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Figure 4. Fundus photographs of patient 2 at the final 4-month follow-up were unremarkable in the right
eye (A) but showed reddish, oval lesions in the left eye (B). Multifocal electroretinogram demonstrated
subnormal amplitudes with normal implicit times in the right eye (C), but these changes were more
prominent in the region between the disc and the fovea in the left eye (D).

gional decrease in intrinsic tissue au-
tofluorescence suggested patho-
logic changes at the level of the
retinal pigment epithelium and pos-
sibly involving the outer retina. The
additional use of mfERG high-
lighted the functional deficits of
these patients despite better than
20/25 visual acuity. Specifically, bi-
lateral reduction of central re-
sponses of outer retinal origin with
normal implicit times was identi-
fied in both patients. This was es-
pecially helpful in identifying ab-
normal photoreceptor function in
the asymptomatic eye of patient 2.

Our findings are consistent with
prior reports of outer retinal archi-
tectural changes observed with SD-
OCT in AMNR.?’ The addition of
mfERG to precisely identify cone
photoreceptor dysfunction pro-
vided a correlation of a functional
deficit to the structural changes
observed in the outer retina. Al-
though we did not identify a cho-
roidal or retinal vascular perfusion
defect by fluorescein angiography
or indocyanine green angiography

testing, focal hypofluorescence in
the region of the macular lesions
was observed on fluorescein angi-
ography of patient 2. This could
represent inner choroidal ischemia
or blockage of choroidal fluores-
cence from a focal inflammatory
accumulation with resultant over-
lying outer retinal architectural
disruption.

The term AMNR was originally
applied to this condition because
of the acute onset of presentation
and the theory that the superficial
macular retina was involved; given
our observations correlating func-
tional and structural aspects of this
disease, the term acute macular
outer retinopathy may be more
appropriate.
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Interferon-y Release Assay
in Tuberculous Scleritis

Scleritis is a painful, often chronic,
and potentially destructive ocular in-
flammation caused by either infec-
tious agents or noninfectious im-
mune reactions. Tuberculosis (TB)
is one possible infectious cause of
scleritis. In this report, we describe
3 patients in whom use of an inter-
feron (IFN)-vy release assay as-
sisted in the diagnosis of tubercu-
lous scleritis.

Report of Cases. Case 1. A 29-year-
old woman was referred for bilat-
eral anterior scleritis refractory to
topical corticosteroids. On exami-
nation, corrected visual acuities were
1.2 with normal intraocular pres-
sure in both eyes. The sclera was
markedly hyperemic in all 4 quad-
rants bilaterally (Figure 1A). Mild
inflammatory cells were present in
the anterior chambers in both eyes
but the fundi were unremarkable.
Laboratory investigations revealed
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Figure 1. Slitlamp photographs for case 1. A, Slittamp photograph of the right eye in case 1, revealing severely hyperemic sclera. B, Photograph of the same eye

¢
i

1 month after initiation of antituberculosis therapy, showing a marked decrease in inflammation but some mild thinning of the sclera.

after initiation of antituberculosis therapy, showing no active inflammation.

normal chemistry results and blood
cell counts; however, the erythro-
cyte sedimentation rate was el-
evated at 46 mm/h and results of a
tuberculin skin test (TST) were posi-
tive with 38 mm of erythema and 18
mm of induration. The initial chest
radiograph was unremarkable;
however, subsequent chest com-
puted tomography revealed mul-
tiple nodular lesions in the lung pa-
renchyma. Results of testing using
QuantiFERON-TB 2G (QFT)
(Cellestis, Carnegie, Australia), an
IFN-y release assay, were found to
be positive (defined as IFN-y levels
>0.35 IU/mL by the laboratory). The
patient was diagnosed with tuber-
culous scleritis and treated with a
3-drug regimen (isoniazid, 300
mg/d; rifampicin, 450 mg/d; and eth-
ambutol hydrochloride, 750 mg/d)
for the initial 2 months, followed by

the same doses of isoniazid and rif-
ampicin for an additional 7 months.
The bilateral scleritis resolved within
1 month after initiating anti-TB treat-
ment (Figure 1B). No recurrences of
scleritis were observed over 6
months of follow-up since complet-
ing therapy.

Case 2. A 72-year-old man was re-
ferred for unilateral scleritis refrac-
tory to topical corticosteroid therapy.
His history was remarkable for hav-
ing been diagnosed with unilateral
uveitis in the left eye in 2005 at an-
other hospital, the details of which
were unknown. On examination, the
corrected visual acuities were 0.5
OU, with normal intraocular pres-
sure. The right eye was entirely nor-
mal, but the left eye exhibited
marked scleral hyperemia in all 4
quadrants (Figure 2A). In addi-
tion, although the vitreous was clear,

o y )

Figure 2. Slittamp photographs for case 2. A, Slittamp photograph of the left eye in case 2, revealing hyperemic sclera. B, Photograph of the same eye 6 months

retinal and choroidal folds in the su-
perior macular area were noted.
Laboratory investigation results were
positive for the presence of peri-
nuclear antineutrophil cytoplas-
mic antibodies and an elevated
erythrocyte sedimentation rate of 41
mm/h. The TST results showed 40
mm of erythema and 10 mm of in-
duration; however, chest radiogra-
phy examination was normal. Re-
sults of subsequent QFT testing were
positive. An orbital computed to-
mographic scan confirmed diffuse
thickening of the posterior eye wall
and unilateral anterior and poste-
rior scleritis was diagnosed, possi-
bly due to TB. The patient was
treated with a 4-drug regimen (iso-
niazid, 300 mg/d; rifampicin, 450
mg/d; ethambutol hydrochloride,
750 mg/d; and pyrazinamide, 1500
mg/d) for the first 2 months, fol-
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Figure 3. Slitlamp photographs for case 3. A, Slitlamp photograph of the left eye in case 3, revealing diffuse hyperemic sclera. B, Photograph of the same eye

6 months after initiation of antituberculosis therapy, showing a marked decrease in inflammation but thinning of the sclera.

lowed by the same doses of isonia-
zid and rifampicin for 7 months. The
scleritis improved within 2 months
of initiating anti-TB therapy, and no
recurrences were observed over 3
months of follow-up since complet-
ing treatment (Figure 2B).

Case 3. A 68-year-old man was re-
ferred for unilateral anterior scleri-
tis refractory to topical corticoste-
roid therapy. On examination, the
corrected visual acuities were 1.2,
with normal intraocular pressure in
both eyes. The right eye was nor-
mal, but the left eye showed marked
hyperemia of the sclera in 3 quad-
rants (Figure 3A) but no anterior
chamber or posterior segment in-
flammation. Results of blood tests
were unremarkable with a normal
erythrocyte sedimentation rate. The
chest radiograph was normal; how-
ever, the TST results showed 40 mm
of erythema and 8 mm of indura-
tion. This raised our suspicion of
possible TB, and QFT testing was
subsequently performed and re-
sults were found to be positive. The
patient received the same 4-drug
regimen as in case 2, and the inflam-
mation responded favorably within
1 month of starting anti-TB treat-
ment, with no recurrences noted
(Figure 3B).

Comment. Pulmonary TB remains
a major health concern in Japan,
with an estimated incidence of 21 in
100000 and an estimated preva-
lence of 35 767 for 2007, roughly 4
to 5 times that for the United States.'
Extrapulmonary disease accounts for

about 20% of TB cases and can in-
volve virtually any organ of the body,
including the lymph nodes, central
nervous system, skeletal system,
pleura, liver, kidney, and skin.” Al-
though the TST has long been used
to support a diagnosis of active or
latent TB, it is believed to have low
specificity in populations that rou-
tinely receive BCG vaccination such
as in Japan.’ Recently, IFN-vy re-
lease assays have been developed to
aid in the diagnosis of TB. The QFT
assay measures [FN-y released when
whole blood is stimulated with 2
synthetic peptides, the early se-
creted antigenic target 6-kDa pro-
tein (ESAT-6) and the 10-kDa cul-
ture filtrate protein (CFP-10), both
found in Mycobacterium tuberculo-
sis but not in the BCG vaccine or in
the vast majority of atypical
mycobacterium.*

In the present report, the TST re-
sults were positive or with indura-
tion large enough to raise our sus-
picion of TB and warrant additional
QFT testing. We have previously re-
ported that the rate of TST result
positivity (induration >10 mm) was
roughly 20% among patients with
uveitis referred to our Ocular In-
flammation Service.> Although the
TST result positivity rate is not
known for our patient population
with scleritis, our experience in uve-
itis strongly suggests that a positive
TST result alone is insufficient to di-
agnosis tuberculous ocular inflam-
mation. Recently, Ang and col-
leagues’ have demonstrated that the
combination of a positive TST re-

sult and a positive QFT result in-
creases the accuracy of diagnosing
tuberculous uveitis. The present re-
port also supports the use of both
TST and QFT in the diagnosis of tu-
berculous scleritis.

In summary, our 3 patients pre-
sented with scleritis refractory to
topical corticosteroid therapy, stan-
dard community-based treatment for
this condition in Japan. Based on
positive TST and QFT results,
anti-TB therapy was initiated, with
all patients exhibiting improve-
ment of inflammation within 1 to 2
months. Our experience highlights
the difficulty in assessing TB as a
possible cause of ocular inflamma-
tion and the potential of IFN-y re-
lease assays for assisting in that as-
sessment.
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B orn in Zagreb, Kurt Hihn (1875-1963) trained in Vienna and then returned to Zagreb in 1900 where he practiced
ophthalmology at the Sisters of Mercy Hospital, becoming the Director of the hospital in 1935, a post he held until his
retirement in 1945. One of the first to use x-ray equipment in Croatia, he also published extensively in Croatian medical

journals.

In 1925, a lifetime portrait medal by the Croatian artist Ivo Kerdi¢ of 61 mm diameter was struck in bronze to honor
Hithn for 25 years of medical service. The obverse depicts Hithn's bust facing right. The reverse depicts Hithn on the left
operating on the eye of a young female patient who is seated on the right.

Courtesy of: Jay M. Galst, MD, Clinical Associate Professor, New York Medical College, and Peter van Alfen,
PhD, Associate Curator, American Numismatic Society.

Correspondence: Jay M. Galst, MD, 30 E 60th St, New York, NY 10022.
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Intravitreal Bevacizumab for Iris
Metastasis of Small-Cell Lung
Carcinoma with Neovascular Glaucoma

Metastasis to the iris is rare, with the majority of cases
originating in carcinomas of either the breast or lungs.'
Small-cell lung carcinoma (SCLC) is characterized by rapid
growth and early metastasis.” Bevacizumab is a monoclonal
antibody against vascular endothelial growth factor
(VEGF), and is approved in Japan for the treatment of
metastatic carcinoma of the colon and rectum, and for non-
SCLC. We report a case in which presumed iris metastasis
complicated by neovascular glaucoma in a patient with
SCLC responded to intravitreal injection of bevacizumab.

Case Report

A 52-year-old man presented to the Kyorin Eye Center
complaining of blurred vision OD for 1 month. The patient
had been diagnosed 14 months earlier with SCLC (lung
biopsy specimen in Fig. 1), and a short time before admit-
tance had undergone chemotherapy (five cycles of cisplatin/
etoposide and two cycles of amrubicin) for multiple metas-
tases in the adrenal gland and abdominal lymph nodes, as
well as radiotherapy for brain metastasis. He was, however,

Figure 1. Histopathology from a lung biopsy specimen showing malig-
nant cells consistent with small-cell lung carcinoma (bar = 100 um).

Jpn J Ophthalmol
Vol 55: 67-85, 2011

currently not receiving any specific cancer treatment. On
examination his visual acuity was 1.2 OU, and intraocular
pressure (IOP) was 19 mmHg OD and 15 mmHg OS. Slit-
lamp biomicroscopy showed 1+ anterior chamber cells OD
and an inferonasal iris mass, associated with peripheral
anterior synechia and neovascularization of the iris (Fig.
2A). The fundus OD and the left eye were normal.

The iris mass was presumed to be metastasis from SCLC,
and was noted to increase in size with a rise in IOP to
36 mmHg over a 6-week period. Despite therapy with
topical 0.5% timolol maleate, 1.0% brinzolamide, and
0.005% latanoprost, and oral acetazolamide 500 mg/day, the
IOP continued to be poorly controlled and the patient com-
plained of ocular pain. After informed consent, a single
injection of 1.25 mg of bevacizumab (Avastin, Genentech,
San Francisco, CA, USA) was injected intravitreally OD for
the purpose of treating the neovascular glaucoma. The use
of intravitreal bevacizumab received prior approval from
the Kyorin University Hospital Ethics Committee. Two
weeks after the bevacizumab injection, the iris tumor had
decreased in size, the iris neovascularization had resolved,
and IOP was 18 mmHg (Fig. 2B). At that time, the patient
underwent additional chemotherapy with irinotecan hydro-
chloride hydrate for the presumed iris metastasis as well as
for treatment of other metastases. Three months after the
bevacizumab injection, examination showed inferonasal iris
atrophy with no recurrence of neovascularization (Fig. 2C).
However, continued use of antiglaucoma medication was
required to keep the IOP within normal range, presumably
owing to the development of peripheral anterior synechia
over one-half of the angle. Eight months after the bevaci-
zumab injection, the patient died from complications of
obstructive jaundice resulting from SCLC metastasis to the
lymph nodes in the hepatic hilum.

Comment

Treatment of iris metastasis generally consists of chemo-
therapy, sometimes in combination with radiation therapy.'
In this report, successful short-term regression of a pre-
sumed iris metastasis and improved control of secondary
neovascular glaucoma in a patient with metastatic SCLC
was achieved by intravitreal injection of bevacizumab, prior
to additional chemotherapy. As far as we are aware, this
represents the first report of the use of intravitreal bevaci-
zumab for SCLC metastasis to the eye. Recently, a phase 11
trial examining the combination of systemic bevacizumab
and chemotherapy in patients with SCLC showed improved
overall survival compared to controls who received chemo-
therapy alone.” Furthermore, Kuo and colleagues reported
the successful use of intravitreal bevacizumab for choroidal
metastasis from colorectal carcinoma,' and Bianciotto and
colleagues reported that intravitreal bevacizumab in
combination with plaque radiotherapy resulted in rapid
resolution of neovascular glaucoma associated with iris
melanoma.” These reports, together with our experience,
highlight the potential for intravitreal bevacizumab in
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treating various intraocular tumors, specifically intraocular
metastasis from SCLC, in the setting of secondary neovas-
cular glaucoma.
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Chikac Nakashima, Hiroshi Kcino, Takayo Watanabe, Wakako Taki.
and Annabelle A. Okada

Department of Ophthalmology. Kyorin University School of Medicine,
Tokyo. Japan

Received: March 16,2010 / Accepted: August 31,2010
Correspondence to: Annabelle A. Okada, Department of Ophthalmol-
ogy, Kyorin University School of Medicine, 6-20-2 Shinkawa, Mitaka,
Tokyo 181-8611, Japan

c¢-mail: aokada@cyc-center.org

DOI 10.1007/s10384-010-0892-z

References

1. Shiclds JA, Shiclds CL, Kiratli H, de Potter P. Mctastatic tumors to
the iris in 40 patients. Am J Ophthalmol 1995:119:422-430.

. Moura LR, Yang YF, Ayres B, Brasil OM, Fernandes BF, Burnicr
MN. Clinical. histological, and immunohistochemical cvaluation of
iris mctastascs from small cell lung carcinoma. Can J Opthalmol
2006:41:775-777.

3. Horn L. Dahlberg SE, Sandler AB, ct al. Phasc II study of cisplatin
plus ctoposide and bevacizumab for previously untreated, extensive-
stage small-cell lung cancer: Eastern Cooperative Oncology Group
Study E3501. J Clin Oncol 2009:27:6006-6011.

4. Kuo IC,Haller JA Maffrand R, Sambuclli RH, Reviglio VE. Regres-
sion of a subfoveal choroidal metastasis of colorectal carcinoma

[a¥]

81

Figure2. A A tumor was obscrved
in the inferonasal iris, with periph-
cral anterior syncchia and ncovas-
cularization of the iris and anglc
present. B Two wecks after a
single intravitreal injection of
1.25 mg bevacizumab, the tumor
was noted to have regressed con-
siderably in size, with concomitant
resolution of the iris ncovascular-
ization. C Threc months after
the intravitreal bevacizumab and
after additional chemotherapy. iris
atrophy was noted where the orig-
inal tumor had been.

after intravitrcous bevacizumab trecatment. Arch  Ophthalmol
2008:126:1311-1313.

. Bianciotto C, Shiclds CL. Kang B, Shiclds JA. Trcatment of iris
mclanoma and sccondary ncovascular glaucoma using bevacizumab
and plaque radiotherapy. Arch Ophthalmol 2008:126:578-579.

N

Spectral-Domain Optical Coherence
Tomography for Three-Dimensional
Visualization of the Detached
Membrane in Valsalva Retinopathy

Valsalva retinopathy occurs in patients with a history of
increased intrathoracic pressure, and is characterized by
hemorrhagic detachment of the internal limiting membrane
(ILM), preretinal hemorrhage, or vitreous hemorrhage.'

Several reports have described the time-domain optical
coherence tomography (TD-OCT) features of premacular
hemorrhage and the preretinal membrane in patients with
Valsalva retinopathy.” However, the information is of
limited use because of the relatively slow scan speed and
low axial resolution of TD-OCT. Spectral-domain optical
coherence tomography (SD-OCT) achieves higher imaging
speeds as well as a higher signal-to-noise ratio than TD-OCT,
and can produce three-dimensional (3D) data.

To our knowledge, this is the first report on the 3D visu-
alization of the plane structure of a detached membrane
examined by SD-OCT.
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als between arms. There were no
statistically significant (p < 0.05) dif-
ferences between candesartan and
placebo in any comparison. In
DIRECT-Protect 2, restricting analy-
sis to subjects over age S0 did not
alter results. There were too few older
subjects in the other two studies to
analyse. Also, separating the cohorts
between smokers and nonsmokers
produced similar results.

Candesartan does not have any
effect on dry eye in any of the three
DIRECT studies in contrast to a halv-
ing of risk with ACE inhibition in the
BDES.(Moss et al. 2004) While cande-
sartan has effects similar to ACE
inhibitors on control of hypertension
and inflammation, the effect of ACE
inhibitors on dry eye may be separate
from these processes.

Differences between the studies are
that DIRECT included only people
with diabetes (Chaturvedi et al. 2008;
Sjolie et al. 2008) who were younger
than BDES participants, whose mean
age was 65 years (Moss et al. 2000),
accounting for a lower frequency of
dry eye than the 14.4% in the BDES.
However, we know of no evidence sug-
gesting the effects of the medications
would be different for these reasons.
Also, sample sizes of the DIRECT
studies are adequate to detect an effect
similar to Beaver Dam.

A limitation of DIRECT is that dry
eye was not determined prior to treat-
ment. However, owing to the random-
ization, it is unlikely there were large
differences between treatment arms.
Certainly, other baseline characteris-
tics were evenly balanced.

In conclusion, there is no evidence
that candesartan prevents occurrence
of dry eye.
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Spontaneous closure of a
recurrent myopic macular
hole previously repaired by
pars plana vitrectomy
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Editor,
M acular hole (MH) formation is
a well-known complication of
high myopia. Pars plana vitrectomy
(PPV) is the preferred treatment,
although myopic holes have poorer
anatomical and visual prognoses com-
pared to non-myopic eyes (Kumagai
et al. 2001). Spontaneous closure is an
infrequent phenomenon, and even
more uncommon in recurrent holes
that have been previously repaired by
vitrectomy. Here, we describe a case
of spontaneous closure of a recurrent
myopic MH that had been closed
after previous PPV.

A 55-year-old myopic Japanese
man was referred for the treatment of
MH in the right eye. His ocular his-
tory was significant for MH in the left

(E)

Fig. 1. Scrial horizontal optical coherence
tomography (OCT) scans illustrating the
spontancous closure of a recurrent myopic
macular hole (MH) in a previously vitrectom-
ized cye. (A) Preoperative colour fundus pho-
tograph of the right eye demonstrating a MH
and myopic changes that include tilted disc.
peripapillary atrophy, and shallow posterior
staphyloma. Peripheral lattice degencration
was also noted. (B) OCT showing the initial
full thickness MH with perifoveal cystic
spaces [Stratus OCT™!: Carl Zeciss Meditec.
Inc., Dublin, CA, USA]. (C) OCT taken
4 weeks after pars plana vitrectomy showed
normalization of the foveal contour [Stratus
OCT™, Carl Zciss Meditec, Inc.]. (D) Recur-
rence of the MH was noted 4 ycars after ini-
tial closure. The perifoveal internal limiting
membrane was partially clevated (arrow)
[Cirrus™ HD-OCT 4000: Carl Zeiss Meditec.
Inc.. Dublin, CA, USA]. (E) OCT performed
6 weeks later showed that the MH had spon-
tancously closed [Spcclralisk OCT: Heidel-
berg Engincering. Heidelberg. Germany].

eye that had undergone PPV 4 years
previously with unsuccessful closure.
On examination, the best-corrected




visual acuities (VAs) were 0.4 OD and
0.1 OS. The spherical equivalent
refractive errors were —7.25 OD and
—8.75 OS. Examination of the right
eye revealed 2+ nuclear sclerosis cata-
ract and a small MH. Myopia-related
changes including a tilted disc, peri-
papillary atrophy, a shallow posterior
staphyloma, and lattice degeneration
were also observed (Fig. 1A). Optical
coherence tomography (OCT) con-
firmed the presence of a stage 3 MH
with  perifoveal cystic  changes
(Fig. 1B), but no evidence of epireti-
nal membrane (ERM).

Phacoemulsification, intraocular
lens implantation, and PPV with 20%
SF, gas tamponade were performed.
At the time of posterior vitreous
detachment (PVD) induction, small
peripheral retinal breaks occurred
which were treated with endolaser.
Internal limiting membrane (ILM)
peeling was not performed as com-
plete  PVD had been successfully
induced. Postoperatively, the MH was
noted to be closed and the VA
improved to 1.0 (Fig. 1C).

Four years later, the patient pre-
sented complaining of 6 months of
new blurry vision in the right eye.
Examination revealed a VA of 0.4 OD
and recurrent stage 4 MH with perifo-
veal cystic changes and partial eleva-
tion of the ILM, without evidence of
ERM or bridging glial tissue (Fig. 1D).
Repeat PPV was scheduled; however,
at a preoperative visit 6 weeks later the
hole was noted to be spontaneously
closed (Fig. 1E) with VA improvement
to 1.2. The MH has remained closed
for seven additional months, and the
VA has remained stable at 1.2.

Spontaneous closure of recurrent
MH after vitrectomy is a rare phenom-
enon. To our knowledge, only five
cases have been reported: three with
OCT substantiation (Shaikh & Garret-
son 2003; Gross 2005) and two without
(Duker et al. 1994; Paques et al. 2000).
Three cases were associated with ERM
that appeared to reseal the hole pre-
sumably by contractile forces (Duker
et al. 1994; Paques et al. 2000; Gross
2005). Three cases opened and closed
concurrently with the remodelling of
idiopathic or cataract surgery-associ-
ated cystoid macular oedema (CME)
(Shaikh & Garretson 2003; Gross
2005).

The MH in our patient was associ-
ated with CME, perifoveal ILM

separation, and myopia. A possible uni-
fying mechanism for the hole formation
may involve ILM contraction and con-
sequent structural changes in the fovea
associated with pre-1LM cellular prolif-
eration not detected by OCT. Further-
more, other myopic abnormalities such
as staphyloma, and vitreous-retinal
forces may also be contributing to the
loss of foveal integrity. In our case, iat-
rogenic breaks that occurred during
PPV may have also induced micro-
scopic extrafoveal membrane forma-
tion, imparting tangential tractional
forces on the macula. However, we pre-
sume that any tractional forces would
have been minimal, because the MH
was small and subsequently closed with-
out further surgical intervention. ILM
remodelling and the increased elasticity
and cellular alterations occurring after
vitrectomy may have facilitated the pro-
cess of spontaneous MH closure.

In conclusion, this case demon-
strates that spontaneous closure of
recurrent myopic MH in a previously
vitrectomized eye can occur.
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Editor,

yopic eyes have a higher inci-

dence of retinal complications
compared with emmetropic eyes. Pos-
terior chamber phakic (PCP) intraocu-
lar lens (JOL) surgery offers several
advantages for correction of high-
degree myopia, such as reversibility
and a greater amount of correction
compared with corneal refractive tech-
niques. (Zaldivar et al. 1998). There
are reports of retinal detachments after
phakic IOL. (Ruiz-Moreno et al. 2003
and Martinez-Castillo et al. 2005). We
report a case of an early onset giant
retinal tear with retinal detachment
after PCP IOL implantation.

A 22-year-old man with high myopia
of —16 diopters (D) in both eyes under-
went PCP IOL in both eyes elsewhere.
He then presented to us with an acute
visual loss in his right eye, 2 weeks
after the surgical procedure. Ophthal-
mological examination revealed best
corrected visual acuity (BCVA) of CF
at 1 m OD and 20/32 OS. Anterior
segment examination showed a PCP
IOL correctly implanted (Fig. 1A).
The fundus examination of the right
eye showed a giant retinal tear with ret-
inal detachment. (Fig. 1B). Corrective
vitreoretinal surgery with 5000cs sili-
cone oil injection as endotamponade
was performed. A macular scar was
noted at the conclusion of surgery
which affected the final visual outcome
(Fig. 1C). In the follow-up examina-
tions the retina remained totally reat-
tached with a BCVA of 20/200 at
3 months (Fig. 1D).
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Immunology and Microbiology

Blockade of Interleukin-6 Signaling Suppresses Not
Only Th17 but Also Interphotoreceptor Retinoid
Binding Protein—Specific Th1l by Promoting Regulatory
T Cells in Experimental Autoimmune Uveoretinitis

Hiroshi Haruta,"* Nobuyuki Obguro," Minoru Fujimoto,” Satoshi Hobki,"?
Fumitaka Terabe,” Satoshi Serada,® Shintaro Nomura,”> Kobji Nishida,'

Tadamitsu Kishimoto,* and Tetsuji Naka”

Purpose. Both Th17 and Th1 cells contribute to experimental
autoimmune uveoretinitis (EAU). Interleukin-6 (IL-6) blockade
inhibits Th17 differentiation in EAU and potently suppresses
ocular inflammation, although its effect on Thl cells is un-
known. To clarify the mechanism of IL-6 blockade, the authors
investigated T helper cells with particular focus on Thl and
regulatory T cells (Treg) in EAU of IL-6 gene knockout (KO)
mice.

MerHoDs. EAU was induced in wild-type (WT) mice and in
mice lacking IL-6 (AL-6KO), IL-17 (L-17KO), and IFN-y (GKO)
on a C57BL/6 background. Clinical scores of EAU, cytokine
levels in supernatants from ocular tissue homogenates, and T
helper cell differentiation in lymph nodes in each mouse were
examined. To study the roles of Treg cells, EAU was induced in
IL-6KO mice treated with anti-CD25 monoclonal antibody
(mAb) to deplete Treg cells in vivo.

Resuwrs. Inflammation was comparable between WT, IL-17KO,
and GKO mice but was absent in IL-0KO mice. Th17 and
interphotoreceptor retinoid binding protein (IRBP)-specific
Th1 cells were increased in GKO and IL-17KO mice, respec-
tively, whereas both populations were reduced in IL-6KO
mice. Th1-dominant EAU in IL-17KO mice was suppressed by
anti-IL-6R mAb treatment. Treg cell depletion in vivo induced
EAU in IL-6KO mice.

ConcLusions. After the induction of EAU, IL-6 deficiency re-
sulted in the inhibition of the IRBP-specific Thl response and
enhanced the generation of IRBP-specific Treg cells. Further-
more, Treg was needed to inhibit Thl responses and ocular
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inflammation in IL-6KO mice. Protective effects of IL-6 signal-
ing blockade in EAU involve not only Th17 cell inhibition but
also IRBP-specific Treg cell promotion. (Invest Opbthalmol Vis
Sci. 2011;52:3264-3271) DOI:10.1167/i0vs.10-6272

xperimental autoimmune uveitis (EAU) is a rodent model of

human uveoretinitis, and recent studies have revealed that
highly proinflammatory interleukin (IL)-17-producing CD4" T
helper cells (Th17) play a pivotal role in the development of
EAU, human uveitis,"”> and other experimental autoimmune
diseases.®™>

Th17 cells are a newly identified subset of helper T cells
distinct from Th1l or Th2 cells, and both IL-6 and TGF-$ are
required for their differentiation. On the other hand, TGF-8
alone promotes naive T cells to differentiate into regulatory T
cells (Treg), which are considered immunosuppressive helper
T cells.®® Thus Th17 and Treg cells are distinct subsets of
helper T cells, and IL-6 signaling promotes Th17 cells and
inhibits Treg cell differentiation.” From these studies, IL-6 sig-
naling may represent a target for anti-inflammatory therapy. In
fact, several studies have already reported that the anti-IL-6R
monoclonal antibody (mAb) suppresses autoimmune disease
models, including arthritis,'® encephalomyelitis,'' and uve-
itis,'? by inhibiting Th17 cell development.

In our own previous studies, we studied the effect of anti-
IL-6R mAb in EAU and found that antigen-specific IFN-y-pro-
ducing CD4" T helper cells (Thl) were also suppressed.'?
Before the discovery of the Th17 cell subset, Thl cells had
been considered to play a key role in EAU induction.'™"”
However, the loss of IFN-y did not prevent EAU induction,
and the loss of IL-17 did not prevent EAU completely.'® To
explain these observations, studies have demonstrated that
both Thl and Th17 cells are redundant for the induction of
EAU and that they substitute for each other.'®'? Taken to-
gether, these published studies indicate that both Thl and
Th17 cells should be suppressed to completely suppress the
inflammation of EAU and that the anti-inflammatory mecha-
nism of IL-6 signaling blockade cannot be fully explained by
mere Th17 cell inhibition. Th1 cells are understood to require
IL-12 and IFN-y for their differentiation from naive T cells and
are not understood to require IL-6; rather, IL-6 is considered to
suppress Th1 cell differentiation.?>-*' Therefore, the role of the
IL-6 signaling blockade in the inhibition of Th1 responses in
vivo remains to be explained clearly.

In the present study, we focused on Treg cells, which are
promoted by the IL-6 signaling blockade, and analyzed the
roles of the IL-6 signaling blockade. We found that the IL-6
signaling blockade not only inhibited Th17 cell differentiation
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but also promoted antigen-specific Treg cells, which, in turn,
suppressed the inflammatory effects of antigen-specific Thl
cells. Thus, the inhibitory effect of the IL-6 blockade in the
development of EAU is associated with suppression of the
induction of both Thl and Th17 cells and their dominant
proinflammatory effects in this disease.

MATERIALS AND METHODS

Mice

Wild-type (WT) C57BL/6 mice were purchased from Charles River
Laboratories (Yokohama, Japan). C57BL/6-background 167/~ (IL-
6KO), IL-17A7/" (IL-17KO) mice were kindly provided by Yoichiro
Iwakura (Laboratory of Molecular Pathogenesis, Center for Experimen-
tal Medicine, Institute of Medical Science, University of Tokyo, Tokyo,
Japan), and IFN-y™/~ (GKO) mice were described previously.** All
mice were maintained in specific pathogenfree conditions at The
National Institute of Biomedical Innovation, Osaka, Japan. Female mice
(6-8 weeks of age) were used in all experiments. All animals were
treated humanely, and all experiments conformed to the ARVO State-
ment for the Use of Animals in Ophthalmic and Vision Research.

EAU Induction

All mice were immunized with 100 pug human interphotoreceptor
retinoid binding protein (IRBP) epitope contained in residue 1-20
sequences (GPTHLFQPSLVLDMAKVLLD) in 0.2 mL emulsion of com-
plete Freund's adjuvant (CFA) supplemented with Mycobacterium
tuberculosis H37Ra to 2.5 mg/mL. In addition, 500 ng pertussis toxin
was inoculated intraperitoneally.

Clinical and Histopathologic Evaluation

Ophthalmic examinations were carried out after immunizations. Tropi-
camide (0.5%) was applied to the eyes to induce mydriasis, and the
fundus of the eye was examined using a slit lamp microscope. Every 48
hours from 11 days to 29 days after immunization, animals were
clinically assessed in a masked fashion by experienced ophthalmolo-
gists who examined them for the presence of dilatation, white focal
lesions, and white linear lesions affecting blood vessels, retinal hem-
orrhaging, and retinal detachment. Clinical scores between 0 and 4
were assigned according to severity, as described previously,?® with
some modifications. Eyes were enucleated from each mouse at peak of
EAU (17-21 days after immunization) and were embedded in optical
cutting temperature compound (Tissue-Tek; Sakura Finetechnical Co.
Ltd., Tokyo, Japan) or paraffin. Sections approximately 8- to 10-pum
thick were stained by standard hematoxylin and eosin.

Preparation of Supernatants from Ocular Tissue
Homogenates and Cytokine ELISAs

Eyes were enucleated after kill, and conjunctival tissue was removed.
Remaining eye tissues including cornea, vitreous body, retina, cho-
roids, and sclera were homogenized using a sample preparation device
(BioMasher; Nippi Inc., Tokyo, Japan). Supernatants were collected
after centrifugation at 14,300g for 1 minute, and levels of IFN-y and
IL-17 were measured by ELISA kits (R&D Systems, Minneapolis, MN)
according to the manufacturer’s instructions.

Intracellular Cytokine Staining Assays

Draining cervical lymph node cells were collected from three to six
mice on indicated days after immunization with IRBP. For intracellular
cytokine detection, cells were stimulated for 4 hours with 50 ng/mL
phorbol 12-myristate 13-acetate (PMA) and 750 ng/mlL ionomycin in
the presence of 10 ug/mL Brefeldin A (BD Biosciences, San Jose, CA).
Cell surface antigens were stained with anti-CD4 antibody (Biolegend,
San Diego, CA). For the detection of FoxP3™ Treg, cells were stained
using a FoxP3 staining kit (eBioscience, San Diego, CA) according to
the manufacturer’s instructions. Antibodies anti-IFN-y (Biolegend) and

IL-6 Blockade in EAU Inhibits Th17 and Th1 Responses 3265

IL-17 (BD Bioscience) were used simultaneously for detecting Th1 and
Th17 cells, respectively. Stained cells were analyzed by flow cytometry
(FACScanto; BD Biosciences). Each fluorescence-activated cell sorting
(FACS) profile was obtained using cells from one mouse.

Cell Cultures

Cells were cultured in RPMI 1640 (Wako, Osaka, Japan) supplemented
with 10% fetal bovine serum (Hyclone, Irvine, CA), 2-mercaptoethanol
(Nacalai Tesque, Kyoto, Japan), penicillin G, and streptomycin for 72
hours.

5,6-Carboxyfluorescein Succinimidyl Ester and
Enzyme-Linked Immunosorbent Assays

Draining cervical lymph node cells were collected 10 days after immu-
nization. Cells were labeled in 3 uM carboxyfluorescein succinimidyl
ester (CFSE; Molecular Probes, Eugene, OR) and were cultured with
IRBP (100 pg/ml) for 3 days, harvested, and stained with antibodies
against CD4, IFN-y, IL-17, and Foxp3 for the detection of Th1 and Th17
Treg cells or with antibodies against GITR, Foxp3, and CTLA4 (Bio-
legend) for the detection of Foxp3 ™ Treg cells and were analyzed using
flow cytometry (FACSCanto; BD Biosciences). For these FACS analyses
we used a Foxp3 staining kit with which we could detect both
intracellular antigens, including cytokines, Foxp3, and CTLA+4, and
extracellular antigens, including CD4 and CTLA-4 (which is expressed
intracellularly and is also cell-surface expressed®". In addition, IFN-y
and IL-17 in the cell culture supernatant were measured by ELISA kits
(R&D Systems).

Treatment with Anti-IL-6R Antibody

Neutralizing anti-IL-6R mAb (clone MR16-1), which is a rat IgGl
antibody against murine IL-6 receptor, was provided by Chugai Phar-
maceutical Co. (Gotemba, Japan) and Oriental Yeast Co. Ltd. (Tokyo,
Japan). Anti-IL-GR mAb (8 mg) or purified rat nonimmune isotype
control IgG (MP Biomedicals, Solon, OH) was injected intraperitoneally
on day 1 after the induction of EAU in IL-17KO and GKO mice.

Regulatory T Cell Depletion In Vivo

IL-6KO mice were administered a total of three intraperitoneal injec-
tions (100 pg/injection) of either anti-~CD25 mAb (clone PC61; BD
PharMingen, San Jose, CA) or purified rat nonimmune isotype control
IgG (MP Biomedicals) at 48-hour intervals, as described previously.*
EAU was induced 7 days after the completion of treatment.

RESULTS

IL-6 Gene Knockout Inhibits the Development
of EAU

A previous study by Yoshimura et al.'* has shown that IL-6KO
mice displayed weak inflammation after EAU induction
whereas WT mice displayed severe inflammation. In agreement
with this observation, we obtained comparable data in the
present study. Histologic examination showed that a number
of inflammatory cells infiltrated the eyes of WT mice and that
the retinal structure was destroyed; IL-6KO mice showed al-
most no inflammation (Fig. 1A). In addition, IFN-y and IL-17
cytokines in supernatants from ocular tissue homogenates
were detected after the induction of EAU in WT mice but not
in IL-6GKO mice (Fig. 1B).

IL-6 Gene Knockout Inhibits the Development of
Th17 and IRBP-Specific Th1 Cells In Vivo

Because IL-G is essential in Th17 cell differentiation in vitro, we
evaluated in vivo helper T cell differentiation in WT and IL-6KO
mice by FACS. On days 0, 10, and 20 after immunization,
cervical lymph node cells were collected. Th17 cells in WT
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Ficure 1. Inhibition of EAU development in IL-GKO mice. (A) In WT

mice, a number of inflammatory cells infiltrated the eye, and the retinal
structure was destroyed. In contrast, IL-6KO mice showed no inflam-
matory change. Scale bar, 100 um. (B) Detection of IFN-y and IL-17
levels in supernatants from ocular tissue homogenates at peak of EAU
in WT mice but not in [L-6KO mice. Data show the average = SD of
three mice. N.D., not detected.

mice increased markedly on day 10 and decreased on day 20.
Compared with WT mice, the development of Th17 cells in
IL-6KO mice was significantly (P < 0.05) impaired throughout
the course of EAU (Figs. 2A, 2B). In contrast, Th1 cells in both
WT and IL-6KO mice increased on day 10 (Figs. 2A, 2B). As we
expected, the development of Th17 cells was also impaired,
but the development of Th1 cells was not impaired in vivo with
the abrogation of IL-6 signaling. However, these results were
obtained from whole CD4" cells in vivo. To analyze IRBP-
responsive T cells, we cultured lymph node cells labeled with
CFSE dye. IRBP-specific CD4 T cells were investigated by FACS
by means of gating on CFSE*™ cells (Fig. 2C). In addition, cell
supernatants cocultured with IRBP (10 and 100 pg/mL) were
investigated by ELISA. The proportion of IRBP-specific Th17
cells decreased in [L-6KO mice, and IL-17 protein levels in cell
culture supernatants significantly decreased in IL-0KO mice
compared with WT mice. Interestingly, IFN-y and IRBP-specific
Thi cells in IL-6KO mice also decreased compared with WT
mice (Figs. 2C-E). From these data, we conclude that endog-
enous IL-6 is required for the development of both Th17 and
IRBP-specific Th1 cells in vivo in EAU.

IL-17KO and GKO Mice Displayed Inflammation
Similar to That of WT Mice

Because both Thl and Th17 cells are considered to play im-
portant roles in the development of EAU,'®'? we investigated
whether mice lacking IFN-y or IL-17 develop EAU, and we
investigated T cell differentiation in EAU. Consequently, in
agreement with previous reports, GKO mice showed severe
inflammation comparable to that in WT mice (Fig. 3A).'*"”
IL-17KO mice displayed slightly weaker inflammation com-
pared to that in WT mice; however, this difference did not
attain statistical significance. Histologic examination revealed
the infiltration of inflammatory cells and the destruction of
retinal structure in IL-17KO and GKO mice, as was observed in
WT mice (Fig. 3B).
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IRBP-Specific Th1 or Th17 Cells Can Induce EAU

We used FACS to investigate T cell differentiation in IL-17KO
and GKO mice compared with WT mice to examine Thl and
Th17 cell differentiation. IRBP-specific Th17 cells on day 10
after immunization markedly increased in GKO mice compared
with WT mice (Figs. 3C, 3D). In contrast, IRBP-specific Thl
cells moderately increased in IL-17KO mice compared with
WT mice by FACS analysis (Figs. 3C, 3D). Taken together, we
consider that Th1 cells are dominant in IL-17KO mice and Th17
cells in GKO mice, as has been previously reported.'®

Anti-IL-6R Antibody Suppressed Inflammation of
EAU in GKO and IL-17KO Mice

Treatment with anti-IL-6R mAb in GKO and IL-17KO mice was
performed to examine the role of IL-6 signaling in the devel-
opment of EAU in these two mouse strains. Inflammation could
be suppressed by anti-IL-6R mAb treatment in GKO mice, as
was expected (Fig. 3E). Interestingly, treatment with anti-IL-6GR
mADb also suppressed EAU in IL-17KO mice (Fig. 3F). Given the
dominant inflammatory effects of Th1 cells in the development
of EAU in IL-17KO mice, anti-IL-6R mAb suppresses Thl-in-
duced inflammatory responses in the EAU model. Based on our
data, we considered that IL-6 signaling blockade inhibits both
Th17 and IRBP-specific Th1 cell effects in EAU model. Thus far,
there have been few studies on the relationship of IL-6 and Th1
cells in vitro and in vivo; rather, IL-6 is considered to inhibit
Thl cell differentiation.?>?" Therefore, we next investigated
the mechanisms of IRBP-specific Thl cell inhibition in IL-6
signaling blockade.

Treg Cell Increases

Treg cells increased in the late phase of EAU in both WT and
IL-6KO mice. IRBP-specific Treg cells increased in IL-6KO mice
in the effector phase of EAU.

TGF-B without IL-6 promotes Treg cell differentiation, and
Treg cells are reported to be immunosuppressive T cells.”
Therefore, we hypothesized that Treg cells may play an impor-
tant role in ameliorating inflammation by IL-6 signaling block-
ade and thus examined whether Treg cells increase with IL-6
signaling blockade. However, Treg cells in vivo on day 0 and
on day 10 after immunization showed equivalent levels in both
WT and IL-6KO mice (Fig. 4A) and increased on day 20 after
immunization. We further investigated IRBP-specific Treg cells
by coculture with IRBP. IRBP-specific Treg cells in [L-6KO mice
were significantly increased compared with WT mice on day
10 (Figs. 4B, 4C). In GKO and IL-17KO mice, the IRBP-specific
Treg cell population showed no significant differences com-
pared with WT mice (Fig. 3C). To detect Treg markers other
than Foxp3, we also used antibodies against GITR and CTLA-4.
The expression of these two Treg markers was increased in
Foxp3 ™ cells of both WT and IL-6KO mice, and the frequency
of cells expressing these markers was higher in IL-6KO mice
than in WT mice (Fig. 4D).

Enhanced Inflammation in Treg Cell-Depleted
IL-6KO Mice Compared with IL-6KO Control Mice

We considered that early priming of IRBP-specific Treg cells in
IL-6GKO mice plays a key role in inhibiting inflammation. There-
fore, we hypothesized that the depletion of Treg cells in IL-
6KO mice might predispose to inflammation after the induc-
tion of EAU. Treg cell-depleted mice were generated by
preinjection (intraperitoneal) of anti-IL-2R (anti-CD25) mAb 1
week before EAU induction, as described previously.”® As a
negative control, purified rat IgG was used. In agreement with
our hypothesis, after the induction of EAU, inflammation was
induced in Treg cell-depleted mice compared with control
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Ficure 2. Th17 but not Thl cells were impaired in IL-6KO mice in vivo. Differentiations in both
IRBP-specific Th17 and Th1 cells were impaired in IL-6KO mice. (A) Intracellular cytokine staining of cells
from cervical lymph nodes. Th17 cells significantly increased on day10 in WT mice; however, Th17 cells
in IL-6KO mice did not proliferate on day 10 or 20. Th1 cells increased on days 10 and 20 in WT and IL-6KO
mice. Cells were stimulated with PMA and ionomycin in the presence of brefeldin A and were stained with
antibodies against CD4, IFN-y, and IL-17. All plots are gated on CD4™ T cells. Values in boldface are
representative data obtained from one mouse per group; all groups include at least three mice. (B)
Frequency of CD4 " IL-17" and IFN-y™ cells in WT and IL-6KO mice on day 10. Data show the average *
SD of four to six mice. Welch’s test for Th17 cells. *P < 0.05. (C) CFSE-labeled cultured lymph node cells
with 100 ug/mL IRBP were stained with CD4, IFN-y, and IL-17. CD4™ cells were gated, and CFSE*™
populations were considered as IRBP-responder cells. Values in boldface are representative data obtained
from one mouse per group; both groups include six mice. (D) Frequency of IRBP-specific Thl and Th17
cells in WT and IL-6KO mice. Both Th1 and Th17 cells significantly decreased in IL-6KO mice. Data showed
the average = SD of six mice. Welch’s #test for Th17 cells and Student’s #test for Thl cells. **P < 0.01.
(E) Concentrations of IFN-yand IL-17 in cell culture supernatants. Lymph nodes from WT and IL-6KO mice
on day 10 were cultured with IRBP at the indicated concentrations for 3 days, and supernatants were
analyzed by ELISA. Data were representative of three to six mice. Data show the average = SD. Welch’s
ttest; *P < 0.05; *P < 0.01.

IL-6 Blockade in EAU Inhibits Th17 and Th1 Responses 3267

mice, as determined by analysis of EAU clinical scores (Fig. 5A).
We confirmed Treg cells were significantly (P < 0.01) impaired
in vivo in this model compared with control mice, as deter-
mined by FACS analysis of Foxp3 expression (Figs. 5B, 5C).

Increased IRBP-Specific Th1l and Th17
Differentiation in Treg Cell-Depleted IL-6KO Mice

To examine the population of Thl and Th17 cells in Treg
cell-depleted mice, lymph node cells on day 10 after immuni-

zation were analyzed. Thl and Thl7 cells in vivo were not
significantly changed between Treg cell-depleted and control
mice (Fig. 5B), but both IRBP-specific Th1 (P < 0.01) and Th17
cells (P < 0.01) increased significantly in Treg cell-depleted
mice compared with control mice (Figs. 5D, 5E). We also
confirmed that IRBP-specific Treg cells were significantly (P <
0.01) decreased in Treg cell-depleted mice compared with
control mice (Figs. 5D, 5E). Taken together, these results
suggest that Treg cell depletion by anti-CD25 mAb restored
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inflammatory CD4 T cell profiles and ocular inflammation in
IL-6KO mice. Therefore, the promotion of IRBP-specific Treg
cell generation is critical for inhibiting EAU in IL-6KO mice.

DISCUSSION

In the present study, we demonstrated that genetic ablation of
IL-6 signaling completely inhibited the development of EAU. In
IL-6KO mice, Th17 cell differentiation and IRBP-specific Thl
response were impaired. Ablation of IL-6 signaling in EAU
resulted in the promotion of IRBP-specific Treg cells, and the
deletion of these Treg cells led to the restored IRBP-specific
Th1 response. Our findings suggest that IRBP-specific Treg cell
promotion is one of the key mechanisms of the IL-6 signaling
blockade for the inhibition of inflammation in EAU.

Previous studies have demonstrated that IL-6 can inhibit
Th1 cell differentiation in vitro.”**' However, in our previous
study, we demonstrated that treatment with anti-IL-6R mAb in
the EAU mouse model inhibits the IRBP-specific Thl response
in vivo.'? In agreement with this observation, in the present
study we analyzed IL-6KO mice and revealed that IRBP-specific
Thi cells are significantly decreased in IL-6KO mice compared
with WT mice. Our present study confirmed that inhibition of
the Th1 response by anti-IL-OR mAb treatment is not caused by

the potential nonspecific effects of this antibody but by its
effect on IL-6 signaling itself. In addition, we found that the
administration of anti-IL-6R mAb could suppress Th1-dominant
EAU in IL-17KO mice. Collectively, IL-6 is likely to be impli-
cated in proper Thl responses in vivo, especially in IRBP-
specific Thl responses in autoimmune disease; IL-6 may work
differently on Thl cells in vivo and in vitro.

Treg cells are immunosuppressive helper T cells?**” and
are effective at ameliorating EAU.?*?° As reported previously,
our data showed that Treg cells are increased in the late phase
of EAU (day 20) in vivo.?>® There were no differences in the
frequency of total Treg cells in IL-6KO, GKO, and IL-17KO
mice compared with WT mice. In contrast, IRBP-specific Treg
cells in [L-6KO mice were significantly increased on day 10,
implying that the increase in IRBP-specific Treg cells at an early
stage is one of the key immunosuppressive mechanisms of IL-6
signaling blockade.

To further examine whether Treg cells in IL-6KO mice are
critical for the inhibition of EAU, we tried to deplete their Treg
cells in vivo. IL-2 is essential in the maintenance of Treg
function,®' 3 and anti-IL-2R (CD25) mAb injection is effective
in in vivo Treg cell depletion.?”> As expected, anti-CD25 mAb
treatment resulted in the reduction of Treg cells and the exac-
erbation of EAU in IL-6KO mice, indicating that Treg cells in
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these mice play an important role in the inhibition of EAU.
However, although anti-CD25 mAb treatment is widely used
for Treg cell depletion,”** most— but, importantly, not all—
CD4 Foxp3 ™ cells are also CD257.** Thus it should be noted
that there exists some degree of limitation in the total deple-
tion of Treg cells by this standard methodology.

Interestingly, the frequency of Thl and Th17 cells in drain-
ing lymph nodes was not significantly different between Treg
cell-depleted and -nondepleted 11-6KO mice; however, IRBP-
specific Thl and Th17 cells were increased in Treg cell-de-
pleted mice. In accordance with our finding, Treg cells are
considered to suppress Thi cells directly.®*>** In addition, it
was reported previously that Treg cell depletion in vivo drives
the reappearance of Th17 cells in [L-6 signaling blockade
mice.” Thus, it is reasonable to speculate that the blockade of
116 signaling in mice with EAU leads to the promotion of
IRBP-specific Treg cell generation, which, in turn, suppresses
IRBP-specific Thl and Th17 response. Furthermore, because
the IL-6 signaling blockade can abolish Th17 cell differentiation
directly,'? this Treg promotion should be of particular impor-
tance in the suppression of IRBP-specific Thi cells.

We attempted to investigate the mechanisms involved in
Treg cell suppression of IRBP-specific Thl cells in vivo. Al

though we were able to obtain Treg cells from lymph nodes,
we were not able to obtain Treg cells from the eye. In addition,
because IRBP-specific Treg cells could be detected only by
coculture with IRBP for a few days and intracellular staining of
Foxp3 requires the fixation of cells, we could not obtain
purified Treg cells as live cells. Future studies to understand
more clearly the role of Treg cells in the suppression of IRBP-
specific Thl responses in vivo in EAU would be of interest.

Similar to the EAU murine model, both Th17'-'* and Thi
cells*®*7 are considered 1o be involved in human uveitis and
scleritis. Therefore, we speculate that the 11-6 signaling block-
ade, which can suppress both Th17 and Thl responses in vivo,
may show therapeutic efficacy in refractory uveitis and scleri-
tis. Anti-human IL-6R mAb (tocilizumab) is used for the treat-
ment of rheumatoid arthritis (RAY®>? and is also effective for
RA patients who do not respond to anti-TINF therapy. Future
clinical studies are warranted to investigate whether tocili-
zumab is also effective for various forms of human uveitis.

In summary, our study suggest that 11-6 is a key cytokine
that determines the fate of IRBP-responsive CD4 T cells, inhib-
iting the generation of immunosuppressive IRBP-responsive
Treg cells and promoting IRBP-specific Th17 and Thl cells.
This is likely the reason IL-6 signaling blockade completely
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0.01.

suppresses the development of EAU in which Thl and Th17
cells are implicated. Anti~IL-OR mAb therapy may thus be
effective in either Thl- or Th17-dominant diseases such as
human uveitis and may also be useful for the treatment of
inflammatory disease refractory to current therapies.
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Abstract A 47-year-old female patient with Behget’s
disease had been treated with colchicine, prednisclone,
cyclosporine A, and infliximab. Because she relapsed,
however, treatment with tocilizumab, a humanized anti-
interleukin 6 receptor antibody, was started. This treatment
suppressed the patient’s clinical manifestations, including
ocular attacks, for 1 year and improved her visual acuity.
This experience indicates that tocilizumab may constitute a
therapeutic option for refractory Behget’s disease.
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Introduction

Beheet’s disease (BD) is a systemic inflammatory disease,
characterized by recurrent oral and genital ulcers, skin and
ocular lesions, and other manifestations including neuro-
logical, gastrointestinal, and vascular involvements [1]. In
BD patients, recurrent ocular attacks, especially of pos-
terior uveitis, eventually lead to irreversible visual loss at a
reported frequency rate of about 25% [1]. Patients with BD
with refractory central nervous system (CNS) involvement
(neuro-BD) often suffer irreversible loss of cognitive
function in conjunction with various neurological distur-
bances. These disease manifestations and the irreversible
loss of function have a major negative impact on patients’
quality of life (QOL), while severe involvement of the
CNS, gastrointestinal tract, and blood vessels can be life-
threatening, especially for adolescent male patients. Sev-
eral treatment regimens using immunosuppressants such as
cyclosporine A and azathioprine, interferon a2 (IFNz), and
anti-tumor necrosis factor « (anti-TNFz) agents have been
developed and their effectiveness for refractory BD has
been proven [1-4]). For patients resistant to these thera-
peutic regimens, however, no other effective therapies are
available at present.

The pathogenesis of BD is not yet fully understood, but
it is known that genetic factors as well as environmental
factors interact with each other, leading to the activation of
imnwnological and inflammatory responses [1]. As for the
genetic background, a higher than normal positivity for
HLA-B51 is well known to be associated with the occur-
rence of BD, as are genetic polymorphisms in several
genes, including those for interleukin-1 (1L-1); intracellular
adbesion molecule-1 (ICAM-1); endothelial nitric oxide
synthetase (eNOS); Mediterranean fever (MEFV), IL-10,
and IL-12/IL-23 receptor 1 [1, 5, 6]. Most patients with
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BD show hypersensitivity to the oral streptococcal bacte-
rium Streptococcus sanguinis. Molecular mimicry between
heat shock proteins in bacteria and humans is thought to
activate T cells such as Thl and Th17 to produce distinct
cytokines leading to neutrophil activation [1]. In fact,
several studies have shown that serum levels of cytokines
including IL-2, IL-6, IL-8, IL-10, IL-12, IL-17, 1L-18,
IFN7, and TNF « are elevated in patients with active BD
{1, 71. The production of 1L-6 from the T cells, mono-
cytes, and peripheral blood mononuclear cells (PBMCs)
of BD patients is reportedly enhanced in vitro [8, 9]. In
addition, IL-6 is the only cytokine which is elevated in
the cerebrospinal fluid of patients with the chronic pro-
gressive type of neuro-BD [10, 11]. These findings indi-
cate that IL-6 may have a pathologic role in BD and could
thus be a candidate target molecule for the treatment of
BD. In the study reported here, we used tocilizumab, a
humanized anti-1L-6 receptor antibody [12], for a patient
with BD who had been refractory to conventional thera-
peutic drugs.

" Case report

A 35-year-old woman was diagnosed with BD in 1997 on
the basis of the presence of recurrent oral and genital
ulcers, erythema nodosum, and uveitis, which met the
classification criteria for BD established by the Japanese
Ministry of Health and Welfare [13]. Because there was no
evidence of involvement of the CNS, gastrointestinal tract,
or blood vessels, the patient was initially treated with
colchicine and prednisolone (20 mg/day). Although
cyclosporine A was added in combination with colchicine
and prednisolone, the patient's severe posterior uveitis
persisted and her visual acuity deteriorated (right eye from
1.2 to 0.2, left eye from 1.2 to 0.15). In August 2007,
administration of infliximab, a monoclonal chimeric anti-
body against TNFo, was started, at a dose of 5 mg/kg,
followed by a regular treatment schedule (at weeks 2 and 6,
and then every 8 weeks). The infliximab treatment resulted
in almost complete disappearance of the clinical manifes-
tations, including the oral and genital ulcers, erythema
nodosum, and uveitis, indicating that the disease had gone
into remission. In spite of the continuous treatment with
infliximab, however, the disease flared up again in
December 2008, and the patient presented with recurrent
oral ulcers, erythema nodosum, and uveitis, and her visual
acuity in the right eye had worsened even more (from 0.2
to O.1).

Because the disease activity could not be controlled with
colchicine, prednisolone, cyclosporine A, and infliximab,
we considered azathioprine or tocilizumab as a therapeutic
option. The ethics commiittee of Osaka University Hospital
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approved the use of tocilizumab for this patient, and her
written informed consent was obtained. Infliximab was
discontinued in April 2009, and monthly intravitreal
injections of triamcinolone were continued until the
administration of tocilizumab was instituted, and this reg-
imen resulted in a transient amelioration of her visual
acuity. In June 2009, when the patient was 47 years old,
treatment with tocilizumab (8 mg/kg, every 4 weeks) was
started as monotherapy; that is, without the intravitreal
injections of triamcinolone or the concomitant use of col-
chicine, cyclosporine A, or prednisolone. The tocilizumab
was paid for with a grant from the Program for Funda-
mental Studies in Health Sciences of the National Institute
of Biomedical Innovation. The patient’s serum concentra-
tion of IL-6 before the beginning of the treatment was
5.2 pg/ml (normal value <4). The clinical effect of toc-
ilizumab was assessed by using the European Behget’s
disease current activity form (BDCAF) (14], which asses-
ses headache, oral ulceration, genital ulceration, erythema
nodosum, and arthralgia on a scale of 1 to 4 (0, no
symptoms; 1, symptoms for 1 week; 2, symptoms for
2 weeks; 3, symptoms for 3 weeks; 4, symptoms for
4 weeks). Change of visual acuity was also monitored. In
addition, QOL was assessed with the short-form 36-item
health survey, version 2 (SF-36v2) [15] before the treat-
ment and at the 6 and 12th tocilizumab infusions. The
SF-36v2 assesses physical health in terms of physical
functioning (PF), role physical (RF), body pain (BP), and
general health perceptions (GH), and mental health in
terms of vitality (VT), social functioning (SF), role emo-
tional (RE), and mental health (MH).

During the tocilizumab treatment, the clinical manifes-
tations such as genital ulcers, erythema nodosum, and
uveitis were attenuated and these manifestations remained
silent for 12 months. Changes in the BDCAF score and
visual acuity are shown in Fig. {. The frequency and
severity of ocular attacks decreased, along with improve-
ment in visnal acuity (right eye from 0.2 to 0.3, left eye
from 0.4 to 0.4). Occasional administration of low-dose
prednisolone (5 to 15 mg/day for 2 days) was required for
mild ocular attacks, but after the 6th infusion of toc-
ilizumab even such occasional use of oral steroids became
unnecessary. The patient became entirely free of genital
ulcers and erythema nodosum, although oral ulcers were
observed occasionally, but they were few in number. The
overall severity of her symptoms became milder than ever
before. The SF-36v2 scores, especially for physical func-
tioning, role physical, vitality, social functioning, and role
emotional also improved dramatically, so that she could
perform her daily living activities without difficulties
(Fig. 2). The serum level of IL-6 was elevated from 5.2 to
232 pg/ml at 4 weeks after the first infusion of tocilizumab,
but decreased to 22 pg/ml! just before the 12th infusion.
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Fig. 1 Clinical effect of
toclizumab on visual acuity and
Behget's disease current activity
form (BDCAF). Changes in
visual acuity, surnmed score for
headache, oral ulceration,
genital ulceration, erythema
nodosum, and arthralgia entered
on the BDCAF, and serum
interleukin-6 {/L-6) level are
shown
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Fig. 2 Clinical effect of tocilizumab on quality of life (QOL).
Changes in QOL were assessed with the short-form 36-item health
survey (version 2) before tocilizumab administration (feft bars) and at
the 6th (middle bars), and 12th infusions (right bars). Standardized
values (mean = 50 with standard deviation == 10) are shown. PF
physical functioning, RP role physical, BP body pain, GH general
health perceptions, V7 vitality, SF social functioning, RE role
emotional, MH mental health

There were no adverse events, except for a transient
increase in the serum low-density lipoprotein (LDL)-cho-
lesterol level (115 mg/dl at baseline, 154 mg/dl at the 6th
infusion, and 123 mg/d! at the 12th infusion).

Discussion

In the case reported here, tocilizumab monotherapy for the
patient resulted in a 12-month continuation of low disease
activity of BD, which had relapsed during combined treat-
ment using colchicine, prednisolone, cyclosporine A, and
infliximab. The European League Against Rheumatism
recommends that for refractory eye involvement in BD
either cyclosporine A or infliximab should be used in
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combination with azathioprine and corticosteroids; alterna-
tively IFN« with or without corticosteroids could be used
[3]. Anti-TNFz agents and IFN« reportedly constitute the
most potent therapies for refractory BD complicated by
uveitis [i-4, 16, 17]. Infliximab for the treatment of
refractory BD was approved in Japan in 2007, while IFNz
has not yet been approved for this purpose. The disease
activity in our patient was initially satisfactorily controlled
by infliximab combined with colchicine, cyclosporine A,
and prednisolone, but flared up 15 months after the start of
infliximab administration. After intravitreal injections of
triamcinolone, her visual acuity recovered somewhat. Toc-
ilizumab administration resulted in further attenuation of the
BD clinical manifestations, not only showing attenuation of
the uveitis but also attenuating the oral ulcers and erythema
nodosum. Because the effect of intravitreal triamcinolone
injections is thought to be limited to ocular lesions and to last
for only a few months [18], we considered that the systemic
clinical improvement, as well as the improvement in QOL,
observed in our patient during the 12-month tocilizumab
treatment period was due to the direct effect of this agent.
The serum IL-6 level depends on the balance between 1L-6
production and elimination, and its level during tocilizumab
treatment represents the actual endogenous production of
IL-6, which correlates with the true level of disease activity
[19]. The serum concentration of IL-6 in our patient at
baseline was 5.2 pg/ml and appeared to be not so high. But
when measured at 4 weeks after the first injection of toc-
ilizumab, the serum IL-6 level had increased to 232 pg/ml,
indicating high endogenous production of IL-6. The level
decreased to 22 pg/ml just before the 12th infusion of toc-
ilizumab, suggesting the efficacy of this agent. To the best of
our knowledge, this is the first case to substantiate the effi-
cacy of tocilizumab for the treatment of BD.
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