@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

BIOMEDICAL REPORTS 12: 319-325, 2020

Anti-inflammatory effects of glycine thymosin 34
eye drops in experimental dry eye
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Abstract. The aim of the present study was to investigate the
anti-inflammatory effects of glycine thymosin 4 (Gly-Tp4)
eye drops, and to compare the efficacy of topical Gly-Tp4
with Cyclosporine A (CsA) in a mouse model of experi-
mental dry eye (EDE). Eye drops consisting of balanced salt
solution (BSS), 0.1% Gly-Tp4 or 0.05% CsA were used for
treatment of EDE. Tear volume, tear film break-up time and
corneal staining scores were measured after 7 and 14 days.
Periodic acid-Schiff staining for conjunctival gobleT cells,
TUNEL assay for corneal apoptotic positive cells, multiplex
immunobead assay for interleukin (IL)-1p, IL-6, tumor
necrosis factor-a and interferon-y levels, and flow cytometry
for CD4*/CCR5* T cells were performed after 14 days. All
clinical parameters showed improvement in the Gly-Tp4 and
CsA groups (all P<0.05). Significantly increased conjunctival
gobleT cells and decreased corneal TUNEL positive cells were
observed in the Gly-Tp4 and CsA groups. The Gly-Tf34 and
CsA treated groups showed significantly reduced inflamma-
tory cytokine levels and T cells in the conjunctiva compared
with the EDE and BSS groups (all P<0.05). However, there
were no significant differences observed in the inflammatory
and clinical parameters between the Gly-Tf34 and CsA treat-
ment groups. Topical application of 0.1% Gly-Tp4 significantly
reduced inflammation on the ocular surface, as well as clinical
parameters of EDE, with a similar efficacy to that of 0.05%
CsA emulsions, suggesting that Gly-Tp4 eye drops may be
used as a therapeutic agent for treatment of dry eye disease.
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Introduction

Dry eye disease (DED) is a chronic and progressive ocular
disorder that is frequently encountered in ophthalmic prac-
tice (1,2). According to the definition and classification proposed
by the Dry Eye Workshop II, dry eye is a multifactorial disease
of the ocular surface characterized by loss of homeostasis of the
tear film and accompanied by ocular symptoms, such as ocular
surface disease index (3). Tear film instability, hyperosmolarity,
ocular surface inflammation and damage, and neurosensory
abnormalities serve major roles in the etiology of the condi-
tion (4,5). The pathology of DED is closely associated with
inflammation in the cornea and conjunctiva, which primarily
involves T cells (5-8). Current treatment for DED includes artifi-
cial tears, immunomodulatory agents and corticosteroids (9-12).
Cyclosporine A (CsA) 0.05% ophthalmic emulsions is one of
the standard treatments for inflammatory DED; however, it does
not completely relieve inflammation on the ocular surface (13).

Thymosin 4 (TP4) is a 43-amino acid peptide that is a
major constituent protein found in platelets, macrophages
and polymorphonuclear cells (14,15). T4 downregulates
inflammatory mediators by inhibiting activation of nuclear
factor-xB (NF-xB) (16). Additionally, T4 regulates
pro-inflammatory signaling in microglia and controls
inflammatory processes in the brain (17). In ophthalmology,
application of topical T4 significantly improves clinical signs
and symptoms in patients with DED (18,19).

Glycine-Tp4 (Gly-Tp4) is a small peptide which is a single
glycine terminal residue addition to TP4. Gly-Tp4 promotes
corneal epithelial repair by increasing the migration of corneal
epithelial cells and reducing the production of inflammatory
cytokines in a rabbit model of ocular alkali burn (20).

Although topical T4 was shown to improve tear film
parameters in clinical DED, there are no studies evaluating the
effect of T4 on inflammatory molecules or cells in the ocular
surface of DED, to the best of our knowledge. In the present
study, the effects of topical 0.1% Gly-Tp4 on inflammation,
apoptosis and conjunctival gobleT cell density, as well as tear
film and ocular surface parameters were determined, and the
treatment efficacy of Gly-Tp4 was compared with 0.05% CsA
in a mouse model of experimental dry eye (EDE).
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Materials and methods

Animal model of EDE. The research protocol used in the present
study was approved by the Chonnam National University School
Research Institutional Animal Care and Use Committee. All
animals were treated in accordance with ARVO Statement for
the Use of Animals in Ophthalmic and Vision Research (arvo.
org/About/policies/statement-for-the-use-of-animals-in-ophthal
mic-and-vision-research/). Female C57BL/6 mice (n=35) aged
6-8 weeks were used in the following experiments. EDE was
induced by subcutaneous injection of 0.5 mg/0.2 ml scopolamine
hydrobromide (Sigma Aldrich; Merck KGaA) three times a day
(9 a.m., 1:30 p.m. and 6 p.m.) with exposure to an air draft and
30% ambient humidity, as previously described (13,21). During
these experiments, animal behavior, and food and water intake
were not restricted. Mice were randomly divided into five groups
according to the topical treatment administered as follows:
i) Untreated control mice that were not exposed to desiccating
stress or topical treatment (UT group); ii) EDE mice that were
exposed to desiccating stress but were not administered eye drops
(EDE groupy); iii) EDE mice treated with balanced salt solution
(BSS; obtained from Alcon) (BSS group); iv) EDE mice treated
with 0.05% CsA (Restasis®, Allergan, Ltd.) (CsA group); and
v) EDE mice treated with 0.1% Gly-Tp4. Gly-Tp4 was prepared
at 0.1% by Huons Co., Ltd. based on the results of preliminary
experiments (Fig. S1; Gly-T[34 group). A total of 2 ul eye drops
was applied topically to both eyes three times a day in BSS and
0.1% Gly-Tp4 groups, and twice a day in 0.05% CsA group
until they were euthanized. Clinical parameters, including tear
volume, tear film break-up time (TBUT) and corneal staining
scores (CSS) were measured 7 and 14 days after treatment. The
clinical measurements were taken 3 h after the last scopolamine
injection and application of eye drops. After measurement of
the clinical parameters, the mice were euthanized, and periodic
acid-Schiff (PAS) staining, TUNEL assay, multiplex immuno-
bead assay, and flow cytometry were performed as described
below. Each group consisted of six animals, and the experiments
were performed on three independent sets of mice.

Evaluation of tear film and ocular surface parameters. Tear
volume was measured using phenol red-impregnated cotton
threads (Zone-Quick; Oasis Medical, Inc.) 3 h after the last
scopolamine injection, as previously described (22,23). The
thread was placed on the lower conjunctival fornix at approxi-
mately one-third of the lower eyelid distance from the lateral
canthus for 20 seconds. The length of the wet red thread was
measured in millimeters under a photomicroscope (magnifi-
cation, x1; SMZ 1500; Nikon Corporation). A standard curve
was plotted to convert distance into volume.

A total of 1 ul 1% sodium fluorescein was instilled into
the inferior conjunctival sac using a micropipette. After three
blinks, TBUT was recorded in sec using slit lamp biomi-
croscopy (magnification, x16; BQ-900; Haag-Streit) under
cobalt blue light. After a total of 90 sec, punctate staining of
the corneal surface was evaluated by a researcher who was
blinded to the therapeutic conditions. Each cornea was divided
into four quadrants, which were scored individually. CSS was
calculated using a 4-point scale, based on a previous study (24):
0, absent; 1, slightly punctate staining <30 spots; 2, punctate
staining >30 spots, but not diffuse; 3, severe diffuse staining
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but no positive plaque; and 4, positive fluorescein plaque. The
four scores were added to generate a final grade; the maximum
possible score was 16 points.

Histology. The eye and the adnexa were surgically excised,
fixed in 4% paraformaldehyde overnight at 4°C, dehydrated in
a gradient concentration of ethanol (70-100%), and embedded
in paraffin. Serial sections were cut from the lateral and
medial borders of each paraffin block (6 ym thick slices) and
stained with PAS reagent (cat. no. 395B-1 KT; Sigma-Aldrich
Corporation) for 15 min at room temperature. Sections
obtained from four animals in each group were examined and
imaged with a light microscope (magnification, x10; Olympus
Corporation) equipped with a digital camera. GobleT cell
density in the superior and inferior conjunctiva was measured
in three sections from each eye using Image-Pro version 10.0.5;
Medial Cybernetics, Inc.) and was expressed as the number of
goble T cells per 100 pm.

TUNEL staining. A TUNEL assay was used to detect the 3'
hydroxyl ends of fragmented DNA, an early event in the apop-
totic cascade, and used to identify apoptotic cells. The eye and
the adnexa were surgically excised, fixed in 4% paraformalde-
hyde overnight at 4°C and embedded in paraffin. Staining was
performed using a DeadEnd™ Fluorometric TUNEL system
(Promega Corporation), according to the manufacturer's
protocol. Stained tissues were mounted on slides, the nuclei were
visualized with DAPI present in the ProLong Gold Antifade
Mounting Medium (Invitrogen; Thermo Fisher Scientific, Inc.)
and the tissues were observed using a Leica TCS SP5 AOBS
laser scanning confocal microscope (Leica Microsystems,
GmbH) under a Leica x63 (N.A. 1.4) oil objective. Cell images
were obtained separately with the following fluorescence
excitation and emission settings: Excitation at 405 and 488 nm
and emission between 424-472 and 502-550 nm for TUNEL
assay and DAPI, respectively. TUNEL positive cells and
nuclear staining with DAPI in the cornea were viewed under a
fluorescent microscope (magnification, x20).

Multiplex immunobead assay. A multiplex immunobead
assay (Luminex 200; Luminex Corporation) was used to
measure the concentrations of interleukin (IL)-1, IL-6, tumor
necrosis factor (TNF)-a and interferon (IFN)-y (all from
Milliplex®, EMD Millipore; cat. no. MCYTOMAG-70K) in
the conjunctiva, as previously described (21). The tissues were
collected and pooled in TissueLyser lysis buffer (Qiagen, Inc.)
containing protease inhibitors for 30 min. The cell extracts
were centrifuged at 14,000 x g for 15 min at 4°C, and the
supernatants were stored at -70°C until use. After centrifuga-
tion, each sample (10 pg/25 ul/well) was added to a 96-well
plate and incubated overnight at 4°C in the dark, with 25 ul 1x
beads coupled to mouse cytokine/chemokine-specific anti-
bodies. Serial dilutions of each cytokine/chemokine were also
added to wells in the same plate, to generate a standard curve.
The following day, the beads were washed and mixed with
25 ul 1x biotinylated secondary cytokine/chemokine antibody
mixture for 1 h at room temperature, followed by washing and
subsequent incubation with 25 ul streptavidin-phycoerythrin
for 30 min at room temperature (both steps performed in the
dark). After a final wash, the wells were resuspended with
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100 pl assay buffer. The reactions were detected after addi-
tion of streptavidin-phycoerythrin using an analysis system
(xPONENT; Luminex Corporation). Concentrations of the
cytokines in the tissues were calculated from standard curves
of known concentrations of recombinant mouse cytokines.

Flow cytometry. Flow cytometry was performed to measure
the proportion of CD4*/CCR5* T cells from conjunctiva using
a previously described method (25). Tissues from each group
were harvested, dipped in PBS, teased apart with scissors,
and shaken at 37°C for 60 min in the presence of 0.5 mg/ml
collagenase type D (Roche Applied Science). After incuba-
tion, the tissues were homogenized by grinding with a syringe
plunger and passed through a cell strainer with a pore size
of 100 ym. Cells were centrifuged at 450 x g at 4°C for
7 min and re-suspended in PBS with 1% BSA. The samples
were incubated with monoclonal antibodies. For detecting
CD4*/CCR5* double-stained cells, the samples were incu-
bated with fluorescein-conjugated anti-mouse CD4 antibody
(0.5 mg/ml; cat. no. 553651; BD Biosciences) and phycoer-
ythrin-conjugated anti-mouse CCR5 antibody (0.5 mg/ml,;
cat. no. 559923; BD Biosciences), or isotype control antibody
(cat. nos. 553929 and 559841; BD Biosciences) at 4°C for
30 min. After 30 min of incubation, the cells were washed in
PBS. The cells were then centrifuged three times in 1 ml PBS
and resuspended. The number of CD4*/CCR5* T cells were
counted using a FACSCalibur flow cytometer (BD Biosciences)
with CellQuest software (version 5.2.1; BD Biosciences).

Statistical analysis. SPSS version 18.0; SPSS, Inc.) was used for
all statistical analyses. Results are presented as the mean =+ stan-
dard deviation. Statistical differences in tear volume, TBUT
and CSS among the groups were determined using a one-way
ANOVA with a post-hoc Tukey's test. A Kruskal-Wallis test
followed by a Dunn's multiple comparisons post-hoc test was
used to compare the cytokine levels, flow cytometry, goblet cell
density and apoptotic cell density between the groups. P<0.05
was considered to indicate a statistically significant difference.

Results

Clinical parameters in the ocular surface. Mean tear volumes
were 0.036+0.004 ul in the UT group, 0.014+0.013 ul in the
EDE group, 0.015+0.004 ul in the BSS group, 0.020+0.001 pl
in the CsA group and 0.021+0.003 ul in the Gly-Tp4 group
after 7 days. The mean tear volume after 14 days was
0.035+0.003 ul (UT group), 0.013+0.003 ul (EDE group),
0.015+0.003 pl (BSS group), 0.023+0.003 ul (CsA group)
and 0.022+0.003 ul (Gly-Tp4 group), respectively. The
Gly-Tp4 and CsA groups showed a significant improvement
in the tear volume compared with the EDE and BSS groups
after 7 and 14 days (EDE vs. Gly-Tp4 and CsA, P<0.05; BSS
vs. Gly-Tp4 and CsA, P<0.05; Fig. 1A).

Mean TBUTs were 5.58+0.52 sec in the UT group,
1.79+£0.34 sec in the EDE group, 1.83+0.41 sec in the
BSS group, 2.57+0.52 sec in the CsA group and 2.91+0.66 sec
in the Gly-Tp4 group after 7 days. Mean TBUTSs after 14 days
were 5.28+0.39 sec (UT group), 1.56+0.24 sec (EDE group),
1.85+0.51 sec (BSS group), 2.86+0.66 sec (CsA group) and
3.36+0.39 sec (Gly-Tp4 group). The Gly-Tf34 and CsA groups
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showed a significantly higher TBUT compared with the
EDE and BSS groups after 7 and 14 days (EDE vs. Gly-Tp4
and CsA, P<0.05; BSS vs. Gly-Tf4 and CsA, P<0.05; Fig. 1B).

A total of 7 days after induction, the mean CSS was
1.92+1.00 in the UT group, 13.83+1.85 in the EDE group,
13.25+1.22 in the BSS group, 9.33+1.07 in the CsA group
and 8.25+1.35 in the Gly-Tp4 group. The mean CSS after
14 days was 2.25+0.75 (UT group), 14.08+1.38 (EDE group),
13.08+1.08 (BSS group), 7.58+1.16 (CsA group) and 6.25+0.65
(Gly-Tp4 group). The Gly-Tf34- and CsA-treated groups showed
a significant improvement in the CSS after 7 and 14 days (EDE
vs. Gly-Tp4 and CsA, P<0.05; BSS vs. Gly-Tp4 and CsA,
P<0.05; Fig. 1C).

There were no significant differences in all the clinical
parameters measured between the two treatment groups
(Gly-Tp4 vs. CsA, all P>0.05).

Conjunctival goblet cell density. Mean goblet cell densities
were 35.00+4.56 cells/100 ym in the UT group, 8.67+2.80
cells/100 ym in the EDE group, 9.83+2.40 cells/100 pm in the
BSS group, 20.67+2.80 cells/100 pgm in the CsA group and
25.83+3.60 cells/100 ym in the Gly-TB4 group. Mice in the two
treatment groups exhibited significantly higher conjunctival
gobleT cell densities compared with the EDE and BSS groups
(EDE vs. Gly-Tp4 and CsA, P<0.05; BSS vs. Gly-Tp4 and
CsA, P<0.05; Fig. 2). There was no significant difference in
goblet cell density between the Gly-Tp4 and CsA treatment
groups.

TUNEL staining. Mean apoptotic cell counts in the
corneal epithelium were 2.17+0.75 cells/100 ym in the
UT group, 13.17+1.47 cells/100 ym in the EDE group,
11.00+1.79 cells/100 gmin the BSS group,6.00+1.41 cells/100 ym
in the CsA group and 8.00+1.10 cells/100 gm in the
Gly-Tp4 group. Representative magnified images of the corneal
sections stained with TUNEL are presented in Fig. 3. There was
a significant decrease in the number of apoptotic cells observed
in the Gly-Tp4 and CsA groups when compared with both the
EDE and BSS groups (EDE vs. Gly-Tf4 and CsA, P<0.05; BSS
vs. Gly-Tp4 and CsA, P<0.05), but there was no significant
difference between the Gly-Tf34 and CsA treatment groups.

Inflammatory cytokine levels in conjunctival tissues. There
was a significant decrease in the levels of IL-1p, IL-6,
TNF-a and IFN-y observed in the conjunctiva of mice in the
Gly-Tp4 and CsA treatment groups when compared with the
EDE and BSS groups (EDE vs. Gly-Tp4 and CsA, P<0.05;
BSS vs. Gly-Tf4 and CsA, P<0.05). There was no significant
difference observed between the two treatment groups (Fig. 4).

Flow cytometry analysis. The percentage of CD4+/CCR5+
T cells in the conjunctiva was 13.98+4.18% in the UT group,
32.61+6.54% in the EDE group, 31.29+4.77% in the BSS group,
18.94+4.77% in the CsA group and 22.23+4.47% in the
Gly-Tp4 group. The Gly-Tp4- and CsA-treated groups both
showed a significantly lower percentage of CD4*/CCR5* T cells
in the conjunctiva compared with the EDE and BSS groups
(EDE vs. Gly-Tp4 and CsA, P<0.05; BSS vs. Gly-Tp4 and
CsA, P<0.05), with no differences between the two treatment
groups (Fig. 5).
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Figure 1. Tear film and ocular surface parameters. (A) Mean tear volumes, (B) tear film break-up time, (C) corneal staining scores and (D) representative images
of corneal staining in the UT, EDE, BSS, 0.05% CsA and 0.1% Gly-T4 groups. The Gly-Tf4 and CsA groups showed an improvement in all clinical parameters
compared with the EDE and PSS groups. There were no significant differences between the two treatment groups after 7 and 14 days. "P<0.05 vs. EDE group;
"P<0.05 vs. BSS group. UT, untreated control; EDE, experimental dry eye; BSS, balanced salt solution; CsA, Cyclosporine A; Gly-Tp4, glycine-thymosin (4.
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Figure 2. Conjunctival goblet cell density. (A) Representative images of PAS staining and (B) mean gobleT cell densities in the UT, EDE, BSS, 0.05% CsA and
0.1% Gly-Tp4 groups at day 14. Conjunctival goblet cell density was significantly increased in the Gly-Tp4 and CsA treatment groups. "P<0.05 vs. EDE group;
P<0.05 vs. BSS group. PAS, periodic acid-Schiff; UT, untreated control; EDE, experimental dry eye; BSS, balanced salt solution; CsA, Cyclosporine A;

Gly-Tp4, glycine-thymosin 34.

Discussion

DED is a chronic and progressive ocular surface disorder in which
ocular surface inflammation and damage serve an important role
in the pathogenesis of the disease. In addition, severe DED may
result in epithelial defects of the ocular surface, corneal ulcers
and serious loss of vision, which result in discomfort to patients,

and reduce their quality of life. Various treatments have proven to
be useful for the treatment of DED, and topical CsA has become
one of the standard treatments for inflammatory DED (1,13).
However, no single agent or combination of agents successfully
results in the resolution of DED and ocular surface healing.

Tp4 is a natural peptide found in high concentrations in the
majority of tissues and cells, such as blood platelets, macrophages
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Figure 3. Apoptotic positive cells in the corneal epithelium. (A) Representative images of TUNEL staining and (B) mean number of TUNEL positive cells in
the UT, EDE, BSS, 0.05% CsA and 0.1% Gly-Tp4 groups after 14 days. The Gly-Tf4 and CsA groups had a lower number of TUNEL positive cells in the cornea
compared with the EDE and BSS groups. ‘P<0.05 vs. EDE group; 'P<0.05 vs. BSS group. UT, untreated control; EDE, experimental dry eye; BSS, balanced

salt solution; CsA, Cyclosporine A; Gly-Tp4, glycine-thymosin 34.
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Figure 4. Inflammatory molecular levels in the conjunctiva. Levels of (A) IL-1, (B) IL-6, (C) TNF-a and (D) IFN-y in the UT, EDE, BSS, 0.05% CsA and
0.1% Gly-T4 groups after 14 days. Significantly decreased levels of IL-1f, IL-6, TNF-a, and IFN-y were observed in the Gly-T34- and CsA-treated groups
when compared with the EDE and BSS groups. There were no significant differences found between the two treatment groups. 'P<0.05 vs. EDE group;
P<0.05 vs. BSS group. I, interleukin; TNF, tumor necrosis factor; IFN, interferon; UT, untreated control; EDE, experimental dry eye; BSS, balanced salt

solution; CsA, Cyclosporine A; Gly-Tp4, glycine-thymosin (4.

and other lymphoid tissues (14). TB4 effectively downregulates
the levels of inflammatory mediators by inhibiting NF-xB
activity and promoting cell migration (16). Gly-Tp4 is a small
44-amino acid peptide with a single glycine terminal residue

added to T[4 that can bind to G-actin, and consequently affects
cell migration (14,15). Topical application of Gly-T34 results in
reduced release of inflammatory molecules and improved corneal
epithelial recovery in an animal model of alkali burn injury (20).
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glycine-thymosin (4.

Previous studies have reported that T4 regulated the
inflammatory process by reducing the production of inflam-
matory cytokines and chemokines in acute myocardial
infarction, alcoholic liver disease and neurodegenerative
diseases (17,26-28). In ophthalmology, several studies have
reported that topical TR4 application improved clinical dry
eye parameters, including tear volume, TBUT and corneal
staining scores in human and experimental DED (18,19).
However, the effects of topical T34 on inflammatory or apop-
totic changes in DED have not been investigated.

Ocular surface inflammation, which is characterized by
increased expression of inflammatory cytokines and T cells,
serves a critical role in the pathogenesis of DED. It has
demonstrated that increased levels of inflammatory molecules
and increased number of Thl cells on the ocular surface may
specifically induce the expression of chemokine receptors,
such as CCRS5 and CXCR3 (4,29,30). In the present study, the
effects of topical 0.1% Gly-Tf34 on inflammatory cytokines,
Thl cells, apoptotic cells and conjunctival gobleT cells, as well
as on tear film and ocular surface parameters were investi-
gated using a mouse model of EDE. Regarding Thl cells,
the percentage of CD4*/CCR5* cells in the conjunctiva was
measured using flow cytometry, similar to previously reported
studies (31,32). The anti-inflammatory and anti-apoptotic
characteristics of Gly-Tp4 were clearly shown in our results.
Topical instillation of 0.1% Gly-Tf4 significantly decreased
the levels of inflammatory cytokines (IL-1, IL-6, TNF-a and
IFN-y) and the percentage of Thl cells in the conjunctiva, to
a similar degree as 0.05% CsA. In addition, a decrease in the
number of TUNEL positive cells in the cornea and increased
conjunctival gobleT cell density were observed with treatment
of 0.1% Gly-Tp4 equivalent to that observed with 0.05% CsA.

Anti-inflammatory medicines for the treatment of DED,
such as steroids and CsA, primarily focus on the improvement
of ocular surface inflammation and tear secretion (33,34).
However, ocular surface injury is a risk factor for severe
DED that intensifies the ocular surface inflammatory
response, and results in corneal ulcers and a serious impair-
ment to vision (35). Tp4 has been shown to improve cellular
epithelium repair by enhancing the expression of laminin-5,
promoting cell migration, and consequently downregulating

inflammatory responses (36). Additionally, Gly-Tp4 eye drops
have been shown to inhibit corneal neovascularization and
improve epithelial wound healing in a rabbit model of alkali
burn (20). In the present study, topical 0.1% Gly-Tp4 treatment
resulted in a significant reversal of corneal epithelial damage,
which was indicated by the reduction in CSS. Thus, it is
hypothesized that the protective effects of topical Gly-T34 on
corneal epithelial healing may be more effective in improving
tear film parameters and ocular surface damage, including tear
volume, TBUT and CSS.

Based on the results of the present and previous studies,
topical 0.1% Gly-Tp4 therapy significantly improves tear film
parameters, ocular surface damage and corneal epithelial apop-
tosis in DED, by reducing ocular surface inflammation and
promoting corneal epithelial repair and shows a similar thera-
peutic efficacy as 0.05% CsA emulsions. Therefore, Gly-Tp4
may be used as a supplementary agent for effective treatment
of DED, particularly for patients with ocular surface defects.
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