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Abstract

Background. Immunological rejection is one of the problems in corneal transplantation. Recently, some
research found out that soluble programmed death protein-1 (sPD-1) and soluble programmed death ligand
protein-1 (sPD-L1) play a significant role in immunologic suppression.

Objectives. To explore expression of sPD-1 and sPD-L1 in a penetrative corneal transplantation model
and its relationship with transplant rejection.

Material and methods. Autologous corneal transplantation rat models and allogeneic corneal trans-
plantation rat models were used as the control group and the experimental group, respectively. Changes
of the transplanted grafts were observed under a slit-lamp microscope. Hematoxylin-eosin (H&E) staining was
applied to examine the histopathological features of the corneal grafts. Flow cytometry was used to analyze
(D4*(D25*Treg in the serum and spleen. The sPD-1, sPD-L1, interleukin 10 (IL-10) and interleukin 4 (IL-4)
levels in serum and the aqueous humor of the rats were detected using enzyme-linked immunosorbent
assay (ELISA).

Results. After the operation, no transplant rejection occurred in the control group. Flow cytometry results
showed that expressions of (D4*(D25*Treg in serum in the experimental group were lower than those
in the control group (p < 0.05). The ELISA results showed that after the operation, SPD-1 and sPD-L1 ex-
pression levels in serum in the experimental group were higher than in the control group (all p < 0.05).
After the operation, IL-10 and IL-4 content in serum in the experimental group was lower than in the control
group (all p < 0.05). The sPD-1/sPD-L1 ratio in the experimental group was higher than in the control group.

Conclusions. Increases of sSPD-1 content and decreases of (D4*(D25*Treg, IL-10 and IL-4 levels may be
involved in corneal allograft rejection. Dynamic detection of the content of sPD-1and sPD-LT in serum
and aqueous humor after the operation would help in understanding the local immune response in a clinical
setting and predicting the occurrence of corneal graft rejection.
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Introduction

Various ocular surface diseases and traumatism can
cause irreversible corneal blindness, and corneal trans-
plantation is the most important way of restoring sight.
Although the success rate of transplantation operations
is high, immunological rejection is still a leading cause
of corneal transplantation failure."> Immunosuppressors
are used in clinical practice and have shown remarkable
results. However, the high price and obvious toxicity
of immunosuppressors, as well as their side effects, limit
the long-term use of immunosuppressors. Hence, in recent
years, more attention has been paid to how to suppress
corneal transplant rejection and prolong the survival time
of corneal grafts by inducing transplant graft tolerance.
Much evidence has shown that activating the T lympho-
cyte requires co-stimulatory signals, which can help suc-
cessfully induce transplant graft tolerance in transplan-
tation immunity.>* Programmed death protein-1 (PD-1)
and programmed death ligand-1 (PD-L1) are important
negative pathways for regulating the T lymphocyte.”®

CD4+*CD25*Treg has immunosuppressive effects, plays
a crucial role in suppressing the immune response, and can
enhance immune tolerance by suppressing responding
T cells.”® Research has shown that the PD-1/PD-L1 pathway
plays an important part in balancing CD4*CD25*Treg au-
toimmunity and negatively regulating transplant rejection.’
Programmed death protein-1 and PD-L1 exist in mem-
brane and soluble forms, namely soluble programmed death
protein-1 (sPD-1) and soluble programmed death ligand-1
(sPD-L1).1 Programmed death ligand-1 is a significant
factor for corneal immune-privileged status, which can
prevent the occurrence of transplant rejection.!! In addi-
tion, it has been reported that excessive sPD-1 leads to im-
munologic injury by blocking the PD-1/PD-L1 pathway.!?
In other words, expression of sPD-1 may increase corneal
transplant rejection by restraining the PD-1/PD-L1 sig-
nal. Some studies have indicated that the CD4*CD25*Treg
cellis related to successful allotransplantation and expres-
sion of Foxp3 on the CD4*CD25*Treg cell is one of the vi-
tal factors for corneal allograft survival.!*'* However,
research on the functions and relationships of sPD-1/
sPD-L1, CD4*CD25*Treg and correlating factors in cor-
neal transplantation immunity is still rare. This research
would establish penetrative corneal transplantation models
in rats and primarily explore their functions and relations
in transplant rejection after corneal transplantation.

Material and methods
Experimental animals
Thirty healthy female Sprague Dawley (SD) rats were

used as donors and 70 female Wistar rats as receptors.
All rats were clean, 6—8-weeks old, weighed 180-220 g,
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and were provided by the Animal Experiment Center
of Southern Medical University (Kanton, China)

The rats were divided into 2 groups. The control group,
used 60 Wistar rats as donors and receptors to conduct au-
tologous corneal transplantation. In the experimental group
allogeneic corneal transplantations were performed that in-
cluded 30 SD donor rats and 60 receptor Wistar rats. Another
10 Wistar rats were used to detect preoperative values. This
research was examined and approved by the Southern Medi-
cal University Ethics Committee. All procedures were per-
formed and animals were cared for and treated in accordance
with the policies of the Association for Research in Vision
and Ophthalmology Department for the Use of Animals
in Ophthalmic and Vision Research.

Reagents

Fluorescent monoclonal antibodies Anti-Rat CD25 per-
CP-eFluor® 710 and Anti-Rat CD4 FITC were bought from
Affymetrix eBioscience (Thermo Fisher Scientific, Waltham,
USA). Enzyme-linked immunosorbent assay (ELISA) kits
for interleukin 10 (IL-10), interleukin 4 (IL-4), PD-1, and
PD-L1 were bought from Sango Biotech (Shanghai, China).

Experimental methods and steps
Establishing allogeneic corneal transplantation models

According to the method described by Williams et al.,
binoculus corneas were taken from all donor rats; receptor
rats were operated on their right eyes.!> Donors and recep-
tors were injected with 10% chloral hydrate (35—42 mg/kg)
intraperitoneal injection of anesthesia and received 5% hy-
drochloric acid, proparacaine eye drops and compound trop-
icamide eye drops 3 times each 15 min before the operation.
The whole operation was conducted aseptically with sterile
drapes under a microscope. First, the corneal grafts of donor
SD rats were taken with a 3.3-mm trephine and placed into
a Petri dish under the protection of viscoelastic sodium hyal-
uronate. A right-eye implant bed for receptors was made with
a 3.0-mm trephine. Viscoelastic sodium hyaluronate was
injected during the operation to maintain anterior chamber
depth. Grafts were placed on the implant bed and 8 interrupt-
ed stitches were sutured with a 10-0 nylon suture without em-
bedding thread residue. After the operation, a proper amount
of balanced salt solution was injected into the anterior cham-
ber and levofloxacin eye ointment was applied in the con-
junctival sac. The eyelid was sutured with a 5-0 silk thread
and the stitches were removed 1 day after the operation.

Establishing autologous
corneal transplantation models

Corneal grafts of the Wistar rats were taken with a 3.0-
mm trephine and rotated about 180°. Eight interrupted
stitches were sutured with a 10-0 nylon suture in situ.
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The following steps were the same with allogeneic corneal
transplantation models.

Observing immunological rejection
after corneal transplantation

The corneal grafts in each group were observed under
a slit-lamp microscope and records were made of the trans-
parency, angiogenesis growth condition and rejection re-
sponse, starting 1 day after the operation. The observation
period was 28 days, once a day. Once such ocular complica-
tions as graft infection, hyphema, loss of anterior chamber,
and anterior synechia occurred because of the operation
and other factors, the rat would be removed and replaced.
According to the scoring criteria of Larkin et al.,'® scores
would be given considering the opacification, edema and an-
giogenesis of the corneal grafts. Rejection index (RI) was
calculated by adding up the scores of all 3 indexes. The re-
jection exits were defined when RI > 5 or the opacification
of the corneal graft score reached 3.

Histopathological examination

Two receptor rats in each group were killed 3 days,
7 days, 14 days, 4 weeks, and 8 weeks after the operation,
respectively. The whole cornea was cut off from the self-
limbal grafts and the corneal tissue was fixed in 10% para-
formaldehyde solution to receive conventional dehydrating
and paraffin embedding. Hematoxylin-eosin (HE) staining
and optical microscopy were used in the histopathological
examination.

Flow cytometry detection

Four receptor rats in each group were killed 3 days, 7 days,
14 days, 4 weeks, and 8 weeks after the operation, respec-
tively. Anti-clotting serum and spleen cell suspension were
detected in sterile conditions with flow cytometry. Anterior
chamber aqueous humor was taken for the ELISA detection.

Enzyme-linked immunosorbent assay

Six receptor rats in each group were killed 3 days, 7 days,
14 days, 4 weeks, and 8 weeks after the operation, respec-
tively. Serum and anterior chamber aqueous humor were
taken in sterile conditions. The sPD-1, sPD-L1, IL-10,
and IL-4 concentration levels were detected in serum
and anterior chamber aqueous humor.

Statistical methods

The experimental data was expressed as x +s and ana-
lyzed with SPSS v. 20.0 software (IBM Corp., Armonk, USA).
Survival rates of the corneal grafts were analyzed with Ka-
plan-Meier survival curves. The independent samples t-test
was used to compare the detection results in both groups.
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A nonparametric rank-sum test was used when non-normal
distributions of unequal variances occurred. The data was
considered statistical significant when p < 0.05.

Results

Postoperative slit-lamp microscope
observation and comparison
of graft survival time

The comparison of graft survival time is shown in Fig. 1.
In the experimental group, 3 days after the operation, there
was a slight edema and opacity on the cornea and limbus
cornea vessels dilated, while the cornea obviously thick-
ened, and hydrops and opacity increased, with new blood
vessels sprouting on day 7. Fourteen days after the opera-
tion, corneal graft edema worsened while the grafts thick-
ened and bulged outwards. In addition, opacity of the cor-
nea became apparent with the iris blurred, and new blood
corneal vessels developed and embedded into the grafts.
Four weeks after the operation, corneal graft edema
lightened; grafts thickened and bulged outwards; corneas
stayed turbid; new blood corneal vessels grew near the cen-
ter. Eight weeks after the operation, corneal grafts showed
little edema and were overgrown by new blood vessels;
pupils could be indistinctly detected; stitches loosened
and came off to different extents (Fig. 1A).

In the control group, 3 days after the operation, there
was a situation similar to that in the experimental
groups and the iris was visible. After 7 days, there was
a slight edema in corneal grafts while the iris was visible
and the limbus cornea vessels were dilated. After 14 days,
corneal graft edema disappeared and the iris vessels were
visible. Four weeks after the operation, there was no ap-
parent edema, thickening and opacity of the corneal grafts,
and a small number of new blood vessels occurred around
the stitches. Eight weeks after the operation, corneal grafts
and the iris could be observed. Additionally, a small
number of new blood vessels formed around the stitch-
es (Fig. 1B). The survival rates of the grafts are shown
in Fig. 2. After the operation, the corneal graft survival
rate in the control group remain stable. Unlike the control
group, the average survival time between the corneal grafts
in the experimental group was 13.1 +2.2 days. The differ-
ence between the corneal graft survival curves was statisti-
cally significant (ts = 21.026, p = 0.000).

Histopathological examination

The histopathological features were different between
the experimental group and the control group after the op-
eration (Fig. 3). In the experimental group, after the opera-
tion, the stroma collagen fiber structure of the corneal grafts
was arranged chaotically and proliferated. In addition,
not only the new blood vessels appeared over the corneal
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3 days 7 days 14 days 4 weeks 8 weeks

Fig. 1. Postoperative slit-lamp observation results. A. The results showed the change of cornea and limbus cornea vessels in the experimental group within

3days, 7 days, 14 days, 4 weeks, and 8 weeks after the operation. The corneal graft has slight edema in 3 days after the operation and new blood vessels sprouted
on the 7 day. Edema worsened in 14 days and in 8 weeks edema was reduced; B. After the operation, in the control group, corneal graft edema disappeared
within 14 days after the operation. There were few new blood vessels generated. The difference of corneal graft survival curves is statistically significant (ts = 21.026,
p=0.000).
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Fig. 4. Expression level of CD4*CD25*Treg in serum and spleen

The CD4+CD25%Treg cell expression levels in serum and the spleen in the
experimental group were all higher than in the control group (all p < 0.05).

periphery, but also spongiform and disintegrating appeared
on the epithelial grafts. Additionally, a lot of inflammatory
cells were infiltrated after the operation. However, com-
pared to the experimental group, no obvious thickening
of the corneal grafts occurred in the control group. Addi-
tionally, the stroma collagen fiber structure was basically ar-
ranged orderly. Only a small amount of inflammatory cells

SEcHineRtagio0r i gielp was infiltrated. No obvious new blood vessels had formed.
Fig. 3. Comparison of histopathological features between
the experimental group and control group Detection resu'ts Of ﬂOW cytometry
After the operation, the stroma collagen fiber structure of the corneal
grafts ranked irregularly in the experimental group while it was The expression level of CD4+CD25+Treg in the se-

arranged orderly in the control group. New blood vessels, spongiform . . . .
and disintegrating can be observed in the experimental group. There was rum and spleen is shown in Fig. 4. The expression level

no significant change in the control group. of CD4*CD25*Treg in serum in the control group decreased
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to its lowest point at day 3 and began increasing gradually.
It exceeded the preoperative value after 7 days and reached
a peak 8 weeks after the operation. In the experimental
group, the expression level of CD4*CD25*Treg in serum
started to fall 3 days after the operation, dropping below its
preoperative value. It declined to its lowest level after 14 days
and then gradually increased to a peak 8 weeks after the op-
eration. CD4*CD25*Treg content in serum in the experi-
mental group was higher than in the control group at each
time point after the operation. The group difference was
statistically significant (t = 5.564, 6.722, 7.667, 5.869, 4.954;
p =0.001,0.001, 0.000, 0.001, 0.003). In both groups, the ex-
pression level of CD4*CD25*Treg in the spleen immediately
increased 3 days after the operation. In the control group,
it gradually rose from day 14 and reached a peak 4 weeks
after the operation. The expression level of CD4*CD25*Treg
was higher than the preoperative value. In the experimen-
tal group, the expression level of CD4*CD25*Treg started
to decrease after 7 days and reached its lowest point 14 days
after the operation. The expression level of CD4*CD25*Treg
in the spleen in the experimental group was prominently
lower than in the control group. The group difference was
statistically significant (t = 11.885, 5.461, 8.469, 4.407, 3.323;
p = 0.000, 0.002, 0.000, 0.005, 0.016).

Expression level of sPD-1

In the experimental group, the expression level of sSPD-1 in se-
rum started to increase 3 days after the operation, reached its
highest point after 14 days and gradually decreased to its lowest
point, reaching 8 weeks after the operation. The sPD-1 content
was higher than the preoperative value at each time point after
the operation. In the control group, the expression level of SPD-1
in serum was lower than the preoperative value at each time
point, except on the 3" day after the operation, and reached
its lowest point 8 weeks after the operation. The expression
level of sPD-1 in serum in the experimental group was promi-
nently higher than in the control group. The group difference
was statistically significant (t = 2.399, 3.013, 4.574, 2.921, 2.817
p = 0.037, 0.013, 0.001, 0.015, 0.018). Similarly, the expression
level of sPD-1 in the experimental group in aqueous humor
immediately increased after 3 days, reached a peak 14 days af-
ter the operation and started to decrease afterwards. The ex-
pression level of sPD-1 was higher than the preoperative value.
In the control group, it reached a peak 3 days after the operation
and gradually decreased. The expression level of sSPD-1 in the ex-
perimental group was prominently higher than in the control
group at each time point after the operation. The group differ-
ence was statistically significant (t = 2.409, 2.964, 4.128, 2.375,
2.403; p = 0.037, 0.014, 0.002, 0.039, 0.037) (Fig. 5A).

Expression level of sPD-L1
In both groups, the expression level of sSPD-L1 in serum de-

creased 3 days after the operation, while it began to increase
gradually in the control group. In the experimental group,
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it was gradually reduced to its lowest point, reaching it 14 days
after the operation, and then slightly increased. The expres-
sion level of sPD-L1 in serum in the experimental group was
lower than in the control group at each time point after the op-
eration. Only the group difference 14 days after the operation
was statistically significant. In the control group, the expres-
sion level of sSPD-L1 in aqueous humor immediately decreased
on the 3™ day after the operation and gradually increased
afterwards. In the experimental group, the expression level
of sPD-L1 began to decrease on the 3™ day, reached its lowest
point 14 days after the operation and then started to increase
gradually. The expression level of sPD-L1 in aqueous humor
in the experimental group was lower than in the control group
at each time point after the operation; however, the group
difference was not statistically significant (Fig. 5B).

Expression level of interleukin 10

In both groups, IL-10 content in serum decreased to its low-
est point 14 days after the operation and gradually increased
afterwards. The expression level of IL-10 in serum in the ex-
perimental group was prominently lower than in the con-
trol group. The group difference was statistically significant
(t = 4.515, 4.663, 3.591, 2.673, 3.940; p = 0.001, 0.001, 0.005,
0.023, 0.003). In the control group, the expression level
of IL-10 in aqueous humor gradually increased to a peak,
which was reached 4 weeks after the operation. In the ex-
perimental group, the expression level of IL-10 in aqueous
humor started to decrease 3 days after the operation, reaching
its lowest point 14 days after the operation, which was lower
than the preoperative value. The expression level of IL-10
in aqueous humor in the experimental group was promi-
nently lower than in the control group. The group difference
was statistically significant (t = 3.609, 5.451, 6.868, 5.424,
5.432; p = 0.005, 0.000, 0.000, 0.000, 0.000) (Fig. 5C).

Expression level of interleukin 4

In both groups, IL-4 content in serum decreased 3 days
after the operation. In the control group, it gradually in-
creased 7 days after the operation and only the expression
level of IL-4 after 3 days was higher than the preoperative
value. The expression level of IL-4 in serum in the experi-
mental group was prominently lower than that in the con-
trol group. The group difference was statistically sig-
nificant (t = 2.338, 2.644, 4.561, 4.896, 6.882; p = 0.042,
0.025, 0.001, 0.001, 0.000). Similarly, IL-4 content in both
groups in aqueous humor decreased 3 days after the op-
eration. In the experimental group, it sharply decreased
and reached its lowest point 14 days after the operation.
In the control group, it gradually increased from the 7" day
after the operation. Interleukin 4 content in aqueous hu-
mor in the experimental group was prominently lower than
in the control group. The group difference was statisti-
cally significant (t = 7.323, 10.639, 11.190, 11.860, 9.327;
p = 0.000, 0.000, 0.000, 0.000, 0.000) (Fig. 5D).
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Analysis of ratios between sPD-1 and sPD-L1
in control and experimental groups

According to the ELISA results, the expression level
of sPD-1 in the experimental group was prominently
higher than in the control group while the expression
level of sPD-L1 in the experimental group was lower
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Fig. 5. Expression level of soluble programmed death protein-1 (sPD-1),
soluble programmed death ligand protein-1 (sPD-L1), interleukin 10
(IL-10), interleukin 4 (IL-4), and ratios analyzed between sPD-1 and sPD-L1
in serum and aqueous humor

A. The content of sPD-1 in aqueous humor in the experimental group
was higher than in the control group (all p < 0.05). The expression

level of serum sPD-1 in the experimental group was higher than

in the control group (all p < 0.05); B. In aqueous humor, the content

of sPD-L1 in the control group was higher than in the experimental group
(all p < 0.05). There was no significant difference of the serum sPD-L1
content between the experimental and control groups; C. The expression
level of IL-10 in agqueous humor in the control group was lower than

in the experimental group (all p < 0.05). The expression level of serum
IL-10 in the control group was higher than in the experimental

group (all p < 0.05); D. The expression level of IL-4 in agueous humor

in the control group was higher than in the experimental group

(all p < 0.05). The expression level of serum IL-4 in the control group

was higher than in the experimental group (all p < 0.05); E. Both ratios

of serum sPD-1/sPD-L1 and aqueous humor in the experimental group
were higher than in the control group.

than in the control group. After analysis, it was found
that the sPD-1/sPD-L1 ratio in serum in the experi-
mental group was much higher than in the control
group. The sPD-1/sPD-L1 ratios in serum in the con-
trol group and experimental group were 1.259 +0.499
and 6.319 +£2.317, respectively, and the difference was sta-
tistically significant (p < 0.05). Similarly, the ratio of sPD-1/
sPD-L1 in aqueous humor in the experimental group was
higher than in the control group. The sPD-1/sPD-L1 ratios
in aqueous humor in the control group and experimental
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group were 1.443 +0.204 and 3.749 +1.341, respectively,
and the difference was statistically significant (p < 0.05)
(Fig. 5E).

Discussion

Transplant rejection is a major cause of corneal trans-
plantation failure. Therefore, the core issue of corneal
transplantation is how to inhibit transplant rejection.
At present, prevention and treatment of transplant rejec-
tion after corneal transplantation mainly focuses on the ef-
fect phase using eye local and systemic immune inhibitors,
angiogenesis inhibitors, etc.,/”-22 but these drugs can dis-
turb or destroy the normal immune function and environ-
ment. Furthermore, the concentration of the drugs will
eventually decrease below effective concentration after
body metabolism, and transplant rejection may still hap-
pen. Thus, if the proliferation and differentiation of im-
mune effector cells can be restrained and prevented from
entering the effect phase, the effect of inducing and trans-
planting immunological tolerance will be achieved, which
can effectively and enduringly inhibit transplant rejec-
tion and prolong survival time of the grafts. This is one
important direction of future study on transplantation
immunological tolerance.

In recent years, the co-stimulating signal has become
an important issue in immunological research. In trans-
plantation immunity, activating the T lymphocyte needs
co-stimulating signals to successfully induce trans-
plantation immunological tolerance. Currently known
co-stimulating molecules include the B7 family (immu-
noglobulin superfamily), tumor necrosis factor (TNF)
family and cytokine family negative co-stimulating mol-
ecules, while the PD-1/PD-L1 pathway is an important
negative regulating pathway of T lymphocytes.>%23-25
Research shows that in the PD-1/PD-L1 pathway, PD-1
works as an immune inhibitory receptor and is mainly
expressed in activated T cells.?®=28 By interacting with
PD-L1, PD-1 can promote immunological suppression
and regulation, which can help induce and maintain im-
munological tolerance.?-32 Additionally, studies show
that CD4*CD25*Treg has features of immune incompe-
tence and inhibition, which play a key role of effector T cells
in maintaining the body’s immune response steady state
and the immunological suppression function of immuno-
logical tolerance after induction organ transplantation.3%34
It was first confirmed by Hall et al. that CD4*CD25*Treg
could induce transplantation immunological tolerance.3
CD4+*CD25*Treg can also secrete cytokines such as IL-10
and 1L-4 to suppress the immune response.3¢~38 In this re-
search, the content of serum and aqueous humor increased
while the expression level of CD4*CD25*Treg in serum
and the spleen decreased after the operation in the experi-
mental group. In the control group, sPD-1 content in serum
and aqueous humor decreased and the expression level
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of CD4*CD25*Treg in serum and the spleen increased.
In the experimental group, sPD-1 content was significantly
higher than the preoperative value at the beginning of re-
jection while the expression level of CD4*CD25*Treg was
markedly lower than the preoperative value, indicating
that sPD-1 and CD4*CD25*Treg were related to transplant
rejection after corneal transplantation.

In addition, it is worth noting that the rising expression
level of sPD-1 was opposite to the increasing tendency
of IL-10 and IL-4 content in serum cytokines and aque-
ous humor. The IL-10 and IL-4 content in aqueous hu-
mor were higher than that in serum and the change
range was broader. Therefore, we can speculate on the
basis of these results that when transplant rejection
happens after corneal transplantation, the expression
level of sPD-1 will increase. It may be combined with
PD-L1 to inhibit the combination of membrane-type
PD-1 and PD-L1, and prevent PD-1/PD-L1 from con-
veying negative stimulation signals after combination,
thus inhibiting the function of CD4*CD25*Treg and in-
disposing it to conduct immunoregulation. Meanwhile,
the decrease of IL-10 and IL-4 secretion may weaken
transplant rejection inhibition after corneal transplan-
tation. The group difference of the postoperative expres-
sion level of sPD-L1 in serum and aqueous humor is not
statistically significant. The changing tendency does not
have a clear relationship between transplant rejection
and CD4*CD25*Treg and no regularity was found. Yet
in the analysis of sPD-1/sPD-L1 ratios of the 2 groups,
it was found that at the same time point, the mean sPD-1/
sPD-L1 ratio in serum and aqueous humor in the ex-
perimental group was greater than in the control group
and it reached its highest level 14 days after the operation.
This result showed that the abnormal expression of sPD-1/
sPD-L1 may have certain relevance to transplant rejection
after corneal transplantation. The content ratio of sPD-1
and sPD-L1 in serum and aqueous humor can work
as an important reference index of transplant rejection
after corneal transplantation. Monitoring the concen-
tration changes of sPD-1 and sPD-L1 can help to predict
and diagnose the occurrence of rejection at an early stage.

Conclusions

To sum up, the experiment preliminarily proved
that in transplant rejection after rat corneal transplan-
tation, increaseD expression level of sPD-1 may inhibit
the combination of membrane-type PD-1 and PD-L1,
blocking the negative adjustment of PD-1/PD-L1
on CD4*CD25*Treg after the combination and impeding
normal immunological tolerance. The decreasing content
of IL-10 and IL-4 secreted in serum and aqueous humor
may weaken the protection of the body’s immune suppres-
sion and increase immune rejection, as well as influence
the survival time of corneal grafts.
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Two problems are still unclear: whether sPD-1/sPD-L1
work as collaborative or inhibiting regulating factors of
PD-1/PD-L1; and the specific mechanism of rejection after
corneal transplantation. These issues should be studied
further.
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