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Abstract

Purpose To investigate the effect of host
immunity (allospecific) and surgical
manipulation (non-allospecific) on corneal
endothelial cells (CECs) in corneal
transplantation.

Methods Draining lymph nodes and grafted
C57BL/6 corneas were harvested from
syngeneic recipients, allograft acceptors, and
allograft rejectors (BALB/c) 1, 3, and 8 weeks
after transplantation. We analyzed CEC
apoptosis using an ex vivo cornea-in-the-cup
assay, and visualized cell-to-cell junctions
using immunohistochemical staining (ZO-1).
Automatic cell analysis using Confoscan
software was used to measure CEC density
as well as changes in CEC morphology by
quantifying the coefficient of variation

in cell size (polymegethism) and shape
(pleomorphism).

Results The cornea-in-the-cup assay showed
that allogeneic acceptor T cells and to an
even greater extent rejector T cells (but not
syngeneic T cells) induced CEC apoptosis.
CEC density after corneal transplantation
was significantly reduced in allogeneic
acceptors compared with syngeneic grafts
(P<0.001), and CEC density was even further
reduced in the allo-rejector group compared
with the allo-acceptor group. Allogeneic
grafts showed a greater increase in the
coefficient of variation in cell size
(polymegethism) when compared with
syngeneic grafts 1 week after transplantation
(P=P<0.001). However, pleomorphism was
not significantly different between syngeneic
and allo-acceptor grafts, indicating that
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polymegethism (but not pleomorphism or
cell density) is a sensitive indicator of the
effect of alloimmunity on CECs.

Conclusions Our data demonstrate that host
alloimmunity rather than surgical
manipulation alone is the major cause of
CEC damage in corneal transplantation, and
such morphologic changes of CECs can be
detected before the clinically visible onset of
allograft rejection.
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Introduction

Corneal transplantation is the most commonly
performed transplantation worldwide. In the
United States alone, nearly 40000 cases are
performed annually divided between lamellar
(partial thickness) cases performed primarily in
uninflamed host beds and penetrating (full
thickness) cases performed in settings of
extensive corneal scarring and/or
inflammation. In uninflamed or low-risk host
beds, only a minority of grafts suffers from graft
rejection. However, corneal transplantation
performed on inflamed or high-risk host beds
show rejection rates between 50 and 90% even
with maximal local and systemic immune
suppression.'=3

Despite medical advances, immune rejection
of corneal grafts remains the most frequent
cause of corneal graft failure.* Several studies
have shown that CD4 " T cells are the major
mediators of acute corneal graft rejection.
Corneal endothelial cells (CECs) are the
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principal targets of alloimmunity in corneal
transplantation, which primarily involves allospecific
CD4 ™" T cells attacking the graft endothelium.*> The
corneal endothelium is a monolayer of neural crest-
derived cells that line the posterior surface of the cornea.
The pump and barrier functions of CECs maintain the
corneal transparency. CECs contain numerous sodium-
potassium adenosine triphosphatases (Na*/K™-
ATPases), which pump fluid out of the stroma to
maintain the cornea in a state of relative deturgescence.
In addition, tight junctions between the CECs provide a
barrier that prevents the influx of fluid from aqueous
humor into the stroma. Both of those functions critically
depend on sufficient numbers of functional endothelial
cells.o8

The human corneal endothelium has a very limited, if
any, replicative potential in vivo.”!1 When CECs are
exposed to stress during inflammation or trauma, cell
loss can occur in a focal area that is then repaired by
enlargement, sliding, and rearrangement of neighboring
cells, but not by mitotic division.® As a result, apoptosis
of CECs and morphologic changes in the endothelial cell
mosaic have been observed. Morphologic changes of
CECs include increased variation in cell size
(polymegethism) and in cell shape (pleomorphism).!-14
Both polymegethism and pleomorphism are well-
established parameters that are used to measure
endothelial cell function and CEC responses to
endogenous as well as exogenous stimuli.!!

Inflammation after corneal transplantation leads to
increased apoptosis of the corneal endothelium, and loss
of CECs during graft rejection has been observed in both
rodent and human corneal transplants.'>"1” Although
some previous studies have attempted to explain the loss
of CECs after transplantation,'®1° the quantification
of the density and morphologic alterations of CECs
has not been investigated. Most notably, it remains
unclear to what extent and at what time points CEC loss
occurs because of mechanical trauma or/and host
immune responses.

In the present study, we quantified allospecific and
nonspecific damage to CECs using syngeneic or
allogeneic transplants in a well-established mouse model
of corneal transplantation. We studied CEC density as
well as changes in endothelial cell morphology by
quantifying the coefficient of variation in cell size
(measure of polymegethism) and the percentage of
hexagonal cells (measure of pleomorphism). Our data
demonstrate that in addition to surgical trauma,
immunity had a key effect on CEC morphology,
density, and survival, even before the clinically visible
onset of allograft rejection. Thus, these morphologic
parameters may be used as sensitive indicators of
CEC stress in vivo.
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Materials and methods
Animals

Eight-week-old Balb/c (H-2d) and C57BL/6 (H-2b) male
mice were purchased from Taconic Farms (Germantown,
NY, USA) and used as recipients and donors,
respectively. Animals were housed in a pathogen-free
environment at the Schepens Eye Research Institute
animal facility and the study was approved by the
Institutional Animal Care and Use Committee. The mice
were treated according to the Association for Research in
Vision and Ophthalmology Statement for the Use of
Animals in Ophthalmic and Vision Research.

Corneal transplantation

Standard protocol for murine orthotopic corneal
transplantation was used, as described previously.
Briefly, donor center corneas (2-mm diameter) were
excised from C57BL/6 mice and sutured on recipient
graft beds that had been prepared by excising a 1.5 mm
site from the central cornea of Balb/c mice.
Simultaneously, some Balb/c and C57BL/6 mice received
syngeneic grafts to study non-allospecific effects of
surgery on CECs. The corneal sutures were removed

7 days after surgery. All grafts were evaluated using

18-20

slit-lamp biomicroscopy at weekly intervals for up to

8 weeks. Grafts were defined as rejected when they
became opaque and iris details could not be recognized
clearly. A standardized opacity-grading scheme (ranges
from 0 to 5) was used.

Cornea-in-the-cup assay

To examine apoptosis of CECs induced by allospecific
T cells ex vivo, naive C57BL/6 (graft donor) corneal
cups were incubated ex vivo with allogeneic CD3 " or
CD4* T cells (Balb/c, graft recipients) isolated from the
draining lymph nodes of syngeneically grafted
recipients, allograft acceptors, or allograft rejectors 3
weeks after transplantation. CD3* or CD4* T cells were
purified from the draining lymph nodes using magnetic
cell sorting and separation (Miltenyi Biotec, Auburn,
CA, USA). Purified CD3 " or CD4" T cells were
suspended in RPMI-1640 (Life Technologies, Grand
Island, NY, USA). The naive C57BL/6 corneal cups were
incubated with 2 x 10° CD3* or CD4 " T cells for 48h in
5% CO, at 37 °C, and then washed two times with

PBS. To investigate whether allospecific CD4 " T cells
induce apoptosis of CECs in a contact-independent
manner, the same experimental approach was performed
using 24-well plates with 1-um pore size transwell cell
culture inserts (BD Biosciences, Franklin Lakes,

NJ, USA).
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Immunohistochemistry

Corneas from the corneal cup assay and freshly isolated
corneas were fixed in absolute ethanol for 20 min in 96-well
plates at room temperature (RT). To analyze cell density,
corneas were stained with a rabbit ZO-1 antibody (1 :200;
Life Technologies Zymed, Grand Island, NY, USA) overnight
at 4°C. The cells were then washed and incubated with a
donkey FITC-conjugated anti-rabbit antibody (1:200; Santa
Cruz Biotechnology, Santa Cruz, CA, USA), and finally
permeabilized with 0.1% Triton X-100 in 0.1% sodium citrate
for 10min at RT. TUNEL staining was performed using the
In Situ Cell Death Detection Kit TexRed (Roche Diagnostics,
Basel, Switzerland) according to the manufacturer’s
protocol. Three individual areas at the center of the graft and
recipient beds were evaluated using confocal microscopy
(< 40 magnification; Leica TCS-SP2, Leica, Wetzlar,
Germany).

Analysis of CECs

Images of corneal endothelium after staining with anti-
ZO-1 were uploaded to the Confoscan4 software (NIDEK
Co. Ltd, Fremont, CA, USA), which performs automatic
cell analysis. The software was used to detect the number
of cell sides, the area of each cell, endothelial cell density,
and to calculate polymegethism and pleomorphism.
Pleomorphism was quantified as the percentage of
hexagonal cells.

Statistical analysis

Experiments containing greater than two groups were
analyzed via two-way ANOVA test with post hoc
Bonferroni’s multiple comparison test. Comparisons
between two groups were analyzed using the Student’s
T-test. Error bars present standard deviation, and a
P-value of <0.05 was considered statistically significant.
All statistical calculations were performed using Prism
Version 5.04 software (GraphPad, La Jolla, CA, USA).

Results
Contribution of alloimmunity to CEC apoptosis

We first investigated whether alloimmunity or
nonspecific inflammatory responses have the primary
role in endothelial cell damage in corneal
transplantation. Therefore, we used an ex vivo cornea-in-
the-cup assay, in which allogeneic corneal buttons
(C57BL/6) were incubated with T cells (Balb/c) isolated
from syngeneically grafted recipients (syngeneic),
allograft-accepted recipients (acceptor), or allograft-
rejected recipients (rejector). Corneas were stained with
an anti-ZO-1 antibody and TUNEL staining was used to
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determine cell density and apoptosis, respectively.

As shown in representative confocal micrographs
(Figure 1a), syngeneic CD3" T cells did not induce
apoptosis of CECs. However, CEC apoptosis was
observed after exposure to allogeneic acceptor and
rejector CD3* T cells and the magnitude of CEC
apoptosis was even greater after exposure to the rejector
CD3 " T cells.

We next investigated whether CD4™ T cells, a major
subset of CD3 ™" T cells involved in the effector response
in transplantation, can induce CEC apoptosis and
whether these allo-primed CD4™" T cells induce CEC
apoptosis either in a cell-to-cell contact-dependent
(direct) or -independent (indirect, cytokine mediated)
manner. CEC apoptosis was only seen in CECs exposed
to allogeneic but not syngeneic CD4 T cells, and rejector
CD4 T cells induced significantly more apoptosis than
acceptor CD4 T cells both directly (P =0.0002) and
indirectly (P=0.004) (Figures 1b and c). Based on these
findings, we hypothesize that allo-primed CD4* T cells
are the major T-cell subset that induces CEC apoptosis
primarily by the secretion of apoptosis-inducing
cytokines/molecules.

CEC loss after transplantation

We investigated whether alloimmunity affects the
destruction of the endothelial cell monolayer by
analyzing CEC density in corneal grafts (Figure 2) and
host beds (Figure 3) of syngeneically grafted recipients,
allograft acceptors, and allograft rejectors. Endothelial
cell-to-cell junctions were visualized with an anti-ZO-1
antibody. At selected time points, corneas were harvested
and examined by confocal microscopy to detect and
count CECs. Automatic cell analysis was carried out
using Confoscan software. CEC density in corneal
transplants was compared with non-transplanted
controls. In corneal grafts (Figure 2), we observed a
significant decrease (~20%, P<0.001) in CEC density

1 week after transplantation in syngeneic (2347 +78
cells/mm?) compared with non-transplanted control
corneas (2821 % 36 cells/mm?). We did not detect a
statistically significant difference in CEC density between
syngeneic (2347 + 78 cells/mm?) and allogeneic

(2161 £79 cells/mm?) grafts at that time point. In
syngeneic grafts, we found a continued gradual decrease
in CEC density 3 and 8 weeks after transplantation
compared with controls. Compared with syngeneic
grafts, allo-acceptors displayed an even greater decline in
CEC density to 1632+ 141 cells/mm? (P <0.001) 3 weeks
and 1494 £ 134 cells/mm?* (P <0.001) 8 weeks after
transplantation. In allo-rejector grafts, there was a
significant decrease in CEC density 3 weeks after
transplantation compared with allo-acceptor grafts



Effect of alloimmunity on corneal endothelium
SK Chauhan et a/

<

Acceptor CD3 T cell

Sygeneic CD3 T cell Rejector CD3 T cell

(=2
(1]

Direct i ¥w% Direct 100 e
S8 £ - . []Direct
; 9] .
. A ; © Indirect

iy . ’ ©
o

< 60
o
e
=
o]
=

Indirect -2 Indirect. JE=S 40
\ . S
o
3

< 20
X

: il 0

s D | D | D 1
%, T Syngeneic Acceptor Rejector
CDA T cell CDA T cell CDA T cell

Acceptor CD4 T cell Rejector CD4 T cell

Sygeneic CD4 T cell

Figure 1 Effect of alloimmunity on CECs. (a) Representative confocal micrographs showing naive C57BL/6 (graft donor) corneal
cups incubated with allogeneic (Balb/c, graft recipients) CD3* T cells isolated from the draining lymph nodes of syngeneically grafted
recipients, allograft acceptors, or allograft rejectors at week 3 after transplantation. After 48 h of incubation, corneas were stained for
zonula occluden-1 (ZO-1) (green) and terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling assay (TUNEL) (red) to
visualize endothelial cell-to-cell junctions and apoptotic cells, respectively (magnification x40). (b) Representative confocal
micrographs showing naive C57BL/6 (graft donor) corneal cups incubated directly or indirectly (using transwells of 1-um pore size)
with CD4* T cells isolated from the draining lymph nodes of syngeneically grafted recipients, allograft acceptors, or allograft rejectors
at week 3 after transplantation. CD4" T cells induced apoptosis of CECs in a contact-dependent (direct; upper panel) or contact-
independent (indirect; lower panel) manner. (c) Bar diagram showing the percentages of apoptotic (TUNEL-positive) CECs in a
contact-dependent (direct) or contact-independent (indirect) manner incubated ex vivo with allogeneic CD4* T cells of the different
graft recipient groups. Data are presented as mean + SEM. (*P = 0.0002; **P =0.004). Each group consists of n =6 mice and data from
one out of three independent experiments is shown.

(862 + 104 cells/mm?, P<0.001) and CEC density was
uncountable 8 weeks after transplantation because of
complete loss of endothelial cell mosaic (Figure 2b).
These results demonstrate that CEC loss is significantly
greater in allogeneic grafts than in syngeneic grafts, and
such loss is even greater in the allo-rejector group.
Next, we analyzed CEC density in host beds (Figure 3)
and found no significant differences among syngeneic,
acceptor, and rejector transplant groups. Interestingly, we
observed a significant decrease in CEC density in the host
beds of all transplanted groups compared with the non-
transplanted group 8 weeks after transplantation (P <0.001).

CEC polymegethism after transplantation

To evaluate the variation in size of CECs after trans-
plantation, we determined the coefficient of variation in
cell size (polymegethism) in both grafts and host beds

(Figure 4). In non-transplanted controls, polymegethism
remained consistently at baseline levels for up to 8 weeks
(<0.2 coefficient of variation). Syngeneic grafts displayed
a gradual increase in the coefficient of variation in cell
size compared with controls. Allogeneic grafts showed a
significant increase in polymegethism compared with
syngeneic grafts at weeks 1 and 3. At week 3 after
transplantation, rejector grafts showed a maximum
variation of 0.7+ 0.1 and thereafter CECs were
undetectable (Figure 4b). In host beds, no significant
change of the coefficient of variation in cell size was
observed between control and transplant recipient groups
for up to 8 weeks after transplantation (Figure 4c).

CEC pleomorphism after transplantation

Normally, CECs exhibit a hexagonal shape that allows
optimization of energy balance of these highly
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Figure 2 CEC loss in donor grafts after transplantation. (a) Representative confocal micrographs of corneal grafts isolated from
syngeneically grafted recipients, allograft acceptors, and allograft rejectors at week 3 after transplantation. To visualize CEC cell-to-cell
junctions, corneas were stained with zonula occluden-1 (ZO-1) (green). CEC densities in the normal corneas of age- and sex-matched
naive mice are shown as controls. The scale bars are equal to 75 um (magnification x 40). (b) CEC density in donor grafts isolated from
different transplant groups and a non-transplant (control) group at day 0, week 1, week 3, and week 8 after transplantation. Data are
presented as mean + SEM. Comparisons of P-values in control (Con) vs syngeneic grafts (Syn), syngeneic vs allogeneic grafts (Allo),
syngeneic vs allo-accepted grafts (Acp), and allo-accepted vs allo-rejected grafts (Rej) are shown in the table, and P <0.05 is considered
significant. Each group consists of n =6 mice and data from one out of three independent experiments is shown. A full color version of
this figure is available at the Eye journal online.
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Figure 3 CEC loss in host beds after transplantation. (a) Representative confocal micrographs of host beds isolated from syngeneically
grafted recipients, allograft acceptors, and allograft rejectors at week 3 after transplantation. To visualize endothelial cell-to-cell
junctions, corneas were stained with zonula occluden-1 (ZO-1) (green). CEC densities in the normal corneas of age- and sex-matched
naive mice are shown as controls. The scale bars are equal to 75 um (magnification x 40). (b) CEC density in host beds isolated from the
different transplant groups and a non-transplant (control) group at day 0, week 1, week 3, and week 8 after transplantation. Each
group consists of n=6 mice and data from one out of three independent experiments is shown. A full color version of this figure is
available at the Eye journal online.
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Figure 4 Polymegethism in CECs after transplantation. Cornea from syngeneically grafted recipients, allograft acceptors, allograft
rejectors, and non-transplanted mice (control) were harvested at different time points after transplantation. Confocal micrographs of
zonula occluden-1 (ZO-1)-stained CECs were analyzed by Confoscan4 software (NIDEK Co. Ltd) to study the polymegethism of CECs.
(a) Representative colored micrograph showing CECs of an allograft rejector recipient 3 weeks after transplantation showing poly-
megethism (cells with large and abnormal size are shown in red color). (b) Cumulative data of the coefficient of variation in morphology
of CECs presented as line graphs showing CEC polymegethism in donor graft areas of syngeneically grafted recipients, allograft
acceptors, allograft rejectors, and of control mice (C57Bl6) at day 0, week 1, week 3, and week 8 after transplantation. Comparisons of
P-values in control (Con) vs syngeneic grafts (Syn), syngeneic vs allogeneic grafts (Allo), syngeneic vs acceptor grafts (Acp), and acceptor
vs rejector grafts (Rej) are shown in the table, and P <0.05 is considered significant. (¢c) Cumulative data presented as line graphs showing
polymegethism of CECs in host bed areas of the different corneal graft recipients and controls (Balb/c) at day 0, week 1, week 3, and
week 8 after transplantation. Each group consists of 7 =6 mice and data from one out of three independent experiments is shown. A full

color version of this figure is available at the Eye journal online.

metabolically active cells.!! Loss of hexagonality is a
measure of endothelial cell distress and is represented by
the calculation of cell shape variation, termed as
pleomorphism. We determined pleomorphism or loss of
cell hexagonality in the grafts and host beds (Figure 5).
In grafts, syngeneic transplants showed a significant
reduction in the percentage of hexagonal cells compared
with CECs in the non-transplanted control corneas
(59.0% £ 0.5). At weeks 1 and 8, we observed no significant
difference in CEC pleomorphism between syngeneic and
allo-acceptor grafts. However, allo-rejector grafts showed a
maximum reduction in hexagonal CECs (25.3% + 3.6,

P =0.01) 3 weeks after transplantation compared with allo-
acceptor (43.6 +5.6) grafts (Figure 5b). In host beds
(Figure 5c), a small but not significant reduction was
observed among syngeneic, allo-acceptor, and allo-rejector
host beds. Although we observed a small reduction of
hexagonal CECs in all transplant groups compared with
non-transplant controls (syngeneic: 45.8 +4.9; allo-
acceptor: 43.5 +2.5; allo-rejector: 45.8 +3.9).

Discussion

The present study was designed to investigate the
comparative effect of host immune response (allospecific)

and surgical manipulation (nonspecific) on CEC damage
in a mouse model of corneal transplantation. We here
show that host alloimmunity, which is primarily
mediated by CD4* T cells, is the principal cause of
progressive loss of CECs in corneal transplantation.
Moreover, our data demonstrate that in addition to
surgical trauma, alloimmunity has a key effect on CEC
morphology and survival, even before a clinically visible
onset of allograft rejection.

T-cell-mediated alloimmunity has been shown as the
main cause of immune rejection of corneal grafts.?'>
Corroborating previous studies,*® our data confirm that
allospecific CD4 " T cells are the major T-cell subset that
induces CEC apoptosis. Interestingly, these allospecific
CD4 " T cells do not require direct cell-to-cell contact to
exert their damaging effects on CECs. CEC apoptosis
mediated by CD4* T cells in a non-contact-dependent
mechanism could be primarily promoted via secretion of
apoptosis-inducing cytokines/molecules. In corneal
transplantation, a major subset of CD4 " T cells are
T helper type 1 cells,* which are characterized by the
expression of their signature cytokine IFN-y, and other
proinflammatory cytokines such as TNF-« and IL-1.
These proinflammatory cytokines (IFN-y, TNF-o, and
IL-1) have been shown to induce apoptosis in CECs.?*

141
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Figure 5 Pleomorphism in CECs after transplantation. Cornea from syngeneically grafted recipients, allograft acceptors, allograft
rejectors, and non-transplanted mice (control) were harvested at different time points after transplantation. Confocal micrographs of
zonula occluden-1 (ZO-1)-stained CECs were analyzed by Confoscan4 software (NIDEK Co. Ltd) to study CEC pleomorphism (% of
hexagonal cells). (a) Representative colored micrograph showing CECs of an allograft rejector 3 weeks after transplantation showing
pleomorphism (normal, hexagonal cells are shown in green). (b) Cumulative data presented as line graphs showing CEC pleomorphism
in donor graft areas of syngeneically grafted recipients, allograft acceptors, allograft rejectors, and of control mice (C57Bl6) at day 0, week
1, week 3, and week 8 after transplantation. Comparisons of P-values in control (Con) vs syngeneic garfts (Syn), syngeneic vs allogeneic
grafts (Allo), syngeneic vs acceptor grafts (Acp), and acceptor vs rejector grafts (Rej) are shown in the table, and P <0.05 is considered
significant. (c) Cumulative data presented as line graphs showing CEC pleomorphism in host bed areas of different corneal graft
recipients and controls (Balb/c) at day 0, week 1, week 3, and week 8 after transplantation. Each group consists of # =6 mice and data

from one out of three independent experiments is shown. A full color version of this figure is available at the Eye journal online.

However, it has been shown that rejection not mediated
by CD4 T cells can occur as well.?

The main parameters of CEC viability are cell density,
polymegethism, and pleomorphism.26 In this study, the
cell density of CECs in the grafts was not significantly
reduced in syngenic grafts compared with allografts 1
week after transplantation. Three to eight weeks after
transplantation, however, we found a significant
difference in cell density between syngenic and
allografted transplants. Thus, surgical manipulation
damaged CECs 1 week after transplantation; at later time
points, both surgical damage and allo-specific immune
responses did affect cell density after transplantation.
Cell density of host beds was reduced equally in all
transplanted mice for all time points, suggesting that
CECs from host beds may migrate to the graft to
compensate for CEC loss in the graft. Similar results have
been observed by Bohringer et al?’ in human, where the
graft endothelium was replaced by the recipient bed
endothelium. Another study reported that endothelial
cell loss continued at an accelerated rate for many years
both after corneal transplantation and after cataract
surgery, which suggest that the continued cell loss may
not solely be the result of surgical trauma even in the
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absence of an allograft.?® Quantifying polymegethism
and pleomorphism is a more sensitive measurement than
cell density measurement alone?® as they likely represent
early deficiencies in barrier and/or pump function.
Indeed, 1 week after transplantation we found a
significant increase in polymegethism comparing
syngenic grafts with allografts (including acceptors) and
acceptors with rejectors, and our data indicate an effect of
allo-immune responses on CEC morphology as early as
1 week after surgery. In contrast, the percentages of
hexagonal cells or pleomorphism were not significantly
different between syngeneic and allografts (including
acceptors) at weeks 1 and 8, but showed a difference
when acceptors were compared with rejectors 3 weeks
after transplantation. Hence, our morphologic data
indicate that polymegethism (but not pleomorphism or
cell density) is a sensitive indicator of the effect of
alloimmunity on CECs at early time points after
transplantation. Interestingly, polymegethism has been
shown to define functional deficiency in CECs better than
pleomorphism,?’ and polymegethism is regarded as an
early manifestation in contact lens-induced hypoxic
stress on corneal endothelium.*’ Based on these previous
findings and our data, we thus suggest that measuring



polymegethism is a more sensitive method to detect the
effect of immunity on CEC viability than pleomorphism.

In summary, the effect of transplantation and
alloimmunity on CECs can be detected by morphologic
changes indicating an early stress response before loss in
cell density, development of edema, and opacification.
The variability in cell shape (polymegethism) is a
marker for CEC wound healing and may allow
quantification of alloimmunity-induced changes even
before the clinically visible onset of graft rejection. This
more sensitive measure of evaluating CEC viability in
transplantation may add to the precision of measuring
host alloresponse.

Summary

What was known before
e Inflammation after corneal transplantation is the main
cause of increased apoptosis of the CECs and loss of
CECs during graft rejection.

® Previous studies have demonstrated that CD4 + T cells
can inflict damage to allogeneic CECs in vitro.

What this study adds
® In the present study, we differentially quantified
allospecific and nonspecific inflammation-mediated
damage to CECs after corneal transplantation.

® Our data show that in addition to surgical trauma
(nonspecific inflammation), allospecific immunity had a
key damaging effect on CEC morphology, density, and
survival, even before the clinically visible onset of
allograft rejection.

® Our data suggest that endothelial shape alterations could
be a novel and early diagnostic marker in corneal
transplantation.
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