL FEATURE AND EVALU-
ATION CRITERIA

5.1. SUBJECTIVE SYMPTOMS
Representative subjective symptoms for ACD are
itching, foreign body sensation, and eye discharge.
Itching is the most characteristic symptoms in
ACD, but some patients complain of a foreign body
sensation instead. The foreign body sensation is fre-
quently present in ACD. Aside from cases where
slight itching is felt as a foreign body sensation, it is
very likely that when many conjunctival papillae
sweep the cornea at the time of blinking, a foreign
body sensation may occur. In ACD lymphocytes and
eosinophils account for the majority of inflammatory

Allergology International Vol 80, No2, 2011 www.jsaweb.jp/
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Table 1 Clinical evaluation criteria of allergic conjunctival diseases

Severe Impossible to distinguish individual bicod vessels
Hyperemia Moderate Dilatation of many vessels
P Mild Dilatation of several vessels
None No manifestations
Severe Diffuse marked edema
Sweliin Moderate Diffuse mild edema
9 Mild Localized edema
None No manifestations
Severe 20 or more follicles
Follicle Moderate 10-19 follicles
Mild 1-8 follicles .
None No manifestations
Severe Diameter20.6 mm
Papillag* Moderate  Diameter 0.3-0.5 mm
P Mild Diameter 0.1-0.2 mm
None No manifestations
Severe Elevated papillae in 1/2 or more of upper palpebral conjunctiva
jllae inl han 1/2 of | | juncti
Giant papillae M?derate E!eva?ed pap:’ ae in less than 1/2 of upper palpebral conjunctiva
Mild Flat giant papillae
None No manifestations
Severe Vasodilatation of all vessels
Hvperemia Moderate Dilation of many vessels
P Mild Dilation of several vessels
None No manifestations
Severe Cyst-like chemosis of entire conjunctiva
Chemosis Moderate Diffuse thin chemosis
Mild Partial conjunctival swelling
None No manifestations
Severe In 22/3 of circumference
Swellin Moderate In 1/3 to 2/3 of circumference
9 Mild In less than 1/3 of circumiference
None No manifestations
- Severe 20 dots
Moderate 5-8 dots
Homer-Trantas dots Mild 1-4 dots
None No manifestations ,
Severe Shield ulcer or epithelial erosion
- Moderate Superficial punctate keratitis with filamentary debris
Epithelial disorder Mild Supetficial punctate keratitis
None No manifestations

*in cases having giant papillae, papillae and giant papiliae should be graded simultaneously.

cells, while neutrophils are few, serous and mucous
discharge is often present, and the nature of the dis-
charge differs from the purulent discharge associated
with bacterial conjunctivitis and viscous and serous
discharges found in viral conjunctivitis.

5.2. OBJECTIVE SYMPTOMS

Conjunctival hyperemia with dilated conjunctival ves-

Allergology International Vol 60, No2, 2011 www.jsaweb.jp/

sels is the most frequent conjunctival finding. Con-
junctival swelling is a finding that is induced by circu-
latory failure of the palpebral conjunctival vessels and
lymphatic vessels. And in many cases, conjunctival
opacity is accompanied. A conjunctival follicle is a
lymphoid follicle seen under the lower palpebral con-
junctival epithelium. This finding can be discrimi-
nated from papillae by the condition of a smooth
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