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Abstract

Background: Correlations between bone marrow, heart, kidney, liver, skin and lung transplant rejection or survival with
human cytokine gene polymorphisms have been described.
There are also reports about the role of cytokines and Tumor
Necrosis Factors-Alpha (TNF-α) on corneal transplant in animal models. Further studies are needed to clarify the role of
cytokines in corneal allograft rejection in humans.
Objective: To study whether corneal allograft rejection is associated with TNF-α gene polymorphism.
Methods: A total of 105 cases of corneal transplant were followed for a mean period of 25.9 months and the episodes of
rejections recorded. We determined allele-specific PCR
(ASPCR) TNF-α gene polymorphism of the patients and
evaluated their association with rejection.
Results: The overall incidence of corneal graft rejection and its
subsequent recovery were 21% and 63.6% respectively. Rejection was more common in the vascularized corneas (5.4
folds; P<0.001), and in eyes with anterior synechia (3.9 fold;
P<0.05). There was no correlation between TNF-α gene polymorphism and the chance of allograft rejection.
Conclusion: No association was found between human TNF-α308 G/A promoter gene polymorphism and corneal allograft rejection in our cases of uncomplicated penetrating keratoplasty.
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Introduction

T

he immune system recognizes and destroys a transplant organ when it is of a non-self nature.1 The major
human leukocyte antigen (HLA) system is a well known
component of the immune system which determines the outcome in allogenic transplants.2 The significance of the non-HLA
components of the immune system is evidenced by the fact that
allograft reactions can occur despite HLA compatibility between
donors and recipients.3,4
Where as cornea is avascular and hidden from the immune
system, most of the previous studies on the role of TNF-α in
iorgan transplantation were carried out in organs having blood
supplies and hence easily exposed to the immune system.5,6,7-9

TNF-α & corneal transplant rejection

There are some reports regarding TNF-α in
corneal graft in animal models.10,11 However,
there is little information about the effects of
human TNF-α gene polymorphisms on corneal
allotransplants. In such cases the donor tissue
was transplanted into an immunologically privileged site. Therefore, the present study investigates if TNF-α -308 G/A gene polymorphism
has any effect on the outcome of corneal allograft and transplant rejection.
Patients and methods
The present study comprised 105 patients who
underwent elective optical penetrating keratoplasties (full thickness corneal transplant) in
non-inflamed eyes. The patients consisted of
58 males (55.2%) and 47 (44.8%) females and
were in the range of 12-78 years with a mean
age of 37.37 years. The underlying diseases
included keratoconus (61%), corneal scar and
opacity (23.8%), pseudophakic bullous keratopathy (10.5%), macular corneal dystrophy
(2.9%) and Fuchs' endothelial dystrophy (1.9%).
Patients were considered as rejecters if
showed one episode of clinically evident acute
corneal allograft rejection during the follow up
course of 2.5-60 months with a mean of 17.84
months. On the other hand, they were regarded as non-rejecters if no allograft rejection
occurred until the end of the follow-up period of
4-100 months with a mean of 25.9 months.
Patients received postoperative systemic steroid therapy for one week followed by a steroid
eye drop, which was tapered to four times a
day during the first month and finally discontinued during the next 4 to 6 months.
Patients were visited regularly and episodes of corneal allograft rejections were observed by biomicroscopic examination of the
eye. Graft failure, due to allograft rejection,
was defined as persistence of the corneal
edema with no improvement, despite intensive
treatment for acute corneal allograft rejection.
Recovered corneal allograft rejection was defined as relieved signs of corneal rejection,
which resulted in a non-edematous clear cornea without anterior segment inflammation
and/or keratic precipitates. Anterior synechia and
recipient bed vascularization were considered as
possible risk factors for rejection and according
to their extent were graded from 0 to 4.

Typing of TNF-a polymorphism by ASPCR
Genomic DNA was extracted from peripheral
12
blood leukocytes by a salting out procedure.
PCR-based DNA analysis was carried out with
some modification under conditions previously
described.14 Based on this method, an ASPCR
was used to detect the G®A transition poly-

morphism at position -308 of TNF-a gene.
Three primers were used for the ASPCR: the
forward primer (position -144/-164: 5'-TCTCG
GTTTCTTCTCCATCG-3') was used in combination with either the reverse primer (position
328/-308 G: 5'-ATAGGTTTTGAGGGGCATGG
-3'), complementary to the TNFA1 allele, or the
reverse primer (position -320/-308 A: 5'-ATAG
GTTTTTG AGGGGCATGA-3'), which is complementary to the TNFA2 allele. As an internal
control the b-globin specific primers (forward
primer:
5'-ACACAACTGTGTTCACTAGC-3',
and reverse primer: 5'-CAACTTCATCCACGTT
C ACC-3') were included to the reactions. Fifty
micro-liters of PCR reaction mixture were
comprised of genomic DNA samples (500 ng),
200 mmol/L dNTPs, 2 mM MgCl2, 1X Taq DNA
polymerase buffer, 2 unit of Taq DNA polymerase (Bohringer Manheim, Germany) and
10 pmol of each test primers. Reaction conditions used with the thermal cycler (master cycler, Ependerof) were as follows: 95°C for 5
minutes; 31 cycles of 95°C for 90 seconds,
61°C for 150 seconds, and 72°C for 60 seconds; and 72°C for 10 minutes.
Reaction products were separated on a 2%
agarose gel and stained with ethidium bromide.

Statistical analysis:
Experimental data for the distribution of TNF-a
alleles and clinical data were compared by
Chi-square or Fisher exact tests, using EPI6
statistical software package.
Results
The number of cases with their genders and
underlying diseases are shown in Table 1. The
overall incidences of rejection and recovery
following the rejection were 21% (22 eyes),
and 63.6% (14 eyes) respectively. From 22
eyes with allotransplant reaction, 21 eyes experienced endothelial cell rejection and one
eye epithelial cell rejection. In 12 eyes with
recipient bed vascularization there was a 5.4folds more common corneal allograft rejection
(9 eyes) compared to 93 nonvascularized
eyes, in which only 13 cases were rejected
(P<0.0001). Recovery following rejection in
eyes without recipient bed vascularization was
1.8-fold more common (9 cases) than eyes
with similar problems (5 cases), although the
difference was not statistically significant. The
presence of anterior synechia was also associated with a 3.9-folds increase in corneal allograft rejection (4 out of 5 cases) compared to
its absence (21 out of 100 cases) (P<0.05).
Recovery following rejection was 4.3-folds
higher in eyes without anterior synechia. How-
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Table 1: Frequency of the underlying diseases in corneal transplant patients
Indication
KCN
n (%)
Female
24 (51)
gender
Male
40 (69)
Total
64
KCN = Keratoconus, OP= Opacity, MD
thelial Dystrophy

OP
MD
PBK
FD
Total
n (%)
n (%)
n (%)
n (%)
12 (25.5)
2 (4.3)
7 (14.9)
2(4.3)
47
13 (22.4)
1 (1.7)
4 (6.9)
0
58
25
3
11
2
105
= Macular Dystrophy, PBK = Pseudophakic Bullous Keratopathy, FD = Fuchs' Endo-

ever, the difference was not statistically significant.
In the present study no difference was found
between TNF-α gene polymorphism and the
chance of allograft rejection. However, no apparent correlation was found between the
chance of recovery of rejected allograft and
different inherited TNF-α alleles or genotypes
(genotype A1A1=GG and genotype A1A2= AG)
Table 2 shows the number and the types of
rejections with various TNF-α polymorphism.
Discussion
The major risk in allogenic organ transplantation is transplant rejection by T cell-mediated
and humoral immune reaction.14 It has been
postulated that cytokines, including TNF-α, are
involved in the entire process of transplant rejection.15 In addition to the classical HLA system, cytokine gene polymorphisms are among
the most important factors in transplant outcome.7 Previous studies have suggested some
associations between TNF-α gene polymorphism and the outcome of hematopoietic stem
cell,17 heart,8,21 liver19,20, skin,5 and kidney7,21
transplantations.
Most of those studies were done on organs
with blood supplies and hence were exposed
to the immune system. Considering the avascularity of cornea, the aim of this study was to
clarify whether there was any correlation between human TNF-α-308G/A polymorphism
with corneal allograft rejection.
In our study, TNF-α gene polymorphism
was not found to be associated with either corneal allograft rejection, or recovery following
rejection in patients who underwent penetrating keratoplasty for diverse etiologies. This
was in contrast to forgoing organ transplant.
Table 2: Frequency of rejection and its subtypes in
various TNF-α genotypes
TNF-α

GG
AG

Rejection [n (%)]
Yes*
No
Recovered
failed
11(13.4)
7(8.6)
64(78)
3(18.7)
1(6.3)
12(75)

Rejection Type
n (%)
END
EPI
17(94)
1(6)
4(100)
0

*Genotype distribution is also not different between cases

recovered from Rejection or failed after rejection. END=
Endothelial, EPI= Epithelial. For more detail see text.
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Corneal transplants have the best prognosis
and the lowest rate of rejection compared with
other organ.23 This accounts for the presence
of blood-aqueous barrier, recipient bed avascularity, lack of classic antigen-presenting cells
(APCs) in the avascular corneal tissue and the
so called "anterior chamber-associated immune deviation" (ACAID).23,24
TNF–a exerts a crucial effect on ACAID,25
its introduction into the anterior chamber of the
eye disrupts the its immune privilege and suppresses ACAID.26 It has been claimed that recipient's bed vascularization of at least three
quadrants is amongst the predisposing factors
of corneal allograft rejection.27 It has also been
reported that the risk of corneal graft rejection,
in donor and / or recipient ABO incompatible
penetrating keratoplasties, is higher in vascularized than in non-vascularized corneas.28 In
fact disruption of the eye's immune privilege
can occur with interruption of the blood-ocular
barrier, corneal neovascularization and the
access of classic APCs to the center of the
graft.24
The majority of our patients were cases of
uncomplicated penetrating keratoplasty, without high risk factors such as recipient bed vascularization, active ocular inflammation, disrupted blood-aqueous barrier, and anterior
synechia. The present study showed that corneal allograft rejection was increased by 5.4folds in eyes with recipient bed vascularization
and by 3.9-folds in anterior synechia. However,
the analysis of our data did not show any statistically significant correlation between TNF-α
gene polymorphism and either occurrence of
rejection and/or its subsequent recovery. This
was probably due to small number of eyes
having these two risk factors in our series.
It seems reasonable to assume that the corneal donor tissue is more readily exposed to
the immune system in eyes with recipient bed
vascularization, anterior synechia, vascular
congestion, and ocular inflammatory diseases.28 All of these situations erode corneal
privilege and increase the chance of exposure
of the transplanted tissue to TNF-α secreting
immune cells which increase the chance of
corneal allograft rejection. The present study

TNF-α & corneal transplant rejection

did not contain sufficient number of cases with
simultaneous rejection accompanied by vascularization and/or anterior synechia. This, however, would provide clinically reliable data in
regard to the extent of the aforementioned two
complications in terms of rejection and/or recovery following the rejection.
A full understanding of gene function requires more detailed knowledge about the interactions among different cytokines in corneal
transplants more readily exposed to the immune system. Further studies are needed to
clarify the probable roles of TNF-α and other
cytokines in corneal allograft rejection in corneal transplants with bed vascularization, or
anterior synechia, along with congested and
inflammed eyes such as tectonic corneal
grafts. In general, it seems unlikely that preoperative tests for TNF-α-308G/A gene polymorphism in nonvascularized cases of corneal
transplantation, would help assess the risk of
developing corneal allograft rejection.
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