1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cornea. Author manuscript; available in PMC 2018 February 01.

-, HHS Public Access
«

Published in final edited form as:
Cornea. 2017 February ; 36(2): 210-216. doi:10.1097/1C0O.0000000000001045.

Vortex pattern of corneal deposits in granular corneal dystrophy
associated with the p. (ArgR555WTrp) mutation in TGFBI

Jaffer M. Kattan, BAL, Juan Carlos Serna-Ojeda, MD?, Anushree Sharma, MD?!, Eung K.
Kim, MD, PhD3, Arturo Ramirez-Miranda, MD?2, Marisa Cruz-Aguilar, PhD#, Aleck E.
Cervantes!, Ricardo F. Frausto, BAl, Juan Carlos Zenteno, MD, PhD#42, Enrique O. Graue-
Hernandez, MD, MSc?2, and Anthony J. Aldave, MD!

1Stein Eye Institute, UCLA

2Department of Cornea and Refractive Surgery, Institute of Ophthalmology “Conde de
Valenciana”, Mexico City, Mexico

3Department of Ophthalmology, Yonsei University, Seoul, Korea

“Department of Genetics-Research Unit, Institute of Ophthalmology “Conde de Valenciana”,
Mexico City, Mexico

SDepartment of Biochemistry, Faculty of Medicine, UNAM, Mexico City, Mexico

Abstract

Purpose—To describe two unrelated families with multiple members demonstrating a less
commonly recognized vortex pattern of corneal deposits confirmed to be granular corneal
dystrophy type 1(GCD?1) following identification of the p.(Arg555Trp) mutation in the
transforming growth factor p-induced gene (7GFBI).

Methods—A slit lamp examination was performed on individuals from two families, one of
Mexican descent and a second of Italian descent. Following DNA extraction from affected
individuals and their unaffected relatives, 7GFB/ screening was performed.

Results—Eight of 20 individuals in the Mexican family and 20 of 55 in the Italian family
demonstrated corneal stromal opacities. Seven of the eight affected individuals in the Mexican
family and four of the 20 affected individuals in the Italian family demonstrated a phenotype
characterized by a “sea fan” or vortex pattern of superficial stromal corneal deposits originating
from the inferior aspect of the cornea. Screening of 7GFB/in both families revealed a
heterozygous missense mutation (p.(Arg555Trp)) in exon 12, confirming the diagnosis of GCDL1.

Conclusion—Our findings demonstrate that GCD1 may present with a vortex pattern of anterior
stromal deposits. Although this pattern of dystrophic deposits is not recognized by clinicians as a
typical phenotype of GCDL, it is consistent with the production of the majority of the TGFBI
protein by the corneal epithelium.
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INTRODUCTION

Granular corneal dystrophy type 1 (GCD1), also known as Groenouw type I, is an autosomal
dominant corneal stromal dystrophy caused by mutations in the 7GFB/gene mapped to
chromosome 5q31.1: 2 The classic form of GCD1 is characterized by bilateral, symmetric,
axially distributed, discrete, greyish-white, anterior stromal opacities.3 These lesions usually
appear in the first decade of life although as the intervening stroma remains clear, affected
individuals are asymptomatic early in the course of the condition.* ® Progression of the
dystrophy is characterized by an increase in the size and number of the deposits, which
extend deeper into the stroma and spread further into the corneal mid-periphery.# 5

A vortex pattern of corneal deposits has been described in individuals with presumed GCD1
in six prior reports.5-11 Only 1 family was confirmed to have GCD1 through identification of
the p.(Arg555Trp) mutation in 7GFBI, leaving the diagnosis in the other families uncertain.®
In the family with confirmed GCD1, the only two affected individuals examined both
demonstrated a vortex or sea fan pattern of corneal deposits. As other family members were
not available for examination, it is not known whether all affected family members
demonstrated this phenotype, or if others demonstrated the classic GCD1 phenotype. Herein,
we describe two unrelated families, one of Italian descent and one of Mexican descent, with
affected members demonstrating both the classic and vortex phenotypes of GCD1,
confirmed by identification of the p.(Arg555Trp) mutation in 7GFB/. We propose that the
description of the phenotype of GCD1 be expanded to include the vortex pattern of deposits
to ensure that clinicians are able to accurately diagnose this variant of both primary and
recurrent GCD1.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board/Ethics Committee of the Institute
of Ophthalmology “Conde de Valenciana” in Mexico City. All patient samples were
collected after the patients signed written informed consent, and clinical investigations were
conducted according to the principles expressed in the Declaration of Helsinki.

Clinical Evaluation

A slit lamp examination was performed on individuals from two families, one of Mexican
descent and a second of Italian descent

TGFBI screening

Mexican family—After informed consent was obtained, blood samples were collected
from eight affected family members (Fig.1; individuals I1-1, 111-1, 111-3, 1V-2, V-3, 1V-6,
IV-7, 1V-8). Genomic DNA was extracted from peripheral blood leukocytes and PCR
amplification of all 17 exons of 7GFB/was performed on DNA collected from an affected
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individual (Fig.1; individual 11-1) using previously described primers and conditions.12
Sanger sequencing was performed using the BigDye Terminator Cycle Sequencing kit
(Applied Biosystems, Foster City, CA) and samples were analyzed in a 3130 Genetic
Analyzer (Applied Biosystems). The wild type TGFBI transcript ID ENST00000305126
(www.ensembl.org) was used for sequence comparisons. DNA samples from the seven other
affected family members were screened for the variants identified in individual 11-1.

Italian family—After informed consent was obtained, buccal swab samples were obtained
from 55 family members (Fig. 2; individuals indicated with an asterisk). Genomic DNA was
extracted and was subsequently used in a proprietary TagMan quantitative PCR assay
(Avellino Laboratories USA, Inc., Menlo Park, CA) to identify sequence variants in codons
124 and 555 of 7GFBI/. In addition, all 17 exons of 7GFB/ were screened by a commercial
laboratory (Laragen, Inc., Culver City, CA) in two affected individuals, one with the classic
(Fig. 2; 1V-3) and one with the vortex (Fig. 2; VI11-10) pattern of dystrophic deposits.
Sequence variants identified in one of these affected individuals were screened for in the
DNA samples from the remaining affected individuals to identify variants that segregated
with either the classic or vortex deposit phenotype.

Statistical Analysis

RESULTS

Minor allele frequencies were obtained for each identified variant from the 1000 Genomes
and Exome Aggregation Consortium (ExXAC) databases. The probability and corresponding
95% confidence interval (Cl) of identified variants found in the two families were estimated
based on the observed frequencies in the families, and the estimated probability was
compared with specific probability value obtained from the observed frequency of same
variants in the population described above assuming binomial distribution of allele
frequencies.

Clinical Features

Mexican Family—In total, 20 family members were examined by slit lamp biomicroscopy,
with eight observed to have corneal deposits at the level of the anterior stroma that were
consistent with GCD1. Seven of the eight (87.5%) affected individuals demonstrated a
vortex pattern of anterior stromal corneal deposits that appeared to radiate from the inferior
paracentral cornea. The clinical features of a few of the affected individuals are presented
below.

The proband is a 12-year-old girl (Fig. 1; individual 1V-7) with a history of renal tubular
acidosis diagnosed at 10 years of age who presented with decreasing visual acuity that
started at 8 years of age. On examination, uncorrected visual acuity was 20/60 in right eye
and 20/40 in left eye, improving with correction to 20/30 in each eye. Anterior segment
examination revealed bilateral, greyish-white anterior stromal deposits that originated from
the inferior paracentral cornea and radiated peripherally, creating a vortex or sea fan pattern
(Fig. 3A).
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The 9-year-old sister of the proband (Fig. 1; individual 1V-8) noted decreasing visual acuity
since she was 5 years old. On examination, uncorrected visual acuity was 20/70 in the right
eye and 20/50 in the left eye, improving to 20/30 in each eye with correction. Slit-lamp exam
revealed a very fine vortex pattern in the central 5 mm of each cornea with small white oval
anterior stromal deposits originating centrally. The intervening stroma and the periphery of
the corneas were clear (Fig. 3B).

A presumptive diagnosis of granular corneal dystrophy was made in both the proband and
her sibling. Family history revealed multiple other family members with declining visual
function. Anterior segment examination of the proband’s brother (Fig. 1; individual 1V-6;
Fig. 3C), two cousins (Fig.1; individuals 1V-2 and IV-3; Fig. 3D-E), father (Fig.1; individual
I11-3; Fig. 3F) and paternal grandfather (Fig. 1; individual 11-1; Fig. 3G) revealed similar
findings of symmetric deposition of round, grey-white, anterior corneal stromal opacities in
a vortex pattern with varying degrees of density.

Of note, the proband’s 45-year-old paternal aunt (Fig.1; individual I11-1) presented with
decreasing visual acuity since childhood. She had presumed superficial keratectomies
performed in each eye as well as a penetrating keratoplasty (PK) in her right eye 2 years
prior to presentation. On examination, uncorrected visual acuity was 20/70 in the right eye
and 20/1000 in the left eye, which did not improve with correction. Slit lamp examination
revealed a clear graft in her right eye with no evidence of recurrent dystrophic deposits. The
left eye demonstrated multiple, confluent grey-white deposits in the central 8 mm of the
cornea, without a sea fan pattern, sparing the peripheral cornea (Fig. 3H).

Italian Family—Of the 55 family members that were examined by slit lamp
biomicroscopy, 20 were observed to have corneal deposits at the level of the anterior stroma
that were consistent with GCD1. Four of the 20 (20%) affected individuals demonstrated a
vortex pattern of corneal deposits while the remaining 12 individuals demonstrated classic
GCDL1 patterns of corneal deposits.

The proband, an 80-year-old woman (Fig. 2; individual 1VV-8) with a prior clinical diagnosis
of GCD1, underwent PK in both eyes, followed by repeated phototherapeutic keratectomies
(PTK) procedures for recurrent GCD1 in the right eye. The vision in the left eye was limited
by repeat corneal graft failure. Slit lamp examination of the right eye revealed small annular
and punctate anterior and mid-stromal opacities in the graft (Fig. 4A).

A 49-year-old male nephew of the proband (Fig. 2; individual V111-10) was diagnosed with
GCD1 at 13 years of age, and subsequently underwent PK in the right eye and PTK in the
left eye twice. Slit-lamp evaluation of the left eye revealed discrete, greyish-white, anterior
stromal opacities with clear intervening stroma and periphery (Fig. 4B). In contrast, the
grey-white deposits in the right eye assumed a linear configuration, appearing to radiate
inferiorly from the center of the corneal transplant (Fig. 4C).

This sea fan pattern of corneal deposits was also observed in several younger members of
the family: a 14-year-old great niece of the proband (Fig. 2; individual X-9), a 19-year-old
granddaughter of one of the proband’s siblings (Fig. 2; individual 1X-10) and a 24-year-old
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granddaughter of one of the proband’s siblings (Fig. 2; individual X-3). On slit lamp
examination, all three individuals showed a very fine vortex pattern of small white oval and
round anterior stromal deposits originating just below the inferior pupillary border with the
rays of the sea fan extending across the central cornea (Fig. 4D, 4E, and 4F). Apart from the
vortex pattern, the characteristic clear intervening stroma and periphery were observed in
these and all other affected individuals.

Multiple other family members demonstrated the classic GCD1 phenotype characterized by
discrete and confluent, axially-distributed anterior stromal dystrophic corneal deposits that
spared the corneal periphery (Fig. 4G-L).

Genetic analysis

Mexican Family—Screening of all 17 exons of 7GFB/in one member of the family (Fig.
1; individual I1-1) revealed the ¢.1663C>T variant in the heterozygous state in exon 12,
predicted to result in the p.(Arg555Trp) missense mutation associated with GCD1 (Fig. 1).
In addition, two common single nucleotide polymorphisms (SNPs) predicted to encode
synonymous changes in the TGFBI protein, ¢.981A>G (p.Val327Val) (MAF: 0.32 (EXAC),
0.38 (1000 Genomes)) and ¢.1620T>C (p.Phe540Phe) (MAF=0.33 (EXAC), 0.42 (1000
Genomes)), were identified in the heterozygous state in exons 8 and 12, respectively.
Screening of exon 12 in the seven other affected family members (Fig. 1; individuals I11-1,
I1-3, V-2, IV-3, 1V-6, IV-7, IV-8) for the ¢.1663C>T variant revealed its presence in the
heterozygous state in all seven affected individuals, confirming the diagnosis of GCD1. Each
of the affected family members also demonstrated the ¢.981A>G and ¢.1620T>C variants,
with the former present in the homozygous state in individuals I11-1, V-2 and 1V/-3 and the
latter present in the homozygous state in individuals I11-1, 1V-2, V-3, IV-6 and IV-7. The
allele frequency of the ¢.981A>G variant in these eight affected individuals was therefore
11/16 (68.75%, 95% CI: 41.3% - 89.0%), significantly more common than the population
allele frequencies of 32% (ExAC) and 38% (1000 Genomes) (p=0.002 and p=0.011,
respectively). Similarly, the allele frequency of the ¢.1620T>C variant in these eight affected
individuals was 13/16 (81.25%, 95% CI: 54.4% - 96.0%), significantly more common than
the population allele frequencies of 33% (ExAC) and 42% (1000 Genomes) (p<0.0001 and
p=0.002, respectively).

Italian Family—Screening of codon 124 in exon 4 and codon 555 in exon 12 of 7GFB/
was performed in 55 members of the Italian family (Fig. 2; indicated with an asterisk), of
which 20 were clinically affected and 35 were unaffected. In the 20 affected individuals
screened, genetic analysis revealed the ¢.1663C>T (p.(Arg555Trp) variant present in the
heterozygous state, diagnostic of GCD1. The 35 unaffected individuals did not demonstrate
a sequence variant in either codon 124 or codon 555. Screening of all 17 exons of 7GFB/in
two members of the family, one with a classic (Fig. 2; individual 1V-3) and one with a vortex
(Fig. 2; individual VI11-10) pattern of dystrophic deposits revealed a common single
nucleotide polymorphism in exon 6, ¢.651G>C (p.Leu217Leu), (MAF: 0.42 (EXAC), 0.32
(1000 Genomes)), in the homozygous state in both individuals.
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DISCUSSION

A vortex pattern of anterior corneal dystrophic deposits in individuals with presumed
granular corneal dystrophy was first reported by Biicklers in 1938.10 Almost 50 years later,
Weidle and Lisch associated the vortex pattern of corneal opacities with the earliest of three
clinical stages of GCD1 and Lyons and colleagues described a vortex pattern of recurrent
dystrophic deposits following PK in individuals with clinically diagnosed (not genetically
confirmed) GCD1.8 11 In 2003, six years following the identification of the 7GFB/ gene, we
reported the first genetically confirmed GCDL1 associated with a vortex pattern of corneal
deposits in two of four affected individuals in a family. This was followed by a report that
described an individual with genetically confirmed GCD1 with dystrophic deposits in a
vortex pattern who, following PK, developed recurrent corneal deposits in a pattern
consistent with classic GCD1.”

In the families that we report, the (p.(Arg555Trp)) 7GFB/ mutation was identified in the
heterozygous states in all affected individuals, many of whom demonstrated a vortex pattern
of both primary and recurrent dystrophic deposits.? In both families, this vortex pattern was
observed in both young and elderly individuals as well as in both genders. The size and
number of the corneal opacities that made up the vortex pattern seemed to progress with age
in both families, as has been previously described with the classic GCD1 phenotype.14 A
majority (88%) of the affected individuals demonstrated the vortex pattern in the Mexican
family, while only 20% in the Italian family had the vortex phenotype among those affected.
While the difference in the prevalence of the vortex phenotype between the two families is
likely caused by differences in genetic background and/or distinct environmental factors,
intra-family variation (including observed phenotypic switch after surgical intervention) is
indicative of a more complex cause.1®

The development of the vortex phenotype of GCD1 may be explained by the presumed
pathogenesis of other corneal disorders associated with vortex patterns of corneal deposits.
Fabry disease is characterized by a pigmented opacification of the inferior corneal epithelial
in a vortex pattern, termed cornea verticillata.16 This phenotype, also seen with amiodarone
use, is thought to arise as a consequence of deposition of intralysosomal lipid inclusion
bodies in the corneal epithelium in conjunction with the centripetal migration of corneal
epithelial cells (limbus to central cornea).16: 17 As the majority of the TGFBI protein is
produced by the corneal epithelial cells, it is reasonable to suggest that the vortex pattern
observed in some GCD1 individuals is also a consequence of the migration pattern of the
corneal epithelium.14 18 19 However, unlike in Fabry disease, the vortex phenotype in
GCD1 is observed in a minority of GCD1 individuals. Moreover, not all of the GCD1
individuals who undergo PK develop a recurrent phenotype consistent with the original
phenotype. These observations suggest a more complex mechanism in the pathogenesis of
the two distinct phenotypes observed for GCD1.

As we and other investigators have reported that the presence of a second variant in 7TGFB/
can alter the phenotype associated with the first, we screened all 17 exons of 7GFB/in
affected individuals from each family.2%: 21 |n the Mexican family, two common SNPs were
identified in all affected individuals screened, with an allele frequency significantly higher
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than that in the population. However, as these SNPs were identified in the homozygous state
in individuals with both the classic and vortex patterns of dystrophic deposits, these common
sequence variants do not appear to be associated with the determination of the affected
phenotype in this family. Similarly, as a common SNP was the only 7GFB/ coding region
variant other than the ¢.1663C>T mutation identified in affected individuals with both the
classic and vortex patterns of dystrophic deposits in the Italian family, second 7GFB/ coding
region variants were not associated with the determination of the corneal phenotype in either
of these families.

For the primary (i.e., prior to surgery) presentation of dystrophic TGFBI protein deposition,
we propose that the appearance of either one of the phenotypes (classic or vortex) is
dependent on both the timing of the expression of TGFBI protein by the corneal epithelium
and the establishment of the centripetal migration pattern of the corneal epithelial cells,
events that occur late in vertebrate development.22-27 |f the timing of these two events in
humans is typically such that expression of TGFBI protein occurs prior to the establishment
of centripetal migration of the corneal epithelial cells, TGFBI protein deposition will occur
in a “random” pattern, reflecting the random migration of corneal epithelial cells, and will
lead to the classic phenotype. Alternatively, if centripetal epithelial cell migration is
established prior to TGFBI protein expression, then TGFBI protein will deposit in a manner
consistent with the centripetal migration of the corneal epithelium, leading to the variant
vortex phenotype.

While the above reasonably explains the appearance of the primary phenotype, it does not
explain the appearance of the recurrent phenotype following keratoplasty, which may appear
in the form of the classic or vortex pattern of GCD1. It is well known that when recurrence
occurs after PK in lattice corneal dystrophy, also a TGFBI dystrophy, the recurrent corneal
deposits typically do not have the same branching appearance of the primary dystrophic
deposits.28: 29 Penetrating and deep anterior lamellar keratoplasty result in replacement of
the host keratocytes, which produce mutant TGFBI protein (albeit at lower levels than the
corneal epithelial cells), with donor keratocytes that produce wild type TGFBI protein. This
alters the interaction between the epithelial cells and keratocytes that has been shown to play
an important role in the rate, location and morphology of dystrophic deposition, as observed
in the aggregation of dystrophic deposits in the lamellar corneal interface following LASIK
surgery and along corneal suture tracts in individuals with TGFBI dystrophies.30-32 It is
likely that alterations in the interaction between epithelial cells and keratocytes, as well as
potential differences in the compaosition of constitutively expressed and induced TGFBI
protein, contribute to the altered morphology of the dystrophic deposits following
keratoplasty.

Herein, we reported the first two large pedigrees with genetically confirmed GCD1 in which
multiple affected members demonstrate a vortex pattern of dystrophic deposits. \We propose
that the clinical description of GCD1 be expanded to include this variant vortex form to
ensure that clinicians are familiar with this less common manifestation of GCD1 and are
therefore able to accurately diagnose affected patients with primary and recurrent GCD1.
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Pedigree of Mexican family with granular corneal dystrophy type | (GCD1). Screening of
TGFB/ exon 12 in the proband (arrowhead; individual 1V-7) demonstrated the ¢.1663C>T
(p.(Arg555Trp)) mutation associated with GCD1. Filled symbols, affected individuals; open
symbols, unaffected individuals; asterisk, 7GFB/ screening performed.
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Figure2.
Pedigree of Italian family with GCD1. Screening of 7GFBI exon 12 in the proband

(arrowhead; individual 1'V-8) demonstrated the ¢.1663C>T (p.(Arg555Trp)) mutation
associated with GCD1. Filled symbols, affected individuals; open symbols, unaffected
individuals; asterisk, 7GFB/ screening performed.
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Figure 3.
Corneal opacities in Mexican family with GCDL1. (A) A vortex pattern of deposits was

observed in the 12 year-old female proband (1V-7), (B) the 9 year-old sister of the proband
(1V-8), (C) the 22 year-old brother of proband (IV-6) and (D) the 8 year-old (IV-3) and (E)
15 year-old (I1V-2) female cousins of the proband. Similar appearing but more numerous
deposits are observed in (F) the 43 year-old father (111-3) and (G) 65 year-old grandfather
(11-1) of the proband. (H) Confluent deposits are observed in the 45 year-old paternal aunt of
the proband (I11-1).
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Figure 4.
Corneal opacities in Italian family with GCDI. (A) Following PK, annular stromal opacities

were observed in the 80 year-old proband (I1V-8). (B) The left cornea in a 49 year-old
nephew of the proband (V111-10) demonstrated punctate corneal opacities in the left eye
representative of classic GCDI findings, while linear stromal opacities were observed
radiating from the central cornea after PK in the right eye (C). A vortex pattern of anterior
stromal deposits originating from the inferior paracentral cornea was observed in the
proband’s great nieces, ages (D) 14 years (X-9), (E) 19 years (1X-10), and (F) 14 years
(X-3). Along with the proband, the classic GCD1 pattern of corneal deposits was observed
in individuals (G) VII1-8, (H) VIII-5, (I) VII-1, (J) VI-12, (K) VI-1 and (L) V-3.
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