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Purpose: To investigate the effect of cysteamine (CYS) on mixed peripheral blood mononuclear cells (PBMCs) - human
corneal endothelial cell (HCEC) reaction (MLER).
Methods: PBMC stimulation assay was performed using cultured HCEC. MLERs were treated with various
concentrations of CYS (0–20 mM). The proliferation rate and secretion profiles of transforming growth factor-β1 (TGF-
β1) and interleukin-6 (IL-6) of PBMCs stimulated by cultured HCEC were determined using bromodeoxyuridine
proliferation assay and enzyme-linked immunosorbent assay, respectively.
Results: CYS suppressed PBMC proliferation in a dose-dependent manner (p<0.001). The intracellular reactive oxygen
species (ROS) levels decreased with an increase in CYS concentration (p<0.001). The levels of TGF-β1 and IL-6 decreased
in a dose-dependent manner as well (p=0.011 and 0.003, respectively).
Conclusions: This study showed that CYS decreased PBMC proliferation, IL-6 and TGF-β1 levels via ROS formation.
Our results suggest that CYS could suppress inflammation associated with PBMCs to corneal endothelial cells.

Allograft corneal transplantation is widely performed to
treat corneal diseases, including bullous keratopathy, Fuchs’
endothelial dystrophy, and corneal opacity [1]. Rejection is a
major complication after allograft corneal transplantation
[1-3]. The cornea has been described as an immune-privileged
site because cornea has no blood or lymphatic vessels [4].
Allograft rejection after penetrating keratoplasty or
endothelial transplantation. However, corneal endothelial
rejection can cause persistent graft edema and failure [1,5]
while epithelial rejection is usually self limited. Suppression
of corneal endothelial rejection is important to maintain
endothelial function and transparency of grafts [6]. Many
drugs have been developed to suppress the inflammation
associated with organ transplantation including corneal
endothelial rejection after corneal transplant [7-9]. The
mainstay is the use of immunosuppressive agents including
rapamycin, steroid, and cyclosporine A [10].

Recently, reactive oxygen species (ROS) has been
described to induce the inflammation [11,12]. It has been
reported that antioxidants play an essential role in inhibiting
inflammation [13,14]. However, there has been no study about
the role of antioxidants in corneal endothelial rejection after
corneal transplantation. Cysteamine (CYS) is a simple
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aminothiol that participates in various physiologic processes,
including amino acid transport, disulfide reduction, protein
synthesis, and protection against oxidative damage [15-18].
CYS has been described as an anti-oxidant [19]. CYS
enhances glutathione (GSH) synthesis under various forms of
toxic stress [18]; furthermore, it exerts a potent and prolonged
anti-inflammatory effect [20,21]. In this study, we
investigated the effects of CYS on corneal endothelilal
rejection via the interactions between peripheral blood
mononuclear cells (PBMCs) and human corneal endothelial
cells (HCECs).

METHODS
This study was performed according to the tenets of the
Declaration of Helsinki, and was reviewed and approved by
the institutional review board/ethics committee of Hallym
University Medical Center. HCECs were obtained from
discarded corneal-scleral rings after penetrating keratoplasty.
These tissues were stored in Optisol™-GS (Bausch and Lomb
Inc., Rochester, NY) at 4 °C until processed for culture.

Human corneal endothelial cell culture: HCECs were
cultured in accordance with previously published methods
[22]. HCECs from the remnant donor tissues after corneal
transplantation were harvested on or before the 7th day after
death. All of the cells remained attached to Descemet’s
membrane. The endothelial cells and Descemet’s membrane
complex were incubated for 1 h in 0.02% EDTA solution,
stirred vigorously with a flame-polished pipette to disrupt cell
junctions, centrifuged for 5 min at 3000× g, and seeded onto
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culture plates coated with FNC coating mix (Athena Enzyme
System, Baltimore, MD) containing bovine fibronectin
(10 μg/ml) and bovine type I collagen (35 μg/ml). The cells
were then cultured in OptiMem-I media (GIBCO/BRL Life
technologies, Grand Island, NY) supplemented with 8% FBS
(Cambrex Bio Science, Walkersville, MD), 200 mg/l of
calcium chloride (Sigma Chemical Co. St. Louis, MO), 0.08%
chondroitin sulfate (Sigma Chemical Co.), 20 μg/ml ascorbic
acid (Sigma Chemical Co.), 100 μg/ml pituitary extract
(Invitrogen, Grand Island, NY), 5 ng/ml epidermal growth
factor (Sigma Chemical Co.), 20 ng/ml nerve growth factor
(Sigma Chemical Co.), 10 μg/ml gentamicin (Invitrogen),
100 IU/ml penicillin (Cambrex Bio Science, Walkersville,
MD), 100 IU/ml streptomycin (Cambrex Bio Science), and
2.5 μg/ml amphotericin (Cambrex Bio Science) under an
atmosphere of 5% CO2. The medium was changed every 2
days. At confluence, the cells were split 1 to 3, and cells from
passage 4 were used for experiments.

Immunofluorescence staining: HCECs cultured on cover
glasses in 12-well plates were washed with phosphate
buffered saline (PBS) and fixed for 20 min in 3.7%
formaldehyde solution. The cells were permeabilized for 10
min with 0.5% Triton X-100 and blocked for 1 h with 1% BSA
at room temperature. After washing, the cells were incubated
overnight with rabbit polyclonal antibody to zonular
occludence-1 (ZO-1; Zymed Laboratories, San Francisco,
CA) at 4 °C, then washed with PBS. The cells were incubated
with FITC-conjugated donkey anti-rabbit IgG antibody
(1:100) for 1 h at 37 °C in the dark, then counterstained with
Hoechst nuclear staining dye (1:2,000; Molecular Probes,
Leiden, The Netherlands) in accordance with the
manufacturer’s recommendations. After extensive washing
with PBS, the slides were mounted in a drop of mounting
medium to reduce photobleaching. Negative control staining
was conducted in parallel with the omission of primary
antibodies.

PBMC isolation: Heparinized fresh whole blood (10 IU
heparin/ml) was diluted 1:2 with PBS solution. The peripheral
blood mononuclear cell (PBMC) fraction was obtained by
Ficoll-Hypaque centrifugation. The cells were then washed in
PBS before culture. The PBMCs were cultured for 24 h at
37 °C at a density of 1×106 cells/well in Roswell Park
Memorial Institute (RPMI) medium supplemented with 5%
(vol/vol) fetal calf serum. The viability of PBMCs was
measured by trypan blue dye exclusion and was consistently
greater than 98%. The cells were then suspended in
RPMI-1640 (Invitrogen-Life Technologies).

Mixed PBMC–HCEC reaction (MLER): PBMC
stimulation assay was performed to determine
immunoreactivity, as previously described [23,24]. In this
study, mitomycin C-treated HCECs (5×105/ml) were used as
stimulating cells. These cells were incubated with 25 µg/ml
mitomycin C for 30 min in a 5% CO2 humidified incubator.

Residual mitomycin C was removed by repeated washing (3
times) with RPMI 1640 containing 10% fetal bovine serum.
Then, the stimulating and responding cells were cocultured in
100 μl of RPMI 1640 in 96-well plates and incubated for 2
days either with 0–20 mM CYS. After incubation, PBMC
proliferation was measured using a commercial
bromodeoxyuridine (BrdU) proliferation assay kit (Roche
Diagnostics GmbH., Mannheim, Germany) according to the
manufacturer’s protocol. One hundred microliters of PBMC
cell suspension (1×106 cells/well) was added to 5 wells of flat-
bottomed 96-well plates. Unstimulated PBMCs served as the
negative control, whereas PBMCs treated with
phytohemagglutinin (PHA, 5 µg/ml; Sigma Chemical Co.)
served as the positive control. Optical density was measured
at 450 nm with an enzyme-linked immunosorbent assay
(ELISA) reader. The results are expressed as mean (standard
deviation [SD]). Three times of experiments were repeated.
Proliferation rates were calculated as the percentage increase
in the number of cells between PHA-stimulated and
unstimulated cultures after subtracting the corresponding
blanks. Proliferation rates were calculated as follows:
percentage of BrdU proliferation (%)=(mean optical density
(O.D.) in sample – mean O.D. in unstimulated cultures) /
(mean O.D. in PHA-stimulated cultures - mean O.D. in
unstimulated cultures) × 100.

Enzyme-linked immunosorbent assay (ELISA): The
supernatant was collected after centrifugation at 300× g for 10
min, and frozen at −70 °C until used to determine the cytokine
levels. The levels of interleukin-6 (IL-6) and transforming
growth factor-β (TGF-β) in the PBMC culture medium were
assayed using commercial human IL-6 and TGF-β ELISA kits
(R&D Systems, Minneapolis, MN) according to the
manufacturer’s protocols. The sensitivity limit of each ELISA
was ~15 pg/ml. In brief, anti-human TGF-β1 or IL-6 antibody
was added to each well of a 96-well microtiter plate and
incubated overnight at room temperature (RT). The next day,
each well was washed with washing buffer, filled with a
blocking buffer (pH 7.4) containing 1% BSA, and then
incubated at RT for 1 h. One hundred-microliter standard
dilutions of human TGF-β1 or IL-6 (obtained from the
experimental samples) were dispensed into the wells of a 96-
well microtiter plate; these wells were coated with an
appropriate polyclonal antibody. The plate was sealed and
incubated at RT for 2 h. After incubation, the plates were
washed 4 times, and 100 μl of goat anti-human TGF-β1 or
IL-6 antibody conjugated to horseradish peroxidase was
added to each well, and the plates were incubated at RT for 2
h. One hundred-microliter aliquots of a color reagent (3,3′,
5,5′-tetramethylbenzidine [TMB]) were then applied to the
plates for 20 min to obtain a blue color; the reaction was
stopped by adding 50 μl of 1 M H2SO4. The absorbance was
measured at 450 nm by using an automatic plate reader with
a 570 nm reference wavelength.
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Figure 1. Human corneal endothelial cell examination. Inverted phase-contrast imaging (A) and immunofluorescent ZO-1 staining (B) of the
human corneal endothelial cells. Human corneal endothelial cells were observed in mosaic pattern. Immunofluorescence with anti-ZO-1
antibody, a general marker of the tight junction, revealed the morphology. The nuclei were stained using Hoechst 33342 (blue). Magnification,
200×.
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Measurement of intracellular reactive oxygen species
formation: Reactive oxygen species (ROS) formation was
measured using the oxidation-sensitive fluorescent probe,
2′7′-dichlorofluorescein diacetate (DCFH-DA; D6665;
Sigma Chemical Co.); this measurement is based on the ROS-
dependent oxidation of DCFH-DA to 2′7′-dichlorofluorescein
(DCF). MLERs were incubated with 0–20 mM CYS for 48 h,
suspension cells were collected, and were then centrifuged at
300× g for 10 min. The supernatant was discarded, and the
cells were washed with PBS. Then, the cell suspension was
centrifuged at 300× g for 10 min. Subsequently, 200 µl of
10 μM DCFH-DA was added, and the cells were incubated
for further 30 min at 37 °C in darkness. These cells were then
washed with PBS. Intracellular ROS production was
measured using the previously described DCFH-DA
microplate assay method [22]. We used a spectrofluorometer
(SFM 25; Kontron Instruments, Basel, Switzerland) to
measure ROS generation by the fluorescence intensity in each
well at an excitation wavelength of 495 nm and an emissions
wavelength of 530 nm. Relative intensities of DCF
fluorescence were calculated by setting the fluorescence
intensity of the PHA-stimulated cultures to 100% after
subtracting the corresponding blanks.

RESULTS
HCECs culture: The cultured HCECs showed growth (Figure
1A). Immunofluorescence with ZO-1, a marker of the tight
junction, revealed the morphology (Figure 1B). The nuclei
were stained with Hoechst Mann–Whitney U test).

Intracellular ROS measurement: CYS decreased intracellular
ROS levels in a dose-dependent manner (p<0.001; Kruskal–

Wallis test; Figure 2). The DCF assay showed that a CYS
concentration of ≥0.5 mM reduced the intracellular ROS
levels (p=0.006, 0.006, 0.004, and 0.004, respectively; Mann–
Whitney U test).
IL-6 secretion profiles of activated PBMCs: CYS decreased
IL-6 levels in a dose-dependent manner (p=0.003; Kruskal–
Wallis test; Figure 3). CYS concentration of ≥1 mM
significantly lowered the IL-6 levels (p=0.034, 0.021, and
0.021, respectively; Mann–Whitney U test).
TGF-β1 secretion profiles of activated PBMCs: The TGF-β1
levels decreased with an increase in CYS concentration
(p=0.011; Kruskal–Wallis test; Figure 4). A CYS
concentration of ≥1 mM significantly lowered the TGF-β1
levels (p=0.034, 0.034, and 0.021, respectively; Mann–
Whitney U test).33342.
PBMC stimulation assay: Mitomycin C-treated HCECs were
used as stimulating cells. CYS suppressed PBMC
proliferation in a dose-dependent manner (p<0.001; Kruskal–
Wallis test; Figure 5). PBMC proliferation was suppressed
with ≥1 mM of CYS (p=0.016, 0.009, and 0.009, respectively;

DISCUSSION
Endothelial rejection involves inflammatory signals,
including keratic precipitates and inflammation in the anterior
chamber [1,5]. Leukocyte counts in the graft bed are inversely
correlated with actuarial graft survival [25]. Corneal
endothelial rejection has been known as the most severe form
of rejections [26,27]. Two forms of endothelial rejection have
been described [27]. Khodadoust line in endothelial rejection
usually originates at a vascularized area of the cornea [27], or
at the site of an anterior synechiae [26]. Within a few days,

Figure 2. Relative 2′
′dichlorofluorescein (DCF)
fluorescence. CYS decreased
intracellular ROS levels in a dose-
dependent manner (p<0.001; Kruskal–
Wallis test). PHA-stimulated PBMCs
served as the positive control and
unstimulated PBMCs served as the
negative control. *: statistically
significant by the Mann–Whitney U
test.
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the line extends across the donor cornea, destroying
endothelial cells, depositing keratic precipitates. The other
form is diffuse endotheliitis although diffuse keratic
precipitates are not visible. Endothelial rejection is one of
inflammatory responses. Endothelial rejection is one of
inflammatory responses although the corneal endothelial cell
rejection has been known to be mediated by a chronic adaptive
immunity [28] and it is not well established that simply
inflammation plays a major role in this process. Thus, the
interaction between PBMC and HCEC is important for graft
survival.

In this study, we showed that CYS suppresses PBMC
proliferation and decreases intracellular ROS levels in a dose-
dependent manner. CYS is an antioxidant that enhances
intracellular GSH levels. Moreover, CYS may act as a
scavenger of superoxide free radicals and hydrogen peroxide
[29]. ROS have been described to modulate inflammation and
tissue repair [30]. Although ROS causes cell death at high
level [22], a low level of ROS has been described to mediate
cell signaling events in inflammation as a second messenger
[30]. Reduction of intracellular ROS can reduce the cell
proliferation and inflammatory response. Nuclear factor-

Figure 4. TGF-β levels measured by
enzyme-linked immunosorbent assay
(ELISA). CYS decreased TGF-β levels
in a dose-dependent manner (p=0.011;
Kruskal–Wallis test). PHA-stimulated
PBMCs served as the positive control
and unstimulated PBMCs served as the
negative control. *: statistically
significant by the Mann–Whitney U
test.

Figure 3. IL-6 levels measured by
ELISA. The IL-6 levels decreased with
an increase in the CYS concentration
(p=0.003; Kruskal–Wallis test). PHA-
stimulated PBMCs served as the
positive control and unstimulated
PBMCs served as the negative control.
*: statistically significant by the Mann–
Whitney U test.
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erythroid 2-related factor 2 (Nrf2), a redox-sensitive
transcription factor, has been implicated in cellular responses
to oxidative stress; Nrf2 inhibits nuclear factor kappa B (Nf-
κB) [31,32], which plays a key role in immune response and
inflammation [33]. Thus, CYS may exert an anti-
inflammatory effect by reducing intracellular ROS formation.
In addition, CYS suppressed the levels of IL-6 and TGF-β1,
which are the cytokines secreted by PBMCs [34,35]. Nf-κB
has been reported to induce the activation of IL-6 gene
expression [36,37] and to be regulated by TGF-β1 [38,39].
IL-6 is a proinflammatory cytokine that plays multiple roles
during injuries and inflammation [32]. IL-6 levels in the
human aqueous humor have been reported to rise during
corneal endothelial immune reactions [40,41]. It has been
reported that the specific release of proinflammatory
cytokines from alloreactive infiltrating cells, results in
apoptosis in the corneal endothelium [42]. TGF-β1 is a
multifunctional cytokine [43]. Although the role of TGF-β1
in corneal endothelial rejection is yet unclear, TGF-β1 has
been reported to be induced by tissue injuries, participate in
tissue fibrosis [40], and regulate inflammation and fibrosis
[44]. TGF-β1 has been reported to modulate Nf-κB [38,39],
which plays a key role in inflammatory response [33]. Thus,
TGF-β1 might regulate the immune response during corneal
endothelial rejection.

In our previous study, we showed that, while 10 mM of
CYS is not toxic to cultured corneal endothelial cells, higher
concentrations of CYS are lethal [45]. We also reported that
CYS protects HCECs against oxidative injury-mediated cell
death by inhibiting ROS production at high concentrations of
CYS [45]. Therefore, low concentrations of CYS could not
only effectively suppress inflammation but also be nontoxic
to corneal endothelial cells.

In conclusion, this study showed that CYS decreased
PBMC proliferation, IL-6 and TGF-β1 levels via ROS

formation. Our results suggest that CYS could suppress
inflammation associated with PBMCs to corneal endothelial
cells. However, further in vivo studies are required.

ACKNOWLEDGMENTS
This study was supported by the Korea Science and
Engineering Foundation (KOSEF) grant (2010–0021571)
funded by the Korea government (MEST) and by a grant from
Hallym University Medical Center Research Fund (01–2010–
10).

REFERENCES
1. Panda A, Vanathi M, Kumar A, Dash Y, Priya S. Corneal graft

rejection. Surv Ophthalmol 2007; 52:375-96. [PMID:
17574064]

2. Des Marchais B, Bazin R, Boisjoly HM, Laughrea PA, Dubé I,
Lille S, Roy R. Role of presensitization and donor-recipient
crossmatching in corneal graft outcome. Cornea 1998;
17:141-5. [PMID: 9520188]

3. Jonas JB, Rank RM, Budde WM. Immunologic graft reactions
after allogenic penetrating keratoplasty. Am J Ophthalmol
2002; 133:437-43. [PMID: 11931775]

4. Streilein JW. Anterior chamber associated immune deviation:
the privilege of immunity in the eye. Surv Ophthalmol 1990;
35:67-73. [PMID: 2204129]

5. Levenson JE, Brightbill FS. Endothelial rejection in human
transplants. Arch Ophthalmol 1973; 89:489-92. [PMID:
4574759]

6. Coster DJ, Williams KA. The Impact of Corneal Allograft
Rejection on the Long-Term Outcome of Corneal
Transplantation. Am J Ophthalmol 2005; 140:1112-22.
[PMID: 16376660]

7. Morris RE, Wu J, Shorthouse R. A study of the contrasting
effects of cyclosporine, FK 506, and rapamycin on the
suppression of allograft rejection. Transplant Proc 1990;
22:1638-41. [PMID: 1697111]

Figure 5. PBMC stimulation test.
Cultured human corneal endothelial
cells were used as stimulating cells.
Cysteamine (CYS) suppressed PBMC
proliferation in a dose-dependent
manner (p<0.001; Kruskal–Wallis test).
PHA-stimulated PBMCs served as the
positive control and unstimulated
PBMCs served as the negative control.
*: statistically significant by the Mann–
Whitney U test.

Molecular Vision 2011; 17:3371-3378 <http://www.molvis.org/molvis/v17/a363> © 2011 Molecular Vision

3376

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17574064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17574064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9520188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11931775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2204129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=4574759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=4574759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16376660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16376660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=1697111
http://www.molvis.org/molvis/v17/a363


8. McMahon G, Weir MR, Li XC, Mandelbrot DA. The evolving
role of mTOR inhibition in transplantation tolerance. J Am
Soc Nephrol 2011; 22:408-15. [PMID: 21355051]

9. Chon WJ, Josephson MA. Leflunomide in renal transplantation.
Expert Rev Clin Immunol 2011; 7:273-81. [PMID:
21595593]

10. Collier SJ. Immunosuppressive drugs. Curr Opin Immunol
1989-1990; 2:854-8. [PMID: 2484794]

11. Li YJ, Takizawa H, Kawada T. Role of oxidative stresses
induced by diesel exhaust particles in airway inflammation,
allergy and asthma: their potential as a target of
chemoprevention. Inflamm Allergy Drug Targets 2010;
9:300-5. [PMID: 20887268]

12. Sasaki M, Ikeda H, Sato Y, Nakanuma Y. Proinflammatory
cytokine-induced cellular senescence of biliary epithelial
cells is mediated via oxidative stress and activation of ATM
pathway: a culture study. Free Radic Res 2008; 42:625-32.
[PMID: 18608517]

13. Fuchs J, Milbradt R. Antioxidant inhibition of skin
inflammation induced by reactive oxidants: evaluation of the
redox couple dihydrolipoate/lipoate. Skin Pharmacol 1994;
7:278-84. [PMID: 8054210]

14. Eberlein M, Scheibner KA, Black KE, Collins SL, Chan-Li Y,
Powell JD, Horton MR. Anti-oxidant inhibition of hyaluronan
fragment-induced inflammatory gene expression. J Inflamm
(Lond) 2008; 5:20. [PMID: 18986521]

15. Szabo S, Reichlin S. Somatostatin in rat tissues is depleted by
cysteamine administration. Endocrinology 1981;
109:2255-7. [PMID: 6118261]

16. Deleuze S, Goudet G. Cysteamine supplementation of in vitro
maturation media: a review. Reprod Domest Anim 2010;
45:e476-82. [PMID: 20210887]

17. Anand T, Kumar D, Chauhan MS, Manik RS, Palta P.
Cysteamine supplementation of in vitro maturation medium,
in vitro culture medium or both media promotes in vitro
development of buffalo (Bubalus bubalis) embryos. Reprod
Fertil Dev 2008; 20:253-7. [PMID: 18255014]

18. Maher P, Lewerenz J, Lozano C, Torres JL. A novel approach
to enhancing cellular glutathione levels. J Neurochem 2008;
107:690-700. [PMID: 18702664]

19. Kessler A, Biasibetti M, Feksa LR, Rech VC, Melo DA, Wajner
M, Dutra-Filho CS, Wyse AT, Wannmacher CM. Effects of
cysteamine on oxidative status in cerebral cortex of rats.
Metab Brain Dis 2008; 23:81-93. [PMID: 18030610]

20. Salam OM. Modulation of inflammatory paw oedema by
cysteamine in the rat. Pharmacol Res 2002; 45:275-84.
[PMID: 12030790]

21. El-Shenawy SM, Abdel-Salam OM, Baiuomy AR, El-Batran S,
Arbid MS. Studies on the anti-inflammatory and anti-
nociceptive effects of melatonin in the rat. Pharmacol Res
2002; 46:235-43. [PMID: 12220966]

22. Shin YJ, Kim JH, Seo JM, Lee SM, Hyon JY, Yu YS, Wee WR.
Protective effect of clusterin on oxidative stress-induced cell
death of human corneal endothelial cells. Mol Vis 2009;
15:2789-95. [PMID: 20019877]

23. Mosmann T. Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays.
J Immunol Methods 1983; 65:55-63. [PMID: 6606682]

24. Pathak S, Goldofsky E, Vivas EX, Bonagura VR, Vambutas A.
IL-1β Is Overexpressed and Aberrantly Regulated in

Corticosteroid Nonresponders with Autoimmune Inner Ear
Disease. J Immunol 2011; 186:1870-9. [PMID: 21199898]

25. Williams KA, White MA, Ash JK, Coster DJ. Leukocytes in the
graft bed associated with corneal graft failure: analysis by
immunohistology and actuarial graft survival.
Ophthalmology 1989; 96:38-44. [PMID: 2465520]

26. Smolin G, Biswell R. Corneal graft rejection associated with
anterior iris adhesion: case report. Ann Ophthalmol 1978;
10:1603-4. [PMID: 365038]

27. Khodadoust AA, Silverstein AM. Transplantation and rejection
of individual cell layers of the cornea. Invest Ophthalmol
1969; 8:180-95. [PMID: 4887869]

28. Maenz M, Morcos M, Ritter T. A comprehensive flow-
cytometric analysis of graft infiltrating lymphocytes, draining
lymph nodes and serum during the rejection phase in a fully
allogeneic rat cornea transplant model. Mol Vis 2011;
17:420-9. [PMID: 21321672]

29. Kessler A, Biasibetti M, Feksa LR, Rech VC, Melo DA, Wajner
M, Dutra-Filho CS, Wyse AT, Wannmacher CM. Effects of
cysteamine on oxidative status in cerebral cortex of rats.
Metab Brain Dis 2008; 23:81-93. [PMID: 18030610]

30. Khodr B, Khalil Z. Modulation of inflammation by reactive
oxygen species: implications for aging and tissue repair. Free
Radic Biol Med 2001; 30:1-8. [PMID: 11134890]

31. George L, Lokhandwala MF, Asghar M. Exercise activates
redox-sensitive transcription factors and restores renal D1
receptor function in old rats. Am J Physiol Renal Physiol
2009; 297:F1174-80. [PMID: 19759268]

32. Vallières L, Rivest S. Interleukin-6 is a needed proinflammatory
cytokine in the prolonged neural activity and transcriptional
activation of corticotropin-releasing factor during
endotoxemia. Endocrinology 1999; 140:3890-903. [PMID:
10465257]

33. Tak PP, Firestein GSNF. -κB: a key role in inflammatory
diseases. J Clin Invest 2001; 107:7-11. [PMID: 11134171]

34. Schindler R, Mancilla J, Endres S, Ghorbani R, Clark SC,
Dinarello CA. Correlations and interactions in the production
of interleukin-6 (IL-6), IL-1, and tumor necrosis factor (TNF)
in human blood mononuclear cells: IL-6 suppresses IL-1 and
TNF. Blood 1990; 75:40-7. [PMID: 2294996]

35. Korpinen E, Groop PH, Fagerudd JA, Teppo AM, Akerblom
HK, Vaarala O. Increased secretion of TGF-beta1 by
peripheral blood mononuclear cells from patients with Type
1 diabetes mellitus with diabetic nephropathy. Diabet Med
2001; 18:121-5. [PMID: 11251675]

36. Libermann TA, Baltimore D. Activation of interleukin-6 gene
expression through the NF-kappa B transcription factor. Mol
Cell Biol 1990; 10:2327-34. [PMID: 2183031]

37. Bhat-Nakshatri P, Newton TR, Goulet R Jr, Nakshatri HNF. -
κB activation and interleukin 6 production in fibroblasts by
estrogen receptor-negative breast cancer cell-derived
interleukin 1α. Proc Natl Acad Sci USA 1998; 95:6971-6.
[PMID: 9618523]

38. Mou HB, Lin MF, Huang H, Cai Z. Transforming growth factor-
β1 modulates lipopolysaccharide-induced cytokine/
chemokine production and inhibits nuclear factor-κB,
extracellular signal-regulated kinases and p38 activation in
dendritic cells in mice. Transplant Proc 2011; 43:2049-52.
[PMID: 21693323]

Molecular Vision 2011; 17:3371-3378 <http://www.molvis.org/molvis/v17/a363> © 2011 Molecular Vision

3377

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21355051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21595593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21595593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2484794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20887268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18608517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18608517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=8054210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18986521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6118261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20210887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18255014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18702664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18030610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12030790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12030790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12220966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=20019877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=6606682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21199898
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2465520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=365038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=4887869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21321672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18030610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11134890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19759268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10465257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10465257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11134171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2294996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11251675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=2183031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9618523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9618523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21693323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21693323
http://www.molvis.org/molvis/v17/a363


39. Murillo MM, Carmona-Cuenca I, Del Castillo G, Ortiz C,
Roncero C, Sánchez A, Fernández M, Fabregat I. Activation
of NADPH oxidase by transforming growth factor-beta in
hepatocytes mediates up-regulation of epidermal growth
factor receptor ligands through a nuclear factor-kappaB-
dependent mechanism. Biochem J 2007; 405:251-9. [PMID:
17407446]

40. Flynn TH, Mitchison NA, Ono SJ, Larkin DF. Aqueous humor
alloreactive cell phenotypes, cytokines and chemokines in
corneal allograft rejection. Am J Transplant 2008;
8:1537-43. [PMID: 18557741]

41. Funding M, Vorum H, Nexo E, Moestrup SK, Ehlers N, Moller
HJ. Soluble CD163 and interleukin-6 are increased in aqueous
humour from patients with endothelial rejection of corneal
grafts. Acta Ophthalmol Scand 2005; 83:234-9. [PMID:
15799739]

42. Sagoo P, Chan G, Larkin DF, George AJ. Inflammatory
cytokines induce apoptosis of corneal endothelium through

nitric oxide. Invest Ophthalmol Vis Sci 2004; 45:3964-73.
[PMID: 15505043]

43. Klass BR, Grobbelaar AO, Rolfe KJ. Transforming growth
factor β1 signalling, wound healing and repair: a
multifunctional cytokine with clinical implications for wound
repair, a delicate balance. Postgrad Med J 2009; 85:9-14.
[PMID: 19240282]

44. Ma FY, Tesch GH, Ozols E, Xie M, Schneider MD, Nikolic-
Paterson DJ. TGF-β1-activated kinase-1 regulates
inflammation and fibrosis in the obstructed kidney. Am J
Physiol Renal Physiol 2011; 300:F1410-21. [PMID:
21367917]

45. Shin YJ, Seo JM, Chung TY, Hyon JY, Wee WR. Effect of
cysteamine on oxidative stress-induced cell death of human
corneal endothelial cells. Curr Eye Res 2011; 36:910-7.
[PMID: 21950696]

Molecular Vision 2011; 17:3371-3378 <http://www.molvis.org/molvis/v17/a363> © 2011 Molecular Vision

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 18 December 2011. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.

3378

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17407446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17407446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18557741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15799739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15799739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15505043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15505043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19240282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19240282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21367917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21367917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21950696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=21950696
http://www.molvis.org/molvis/v17/a363

