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PURPOSE. To evaluate cytokine levels in the aqueous humor (AqH) of eyes with bullous
keratopathy (BK) and low endothelial cell density (ECD).
METHODS. A total of 145 AqH samples (60 BK, 16 low ECD, 35 corneal diseases with normal
ECD, and 34 normal controls) were collected from consecutive patients who underwent
corneal transplantation or cataract surgery. None of the patients had any clinically apparent
inflammation at the time of AqH collection. The AqH levels of cytokines (IL-1a, IL-1b, IL-2, IL4, IL-6, IL-8, IL-10, IL-12p70, IL-13, IL-17A, IFN-a, IFN-c, monocyte chemotactic protein [MCP]1, TNF-a, E-selectin, P-selectin, soluble intercellular adhesion molecule [sICAM]-1, granulocyte-macrophage colony-stimulating factor [GM-CSF], macrophage inflammatory protein
[MIP] -1a and MIP-1b) were compared among the groups.
RESULTS. The levels of IL-1a, IL-8, IL-17A, TNF-a, GM-CSF, MIP-1a, IFN-c, and E-selectin in the
AqH were significantly elevated in BK and low ECD eyes, compared with healthy controls (all
P < 0.03). The levels of IL-4, IL-6, IL-10, IL-12p70, IL-13, MCP-1, MIP-1b, P-selectin, and sICAM1 were significantly elevated only in BK eyes, compared with healthy control (all P < 0.001).
There were no significant differences in AqH cytokine levels between corneal diseases with
normal ECD and normal control eyes. Among BK eyes, the IL-6 and IFN-c levels were elevated
in eyes with pseudophakic BK (PBK), Fuchs’ endothelial corneal dystrophy (FECD),
postkeratoplasty, posttrabeculectomy, and postlaser iridotomy (LI) (all, P < 0.04), whereas
IL-1a, IL-10, IL-17A, MIP-1b, and sICAM-1 levels were elevated only in PBK, postkeratoplasty,
posttrabeculectomy, and post-LI eyes (all, P < 0.05).
CONCLUSIONS. Subclinical elevation of AqH cytokine levels may cause endothelial cell loss.
Keywords: bullous keratopathy, Fuchs’ endothelial corneal dystrophy, aqueous humor,
cytokine, endothelial cell density

ndothelial cell density (ECD) decreases with age,1–3 and in
various ocular conditions, including corneal endotheliitis,
uveitis, pseudoexfoliation syndrome, and birth injury.4–6 The
reduction of ECD is exacerbated over time after intraocular
surgery,7–9 and is a serious complication after corneal transplantation because it may lead to endothelial decompensation
and loss of vision.10–12 Risk factors for postoperative endothelial cell loss after penetrating keratoplasty (PKP) include donor
age, recipient age, graft diameter, lens status, glaucoma, graft
rejection, and peripheral corneal diseases.13–15 Recently, we
reported that a decrease in ECD after Descemet stripping
automated endothelial keratoplasty (DSAEK) was associated
with severe preexisting iris damage. The ECD decrease was
minimal in patients with a healthy iris, whereas it was rapid in
patients with severe iris damage.16 However, the reasons of the
endothelial cell loss in eyes with iris damage are unknown.
Anatomically, the aqueous humor (AqH) must play an
important role in reducing ECD. A combination of proinflammatory cytokines synergistically induces the apoptosis in
corneal endothelial cells in vitro.17 ECD is lower in eyes with
a history of uveitis and is correlated with the flare in the anterior
chamber, suggesting that environmental factors in the AqH can

E

directly influence the survival of endothelial cells.6 However, to
the best of our knowledge, the association between reduced
ECD and cytokine levels in the AqH is poorly understood. We
hypothesized that elevation of proinflammatory cytokines in the
AqH is associated with a decrease in ECD. We conducted a
prospective study to determine cytokine levels in the AqH in
eyes with various corneal disorders; bullous keratopathy (BK),
low ECD, and corneal diseases with normal ECD.

METHODS
This prospective consecutive study was performed in accordance with the Declaration of Helsinki. It was approved by the
institutional ethics review board of Tokyo Dental College,
Ichikawa General Hospital (I-15-51). Written informed consent
was obtained from all participants.

Patients
A total of 145 consecutive patients who underwent corneal
transplantation and cataract surgery at Tokyo Dental College
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TABLE 1. Demographics of All Subjects

No. of eyes
Age, y
Male/female
Axial length, mm
ECD, cells/mm2
CCT, lm

BK

Low ECD

Corneal Diseases
With Normal ECD

Control

P Value*

60
75.0 6 5.7
26/34
23.5 6 2.1
NA
782 6 150

16
77.6 6 6.5
5/11
23.2 6 2.4‡
757 6 331
532 6 50

35
68.3 6 15.5
17/18
24.6 6 2.0
2232 6 644
541 6 136

34
75.9 6 7.4
16/18
23.7 6 1.4
2783 6 334
534 6 19

0.074
0.685
0.0117
<0.0001
<0.0001

BK, bullos keratopathy; ECD, endothelial cell density; CCT, central corneal thickness; NA, not available.
* ANOVA.

from October 2015 to May 2016 were included. We did not
perform corneal transplantation and cataract surgery in eyes
with active inflammation in the cornea and the anterior
chamber. Thus, this study did not include such eyes. In eyes
with a history of uveitis (one eye with BK) and suspected
endotheliitis (one eye with BK and two with low ECD), we
confirmed that the anterior chamber did not contain cells,
ciliary injections, and keratoprecipitates before surgery.
Patients with severe ocular surface diseases (Stevens-Johnson
syndrome, one eye; ocular cicatrical pemphigoid, one eye;
thermal burn, one eye), or eyes in which we could not obtain
more than 60 lL AqH due to a shallow anterior chamber (five
eyes) were excluded. Low ECD was defined as ECD less than
1200 cells/mm2.18 Corneal diseases with normal ECD (defined
as 1500 cells/mm2 or more) included 18 eyes with old corneal
scars, 11 eyes with hereditary corneal epithelial/stromal
dystrophies (lattice corneal dystrophy 3a, 6 eyes; macular
corneal dystrophy, 3 eyes; and granular corneal dystrophy 2, 2
eyes) and 6 eyes with keratoconus. None of the eyes with
keratoconus had a history of acute hydrops. Healthy control
subjects were defined as patients who underwent cataract
surgery, without uveitis, corneal or intraocular surgeries,
diabetes mellitus, or inflammatory systemic diseases such as
ulcerative colitis or rheumatoid arthritis. All subjects in the
healthy control group had an ECD more than 2000 cells/mm2.
Ultimately, 145 eyes of 145 patients were included.

Aqueous Humor Samples
The AqH was obtained under sterile conditions at the
beginning of surgery after retrobulbar anesthesia in corneal
transplantation or topical anesthesia in cataract surgery. First,
paracentesis was placed at the clear cornea. Aqueous humor
sample containing 70 to 300 lL was obtained using a 27-gauge
needle taking care not to touch the iris, the lens, or corneal
endothelium. The samples were centrifuged at 3000g for 5
minutes. The soluble factions were collected and stored at 80
degrees celsius until cytokine levels could be measured.

Cytokine Level Measurements
The cytokine levels (IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL12p70, IL-13, IL-17A, IFN-a, IFN-c, monocyte chemotactic
protein [MCP]-1, TNF-a, E-selectin, P-selectin, soluble intercellular adhesion molecule [sICAM]-1, granulocyte-macrophage
colony-stimulating factor [GM-CSF], and macrophage inflammatory protein [MIP]-1a and MIP-1b) in AqH samples were
measured using Luminex (ProcaPlex kit; Luminex, San
Antonio, TX, USA) beads-based multiplex immunoassay according to previous reports.19 Briefly, 50 lL AqH samples were
incubated with antibody-coated capture beads in an incubation
buffer at room temperature. After 2 hours’ incubation, the
beads were washed three times using washing buffer, and
phycoerythrin-labeled streptavidin was added for 30 minutes in
the dark at room temperature. After having been washed three
times with washing buffer, plates were resuspended in 150 lL
reading buffer, and the assays were performed using a Luminex
200 (Luminex).

Statistical Analysis
The data were analyzed using Prism software (version 6.04 for
Windows; GraphPad Software, Inc., San Diego, CA, USA). The
D’Agostino and Pearson omnibus normality test was used to
assess whether the data showed a normal distribution. To
compare differences in cytokine levels among the groups, the
Kruskal-Wallis test with Dunn’s multiple comparisons test was
used. Spearman’s correlation analyses were used to evaluate
the correlations between the AqH cytokine levels and the
number of previous ocular surgeries; these included cataract
surgery, trabeculectomy (TLE), vitrectomy, PKP, DSAEK, deep
anterior lamellar keratoplasty (DALK), and laser iridotomy (LI).
The data are expressed as the mean 6 SD. A P value less than
0.05 was considered statistically significant.

RESULTS
Patient Demographics

Protein Concentration Measurements
The protein concentrations of AqH samples were determined
using the DC protein assay (Bio-Rad, Hercules, CA, USA). The
reactions were based on the Lowry assay, and measured
according to the manufacturer’s instructions. In brief, BSA was
used as a standard in the range of 0.23 to 1.37 mg/mL. Samples
(5 lL) of BSA and AqH were added to 96-well microplates,
followed by immediate addition of a mixture containing 25 lL
reagent AþS and 200 lL reagent C. After 15 minutes of
incubation at room temperature in the dark, the microplates
were read at 690 nm and 405 nm using a microplate reader
(Model 550; Bio-Rad). Concentrations were calculated by the
subtraction method using the microplate manager system (BioRad).

Downloaded from iovs.arvojournals.org on 05/13/2021

The mean age, sex, axial length, and ECD of the subjects are
summarized in Table 1. The causes of BK included 16 eyes with
pseudophakic BK (PBK), 13 eyes with Fuchs’ endothelial
corneal dystrophy (FECD), 12 eyes with postkeratoplasty (KP),
8 eyes with post-TLE, 8 eyes with post-LI, 1 eye with trauma, 1
eye with birth injury, and 1 eye with postendotheliitis (Table
2). In the PBK group, all of the eyes had posterior chamber
IOLs and no eyes had an anterior chamber IOLs. Post-KP
included eyes with endothelial decompensation after PKP
(nine eyes), DSAEK (two eyes), and DALK (one eye). The
causes of low ECD included seven eyes with post-LI, three with
FECD, two with postendotheliitis, and four of unknown
etiology. None of the subjects had active intraocular inflammation in the cornea and/or anterior chamber, such as cells in
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TABLE 2. Demographics of Subjects With BK

No. of eyes
Age, y
Male/female
Axial length, mm
ECD, cells/mm2
CCT, lm
No. of past surgeries
Range
Median

PBK

FECD

Post-KP

Post-TLE

Post-LI

16
74.4 6 11.3
8/8
24.1 6 2.9
NA
756 6 144
1.6 6 1.1

13
75.0 6 5.7
6/7
24.2 6 2.3
NA
697 6 128
0.5 6 0.4

12
67.6 6 14.1
7/5
23.7 6 1.2
NA
806 6 182
2.8 6 1.5

8
73.5 6 13.2
4/4
24.1 6 1.2
NA
801 6 181
2.5 6 1.1

8
75.6 6 5.4
0/8
22.2 6 0.9
NA
693 6 17
1.4 6 0.7

1–5
1

0–1
0

1–6
3

1–4
2

1–3
1

BK, bullous keratopathy; PBK, pseudophakic bullous keratopathy; KP, keratoplasty; TLE, trabeculectomy; LI, laser iridotomy; NA, not available.

the anterior chamber, keratoprecipitates, corneal epithelial
defects and infiltrates, and ciliary injections based on slit-lamp
findings. There was a significant difference only in axial length
between the groups (Table 1, P ¼ 0.0117, ANOVA; P ¼ 0.0148
between the low ECD and the corneal disease with normal
ECD groups): presumably because the mean axial length was
26.8 6 1.2 mm in eyes with keratoconus. The central corneal
thickness (CCT) in the BK group was significantly larger than
the low ECD, corneal disease with normal ECD, and control
groups (P < 0.0001), whereas there were no significant
differences in CCT among the low ECD, corneal disease with
normal ECD, and control groups (P > 0.99).

Aqueous Humor Protein Level
The level of AqH protein was significantly higher in the BK
group than in the low ECD, corneal disease with normal ECD,
and control groups (Fig. 1) (P ¼ 0.0199, P < 0.0001, and P <
0.0001, respectively), whereas there were no significant
differences among the low ECD, corneal disease with normal
ECD, and control groups (all, P > 0.99).

Cytokine Levels in AqH
The levels of IL-1a, IL-8, IL-17A, TNF-a, GM-CSF, MIP-1a, IFN-c,
and E-selectin in the AqH were significantly elevated in BK and
low ECD eyes, compared with normal control eyes (Fig. 2, all P
< 0.03). The levels of IL-4, IL-6, IL-10, IL-12p70, IL-13, MCP-1,
MIP-1b, P-selectin, and sICAM-1 in the AqH were significantly
elevated only in BK eyes (Fig. 3, all P  0.001). There were no
significant differences in cytokine levels between corneal
diseases with normal ECD and healthy controls.

Cytokine Levels in the AqH of BK Subgroups
Among BK eyes, the IL-6 and IFN-c levels in the AqH were
significantly elevated in all PBK, FECD, post-KP, post-TLE, and
post-LI eyes, whereas the levels of IL-1a, IL-4, IL-8, IL-10, IL17A, MIP-1b, and sICAM-1 were elevated only in PBK, post-KP,
post-TLE, and post-LI eyes, not in FECD eyes (Figs. 4A, 4B).
Interleukin-12p70 and E-selectin levels were significantly
elevated in PBK, post-TLE, and post-LI eyes (Fig. 4C), and IL13 level was significantly elevated in PBK, post-KP, and post-LI
eyes (Fig. 4C).

Correlations Between Cytokine Levels in AqH and
the Number of Previous Ocular Surgeries
The cytokine levels in AqH are elevated after ocular surgeries,
such as trabeculectomy and cataract surgery.9,15,20–23 To assess
the influence of previous ocular surgeries on the cytokine
levels in AqH, we conducted a correlation analysis between the
two (Table 3). The number of previous ocular surgeries was
strongly positively correlated with the following cytokine
levels: IL-1a (r ¼ 0.47, P < 0.0001), IL-4 (r ¼ 0.46, P < 0.0001),
IL-6 (r ¼ 0.50, P < 0.0001), IL-8 (r ¼ 0.50, P < 0.0001), IL-10 (r
¼ 0.48, P < 0.0001), IL-13 (r ¼ 0.38, P < 0.0001), IL-17A (r ¼
0.32, P < 0.0001), MIP-1b (r ¼ 0.42, P < 0.0001), sICAM-1 (r ¼
0.42, P < 0.0001), MCP-1 (r ¼ 0.26, P ¼ 0.001), P-selectin (r ¼
0.26, P ¼ 0.001), and E-selectin (r ¼ 0.29, P ¼ 0.0002). The
number of previous ocular surgeries was moderately positively
correlated with the following cytokine levels: IL-1b (r ¼ 0.17, P
¼ 0.049), IL-12p70 (r ¼ 0.21, P ¼ 0.009), GM-CSF (r ¼ 0.26, P ¼
0.002), TNF-a (r ¼ 0.20, P ¼ 0.01), and IFN-a (r ¼ 0.17, P ¼
0.03). There were no significant correlations between the
number of previous ocular surgeries and MIP-1a or IFN -c levels
(both, P > 0.05).

DISCUSSION

FIGURE 1. Protein level in AqH. The level of AqH protein was
significantly higher in the BK group than the low ECD, corneal disease
with normal ECD, and control groups (P ¼ 0.0199, P < 0.0001, and P <
0.0001, respectively).
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The levels of cytokines, such as IL-1a, IL-8, IL-17A, TNF-a, and
IFN-c in AqH were significantly elevated in eyes with BK and
low ECD, whereas the levels of cytokines, such as IL-6 and
MCP-1, were elevated only in eyes with BK. Although there
were individual differences in the cytokine levels among the
etiologies of BK, IL-6 and IFN-c levels were greater in all
etiologies of BK, compared with healthy controls, whereas the
levels of some cytokines, such as IL-1a, IL-8, IL-13, IL-17A, and
MIP-1b increased in eyes with BK, except eyes with FECD.
Under normal conditions, the adult human cornea loses
endothelial cells at a rate of 0.6% per year.24 The annual rate of
endothelial cell loss is 2.5% per year after cataract surgery,21
and 2.6% to 7.8% per year after PKP with no postoperative
complications.11,25 Although some clinical factors, such as
cataract surgery, anterior chamber IOL, glaucoma surgery,
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FIGURE 2. Elevated cytokine levels in eyes with BK, low ECD. The levels of IL-1a, IL-8, IL-17A, TNF-a, GM-CSF, MIP-1a, IFN-c, and E-selectin in the
AqH were significantly elevated in BK and low ECD eyes, compared with healthy controls (all P  0.03). The red lines represent the median of each
cytokine level.

uveitis, and iris damage score have been identified as the risk
factors for reduced ECD,6,9,13,16,25,26 the exact mechanism is
unknown.
The corneal endothelium represents the innermost cellular
layer of the human cornea, directly facing the AqH. In recent
years, increased cytokine levels in AqH have been reported to be
associated with pathogenesis and intraocular alteration in
various ocular diseases; FECD,22,27 graft rejection,28,29 uveitis,30–32 glaucoma,19,32 AMD,33,34 and retinal vein occlusion.35–37 Maier et al.28 evaluated IL-2, IL-4, IL-5, IL-10, and
IFN-c levels in 18 AqH samples that were collected at the time of
PKP and reported that the cytokine levels in AqH were
predictive of graft rejection. Kawai et al.23 reported that AqH
levels of MCP-1 and IL-8 were elevated 1 to 2 years after
phacoemulsification because the proliferated lens epithelial
cells produced MCP-1. However, little is known about the
association between decrease in ECD and cytokine levels in AqH
in vivo. Interestingly, Sagoo et al.17 reported that the combined
stimulation of IL-1a, IFN-c, and TNF-a synergistically induced
apoptosis in corneal endothelial cells in vitro. In the current
study, we showed that the AqH levels of all of these cytokines
were elevated in eyes with BK and low ECD. Although the exact
mechanism of cytokine elevation needs to be confirmed in
future studies, it is possible that AqH cytokines play an
important role in reducing ECD. Because this was a crosssectional study, to demonstrate the accelerated reduction of
ECD by the specific cytokines, there is a need for a prospective
longitudinal study on the effects of AqH cytokine levels on the
long-term ECD decrease after corneal transplantation.
The levels of cytokines increased to different degrees in BK
eyes. Only IL-6 and IFN-c were significantly elevated in FECD
eyes, compared with the control eyes; however, the increase
was minimal, compared with the other BK eyes. Matthaei et
al.22 characterized the epithelial-mesenchymal transition
(EMT)-related cytokines (TGF-b, MCP-1, and IL-1b) in the
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AqH and reported the simultaneous elevation of TGF-b and
MCP-1 in pseudophakic FECD eyes, although there were no
differences in EMT-related cytokines between phakic FECD
eyes and healthy controls. Thus, they concluded that EMTrelated aqueous cytokines did not have a primary role in in the
pathogenesis of FECD.22 In the current study, we did not find
significant difference in MCP-1 levels between normal and
FECD eyes (there were seven phakic and six pseudophakic
eyes in the FECD group). Richardson et al.27 conducted AqH
proteome analyses in FECD eyes and found an elevation of
complement C3, and a decrease in afamin, which is a
protective protein against oxidative stress. Therefore, there
might be some difference in the mechanism of ECD loss in
FECD eyes compared with eyes with other etiologies of BK,
such as PBK, post-KP, post-TLE, and post-LI. In contrast, IFN-c
was elevated in eyes with low ECD and BK in all etiologies,
including FECD. Sugita et al.38 reported that human corneal
endothelial cells suppressed IFN-c production by CD-4þ T cells
via programmed death-ligand 1 in vitro. In the current study,
although we did not measure the IL-2 levels in AqH, the IL-4
levels were elevated in eyes with BK and low ECD. Previous in
vitro studies have reported that endothelial cells inhibit IL-2
and IL-4 production by inhibiting T cells.39,40
It is probable that AqH cytokine levels are elevated in eyes
with active inflammation, leading to ECD loss. Lapp et al.41
reported that proinflammatory mediators from monocytes are
sufficient to induce the cell death of a human corneal
endothelial cell line in vitro and death of primary human
corneal endothelial cells in corneal buttons ex vivo. Eom et
al.42 reported the elevation of IL-1 and IFN-c levels after argon
LI induced apoptosis of endothelial cells in an animal model.
We postulate that these results17,41,42 involved a rapid decrease
in the ECD in response to proinflammatory stimuli. In the
present study, it is noteworthy that AqH cytokine levels were
elevated, although we collected all samples during a clinically
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FIGURE 3. Elevated cytokine levels only in BK. The levels of IL-4, IL-6, IL-10, IL-12p70, IL-13, MCP-1, MIP-1b, P-selectin, and sICAM-1 in the AqH
were significantly elevated only in BK eyes, compared with healthy controls (all P  0.001). There were no significant differences in cytokines levels
between corneal diseases with normal ECD and normal controls. The red lines represent the median of each cytokine level.

noninflammatory period. Reports on long-term ECD alteration
have suggested that decrease in ECD may result from the
breakdown of the blood-aqueous barrier (BAB).7,21 Regarding
chronic inflammation of the anterior chamber, a previous study
that used laser flare photometry reported a correlation
between ECD and flare in the anterior chamber of eyes with
a history of uveitis.6 Elevated flare can persist in people with a
history of uveitis, even after the resolution of anterior chamber
cells.43 However, the laser flare photometer cannot identify
specific proteins. In the present study, we found that cytokine
levels in AqH were elevated in eyes with BK and low ECD. We
postulate that chronic proinflammatory cytokines cause loss of
endothelial cells as proposed by Armitage et al.,11 who used
biexponential models of rapid and slow components in ECD
decrease.
We demonstrated that the aqueous levels of the adhesion
molecules of E-selectin, P-selectin, and sICAM-1 increased in
eyes with BK. These molecules play important parts in the
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other diseases, such as asthma,44 atopic dermatitis,45 and
coronary artery disease.46,47 Recently, Dohlman et al.48
reported that E-selectin, not P-selectin, mediates the trafficking
of immune cells in graft rejection after murine corneal
transplantation. The current study is the first report on Eselectin, P-selectin, and sICAM-1 in human AqH. Future study
on the incidence of graft rejection in eyes with elevated Eselectin may provide us a novel biomarker to predict the
higher risk for graft rejection.
The presence of systemic inflammatory diseases and the
administration of systemic or topical steroids can affect
cytokine levels in AqH. However, none of our patients had
systemic inflammatory diseases, such as rheumatoid arthritis,
Sjögren’s syndrome, or inflammatory bowel disease. In
addition, although no patients were administered systemic
steroid, topical steroids were used in 21 eyes in the BK group
(10 eyes in post-KP, 8 eyes in PBK, and 3 eyes in post-TLE),
when the AqH samples were collected. We compared protein

Aqueous Cytokine Levels in Eyes With Bullous Keratopathy

IOVS j November 2016 j Vol. 57 j No. 14 j 5959

FIGURE 4. Cytokine levels in subgroups of eyes with BK. Among BK eyes, the IL-6 and IFN-c levels in the aqueous humor significantly elevated in all
subgroups including PBK, FECD, post- KP, post-TLE, and post-LI (A), whereas the levels of IL-1a, IL-4, IL-8, IL-10, IL-17A, MIP-1b, and sICAM-1 in the
AqH were elevated only in PBK, post-KP, post-TLE, and post-LI, not in FECD eyes (B). The IL-12p70 and E-selectin levels were significantly increased
in PBK, post-TLE, and post-LI eyes, and IL-13 level was significantly increased in PBK, post-KP, and post-LI eyes (C). The red lines represent the
median of each cytokine level.
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TABLE 3. Correlation Between Aqueous Cytokine Levels and the
Number of Previous Ocular Surgeries
P Value

Cytokine

< 0.005*

IL-1a, IL-4, IL-6, IL-8, IL-10, IL-13, IL-17A, MIP-1b,
sICAM-1 MCP-1, E-selectin, P-selectin
IL-1b, IL-12p70, GM-CSF, TNF-a, IFN-a
MIP-1a, IFN -c

< 0.05*
0.05 Þ

Spearman’s correlation analysis.
* All positive correlation.

and cytokine levels between eyes administered topical steroids
(21 eyes) and those that did not receive them (39 eyes) in the
BK group. The levels of protein and ICAM-1 were significantly
higher in eyes given topical steroids (P ¼ 0.032 and P ¼ 0.034,
respectively). However, there were no statistical differences in
other cytokine levels (P > 0.10). Although there might have
been bias due to the decision to use topical steroids in severe
cases, we suggest that there must be some other detrimental
factors causing the elevation of AqH cytokines.
Levels of specific cytokines in the AqH, such as IL-6, IL-10,
MCP-1, P-selectin, and sICAM-1, were significantly elevated
only in BK eyes, not in eyes with low ECD. Moreover, the
increased levels of AqH protein, indicating breakdown of the
BAB, were observed only in eyes with BK. We suggest that the
differences in elevated cytokine levels between the BK and low
ECD groups are important, because there would be expected
to be no difference, if the elevated levels of these cytokines
were the only cause for the reduction in ECD. BK may not only
affect the condition of corneal edema due to endothelial pump
dysfunction, but may also cause elevated AqH cytokines and
breakdown of BAB after dysfunction in endothelial cell
immunomodulatory properties.38–40,49,50 Although inflammatory conditions might be a cause of endothelial cell loss in the
current study, previous reports have shown that endothelial
cells regulate inflammation by suppressing T-cell activation38–40 and cytokine production49 and promoting regulatory
T cells.50
What is the reason for the subclinical inflammation in the
anterior chamber? Under normal conditions, the anterior
chamber is an immunosuppressive microenvironment. Streilein et al.51 reported that ocular immune privilege is under
neural control. The cornea is the most innervated tissue in the
body, and corneal tissue, as well as the AqH, contain
immunosuppressive neuropeptides.51 The corneal endothelium transports the corneal fluid into the AqH via its pump
function. It is tempting to suggest that the corneal endothelium
transports immunosuppressive substances, such as neuropeptides, from the corneal tissue into the AqH, helping to maintain
homeostasis in the anterior chamber and BAB. Moreover,
recent clinical studies have shown that decreases in the
corneal nerve are associated with ECD loss.52,53 We previously
reported that corneal denervation resulted in a decreased ECD,
which could be rescued by the administration of neuropeptide
in animal experiments. (Yamaguchi T, et al. IOVS 2014;55:ARVO E-Abstract 2077). Although the endothelial cells, iris, and
ciliary body have immunosuppressive properties of their
own,54,55 future studies on interaction among the corneal
nerve, ECD, BAB, and cytokines/neuropeptides in AqH will be
invaluable in understanding the mechanisms of immune
homeostasis in the anterior chamber.
This study had some limitations. First, the number of the
previous ocular surgeries varied among the groups, which may
have introduced bias. We confirmed the significant correlation
between some cytokine levels in AqH and the number of
previous surgeries, which is in line with previous studies.20,22,23 However, although the number of the previous
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surgeries was small (0.5 6 0.5, ranging from 0 to 1) in eyes
with a low ECD, the aqueous levels of IL-1a, IL-8, IL-17A, TNFa, GM-CSF, MIP-1a, IFN-c, and E-selectin were significantly
elevated in eyes with a low ECD, compared with healthy
controls, suggesting that ocular surgeries were not the solitary
factor responsible for the elevation of cytokine levels. Further
studies using multivariate analyses are necessary to assess
clinical factors associated with elevated levels of cytokines and
decreases in ECD. Another limitation of this study is that we
could not conclude that the elevation of proinflammatory
cytokines directly caused the decrease in ECD. In the future,
proteome analysis of AqH may enable the identification of
some therapeutic targets to prevent ECD loss after ocular
surgeries. Third, the effects of cataract surgery, trabeculectomy,
and corneal transplantation on the ECD may be different.
Although it is still controversial, trabeculectomy may have the
greatest effect on ECD loss, based on previous studies and our
clinical experience.56–58 We plan to use multivariate analyses
in future studies to compare the effects of surgeries on AqH
cytokine levels and long-term ECD.
In conclusion, the levels of cytokines, such as IL-1a, IL-4,
IFN-c, and TNF-a are elevated in eyes with BK and low ECD.
Among the etiologies of BK, the levels of IL-1a, IL-4, IL-8, IL-10,
and sICAM were elevated except for eyes with FECD. The
number of previous ocular surgeries was positively correlated
with the levels of some cytokines, suggesting that the ocular
surgery can alter the environmental conditions in the anterior
chamber, leading to endothelial cell loss and BK.
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