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Abstract. - OBJECTIVE: Corneal allograft re-
jection is an immunological hypersensitive reac-
tion caused by the antigenicity of the donor cor-
nea. This study aimed to explore the effects of
RMT1-10 on the prevention of corneal graft re-
jection by modifying immunological characteris-
tics of dendritic cells (DCs).

MATERIALS AND METHODS: DCs and CD4+T
cells were sorted using flow cytometry and used
for in vitro mixed lymphocyte culture. The cul-
tured cells were prepared for the characteriza-
tion of the DC cell phenotypes using the markers
CD11c, CD80, MHC Il, CD54, and TIM-4. Cytokine
concentrations of IL-4, IL-12, and IL-10 of super-
natants were measured by the enzyme-linked
immunosorbent assay. CD4+T cells were exam-
ined by flow cytometry for apoptosis and prolif-
eration. We also investigated the effect of RMT1-
10 in the prevention and treatment of high-risk
corneal graft rejection using a mouse model of
corneal transplantation.

RESULTS: DCs were identified as the CD-
11c+MHC-ll-expressing subset. RMT1-10 sup-
pressed the expression of CD11c, CD80, MHC
Il, CD54, and TIM-4 of DCs using the blockade
of TIM-1 signaling. Moreover, TIM-1 blockade
inhibited the production of IL-12 and IL-10 in a
mixed lymphocyte culture system. However, a
TIM-1 blockade had no effect on the apoptosis
of CD4+T cells. RMT1-10 suppressed DC matura-
tion, inhibiting the proliferation of CD4+T cells.

CONCLUSIONS: RMT1-10 significantly im-
proved the survival rate of the corneal allografts
in mice compared with saline-injected controls.
This clinical improvement from RMT1-10 oc-
curred through the inhibition of CD4+T cell prolif-
eration. Moreover, RMT1-10 induced antigen-spe-
cific detection of receptor immune tolerance. The
cross-linking of TIM-1 on CD4+T cells with the ag-
onist mAb provided a costimulatory inhibition
signal for T cell activation or proliferation.

Key Words:
RMT1-10, TIM-1 Signaling, Dendritic cells, CD4+T
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Introduction

Corneal blindness is one of the major causes
of blindness. Corneal transplantation is the most
effective and common treatment for patients with
corneal blindness. Each year, more than 65,000
corneal transplantation surgeries take place
around the world'. Usually, cornea-blinded pa-
tients in China have a long wait before transplan-
tation, due to a lack of donors and because they
face a series of postoperative complications. Due
to immune privilege, the success rate of corneal
transplantation is higher than 90% without any
preventive measures. However, the rejection rate
is as high as 70% within two years after trans-
plantation for high-risk corneal allograft recipi-
ents with inflamed and vascularized graft beds'.

Currently, there is no ideal and effective drug
to prevent corneal transplantation rejection®. Tra-
ditional glucocorticoids and neuro calmodulin
inhibitors such as CsA and FK506 delay acute
rejection but cannot prevent later loss of function
of the transplanted cornea’. In recent years, the
antibody drugs that specifically bind with targets
have had an important protective role in corneal
rejection by directly manipulating immune cells
without harming any normal tissue or cell types.
This method is now widely accepted in the clini-
cal setting*. The main reason for corneal rejection
is the recognition of the alloantigens and the sub-
sequent activation and proliferation of pathologi-
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cal T cells. Thus, the key for preventing corneal
transplant immune rejection is the inhibition of
pathological T cells’.

Antigen-presenting cells (APCs) are the prin-
cipal mediators of the transplant rejection and
tolerance process and the key players in T cell
activation®. In high-risk corneal transplantation
in patients with inflamed and vascularized graft
beds, the immature APCs of the donor corne-
al stroma mature quickly and migrate to the
lymphoid tissues to sensitize host T cells’. DCs
capture antigens, become fully stimulatory and
migrate to the T-cell areas of the secondary lym-
phoid organs. The interactions between the acti-
vated DCs and T/B cells are fundamental to the
induction of the adaptive immune responses®.

T cell immunoglobulin and mucin proteins
(TIM)’, a group of proteins expressed by cer-
tain T cells and APCs, have recently received
widespread attention!®. TIM-1 was originally de-
scribed as a hepatitis A virus receptor'!, and it is
a new member of the TIM family'>. While absent
on naive CD4 T cells, TIM-1 expression is quick-
ly upregulated on T cell activation and expressed
on the surface of matured Th2 cells. The TIM-1
receptor specifically is expressed on the surface
of APCs and binds with TIM-1 to induce T cell
proliferation. Thus, we propose that anti-TIM-
1 antibody therapy could modulate the corneal
transplant rejection’*!.

Currently, there is no research on targeting
TIM-1 via RMT1-10. In this study, we aimed to
characterize the therapeutic efficacy and underly-
ing the immunological mechanisms of RMT1-10
in corneal transplant rejection in a mouse model.

Materials and Methods

In Vitro DC Cell Culture

The C57BL/6 donor mice were sacrificed using
the cervical dislocation method and immersed in
75% alcohol for one minute. Bone marrow cells
were cultured in six-well plates at a concentration
of 1x 10%mL. The cells were cultured for 72 h
and supplemented with 10 ng/mL mGM-CS and 1
ng/mL mIL-4. The medium and suspension cells
were then discarded, replaced with fresh RPMI-
1640 complete medium, and cultured for another
72 h with mGM-CS and mIL-4. The loose adher-
ent cells were collected as stimulating cells. This
study was approved by the Animal Ethics Com-
mittee of Chengde Medical University Animal
Center.

CD4+T Cell Sorting and CFSE Labeling

The same background recipient mice were
sacrificed. Their spleens were removed un-
der sterile conditions and mashed and filtered
through a 200-pm mesh filter after trituration.
They were then split via Tris-NH4CL to pre-
pare a single-cell suspension. CD4+T cells
were sorted using flow cytometry, and the
concentration of CD4+T cells was adjusted to
1x107/mL. Then, 5- or 6- (N-succinimidyloxy-
carbonyl) -3’, 6’-O, O’-diacetylfluorescein, and
CFSE were labeled to CD4+T cells using the
commercial user guide.

Mixed Lymphocyte Culture System

The cells were cultured in vitro, and the cell
concentrations were adjusted to 4 x 104, 2 x
10%, 1 x 104, and 0.5 x 10%/100 pL. The CD4+T
cell-only culture was set as the control, and 2 %
10100 pL of effector CD4+T cells was added
to each well. Anti-TIM-1 monoclonal antibody
RMTI1-10 (Bio-X-Cell, West Lebanon, NH,
USA) was added at 100 ng, 200 ng, and 400 ng/
mL for 72 h in culture.

Flow Cytometry and Cell Staining

The cultured cells were prepared for cell-sur-
face or intracellular staining using the follow-
ing reagents: anti-CD11c Alexa Fluor 488, an-
ti-CD80 PE, anti-MHC-II PerCP, anti-CD54
PE, anti-TIM-4 APC, and anti-CD40 PerCP
(eBioscience, San Diego, CA, USA). CD4-pos-
itive cells were firstly sorted and stained with
AnnexinV and 7-AAD. The apoptosis percent-
age of CD4+T cells was detected using fluores-
cence-activated cell sorting (FACS). The falcon
tubes were prepared and marked as the negative
control and test samples. The cells were washed
with phosphate-buffered saline twice and used
to prepare the 1x10%mL suspension with a
binding buffer. Then, 100 pL cells were added
and put in a dark place at room temperature for
20 to 25 minutes. The binding buffer (400 pL)
was added and the sample was processed using
flow cytometry. At the same time, CD4+T cell
proliferation was measured according to the
division of CFSE. The inhibition rate percent-
age = [(effector cell proliferation without DCs
— effector cell proliferation supplemented with
DCs)/effector cell proliferation without DCs] x
100%. The flow cytometry data were acquired
using the BD FACSCalibur and BD FACSCanto
devices (BD Immunocytometry Systems, San
Jose, CA, USA).
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Enzyme-Linked Immunosorbent
Assay (ELISA)

The cytokine concentrations of IL-4, 1L-12,
and IL-10 of cell culture supernatants were mea-
sured using commercial ELISA kits (RayBiotech,
Inc., Norcross, GA, USA) according to the manu-
facturer’s protocol. The lower detection limits of
IL-4, IL-12, and IL-10 were 0.2 ug/mL, 4.7 ug/
mL, and 0.9 pg/mL, respectively. The coefficient
variation was < 10%'".

In Vivo Animal Model of High-Risk
Corneal Transplantation

The receptor was randomly classified into
four groups: a treatment group (RMT1-10), an
isotype control group (Hamster IgG), a positive
control group (dexamethasone), and a blank con-
trol group, respectively. The treatment group was
given a dose of 25 pg/mL before and after sur-
gery, the day before and on the day of surgery,
three times a week, and four times a week for
four weeks, respectively. The postoperative ob-
servation of the eyelid suture was performed on
the third day after surgery. The slit lamp and cor-
neal flap turbidity, neovascularization, and edema
were scored and recorded. The body temperature,
injection site, hair glossiness, abnormal rupture
of the beard, decolorization, and other vital signs
were recorded twice a week for eight weeks. The
mice were sacrificed at zero, one, two, four, and
eight weeks after corneal transplantation, and
the lymph nodes, spleens, peripheral blood, and
corneal grafts were obtained to prepare a sin-
gle-cell suspension. FACS was used to detect the
anti-CD4 PE, anti-CD8 PerCP, anti-TIM-4 FITC,
and anti-CDl1c APC of cells (Table I).

Statistical Analysis

The data were analyzed using Statistical Prod-
uct and Service Solutions (SPSS) 17.0 (SPSS Inc.,

Table I. Criteria for immune rejection.

Chicago, IL, USA). The Student’s ¢-test was used
to compare the two groups. A comparison be-
tween the groups was done using the One-way
analysis of variance test followed by the post-hoc
test (Least Significant Difference). The difference
was considered significant if p<0.05. *means
p<0.05, **means p<0.01 and ***means p<0.001.

Results

TIM-1 Signaling Suppresses DC Maturation
and IL-12 and IL-10 Cytokine Secretion in
a Mixed Lymphocyte Culture System

CDllc and MHC II are major maturity markers
of DCs'®. CD11c+MHC-II—expressing cells were
identified as DCs. The double-round sorting strat-
egy made it possible to isolate highly pure and
viable cells. The percentage of CDI11c+MHC II+
cells was 1.27% before sorting, and they increased
to 94.4% after sorting enrichment. In addition, a
FACSCalibur flow cytometer (Becton Dickinson
Immuno-cytometry System, San Jose, CA, USA)
was used to sort CD4-positive T cells”. The per-
centage of CD4 T cells increased from 19.2% to
99.1% after sorting.

The TIM-1 signaling pathway triggers CD4+T
cells involved in a variety of pathological im-
mune responses in allograft recipients'. To ana-
lyze the function of TIM-1 signaling, we collected
both CD4-positive T cells and CD11¢+MHC 11+
DC cells and established a co-culture system by
mixing 2x10/100 uL CD4+T cells with 2x10* DC
cells. In this system, CD4+T cells served as the
effector cells. We used flow cytometry to analyze
the expression of DC phenotypes after three days
of co-culture. The blockade of TIM-1 signaling
by RMT1-10 suppressed the expression of CDllc,
CD80, MHC 11, CD54, and TIM-4 (Figure 1A).
Moreover, this inhibitory effect was dose-depen-

Score Opacity index (0-4)

Edema index (0-4)

Neovascularization index (0-4)

0 Corneal grafts are completely clear
basal layer

1 Mildly-thick corneal opacity
corneal opacity, but iris’s texture
is visible

3 Aggravated opacity, but pupil is

visible and anterior chamber
observation is difficult

4 Severe corneal opacity and anterior
chamber observation is impossible

vesicles

No edema with epithelium and

Mild edema with corneal stroma
diffuse corneal stroma edema

Diffuse corneal stromal edema
with sub-epithelial microcystic

Bullous keratopathy

No new blood vessels

Neovascularization around the bed
Neovascularization around the graft
(up to edge)

Neovascularization

Corneal grafts were filled with
new-born vessels
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Figure 1. Dendritic cell phenotype and cytokine level analysis for TIM-1 blockade in the mixed lymphocyte culture system. A, For
phenotype analysis, the expression of CD11c, CD80, MHC II, CD54, TIM-4, and CD40 was detected by fluorescence-activated cell
sorting. B, Fluorescence-activated cell sorting results show that blocking on TIM-1 signaling by RMT1-10 significantly suppressed
the expression of CD11¢c, CD80, MHC II, CD54, and TIM-4. C, Enzyme-linked immunosorbent assay analysis was used to detect
the expression levels of IL-12. D, Enzyme-linked immunosorbent assay analysis was used to detect the expression levels of 1L-10.
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dent, and 400 ng RMT1-10 showed a stronger in-
hibition effect than the 100 ng and 200 ng groups
(Figure 1B).

As for 1L-12 and IL-10, we used ELISA to
analyze the expression levels after three days of
co-culture with CD4 T cells. The blockade of
TIM-1 signaling suppressed the secretion of both
IL-12 and IL-10 compared with the control group.
In the 2x10* DC cell group, 400 ng RMT1-10 sig-
nificantly reduced the IL-12 level compared with
the control group (139.28+3.27 vs. 287.37+4.34
pg/mL, p<0.001) (Figure 1C). The group receiv-
ing a higher dosage showed an evident lower IL-
10 level than the control group (98.72+4.29 vs.
211.28+6.23 pg/mL, p<0.001) (Figure 1D). These

results indicate that TIM-1 signaling is required
for the DC maturation and the subsequent cyto-
kine products such as IL-10 and IL-12.

RMTT1-10 Inhibits Proliferation
of CD4 T Cells

DCs are important bone marrow-derived an-
tigen-presenting cells that induce and regulate T
cell responses” and are of critical importance in
determining the balance between immunity and
tolerance?’. Numerous studies?’ have demonstrat-
ed that the tolerogenic DCs cultured in vitro have
potent modulating effects on autoimmunity. The
apoptosis of CD4+T cells is driven by DCs, while
from the flow cytometry results (Figure 2A), we
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Figure 2. Apoptosis and proliferation analysis of CD4+T cells in the mixed lymphocyte culture system. A, Apoptosis of CD4
T cells treated with different concentrations of RMT1-10 cells were detected by fluorescence-activated cell sorting. B, RMT1-
10 affected apoptosis of CD4+T cells. C, Proliferation of CD4+T cells treated with different concentrations of RMT1-10 were
detected by fluorescence-activated cell sorting. D, RMT1-10 significantly reduced the proliferation percentage of CD4+T cell

(<0.05). This inhibitory effect was dose-dependent.
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found that RMTI1-10 had a little effect on the
apoptosis of the CD4-positive T cells (Figure 2B),
which further supports the role of RMTI-10 via
the TIM-1 pathway.

To understand the mechanism underlying
RMT1-10 treatment®’, DCs were co-cultured with

A
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isolated T cells in 96-well plates at a 1:10 ratio
and detected by flow cytometry (Figure 2C). In
the presence of 100 ng RMT1-10, the percentage
of proliferating CD4+T cells was significantly
lower than that of the control group (21.72+2.37%
vs. 34.57+£3.66%, p<0.05) (Figure 2D). This inhib-
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Figure 3. Effect of RMT1-10 in preven-
tion and treatment of high-risk corneal
transplantation rejection. Recipient mice
"k were sacrificed in each of eight weeks after
corneal transplantation and used to detect
the opacity, neovascularization, and ede-
ma of corneal grafts. A, From five to eight
weeks, the opacity scores of different treat-
ment groups. B, From four to eight weeks,
the neovascularization scores of different
treatment groups. C, From five to eight
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Figure 4. Effect of RMT1-10 on immune cell phenotypes in recipient mice, which were sacrificed after corneal transplantation
and used to detect the effect of RMT1-10 on immune cell phenotypes. A, Cervical lymph nodes, spleens, and corneal grafts were
collected, and a single-cell suspension was prepared to detect the percentage of CD4+T by fluorescence-activated cell sorting. B,
Fluorescence-activated cell sorting analysis results of the percentage of CD4-positive cells in cervical lymph nodes, spleens, and
corneal grafts. C, Cervical lymph nodes, spleens, and corneal grafts were collected and prepared for the single-cell suspension to
detect the percentage of CD8 by fluorescence-activated cell sorting. D, Fluorescence-activated cell sorting analysis results of the
percentage of CD8-positive cells in the cervical lymph nodes, spleens, and corneal grafts. E, Cervical lymph nodes, spleens, and
corneal grafts were collected and prepared for the single-cell suspension to detect the expression of TIM-4 by fluorescence-ac-
tivated cell sorting. F, Fluorescence-activated cell sorting analysis results of the percentage of TIM-4-positive cells in cervical
lymph nodes, spleens, and corneal grafts. G, Cervical lymph nodes, spleens, and corneal grafts were collected and prepared for
the single-cell suspension to detect the expression of CD11c by fluorescence-activated cell sorting. H, Fluorescence-activated cell
sorting analysis results of the percentage of CD11c-positive cells in the cervical lymph nodes, spleens, and corneal grafts.

Figure continued
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Figure 4. (Continued). F, Fluorescence-activated cell sorting analysis results of the percentage of TIM-4-positive cells in
cervical lymph nodes, spleens, and corneal grafts. H, Fluorescence-activated cell sorting analysis results of the percentage of
CDllc-positive cells in the cervical lymph nodes, spleens, and corneal grafts.

itory effect was also dose-dependent; 400 ng an-
ti-TIM-1 mAb treatment had a much stronger in-
hibitory effect than the 100 ng and 200 ng groups.
Thus, we learned that RMT1-10 can inhibit DC
maturation, enhance the endocytic ability of DCs,
and subsequently weaken the stimulatory effect
of DCs on T lymphocytes.

RMT1-10 Prevents and Treats High-Risk
Corneal Allograft Rejection

APCs play an important role in transplant rejec-
tion and tolerance. In this study, we used a mouse
model of corneal transplantation to investigate the
effect of RMT1-10 on the prevention and treatment
of high-risk corneal graft rejection. The recipient
mice were sacrificed each week for eight weeks af-
ter corneal transplantation and used to detect the
opacity, neovascularization, and edema of the cor-
neal graft. From five to eight weeks, the opacity
scores of the RMT1-10-treated group were signifi-
cantly lower than those of the hamster IgG group
(p<0.01) (Figure 3A). From four to eight weeks, the
neovascularization scores of the RMTI-10 treat-
ment group were significantly higher than those of
the hamster IgG group (p<0.05) (Figure 3B). From
five to eight weeks, the edema scores of the RMT]1-
10 treatment group were significantly lower than
those of the hamster IgG group (p<0.01) (Figure
3C). These data show that RMT1-10 directly pre-
vents corneal transplant rejection.

The recipient mice were also sacrificed at zero,
one, two, four, and eight weeks after corneal trans-
plantation. The cervical lymph nodes, spleens,
and corneal graft suspensions were collected and
detected by FACS using anti-CD4 PE (Figure 4A),
anti-CD8 PerCP (Figure 4C), anti-TIM-4 FITC
(Figure 4E), and anti-CDl1c APC (Figure 4G).
In cervical lymph nodes, the percentage of CD4-

positive cells in the RMT1-10 treatment group was
significantly lower than that of the control group
(53.2845.23% vs. 64.22+6.28%, p<0.05) (Figure
4B). Similar results were observed in the spleens
and corneal graft cell suspensions. However,
there was no difference in CD8 T cells in spleens
and corneal graft cell suspensions among groups
(Figure 4D). Moreover, both TIM-4-positive cells
(9.28+0.88% vs. 20.33+1.37%, p<0.05) (Figure
4F) and CDllc-positive cells (16.27+2.28% vs.
37.29+1.86%, p<0.05) (Figure 4H) showed a de-
creased expression compared with the control
groups.

RMT1-10 Treatment Lessens IL-4, IL-10,
and IL-12 Levels in Peripheral Blood
Serum

At zero, one, two, four, and eight weeks after
corneal transplantation, the levels of 1L-4, IL-10,
and IL-12 in peripheral blood were measured us-
ing ELISA. In the fourth week, RMTI1-10 treat-
ment significantly reduced the IL-4 level com-
pared with that of the control group (107.27+3.84
vs. 169.92+5.18 pg/mL, p<0.01) (Figure 5A). In
addition, IL-10 levels were also reduced compared
with those of the control group (93.84+1.27 vs.
148.52+7.18 pg/mL, p<0.01) (Figure 5B). Similar-
ly, RMT1-10 treatment also reduced the produc-
tion of IL-12 to a large extent compared with that
of the control group (102.38+3.17 vs. 116.73+3.27
ug/mL, p<0.05) (Figure 5C).

RMTT1-10 Induces Antigen-Specific
Detection of Receptor Immune Tolerance
The recipient mice that (had not developed)
did not develop rejection at eight weeks after the
above-mentioned keratoplasty were sacrificed
and a single-cell suspension of lymph nodes was

9157



Y.-Y. Guo, C.-J. Yin, M. Zhao, L.-T. Guo, R.-F. Su, X.-X. Fu, W.-L. Dong, X.-B. Tan

A
@ Control
20047 O3 IgG
=3 RMT1-10
3 Dexamethasone
= 150
E
(=]
=
< 100 1
=
50 1 %
*%
0 1w
B
@R Control
2509 3 I1gG
=3 RMT1-10
= 200 @ Dexamethasone
E
=]
-1 150 1
o
z 100-
504
0-
0 1w
C @ Control
2509 3 I1gG
=3 RMT1-10
- 200 @@ Dexamethasone
S
k=1 150 1
N
3 100-
50

0 1w

* %

*% Kk *%*

2w 4 W 8w

2w 4 W 8w

2W 4 W 8w

Figure 5. Effect of RMT1-10 on IL-4, IL-10, and IL-12 levels in peripheral blood serum. Enzyme-linked immunosorbent
assay analysis was used to detect IL-4, IL-10, and IL-12 levels in peripheral blood serum. A, RMT1-10 significantly reduced
the IL-4 level compared with that of the control group (p<0.01). B, RMT1-10 significantly reduced the IL-10 level compared
with that of the control group (p<0.01). C, RMT1-10 also reduced the IL-12 level to a large extent compared with that of the

control group (p<0.05).

obtained. DCs were sorted and injected into the
recipient via tail vein injection 18 h after corneal
transplantation. The corneal graft turbidity, neo-
vascularization, and edema of recipient mice were
monitored for eight weeks and scored under a slit
lamp. In the eighth week, the corneal graft opaci-
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ty score in the RMT1-10 group was 1.402+0.238,
which was higher than that of the dexamethasone
group (0.608+0.173, p<0.001) (Figure 6A). The
neovascularization score of the RMTI-10 group
was lower than that of the dexamethasone group
(2.962+0.672 vs. 3.462+0.782, p<0.01) (Figure
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Figure 6. RMTI1-10 induced antigen-specific detection of receptor immune tolerance. A, The graft opacity score of the
RMT]I-10 group was significantly higher than that of the dexamethasone group (p<0.001) from two to eight weeks. B, Neo-
vascularization score of the RMT1-10 group was significantly lower than that of the dexamethasone group (»<0.01) from four
to eight weeks. C, The edema score of the RMTI1-10 group was significantly higher than that of the dexamethasone group

(»<0.01) from four to eight weeks.

6B). The edema score of the RMTI1-10 group
was higher than that of the dexamethasone group
(1.598+0.237 vs. 0.706+0.312, p<0.01) (Figure
6C). In conclusion, RMTI1-10 can induce anti-
gen-specific detection of the receptor immune
tolerance.

Discussion

This study aimed to investigate the role of the
TIM-1 pathway in the inflammatory reaction and
therapeutic efficacy of RMT1-10 in corneal trans-
plantation rejection”. We aimed to prove that
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treating donor DCs with RMTI1-10 can induce
tolerogenic maturation-resistant APCs, which
leads to a higher survival rate and reduced host
allosensitization?*%.

While a traditional treatment with CsA or
FAS506 inhibits acute corneal rejection to differ-
ent extents®®, they cannot control the chronic loss
of function of the transplanted corneas and have
many limitations, such as high expenses and se-
vere side effects?’. Nevertheless, here we present-
ed alloantigen-specific tolerance-inducing strat-
egies that can circumvent the above-mentioned
limitations®®. According to our previous studies,
the mouse group that received an intraperitoneal
injection of RMTI1-10 had a corneal survival rate
eight times higher than that of the control group.
We hypothesized that RMTI1-10 inhibits the pro-
liferation of Thl cells and maintains the function
of Tregs cells, which make the corneal microenvi-
ronment more immunoregulatory and less pro-in-
flammatory.

In order to get ideal research results, we used a
double-round sorting strategy and flow cytometry
to gain a high concentration of DCs and CD4+T
cells (supporting information). Then, we aimed to
prove the significance of the TIM-1 pathway in
immune-mediated corneal transplant rejection.
DC phenotypes such as CDl11¢c, CD80, MHC 11,
CD54, TIM-4, and CD40 and levels of IL-10 and
IL-12 were measured after TIM-1 signaling was
blocked using RMT1-10. A lower expression of
CDllc, CD80, MHC 11, CD54, TIM-4, and CD40
was observed in the RMT1-10-treated group com-
pared with the Ig-G treatment group (Figure 1A).
The decreased concentrations of IL-10 and IL-12
were also observed (Figure 1B). Notably, both
FACS and ELISA experiments showed dose-de-
pendent properties, which means that higher dos-
es of RMT1-10 may have a better treatment effica-
cy because CD11c, CD80, MHC 11, CD54, TIM-4,
and CD40 are maturation markers of DCs. Thus,
we confirmed that TIM-1 signaling plays an im-
portant role in the maturation of DCs, which lead
to a proliferation of CD4+T cells®.

To rule out the possibility that RMT1-10 direct-
ly induces less proliferation of CD4+T cells or in-
creased apoptosis, the CD4+T cells were cultured
with RMT1-10 at the same time. The groups with
different concentrations of RMT1-10 showed a
proliferation extent similar to that of the CD4+T
cells (Figure 2A), which means that RMTI1-10
cannot directly induce the apoptosis of CD4+T
cells and that the TIM-1 pathway is the only way
to modulate immune responses.
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After proving the function of TIM-1 signal-
ing, we aimed to prove the therapeutic efficacy
of RMT1-10. Mice were randomly classified into
four groups: blank control, hamster-IgG isotype
control, RMT1-10 treatment group, or dexameth-
asone positive control. Anti-CD4 PE, anti-CD8
PerCP, anti-TIM-4 FITC, anti-CD11c APC were
used to measure CD4, CDS8, TIM-4, and CDl1c in
local and peripheral DCs of recipient mice*’. CD4,
CDllc, and TIM-4-positive cells in the RMT1-10
treatment group were significantly lower than in
the other control group®. However, the CD8-pos-
itive cells remained at similar levels in the dif-
ferent treatment groups* (Figure 3). Furthermore,
the concentrations of IL-4, 1L-10, and IL-12% in
peripheral blood serum were measured by ELI-
SA3*. We also found lower levels® of 1L-4, IL-10,
and IL-12 in the group treated with RMT1-10.

Three days after transplantation surgery, we
monitored and scored the graft corneal opacity,
neovascularization, and edema. Mice were also
randomly classified into four groups: blank con-
trol, hamster-IgG isotype control, RMT1-10 treat-
ment group, and dexamethasone positive control
group. Using eight weeks of documentation of
different indicators after surgery, we found that
the group treated with RMT1-10 exhibited excel-
lent tread and score (Figure 5).

Lastly, RMTI-10 antigen-specific induction
of immune tolerance was studied. Mice in the
RMTI1-10 and dexamethasone groups showed
no immune rejection eight weeks after surgery,
which means that the mice developed an immune
tolerance after RMT1-10 treatment®®’.

Conclusions

We demonstrated that RMTI1-10 significantly
improves the survival rate of corneal allografts
in mice compared with saline-injected controls.
This clinical improvement by RMT1-10 occurs
through the inhibition of CD4+T cell prolifera-
tion. Moreover, RMT1-10 induced antigen-spe-
cific detection of the receptor immune tolerance
and the cross-linking of TIM-1 on CD4+T cells
with the agonist mAb and provided a costimu-
latory inhibitory signal for T cell activation and
proliferation.
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