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Purpose: The aim of this study was to investigate the efficacy of
RCI001 (RCI) in a mouse model of primary Sjögren syndrome.

Methods: Eight 12-week-old NOD.B10-H2b mice were used in
this study. All experimental animals were randomly divided into
phosphate-buffered saline (PBS) and RCI groups in NOD.B10-H2b
mice. The eyes of mice were topically treated with PBS or RCI twice
a day for a week. Ocular surface staining (OSS) and tear secretion
were compared between before and after treatment. The transcript
levels of inflammatory cytokines and nicotinamide adenine dinucle-

otide phosphate oxidase (NOX) in the conjunctiva and cornea (CC)
and lacrimal gland were assayed. In addition, immunofluorescence
staining of the conjunctiva was assessed.

Results: The RCI group showed significant clinical improvement in
OSS and tear secretion after 1 week of treatment compared with the
baseline (both P , 0.001) and showed better improvement in OSS
and tear secretion than the PBS group after 1 week of treatment (both
P , 0.05). The levels of IL-1b and IL-17 in CC and IL-6 in the
lacrimal gland were also significantly reduced in the RCI group
compared with the PBS group (each P , 0.05). Transcript levels of
NOX2 and NOX4 were also significantly reduced in CC of the RCI
group compared with those of the PBS group (P , 0.05). The RCI
group also resulted in lower conjunctival expression of oxidative
stress markers (4-hydroxy-2-nonenal, hexanoyl-lysine, and NOX4)
than the PBS group.

Conclusions: Topical RCI001 demonstrated excellent therapeutic
efficacy in a mouse model of primary Sjögren syndrome by
inhibiting inflammation and oxidative stress.
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Sjögren syndrome (SS) is a chronic inflammatory disorder
that affects over 60 per 100,000 people globally.1 The

syndrome typically manifests in middle-aged women and
progresses over months to years. Dry eye (keratoconjuncti-
vitis sicca), dry mouth, and chronic arthritis are the 3 major
symptoms/signs of SS.2 Like most autoimmune diseases, SS
has a female predominance with a high female-to-male ratio
(9:1) and a peak incidence in the 40 to 55-year age group.1,2

Although the pathogenesis of SS is not fully understood,
symptoms are known to be caused by exocrine gland
inflammation and dysfunction.2 Lymphocytic infiltration of
the lacrimal and salivary glands results in the classic sicca
complex characterized by dry eyes (keratitis sicca or kerato-
conjunctivitis sicca) and dry mouth (xerostomia). Moreover,
SS is divided into primary and secondary SS. Primary SS is
not associated with other autoimmune diseases; meanwhile,
secondary SS is associated with other autoimmune diseases,
including rheumatoid arthritis, systemic lupus erythematosus,
systemic sclerosis, autoimmune cirrhosis of the liver, and
mixed connective tissue disease.2 Dry eye disease (DED) in
SS is associated with decreased tear secretion and severe
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ocular surface damage.3 The most common presentation of
patients with SS is dry eyes followed by dry mouth.
Therefore, ophthalmologists are often the first to diagnose
patients with SS in the early clinical stage. DED in SS was
initially classified as an aqueous-deficient type in the 2007
Tear Film & Ocular Surface Dry Eye WorkShop report;
however, it has also demonstrated the characteristics of an
evaporative component associated with meibomian gland
dysfunction.3

SS is an autoimmune disorder characterized by inflam-
mation secondary to activation of T and B lymphocytes that
affect exocrine glands and produce autoantibodies. Various
inflammatory cytokines produced by immunocompetent cells,
including interferon (IFN)-g and interleukin (IL)-17, are
increased in SS. Autoreactive T and B cells are activated by
IFN in the immune pathogenesis of SS.4 Particularly, IFN,
which is involved in the early phase of the innate immunity in
SS and is secreted by activated dendritic cells (DCs) and
monocytes. B-cell–activating factor from DCs and monocytes
is also an essential cytokine for the proliferation and differen-
tiation of B cells in SS.4,5 In patients with SS and experimental
models, B-cell hyperactivity and increased B-cell–activating
factor expression were observed.5 This complex inflammatory
process is also related to oxidative stress. Oxidative stress
generally plays a role in the aging process, hypoxic damage,
cancer, cardiovascular diseases, and neurodegenerative dis-
eases.6 In the eye, oxidative stress is involved in DED, cataract
formation, age-related macular degeneration, uveitis, premature
retinopathy, keratitis, and ocular inflammation.6 Several studies
have discovered that SS increases oxidative stress markers such
as 4-hydroxy-2-nonenal (4-HNE), hexanoyl-lysine (HEL), and
malondialdehyde.2 Furthermore, SS elevates nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase (NOX),
nitric oxide synthase, and xanthine oxidase, which are enzymes
that produce reactive oxygen species (ROS) and reactive
nitrogen species.2 Normally, they are produced to support the
adaptive immune system in healing damaged cells; however,
inadequate production of ROS and reactive nitrogen species in
autoimmune diseases causes tissue damage by its excessive
reactivity.4

Innate and adaptive immune responses and oxidative
stress are involved in these complex inflammatory cascades of
DED, including SS. Therefore, antiinflammatory drugs such
as corticosteroids, cyclosporin A, and lifitegrast; mucin
secretagogues such as diquafosol and rebamipide; artificial
tears; and autoserum have been used to treat the inflammatory
DED in patients with SS. However, the limited efficacy of
these agents and associated side effects have led to unmet
medical needs in the treatment of DED. Therefore, discover-
ing a safe drug with potent antiinflammatory effects and
multiple mechanisms of action on DED as an alternative to
current therapies is essential.

RCI001 (RCI) is a novel therapeutic candidate for
treating ocular surface diseases, including DED. We have
demonstrated that topical RCI effectively managed ocular
surface inflammation in several ocular surface inflammatory
disease models.7–9 The main component in RCI is 8-oxo-2ʹ-
deoxyguanosine (8-oxo-dG), and 8-oxo-dG is an oxidized
derivative of deoxyguanosine, which is endogenously

released when DNA guanosine is damaged. In addition, 8-
oxo-dG is considered an oxidative stress biomarker.10 Pre-
vious studies also demonstrated potent antiinflammatory and
antioxidative effects of exogenous applications of 8-oxo-dG
in several systemic inflammatory disease models through
Rac1 inhibition.10–13 To date, no studies have evaluated the
effects of RCI on the inflammatory DED in SS. NOD.B10
mice were generated by replacing the NOD/ShiLtJ major
histocompatibility locus with that of healthy C57BL/10 strain.
Similarly to SS, the exocrine tissue of them shows histopath-
ologic features such as exocrine gland lymphocytic infiltra-
tion composed of Thy 1.2+ T cells and B220+ B cells.14 Also,
the model shows salivary flow loss with disease progression.
Therefore, this study is designed to investigate the therapeutic
effects of RCI on inflammation-related DED by using the
NOD.B10-H2b mouse model, which mimics SS.14

MATERIALS AND METHODS

Ethics Declarations
The protocol was approved by the Institutional Animal

Care and Use Committee of the Seoul National University
Biomedical Research Institute (IACUC no. 20-0178-S1A0).
Animal experiments were performed in accordance with the
Association for Research in Vision and Ophthalmology
statement for the use of animals in ophthalmic vision and
research and Animal Research: Reporting of In Vivo Experi-
ments guidelines.

Animals
The eight 12-week-old nonobese mice with diabetes

from the B10-H2b strain (NOD.B10-H2b, male) used in this
study were purchased from the Jackson Laboratory (Bar
Harbor, ME). The mice were bred in a specific pathogen-free
facility at the Biomedical Research Institute of Seoul National
University Hospital (Seoul, Korea), maintained at 22 to 24°C
with 55 6 5% relative humidity, and provided free access to
food and water. These mice were randomly divided into 2
groups of 4: the phosphate-buffered saline (PBS) group and
RCI (10 mg/mL RCI001, Rudacure Co, Ltd, Seoul, Korea)
group. RCI was evenly dissolved in PBS, and 5 mL of RCI or
PBS was instilled into the right eye twice daily for 7 days in
each group with intervals of more than 6 hours. Two mice
were in the negative control group and received no treatment.
The protocol was approved by the Institutional Animal Care
and Use Committee of the Seoul National University Bio-
medical Research Institute (IACUC no. 20-0178-S1A0).
Concentrations of RCI001 above 10 mg/mL were found to
precipitate in PBS solution. Therefore, the concentration of
10 mg/mL was selected based on the solubility of RCI001 in
PBS. In our previous studies, 10 mg/mL of RCI001 was
effective in ethanol-induced corneal injury and ocular alkali-
burn model.8,9

Clinical Evaluation of the Dry Eye
Ocular surface examination and the tear secretion test

were performed under anesthesia (using a mixture of zoletil
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and xylazine in a ratio of 1:3). In addition, ocular surface
staining (OSS) was blindly assessed by 2 experienced
ophthalmologists (Y.J. and J.M.) using the National Eye
Institute scoring scheme. Lissamine Green B (3%) (Sigma-
Aldrich) was used for visualizing the OSS in the NOD.B10-
H2b mice.12,13 After placing 1 drop of dye on the
conjunctival sac for 30 seconds, the ocular surface was
gently washed with 1 mL of normal saline. The OSS of the
mice was observed under white light [LED (light emitting
diode)] illumination using a microscope (Olympus SZ61;
Olympus Corporation, Tokyo, Japan).12,13 The OSS score
was divided into 5 zones centered on the center of the cornea
(center, top, bottom, left, and right). The degree of staining
in each zone was allocated a score of 0 to 3 points, which
were then added for a total of 0 to 15 points. Phenol red–
impregnated cotton threads (FCI Ophthalmics, Pembroke,
MA) were used for the tear secretion test. Threads were
placed into the lateral canthus of the mouse eye and assessed
after 60 seconds.

Periodic Acid–Schiff Staining and
Conjunctival Goblet Cell Evaluation

After the mice were euthanized, a whole eyeball was
excised and fixed in 10% neutral buffered formalin overnight
at 4°C. The eyeball tissue was embedded in paraffin, cut into
4-mm sections through the superior and inferior conjunctival
fornixes, and stained with periodic acid–Schiff (PAS). Goblet
cells in the conjunctiva were evaluated by 2 independent,
blinded examiners (Y.J. and J.M.). Two different sections of
central superior conjunctiva were randomly selected, and the
average density of PAS-stained goblet cells was calculated
under the light microscope.

Quantitative Real-Time Polymerase
Chain Reaction

The conjunctiva and cornea (CC) and extraorbital
lacrimal gland (LG) were cut into small pieces and lysed in
a RNA isolation reagent. After sonication with a probe
sonicator (Ultrasonic Processor, Cole Parmer Instruments,
Vernon Hills, IL), total RNA was extracted using the RNeasy
Mini Kit (Qiagen, Venlo, The Netherlands), and first-strand
complementary DNA was synthesized by reverse transcrip-
tion (High-Capacity RNA-to-cDNA Kit, Applied Biosystems,
Foster City, CA). Real-time amplification was performed by
TaqMan Universal PCR Master Mix (Applied Biosystems) in
an automated instrument (ABI 7500 Real-Time Polymerase
Chain Reaction System, Applied Biosystems) targeting TNF-
a (TaqMan Gene Expression Assays ID, Mm00443260_g1),
IFN-g, IL-1b (Mm00434228_m1), IL-6 (Mm00446190_m1),
IL-17a (Mm00439618_m1), IL-18 (Mm00434226_m1), and
CXCL1 (Mm04207460_m1) in the CC to assess the antiin-
flammatory effect. Transforming growth factor-b
(Mm01178820_m1), IL-10 (Mm01288386_m1), NOX2
(Mm01287743_m1), and NOX4 (Mm00627696_m1) from
the CC and extraorbital LG were analyzed by RT-PCR to
assess for ROS production.

Immunofluorescence Staining
LG from killed recipients was subjected to immunoflu-

orescent staining. In the immunofluorescence staining exper-
iment focusing on LG, a total of 8 individuals were used.
Oxidative stress induced by desiccation was assessed by
immunohistochemical detection of HEL (early-phase oxida-
tive stress marker), 4-HNE (late-phase oxidative stress
marker), NOX2, and NOX4. The avidin–biotin–peroxidase
complex method was used in immunostaining. Tissues were
fixed overnight in a 4% buffered paraformaldehyde solution
and processed for paraffin embedding. Sections 4 mm thick
were cut from paraffin wax blocks, mounted on precoated
glass slides, deparaffinized, and rehydrated. The mean
fluorescence intensity was measured in 3 regions of interest
of the conjunctival fornix and cornea using ImageJ software
(National Institutes of Health, Bethesda, MD).

Statistical Analyses
The Mann–Whitney U test was used to compare the 2

groups. Statistical analyses were performed using GraphPad
Prism software (version 9.0; GraphPad Software, La Jolla,
CA). All statistical tests were performed using 2-tailed tests,
and P-values,0.05 were considered statistically significant.
The bars on the graph represent the SD.

RESULTS

RCI001 Improved Keratoepitheliopathy and
Tear Secretion in a Primary Sjögren Model

On day 7, the average OSS of the RCI group was
significantly lower (5.9 6 1.8) than that of the PBS group
(8.4 6 2.3) (P , 0.05; Figs. 1A, B). After RCI treatment,
a notable improvement in OSS was observed compared with
both pre-RCI instillation and post-RCI instillation (12.6 6 0.9
vs. 5.96 1.8, P, 0.001; Figs. 1A, B). In the PBS group, OSS
was also significantly improved after PBS instillation (11.9 6
1.2 vs. 8.4 6 2.3, P , 0.05; Figs. 1A, B). Tear secretion was
significantly higher in the RCI group (4.2 6 0.2 mm) than in
the PBS group (3.7 6 0.3) after 1 week of treatment (P ,
0.001; Fig. 1C). In the RCI group, tear secretion was also
significantly improved when compared with the baseline (Day
0 vs. Day 7, tear secretion: 3.3 6 0.2 mm vs. 4.2 6 0.1 mm,
P , 0.001; Fig. 1C). The PBS group exhibited no significant
difference in tear secretion compared with the baseline (Day
0 vs. Day 7, tear secretion: 3.5 6 0.3 mm vs. 3.7 6 0.3 mm,
P . 0.05; Fig. 1C). There were no notable adverse events in
any of the mice during the experiments.

RCI001 Modulated Inflammatory Cytokines
and Oxidative Stress–Related Molecules
Compared With PBS

Transcript levels of IL-17A and IL-1b in CC were
significantly reduced in the RCI group (each P , 0.05,
Fig. 2A). Transcript levels of IL-6 and IFN-g in LG were also
markedly reduced in the RCI group (P, 0.05, Fig. 2B). Those
of IL-18, tumor necrosis factor (TNF)-a, and chemokine
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(C-X-C motif) ligand 1 (CXCL1) in CC and IL-17A, IL-1b,
IFN-g, TNF-a, and CXCL1 in LG were not significantly
different between the RCI and PBS groups; however, the RCI
group displayed lower mean expression levels compared with
those in the PBS group (Fig. 2). In transcript levels of oxidative
stress–related molecules (NOX2, NOX4), a considerable
reduction was observed in the CC of the RCI group (P ,
0.05, Fig. 3A). In LG, no significant change was identified
between the PBS and RCI groups (P . 0.05, Fig. 3B).

In the immunohistochemistry study, the RCI group
exhibited significantly decreased expressions of 4-HNE, HEL,
and NOX4 in the conjunctiva compared with those in the PBS
group (A: red, C and D: green [P , 0.05, Fig. 4]). However, no
significant change was observed in NOX2 between the RCI and
PBS groups (B: green [P . 0.05, Fig. 4]). The mean
fluorescence intensity of 4-HNE, HEL, and NOX4 was
108.4 6 5.6, 69.6 6 3.2, and 85.6 6 8.4 in the PBS group
and 51.4 6 6.6, 19.4 6 2.2, and 36.9 6 2.6 in the RCI group,
respectively.

Short-Term RCI Eye Drops Have Little Effect
on Conjunctival Goblet Cells

Conjunctival goblet cell loss is common in DED,
including SS. Conjunctival goblet cell counts did not

significantly differ between the PBS and RCI groups
(Fig. 5). The mean number of goblet cells in the conjunctiva
was 126.5 6 55.8 and 129.3 6 46.1 in the PBS and RCI
groups, respectively.

DISCUSSION
In this study, administration of RCI for 7 days demon-

strated excellent therapeutic effects on inflammatory dry eye
in the SS mouse model. Topical RCI improved OSS and tear
production by significantly reducing some inflammatory
cytokines (IL-17 and IL-1b in CC and IL-6 in LG) and
oxidative stress markers (4-HNE, HEL, NOX2, and NOX4)
in CC.

The mechanism of action of exogenous RCI is the
inhibition of Rac1, a small G protein that regulates oxidative
stress and inflammatory cytokine release through NOX
activation.8,9,15 NADPH oxidases are major enzymes that
generate ROS, a collection of oxygen-derived short-lived
messenger molecules, which can cause DNA damage and
increase tyrosine kinase activity by inactivating enzymes.16,17

Rac1 protein has been demonstrated to be involved in
activating NOX and producing ROS.16,17 In addition, 4-
HNE is produced by activated neutrophils as part of an
inflammatory response.18 4-HNE is a main product of lipid

FIGURE 1. Ocular surface and tear secretion are altered after RCI001 treatment in a primary Sjögren syndrome model. A, Rep-
resentative images of corneal staining of BALB/C mice (6 weeks old). B, The National Eye Institute corneal staining score was
significantly lower in the RCI001 group than in the PBS group (P, 0.01). The National Eye Institute score improved significantly in
the RCI001 group on day 7 (P , 0.01). C, Tear secretion is significantly increased in the RCI001 group on day 7 (P , 0.001), and
more tears are secreted in the RCI001 group than in the PBS group on day 7 (P, 0.001). BALB/c, an albino, laboratory-bred strain
of the house mouse.
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peroxidation in ocular tissues related to NOX and Rac1.19 As
inflammation due to SS generates oxidative stress, reduction
of those oxidative stress markers may explain the therapeutic
effects of topical RCI.

The patient’s immune system response is exaggerated
by SS, which also causes an abnormal increase in inflamma-
tory cytokines and autoantibodies.20,21 IL-17 is an over-
produced proinflammatory cytokine involved in multiple
autoimmune diseases, including SS.20,21 Overexpression of
IL-17 in the tears, LG, and CC of patients with SS correlates
with the severity of eye inflammation and dryness.20,21 IL-6 is
another major inflammatory cytokine related to SS.22 The
expression of IL-6 is elevated in the saliva and tears of
patients with SS and is considered a marker of local
inflammation.22 Furthermore, LG-infiltrating lymphocytes
are considered a source of IL-6 in the eyes.22 This particular
cytokine seems to regulate BCR-mediated Rag regulation in
B cells.23

Ocular surface inflammation due to SS is generally caused
by an aqueous tear deficiency. Some studies report that
inflammation is a result of global tear dysfunction, including
changes in meibomian gland function.24 Treatment of ocular
surface inflammation in SS is aimed at maintaining the integrity
of the tear film by preserving and increasing insufficient tear
secretion. In this study, topical RCI displayed a remarkable
therapeutic effect by increasing tear volume and improving
ocular surface damage in a Sjögren mouse model. RCI did not
demonstrate superior effects on the conjunctival goblet cell in
the primary SS model. However, we observed a significant
increase in tear volume and conjunctival goblet cell density after
2 weeks of ocular administration of topical RCI in the
environmental DED mouse model (see Figure, Supplemental
Digital Content 1, http://links.lww.com/ICO/B724).

DED is mainly caused by tear hyperosmolarity and an
unstable tear film due to desiccating stress.3,6 As a result,

FIGURE 2. Comparison of cytokines in the primary Sjögren syndrome model. A, Levels of cytokines on the ocular surface (cor-
neoconjunctiva) of the PBS and RCI001 groups in an experimental dry eye model. B, Cytokine levels in the lacrimal glands of the
PBS and RCI001 groups. No significant difference was observed between the 2 groups in the experimental dry eye model. Data
are expressed as mean 6 standard error of the mean. *P , 0.05, **P , 0.01, and ***P , 0.001.

FIGURE 3. Effect of short-term RCI001 on the oxidative stress
markers on the ocular surface and LG. Comparison of NOX
levels in CC (A) and LG. (B) Levels of NOX2 and NOX4 in CC
of the primary Sjögren syndrome model were decreased in the
RCI group (P , 0.05).
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DED causes stress and damage to the ocular surface
epithelium, which ultimately induces a complicated, inflam-
matory cascade of the innate (corneal epithelial cells, DCs,
neutrophils, and macrophages; acute response) and adaptive
(T cells, B cells; chronic response) immune responses.6 The
vicious cycle of inflammation and oxidative stress is regarded
as a core pathophysiologic mechanism in DED, with the
crosstalk between the neuronal system of the ocular surface
and the local immune system disrupting ocular surface
homeostasis.6,9 Numerous cytokines and chemokines related
to this vicious cycle in DED can trigger stimulation of corneal
sensory nerves that cause or aggravate ocular discomfort.
This vicious cycle can be perpetuated if proper tear film

stabilizing or antiinflammatory treatment is not applied,
especially in inflammatory DED in SS.

Various commercial topical drugs available for
Sjögren-induced inflammatory DED have certain limitations.
The first-line therapies, artificial tears and ocular gels/
ointment, can reduce dry eye symptoms, but they are
temporary and require multiple periodic applications. Antiin-
flammatory agents such as topical corticosteroids, cyclosporin
A, and lifitegrast can be considered, but each has its clinical
limitations. Although topical corticosteroids are known as
commercially available potent immunosuppressive agents,
they can also cause secondary glaucoma, increased risks of
infection, and cataract formation in long-term use.

FIGURE 4. Effect of RCI001 on oxidative stress–related molecules. A, Representative images of immunofluorescence staining
(·200) of corneoconjunctival sections in the primary Sjögren syndrome model. [4-HNE (A), NOX2 (B), HEL (C), NOX4 (D)]. Data
are expressed as mean 6 standard error of the mean. *P , 0.05.

FIGURE 5. PAS histology and conjunctival goblet cell
density analysis between RCI001 and PBS in the pri-
mary Sjögren syndrome model. A, Representative
images of PAS staining (·100). B, Goblet cell counts
revealed no significant change in the primary Sjögren
syndrome model. Data are expressed as mean 6
standard error of the mean. *P , 0.05, **P , 0.01,
and ***P , 0.001.
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Cyclosporin A and lifitegrast are less potent than cortico-
steroids and cannot modulate innate immunity, which is one
of the key regulators in ocular surface inflammation.9 In
addition, cyclosporin A requires months to exert clinical
effect and can cause temporary ocular pain and conjunctival
congestion.9,25,26 Lifitegrast can demonstrate clinical effects
faster than cyclosporin A, typically within 2 to 4 weeks.
However, lifitegrast causes frequent pain, irritation, and
dysgeusia lasting up to 4 hours.25 Diquafosol and rebamipide,
known to help stabilize the tear film, have clinical limitations
in modulating ocular surface inflammation in SS.

8-oxo-dG is a natural substance released when the
guanine base of cellular DNA is damaged.8,9 An interesting
clinical point is that the exogenous application of 8-oxo-dG
demonstrated potent antiinflammatory and antioxidant effects
in several inflammatory and chronic disease models through
Rac1 inhibition.11–13 As a result, 8-oxo-dG has displayed
significant clinical and histologic improvement in several
preclinical disease models (lipopolysaccharide-induced sepsis
model, stress-induced gastritis model, atherosclerosis model,
and diabetes mellitus model). Rac1-associated functions
include phagocytosis, chemotaxis, inflammatory cytokine
release, and ROS production through NOX activation.9 In
addition, Rac1 is known to be implicated in the regulation of
mitogen-activated protein kinase, extracellular signal-
regulated kinase, Janus kinase/signal transducer, activator of
transcription, and nuclear factor kappa light chain enhancer of
activated B cells.8,9 Therefore, as ophthalmic researchers, we
aimed to investigate the potential antiinflammatory and
antioxidative properties of 8-oxo-dG by applying it to an
ocular surface inflammatory model. First, 8-oxo-dG inhibited
the infiltration of neutrophils and macrophages into the
corneal tissue and reduced the expression of key inflamma-
tory cytokines such as IL-1b and TNF-a in an ethanol-
induced corneal injury model.15 In an alkali-induced ocular
chemical burn model, these antiinflammatory/antioxidative
effects were superior to 1% prednisolone acetate, the most
potent commercially available ophthalmic topical corticoste-
roid.8 These results led us to develop RCI, which may be
a novel therapeutic candidate for ocular surface inflammatory
diseases. We also discovered that RCI exhibited significant
antiinflammatory and antioxidant effects by inhibiting the
Rac1/NLRP3 inflammasome/IL-1b axis.9 In addition, TNF-
a, NOX2, and NOX4 expression were significantly lower
after RCI treatment compared with that after PDE treatment in
an alkali-burned mouse cornea.8 Unlike topical corticoste-
roids, cyclosporin A, lifitegrast, rebamipide, and diquafosol,
topical RCI can effectively and extensively suppress the
activation of neutrophils, macrophages, Rac1, NLRP3 in-
flammasomes, and inflammatory cytokines in DED; thus, it
can act broadly on various immune cells.8,9,15 Moreover, RCI
can also inhibit the expression of NOX2 and NOX4 better
than corticosteroids in ocular chemical burn and environmen-
tal dry eye models.9 Our preclinical in vivo study recently
demonstrated that long-term topical application of RCI for
more than 5 weeks did not induce an elevation in intraocular
pressure.27 Furthermore, RCI also displayed excellent corneal
epithelial healing effects compared with solcoseryl and
polydeoxyribonucleotide, used as adjunctive therapy in

corneal abrasions.28 Our other study also demonstrated that
the effects of RCI were superior to those of 1% prednisolone
acetate and 5% lifitegrast in the environmental DED model .29

Similarly, with this study, the RCI group demonstrated more
reduced OSS and increased tear production compared to the
PBS group. Suppression of oxidative stress was also the most
potent in the RCI group in the environmental DED model.
Many patients with chronic DED frequently have acute flares,
which can be induced by various lifestyle and environmental
factors. These inflammatory flares can exacerbate ocular
discomfort and activate nonspecific innate and specific
adaptive immune responses.30 Topical corticosteroids with
a wide spectrum of antiinflammatory effects can be selected
to rapidly cool down acute DED flares. If RCI is successfully
developed, we believe that RCI might be an effective and safe
therapy for ocular surface inflammatory diseases with broad-
spectrum antiinflammatory/antioxidative effects.

This study had several limitations. First, the sample size
was small. Second, the long-term changes were not assessed
in the experimental models. Third, meibomian gland dys-
function, which is a major cause of DED, was not evaluated.
Fourth, conjunctival goblet cell densities were not signifi-
cantly different between the RCI and PBS groups. Fifth,
oxidative stress markers were not evaluated at the protein
level. Sixth, the molecular factors of the CC were not
analyzed separately. Nevertheless, this study established that
RCI has excellent antiinflammatory and antioxidative effects
on the inflammatory DED in an experimental SS model. The
number of experimental samples was limited due to the use of
rare animal models (NOD.B10-H2b mice). Since this study
was conducted for only 1 week, it can be considered that there
was not enough time to increase goblet cell density. Topical
cyclosporin also increased goblet cell density but, most
studies were conducted more than a month,31,32 and 1 of
the studies shows that conventional cyclosporin does not have
significant difference in goblet cell density after 2 weeks.33

In conclusion, topical RCI demonstrated a remarkable
therapeutic effect on the inflammatory dry eye in SS by
improving clinical signs, modulating the inflammation in CC
and LG, and reducing the oxidative stress of the ocular
surface. Therefore, RCI may be considered a novel therapeu-
tic candidate for ocular surface inflammatory diseases,
including dry eye in SS.
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