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Novel mutation and three other sequence variants
segregating with phenotype at keratoconus

13qg32 susceptibility locus

Marta Czugala®, Justyna A Karolak, Dorota M Nowak!, Piotr Polakowski?, Jose Pitarque’,
Andrea Molinari?, Malgorzata Rydzaniczl, Bassem A Bejjani4, Beatrice YJT Yue?, Jacek P Szaflik? and

Marzena Gajecka*!

Keratoconus (KTCN), a non-inflammatory corneal disorder characterized by stromal thinning, represents a major cause of corneal
transplantations. Genetic and environmental factors have a role in the etiology of this complex disease. Previously reported
linkage analysis revealed that chromosomal region 13q32 is likely to contain causative gene(s) for familial KTCN. Consequently,
we have chosen eight positional candidate genes in this region: MBNL1, IPO5, FARP1, RNF113B, STK24, DOCK9, ZIC5 and
ZIC2, and sequenced all of them in 51 individuals from Ecuadorian KTCN families and 105 matching controls. The mutation
screening identified one mutation and three sequence variants showing 100% segregation under a dominant model with KTCN
phenotype in one large Ecuadorian family. These substitutions were found in three different genes: c.2262A >C (p.GIn754His)
and ¢.720+43A>G in DOCK9; c.2377-132A>C in IPO5 and c.1053+29G >C in STK24. PolyPhen analyses predicted that
€.2262A >C (GIn754His) is possibly damaging for the protein function and structure. Our results suggest that c.2262A>C
(p.GIn754His) mutation in DOCK9 may contribute to the KTCN phenotype in the large KTCN-014 family.
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INTRODUCTION

Keratoconus (OMIM 148300, KTCN) is typically a bilateral, non-
inflammatory, progressive corneal disorder associated with stromal
thinning and protrusion, which causes altered refractive powers of
the eye and loss of visual acuity. KTCN occurs with an incidence of
~1 in 2000 individuals for the isolated form of the disorder in the
general population, and is a leading cause for corneal transplanta-
tions in developed countries.! KTCN is seen in all ethnic groups with
no male or female predominance.!> However, some studies suggest
higher predisposition among male and Asian patients.>* The most
common presentation of KTCN is an isolated form, although
6-23.5% of patients report a positive family history.> Association
of KTCN cases with rare genetic syndromes including connective
tissue disorders, for example, Ehlers—Danlos syndrome,6 mitral valve
prolapse,” osteogenesis imperfecta® and other disorders including
Down syndrorne9 or Leber congenital amaurosis,'? was also
described. While the etiology of the disease is still unclear, it is
believed that both genetic and environmental factors are involved
in its pathogenesis.!! A number of studies reported microtrauma
of the corneal epithelium as a cause of KTCN in connection with
eye rubbing, allergy'>!3 or contact lens wear.! However, twin studies
and familial transmission studies provided strong evidence of genetic
factor involvement.!®!> Most of familial KTCN cases indicate an

autosomal dominant pattern of inheritance with variable expression
of the phenotype.>!®

Several loci responsible for a familial KTCN have been mapped,
including 16q22.3—q23.1 (KTCN2; MIM 608932),!6 3p14-q13
(KTCN3; MIM 608586),!7 2p24 (KTCN4; MIM 609271),'8 1p36.23-
36.21,1° 5q14.3-q21.1,%° 5q21.2, 5q32-q33,>! 8q13.1-q21.11,'° 9q34,%
14q11.2,20 14q24.3,2 15q2.32,2! 15q22.33-q24.2,** 17p13%° and
20q12.26 Other reports have also suggested mutations in SODI
(MIM 147450, locus 21@22.11) and VSXI (KTCNI1, MIM605020,
locus 20p11.2) genes as involved in the KTCN etiology.?”-? However,
these results are yet to be replicated.

In 2009, we reported a novel locus for familial KTCN at 13q32,
using single-nucleotide polymorphism (SNP) arrays (Affymetrix,
Santa Clara, CA, USA, GeneChip Mapping 250K Nsp Array) to
genotype 10 affected and 11 unaffected individuals from a large
Ecuadorian KTCN family (KTCN-014).2° To continue the KTCN
gene search, likely KTCN candidate genes were selected at the 13932
locus for screening by direct sequencing.

The 5.6Mb region on the 13q32 locus contains 25 known
transcripts. Among them, eight candidate genes were chosen for
further analyses (Figure 1).

Candidate genes selected for mutation screening were inferred from
previous observations and/or hypotheses that the level of transcription
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Figure 1 Localization of the candidate genes at locus 13g32. On X-axis, location was determined in Mb. The region that showed linkage with KTCN in our

previous study (Gajecka et aP®) is marked by gray background.

factor Spl, a member of the zinc finger protein family, is elevated in
KTCN,*® and that the etiology of KTCN may be related to aberrations
in developmental programming or differentiation,?! oxidative stress,
apoptosis and/or metabolic defects.>> The candidate genes examined
were divided into three categories. The first group was the promising
genes, which are possibly involved in KTCN as players in development
and differentiation. One gene belonging to this category is muscleblind-
like protein 2 (MBNL2 (MIM 607327)), a member of the muscleblind
protein family. MBNL proteins regulate alternative splicing and are
required for terminal differentiation of muscle and photoreceptor
tissues.”> Another promising gene is FARPI (MIM 602654) that
codes for FERM, RhoGEF and pleckstrin domain-containing protein 1
(chondrocyte-derived ezrin-like protein), and may function as Rho-
guanine nucleotide exchange factor.>* This first category also included
retrogene RNF113B, encoding ring finger protein 113B, as well as
ZIC5 and ZIC2 (MIM 603073) genes, which encode members of the
ZIC transcription factors family — zinc finger protein of the cerebellum
5 and zinc finger protein of the cerebellum 2, respectively.

The second category comprised of genes that might be associated
with KTCN pathology because of their possible roles in oxidative
stress and apoptosis. The first gene was dedicator of cytokinesis 9
(DOCK9 (MIM 607325)), encoding a member of the DOCK protein
family that possesses GTP/GDP exchange factor activity and specifi-
cally activates G-protein, Cdc42.3> This group also contains STK24
(MIM 604984), which encodes serine/threonine protein kinase, a
member of the germinal center kinase-IIT subfamily of STE20-like
serine/threonine protein kinases, containing N-terminal kinase
domain and C-terminal regulatory domain.3

The last category — genes of unsure importance for KTCN
development — includes importin 5 gene (karyopherin f-3; IPO5
(MIM 602008)). This gene is a member of the kariopherin super-
family, which is involved in protein nuclear transport and interacts
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with ribosomal proteins rpL23a and rpL5 and viral proteins,
for example, HPV-16E5 oncoprotein.3”38

The purpose of this study was to identify sequence variants in
candidate genes at the 13q32 locus, which may have a role in the
pathogenesis of KTCN in Ecuadorian families. To our knowledge, this
is the first report presenting four sequence variants in three different
genes from one susceptibility locus. All four sequence variants
displayed full segregation with affected phenotype in one large family.

MATERIALS AND METHODS

Subjects

A total of 51 members of 15 Ecuadorian families with KTCN were included in
the investigation. Among them, 23 individuals were from family KTCN-014
and 2 affected individuals were from each of the other 14 KTCN
families: KTCN-005, KTCN-011, KTCN-013, KTCN-015, KTCN-017, KTCN-
019, KTCN-020, KTCN-021, KTCN-024, KTCN-025, KTCN-030, KTCN-031,
KTCN-034 and KTCN-035. In addition, all available members of KTCN-013,
KTCN-025 and KTCN-030 families were involved in subsequent analyses
to further evaluate sequencing results.

DNA samples from 105 ethnically matched individuals (210 alleles tested)
with no KTCN symptoms were used as the normal control group.

The identification process and pedigrees of Ecuadorian KTCN families have
been previously described.?’ Briefly, the diagnosis of KTCN was made in
subjects on the basis of complete ophthalmic evaluation (visual acuity,
intraocular pressure, biomicroscopic evaluation and fundus examination with
dilation). In addition, a topographic study (Humphrey Atlas Topograph; Carl
Zeiss Meditec, Jena, Germany) with a computer-assisted videokeratoscope was
performed in all affected individuals as well as in individuals with a suspected
corneal abnormality.

Written informed consent was obtained from all participating individuals
after explanation of possible consequences of the study, in accordance
with the Declaration of Helsinki. The research protocol was approved
by the Institutional Review Board at Poznan University of Medical Sciences
in Poland.



Mutation screening

Primer pairs for amplification of all exons of MBNLI, IPO5, FARP1, RNF113B,
STK24, DOCKY, ZIC5 and ZIC2, as well as intron—exon boundaries and intron
of RNF113B were designed with the Primer3 v.0. 4.0 tool.*® Primer sequences
and annealing temperatures are available upon request. PCR amplifications
were performed using Taqg DNA polymerase (Fermentas Inc., Glen Burnie, MD,
USA). PCR products were purified with ExoSAP-IT (USB Corporation, Cleve-
land, OH, USA) and then sequenced using Big Dye Terminator Sequencing Kit
Cycle v3.1 (Applied Biosystems, Inc. (ABI), Foster City, CA, USA). Each PCR
product was sequenced in both directions. Sequencing results were visualized
on an ABI PRISM 3100 Genetic Analyzer (ABI) and 3730XL DNA Analyzer
(ABI). The results were analyzed using Sequencher 4.10.1. software (Gene
Codes Corporation, Ann Arbor, MI, USA).

PREDICTION OF FUNCTIONAL EFFECT OF IDENTIFIED
SEQUENCE VARIANTS

The possible effects of identified non-synonymous amino-acid
substitutions on the protein structure and function were predicted
by PolyPhen (polymorphism phenotyping) and SIFT (sorting intol-
erant from tolerant) algorithms.

The SIFT analytical tool calculates a score for the amino-acid
change at a particular position. A score of >0.05 is considered as
tolerated for the protein structure.*’ PolyPhen predicts which mis-
sense substitution affects the structure and function of the protein,
and uses Position-Specific Independent Counts software to assign
profile scores. These scores are the likelihood of a given amino acid
occurring at a specific position compared with the likelihood of this
amino acid occurring at any position (background frequency).*!

Evolutionary conservation of the mutated amino acids was exam-
ined using the ClustalW2 tool.*?

DOCK?Y, STK24 and IPO5 expression in human cornea —

reverse transcription-PCR

Total RNA from KTCN cornea, non-KTCN cornea and two lympho-
blastoid cell lines derived from affected (14-09) and unaffected
(14-02) members of KTCN-14 was isolated as described before.4?
The cornea tissues were obtained from two non-related Polish
individuals treated in the Department of Ophthalmology, Medical
University of Warsaw, Poland. A non-KTCN cornea was derived from
a patient who presented with bullous keratopathy. The corneas
were submersed in RNA stabilization solution, RNALater (Qiagen,
Hilden, Germany), immediately after incision during the corneal
transplantation surgery.

From each sample, 1 pg of total RNA was used as a template for
first-strand reverse transcription-PCR (RT-PCR) to ¢cDNA using the
Enhanced Avian RT First Strand Synthesis Kit (Sigma, Sigma-Aldrich
Chemie Gmbh, Steinheim, Germany) according to the manufacturer’s
instruction. Random nonamers were used as primers.

Gene-specific PCR reactions for the tested genes: DOCKY, STK24
and IPO5, as well as the reference GAPDH gene were performed using
Taq polymerase (Sigma), 0.4 ul of each cDNA sample and 10pm of
each primer in a final reaction volume of 20 pl. The primer sequences
and PCR conditions are listed in Supplementary Table S1. To prevent
amplification of sequences from the genomic DNA contamination,
primers and/or amplicons were designed to cross the exon/exon
boundaries. The RT-PCR products were visualized under UV light
on 2% agarose gel stained with ethidium bromide.

Haplotype analysis
Pedstats** was used to identify potential Mendelian inconsistencies in
MBNLI, IPO5, FARP1, RNF113B, STK24, DOCKY, ZIC5 and ZIC2
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genes in the members of KTCN-014 family. In order to determine the
full haplotype inherited along with the sequence variants occurring in
affected individuals, the haplotype reconstruction was performed
using SimWalk2.4346 The location of the genetic markers was
determined on the basis of interpolation on the Rutgers combined
linkage-physical map of the human genome.*” The haplotype was
generated with HaploPainter.*3

RESULTS

Mutation screening of candidate genes

A total of 23 members of family KTCN-014 and 2 affected individuals
from each of the 14 other Ecuadorian KTCN families were screened
for sequence variants using DNA sequencing. Screening of coding
regions and intron—exon junctions of 8 candidate genes has revealed
92 sequence variants, 16 of which were novel changes (submitted
by our team and released on NCBI dbSNP Build 135 for Human
10/13/2011) (Table 1).

A total of 4 heterozygous variants, identified in three different
genes, namely, DOCKY, IPO5 and STK24 showed concurrently 100%
segregation with the affected phenotype in the large KTCN-014 family
(Table 1). The substitution ¢.2262A>C (GIn754His) in exon 20 of
DOCKY and two intronic changes: ¢.2377-132A>C in IPO5 and
¢.1053+29G>C in STK24 were not previously described, while the
fourth sequence variant ¢.720+43A > G in DOCK9 has been previously
reported in SNP database as rs7995432 (NCBI dbSNP build 132 for
Human 11/09/2010).

These four variants were then tested in 105 ethnically matched
individuals (210 alleles) with no KTCN symptoms to investigate their
frequency in the normal population (Table 1). The sequence variant
¢.2262A > C (GIn754His) in exon 20 of DOCK9 was not observed in
the control group, and thus likely represents a disease-causing muta-
tion. Three other heterozygous sequence variants: ¢.720+43A>G in
DOCKY, ¢.2377-132A>C in IPO5 and ¢.1053+29G>C in STK24
were observed in three, five and one control individuals, respectively.

Screening of 28 affected individuals from 14 other Ecuadorian
families revealed the presence of IPO5 ¢.2377-132A > C variant in two
individuals from family KTCN-013. DOCK9 ¢.720+43A>G variant
was identified in one affected individual from each of the families
KTCN-025 and KTCN-030. In light of this result, segregation of these
two variants was studied in additional five, four and three
available family members of KTCN-013, KTCN-025 and KTCN-030,
respectively. The sequencing analysis showed a random distribution
of IPO5 ¢.2377-132A>C and DOCK9 ¢.720+43A>G within
affected and unaffected individuals from these three families (data
not shown).

In search of short duplications or deletions as a result of potential
homologous recombination between sequence fragments of RNF113B
and FARPI in affected individuals, we amplified and sequenced
intron of RNFI113B in two affected (14-03 and 14-05) and two
unaffected (14-01 and 14-08) individuals from KTCN-014 family.
The analysis revealed neither changes in sequence length nor other
sequence variants.

Qualitative expression of DOCKY, IPO5 and STK24

Analysis by RT-PCR was performed to study the qualitative expression
pattern of DOCKY, IPO5 and STK24 genes in human corneas and in
lymphoblastoid cell lines. Specific amplification products of the
expected sizes were detected in all three cDNAs — DOCKY, IPO5
and STK24 in KTCN and non-KTCN corneas and in lymhoblastoid
cell lines extracted from both affected and unaffected individuals of
family KTCN-014 (Figure 2).
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Table 1 Sequence variants identified in all examined genes within family KTCN-014 and other 14 Ecuadorian families

KTCN-014
Affected Frequency
Affected Unaffected Unknown All from other in control
Location Chromosome Residue n=10 n=11 n=2 n=23 14 families group
in gene rslD position Polymorphism change no. % no. % no. % no. % n=28 n=105
(a) Segregated sequence variants
1PO5 (NM_00227)
Int22  *rs145089138 98667650 €.2380-134A>C — 10 100.0 1 9.1 1 50.0 12 52.2 2 5
STK24 (NM_001032296)
Int 8 *1s185799292 99113999 c.1053+29G>C — 10 100.0 1 9.1 1 50.0 12 52.2 0 1
DOCK9NM_015296
Int 7 17995432 99573165 c.720+43A>G — 10 100.0 1 9.1 1 50.0 12 52.2 4 3
Ex 20 *rs191047852 99537963 c.2262A>C GIn754His 10 100.0 1 9.1 1 50.0 12 52.2 0 0
(b) Other sequence variants
KTCN-014
Affected
Chromosome Affected Unaffected Unknown All from other
Ex rslD position Polymorphism change no. % no. % no. % no. % 14 families
MBNL2 (NM_144778)
171640253 98046007 c.*2417G>C — 0/8 — 2/18 25.0 171 100.0 3/17 17.65 0/28
1PO5 (NM_00227)
1512866550 98621940 c.-58-37C>T — 1/10 10.0 11 9.1 012 0.0 2/23 8.7 0/28
157918250 98622187 ¢.50+103A>C — 3/10 30.0 4/11 36.4 1/2 50.0 8/23 34.8 0/28
*1s182994654 98634738 c.145-30delT — 10/10 100.0 11/11 100.0 2/2 100.0  23/23 100.0 1/28
167901179 98637918 c.418+51delT — 10/10 100.0 11/11 100.0  2/2 100.0  23/23 100.0 1/28
rs60936969 98637931 c.418+64T>A — 2/10 20.0 4/11 36.4 1/2 50.0 7/23 30.4 0/28
rs71691591 98641224 ¢.419-92_419-91insT — 1/10 10.0 111 9.1 02 0.0 2/23 8.7 0/28
10 15626716 98645253 c.831A>G Leu277Leu 1/10 10.0 111 9.1 02 0.0 2/23 8.7 0/28
156411106 98645580 c.967+101G>A — 3/10 30.0 4/11 36.4 1/2 50.0 8/23 34.8 0/28
1s568379 98649740 c.968-45A>C — 1/10 10.0 0/11 0.0 1/2 50.0 2/23 8.7 0/28
12 *rs148018572 98649798 c.981A>G Leu309Leu 1/10 10.0 2/11 182 072 0.0 3/23 13.0 0/28
14 161970445 98654675 c.1163-46G>A — 0/10 0.0 /11 9.1 1/2 50.0 2/23 8.7 0/28
633161 98658358 c.1552-26G>A — 4/10 40.0 5/11 45.5 172 50.0 10/23 435 0/28
*1s182775158 98658611 €.1770+9delTinsTTT — 4/10 40.0 4/11 36.4 1/2 50.0 9/23 39.1 1/28
*1s187432167 98658611 ¢.1770+9delTinsTTTTTTITTITIT — 2/10 20.0 3/11 27.3 1/2 50.0 6/23 26.1 0/28
160926058 98658611 €.1770+44delTinsTTTTTTTTTT — 3/10 30.0 3/11 27.3 012 0.0 6/23 26.1 0/28
166999519 98658646 ¢.1770+44delTins — 1/10 10.0 111 9.1 02 0.0 2/23 8.7 0/28
TTTTTTTTITTITITT
*rs192955800 98666535 €.2379+67delA — 10/10 100.0 11/11 100.0 1/2 50.0 22/23 95.7 1/28
6491395 98666549 €.2379+81T>C — 4/10 40.0 3/11 27.3 1/2 50.0 8/23 34.8 0/28
rs74108123 98672084 c.3119+21C>T — 1/10 10.0 111 9.1 02 0.0 2/23 8.7 0/28
rs17190392 98675951 c.*1875A>G — 3/10 30.0 4/11 36.4 1/2 50.0 8/23 34.8 0/28
RNF113B (NM_178861)
1 rs16955011 98829217 c.274G>A Val92Met 0/10 0.0 /11 9.1 172 50.0 2/23 8.7 5/18
2 15628778 98829176 c.315A>G Pro105Pro 10/10 100.0 11/11 100.0 2/2 100.0  23/23 100.0 16/18
— 98828260 A>T — 5/5 100.0 2/2 100.0 — — 7/16 100.0 20/22
FARP1 (NM_005766)
*rs184165272 99037862 €.612-59T7>C — 4/9 44.4 9/11 81.8 11 100.0 14/21 66.7 9/28
rs584800 99038087 €.759+19C>T — 4/9 44.4 9/11 81.8 1/1 100.0 14/21 66.7 9/28
152256823 99042390 c.1019+16T>C — 4/9 44.4 8/9 88.9 1/1 100.0 13/19 68.4 9/28
rs673069 99045993 c.1164+21A>G — 19 11.1 111 9.1 02 0.0 2/22 9.1 0/22
152291175 99062978 c.1603-10G>T — 077 0.0 1/10 10.0 071 50.0 1/18 5.6 4/28
152291174 99063113 c.1692+36A>G — 177 14.3 2/10 20.0 0/1 50.0 3/18 16.7 1/28
152146998 99093094 c.2796+4T7>C — 10/10 100.0 11/11 100.0 2/2 100.0  23/23 100.0 2/28
rs2274053 99098318 €.2797-34C>T — 8/8 100.0 5/8 62.5 1/1 100.0 14/17 82.4 17/28
152274054 99098470 €.2904+11C>T — 8/8 100.0 5/8 62.5 1/1 100.0 14/17 82.4 17/28
152281766 99098882 €.2905-38A>C — 7/8 100.0 6/9 66.7 — — 13/16 81.3 9/28
rs9517310 99100474 ¢.3057-16C>T — 0/7 0.0 2/18 25.0 1/1 100.0 3/16 18.8 12/28
27 rs12261 99100547 c.3114T>C Ser1038Ser 717 100.0 5/7 71.4 11 100.0 13/15 86.7 14/28
rs9168 99101583 c.*1012C>A — 2/10 20.0 3/10 30.0 172 50.0 6/22 27.3 12/22
rs4584 99101869 c.*1298G>C — 2/10 20.0 3/11 27.3 1/1 100.0 6/22 27.3 12/22
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KTCN-014
Affected
Chromosome Affected Unaffected Unknown All from other
Ex rsID position Polymorphism change no. % no. % no. % no. % 14 families
STK24 (NM_001032296)
152274056 99134839 c.274-264C>G — 6/10 60.0 9/11 81.8 1/2 50.0 16/23 69.6 —
rs9513431 99134626 c.274-51T>A — 1/10 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
rs34520150 99134321 €.330+198delT — 10/10 100.0 1111 100.0 212 100.0 23/23 100.0 —
52274055 99127496 c.439+8G>A — 1/10 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
rs9513430 99127252 ¢.440-20G>C — 3/10 30.0 411 36.4 1/2 50.0 8/23 34.8 —
19582232 99127052 c.597+23G>A — 1/10 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
rs9584854 99118590 c.783+40G>A — 2/10 20.0 3/11 27.3 1/2 50.0 6/23 26.1 —
1s2296149 99115927 €.929+18T>C — 10/10 100.0 711 63.6 2/2 100.0 19/23 82.6 —
156325686 99115853 €.929+92delT — 10/10 100.0 11/11 100.0 212 100.0 23/23 100.0 —
rs79337588 99115853 €.929+92_929+93delTT — 10/10 100.0 11/11 100.0 2/2 100.0 24/23 100.0 —
*rs189489251 99112809 c.1054-115C > T — 0/10 0.0 1/11 9.1 072 0.0 1/23 4.3 —
1562827661 99112755 c.1054-61A>G — 10/10 100.0 7/11 63.6 212 100.0 19/23 82.6 —
rs4772083 99112754 c.1054-60A>C — 10/10 100.0 7/11 63.6 2/2 100.0 19/23 82.6 —
9 14771305 99112680 c.1068A>G Pro356Pro 10/10 100.0 1111 100.0 212 100.0 23/23 100.0 —
535458785 99112469 c.1122+156_1122+157ins7 — 10/10 100.0 7111 63.6 212 100.0 19/23 82.6 —
35880343 99109720 c.1123-162delA — 10/10 100.0 11/11 100.0 2/2 100.0 23/23 100.0 —
152031237 99109319 c.1259+103G> — 3/10 30.0 4/11 36.4 12 50.0 8/23 34.8 —
A c.1259+103G>T
rs8481 99105395 c.*32C>T — 2/10 20.0 3/11 27.3 1/2 50.0 6/23 26.1 —
1512463 99105302 c.*125C>T — 2/10 20.0 3/11 27.3 172 50.0 6/23 26.1 —
156956 99104689 c.*738A>G — 1/10 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
1s3742134 99104170 c.*1257G>A — 110 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
7988959 99104004 c.*1423A>G — 2/10 20.0 2/11 18.2 172 50.0 5/23 21.7 —
rs9517312 99103855 c.*1572C>T — 1/10 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
7983438 99103317 c.*2110A>G — 2/10 20.0 2/11 18.2 172 50.0 5/23 21.7 —
*rs193005274 99103260 c.*2167C>T — 2/10 20.0 111 9.1 0/2 0.0 3/23 13.0 —
*rs184907551 99102688 €.*2739insT — 1/10 10.0 2/11 18.2 0/2 0.0 3/23 13.0 —
153742136 99102607 c.*2820G>A — 2/10 20.0 3/11 27.3 172 50.0 6/23 26.1 —
153832885 99102478 €.*2949delG — 2/10 20.0 3/11 27.3 1/2 50.0 6/23 26.1 —
DOCKINM_015296
112429249 99578219 €.337-46G>A — 0/10 0.0 2/11 18.2 172 50.0 3/23 13.0 3/21
5 1512428661 99575568 c477C>T Val158Val 0/10 0.0 2/11 18.2 172 50.0 3/23 13.0 2127
152274643 99540500 €.1981-23T>C — 10/10 100.0 11/11 100.0 2/2 100.0 23/23 100.0 23/28
11928104 99540395 c.2046+17T>C — 10/10 100.0 1111 100.0 212 100.0 23/23 100.0 25/28
rs3737021 99540394 c.2046+18A>G — 0/10 0.0 2/11 18.2 1/2 50.0 3/23 13.0 3/28
1s2274642 99537217 €.2385+8C>A — 9/9 100.0 10/10 100.0 1/2 50.0 20/21 95.2 24727
152274641 99537202 €.2385+23G>T — 9/9 100.0 10/10 100.0 172 50.0 20/21 95.2 11/27
19517474 99536031 c.2472+36C>T — 9/9 100.0 10/10 100.0 1/2 50.0 20/21 95.2 25/28
152296994 99533897 €.2679-16C>T — 0/10 0.0 2/10 20.0 172 50.0 3/22 13.6 3/27
*rs143064488 99520441 ¢.3093+44T7>C — 0/10 0.0 1/10 10.0 0/2 0.0 1/22 4.5 5/28
rs9513497 99505632 €.3949+30G>A — 6/10 60.0 11/11 100.0 2/2 100.0 19/23 82.6 21/28
*rs141854302 99502398 €.3950-31T>C — 1/10 10.0 2/11 18.2 072 0.0 3/23 13.0 0/28
152296990 99502260 c.4016+41C>T — 0/10 0.0 2/11 18.2 1/2 50.0 3/23 13.0 2/28
rs9517459 99482030 ¢.4570-20C>G — 0/10 0.0 2/11 18.2 1/2 50.0 3/23 13.0 6/28
44 117709314 99479139 c.4902A>G Alal633Ala 1/10 10.0 0/11 0.0 0/2 0.0 1/23 4.3 0/28
152282134 99462593 c.5131-48G>A — 9/10 90.0 7111 63.6 2/2 100.0 18/23 78.3 6/28
1s9557078 99459891 ¢.5559+24T>G — 10/10 100.0 8/11 72.7 2/2 100.0 20/23 87.0 10/28
51 152296984 99457431 c.5592A>C Alal863Ala 1/10 10.0 0/11 0.0 0/2 0.0 1/23 4.3 4/28
1s9554522 99448441 €.6209+19A>T — 4/10 40.0 711 63.6 2/2 100.0 13/23 56.5 7128
ZIC5NM_033132
1 *rs186203798 100622892 c:1036G>A Gly346Gly 217 28.6 1/6 16.7 0/2 0.0 15/23 20.0 0/5
ZIC2NM_007129
1 *rs189469383 100634531 c.213A>G Pro71Pro 0/10 0.0 1/11 9.1 0/2 0.0 1/23 4.3 0/5

*rs represent a novel variants submitted by our team and released on NCBI dbSNP Build 135 for Human 10/13/2011.

PolyPhen/SIFT analysis

Multiple sequence alignment of DOCK9 orthologs showed that amino

with a PSIC score difference of 1.668. SIFT tool assessed the impact of
this missense substitution as tolerated by the score of 0.17.

acid glutamine at position 754 is highly conserved throughout the
analyzed species (Figure 3).

Analysis performed with use of PolyPhen for Gln754His mutation
in exon 20 of DOCK9 pointed a ‘possibly damaging’ prediction result

Reconstruction of haplotypes
Reconstruction of haplotypes was performed for the chosen sequence
variants in IPO5, DOCK9 and STK24. All affected individuals
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Figure 2 Qualitative gene expression analysis. Lanes are represented as follows: M, Marker; 1, KTCN cornea; 2, non-KTN cornea; 3, lymphoblastoid cell line
derived from unaffected (14-02) member of KTCN-O14 family; 4, lymphoblastoid cell line derived from affected (14-09) member of KTCN-014 family;

5, —RT; 6, negative control.

Homo sapiens
Mus musculus
Gallus gallus

LLTLFHVSCDNSSKGSTKKRDVVETQVGYSWLPLLKDGRVVTSEQHIPVSA
LFTFFHVSCDNSTKGS TKKKDAVETQVGFSWLPLLKDGRVLTSEQHIPVSA
LFTFYHVSCDNSSKGSTKKKDVVETQVGYSWLPLIKDGRVVTNDQHIPVSA

Canis familiaris LFTFFHVSCDSSSKGSTKKKDVVETQVGYSWLPLLKDGRVVTSEQHVPVSA

Figure 3 Multiple sequence alignment of the amino-acid sequences of DOCK9 orthologs in different species. Conservation of glutamine (Q) at position

754 is highlighted in gray.

from family KTCN-014, one unaffected (KTCN 14-13) and one
individual with unknown status (KTCN 14-21) shared the same
haplotype, spanning sequence region between markers rs71640253
and rs7995432 (Figure 4). Mutation ¢.2262A>C (p.Gln754His)
in exon 20 of DOCK9 and substitutions c.2377-132A>C in IPO5,
€.10534+29G > C in STK24 and ¢.720+43A > G (rs7995432) in DOCK9
were present in all affected individuals in family KTCN-014, and again
in individuals 14-13 and 14-21.

As we previously described,? ocular examination performed for
individual 14-13 at age 53 did not reveal KTCN. As KTCN demon-
strates reduced penetrance, we speculated that this individual with
normal phenotype at age of 53 and an ‘at risk’ haplotype was non-
penetrant for the KTCN phenotype. Individual 14-21 was 14 years old
at the time of examination, presented with no KTCN, and the
‘unknown’ status was assigned in accordance with the criteria applied
to all families.?”

DISCUSSION
The genetic nature of KTCN is complex, and multiple genes are likely
to be involved in its development and progression. Extensive genetic
studies in families with KTCN have linked several chromosomal
regions to the disease. Our previous study provided evidence of a
linkage between KTCN and a locus at 13g32.2°

In this paper, we described mutation screening of eight candidate
genes mapped at the 13q32 locus. We hereby report the identification
of four sequence variants in three different genes, DOCK9, IPO5 and
STK24, from the KTCN susceptibility locus at 13q32, which segregate
with KTCN phenotype within one large Ecuadorian family. Two of
these sequence variants (c.2262A>C and ¢.720+43A>G) were iden-
tified in DOCKY. With an A to C nucleotide change, the first variant
leads to GIn754His mutation. We used PolyPhen and SIFT tools to
predict the impact of this mutation on the structure and function of
DOCK9 protein. While SIFT tool predicted no effect from the
GIn754His substitution, PolyPhen defined this mutation as possibly
damaging. Differences between predictions from these two algorithms
have been described and are not entirely unexpected.***! Glutamine at
position 754 is highly conserved in different species. Moreover, it is
present in DHR1 domain, which is shared by all DOCK family
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members.*’ In protein sequence of DOCK9, this domain is localized
between 641 and 879 amino-acid residues. The DHR1 domain binds
phospholipids and may assist in recruitment to cellular membranes.>
There is evidence that DHRI may also mediate protein—protein
interactions.”! For these reasons, a replacement of the neutral residue
(Gln) by the polar amino acid (His) is likely to affect protein function.

The second variant in DOCK9 (c.720+43A>G) and two other
variants in TPO5 (c.2377-132A>C) and STK24 (c.1053+29G>C)
were identified in introns. The non-coding regions of genes, including
introns, contain many regulatory elements,>? and intronic alterations,
that is, single-nucleotide changes, can result in deleterious effect on
pre-messenger RNA splicing.”® Identification of these sequence
variants could be non-accidental, and they could have a role in the
KTCN etiology.

The present study also showed expression pattern of DOCKY, IPO5
and STK24 genes in KTCN and non-KTCN corneas as well as in
lymphoblastoid cell lines. To our knowledge, this is the first report
describing expression of IPO5 and STK24 genes in human corneas.

To the best of our knowledge, the sequence variants identified in
DOCKY, IPO5 and STK24 have never been described to be associated
with KTCN. Sequence variants in DOCK9 were only considered as
implicated in the possible etiology of bipolar disorder,>* whereas
alternative splicing and abnormal expression of IPO5 may contribute
to the development of schizophrenia in the Chinese population.>
Both genetic loci for schizophrenia and KTCN are mapped to
chromosome 13q32.29’56 Nevertheless, there is insufficient evidence
of linkage between these two syndromes. To date, only one case of the
coexistence of schizophreniform disorder and KTCN was described.>’

There are no reports so far linking STK24 to cases of corneal
diseases. However, several studies have implicated STK24 in triggering
apoptotic cell death or suggested its role in cell response to oxidative
stress.”800 STK24 kinase was also found to phosphorylate NDR —
another serine/threonine kinase that regulates cell cycle and morphol-
ogy.®! Mst3b, a neuron-specific homolog of STK20 kinase, is a key
regulator of axon regeneration in retinal ganglion cells as well as in
peripheral nervous system.’?

A full segregation of the four sequence variants in DOCKY, IPO5,
and STK24 genes with disease phenotype verifies the previously
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Figure 4 Pedigree of family KTCN-O14. Black filled symbols: individuals with KTCN; open symbols: individuals without KTCN; gray filled symbols:
individuals with unknown KTCN status. The pattern of inheritance is indicated by different colors of haplotype regions. Red bars represent the region
inherited by all affected individuals. Sequence variants segregating with KTCN phenotype are marked by black frame.

described linkage between the 13q32 chromosomal locus and familial
KTCN in Ecuadorian family KTCN-014.2° These genes became
significant, as opposed to other candidate genes mapped on the
long arm of chromosome 13. As the sequence variants identified
in MBNLI1, FARPI1, RNF113B, ZIC5 and ZIC2 have been observed in
both affected and unaffected individuals in the tested family,
these genes may not have a major role in the KTCN pathogenesis in
KTCN-014.

RNFI113B is an interesting gene. In mammals, this gene occurs in
two copies. The first copy, RNF113A4, is derived from 10-exon parental
gene. Following retroposition, the RFNII3A intronless copy is
retroposed into the intron of NDUFAI gene, and the parental gene,
REN113A4, is lost in mammals.® During evolution, RNF113A retro-
gene was duplicated by retroposition or second segmental duplication.
As a result, the second copy, RNFI13B, is created.®® Recent studies
have shown that RNF113B underwent further evolution and have two
transcript forms, one similar to the intronless RNF113A and one with
intron gain.®* The new intron of RNF113B was originated by recruit-
ment of exonic sequence and contains 59 nucleotides of coding
sequence and 46 nucleotides from 3’UTR. In human, RNFI113B was
retroposed in opposite direction into a first intron of FARPI gene.%®
In our previous linkage analysis for family KTCN-014, the highest
peak was observed in the locus site of FARP1.? As the RNF113B
intron structure with its sequence fragments homologous to exonic
sequence could induce homology-dependent recombination events,
we looked for short duplications or deletions resulting from homo-
logous recombination between these sequence fragments in affected

individuals. We sequenced RNFI113B fragments, including the intron
and flanking exons amplified in one amplicon. However, the
sequencing analysis has not revealed any changes in sequence length,
eliminating the hypothesis of the exon—intron homology as a cause
of illegitimate recombination in RNF113B/FARPI.

In contrast to previous efforts, our investigation provides evidence
of mutation and sequence variants that segregate with the KTCN
phenotype in a large KTCN family with many affected and unaffected
members. In 2006, Udar et al’’ reported a heterozygous 7-bp deletion
in intron 2 of SODI gene as related to the KTCN etiology. This
deletion showed segregation with KTCN in two families—one with
two affected and three unaffected individuals accessible for analysis,
and the second family with only one affected individual available for
examination. Similarly, Heon et al?8 identified four mutations in VSX1
gene within six examined members of a small family with presentation
of posterior polymorphous dystrophy (PPD) and/or KTCN. One of
these mutations, Glyl60Asp, was found in five affected patients with
PPD and/or KTCN (one with PPD, three with KTCN and one with
both abnormalities). However, to date, none of the subsequent
studies, 040> including ours,?? have confirmed a role of changes
in either VSX1 or SODI gene in the KTCN phenotype.

In summary, we report herein four significant variants in
three different candidate genes. All individuals who carried the
disease-related haplotypes were affected with KTCN. However, only
¢.2262A>C (p.GIn754His) mutation in DOCK9 was not observed in
normal control individuals, indicating that this gene may contribute
to the KTCN phenotype in the large KTCN-014 family. Further
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studies will be necessary to assess contribution of identified sequence
variant in familial KTCN etiology. Furthermore, mutations in the
linked genes that were not sequenced cannot be excluded.
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