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Introduction
Keratoconus (KC) is a corneal ectatic disease that 
results in bilateral and asymmetrical corneal distortion 
(Abu‑Amero et al., 2014) characterized by altered 
refractive powers and reduced vision. Symptoms appear 
by the age of early 20’s or late teens. Clinical signs of 
KC are extremely variable depending on the stage of 
progression of the disease. KC is also characterized 
by stromal thinning, conical protrusion, Fleischer’s 
ring, Vogt’s striae, increased visibility of nerve fibers, 
and rupture in Bowman’s layer (Krachmer et al., 1984; 
Bron, 1988). Histologically, the keratoconic corneal 
stroma may become less than one‑quarter its normal 
thickness (Kenney and Brown, 2003).

Recent studies have shown that the KC is 
associated with eye rubbing in atopic patients 
(Krachmer et al., 1984; Bawazeer et al., 2000), contact 
lens wearing (Macsai et al., 1990), increased proteinase 
activity, decreased levels of proteinase inhibitors, 

increased oxidative damage, and keratocyte apoptosis. 
Prevalence rates for KC range from 0.0002 to 2.34% 
(Gordon‑Shaag et al., 2012). Prevalence and incidence 
rates of KC are higher in Asians than the Caucasian 
population (Pearson et al., 2000; Georgiou et al., 2004). 
In the Middle East Population studies (including the 
Arabs and non‑Arabs) it has been suggested that the 
incidence of KC is between 20/100 000 and 24.9/100 
000 (Georgiou et al., 2004; Ziaei et al., 2012). On 
the basis of a previous study done in Egypt, it was 
found that the prevalence of KC was 1.12%. Of all 
the affected cases, 5.5% had unilateral, and the other 
cases (94.5%) had bilateral KC (Elbedewy et al.,2019). 
Another study found a higher incidence of KC for 
Asians (25/100 000/year) as compared with White 
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people (3.3/100 000/year). The higher incidence of 
KC in the Asian population is because this community 
has a tradition of consanguineous marriages 
(Althomali et al., 2018). A previous study found that 
the percentage of parental first‑cousin marriage was 
35.4% among patients with KC and 18.3% among 
controls (Krachmer et al., 1984).

KC is a multifactorial disorder, controlled by both 
genetic and environmental factors, that is, it is a 
complex disease; consanguinity has been found 
to be a risk factor for KC which proves that it is a 
genetic disease. To date, 17 distinct genomic loci 
have been mapped for KC showing that there is a 
high degree of genetic heterogeneity in this disease 
(Burdon and Vincent, 2013). Recent studies have 
shown that there is a lot of candidate genes associated 
with KC like the VSX1 gene that have been proven 
to be significantly associated with KC in the Han 
Chinese population. ZEB1 mutations in the European 
population were found to be associated with KC 
(Lechner et al., 2013a, 2013b). D326Y variant in 
COL4A3 and M1237V and F1644F variants in 
COL4A4 show significant allelic effects. Filaggrin 
(OMIM 135940) mutations are a strong genetic risk 
factor for atopic dermatitis (Bawazeer et al., 2000).

In addition to these genes other genes like superoxide 
dismutase 1 (lipoxygenase‑transforming growth 
factor, β1), secreted protein acidic and rich in cysteine, 
human leukocyte antigen, mitochondrial complex 
I genes, and collagen type IV, alpha 3 and collagen 
type IV, and alpha four are considered to be candidate 
genes for KC. Meta‑analysis study mentioned that 
single‑nucleotide polymorphism (SNP) rs4954218, 
located at the 2q21.3 genomic region, is associated with 
KC. RAB3GAP1 is considered to be a candidate gene 
for KC (Li et al., 2011). The results of two genome‑wide 
association studies found that  hepatocyte growth 
factor (HGF) is considered to be a candidate gene for 
KC. Two SNPs located upstream of the HGF gene on 
chromosome 7 showed repeated association with KC 
(Burdon et al., 2011).

Interleukin (IL)‑1 is a proinflammatory cytokine 
that is responsible for the production of cytokines 
and chemokines, which play an important role in 
inflammatory processes. IL‑1 control many different 
cellular activities, including cell proliferation, 
differentiation, and apoptosis (Mikami et al., 2013). 
The IL‑1 family consists of two proinflammatory 
cytokines (IL1A and IL1B) and the IL‑1 receptor 
antagonist (IL‑1Ra). These proteins are encoded by 
IL1A, IL1B, and IL1RN, respectively; they are present 
in chromosome 2q14. Recent studies have shown an 
association of polymorphisms in IL1A, IL1B, and 

IL1RN with KC in a Korean population and this 
study also proved that IL1B promoter polymorphisms 
rs1143627 (−31T>C) and rs16944 (−511C>T) are 
significantly associated with an increased risk of KC 
(Kim et al., 2008). These two polymorphisms were 
found to be associated with KC in Korean and Japanese 
populations.

In this study, our aim was to show if IL1B promoter 
polymorphisms rs1143627 (−31T>C) and rs16944 
(−511C>T) are significantly associated with an 
increased risk of KC in the Egyptian population.

Materials and methods
This study included 159 blood samples that belong to 
unrelated affected cases and 159 healthy individuals for 
rs16944 (−511C>T) polymorphism, 144 blood samples 
that belong to unrelated affected cases, and 141 healthy 
individuals for rs1143627 (−31T>C) polymorphisms. 
All cases had been examined in The Research Institute 
of Ophthalmology with written informed consent 
obtained from all participants.

The patients were diagnosed with KC based on the 
following criteria or symptoms of KC including:
(1)	 Medical history included: age, sex, progression, 

contact lens use, and eye rubbing behavior. There 
is often a history of frequent changes in eye glasses 
which do not adequately correct vision. Another 
common progression is from soft contact lenses, 
to Toric or astigmatism correcting contact lens, to 
rigid gas permeable contact lens

	 The majority of cases of KC are bilateral and are 
often asymmetric. The less affected eye may show a 
high amount of astigmatism. Onset is typically in 
early adolescence and progresses into the mid‑20s 
and mid‑30s. There is variable progression for each 
individual

(2)	 Diagnosis can be made by slit‑lamp examination 
and observation of central or inferior corneal 
thinning. The Pentacam is a rotating Scheimpflug 
camera system for anterior segment analysis. 
It measures topography and elevation of the 
anterior and posterior corneal surface and corneal 
thickness. Ultrasound pachymetry can also be used 
to measure the thinnest zone on the cornea

(3)	 All patients were subjected to full history taking 
including pedigree construction paying stress on 
parental consanguinity and other affected family 
members; investigations were done accordingly 
to reach precise diagnoses of cases. The parents 
of each patient were informed about the aims, 
methods, and possible results of DNA analysis and 
gave their informed consent to the study.



Studying the association of −31T/C and −511C/T polymorphisms El-Fattha et al.  109

Genomic DNA was extracted from peripheral blood 
leukocytes of all patients and their parents using the salting 
out procedure (Štabuc‑Šilih et al., 2009). Genotyping 
screening was carried out using PCR and restriction 
fragment length polymorphism analysis (RFLP) for 
two SNPs −511 (rs16944) and −31(rs1143627) in the 
IL1B promoter region. Polymerase chain reaction was 
done using 3.5 μg genomic DNA, (2.5 μl) 10x buffer, 
(2.5 μl) 0.25 mmol/l dNTPs, (2.5 μl) 2.5 pmol of each 
primer Metabion (Planegg, Germany), and (0.5 μl) of 
Taq polymerase (Recombient; Thermo, Waltham, MA, 
USA), and (9 μl) of sterile H2O (Steinkasserer et al., 
1992; Cantagrel et al., 1999; Timms et al., 2004). PCR 
conditions started with denaturation at 96°C for 1 min, 
followed by 35 cycles of 94°C for 50 s, 60.1°C for 1 min, 
72°C for 40 s, and final elongation at 72°C for 10 min 
for rs1143627 (−31T>C) and denaturation at 94°C for 
1 min followed by 35 cycles, 94°C for 5 min, 55.3°C for 
30 s, and 72°C for 30 s, and a final extension at 72°C of 
5 min for rs16944 (−511C>T). Successful amplification 
was confirmed by the appearance of PCR products 
at the expected band, which is 420‑bp for rs1143627 
(−31T>C) and 304 bp for rs16944 (−511C>T). The 
digestion of PCR products was carried out in a 15 μl 
total volume containing 5 μl of PCR product, 0.5 μl (5 
units) of the enzyme, AluI (fast digest) for rs1143627 
(−31T>C) and AvaI (fast digest) for rs16944 (−511C>T), 
1.5 μl of 10x buffer (10 mmol/l Tris‑HCl, 100 mmol/l 
KCl, 1 mmol/l DTT, 1 mmol/l EDTA, 0.2 mg/ml 
BSA, and 50% glycerol, 7 μl sterile H2O, and incubated 
at 37°C for 15 min. For rs1143627 (−31T>C), the allele 
T has three cut sites resulting in four fragments of the 
following sizes: 247, 97, 57, and 20 bp. The C allele has 
two cut sites, resulting in fragments of sizes 344, 57, and 
20 bp, while the T/C show 344, 247, 97, 57, and 20 bp. 
For rs16944 (−511C>T), allele C results in 190 bp and 
114 bp and for T allele results in 304 bp and for T/C 
allele it results in 304, 190, and 114 bp.

The Hardy–Weinberg equilibrium was calculated using 
the GenePop web version 4.0 program. Fisher’s exact 
test and χ2‑test were used to detect and determine 
the statistically significant differences in genotype 
between patients and control group. Odds ratio of risk 
and confidence intervals (CI) were used to determine 
the strength of the association (Kim et al., 2008). 
Haploview that uses the expectation maximization 
algorithm (Barrett et al., 2004) was used to calculate 
associations and haplotype frequencies.

Results
Two SNPs (rs1143627 and rs16944) among patients 
and control were analyzed for IL1B. Genotypic  
genotypic frequencies in KC patients and control 

are mentioned in Tables 1 and 2. Table 3 mentioned 
the allele frequencies for the two SNPs of IL1B and 
their genomic location. The distribution of rs1143627 
(−31C>T) T/T, T/C, and C/C genotype frequencies 
in patients were 35.4, 43.8, and 20.8% while in 
control were 40.4, 51.1, and 8.5%, respectively. The 
C/C genotype frequency for rs1143627 (−31C>T) in 
patients is higher than that in control and as a result 
the C/C genotype suggests to be a risk factor for KC 
and also proof that there is significant association 
between rs1143627 (−31C>T) and KC.

C allele frequency for rs1143627 (−31C>T) in patients 
was 85.41% while in control it was 68.08% (P = 0.22, 
odds ratio = 1.44, 95% CI = 0.81–2.558).

For rs16944 (−511T>C) T/T, T/C, and C/C genotype 
frequencies in patients were 22.6, 64.2, and 13.2%, 
respectively, while in control they were 7.5, 69.8, 
and 22.6%. The frequency of the C/C for rs16944 
(−511T>C) in control is higher than that in patients 
which is proof that there is no significant association. 
The C allele frequency at rs16944 in patients was 
45.28% while in control it was 57.84% (P = 0.46, odds 
ratio = 1.13, 95% CI = 0.82–1.58).

Fig. 1 showed a 3.5% agarose gel illustrating the PCR 
product of SNP − 31 (rs1143627), Lanes 1, 2, 3, 4, 5, 7, 
8, 9, 10, 11: PCR product 420‑bp, Lane 6: Mis 100 bp 
DNA ladder.

Fig. 2 showed a 3.5% agarose gel illustrating the PCR 
RFLP analysis of SNP −31 (rs1143627) digested 
with AluI (Fast digest). Lanes 1, 2, 8: patients with 
homozygous genotyping T/T 247 pb, 97 pb, 57 bp, 20 
pb; Lane 3, 4, 6: patients with heterozygous genotyping 
T/C 344 pb, 247 bp, 97 bp, 20 pb; Lane 7: patients 
with homozygous wild‑type C/C 344 bp, 57 pb, 20 pb; 
Lane 5: 100bp DNA ladder.

PCR of SNP rs1143627 (−31T>C).

Figure 1
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Fig. 3 showed a 3.5% agarose gel illustrating the PCR 
product of SNP − 511(C>T), Lanes 1, 2, 3, 4, 5, 6: PCR 
product 304 bp; Lane: 4M is 100 bp DNA ladder.

Fig. 4 showed a 3.5% agarose gel illustrating the PCR 
RFLP analysis of SNP rs16944 − 511 (C>T) digested 
with AvaI; Lanes 1, 2, 5: patients with homozygous 
wild‑type T/T 304 bp; Lane 4: patients with 
homozygous genotyping C/C 190 pb, 114 pb; Lanes 6, 
7: patients with heterozygous genotyping T/C 304 pb, 
190 pb, 114 pb; Lane3: M is 100 bp DNA ladder.

Discussion
The target of this study was to investigate whether 
the polymorphisms of IL1B promoters (−31C>T), 
(−511T>C) had a role in the development of KC 
among Egyptian population. Two SNPs (rs1143627, 
rs16944) were genotyped and screened in the IL1B 
promoter region. This study reported a significant 
association between −31T/C polymorphism in the 

IL1B promoter region and KC in Egyptian patients, 
proofing and suggesting that polymorphism −31C>T 
in the IL1B promoter region contributes to the risk of 
KC in the Egyptian population. On the other hand, the 
study reported that there is no significant association 
between −511T>C in the IL1B promoter and KC in 
the Egyptian population.

The rs1143627 SNPs located at the − 31 position in the 
IL1B promoter region. As a result, promoter sequences 
considered to be potential sources of polymorphisms 
controlling gene expression suggest that rs1143627 may 
play an important and vital role in IL1B gene expression; 
that is why it may be considered to be a risk factor for 
KC. This result is supported by several previous studies 
showing that polymorphisms located in the IL1B 
promoter region, especially the T allele of rs1143627 
in the TATA box, can enhance the expression of IL1B 
(Hall et al., 2004; Landvik et al., 2009). In the human 

Table 1 Genotype frequency of rs1143627 (−31C>T) polymorphism in keratoconus patients
IL1B (SNPs) Genotypes Keratoconus frequency (n=144) [n (%)] Control frequency (n=141) [n (%)] P
−31 T>C (rs1143627) C/C 30 (20.8) 12 (8.5) 0.001

T/C 63 (43.8) 72 (51.1)
T/T 51 (35.4) 57 (40.4)

IL, interleukin; SNP, single‑nucleotide polymorphism.

Table 2 Genotype frequency of rs16944 (−511C>T) polymorphism in keratoconus patients
IL1B (SNPs) Genotypes Keratoconus frequency (n=159) [n (%)] Control frequency (n=159) [n (%)] P
−511C>T (rs16944) C/C 21 (13.2) 36 (22.6) 0.066

T/C 102 (64.2) 111 (69.8)
T/T 36 (22.6) 12 (7.5)

IL, interleukin; SNP, single‑nucleotide polymorphism.

Table 3 Allele frequencies of rs16944 (−511C>T) and rs1143627 (−31C>T) polymorphisms in keratoconus patients
SNPs Chr Gene Gene 

location
Alleles 
(1>2)

Risk 
allele

Risk allele 
frequency, % cases

Risk allele frequency, 
% controls

P OR OR 
(95%CI)

rs1143627 (−31 T>C) 2 IL1B Promoter T>C C 85.41 68.08 0.22 1.44 0.81‑2.558
rs16944 (−511 C>T) 2 IL1B Promoter C>T C 45.28 57.84 0.46 1.13 0.82‑1.58

CI, confidence interval; IL, interleukin; OR, odds ratio; SNP, single‑nucleotide polymorphism.

PCR restriction fragment length polymorphism analysis of 
SNP −31(rs1143627).

Figure 2

PCR of SNP rs6944 −511(C>T).

Figure 3
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corneal epithelial, stromal fibroblast, and endothelial 
cells IL1B protein has been detected and discovered 
(Weng et al., 1997), and expression of this protein has 
reportedly been enhanced in KC corneas than that in 
normal ones (Zhou et al., 1996). In KC, keratocyte 
apoptosis results in corneal thinning and is considered 
to have a role in this process (Wilson and Kim, 1998; 
Kaldawy et al., 2002), suggesting that the enhanced 
IL1B expression caused by the promoter polymorphism 
rs1143627 result in overexpression of the IL1B protein 
that results in the increased corneal apoptotic activity 
in KC patients (Kim et al., 2008). In this study, IL1B 
polymorphism (−31C>T) is considered to be a risk 
factor for KC among Egyptians. A previous study 
reported that the IL1 protein level in the epithelium 
and endothelium was higher in KC corneas than that 
in normal ones (Zabaleta et al., 2006). IL1 plays a vital 
role in the regulation of expression of collagenases, 
metalloproteinases, and other enzymes (Strissel et 
al., 1997; West‑Mays et al., 1997). The two SNPs 
(rs1143627, rs16944) located in the IL1B promoter 
region have been repeatedly associated with multiple 
clinical conditions in several studies (Momiyama et al., 
2001; Camargo et al., 2004) as cardiovascular disease 
(Iacoviello et al., 2005) and gastric cancer (Chang et 
al., 2005). A study has shown that the IL1 genotype 
has a great effect on protein expression in the stratum 
corneum (DeJongh et al., 2008). The − 31*C allele 
was accompanied by an increased level of IL1B and 
decreased level of IL1A (Hall et al., 2004). In a previous 
study, it has been reported that the T and C variants 
at the IL1B −31 position control gene expression and 
binding of proteins (Kim et al., 2008).

The C allele at −31 and T allele at −511 are associated 
significantly with increasing LPS (lipopolysaccharide) 
by two‑ or three‑folds result in inducing IL1B protein 
secretion (Chen et al., 2006). There was a complete 
linkage disequilibrium between − 511C>T and −31T>C 
in IL1B based on a cis interaction (Hulkkonen et al., 

2000; Chen et al., 2006). Previous studies shed the lights 
on the presence of proinflammatory cytokines such as 
IL‑6, IL‑1β, interferon‑γ, and tumor necrosis factor‑α 
in the tear film of KC patients (Ionescu et al., 2018).

Conclusion
In conclusion, this recent study has suggested that 
the IL1B promoter polymorphisms 1143627 was 
associated with KC in the Egyptian population and 
the C/C genotype was considered to be a risk factor 
for KC. This finding is in line with a previous study 
on Chinese Han populations (Wang et al., 2016), 
while the IL1B promoter polymorphisms 16944 was 
found to be not associated with KC in the Egyptian 
population. This result was consistent with a previous 
study done in the Turkish population, suggesting that 
the rs16944 polymorphism do not play a role in the 
development of KC (Palamar et al., 2014). On the 
other hand, these results were in contrast with other 
studies done in Korean (Kim et al., 2008) and Japanese 
populations (Mikami et al., 2013).

Acknowledgements
The authors acknowledge the participants for 
their participation in this study and all the staff of 
the Molecular Department of Research Institute 
of Ophthalmology, who were involved in sample 
collection and diagnosis.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
Abu‑Amero KK, Al‑Muammar AM, Kondkar AA (2014). Genetics of 

keratoconus: where do we stand?. J Ophthalmol 8:641708.

Althomali TA, Al‑Qurashi IM, Al‑Thagafi SM, Mohammed A, Almalki M (2018). 
Prevalence of keratoconus among patients seeking laser vision correction 
in Taif area of Saudi Arabia. Saudi J Ophthalmol 32:114–118.

Barrett JC, Fry B, Maller JD, Daly MJ (2004). Haploview: analysis and 
visualization of LD and haplotype maps. Bioinformatics 21:263–265.

Bawazeer AM, Hodge WG, Lorimer B (2000). Atopy and keratoconus: a 
multivariate analysis. Br J Ophthalmol 84:834–836.

Bron AJ (1988). Keratoconus. Cornea 7:163–169.

Burdon KP, Vincent AL (2013). Insights into keratoconus from a genetic 
perspective. Clin Exp Optometry 96:146–154.

Burdon KP, Macgregor S, Bykhovskaya Y, Javadiyan S, Li X, Laurie KJ, 
et al. (2011). Association of polymorphisms in the hepatocyte growth 
factor gene promoter with keratoconus. Investig Ophthalmol Vis Sci 
52:8514–8519.

Camargo JF, Correa PA, Castiblanco J, Anaya JM (2004). Interleukin‑1β 
polymorphisms in Colombian patients with autoimmune rheumatic 
diseases. Genes Immun 5:609.

PCR restriction fragment length polymorphism analysis of SNP 
rs16944 −511(C>T).

Figure 4



112  Middle East Journal of Medical Genetics, Vol. 8 No. 2, July-December 2019

Cantagrel A, Navaux F, Loubet-Lescoulié P, Nourhashemi F, Enault G, 
Abbal M, et al. (1999). Interleukin-1β, interleukin-1 receptor antagonist, 
interleukin-4, and interleukin-10 gene polymorphisms: relationship 
to occurrence and severity of rheumatoid arthritis. Arthritis Rheum 
42:1093–1100.

Chang YW, Jang JY, Kim NH, Lee JW, Lee HJ, Jung WW, et al. (2005). 
Interleukin-1B (IL-1B) polymorphisms and gastric mucosal levels of IL-1β 
cytokine in Korean patients with gastric cancer. Int J Cancer 114:465–471.

Chen H, Wilkins LM, Aziz N, Cannings C, Wyllie DH, Bingle C, et al. (2006). 
Single nucleotide polymorphisms in the human interleukin‑1B gene affect 
transcription according to haplotype context. Hum Mol Genet 15:519–529.

DeJongh CM, Khrenova L, Kezic S, Rustemeyer T, Verberk MM, John SM, 
(2008). Polymorphisms in the interleukin-1 gene influence the stratum 
corneum interleukin-1α concentration in uninvolved skin of patients with 
chronic irritant contact dermatitis. Contact Dermatitis 58:263–268.

Elbedewy HA, Wasfy TE, Soliman SS, Sabry MM, Awara AM, El Emam SY, 
et al. (2019). Prevalence and topographical characteristics of keratoconus 
in patients with refractive errors in the Egyptian delta. Int Ophthalmol 
39:1459–1465.

Georgiou T, Funnell CL, Cassels‑Brown A, O’conor R (2004). Influence 
of ethnic origin on the incidence of keratoconus and associated atopic 
disease in Asians and white patients. Eye 18:379.

Gordon‑Shaag A, Millodot M, Shneor E (2012). The epidemiology and etiology 
of keratoconus. Epidemiology 70:25.

Hall SK, Perregaux DG, Gabel CA, Woodworth T, Durham LK, Huizinga TW, 
et al. (2004). Correlation of polymorphic variation in the promoter region 
of the interleukin-1β gene with secretion of interleukin-1β protein. Arthritis 
Rheum 50:1976–1983.

Hulkkonen J, Laippala P, Hurne M (2000). A rare allele combination of the 
interleukin‑1 gene complex is associated with high interleukin‑1b plasma 
levels in healthy individuals. Eur Cytokine Network 11:251–255.

Iacoviello L, Di Castelnuovo A, Gattone M, Pezzini A, Assanelli D, Lorenzet R, 
et al. (2005). Polymorphisms of the interleukin‑1β gene affect the risk of 
myocardial infarction and ischemic stroke at young age and the response 
of mononuclear cells to stimulation in vitro. Arterioscl Thromb Vasc Biol 
25:222–227.

Ionescu IC, Corbu CG, Tanase C, Ionita G, Nicula C, Coviltir V, et al. (2018). 
Overexpression of tear inflammatory cytokines as additional finding in 
keratoconus patients and their first degree family members. Mediators 
Inflammation 25:4285268.

Kaldawy RM, Wagner J, Ching S, Seigel GM (2002). Evidence of apoptotic 
cell death in keratoconus. Cornea 21:206–209.

Kenney MC, Brown DJ (2003). The cascade hypothesis of keratoconus. 
Contact Lens Anterior Eye 26:139–1`46.

Kim SH, Mok JW, Kim HS, Joo CK (2008). Association of −31 T>C and −511 
C>T polymorphisms in the interleukin 1 beta (IL1B) promoter in Korean 
keratoconus patients. Mol Vis 14:2109.

Krachmer JH, Feder RS, Belin MW (1984). Keratoconus and related 
noninflammatory corneal thinning disorders. Survey Ophthalmol 
28:293–322.

Landvik NE, Hart K, Skaug V, Stangeland LB, Haugen A, Zienolddiny S 
(2009). A specific interleukin‑1B haplotype correlates with high levels of 
IL1B mRNA in the lung and increased risk of non‑small cell lung cancer. 
Carcinogenesis 30:1186–1192.

Lechner J, Bae HA, Guduric‑Fuchs J, Rice A, Govindarajan G, Siddiqui S, 
et al. (2013a). Mutational analysis of MIR184 in sporadic keratoconus and 
myopia. Investig Ophthalmol Vis Sci 54:5266–117252.

Lechner J, Dash DP, Muszynska D, Hosseini M, Segev F, George S, et al. 

(2013b). Mutational spectrum of the ZEB1 gene in corneal dystrophies 
supports a genotype–phenotype correlation. Investig Ophthalmol Vis Sci 
54:3215–3223.

Li X, Bykhovskaya Y, Haritunians T, Siscovick D, Aldave A, Szczotka‑Flynn L, 
et al. (2011). A genome‑wide association study identifies a potential novel 
gene locus for keratoconus, one of the commonest causes for corneal 
transplantation in developed countries. Hum Mol Genet 21:421–429.

Macsai MS, Varley GA, Krachmer JH (1990). Development of keratoconus 
after contact lens wear: patient characteristics. Arch Ophthalmol 
108:534–538.

Mikami T, Meguro A, Teshigawara T, Takeuchi M, Uemoto R, Kawagoe T, 
et al. (2013). Interleukin 1 beta promoter polymorphism is associated with 
keratoconus in a Japanese population. Mol Vis 19:845.

Momiyama Y, Hirano R, Taniguchi H, Nakamura H, Ohsuzu F (2001). Effects 
of interleukin‑1 gene polymorphisms on the development of coronary 
artery disease associated with Chlamydia pneumoniaeinfection. J Am Coll 
Cardiol 38:712–717.

Palamar M, Onay H, Ozdemir TR, Arslan E, Egrilmez S, Ozkinay F, et al. (2014). 
Relationship between IL1β‑511C>T and ILRN VNTR polymorphisms and 
keratoconus. Cornea 33:145–147.

Pearson AR, Soneji B, Sarvananthan N, Sandford‑Smith JH (2000). Does 
ethnic origin influence the incidence or severity of keratoconus?. Eye 
14:625.

Štabuc‑Šilih M, Ravnik‑Glavač M, Glavač D, Hawlina M, Stražišar M 
(2009). Polymorphisms in COL4A3 and COL4A4 genes associated with 
keratoconus. Mol Vis 15:2848.

Steinkasserer A, Spurr NK, Cox S, Jeggo P, Sim RB (1992). The human IL‑1 
receptor antagonist gene (IL1RN) maps to chromosome 2q14–q21, in the 
region of the IL‑1α and IL‑1β loci. Genomics 13:654–657.

Strissel KJ, Rinehart WB, Fini ME (1997). Regulation of paracrine cytokine 
balance controlling collagenase synthesis by corneal cells. Investig 
Ophthalmol Vis Sci 38:546–552.

Timms AE, Crane AM, Sims AM, Cordell HJ, Bradbury LA, Abbott A, et al. 
(2004). The interleukin 1 gene cluster contains a major susceptibility locus 
for ankylosing spondylitis. Am J Hum Genet 75:587–595.

Wang Y, Wei W, Zhang C, Zhang X, Liu M, Zhu X, et al. (2016). Association 
of Interleukin‑1 gene single nucleotide polymorphisms with keratoconus in 
Chinese Han population. Curr Eye Res 41:630–635.

Weng J, Mohan RR, Li Q, Wilson SE (1997). IL‑1 upregulates keratinocyte 
growth factor and hepatocyte growth factor mRNA and protein production 
by cultured stromal fibroblast cells: interleukin‑1 beta expression in the 
cornea. Cornea 16:465–471.

West‑Mays JA, Sadow PM, Tobin TW, Strissel KJ, Cintron C, Fini ME (1997). 
Repair phenotype in corneal fibroblasts is controlled by an interleukin‑1 
alpha autocrine feedback loop. Investig Ophthalmol Vis Sci 38:1367–1379.

Wilson SE, Kim WJ (1998). Keratocyte apoptosis: implications on corneal 
wound healing, tissue organization, and disease. Investig Ophthalmol Vis 
Sci 39:220–226.

Zabaleta J, Camargo MC, Piazuelo MB, Fontham E, Schneider BG, 
Sicinschi LA, et al. (2006). Association of interleukin‑1β gene 
polymorphisms with precancerous gastric lesions in African Americans 
and Caucasians. Am J Gastroenterol 101:163.

Zhou L, Yue BY, Twining SS, Sugar J, Feder RS (1996). Expression of wound 
healing and stress‑related proteins in keratoconus corneas. Curr Eye Res 
15:1124–1131.

Ziaei H, Jafarinasab MR, Javadi MA, Karimian F, Poorsalman H, Mahdavi M, 
et al. (2012). Epidemiology of keratoconus in an Iranian population. Cornea 
31:1044–1047.


