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interactions are epistatic (Ueta et al., 2012b). Based on the findings
discussed here we strongly suspect that the lack of balance
between TLR3 and EP3 can trigger ocular surface inflammation
(Fig. 22).

7. Conclusions and future directions

In this review we raise the possibility that some ocular surface
inflammatory diseases are pathogenetically related with a disor-
dered innate immune response.

Although the ocular surface epithelium is in constant contact
with bacteria and bacterial products, the healthy ocular surface is
not in an inflammatory state. The balance between the mucosal
immunity of the ocular surface and the pathogenicity of bacteria is
very important. We suspect that when the host mucosal immunity
is normal, commensal bacteria are in a symbiotic relationship with
their host, however, if the host mucosal immunity is abnormal,
commensal bacteria may become pathogenic. Some ocular surface
inflammatory diseases such as catarrhal ulcers and phlyctenular
Kkeratitis are considered to be hypersensitivity to bacteria.

We also showed that although immune-competent cells such
as macrophages could recognize various microbial components
through various TLRs, induce inflammation and then exclude the
microbes, ocular surface epithelial cells can selectively respond to
microbial components and induce limited inflammation. We
suspect that the difference between ocular surface epithelial cells
and macrophages lies in their dissimilarity with respect to their
coexistence with commensal bacteria. The unique innate immune
response machinery of the ocular surface epithelium may explain
the permissive coexistence with commensal bacteria. We also
document that human ocular surface epithelial cells can be
induced upon stimulation with polyl:C, a ligand of TLR3, RIG-I
and MDA-5, to express many transcripts including not only
anti-viral innate immune response-related- but also allergy-
related-genes.

We provided evidence that allergic eosinophilic infiltration of
the conjunctiva can be regulated by conjunctival epithelial cells
through EP3 and TLR3.

Our findings indicate that disordered innate immunity can
induce ocular surface inflammation because mice in which IkB{
was knocked out, expressly exhibited severe, spontaneous ocular
surface inflammation with the eventual loss of almost all goblet
cells.

Lastly we suggest that the pathogenesis of SJS with severe ocular
surface complications, a devastating severe ocular surface inflam-
matory disease, is associated with innate immune reaction abno-
malies, especially those related with the epistatic interactions
between TLR3 and EP3. Thus, the lack of balance between TLR3 and
EP3 might trigger ocular surface inflammation.

Focusing on the innate immunity of the ocular surface might
help to elucidate the pathogenesis of various ocular surface
diseases (Fig. 23).
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Abbreviation

PFGE: pulsed-field gel electrophoresis

TLRs: Toll-like receptors

IFN: interferon

IL: interleukin

TNF: tumor necrosis factor

PGN: peptidoglycan

ds: double-stranded

polyl:C: polyinosine-polycytidylic acid

LPS: Lipopolysaccharide

CpG: deoxy-cytidylate-phosphate-deoxy-guanylate
RT-PCR: reverse transcription-polymerase chain reaction
IP-10: IFN-gamma inducible protein 10

NLRs: nucleotide-binding oligomerization domain (NOD)-like receptors
RLRs: retinoic acid-inducible gene-I (RIG-I)-like receptors
Mx2: myxovirus (influenza virus) resistance 2

Rsad2: radical S-adenosyl methionine domain containing 2
Cmpk2: cytidine monophosphate (UMP-CMP) kinase 2
Cxcl10: chemokine (C-X-C motif) ligand 10

Mx1: myxovirus (influenza virus) resistance 1

Ifi44: interferon-induced protein 44

1fi203: interferon-activated gene 203

ligp2: interferon-inducible GTPase 2

Rtp4: receptor transporter protein 4

TSLP: thymic stromal lymphopoietin

PG: prostaglandin

TX: thromboxane

§JS: Stevens-Johnson syndrome

TEN: toxic epidermal necrolysis

NSAIDs: non-steroidal anti-inflammatory drugs
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Corneal endothelial dysfunction accompanied by vi-
sual disturbance is a primary indication for corneal
transplantation. We previously reported that the ad-
hesion of corneal endothelial cells (CECs) to a sub-
strate was enhanced by the selective ROCK inhibitor
Y-27632. It is hypothesized that the inhibition of
ROCK signaling may manipulate cell adhesion prop-
erties, thus enabling the transplantation of cultivated
CECs as a form of regenerative medicine. In the pres-
ent study, using a rabbit corneal endothelial dysfunc-
tion model, the transplantation of CECs in combina-
tion with Y-27632 successfully achieved the recovery
of corneal transparency. Complications related to cell
injection therapy, such as the abnormal deposition of
the injected cells as well as the elevation of intraocu-
lar pressure, were not observed. Reconstructed cor-
neal endothelium with Y-27632 exhibited a mono-
layer hexagonal cell shape with a normal expression
of function-related markers, such as ZO-1, and Na*/
K*-ATPase, whereas reconstruction without Y-27632
exhibited a stratified fibroblastic phenotype without
the expression of markers. Moreover, transplantation
of CECs in primates in the presence of the ROCK
inhibitor also achieved the recovery of long-term cor-
neal transparency with a monolayer hexagonal cell
phenotype at a high cell density. Taken together,
these results suggest that the selective ROCK inhibitor
Y-27632 enables cultivated CEC-based therapy and
that the modulation of Rho-ROCK signaling activity
serves to enhance cell engraftment for cell-based re-
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generative medicine. (dm J Patbol 2012, 181:268-277;
bttp://dx.doi.org/10.1016/).ajpath.2012.03.033)

Corneal endothelial dysfunction is a major cause of se-
vere visual impairment, because corneal endothelial cells
maintain corneal transparency through their barrier and
Na™*-K* transport system. Highly effective surgical tech-
nigues to replace corneal endothelium (eg, Descemet’s
stripping endothelial keratoplasty) have been developed,’?
aimed at replacing penetrating keratoplasty for overcoming
pathological dysfunctions of corneal endothelial tissue. Sev-
eral research groups, including ours, have devoted an in-
tensive amount of effort in an attempt to establish new
treatment methods suitable for a practical clinical interven-
tion to repair corneal endothelial dysfunctions.>® Because
corneal endothelium is composed of a monolayer and is
technically difficult to transplant into the anterior chamber as
a structurally flexible cell sheet, those research teams cul-
tured corneal endothelial cells (CECs) on substrates such
as collagen sheets and amniotic membrane.

The injection of cultivated cells has been reported for
the treatment of a number of organs associated with
degenerative diseases such as the heart,” vessels,® pan-
creas,® and cartilage.'® In regard to corneal endothelium,
it is known that injected cultured CECs appear to be
washed off by aqueous humor flow, thus resulting in the
poor adhesion of those injected cells onto the corneal
tissue. To develop an effective method for delivering cul-
tivated CECs to the posterior cornea, the magnetic at-
tachment of iron powder or superparamagnetic micro-
spheres incorporated in the cultivated CECs has been
attempted. This method has been shown to work in a
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rabbit transplantation model'*'? and in an organ culture
mode! of the human eye'®; however, these methods have
yet to be applied in the clinical setting.

Cell adhesion is known to be mediated through trans-
membrane adhesion molecules linked to the intracellular
cytoskeleton. In addition to the structural function, these
adhesion molecules reportedly serve as a platform for the
interplay with the surrounding environments.'*'® Rho
GTPase proteins are key modulators of cytoskeletal dy-
namics that occur after cell adhesion.’™ '8 |t has been
reported that Rho GTPases induce a specific type of
actin cytoskeleton through mediating downstream effec-
tors mDia and Rho-associated kinase (ROCK), and that
they regulate a variety of cellular functions.® Cell adhe-
sion, motility, and cell morphogenesis are thought to be
determined by the balance between mDia and ROCK
activities.’™ We recently reported that the adhesion of
CECs to a substrate was enhanced by inhibiting Rho/
ROCK signaling.2° This finding coincides well with those of
other studies that demonstrated that Rho-ROCK signaling
negatively regulates the integrin-mediated adhesion of
monocytes, and that the inhibition of ROCK by a selective
ROCK inhibitor upregulates adhesion.'”'® These features
have led us to hypothesize that the inhibition of ROCK
signaling may provide a way to manipulate the cell adhe-
sion property of cultivated corneal endothelium to the extent
practical for regenerative medicine.

In this current study, in two animal models (rabbit and
primate) of corneal endothelial dysfunctions, the trans-
plantation of cultivated CECs in combination with ROCK
inhibitor Y-27632 successfully achieved the recovery of
corneal transparency. Inhibition of the ROCK signaling
manipulated the adhesion property of the cultivated
CECs. Moreover, the injected CECs functioned suffi-
ciently well to reconstruct the corneal endothelium with
an appropriate cell density, morphology, and expression
of function-related markers. This novel treatment strategy
may provide a new therapeutic modality for corneal-en-
dothelium-associated pathological dysfunctions.

Materials and Methods

Materials

Rabbit eyes were purchased from Funakoshi Corporation
(Tokyo, Japan). Alizarin red S stain and selective ROCK
inhibitor Y-27632 were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Dulbecco'’s
modified Eagle’s medium supplemented with penicillin,
streptomycin, and basic fibroblast growth factor (bFGF),
Vybrant Dil cell-labeling solution, Alexa Fluor 594-conju-
gated phalloidin, Alexa Fluor 488-conjugated phalloidin,
Alexa Fluor 488-conjugated goat anti-mouse 1gG, anti-
vinculin antibody, ROCK1 Stealth RNAiI (HSS109291,
HSS109292, and HSS109293), ROCK2 Stealth RNAI
(HSS114106, HSS114107, and HSS114108), Stealth
RNAI negative control medium GC #2, and Lipofectamine
RNAIMAX were purchased from Life Technologies (Carls-
bad, CA). Dispase Il was purchased from Roche Applied
Science (Penzberg, Germany). FNC Coating Mix was
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purchased from Athena Environmental Sciences, Inc.
(Baltimore, MD). Ki-67 monoclonal antibody, propidium
iodide (Pl), and Cytochalasin D were purchased from
Sigma-Aldrich Co. (St. Louis, MO). ZO-1 polyclonal anti-
body was purchased from Zymed Laboratories (South
San Francisco, CA). a-Smooth muscle actin («-SMA)
monoclonal antibody was purchased from Thermo Fisher
Scientific (Kalamazoo, MI). Na™/K*-ATPase monoclonal
antibody was purchased from Upstate Biotech (Lake
Placid, NY). DAPI was purchased from Vector Laboratories
(Burlingame, CA). CellTiter-Glo Luminescent Cell Viability
Assay was purchased from Promega (Madison, W),

Animal Experiment Approval

In all experiments, animals were housed and treated in
accordance with The Association for Research in Vision
and Ophthalmology Statement for the Use of Animals in
Ophthalmic and Vision Research. The rabbit experiments
were performed at Doshisha University (Kyoto, Japan)
according to the protocol approved by that university’s
Animal Care and Use Committee (approval no. 0831).
The monkey experiments were performed at the Re-
search Center for Animal Life Science at Shiga University
of Medical Science (Otsu, Japan) according to the pro-
tocol approved by that university’s Animal Care and Use
Committee (approval no. 2008-10-5).

Cell Culture of Rabbit and Monkey CECs

Ten rabbit eyes were used for the rabbit CECs (RCECs)
culture. Eight corneas from four cynomolgus monkeys (3
to 5 years of age; estimated equivalent human age: 5 to
20 years) housed at the Nissei Bilis Co. (Otsu, Japan) and
the Keari Co. (Wakayama, Japan), respectively, were
used for the monkey CECs (MCECs) culture. The RCECs
and MCECs were cultivated as described previously.®2°
Briefly, Descemet’s membrane with CECs was stripped
and incubated in 0.6 U/mL of Dispase Il to release the
CECs. After a 60-minute incubation at 37°C, the CECs
obtained from individual corneas were resuspended in
culture medium and plated in one well of a six-well plate
coated with cell attachment reagent (FNC Coating Mix).
All primary cell cultures and serial passages of CECs
were performed in growth medium composed of Dulbec-
co’s modified Eagle's medium supplemented with 10%
fetal bovine serum, 50 U/mL penicillin, 50 pg/mL strep-
tomycin, and 2 ng/mL bFGF. CECs were cultured in a
humidified atmosphere at 37°C in 5% CO,. The culture
medium was changed every 2 days. When cells reached
confluency in 10 to 14 days, they were rinsed in Ca®* and
Mg®*-free Dulbecco’s phosphate-buffered saline (PBS),
trypsinized with 0.05% Trypsin-EDTA (Life Technologies,
Carlsbad, CA) for 5 minutes at 37°C, and passaged at
ratios of 1:2 to 1:4. Cultivated CECs derived from both
rabbit and monkey corneas at passages 3 through 5
were used for all experiments. To confirm the cultivation
of the CECs, the morphology and density of the cultivated
cells were compared with normal in vivo rabbit CECs
examined using a noncontact specular microscope
(Noncon Robo, SP-8800; Konan Medical, Nishinomiya,
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Japan) and stained with Alizarin red. In some experi-
ments, to investigate the fate of the injected CECs in vivo,
the CECs were labeled with fluorescein by use of the
Vybrant Dil cell-labeling solution according to the manu-
facturer's protocol.

Rabbit Corneal Endothelial Dysfunction Model

To create rabbit corneal endothelial pathological dys-
function models, the lenses of both eyes of 12 Japanese
white rabbits were removed under general anesthesia by
use of the Alcon Series 20000 Legacy Surgical System
(Alcon, Fort Worth, TX) to deepen the anterior chamber.
Next, the corneal endothelium of each of those eyes was
mechanically scraped with a 20-gauge silicone needle (Soft
Tapered Needle; Inami, Tokyo, Japan) from Descemet's
membrane as described previously.®* The scraped area
was then confirmed by 0.04% trypan blue staining during
surgery. In the preliminary experiments, we confirmed that
Descemet’'s membrane was intact, the mechanically
scraped area had no cells on Descemet's membrane, and
that residual CECs were detected in only a 500- to 600-pum
area at the edge of Descemet’'s membrane.

Injection of Cultivated CECs into the Rabbit Eyes

To evaluate the injection of cultivated CECs with ROCK
inhibitor, RCECs at a density of 2.0 X 10° cells were sus-
pended in 200 pl DMEM supplemented with 100 umol/L of
Y-27632 and then injected into the anterior chamber of the
eyes of the above-described corneal endothelial dysfunc-
tion rabbit model. RCECs with Y-27632 were injected into
the right eyes of six rabbits, and RCECs without Y-27632
were injected into the right eyes of the other six rabbits. After
the injection, the eyes of those 12 rabbits were kept in the
face-down position for 3 hours under general anesthesia.
The left eyes of those 12 rabbits in which the corneal
endothelium was removed mechanically were used as a
control. One rabbit injected with RCECs with Y-27632
and one rabbit injected with RCECs without Y-27632
were euthanized 3 hours after injection for histological
examination. The corneal appearance of the other 10
rabbits was examined daily by use of a slit-lamp micro-
scope for the first week, and then once every 2 days for
the following 2 weeks. Those 10 rabbits were then eutha-
nized for histological examination. Corneal thickness was
determined by use of an ultrasound pachymeter (SP-
2000; Tomey, Nagoya, Japan), and the mean of 10 mea-
sured values was then calculated (up to a maximum
thickness of 1200 um, the instrument’s maximum read-
ing). Intraocular pressure was measured by use of a
pneumatonometer (30 Classic; Reichert, NY).

Histological Examination of Rabbit Eyes After
CEC Injection

Sections (6-um) of corneal specimens obtained from the
10 rabbits euthanized 2 weeks after injection were em-
bedded in OCT compound and then fixed in 4% formal-
dehyde. Differential interference contrast (DIC) images

and fluorescence images of Dil-labeled cells were ob-
tained by use of a fluorescence microscope (TCS SP2
AOBS; Leica Microsystems, Welzlar, Germany). For flat-
mount examinations, whole corneal specimens were
fixed in 4% formaldehyde and incubated in 1% bovine
serum albumin (BSA) to block any nonspecific binding.
To evaluate the effect of Y-27632 on the adhesion prop-
erty of the cells, corneas obtained from the 2 rabbits
euthanized 3 hours after injection were examined by actin
staining performed with a 1:400 dilution of Alexa Fluor
488-conjugated phalloidin. Actin staining was used to
evaluate the cellular morphology. The cell nuclei were
then stained with Pl. To investigate the phenotype of the
reconstructed corneal endothelium obtained from the 10
rabbits euthanized 2 weeks after injection, immunohisto-
chemical analyses of actin, «-SMA, ZO-1, Na™ /K" -ATPase,
Dil, and Ki-67 were performed. «-SMA was used to evalu-
ate the fibroblastic change. ZO-1, a tight-junction-asso-
ciated protein, and Na*/K"-ATPase, the protein associ-
ated with pump function, were used for function related
markers of CECs. The a-SMA, Z0O-1, and Na*/K"-ATPase
staining were performed with a 1:200 dilution of a-SMA
monoclonal antibody, ZO-1 polyclonal antibody, and
Na'/K*-ATPase monoclonal antibody, respectively.
Ki-67 (a cell-proliferation-related maker) staining was
performed using a 1:400 dilution of anti-mouse Ki-67
antibody. For the secondary antibody, a 1:2000 dilution of
Alexa Fluor 488-conjugated goat anti-mouse 1gG was
used. Cell nuclei were then stained with DAPI, and the
slides were inspected by fluorescence microscopy.

Effect of Y-27632 on MCECs in Culture

MCECs were cultured at a density of 2.5 x 10 cells/cm?
on Lab-Tek Chamber Slides (NUNC A/S, Roskilde, Den-
mark). Actin staining was performed with 1:400-diluted
Alexa Fluor, as described above, after 24 hours of seed-
ing, and vinculin staining was performed using 1:200-
diluted vinculin after 3 hours of seeding. The number of
attached MCECs was evaluated by use of CellTiter-Glo
Luminescent Cell Viability Assay performed according to
the manufacturer's protocol. The MCECs were seeded
with a different concentration of Y-27632 at the density of
1.0 x 10® cells onto 96-well plates, and the number of
adhered MCECs at 24 hours after seeding was then
measured by use of a Veritas Microplate Luminometer
(Promega). In addition to ROCK signaling inhibition, to
evaluate the effect of inhibition of actin polymerization on
CECs adhesion, MCECs were seeded with a different
concentration of cytochalasin D at the density of 1.0 X
10® cells onto 96-well plates, and the number of adhered
MCECs at 24 hours after seeding was then measured.
Five samples were prepared for each group.

To determine the adhesion property of the MCECs onto
the basement membrane, the cells were seeded onto
rabbit corneas in which the corneal endothelium was
mechanically denuded and the basement membranes
were exposed. The cells were seeded at the density of
2.5 x 10* cells/cm? suspended in culture medium sup-
plemented with or without 10 wmol/L Y-27632. Actin stain-
ing was performed at 3 hours after seeding in the same
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manner as with the Alexa Fluor 488—~conjugated phalloi-
din staining described above. Cell nuclei were then
stained with Pl. MCECs at the density of 2.0 x 10° cells
were also seeded, with or without Y-27632, onto Descem-
et's membrane of four rabbits from each group, and the
membrane was then mechanically peeled off at 3 hours
after seeding. The adhered MCECs were recovered by
trypsin digestion, and the cell numbers were then counted.

Inhibition of ROCK Signaling by siRNA on
MCECs in Culture

MCECSs seeded at the density of 2.5 X 10* cells/cm? onto
a 24-well plate were incubated with RNAIi duplex (ROCKA1
Stealth RNAi and ROCK2 Stealth RNAIi) and Lipo-
fectamine RNAIMAX according to the manufacturer's
protocol. Briefly, 1 day before transfection, the culture
medium was replaced with fresh medium without antibi-
otics. RNAi duplex at the final concentration of 10 nmol/L
and Lipofectamine RNAIMAX complexes were added to
each well. The MCECs were incubated for 12 hours at
37°C in a CO, incubator. Random RNAj was used as a
control. The MCECs were then seeded at the density of
1.0 X 102 cells onto 96-well plates, and the number of
attached MCECs was evaluated by use of CellTiter-Glo
Luminescent Cell Viability Assay. Knockdown of both
ROCK1 and ROCK2, two ROCK isoforms that were iden-
tified in the mammalian system,®' was confirmed by
guantitative PCR analysis (data not shown). Representa-
tive data were from six independent experiments using
three kinds of ROCK1 Stealth RNAi and ROCK2 Stealth
RNAI, respectively.

Injection of Cultivated CECs into Monkey Eyes
with Corneal Endothelial Dysfunction

To create monkey corneal endothelial pathological dys-
function models, the corneal endothelium of the left eyes
of four monkeys was mechanically scraped with a 20-
gauge silicone needle under general anesthesia, as de-
scribed above for the rabbit model. Next, a 2.0 X 10°
density of cultivated MCECs suspended in 200 pl DMEM
supplemented with 100 pmol/L Y-27632 were injected
into the anterior chamber of two of the four monkeys.
Cultivated MCECs suspended in 200 ul DMEM without
Y-27632 were injected into the anterior chamber of the
other 2 monkeys. The eyes of all four monkeys were kept
in the face-down position for 3 hours under general an-
esthesia. The MCECs were labeled with Dil before trans-
plantation.®# The corneal appearance of all four monkeys
was examined daily by use of a slit-lamp microscope for
the first week, and then once per week for the following 3
months. Two monkeys from each group (the MCEC-in-
jection with Y-27632 group, and the MCEC-injection with-
out Y-27632 group) were euthanized at 14 days after the
injection, and the other 2 monkeys were euthanized at 3
months after the injection. For flat-mount examinations,
whole corneal specimens were fixed in 4% formalde-
hyde, incubated in 1% BSA to block nonspecific binding,
and then prepared for histological examination. To inves-
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tigate the phenotype of the reconstructed corneal endo-
thelium, immunohistochemical analyses of actin, ZO-1,
and Na*/K*-ATPase were performed in the same man-
ner as that of the above-described rabbit experiments.
After the actin immunostaining, the corneal endothelium
of the four monkeys was evaluated by KSS-400EB soft-
ware version 2.71 (Konan Medical, Hyogo, Japan).

Statistical Analysis

The statistical significance (P value) in mean values of
the two-sample comparison was determined by Stu-
dent’s t-test. Values shown on the graphs represent the
mean * SEM.

Results

Injection of Cultivated RCECs with ROCK
Inhibitor Enables Regeneration of Cornea in
Rabbit Corneal Endothelial Dysfunction Model

The third-passaged RCECs exhibited a monolayer of
hexagonal shaped cells, similar to in vivo RCECs with a
cell density of approximately 2600 cells/mm? as previ-
ously reported®® (Figure 1A). Cultivated RCECs injected
together with Y-27632 were successful in recovering
complete transparency of the corneas with pathological
dysfunctions. In contrast, RCECs injected without
Y-27632 induced hazy and severely edematous corneas,
thus indicating that the corneal endothelial dysfunctions
were sustained, comparable with those of the control
corneas. Slit-lamp microscopy performed at 48 hours
after injection revealed complete corneal transparency
with the iris and the pupil clearly observed in the eyes
injected with RCECs with Y-27632, whereas the iris and
pupil could not be observed in the eyes injected with
RCECs without Y-27632 and in the control eyes in which
the corneal endothelium was mechanically scraped (Fig-
ure 1B). Consistent with the slit-lamp microscopy find-
ings, histological analysis performed at 14 days after
injection also revealed that the eyes injected with RCECs
with Y-27632 had a normal range of corneal thickness,
whereas those without Y-27632 exhibited a thick cornea
with severe stromal edema. The corneal thicknesses of
those specimens were 409 um and 730 um, respectively
(Figure 1C). In the eyes injected with RCECs with
Y-27632, the corneal edema was moderate (<800 um) at
day 1, yet gradually recovered to the normal level. In
contrast, in both the control eyes and the eyes injected
with RCECs without Y-27632, prominent corneal edema
(>1200 wm) was observed at day 1, and corneal edema
persisted throughout the observation period (Figure 1D).
Next, possible complications associated with cell injec-
tion into the anterior chamber were investigated, as the
injected cells might possibly interfere with normal aque-
ous humor outflow and produce an increase in intraocular
pressure. No abnormal deposition of the injected Dil-
positive RCECs onto the trabecular meshwork or onto the
iris and no anatomical abnormality such as mechanical
angle closure or peripheral anterior synechia were de-
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Figure 1. Cell regeneration in a rabbit corneal endothelial dysfunction model.
A: iz vivo normal corneal endothelium (left panel: specular microscope, mid-
dle panel: Alizarin red staining) and cultivated rabbit corneal endothelial cells
(RCECs) (right panel: phase contrast image). The cultivated RCECs exhibit a
homogeneous monolayer of hexagonal cells with a cell density of approximately
2600 cells/mm?. The morphology and density of the cultivated RCECs are similar
to that of in vivo comeal endothelium. Scale bar = 100 um. B: Slit-lamp
photographs of rabbit eyes injected with cultivated RCECs with Y-27632, culti-
vated RCECs without Y-27632, and control corneal endothelial dysfunction
model after 48 hours. C: Histological analysis of rabbit corneas injected with
cultivated RCECs with (left column) or without (right column) Y-27632 (top
row: DIC; bottom row: Dil). Injection of RCECs with Y-27632 induces a
normal-range thickness (409 um) of the cornea, whereas injection of RCECs
without Y-27632 exhibits a thick (730 wm) cornea with severe corneal stromal
edema at 14 days after injection. Scale bars: 100 pm. D: Time course of corneal
thickness measured by ultrasound pachymeter. In control eyes and in the eyes
injected with RCECs without Y-27632, the corneal edema is prominent (>1200
wm) at day 1 and persists throughout the observation period. In contrast, in the
eyes injected with RCECs with Y-27632, the comeal edema is moderate (<800
wm) at day 1 and gradually recovers to the normal level.

tected (Figure 2A). Intraocular pressures were found to
be in the normal range in all groups (Figure 2B). To
evaluate the injected CECs proliferation status in vivo, a
flat-mount cornea was examined at 14 days after injec-
tion. Immunofluorescence analysis using the Ki-67 mono-
clonal antibody (a marker of cell proliferation) revealed
that the cell cycle of the nearly all of the injected cells was
arrested 2 weeks after injection (Figure 2C). These results

A Cell injection
with Y-27632

Cell injection
without Y-27632

DIC

Dil

o5
E 20 - . without Y-27632
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E e With Y-27632
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% ~—o- Control
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Figure 2. Evaluation of the possible adverse effects of cultivated RCEC injec-
tion. A: Histological examination of the iris and the angle tissue. Top row:
representative images of the DIC section taken from the rabbit eye injected with
cultivated RCECs with or without Y-27632 after 14 days. Bottom row: Dil
images of the same sections shown in the top row. C, cornea; I, iris; TM,
trabecular meshwork. Scale bar = 100 um. B: Intraocular pressures after the
injection of RCECs. C: Immunohistochemical staining for cell proliferation
marker Ki-67 in the reconstructed RCECs in the eye injected with RCECs with
Y-27632 on day 14.
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indicate that ROCK inhibitor can be safely applied for cell
injection therapy.

ROCK Inhibitor Provides RCECs with
Phenotype to Reconstruct Corneal Endothelium

At 3 hours after injection, RCECs injected with Y-27632
were found to be markedly adhered to the basement
membrane of the corneal endothelium (Figure 3A), sug-
gesting that Y-27632 altered the adhesion properties of
the RCECs and up-regulated cell adhesion on the base-
ment membrane in vivo. To ascertain the causal effect of
the elevated cell adhesion by Y-27632 in the induction of
a pathologically transparent cornea, the histological phe-
notype of a donor cornea treated with Y-27632 was elu-
cidated using a flat-mount cornea. The expression of
Z0O-1 and Na™/K*-ATPase was evident in RCECs in-
jected with Y-27632, yet it was absent in RCECs injected
without Y-27632. RCECs injected with Y-27632 exhibited
a monolayer hexagonal cell shape, whereas RCECs in-
jected without Y-27632 exhibited the stratified fibroblastic
phenotype. Consistent with the stratified fibroblastic phe-
notype of RCECs injected without Y-27632, a-SMA (a
marker of fibroblastic change) was evident in those
RCECs (Figure 3B).

The existence of reconstructed corneal endothelium
by the injection of RCECs with Y-27632 that expressed
Dil, which labels RCECs, indicated that the injected
RCECs contributed to the formation of a monolayer of
corneal endothelium and to the inducement of corneal
transparency (Figure 3B). However, Dil-expressing
cells were also observed in the rabbits injected with
RCECs without Y-27632, consistent with the results
shown in Figure 1C. The presence of Dil-positive cells
in the eyes injected with RCECs without Y-27632 may
suggest that a limited number of RCECs were able to
adhere to the cornea without the assistance of
Y-27632, yet changed their phenotype to that of fibro-
blastic cells. This finding is consistent with those ob-
served in the clinical setting, in which CECs display a
fibroblastic phenotype in cases of corneal endothelial
dysfunction.?2:23

ROCK Inhibitor Y-27632 Enhances Cell
Adhesion

To examine the role of the Rho/ROCK signaling pathway
in modulating the adhesion properties of primate CECs,
cultivated MCECs were plated in combination with ROCK
inhibitor Y-27632. Consistent with our previous find-
ings,2° phase contrast imaging and actin fiber staining
revealed elevated cell adhesion in the Y-27632 treated
cells (Figure 4A), and the cell adhesion was enhanced at
the conventionally used concentration®® (Figure 4B).
MCECs treated with Y-27632 showed a markedly im-
proved expression of vinculin in contrast to the non-
treated cells (Figure 4C), suggesting that Y-27632 en-
hanced the cell adhesion via the induction of focal
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B Cell injection
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Phalloidin Na'/K*-ATPase
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Figure 3. Histological examination of the reconstructed corneal tissue in
rabbits after RCEC injection with and without Y-27632. A: Flat-mount exam-
ination of the posterior side of the corneal tissue 3 hours after RCEC injection.
Green fluorescein shows actin-staining (phalloidin), and red shows nuclear
staining by propidium iodide (PD). Scale bar = 100 wm. B: Histological
examination of corneal tissue taken from the rabbit eye 2 weeks after RCEC
injection with or without Y-27632. The histological phenotype of the injected
RCECs was evaluated by immunofluorescence of ZO-1, Na™/K*-ATPase,
phalloidin, a-SMA, and Dil after 2 weeks. No cells are observed in the control
eyes in which the corneal endothelium was scraped. Scale bar = 100 pm.

adhesion complexes. Considering the interplay between
focal adhesion complex molecules and the extracellular
matrix,’® we next attempted to clarify the effect of
Y-27632 on MCEC adhesion onto Descemet’'s membrane
(basement membrane). Consistent with the in vivo exper-
iments shown in Figure 3A, an ex vivo culture system
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demonstrated that Y-27632 dramatically enhanced the
adhesion of the MCECs onto the basement membrane at
3 hours after seeding (Figure 4, D and E).

The direct contribution of the Rho/ROCK signaling
pathway in elevating the adhesion properties was eluci-
dated by the knockdown of ROCK | and ROCK I by RNAI
(Figure 4, F and G; confirmed with three independent
RNAI). Coincidentally, as with the elevated cell adhesion
by Y-27632, the knockdown of both ROCK | and ROCK |l
strongly enhanced the cell adhesion. Because ROCK
signaling is necessary to negatively regulate cell adhe-
sion by inhibiting actin depolymerization, we speculate
that inhibition of ROCK by Y-27632 promotes actin reor-
ganization, subsequently inducing the enhancement of
cell adhesion. In accordance with that speculation, we
found that cytochalasin D, which is additionally capable
of inhibiting actin polymerization, also elevated the MCEC
adhesion (Figure 4H).

Control

Concentration of Y-27632 (uM)

Cell numbers (% of control)

Figure 4. Rho/ROCK signaling pathway modu-

fation of the adhesion properties of  primate
iy CECs in culture, As Phase contrast images (top
row) and actin fiber staining images (bottom
row) reveal clevated cell adhesion in Y-27632~
treated monkey CECs (MCECS) at 24 hours after
seeding on a culture dish. Scale bar = 100 pum
(top row), 50 um (bottom row). B: The num-
ber of adhered MCECs is significantly enhanced
by 10 wmol/L and 100 wmol/L of Y-27632 at 24
hours after seeding. Data are expressed as a
percentage of the control, mean * SEM. *pP <

10 100

Y-27632

0.01. C: Representative immunofluorescence im-

sceded with or without Y-27632
taken after staining with anti-vinculin at 3 hours
after sceding. Scale bar = 10 pm. D: MC
were seeded with or without Y-27632 on ex vivo
culture system of rabbit Descemet’s membrane
and stained with actin antibody at 3 hours after
seeding. Green fluorescein shows actin staining
(phalloidin), and red shows nuclear staining by
propidium jodide (PD. Scale bar = 300 .
E: MCECs (density: 2.0 X 10° cells) were seeded
with or without Y-27632 on rabbit Descemet’s
membrane, and the number of adhered cells was
evaluated at 3 hours after seeding. Data are ex-
pressed as mean * SEM. *P < 0.01. F and G:
Direct contribution of the Rho/ROCK signaling
pathway to the regulation of the adhesion prop-
erties of CECs was assessed by the knockdown
of ROCKT (F) or ROCK2 (G). Results are ex-
pressed as a percentage of the control, mean ®
SEM. *P < 0.01. H: MCEC attachment was as-
sessed through the inhibition of actin polymer-
ization by cytochalasin D. Results are expressed
as a percentage of the control, mean *= SEM.
P < 0.01.
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Injection of Cultivated CECs with ROCK Inhibitor
Enables Regeneration of Cornea in a Primate
Model

The injection of cultivated MCECs combined with Y-27632
was performed in a cynomolgus monkey in which the cor-
neal endothelium was mechanically removed to produce a
pathological dysfunction model. To elucidate the long-term
efficacy of the injection of CECs with ROCK inhibitor
Y-27632, that monkey model was observed for 3 months. In
contrast to the rabbit model, slit-lamp microscopy showed
that the monkey eyes injected with MCECs, both with and
without Y-27632, exhibited complete corneal transpar-
ency within 1 week, and that the transparency persisted
throughout 3 months of cell injection with a normal range
of thickness (<600 um) (Figure 5A). To evaluate the
histological phenotype of donor corneas, two of four mon-
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keys were euthanized after 2 weeks of MCEC injection
and the other two monkeys after 3 months of MCEC
injection (one monkey that received MCEC injection with
Y-27632 and one monkey that received MCEC injection
without Y-27632, respectively, at each of the two time
points). It is notable that the MCECs injected with
Y-27632 exhibited a monolayer cell shape, whereas the
MCECs injected without Y-27632 exhibited a stratified
fibroblastic phenotype at the 2-week time point, which
mirrored the rabbit model findings (Figure 5B). Although
slit-lamp microscopy showed that the monkey eyes in-
jected with MCECs, both with and without Y-27632, ex-
hibited a transparent cornea with a normal-range corneal
thickness, MCECs injected without Y-27632 exhibited a
fibroblastic phenotype at the cell density of 789 cells/
mm?2, whereas MCECs injected with Y-27632 exhibited a
monolayer hexagonal cell phenotype at the cell density of
2208 cellsf/mm? (Figure 5C), suggesting that Y-27632
also enhanced the adhesion of MCECs in the in vivo
monkey model. Consistent with the rabbit experiments,
the MCECs injected with Y-27632 expressed ZO-1 and
Na*/K*-ATPase, yet they were expressed to a lesser
degree in the MCECs injected without Y-27632 that ex-
hibited the fibroblastic phenotype (Figure 5D).

Discussion

Corneal endothelial dysfunction accompanied by visual
disturbance is a major indication for corneal transplanta-
tion surgery.®® Although corneal transplantation is widely
performed for corneal endothelial dysfunction, the trans-
plantation of cultivated corneal endothelium is a potential
therapeutic strategy. Cultivated CECs derived from older
donors have lower proliferative ability, a senescent cell

D Cell injection
with Y-27632
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Cell injection
without Y-27632

Figure 5. Regeneration of the comea in a pri-
mate model enabled by the injection of culti-
vated MCECs with Y-27632. A: Monkey eyes in-
jected with MCECs with Y-27632 or without
Y-27632 exhibit a transparent cornea with a nor-
mal range of thickness (<600 pm) after 3
months. B: Histological analysis by actin immu-
nostaining after 2 weeks of cell injection of
MCECs injected with or without Y-27632. C: His-
tological analysis by actin immunostaining after
3 months of cell injection of MCECs injected with
or without Y-27632. Top row: lower magnifica-
tion (green, actin); bottom row: higher magni-
fication (green, actin; blue, DAPD). The cell density
of the MCECs injected without Y-27632 was 789
cells/mm?, whereas that with Y-27632 was 2208
cells/mm?. D: Histological analysis was per-
formed after immunostaining of ZO-1 (red) or
Na*/K™-ATPase (green). DAPI was used for nu-
clei staining (blue).

Cell injection
without Y-27632

phenotype, and transformed cell morphology, thus sug-
gesting less functional ability than those derived from
younger donors.?® When corneal endothelium is cultured
and stocked as “master cells,” it allows for the transplan-
tation of CECs derived from younger donors, thus pro-
viding cells with high functional ability and an extended
longevity. In addition, it enables an HLA-matching trans-
plantation to reduce the risk of rejection®”2® and to over-
come the shortage of donor corneas. In the clinical set-
ting, transplantation of corneal endothelium is technically
difficult, because it is a monolayer and is located in the
anterior chamber. Thus, that anatomical feature led us to
hypothesize that the injection of cultivated CECs would
be a potent therapy, even though a previous study re-
ported that cell injection itself was ineffective.’? The find-
ings of this present study show that the inclusion of ROCK
inhibitor Y-27632 elevates the adhesion property of
CECs, thus allowing the successful transplantation of
CECs to reconstruct functional corneal endothelium dam-
aged by pathological dysfunctions.

We previously reported that the inhibition of ROCK by
use of the selective ROCK inhibitor Y-27632 elevates the
adhesion of cultured CECs on the substrate, enhances
cell proliferation, and suppresses apoptosis.?° Although
the precise underlying mechanisms have yet to be elu-
cidated, those distinct positive effects of ROCK inhibition
enable the establishment of the in vitro expansion of
CECs for cultivated corneal endothelial transplantation.?®
Rho-ROCK signaling carries out a variety of cellular pro-
cesses such as cell adhesion, morphogenesis, migration,
and cell-cycle progression through mediating cytoskel-
etal dynamics. The Rho GTPase-specific guanine nucle-
otide exchange factors (Rho GEFs) convert Rho from the
guanosine diphosphate (GDP)-bound inactive form to
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the guanosine triphosphate (GTP)-bound active form,
thus inducing Rho GTPase activity. Rho regulates a va-
riety of cytoskeletal dynamics that underlie cell morphol-
ogy and adhesion through the activation of ROCK, a
major downstream effector.’®'® ROCK signaling modu-
lates acto-myosin contractility through the regulation of
myosin phosphorylation and actin dynamics by promot-
ing nucleation and polymerization or by stimulating the
severing and depolymerization of existing actin fila-
ments.'"#9 It is reported that the actin cytoskeleton plays
a critical role in regulating the adhesive property through
interaction between the actin cytoskeleton and integ-
rin. ™ 1718 Although the adhesive property is dependent on
the cell type and the environmental context, ROCK signal-
ing has been shown to negatively regulate the integrin ad-
hesions of monocytes'” and leukocytes.'® Findings from a
recent study showed that the RhoA-ROCK-PTEN pathway
was highly activated when pre-osteoblasts are poorly at-
tached to the substrate, and that the inhibition of this
pathway enhances cell adhesion as well as prolifera-
tion.®? Our findings that the inhibition of ROCK signaling
by a selective ROCK inhibitor or by the siRNA enhanced
adhesive property of CECs are consistent with the find-
ings of those previous studies. Our findings are also
supported by our data that inhibiting actin polymerization
by cytochalasin D enhances the adhesive property. Fur-
thermore, we found that vinculin, which is involved in the
linkage of the integrin adhesion complex to the actin
cytoskeleton,®'*? is upregulated in ROCK-inhibitor-
treated CECs. Further investigation is needed to eluci-
date whether the ROCK inhibitor promotes the focal ad-
hesions through inhibiting actin polymerization and
induces the upregulation of cell adhesion properties on
the extracellular matrix (ECM).

Corneal endothelial dysfunctions such as Fuchs's en-
dothelial corneal dystrophy, pseudoexfoliation syndrome,
keratitis, and injury induce the fibroblastic transformation
of CECs.??2% In addition, CECs reportedly showed fibro-
blastic transformation during the wound healing pro-
cess,®® and IL-1B-mediated FGF-2 produced after an
injury reportedly alters CEC morphology and the actin
cytoskeleton in a rabbit freezing injury model.®* Our find-
ings that RCECs without Y-27632 injected into the ante-
rior chamber of a bullous keratopathy rabbit model ex-
hibited stratified fibroblastic cell morphology and a
resultant opaque cornea are consistent with these stud-
jes. On the other hand, MCECs without Y-27632 exhibited
less fibroblastic phenotype. In our current primate model,
a low density of MCECs compensated the pump and
barrier functions and resulted in a clear cornea. That
finding might possibly be explained by differences in the
wound healing process between species.®>*® However,
because CEC density continuously decreases after ker-
atoplasty,®” reconstructed corneal endothelium with
Y-27632 at a high cell density is crucial for the successful
long-term outcome of transplantation in the clinical set-
ting. To establish the application of a cultivated CEC
injection combined with ROCK inhibitor in clinical set-
tings, transplantation models more akin to humans are
required, as rabbit CECs exhibit a high proliferative ability
in vivo,®® unlike human CECs. The findings from this pres-

ent study demonstrated that a monkey eye injected with
MCECs with Y-27632 exhibited an almost completely
clear cornea. Thus, our primate model-based findings
suggest that the cell injection therapy in which the cell
adhesion is modulated by ROCK inhibitor might prove to
be an effective treatment regimen for human corneal
endothelial disorders.

In regard to future clinical applications, ROCK inhibi-
tors have been shown to be useful for a wide range of
diseases such as cardiovascular disease, pulmonary dis-
ease, cancer, and glaucoma.”"#9~1" Fasudil, one of the
ROCK inhibitors, has already been used clinically for the
prevention and treatment of cerebral vasospasm, and to
date has been therapeutically applied in over 124,000
cases in Japan.?' Furthermore, we previously demon-
strated that a ROCK inhibitor eye drop enhanced corneal
endothelial proliferation in vitro,?° as well as in an in vivo
animal model,* and it is currently under clinical research
for corneal endothelial dysfunction. These facts suggest
that the ROCK inhibitor is a therapeutic tool that can be
safely and effectively applied in the clinical setting.

In conclusion, the findings of this present study, which
are supported by both rabbit and primate corneal endo-
thelial dysfunction models, indicate that ROCK inhibitor
Y-27632 will enable the establishment of a cultivated-
CEC-based therapy. Modulating actin cytoskeletal dy-
namics through Rho-ROCK signaling activity serves as a
potential for cell-based regenerative medicine to en-
hance cell engraftment. This novel strategy of using a
cell-based therapy combined with a ROCK inhibitor may
ultimately provide clinicians with a new therapeutic mo-
dality in regenerative medicine, not only for the treatment
of corneal endothelial dysfunctions but also for a variety
of pathological diseases.
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Simultaneous Analysis of Multiple Cytokines in the
Vitreous of Patients with Sarcoid Uveitis
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Kazubito Yoneda," Junji Hamuro," Sunao Sugimﬁ Takeru Yoshimura,” Kob-Hei Sonoda,®
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Purrose. Levels of some cytokines are significantly higher in
the vitreous fluid of patients with acute uveitis than in normal
vitreous fluid, The authors sought to determine which
proinflammatory cytokines were upregulated in the vitreous
fluid of patients with ocular sarcoidosis.

Mgersops. Samples of vitreous fluid were collected from
patients with sarcoid uveitis and from nonsarcoid control
patients with idiopathic epiretinal membrane. The levels of 27
proinflammatory cytokines were measured with a multiplex
beads array system. Postvitrectomy macular thickness was also
measured by using spectral domain optical coherence tomog-
raphy (SD-OCT). To assess the relationship between cytokine
levels and disease stage, the authors divided patients into three
groups based on macular thickness 1 month after operation.

Resurts. The vitreous levels of 17 cytokines were significantly
higher in patients with ocular sarcoidosis than in nonsarcoid
controls. Serum levels of interferon y-induced protein 10 (IP-
10) were also higher in ocular sarcoidosis patients than in
nonsarcoid controls. Conversely, serum levels of interleukin
(L) 15 in ocular sarcoidosis patients were lower than in the
control group. Analysis of cytokine levels and macular
thickness revealed that IL-1ra, 11-4, IL-8, IFN-y, IP-10, monocyte
chemotactic protein (MCP)-1, macrophage inflammatory pro-
tein (MIP)-1B, and regulated on activation, normal T-cell
expressed and secreted (RANTES) were significantly upregu-
lated in patients with thin cystoid macular edema group.

Concrusions. Patients with ocular sarcoidosis had elevated
levels of proinflammatory cytokines in vitreous fluids. Differ-
ent cytokines might contribute to different stages of macular
edema. (Invest Ophthalmol Vis Sci. 2012;53:3827-3833) DOI:
10.1167/i0vs.11-9244

From the 'Department of Ophthalmology, Kyoto Prefectural
University of Medicine, Kyoto, Japan; the 2Louis Pasteur Center for
Medical Research, Kyoto, Japan; the 3Department of Ophthalmology,
Tokyo Dental and Medical University, Tokyo, Japan; the ‘Department
of Ophthalmology, Graduate School of Medical Science, Kyushu
University, Fukuoka, Japan; and the Department of Ophthalmology,
Yamaguchi University Graduate School of Medicine, Yamaguchi,
Japan.

Supported by KAKEN 22791679 and KAKEN 10433244.

Submitted for publication December 5, 2011; revised March 30
and April 28, 2012; accepted May 4, 2012.

Disclosure: K. Nagata, None; K. Maruyama, None; K. Uno,
None; K. Shinomiya, None; K. Yoneda, None; J. Hamuro, None;
S. Sugita, None; T. Yoshimura, None; K.-H. Sonoda, None; M.
Mochizuki, None; S. Kinoshita, None

Corresponding author: Kazuichi Maruyama, Department of
Ophthalmology, Kyoto Prefectural University of Medicine, 465
Kajii-cho, Hirokoji-agaru, Kawaramachi-dori, Kamigyo-ku, Kyoto
602-0841, Japan; kmaruyam@koto.kpu-m.ac.jp.

Investigative Ophthalmology & Visual Science, June 2012, Vol. 53, No. 7

Copyright 2012 The Association for Research in Vision and Ophthalmology, Inc.

Sarcoidosis is a chronic multisystem granulomatous disorder
of unknown etiology.'* It is thought to result from an
exaggerated cellular immune response to a variety of self-
antigens or nonself antigens.® The lung is the organ most
frequently affected by this disease, and when affected, it is
characterized by bilateral hilar lymphadenopathy and/or
pulmonary infiltration as revealed by chest radiography. Ocular
and skin lesions are also common aspects of sarcoidosis, but
other organs (including the heart, the central nervous system,
and the spleen) may also be affected.® Although the exact
cause of sarcoidosis is currently unknown, previous reports
have discussed environmental (e.g., spatial” or climatic®)
factors, occupational factors, or infectious agents (specifically,
propionibacteria® ") as possible causes.

Reportedly, 30% to 60% of patients with sarcoidosis suffer
from ocular involvement.'?-1% Bilateral anterior and/or poste-
rior uveitis is common, but the conjunctiva, lacrimal gland, and
orbit of the eye can also be affected. The clinical presentation
of sarcoidosis-related uveitis is characteristically marked by iris
nodules, mutton-fat keratic precipitates, and tent-shaped
peripheral anterior synechia in the anterior segment of the
eye. Snowball-like vitreous opacity, which results from
phlebitis and vitreitis, is a common posterior segment finding.
Chronic uveitis can result in formation of an epiretinal
membrane (ERM) and cystoid macular edema (CME); conse-
quently, severe visual impairment can occur.'® Uveitis is
commonly treated with topical (or occasionally systemic)
administration of corticosteroids, but in cases accompanied by
the formation of an ERM or long-standing vitreous opacity,
surgical treatment is necessary.

An internationally acknowledged set of criteria for the
diagnosis of ocular sarcoidosis has been established.!”
Previously, it has been reported that the types of cytokines
in ocular fluids are dependent on the disease.'®!® The
authors thus sought to assess vitreous cytokine levels and
correlate them with disease status in ocular sarcoidosis. The
multiplex bead analysis system is a new technique that
combines the principle of the sandwich immunoassay with
fluorescent bead-based technology. Levels of many types of
cytokines in small sample volumes (such as vitreous samples)
can be measured simultaneously with this system. Sato et al.?°
have used this method to show that the levels of vascular
endothelial growth factor A (VEGF-A) are much higher than
those of any type of cytokine in infants with retinopathy of
prematurity (ROP). There are also several reports about the
levels of various cytokines in vitreous fluid from uveitis
patients.?!-25 Yoshimura et al.'® reported that interleukin (IL)
6, IL-8, and monocyte chemotactic protein-1 (MCP-1) were
elevated in the vitreous body of patients with diabetic
retinopathy and retinal vein occlusion.

Analyses of many cytokines in peripheral blood or
bronchoalveolar lavage fluid (BALF) have elucidated the
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pathogenesis of sarcoidosis. For example, high amounts of
interferon y-induced protein 10 (IP-10) are secreted from
sarcoid-dependent alveolar macrophages and T cells.?® How-
ever, to the authors’ knowledge, investigations of cytokine
levels in both vitreous fluid and serum from patients with
sarcoid uveitis have not been conducted with multiplex bead
analysis.

Here, the vitreous and serum levels of 27 types of cytokines
in patients with sarcoid uveitis were measured and compared
with those from patients with idiopathic ERM. Moreover, the
authors investigated the relationship between vitreous cyto-
kine levels and CME severity.

METHODS

Patients

This study was performed in accordance with the tenets of the
Declaration of Helsinki, and the procedures were approved by the
Institutional Review Board of the Kyoto Prefectural University of
Medicine Hospital. Twenty-one patients gave informed consent for
participation in this study.

For the multiplex bead analysis of vitreous fluid, a total of 24
samples were enrolled. Of the 20 patients, 15 (1 man and 14 women)
had diagnoses of ocular sarcoidosis for one or both eyes (19 eyes total),
based on the international criteria. Vitreous fluid was collected from
five eyes of five idiopathic ERM patients (3 men and 2 women), who
were enrolled as nonsarcoid controls.

General examinations of all patients were performed by using the
algorithm designed for the diagnosis of ocular sarcoidosis.!”

The group of patients with ocular sarcoidosis comprised 1 man and
14 women,; the idiopathic ERM (nonsarcoid control) group comprised
2 men and 3 women. The mean age of the ocular sarcoidosis patients
was 66.8 & 2.2 years, and that of the idiopathic ERM patients was 69.5
* 3.1 years. Statistical differences were not found in mean age.

Vitreous Sample Collection

Vitreous specimens were obtained from each of 20 patients at the
start of a conventional 25-gauge pars plana vitrectomy by using either
a CV-24,000 (NIDEK Co., Ltd., Aichi, Japan) or an Accurus (Alcon
Laboratories, Inc., Fort Worth, TX) vitrectomy system. A three-way
stopcock was attached to the connector on the suction-tube line of
the cutter probe, and a 5-ml syringe was connected to the free end of
the three-way stopcock. Dry vitrectomy without perfusion of
balanced salt solution (Alcon Laboratories, Inc.) was conducted
with a cut rate of 500 cpm so as not to damage cells infiltrating into
the vitreous. At least 500 pL dry vitreous sample was collected from
each patient. Each sample was divided into 5 microtubes for each
analysis (200 pL for PCR, 200 pL for multiplex bead analysis, and 100
pL for culture). No intraoperative complications occurred in these
patients.

Multiplex Bead Analysis System (Multiplex-ELISA)

The vitreous levels of 27 types of cytokines were determined by
using a commercially available multiplex bead analysis system
(BioPlex Pro Suspension Array System; BioRad Laboratories, Tokyo,
Japan). The 27 cytokines measured were IL-1b; IL-1 receptor
antagonist (IL-1ra); IL-2; I1L-4; IL-5; IL-6; IL-7; IL-8; IL-9; IL-10; IL-12;
IL-13; IL-15; 1L-17; eotaxin; basic fibroblast growth factor (bFGE);
granulocyte colony-stimulating factor (G-CSF); granulocyte macro-
phage colony-stimulating factor (GM-CSE); IFN-y; IFN-y-IP-10; MCP-1;
macrophage inflammatory protein (MIP)-1a and MIP-18 platelet-
derived growth factor BB (PDGF-BB); regulated on activation, normal
T-cell expressed and secreted (RANTES); tumor necrosis factor o
(TNF-o); and VEGE

IOVS, June 2012, Vol. 53, No. 7

Multiplex PCR

Human herpes virus (HHV) genomic DNA was assayed in vitreous
fluids by using two independent PCR assays (a qualitative multiplex
PCR assay and a quantitative real-time PCR assay) as described
previously.?”2® DNA was extracted from samples by using an E21
virus minikit (QIAGEN, Inc., Valencia, CA) installed on a robotic
workstation for automated purification of nucleic acids (BioRobot E21;
QIAGEN). Multiplex PCR was designed to qualitatively identify the
genomic DNA of the following 8 types of HHV: herpes simplex virus
type 1 (HSV-1 or HHV-1) and type 2 (HSV-2 or HHV-2), varicella zoster
virus (VZV or HHV-3), Epstein-Barr virus (EBV or HHV-4), cytomega-
lovirus (CMV or HHV-5), HHV6, HHV7, and HHVS8. Other ocular
pathogens were also tested, such as Propionibacterium acnes,
Toxoplasma, Toxocara, Bartonella benselae, Chlamydia trachomatis,
Treponema pallidum, Mycobacterium tuberculosis, Candida (18s
rRNA), Aspergillus (18s rRNA), and bacterial 16s rRNA. PCR was
performed with a LightCycler (Roche Diagnostics [Schweiz] AG,
Rotkreuz, Switzerland). Primers and probes used to detect HHV1 to
HHVS and the PCR conditions have all been described previously.?”
Specific primers for each virus were used with Accuprime 7ag
(Invitrogen, Carlsbad, CA). The templates were subjected to 40 cycles
of PCR amplification, and probes were then mixed with the PCR
products. Subsequently, real-time PCR was performed only for the
HHVs, with the genomic DNA detected by multiplex PCR. The real-
time PCR was performed with AmpliTaq Gold (Applied Biosystems,
Foster City, CA) and the Real-Time PCR 7300 system (Applied
Biosystems). All of the templates obtained were subjected to 45 cycles
of PCR amplification. The value of the viral copy number in the sample
was considered to be significant when more than 50 copies per tube (5
x 103 copies/mL) were observed.

Macular Thickness Measurement in Ocular
Sarcoidosis Patients

The patients who received surgical intervention and cytokine
measurements were also evaluated for macular thickness. Macular 3D
scans with the spectral-domain 3D-OCT 1000 (TOPCON, Itabashi,
Japan) were performed at 1 month after surgery. Patients were divided
into two groups on the basis of macular thickness, which was
calculated as the average thickness of macular area (fovea 1000 pm
across) * SD. The thin CME range (group 1; 10 patients and 12 eyes)
was 119.60 pum to 359.5 pm, and the thick CME range (group 2; 9
patients and 10 eyes) was 359.5 pm to 599.40 pum. Some patients
overlapped because of different status of disease in each eye.

Statistical Analysis

Statistical comparisons of the cytokine concentrations of the two
patient groups (sarcoidosis and ERM) were carried out by nonpara-
metric analysis with the Mann-Whitney U test. The statistical evaluation
of the data was performed by using Bonferroni correction. A P value
<0.025 was considered to be statistically significant. Statistical
comparisons of the macular thickness of three groups (CME grade)
were carried out by nonparametric analysis with the Mann-Whitney U
test.

REesuLts

Vitreous and Serum Levels of 27 Types of
Cytokines

The vitreous and serum levels of cytokines are shown in Tables
1 and 2. The levels of PDGFE-BB, 1L-1ra, 114, IL-5, 1L-6, IL-8, IL-9,
IL-10, IL-12, G-CSE IFN-y, IP-10, MCP-10, MIP-13, RANTES, TNF-
o, and VEGF were significantly higher in the vitreous from
patients with ocular sarcoidosis than in that of ERM (non-
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Tasie 1. Vitreous Fluid Levels of 27 Types of Cytokines Determined
by Using a Multiplex Bead Analysis System

Vitreous Cytokines in Sarcoid Uveitis 3829

Tasie 2. Serum Levels of 27 Types of Cytokines Determined by Using
a Multiplex Bead Analysis System

Sarcoidosis Sarcoidosis
Vitreous, ERM Vitreous, Vitreous, ERM Serum,
Mean = SE Mean * SE Mean *= SE Mean = SE

(N = 19) (N = 5) P Value (N = 19) (N = 5) P Value
PDGF-BB 74.54 = 12.89 1.29 *+ 0.81 0.0043* PDGF-BB 8703 £ 511.7 8526 = 1857 0.887
1-1P 0.60 * 0.08 1.07 * 0.78 0.1766 110 3.72 * 0.58 5.91 * 1.91 0.2268
IL-1ra 225.1 = 69.88 7.93 & 1.76 0.00081 -ira 206.9 * 22.42 223.3 *+ 42.87 0.887
-2 0.885 % 0.36 0 0.2526 12 5.12 * 3.04 54,21 = 49.40 0.721
1.4 0.67 * 0.09 0.02 * 0.02 0.0021* 14 6.96 = 1.25 5.76 * 2,04 0.4342
1L-5 0.41 = 0.07 0.02 * 0.02 0.0061* 15 2.76 * 0.23 25.99 * 23.60 0.8868
16 736 * 276.5 13.8 = 4.2 0.0008" 116 28.51 * 10.50 116.1 = 67.50 0.1355
-7 2693 * 3.59 9.68 * 3.27 0.0646 -7 9.79 * 0.89 8.12 + 2.45 0.3935
-8 161.3 * 65.95 16.78 = 7.52 0.0045* 11-8 415.7 * 193.3 791.3 * 340.3 0.2554
1L-9 28.87 * 9.04 1.96 * 1.01 0.0014* 1L-9 115.7 % 51.05 59.81 * 22.51 0.5695
1I-10 13.31 = 2.79 0.44 *= 0.14 0.00081 1L-10 5.325 *+ 091 543 * 1.64 0.8869
IL-12 33,10 * 12.02 1.40 = 1.23 0.0055* 12 40.26 *+ 6.12 83.49 + 46.87 0.6698
II-13 45.35 * 8.74 5.67 = 4.51 0.0251 IL-13 5.98 *+ 1.59 7.79 £ 3.54 0.4772
115 10.66 * 1.46 2.08 * 1.46 0.0257 1-15 0 1.522 + 1.27 0.0061*
1-17 1.49 * 0.49 0 0.3515 117 55.23 * 8.65 48.43 * 13.96 0.4339
Eotaxin 377 *+ 0.79 0.49 * 0.36 0.1409 Eotaxin 117.80 * 18.12 117.0 *+ 28.97 0.9433
bFGF 5.98 *+ 2.28 2.28 * 2.28 0.8413 bFGF 2311 = 593 43.42 = 21.66 0.5426
G-CSF 94.88 * 13.57 7.20 * 5.70 0.0055* G-CSF 28.46 * 4.19 28.52 * 8.69 1
GM-CSF 130.9 + 7.63 95.72 *+ 10.1 0.088 GM-CSF 8,56 *+ 2.67 77.93 * 62.45 0.1803
IFN-y 57.89 * 8.69 0.98 * 0.98 0.00081 TFN-y 63.06 * 7.97 124.9 + 62.16 0.6187
1P-10 58,249 * 4564 163.5 * 48.72 0.00081 1P-10 3485 * 555.2 1053 * 108.3 0.0105"
MCP-1 1556 * 232 321.1 *+ 489 0.0018* MCP-1 47.02 * 10.83 64.83 * 29.95 1
MIP-10 2.413 * 0.56 0 0.052 MIP-10 68.39 * 31.38 269.9 * 161.6 0.1176
MIP-1f3 66.98 * 9.89 6.06 = 2.04 0.0008t MIP-1f3 752.7 * 1715 1777 £ 789.1 0.2007
RANTES 71.21 = 15.75 0.52 * 0.52 0.0017* RANTES 4318 = 180.5 5077 * 520.2 0.1768
TNF-o 17.69 = 2,12 3.24 *+ 1.62 0.0055* TNF-o 52.21 = 8.79 172.2 + 76.81 0.0941
VEGF 155.0 & 99.59 18.88 * 17.67 0.0190% VEGF 103.9 *+ 13.71 109.4 = 30.01 0.9433

* More significant difference (P < 0.01).
T Most significant difference (P < 0.001).
+ Significant difference (P < 0.025).

sarcoid control) patients. Interestingly, although the levels of
these cytokines were much higher in vitreous fluid of patients
with ocular sarcoidosis, the differences in the serum cytokine
levels between these two groups (with only two exceptions)
were not significant. Serum IP-10 was significantly higher in
patients with ocular sarcoidosis than in those with ERM, but
the serum levels of IL-15 were significantly lower than in
patients with ERM.

The cytokine ratios of vitreous/serum in ocular sarcoidosis
and ERM are shown in Table 3. The vitreous/serum ratios of
PDGF-BB, 1L-1ra, 114, IL-5, IL-6, 11-12, 11-13, G-CSE IFN-y, IP-10,
MCP-1, MIP-1, RANTES, TNF-o, and VEGF were significantly
higher in ocular sarcoidosis samples than in those of ERM
(nonsarcoid control) patients.

The Relationship between Postoperative Macular
Thickness and Cytokine Concentrations

Data from the analysis of vitreous cytokines were compared
with macular thickness 1 month after surgery (Fig.). Macular
thickness in group 1 (10 patients and 12 eyes) was <359.5 um,
whereas measurements in group 2 (9 patients and 10 eyes)
were >359.5 um. The levels of most cytokines tend to increase
in patients within the thin CME group. Notably, IL-1ra (P =
0.02), IL-2 (P=0.03), IL-4 (P=0.03), I[L-8 (?=0.03), IFN-y (P=
0.03), IP-10 (P = 0.01), MCP-1 (P = 0.03), MIP-1f3 (P = 0.005),
and RANTES (P = 0.006) were significantly upregulated in
group 1. In contrast, the levels of PDGF-BB, IL-12, IL-13, bFGE,

* More significant difference (P < 0.01).
T Significant difference (P < 0.025).

G-CSE and VEGF seemed to be elevated in group 2 (no
statistical difference).

DiscussioN

To the best of the authors’ knowledge, this is the first study to
investigate both vitreous and serum levels of cytokines, using
multiplex ELISA analysis, in patients with ocular sarcoidosis.
These patients had high levels of several types of cytokines,
especially T helper 1 (Th-1)-related cytokines, in their vitreous
body. In their investigation of the relationship between
cytokine and clinical stage, the authors noticed that advanced
pathologic stage in the posterior segment (e.g., complications
such as severe CME) might be influenced by G-CSE VEGE and
PDGF-BB, which are highly associated with vascular leakage, as
previously reported.?3® In fact, only the cytokines that are
associated with vascular permeability tended to undergo
upregulation in the advanced CME stage. Previous reports
have suggested that VEGF is strongly associated with blood-
retina barrier (BRB) breakdown.'® In contrast, almost all of the
proinflammatory cytokines were downregulated in vitreous
fluid from patients with advanced-stage ocular sarcoidosis
(Fig.). It appears that numerous cytokines may be increased in
order to increase the lymphocyte infiltration in vitreous fluid
or macrophage infiltration into granulomas at the retinal layer.
There is the potential for an increase in BRB breakdown from
the high vitreous/serum ratio of cytokines, such as PDGF-BB,
IL-6, G-CSF, and VEGF, if so, all inflammatory and angiogenic
cytokine levels should increase in vitreous fluid after onset of
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TaBLE 3. Vitreous/Serum Ratio of 27 Types of Cytokines

Sarcoidosis ERM
Vitreous/Serum, Vitreous/Serum,
Mean * SE Mean = SE
(N=19) (N=5) P Value

PDGF-BB 0.006 = 0.001 0.0001 = 0.000009 0.0054*
IL-1B 0.61 = 0.33 0.22 = 0.20 0.0753 ns
IL-1ra 2.59 * 1.26 0.03 £ 0.01 0.0022*
-2 445 £ 2.83 0 0.1470 ns
L4 0.39 = 0.14 0.002 = 0.002 0.0017*
1L-5 0.21 £ 0.03 0.01 * 0.01 0.0096*
IL-6 90.69 * 25.11 0.93 £ 0.72 0.0018*
L7 2.97 = 0.59 1.91 £ 0.79 0.3555
18 431 + 1.29 0.09 * 0.05 0.0229 ns
L9 1.54 = 0.81 0.04 = 0.03 0.0262 ns
1L-10 15.44 = 8.79 449 * 446 0.0283 ns
1-12 1.12 = 0.44 0.008 * 0.005 0.0015%
1L-13 21.53 = 8.94 0.53 + 0.24 0.0129%
IL-15 Impossible 0 Not

to measure measured
IL-17 0.36 = 0.27 0 0.6944 ns
Eotaxin 0.36 = 0.27 0 0.6944 ns
bFGF 0 0 ns
G-CSF 12.83 * 5.06 0.27 £ 0.13 0.0028*
GM-CSF 21.86 = 5.08 9.88 * 7.57 0.1631 ns
IFN-y 1.88 + 0.61 0.02 = 0.02 0.0008%
IP-10 24.64 *+ 3.86 0.13 * 0.05 0.0008%
MCP-1 58.14 = 15.07 12.62 = 5.51 0.0157t
MIP-1a 0.17 = 0.05 0 0.0787
MIP-18 0.20 = 0.04 0.013 * 0.01 0.0028*
RANTES 0.02 = 0.004 0.0001 = 0.0001 0.0017*
TNF-o, 0.38 *+ 0.09 0.03 = 0.03 0.0017*
VEGF 0.81 = 0.30 0.01 = 0.007 0.0025*

ns, not specified.

* More significant difference (P < 0.01).
T Significant difference (P < 0.025).

+ Most significant difference (P < 0.001).

the clinical condition. Moreover, the cytokine level in vitreous
fluid for herpes virus or parasite infection, which might be
associated with high BRB breakdown, was much higher than
that for both nonocular sarcoidosis and ocular sarcoidosis.
However, the number of groups studied is too limited to allow
a comprehensive discussion for the present experiment.
Further investigations should be performed to analyze the
BRB breakdown, with comparison between blood and vitreous
albumin concentration.

Interestingly, IP-10 was the only cytokine that was found to
be elevated in both the vitreous body and serum of sarcoid
uveitis patients. IP-10, also known as C-X-C motif chemokine
10, is a chemokine that is induced by IFN-y and secreted from
monocytes and macrophages stimulated with IFEN-y. Because
IP-10 promotes the migration of T cells to sites of inflamma-
tion, it is an attractive candidate for further investigation of the
mechanisms promoting the development of sarcoid granulo-.
mas. IP-10 is strongly expressed in sarcoid granuloma tissue,?®
and IP-10 secretion from alveolar macrophages is highly
correlated with the CD4" T lymphocyte population. This
finding may indicate that IP-10 secreted from macrophages in
the granuloma tissue can regulate migration of CD4" T
Iymphocytes to the site of sarcoidosis during inflammatory
processes in the posterior segment of the eye. The amount of
CD4" T lymphocytes is related to IP-10 levels in BALF?%; the
authors observed a similar phenomenon in vitreous fluid
samples in an ongoing experiment (manuscript submitted).

IOVS, June 2012, Vol. 53, No. 7

The vitreous fluid from patients with ocular sarcoidosis had
high amounts of CD4" T lymphocytes, but not CD8" T
lymphocytes (data not shown; manuscript submitted). Report-
edly, serum levels of IP-10 in patients with sarcoidosis were
significantly higher than those of healthy volunteers; however,
peripheral blood mononuclear cells did not increase the IP-10
production.®! The present data indicated that IP-10 might be
secreted from local macrophages that had infiltrated granuloma
tissue in retina, vitreous fluid, or any other place in the body. In
fact, the authors found that retinas from patients with sarcoid
uveitis involved granulomas that contained CD68"™ macrophag-
es (data not shown). Therefore, serum levels of IP-10 probably
reflect the clinical state of sarcoid uveitis. High levels of Th-1-
type cytokines in vitreous fluid suggest that IP-10 cooperates
with Th-1-type cytokines, which act as local factors that
promote T cell activation and proliferation.

Several cytokines have angiogenic/vascular permeability
properties; for example, IL-6 increases vascular permeability.3?
Moreover, VEGF is a wellknown angiogenic factor that is
highly associated with vascular leakage in retinas of patients
suffering with diabetic retinopathy, retinal vascular occlusion,
or ROP. Vitreous levels of VEGF are significantly higher in eyes
of patients with proliferative ROP than in those of control
individuals, and VEGF is the only cytokine for which the
vitreous level is correlated with vascular activity in ROP eyes.??
Here, the authors intended to determine which cytokine(s)
were correlated with critical clinical issues, such as the
development of macular edema. The authors found that
vitreous cytokines that are proangiogenic and/or associated
with vascular leakage, such as VEGE PDGF-BB, and G-CSE
tended to be upregulated in patients with severe macular
edema (group 2), but not in patients with thin macular edema
(group 1). In contrast, other proinflammatory and proangio-
genic cytokines, such as MCP-1,34 RANTES, IL-1ra,3% and TNF-
,3¢ which are all associated with vascular permeability, were
downregulated in patients with severe macular edema.
Moreover, IP-10, which has antiangiogenic properties, was
significantly higher in the vitreous fluid of group 1 than in that
of group 2. IP-10 prevents corneal hemangiogenesis®’ and
inhibits growth and metastasis of lung carcinoma®®; based on
these findings, it is thought that high VEGF concentrations in
vitreous fluids may be associated with macular edema and may
enhance chronic inflammation. Furthermore, the balance of
both proangiogenic and antiangiogenic cytokines was main-
tained until severe macular edema developed. Most patients in
group 2 were treated with long-term steroids, or abandoned
disease status before surgery. The visual acuity did not improve
after surgery, most likely because of irreversible change of the
sensory retina caused by long-standing macular edema (data
not shown). Surprisingly, even in the patients who were
treated with steroids before surgery, the vitreous fluid had
higher cytokine levels than the vitreous fluid from the control
group. The results suggest that proinflammatory cytokines that
are upregulated in the vitreous fluid of ocular sarcoidosis
patients might be influenced by BRB breakdown. It proved
problematic to test for this in the present study because the
limited amount of vitreous sample precluded comparison
between serum and vitreous protein; however, VEGE PDGF-
BB, and G-CSF levels should be increased in primary status, not
in the late stage of disease such as in group 2. Therefore, the
authors believe that surgical intervention should be performed
at an early stage of macular edema (before development of
severe macular edema) for the purpose of removing proin-
flammatory cytokines from vitreous fluid.

Previous reports have shown that surgical intervention is
beneficial for improvement of CME or ERM caused by sarcoid
uveitis.3*40 Here, the authors performed vitrectomy for acute-
phase uveitis without CME or ERM. Diamond and Kaplan®!
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Ficure. The relationship between postoperative macular thickness and cytokine concentration in vitreous fluid at 1 month after operation. The y-
axis indicates the concentration of cytokines in vitreous fluid (pg/mL). The x-axis indicates the level of macular thickness. Patients were divided into
two groups by macular thickness (average thickness of macular area [fovea 1000 pum across] = DEV): thin CME range (1 = group 1) from 119.60 pm

to0 359.5 pm and thick CME range (2 = group 2) from 359.5 um to 599.40 um. Some patients overlapped because of different status of disease in each
eye. *P < 0.05.
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have suggested that removal of inflammatory mediators (such
as T cells) that accumulate in vitreous fluid in patients with
uveitis may have a beneficial effect on macular edema.
Likewise, the present study showed that removal of inflamma-
tory cells and cytokines may lead to suppression of ocular
inflammation. This report demonstrated that several proin-
flammatory cytokines persist at highly elevated levels in the
vitreous fluid of patients with ocular sarcoidosis. Moreover, the
authors confirmed that CD4™ T cells also infiltrated into the
vitreous fluid of patients with sarcoid uveitis (manuscript
submitted).

The authors found that the retinal granulomas also had P
acnes DNA (data not shown). As with pulmonary sarcoidosis,
the infectious theory should be considered for the etiology of
ocular sarcoidosis. However, because the sample number was
limited, further investigations and proper control samples are
required to elucidate the role of P acnes in ocular sarcoidosis.
Therefore, eliminating the continuous exposure to proinflam-
matory cytokines, proinflammatory cells, and infectious agents
(which were the key factors for inducing macular edema) by
surgical intervention should be a beneficial treatment for
preventing progression of uveitis. On the other hand, some
anti-inflammatory cytokines, such as IL-4 and RANTES, were
also upregulated in vitreous fluid in the present cases. These
cytokines seemed to increase in moderate inflammatory status
either to balance the Thl and Th2 status, or to recruit the T
regulatory cells for suppressing inflammation. Notably,
RANTES is likely to be a key chemokine for suppressing
inflammation in an experimental autoimmune uveitis model
for recruiting anti-inflammatory CD8* T cells.%? However, in
this study, the number of vitreous CD8" T lymphocytes did not
differ significantly in patients who had high RANTES level in
vitreous fluid (data not shown). Because the number of
patients was limited in this study, further studies are required
to investigate and analyze the relationship between RANTES
level and CD8* T lymphocytes in vitreous fluid.

The limitations of this study include the lack of an accurate
control group and the variability in the duration of postoper-
ative follow-up. In comparison, the level of IL-1§ in the vitreous
in infectious uveitis (153.24 * 117.33 pg/mL) was significantly
higher than in ocular sarcoidosis (0.60 = 0.08 pg/mL; P <
0.01). However, no specific elevation of cytokine was found in
ocular sarcoidosis. Further investigations should be performed
to analyze the specific elevation of cytokine in ocular
sarcoidosis. Despite this, these findings strongly suggest that
highly elevated levels of proinflammatory cytokines are
present in the vitreous fluid of patients with sarcoid uveitis,
and that surgical intervention may be beneficial by removing
excess proinflammatory cytokines from the vitreous fluid.
Further investigations are warranted.
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