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Abstract
Aims—To investigate polymorphism
within the tumour necrosis factor alpha
(TNF-á) promoter region and within the
interleukin-1 receptor antagonist (IL-
1Ra) gene in a group of patients with vas-
culitis associated corneal melting.
Methods—The polymorphic regions at
position –308 on the TNF-á promoter
region and in intron 2 of the IL-1Ra gene
were amplified by the polymerase chain
reaction (PCR). The resultant products
were separated by electrophoresis on aga-
rose gels and visualised by ethidium
bromide staining. Genotype and allele
frequencies for the 20 patients were com-
pared with healthy controls from the same
geographical area.
Results—The allele frequencies in the
patient and control groups respectively for
the TNF-á and IL-1Ra sites studied were
as follows: TNF1, 82.5% and 80.2%; TNF2,
17.5% and 19.8%; IL-1Ra*1, 82.5% and
78.3%; IL-1Ra*2, 15% and 20%; IL-1Ra*3
2.5% and 1.5%. Although there was a trend
for the IL1Ra*2 allele to be more common
in the control group, no allele was found to
have a statistically significantly associ-
ation with the patient group: TNF1 p =
0.89; TNF2 p = 0.89; IL-1Ra*1 p = 0.65;
IL-1Ra*2 p = 0.68; IL-1Ra*3 p= 0.50.
Conclusions—The results suggest that the
polymorphic alleles of TNF-á and IL-1Ra
studied play little or no part in the suscep-
tibility to corneal melting among these
patients with systemic vasculitis.
(Br J Ophthalmol 2000;84:395–398)

Tumour necrosis factor alpha (TNF-á) and
interleukin-1 (IL-1) are powerful, proinflam-
matory cytokines. Produced predominantly by
macrophages, they induce many of the changes
observed in the acute inflammatory response.
The eVects of cytokines, such as TNF-á and
IL-1, are balanced by the production of natural
inhibitors. This interaction between the in-
flammatory cytokines and their inhibitors
serves to maintain and restore health after the
acute inflammatory response. The natural
inhibitors may either bind to a cytokine and
prevent its subsequent interaction with a
receptor or else bind directly to the receptor
without inducing a biological eVect. The IL-1
receptor antagonist (IL-1Ra) binds to the IL-1
receptor on the cell surface without inducing a

biological eVect and blocks the subsequent
binding of IL-1.1 IL-1Ra binds to both of the
IL-1 receptors (IL-1RI and IL-1RII) but the
binding to IL-1RI is responsible for most of the
anti-inflammatory eVect.1

TNF-á, IL-1, and IL-1Ra are secreted onto
the healthy ocular surface by corneal and con-
junctival epithelial cells.2 3 Production of the
inflammatory cytokines increases after corneal
injury but is regulated by local inhibitors.2–5

The eVects of TNF-á and IL-1 include
increased vascular permeability, induction of
adhesion molecule expression, migration of
inflammatory cells from the vascular compart-
ment, release of inflammatory mediators caus-
ing tissue damage, such as metalloproteinases
and nitric oxide, and the production of other
cytokines.6 7 TNF-á and IL-1 have been impli-
cated in anterior segment disease, including
corneal melting.4 8 In contrast, IL-1Ra may be
involved in regulating corneal inflammation
and repair.3 9

Polymorphism exists within the genome for
both TNF-á and IL-1Ra. Although several of
these polymorphisms are biologically silent,
others have functional consequence and may
be responsible for the high but stable interindi-
vidual variation in cytokine production. The
gene encoding TNF-á lies on chromosome 6
between the MHC class 1 and class 2 regions.
The TNF2 allele is characterised by an
adenine to guanine substitution at position
–308 relative to the transcription initiation site
and is associated with increased TNF-á
transcription.10 11 The gene for IL-1Ra lies on
chromosome 2 and contains an 86 base pair
variable number tandem repeat (VNTR)
within the second intron.12 Five alleles exist as
variable numbers of the tandem repeat and
allele 2, consisting of two repeats, is associated
with increased transcription.13

Corneal melting or necrotising keratitis
occurs most commonly in association with
autoimmune vasculitis, particularly rheuma-
toid arthritis and Wegener’s granulomatosis.14

The aetiology of these autoimmune disorders
is multifactorial and both TNF-á and IL-1
have been implicated in the pathogenesis and
targeted in treatment.7 15 Polymorphisms of
TNF-á and IL-1Ra may be associated with
increased susceptibility to autoimmune dis-
ease, including rheumatoid arthritis and Wege-
ner’s granulomatosis.16–19 An imbalance in pro-
duction of the inflammatory cytokines relative
to their inhibitors could result in an acute
inflammatory process either being exaggerated
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or becoming chronic. There is some evidence
to suggest that this situation occurs in the
rheumatoid synovium and in corneal
melting.20 21 Given the association with the
underlying autoimmune diseases and the func-
tional significance of the TNF-á and IL-1Ra
polymorphisms, we postulated a role for these
polymorphisms in the pathogenesis of corneal
melting. Here we report the genotype and
allele frequencies of these polymorphisms in
patients with vasculitis associated necrotising
keratitis or corneal melting and in the normal
population from the same geographical area.

Patients and methods
After ethics committee approval had been
obtained, patients in the Yorkshire Region with
a diagnosis of sterile corneal melting in associ-
ation with systemic vasculitis were invited to
take part in the study. The anatomical site of
the corneal melting and the systemic disease
association were determined from case note
review, clinical and slit lamp examination, or
both.

DNA was extracted from peripheral blood
lymphocytes using a previously described
method comprising red cell lysis, proteinase K
digestion, salt extraction, and ethanol
precipitation.22 At a concentration of 0.1 µg/µl,
the DNA was subjected to polymerase chain
reaction (PCR) amplification in a GeneAMP
PCR System 9600 (Perkin Elmer, CA, USA).
The products were analysed by electrophoresis
on agarose gels and visualised by ultraviolet
transillumination with ethidium bromide stain-
ing. A molecular weight marker ranging from
100 bp to 600 bp was used to determine the
fragment sizes.

PCR ANALYSIS OF TNF-á GENE POLYMORPHISM

PCR amplification of the polymorphic region
at position –308 of the TNF-á promoter region
was performed using previously described
primers and subjected to specific endonuclease
digestion with Nco1.23 PCR conditions were as
follows: 94°C for 3 minutes, 60°C for 1
minute, 72°C for 1 minute, followed by 35
cycles of 94°C for 1 minute, 59°C for 1
minute, 72°C for 1 minute and a final cycle of
94°C for 1 minute, 60°C for 1 minute, and
72°C for 1 minute. The resultant PCR
products were separated by electrophoresis on
a 4% agarose gel and visualised under
ultraviolet transillumination. When the TNF1
allele is present, the Nco1 restriction site is
intact and an 84 bp product is produced. For
the TNF2 allele, the PCR product cannot be
cleaved by Nco1 and a 108 bp product is
produced.23

PCR ANALYSIS OF IL-1RA GENE POLYMORPHISM

Intron 2 of the IL-1Ra gene contains an 86 bp
VNTR. Primers flanking this region were used
to amplify the polymorphic region by PCR.12

PCR conditions were as follows: 94°C for 1
minute, 60°C for 1 minute, 72°C for 1 minute
followed by 35 cycles of 94°C for 1 minute,
59°C for 1 minute, 72°C for 1 minute and a
final cycle of 94°C for 1 minute, 60°C for 1
minute, and 72°C for 1 minute. The PCR
products were separated by electrophoresis on
a 2% agarose gel and visualised under
ultraviolet transillumination. The IL-1Ra alle-
les exist as variable numbers of the tandem
repeat and as PCR products of the following
sizes: IL-1Ra*1 = 410 bp, IL-1Ra*2 = 240 bp,
IL-1Ra*3 = 500 bp, IL-1Ra*4 = 325 bp, and
IL-1Ra*5 = 595 bp.

After determining the genotype for each
patient, the allele frequencies (number of times
the test allele occurs in the population divided
by the total number of alleles) for each of the
alleles encountered were calculated. The geno-
type and frequency of the alleles was then
compared with that for unrelated white blood
donor controls from the Yorkshire area (J Reid,
personal communication).

Statistical analysis was performed using 2×2
contingency tables and ÷2 tests to calculate the
relative risk and significance for each allele.

Results
Twenty white patients were recruited into the
study, of whom 17 had rheumatoid arthritis
and three had Wegener’s granulomatosis. Ten
of the patients were male. All the patients had
peripheral corneal melting, except for one with
rheumatoid arthritis in whom the disease was
central and bilateral.

The distribution of the genotypes found in
the patients with rheumatoid arthritis or Wege-
ner’s granulomatosis and in the control groups
is given in Table 1. The frequency of each allele
in the combined patient group and the control
group is given in Table 2. Although there was a
trend for the IL-1Ra*2 allele to be more com-
mon in the control group, this failed to reach
clinical significance. No allele was found to be

Table 1 Comparison of the TNF-á and IL-1Ra genotypes
among corneal melting patients and controls

Genotype

Subjects (n = 20)

Controls (n=202)RA WG

TNF-á genotypes (position –308)
1,1 12 2 134
1,2 4 1 56
2,2 1 12

Subjects (n = 20)

Genotype RA WG Controls (n=200)

IL-1Ra genotype
1,1 11 3 127
1,2 4 52
1,3 1 6
2,2 1 14
4,4 — 1

RA = rheumatoid arthritis; WG = Wegener’s granulomatosis.

Table 2 Frequency of each allele (%) of TNF-á and
IL-1Ra in the combined patient and control groups and the
relative risk (RR)

Allele Subjects Controls RR

G/TNF1 82.5 80.2 1.03
A/TNF2 17.5 19.8 0.88
IL-1Ra*1 82.5 78.3 1.06
IL-1Ra*2 15 20 0.79
IL-1Ra*3 2.5 1.5 1.67
IL-1Ra*4 — 0.2 —
IL-1Ra*5 — — —
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significantly associated with the patient group:
TNF1 p = 0.89; TNF2 p = 0.89; IL-1Ra*1 p =
0.65; IL-1Ra*2 p = 0.68; IL-1Ra*3 p= 0.50.

Discussion
Necrotising keratitis or corneal melting occurs
most commonly in association with a systemic
vasculitis.14 The condition may occur in either
the central or peripheral cornea and is charac-
terised by ulceration and rapidly progressive
loss of the corneal stroma. The pathogenesis of
the condition is poorly understood but a com-
bination of factors appears to be involved,
including chronic ocular surface disease and
inflammatory cell infiltrate.8 24 25 Although a
tendency exists for the inflammatory ulceration
to occur more commonly in the peripheral cor-
nea and for the surface disease associated
ulceration to occur in the central or paracentral
cornea, this distinction is not absolute and
most patients have a combination of surface
disease and inflammatory cell infiltrate.26 In
our experience, the inflammatory process in
the cornea of patients with either anatomical
type of vasculitis associated corneal melting is
quantitatively very diVerent from that in other
patients with the same systemic vasculitis and
ocular surface disease but no melting. In this
study, we planned to investigate whether this
diVerence may be a reflection of an inherent
imbalance in cytokine production relative to
the corresponding inhibitor in these patients.

In the normal immune response, inflamma-
tion produces little or no damage to the host.
However, if the response is self directed and/or
ineVectively downregulated, then a situation of
chronic leucocyte activation arises with contin-
ued production of inflammatory mediators and
tissue destruction. This may be the case in the
corneal melting associated with rheumatoid
arthritis and Wegener’s granulomatosis.21 In
addition to inflammatory cell infiltrate and
surface disease, features of the ocular condition
include local vasculitis, an excess of matrix
metalloproteinases relative to their tissue in-
hibitors, and rapid loss of corneal stroma often
progressing to perforation.21 24 27 In view of the
role of TNF-á and IL-1Ra in the pathogenesis
of systemic vasculitis and their presence in
normal and inflammatory corneal disease, it
seemed reasonable to determine the role of
functional polymorphisms of these cytokines in
the susceptibility to corneal melting.

Given the similar genotypes in the patients
with rheumatoid arthritis and Wegener’s
granulomatosis and the small number of
patients with the latter, the allele frequencies
were calculated for the whole patient group
(Table 2). Similar frequencies of all the TNF-á
and IL-1Ra alleles were observed in patients
with corneal melting and healthy controls from
the same ethnic group and geographic area.
Most of these alleles are biologically silent and
only the TNF2 and IL-1Ra*2 alleles have
functional significance. There was no evidence
to suggest that the functional allele TNF2 was
more common and the IL-1Ra*2 allele less
common in the patient group. Such a finding
would have supported our original hypothesis.
However, the number of patients is small and

so this study is underpowered. As corneal
melting in the context of systemic vasculitis is
extremely rare, a multicentre project would be
needed to show statistical significance given
the similar allele frequencies.28 We have not
investigated all of the possible ligand, receptor,
and antagonist alleles for TNF-á and IL-1.
Our impression from this study is that the alle-
les of TNF-á at position –308 and within
intron 2 of the IL-1Ra gene have either no or a
limited role in the susceptibility to corneal
melting in this patient group.

Controversy exists with regard to the role of
TNF-á and IL-1Ra alleles in relation to other
immune disease. Some studies have shown an
increased susceptibility to autoimmune dis-
ease, including rheumatoid arthritis and Wege-
ner’s granulomatosis.16–18 However, these asso-
ciations are modest and the findings were not
supported by other studies.29–31 Given the mul-
tifactorial pathogenesis of these systemic dis-
eases, it may be unlikely that a single mutation
can confer increased susceptibility.18 19 There is
other evidence to support a role for individual
alleles in determining the severity of a given
autoimmune disease.16 32 Alleles of TNF-á may
alter the profile of rheumatoid disease.19 30 In
relation to ocular disease, variant TNF-á
alleles may be responsible for altered levels of
TNF-á in the tear film and a poor outcome
while IL-1 alleles may predispose to chronic
iritis in juvenile rheumatoid arthritis.32 33 It
proved diYcult to try to classify this small
group of patients with corneal melting in terms
of the severity of the ocular disease. Using the
less common alleles TNF2 and IL-1Ra*2 as
independent risk factors, we attempted to
determine their influence on the disease sever-
ity using the following as examples of measures
of severity: unilateral or bilateral disease, perfo-
ration requiring corneal grafting, number of
corneal grafts, and final visual outcome. How-
ever, we were unable to devise a useful measure
of disease severity which could be reliably
applied to such a retrospective review of the
patients and case notes. Not only were the sys-
temic associations diVerent, but so too was the
local and systemic immunotherapy before and
after presentation, the stage of the disease at
the initial presentation, and the relative contri-
bution of ocular surface and inflammatory dis-
ease. Our overall impression from a retrospec-
tive case note review was that the functional
alleles studied were not associated with in-
creased severity of ocular disease.

In summary, the genotype and allele fre-
quencies of the TNF-á and IL-1Ra sites stud-
ied did not diVer significantly between the
patient and control groups. As a result of this
study, we conclude that these polymorphic
alleles play little or no part in either the suscep-
tibility to or the severity of corneal melting in
these patients with systemic vasculitis.
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University Hospital, Leeds and was supported by a grant from
the Northern and Yorkshire Regional Health Authority.
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