Int Ophthalmol (2019) 39:2621-2628
https://doi.org/10.1007/s10792-019-01111-x

)

Check for
updates

ORIGINAL PAPER

Association of KIF26B and COL4A4 gene polymorphisms
with the risk of keratoconus in a sample of Iranian

population

Saman Sargazi - Mahdiyeh Moudi - Milad Heidari Nia - Ramin Saravani® *

Hamid Malek Raisi

Received: 23 October 2018/ Accepted: 30 April 2019/ Published online: 10 May 2019

© Springer Nature B.V. 2019

Abstract

Purpose Keratoconus (KTCN) is a congenital cor-
neal eye disorder which correlates with abnormal
distribution of the collagen fiber and causes loss of
visual acuity. COLA4A gene has a substantive role in
collagen synthesis, whereas KIF26B as a new candi-
date gene belonging to kinesin superfamily (KIFs) has
been suggested to be associated with this disease. So,
in this preliminary study, we simultaneously evaluated
the effects of two single nucleotide polymorphisms,
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222855rs7C/T and rs12407427C/T, on KTCN suscep-
tibility in a sample of Iranian population.

Methods The present case—control study consists of
144 patients confirmed with KTCN and 153 healthy
controls. The variants are genotyped by using ampli-
fication refractory mutation system—polymerase chain
reaction method.

Results The findings disclosed that rs2228557C/T
and rs12407427C/T polymorphisms significantly
increased the risk of KTCN in measured
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(codominantl; p = 0.0001, codominant2; p = 0.0001,
codominant3; p = 0.0006, dominant; p = 0.0001,
over-dominant; p = 0.0005) and (codominantl;
p =0.0001, codominant3; p = 0.0005, recessive;
p = 0.0001) inheritance patterns, respectively.
Conclusion Our results did prove a statistical asso-
ciation of both rs2228557 and rs12407427 genotypes
(TT and CT 4 CC) and allele (T) with KTCN
susceptibility in Iranian population. Further studies
in other ethnicities are required to verify our results.

Keywords COL4A4 - KIF26B - Keratoconus - Gene
polymorphism

Introduction

Keratoconus (KTCN) is known as a frequent asym-
metric, congenital corneal ectasia which is indicated
by myopic and irregular astigmatism, stroma hypo-
plasia [1], and abnormal distribution of the collagen
fiber, causing the reduced mechanical resistance of the
cornea. Using slit-lamp microscopy, Fleischer’s ring is
markedly observed in KTCN patients [2]. Studies have
revealed that KTCN affects approximately between 1
in 500 and 1 in 2000 in the general population with no
significant gender difference [3, 4], but early forms of
KTCN may go undetected without performing the
anterior corneal topography [2]. The onset of the
disease is normally at puberty. Following
10-20 years, scars are formed in both eyes, and
usually this condition results in severe visual impair-
ment [S]. Despite the fact that this disease proved to
have a strong genetic component, not many genes
have been identified to be responsible for this non-
inflammatory corneal thinning disease, while 6% to
23% of patients with KTCN report a positive family
background, having a much higher concordance rate in
twins from the same zygote [6, 7]. It has been proposed
that ethnic origin influences the incidence of this
genetic disorder since Asians have a higher incidence
of KTCN compared with white patients [8]. Although
KTCN is inherited in both recessive and dominant
forms, it appears to be an isolated sporadic eye disease.
Most family members of patients with KTCN are
diagnosed with autosomal dominant [9] with an ill-
defined underlying biochemical mechanism. Former
investigations  suggested a possible genetic

@ Springer

association between KTCN and other rare inborn
disorders such as Marfan syndrome, Ehlers—Danlos
syndrome and Apert syndrome [4]. Also, linkage
mapping analysis has revealed a number of candidate
genes influencing KTCN including collagen COL4A3
and COL4A4 encoding the human basement mem-
brane o3 (IV) and 04 (IV) collagen chains, respec-
tively [10]. The COL4A4 gene (mapped in the 2q35—
q37 region) provides instructions for making one
component of type IV collagen, a flexible and
structural protein found exclusively in cell basement
membranes of the various connective tissues [11].
Accordingly, type IV procollagen missense muta-
tions are formerly linked to defects of the eye, kid-
ney, and vascular stability [12]. Besides, variants
found in the kinesin superfamily (KIFs) encoding
genes have been recently found to be linked to the
development of neurologic disorders, due to possess-
ing several functions in axonal transport and neuronal
migration [13]. Comparative evaluation of the aque-
ous humor proteome of patients with optical disorders
indicated that KIF26B has a high protein level in
individuals suffering from primary angle closure
glaucomas (PACG) [14]. Meanwhile, genome-wide
association studies identified KIF26B as a potential
novel gene locus for KTCN [15, 16], but the under-
lying mechanisms are still ill-defined.

Since the data on the literature are limited, in this
preliminary study, we aimed to simultaneously eval-
uate rs12407427C/T (in KIF26B) and rs2228557C/T
(in COL4A4) polymorphisms in a case—control sample
panel of the Iranian population.

Methods
Subjects

The Ethics Committee of the Zahedan University of
Medical Sciences approved the protocol of the study
(ethical code: IRZAUMS.REC.1397.419). A total of
144 patients (63 men and 81 women) confirmed with
KTCN recruited from Alzahra Eye Hospital, Zahedan
University of Medical Sciences, Zahedan, Iran, with a
wide age range (from 10 to 80 years), and also 153
healthy individuals (68 men and 85 women) were
enrolled as the control group, aged 8 to 83 years.
Diagnosis of KTCN was established based on both
clinical examinations and medical history. Slit-lamp
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biomicroscopy and retinoscopy examination was used
to determine the presence or absence of KTCN
symptoms (i.e., Fleischer ring, oil droplet sign,
scissoring of the red reflex, photokeratoscopy, and
videokeratography signs), while age, contact lens
wearing, eye rubbing, and systemic and connective
tissue diseases history were regarded as criteria for
KTCN confirmation. All control participants also had
a detailed ophthalmic examination to exclude severe
KTCN. Keratometry was done using four quantitative
video-keratographic indices such as Sim-K astigma-
tism 41.5 D, inferior—superior dioptric asymmetry
over 1.2 D, central corneal power 447.2 D, and skewed
radial axes > 21°. Table 3 summarizes the patholog-
ical and clinical features of patients with KTCN and
their correlation with COL4A4 polymorphisms. p-
values < 0.05 are bolded in Tables 3 and 4.

Each participant was arranged to have a blood sam-
ple collected into a 0.5 M EDTA containing tube. By
using the salting-out method, genomic DNAs were
isolated from the peripheral white blood cells [17].
To verify the integrity of isolated DNA, all samples
were run on a 1% agarose gel.

Genotyping

Information of the variants of COL4A4 and KIF26B
genes is shown in Table 1. The sequence of COLA4A
and KIF26B gene was obtained from the gene database
available at (http://www.ncbi.nlm.nih.gov). Specific
reverse wild-type, reverse mutant and common for-
ward primers designed using Gene Runner (version
3.00, Hasting Software, Inc.) were 5'-GCCA-
GAAGCTATACTTATTTGAG-3, 5'-GCCA-
GAAGCTATACTTATTTGAA-3 and 5'-
TGTGTCTGAGCCCTAATTCT-3’ (for 1s2228557)
and 5-GAGAACAGATGAGTGTCTCAAGCG-3,
5'-GAGAACAGATGAGTGTCTCAAGCA-3'  and
5'-GATAATGTGTGTGCGATTGT-3’ (for

Table 1 Information of the variants of COL4A4 and KIF26B genes

r$12407427), respectively. Genotyping of rs12407427
and 1s2228557 was performed via amplification
refractory mutation system (ARMS)-PCR method
[18]. For each PCR, 3 pL of genomic DNA
(~ 100 ng/mL), 1 pL of each primer (10 ng/mL)
(Pishgam Co., Tehran, Iran), 10 pL. of master mix
(Ampligon Taq 2 x mastermix, Denmark), and 5 pL
DNase-free distilled water (SinaClon Bio-Science
Co., Tehran, Iran) were added to a final volume of 20
pL. Reactions were performed in a thermal cycler at
95 °C for 5 min followed by 35 cycles at 96 °C for
355,55 °Cor 61 °C (based on Table 3 for each SNP)
for 35 s, and 72 °C for 35 s. These cycles were fol-
lowed by a final extension step at 72 °C for 5 min. The
PCR products were then electrophoresed on 2%
agarose and observed by a standard ultraviolet tran-
silluminator gel imaging system. In order to confirm
the validity of our findings, at least 30% of the samples
were re-genotyped.

In silico analysis

In silico analysis was performed to evaluate the
possible structural effects of COL4A4 rs2228557C/T
and KIF26B rs12407427C/T polymorphisms in the
intronic and exonic regions. The nucleotide sequences
of the KIF26B and COL4A4 genes (accession no.
NG_053061.1 and NG_011592.1, respectively) were
deduced from the National Center for Biotechnology
Information (NCBI) data bank. Mode 2 of RNAsnp
was applied to determine the effects of the SNPs on the
KIF26B and COL4A4-mRNA secondary structures.
RNAsnp server predicts the effects of these two
genetic variants on the local RNA secondary structure
with the RNA folding algorithms. The graphical
summary of the RNAsnp results showed the local
region which detected maximum structural changes
and colored according to the p values. When the

dbSNP Chromosome Functional Amino acid Chromosome Allele (major/ MAF  Heterozygosity
consequence exchange position minor)
rs12407427 1 Intergenic variant — — 1:245133143 T/C 0.2408 0.33
1s2228557 2 Exon variant/ Syn F1644 2:227007466 T/C 0.4856 0.50
synonymous (TTC/TTT)

MAF: minor allele frequency
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p value was > (.2, there is no significant structural
change and the region was colored in black.

Statistical analysis

SPSS 23.0 statistical package (SPSS, Chicago, IL) was
used to analyze our data. All p values in this study
were two-sided, and p < 0.05 was considered statis-
tically significant. We used independent sample ¢ test
and Chi-square tests based on types of our informa-
tion. In order to calculate the relationship between
gene polymorphisms and KTCN, the logistic regres-
sion was performed using odds ratios (ORs) and 95%
confidence intervals (CIs).

Results

In the present study, significant differences were found
between healthy individuals and the patients in terms
of age (patients: 27.77 + 1.03, p = 0.31; controls:
29.71 + 1.25.6, p = 0.49). Also, no significant differ-
ence was observed between the two groups regarding
gender (p = 0.51). As shown in Table 2, no significant
correlation was found concerning rs12407427 and
152228557 polymorphisms with the clinicopathologi-
cal characteristics of KTCN patients and controls
(» > 0.05). In Table 3, the distribution of allele
frequencies and the genotype of rs2228557T/C are
shown in the studied groups. Our findings revealed
that COL4A4 rs2228557T/C significantly increased
the risk of KTCN in codominant (OR 6.31, 95% CI
33.17-12.62 for CT and OR 5.62, 95% CI 2.42-13.03
for CC), dominant (OR 0. 6.06, 95% CI 3.07-11.93),
and over-dominant (OR 2.72, 95% CI 1.67-4.43)
patterns (p < 0.001). The respective frequencies of the
CT and CC genotypes of this SNP were 49.7 and
14.3% in the healthy controls and 72.9% and 18.8% in
the patients with KTCN where the presence of C allele
was associated with KTCN (p < 0.001).

According to genotype and allele frequencies of
rs12407427 C/T (shown in Table 4), CC genotype
increased the risk of KTCN in both codominant (OR
5.62, 95% CI 2.53-12.46, p < 0.001) and recessive
(OR 5.31, 95% CI 2.53-11.12, p < 0.001) forms,
whereas the CT genotype was not associated with
KTCN risk/protection in a codominant pattern. The
respective frequencies of the CT and CC were 53 and
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6.5% in the healthy individuals, while 43% and 27% of
the KTCN patients displayed these genotypes,
respectively.

Predicting KIF26B rs12407427C/T and COL4A4
1s2228557C/T effects on local RNA secondary struc-
ture, we found that rs12407427C/T polymorphism
made fundamental changes on the secondary structure
of KIF26B-mRNA (p =0.03) (Fig. 1), but
1$2228557C/T did not show significant structural
change on the secondary structure of COL4A4-mRNA
(p = 0.6) (data not shown).

Discussion

KTCN is slow-progressing corneal dystrophy with a
disruptive and excrescent distribution of type IV
collagen in the basement membrane of the corneal
epithelium [19, 20]. Although genetic variants located
in FOXOI, TGFBI, COLA43, COLA4A, and SOD
genes are recently found to be correlated with the risk
of this disorder, the complete etiology of this relatively
complex disease is not clear and numerous genetic risk
factors associated with KTCN still remain to be
identified [21]. Genes coding seven corneal types of
collagens were already proved to have decreased
expression levels in KTCN corneas, as this widespread
downregulation is regarded as a marker for KTCN.
Compared to normal controls with the identical
genotype, downregulation of the COL5AI gene in
KTCN patients with rs1536482 polymorphism was
reported by Bykhovskaya et al. [22].

Kinesin family member 26B (KIF26B) is basically
among the most up-regulated genes in gastric, breast
and other types of solid tumors as increased expression
of this oncogene was linked to tumor size, distant
metastases and poor prognosis [23-25]. Although
KIF26B has been implicated in the progression of
human tumors, the exact impact of nucleotide varia-
tions located in this type of KIF is limited to a small
number of studies. As previously stated, there is an
increasing interest in uncovering possible links
between KIF26B genetic mutations and the suscepti-
bility to both neurologic and eye disorders. To the best
of our knowledge, this is the first report describing the
simultaneous genetic screening of one type IV colla-
gen and a KIF encoding gene in a sample of Iranian
population, suggesting a significant association
between rs2228557 (located in the coding region of
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Table 2 Association between clinicopathological characteristics of KTCN patients and SNPs

Parameters evaluated

Patients, n (%)

rs12407427, P value rs2228557, P value

ID subjective

Red eye 7 (4.9%)
Itchy red eye 3 (2.1%)
Decreased visual acuity 16 (11.2%)
Decreased visual acuity (right eye) 35 (24.3%)
Decreased visual acuity (left eye) 22 (15.2%)
Decreased visual acuity (both eyes) 19 (13.2%)
Visual acuity decreased many months ago 12 (8.3%)
Visual acuity decreased many months ago 27 (18.7%)
Red eye and visual acuity decreased 3 (2.1%)
KTCN ocular
Right eye 43 (29.9%)
Left eye 37 (25.6%)
Both eyes 64 (44.5%)
Level of KTCN
Level 1 35 (24.3%)
Level 2 46 (32%)
Level 3 63 (43.7%)
Cross-linking surgery
Right eye 40 (27.8%)
Left eye 41 (28.5%)
Both eyes 43 (29.9%)
Candidate 20 (13.8%)
Visit to CXL
1 months later 59 (41%)
6 months later 36 (25.1%)
1 year later 19 (13.1%)
2 years later 12 (8.4%)
3 years later 10 (7%)
5 years later 2 (1.3%)
Many years later 6 (4.1%)

0.76 0.92
0.24 0.61
0.13 0.71
0.1 0.88
0.37 0.71

KTCN: keratoconus

COL4A4) and rs12407427 (as an intergenic variant of
KIF26B gene which is mapped to 1g44 region)
polymorphisms and the risk of KTCN. Our findings
indicated that COLA4A 1s2228557 codominant CC,
CT and TT genotypes, the T allele, dominant CT +
CC, and over-dominant CC genotypes significantly
increased the risk of KTCN. Regarding KIF26B
rs12407427 C/T, T allele was correlated with an
increased risk of KTCN in our population which is
consistent with previous studies highlighting the

association between single nucleotide variations in
both COLA4A and KIF26B genes with KTCN (3, 26).
There is no evidence concerning the correlation
between rs12407427 and KTCN susceptibility, but a
genome-wide association study revealed such corre-
lation with a p-value less than 0.0001 (16). Genetic
variations in collagen synthesis may alter the risk of
KTCN in different populations. Gene variants, specif-
ically SNPs, indicate a complex convergence of
various disease-related mechanisms. Several studies

@ Springer
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Table 3 Genotypic and

COLA4A4 polymorphism Kerato n (%) Control n (%) OR (95% CI) p value
allelic frequencies of
COLA4A4 polymorphism Codominant
subjects CT 105 (72.9%) 76 (49.7%) 6.31 (3.17-12.62) < 0.0001
CcC 27 (18.8%) 22 (14.3%) 5.62 (2.42-13.03) 0.0006
Allele
T 129 (44.7%) 186 (60.7%)
C 159 (55.3%) 120 (39.3%) 0.52 (0.37-0.72) < 0.0001
Dominant
TT 12 (8.3%) 55 (35.9%)
CT 4 CC 132 (91.7%) 98 (64.1%) 6.06 (3.07-11.93) < 0.0001
Recessive
TT + CT 117 (81.2%) 131 (85.6%)
CcC 27 (18.8%) 22 (14.4%) 1.37 (0.74-2.54) 0.31
p < 0.05 was considered Over-dominant
statistically significant TT + CC 39 (27.1%) 77 (50.3%)
CI confidence interval, OR CT 105 (72.9%) 76(49.7%) 272 (1.67-4.43) 0.0005
odds ratio
Table 4 Genotypic and KIF26B polymorphism  Kerato n (%)  Control n (%)  OR (95% CI) p value
allelic frequencies of
KIF26B polymorphism Codominant
g%;ogﬁznfs zn?h‘:ahhy T 43 (30%) 62 (40.5%) < 0.0001
subjects CT 62 (43%) 81 (53%) 1.10 (0.66-1.83) 0.705
CcC 39 (27%) 10 (6.5%) 5.62 (2.53-12.46) < 0.0001
Allele
T 148 (51.3%) 205 (66.9%)
C 140 (48.7%) 101 (33.1%) 1.92 (1.37-2.67) < 0.0001
Dominant
TT 43 (29.8%) 44 (44%)
CT + CC 101 (70.2%) 56 (56%) 1.6 (0.98-2.58) 0.55
Recessive
TT + CT 105 (72.9%) 143 (93.5%)
CcC 39 (27.1%) 10 (6.5%) 5.31 (2.53-11.12) < 0.0001
p < 0.05 was considered Over-dominant
statistically significant TT + CC 82 (56%) 72 (47.1%)
CI confidence interval, OR CT 62 (43%) 81 (52.9%) 0.67 (0.42-1.66) 0.08

odds ratio

reported that the RNA secondary structure is essential
for the proper function of many noncoding RNAs and
cis-regulatory elements of messenger RNAs (mRNAs)
[26, 27]. For example, the secondary structure of
transfer RNA (tRNA) has the effects on its function in
the translation process [28]. The single nucleotide
polymorphisms in the RNA sequences could interfere
with their proper folding and hence cause a phenotypic
effect. The mode 2 of RNAsnp software determined

@ Springer

that rs12407427C/T polymorphism made fundamental
effects on local RNA secondary structure of KIF26B-
mRNA [29]. So, this variant may be one of the SNPs
that may disrupt the local secondary structure of
KIF26B-mRNA, may interfere with their molecular
function, and thus 1is associated with KTCN
susceptibility.
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