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Abstract

with KC and sporadic KC in a Swedish cohort.

sporadic KC.

Background Keratoconus (KC) is characterized by pathological thinning and bulging of the cornea that may lead to
visual impairment. The etiology of sporadic KC remains enigmatic despite intensive research in recent decades. The
purpose of this study was to examine the relationship between previously highlighted genetic variants associated

Methods A total of 176 patients (age 16-70 years) with sporadic KC diagnosed by Scheimpflug-topography
(Pentacam) were included. The control group (n=418; age 70 years) was a subsample originating from the
Gothenburg H70 Birth Cohort Studies of ageing. Extraction of DNA from blood samples was performed according to
standard procedures, and genotyping was performed using competitive allele specific PCR (KASP) technology. A total
of 11 single nucleotide polymorphisms (SNPs) were selected for analysis.

Results Statistically significant associations (p=0.005) were found between the SNPs rs2721051 and rs9938149 and
sporadic KC. These results replicate earlier research that found associations between genetic variants in the FOXO1
and BANP-ZNF469 genes and sporadic KC in other populations.

Conclusion Genetic variations in the FOXOT and BANP-ZNF469 genes may be involved in the pathogenesis of
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Background

Keratoconus (KC) is characterized by bilateral but asym-
metric, pathological thinning and bulging of the cornea
that may lead to visual impairment [1]. With a prevalence
of approximately 1 in 2000 in the general population, KC
is also a relatively common eye disease [2]. Spectacles,
rigid gas-permeable contact lenses and insertion of cor-
neal ring segments are treatment modalities commonly
applied to improve visual function. Corneal collagen
crosslinking (CXL) aims to halt the progression of KCs.
In some cases, corneal transplantation is deemed neces-
sary, thus replacing the thinned part of the cornea with
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an allogenic transplant. Eye rubbing, improper fit of con-
tact lenses and chronic ocular irritation, have all been
found to increase the risk for progression of KC [3]. In
most cases, however, the etiology of KC remains enig-
matic. The etiology is likely multifactorial, and several
observations make a genetic component plausible. Auto-
somal dominant inheritance in families, higher incidence
in families with one affected family member and high
concordance among identical twins suggest a genetic
cause of the disease [4, 5]. The results of the first genome-
wide association study (GWAS) of KC by Li et al. in
2012 suggested an association of the single-nucleotide
polymorphism (SNP) rs4954218 (located near the RAB-
3GAPI gene) with the development of sporadic KC [6].
The findings of another GWAS by Burdon et al. indicated
possible KC susceptibility through variations in the hepa-
tocyte growth factor (HGF) gene [7]. In 2013, a compre-
hensive GWAS in a Caucasian population performed by
Lu et al. identified 16 new loci that were associated with
central corneal thickness (CCT), and two of these CCT-
associated loci (FOXO1 and FNDC3B) were related to an
increased risk of developing KC [8]. FOXOI encodes the
forkhead box 01 protein which is involved in the regu-
lation of different cellular processes. These include the
response of cells to oxidative stress which may contribute
to corneal thinning. FOXO1I may also influence cell pro-
liferation and differentiation which could affect corneal
tissue. FNDC3B codes for a fibronectin type III protein
and variations in this gene may hypothetically also affect
cornea tissue leading to thinning and deformation.

The aim of this study was to examine the relationship
between previously highlighted genetic variants associ-
ated with KC and central corneal thickness (CCT) and
sporadic KC in a Swedish cohort.

Methods
Patients with sporadic KC
Patients with sporadic KC in this study were examined
during the recruitment process of a randomized con-
trolled clinical trial aiming to study the efficacy of CXL
in progressive KC. The trial was approved by the regional
ethical review board in Gothenburg, Sweden (approval
number 949—11), and the study followed the terms of the
Declaration of Helsinki. Informed written consent was
obtained from each patient. Blood samples were drawn
from each participant and stored for future analyses
according to the Swedish Biobank Law. All study partici-
pants gave written consent regarding biobanking.
Inclusion criteria were age of 17 to 35 years and tomo-
graphic diagnosis of KC as defined by the Pentacam
Scheimpflug camera topometric module (KC grade 1
or higher), the ability to stop contact lens wear (rigid
and soft) at least two weeks prior to exam, and that
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three consecutive, topographic exams of each eye with
approved quality rating at first and second visits could be
obtained.

Diagnosis of KC in patients with sporadic KC

Both eyes of the patients with sporadic KC were exam-
ined with three consecutive tomography images. The
measurements were performed by either of two experi-
enced examiners (BS, UM). The tomography instrument
was calibrated according to the manufacturers’ recom-
mendations. All measurements were performed under
scotopic light conditions. The patient had both eyes open
during measurements. The patient fixated with the eye
to be measured at the red fixation light of the Pentacam
system and was instructed to blink before every mea-
surement. The automated release mode with 25 pictures
was used. The Pentacam KC staging system was used to
diagnose KC in combination with individual assessment
of the tomography results by a corneal surgeon (WW)
with regard to the plausibility of the diagnosis. The tomo-
graphical diagnosis of KC was based on keratometry val-
ues, minimal corneal thickness, typical distribution of
corneal thickness in relation to keratometry values and
presence of pathological elevations of the anterior and /
or poster corneal surface. Generally, keratometry values
above 48 diopters and posterior corneal elevations of
more than 35 um were considered as pathological. The
diagnosis of KC, however, also weighed in the overall pic-
ture as described above. All patients underwent a com-
plete slit-lamp exam.

Controls

The Gothenburg H70 Birth Cohort Studies examine
cohorts of 70-year-olds with the aim of learning more
about aging. The participants in the control group in
our study were chosen from a cohort of individuals
born in 1944 who participated in the H70 study during
2014-2016 [9]. A subsample of 560 patients underwent
extended ophthalmic examinations [10]. The H70 study
was approved by the regional ethical review board, and
informed, written consent, including biobankning, was
obtained from each patient.

Absence of corneal ectasia in the controls

All participants in the control group underwent com-
prehensive ophthalmic examination, including objective
refraction with an auto kerato-refractometer. Individuals
with central corneal astigmatism below 1.5 diopters (D)
were chosen as the control group under the assumption
that the likelihood for KC was sufficiently low, especially
since they were all 70 years of age and the disease rarely
manifests itself or progresses after the age of 30.
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SNP selection and genotyping
The selection of SNPs (i.e. FOXOI: rs2721051, COLSA1I:

rs7044529, RXRA-COLSAI: 1rs7044529, FINDC3B:
rs4894535, BANP-ZNF469: 1s9938149, RAB3GAPI:
rs4954218, and HGF: 1rs2286194, rs17501108, and

rs3735520) were based on findings in previous GWASs
on KC and CCT [6-8]. Furthermore, SNPs in the LOX
gene (rs10519694 and rs2956540) that have been asso-
ciated with KC in several previous case-control studies
were selected [11, 12]. Extraction of DNA from blood
samples was performed according to standard proce-
dures. Genotyping was performed at LGC Genomics
(Hoddesdon, Herts, UK) using competitive allele specific
PCR (KASP) technology. The success rate was over 95%
for all genotyped SNPs, and they were in Hardy-Wein-
berg equilibrium. One of the selected SNPs (rs1324183
in MPDZ-NF1B) was not genotyped due to unsuccessful
design of the KASP assay.

Statistical analysis

IBM SPSS Statistics software (version 28.0, IBM,
Armonk, NY, USA) was used for statistical analysis. As
descriptive statistics, means and standard deviations (SD)
were calculated as well as proportions for categorical
data. Fisher’s exact test was used for statistical analysis of
the latter. Student’s t-test was used for statistical analysis
of continuous data. A p-value<0.05 was considered sta-
tistically significant.

Associations between sporadic KC and genetic variants
were analyzed using logistic regression models. Two dif-
ferent models were tested: an additive genetic model (i.e.
Rare genotypes are coded as 2, heterozygotes are coded
as 1, and common genotypes are coded as 0) and a domi-
nant genetic model (i.e. Rare genotypes and heterozy-
gotes are coded as 1, and common genotypes are coded
as 0. Only individuals of Caucasian origin (163 patients
and 406 controls) were included in the analyses. The
analyses were also repeated after excluding individuals
born outside of Europe (including 153 patients and 399
controls in the analyses).

Post hoc power was calcualted using the G*Power soft-
ware (version 3.1.9.7), including the effect sizes found in

Table 1 Baseline characteristics of the studied individuals

Cohort KC H70 p
Characteristics N N
Number of patients, 176 418
Females (%) 20(11) 226 (54) <0.001
Males (%) 156 (89) 192 (46)
Age, years (mean +SD) 27+7 70 <0.001
Age, years, range 16-70 N.A.
Ethnicity Caucasian Caucasian

N, numbers except for age
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the genetic association analyses (dominant model) and a
p-value level of 0.05.

Results

The sample characteristics of the KC patients and the
control individuals are shown in Table 1. Significant dif-
ferences were seen for sex and age between the two
groups (p<0.001). Notably, in the KC group, only 11%
were women.

The results for the genetic analysis are summarized in
Table 2. Statistically significant associations were found
between the SNPs rs2721051 in FOXO1 and rs9938149
in BANP-ZNF469 and sporadic KC. For rs2721051, the
A allele was associated with an increased risk of dis-
ease, and for rs9938149, the C allele was associated with
a decreased risk of disease (i.e. the C allele contributed
with a protective effect). These associations were seen
both in the additive and dominant models. None of the
other investigated SNPs were associated with KC in our
sample. When repeating the analyses after excluding
non-European individuals, the associations with the two
SNPs in FOXOI and BANP-ZNF469 remained (results
not shown). The allele frequencies of these two SNPs in
the control population were similar to those reported for
other European samples in the genetic data base dbSNP
[13].

Post hoc power to detect a significant finding showed
a power of 81-100% for five SNPs (FOXOI: rs2721051,
BANP-ZNF469: rs9938149, COLSAI: rs7044529, HGF:
rs17501108, and LOX: rs2956540), a power of 50 to 71%
for five SNPs (RXRA-COLSAI: rs7044529, FINDC3B:
rs4894535, HGF: rs2286194, and LOX: rs10519694) and a
power of 13% for one SNP (HGF: rs3735520).

Discussion

For the first time in a Swedish cohort, our study showed
associations of two SNPs with sporadic KC. The SNPs
were located in the genes FOXOI and BANP-ZNF469.

As outlined earlier, the selection of SNPs was based
on findings in previous GWASs on KC and CCT [6-8].
SNPs in the LOX gene (rs10519694 and rs2956540) that
have been associated with KC in several previous case-
control samples were also selected [11, 12].

FOXOI is a member of the forkhead box (Fox) tran-
scription factor family, and Fox proteins regulate cellu-
lar oxidative stress [14]. Increased oxidative stress may
damage the trabecular meshwork and lead to elevated
intraocular pressure and corneal thinning [15]. In both
primary open-angle glaucoma (POAG) and KC, CCT is
known to be reduced [16, 17]. In 2010, Lu et al. identi-
fied a SNP near FOXO1 (rs2721051), which accounted
for approximately 1.2% of the variation in normal CCT
[18]. Another study by Lu et al. found a strong asso-
ciation between KC risk and FOXO1 (OR=1.62, 95% CI
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Table 2 Summary for the genetic analysis
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Gene: SNP Genotype Cases Controls OR (95% Cl)2dd p2dd OR (95% Clydom pdom
n (%) n (%)

FOXOT:rs2721051 AA 4(25) 112.7) 1.90 (1.27-240) 0.002* 232 (144-3.74) 0.005
AG 44 (27.2) 56 (13.9)
GG 114 (70 4) 337(83.4)

BANP-ZNF469:rs9938149 CcC 5(9.3) 42 (10.4) 0.66 (0.48-0.89) 0.008 0.53(0.35-0.79) 0.002*
CA 56 (34 8) 201 (49.8)
AA 90 (55.9) 161 (39.9)

COL5AT:rs7044529 TT 2(1.2) 7(1.7) 1.19(0.81-1.75) 04 1.28 (0.84-1.95) 0.2
TC 56 (34.8) 1(274)
cC 103 (64 0) 287 (70.9)

RXRA-COL5AT:rs1536482 AA 6(9.9) 42 (104) 1.14(0.84-1.54) 04 1.16 (0.78-1.73) 0.5
AG 70 (43 2) 154 (38.0)
GG 76 (46.9) 209 (51 6)

FINDC3B:rs4894535 TT 6(3.7) 5(.7) 0.75(0.52-1.08) 0.1 0.68 (0.45-1.04) 0.07
TC 45 (27.6) 130 (32 0)
CcC 112 (68 7) 61 (64.3)

RAB3GAP1:rs4954218 GG 1(6.8) 38(94) 0.88 (0.64-1.19) 04 0.88(0.59-1.31) 0.5 0.5
GT 64 (39 6) 169 (41.9)
1T 87 (53.7) 196 (48.6)

HGFrs2286194 AA 7(43) 2(3.0) 1.13(0.64-1.19) 0.5 1.14(0.75-1.74) 0.5 0.5
TA 47 (29.2) 1]0(27])
TT 107 (66.5) 284 (70.0)

HGF:rs3735520 AA 31(194) 83 (20.4) 0.96 (0.73-1.28) 038 0.93(061-1.42) 0.7
GA 77 (48.1) 197 (48.5)
GG 52(32.5) 126 (31.0)

HGFrs17501108 T 1(0.6) 9(2.2) 0.69 (0.45-1.06) 0.09 0.71(0.44-1.13)0.2 0.2
TG 3(20.5) 94 (23.3)
GG 127 (78.9) 301 (74.5)

LOX:rs2956540 GG 3(20.2) 90 (22.4) 0.82 (0.62-1.07) 0.1 0.78 (0.51-1.20) 0.3
GC 75 (46.0) 97 (49.0)
Ccc 55 (33 7) 115 (28.6)

LOX:rs10519694 TT 0(6.2) 35 (8.6) 0.80 (0.58-1.09) 0.2 0.80 (0.54-1.19) 0.3
TC 64 (39 5) 166 (40.9)
CcC 88 (54.3) 205 (50.5)

SNP, single nucleotide polymorphism; n, numbers; OR, Odds Ratio; add, additive genetic model (i.e. rare genotypes are coded as 2, heterozygotes coded as 1,
and common genotypes coded as 0); dom, dominant genetic model (i. e. rare genotypes and heterozygotes are coded as 1, and common genotypes coded as
0). Significant p-values are shown in bold. A p-value<0.05 was considered significant. Results are based on logistic regression models adjusted for sex. *p-values
surviving Bonferroni correction for multiple testing based on 11 independent tests

1.4-1.88, P=2.7x10"'°), which is comparable to the find-
ings in our study [8].

Rare variants in the ZNF469 gene have been reported
to be involved in the development of brittle cornea syn-
drome (BCS), which leads to thinning of the cornea
and progressive visual impairment [19]. Common vari-
ants near ZNF469 were associated with CCT according
to Lu et al. [18]. Furthermore, based on the finding of a
KC locus close to the location of ZNF469 in the Finn-
ish family, Tyynismaa et al. argued that mutations in the
ZNF469 gene might be found in patients with KC [20].
The role of ZNF469 in the development of KC is, how-
ever, not clear. Regarding common genetic variants, our
study confirmed the findings by Lu et al., showing that

the CCT-reducing allele near ZNF469 (rs9938149), actu-
ally, is associated with a decreased KC risk [8].

Very recently, Hardcastle et al. reported the results of
the first large-scale genome-wide association study of
KC [21]. This multicenter study included 4669 cases and
116,547 controls and revealed genome-wide significant
associations for 36 genomic loci, including those found to
be associated with KC in our study (i.e. FOXOI and ZNF
469). The study clearly supports a genetic component of
KC. It was estimated that 12.5% of the heritability of KC
in European individuals was explained by the common
variants associated with KC in this study.

Among the limitations of our study is that exclusion of
KC in the control group was not based on topographic
examinations. The effect of this limitation should,
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however, be small. The prevalence of sporadic KC is
rather low, and individuals with central corneal astigma-
tism above 1.5 diopters were excluded. The high age of
the control subjects, 70 years, also precludes later devel-
opment of the disease. Another limitation is that due to
a relatively small sample size only five SNPs reached a
power of over 80%, when post hoc power to detect asso-
ciations were calculated. It is, however, important to note
that for some SNPs very small effect sizes were used in
the power calculations, since we included the ORs found
for each specific SNP. For some of the SNPs, such as
those in the LOX gene, the effect sizes (i.e. ORs) in our
study are of comparable size to previous studies [22], but
the p-values do not reach the level of significance. How-
ever, many of the nonsignificant results in our study show
an effect size below the findings in previous studies, indi-
cating that these genetic variants are of low importance
in relation to KC in our sample [22].

Finally, it is well known that KC is more common in
males [23]. This is also reflected in the significant differ-
ence between the number of males in the study group
and the control group in this study. This might affect the
significance of the results. It is, therefore, important to
point out the that the results in this study are based on
logistic regression models adjusted for sex.

Conclusion

This study demonstrates associations between two SNPs
in FOXO1 and BANP-ZNF469 and KC in a Swedish sam-
ple. The results corroborate previously reported associa-
tions between these genes and sporadic KC.
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