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Novel TACSTD2 mutation in gelatinous drop-like corneal
dystrophy
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We identified a novel mutation in the tumor-associated calcium signal transducer 2 (TACSTD2) gene in a consanguineous Thai
family with gelatinous drop-like corneal dystrophy (GDLD). All affected family members presented with an intense amyloid
substance deposited on the cornea, which required surgical management. Genetic analysis of these individuals revealed a
homozygous mutation c.79delC, in the TACSTD2 gene. Both parents of these individuals were unaffected and showed heterozygous
mutations in the TACSTD2 gene. The mutation produced a truncated protein sequence that might be the cause of GDLD.
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GDLD is a rare autosomal recessive hereditary disease. It was first
reported in 1914, by Nakaizumi1–3 and most of the subsequent
reports of GDLD have originated from Japan. People with GDLD
exhibit a wide variety of clinical presentations, and GDLD has been
classified into four types: (1) typical mulberry type, (2) kumquat-
like type, (3) band-keratopathy type and (4) stromal-opacity type.4

The onset of GDLD occurs in the first or second decade of life, and
patients usually require surgical treatment in the third decade of
life. In 1999, Tsujikawa et al.5 were the first to identify TACSTD2 as
the pathologic gene of GDLD. Various mutations have been
discovered in the TACSTD2 gene in various populations.6–15 To
date, there are 28 reported mutations in the TACSTD2 gene. For
Southeast Asian populations, one TACSTD2 mutation has been
reported in Vietnam11 and, to the best of our knowledge, we are
the first to investigate the genetic mutation of the TACSTD2 gene
in Thailand.
Three GDLD probands (two males and one female) from the

same consanguineous family (pedigree shown in Figure 1) were
recruited for this study. The family was from Chiang Mai, which is a
province in northern Thailand. There was no associated systemic
disease or history of corneal trauma in the family, and the ocular
examination in the parents and all offspring of the probands
appeared normal. The clinical history, presentation and pathologic
data for each proband were as follows:
Proband 1 (II-1) is a 39-year-old male with bilateral corneal

opacity and horizontal nystagmus. His best spectacle-corrected
visual acuity was counting fingers at a distance of 1 foot with both
eyes. The onset of his symptoms occurred in the first decade of
life. He had previously undergone three times of penetrating
keratoplasties (PKP) on the right eye and twice on the left eye at
another hospital. Ocular examination revealed multiple gray-to-
yellowish nodules deposited in the corneal stroma in both the
graft and host cornea (Figure 2a, b). We performed another PKP on
his right eye and type 1 Boston keratoprosthesis (KPro) implanta-
tion (Massachusetts Eye and Ear Infirmary, Boston, MA, USA) on his
left eye. Graft rejection was detected 4 months after the PKP
operation. Graft failure subsequently occurred. The visual outcome
of Boston KPro implantation was limited to counting fingers at a

Figure 1. Family tree of a gelatinous drop-like corneal dystrophy
(GDLD) consanguineous Thai family (a). Diagrams illustrating the
nucleotide sequences of the tumor-associated calcium signal
transducer 2 (TACSTD2) genes of all family members compared with
the normal TACSTD2 gene (wild type, WT) (b). Arrows indicate the
seventy-ninth nucleotide of the TACSTD2 gene, which exhibited a
heterozygous deletion in both parents and a homozygous deletion
in all three probands.
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distance of 2 feet with his left eye owing to severe underlying
amblyopia.
Proband 2 (II-2) is a 33-year-old female with a recurrent amyloid

deposit who had previously undergone a PKP of her right eye
once and of her left eye twice at another hospital. A mulberry-type
amyloid deposit was found during the ocular examination
(Figure 2d). We performed type 1 Boston KPro implantation on
her right eye. Six years post operation, a severe Pseudomonas
infection occurred in her right eye. The Boston KPro was removed
and replaced with a corneal graft, which ultimately failed after 1
year (Figure 2b).
Proband 3 (II-3) is a 28-year-old male with a bilateral mulberry-

type amyloid deposit. For treatment, PKP was performed on
his right eye. Recurrence of the yellowish amyloid deposit
subsequently occurred. Therefore, we performed a type 1 Boston
KPro implantation as the secondary treatment on his right eye and
as the primary treatment on his left eye (Figure 2e, f).
Histopathology of the corneal tissue showed drops and bands

of amorphous material that were deposited at the subepithelial
and anterior corneal stroma (Figure 3a, c for proband 1 and
proband 3, respectively) and were positive for Congo red staining
with birefringence consistent with amyloid (Figure 3b, d for
proband 1 and proband 3, respectively).
Mutational analyses were performed on all of the family

members (the three probands and both parents) after obtaining
informed consent. Ten subjects without corneal amyloid deposit

were recruited as a control group. Genomic DNA was extracted
from 8ml of whole peripheral blood using the PAXgeneBlood
DNA Kit (QIAGEN GmbH, Hilden, Germany). DNA templates were
quantified to be 150–300 ng before use in the reaction. PCR
was performed using the following primer pair to cover the
entireTACSTD2 gene: F; 5′-ATGTGTCACCCAAATACCAGTGGG-3′
and R; 5′-CGTGACTCACTTGGGTCTGGGACG-3′. After purification
of the PCR products, the products were bi-directionally sequenced
using the primers with a cycle sequencing kit (BigDye Terminator
Cycle Sequencing Kit; Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s instructions. After ethanol
precipitation, the products were electrophoresed using an
automated capillary sequencer (3130xl Genetic Analyzer; Life
Technologies). The sequencing data were validated by PCR using a
primer pair (intF: 5′-AGTGCAACCAGACGTCGGTGTGCT-3′ and intR:
5′-TCTGAGACGTGTTCTGCCGCAGCT-3′) that spanned the site of
the identified mutation.
By using direct DNA sequencing, homozygous c.79delC

mutation (p.His27ThrfsTer15) in the TACSTD2 gene was found in
all three patients (Figure 1). Heterozygous c.79delC mutation was
confirmed in both of the parents who were unaffected.
In this report, we discovered a novel homozygous c.79delC

mutation in the TACSTD2 gene of three Thai GDLD patients that is
not present in the wild-type TACSTD2 gene (Figure 1) of Thai
controls or in the Exome Aggregation Consortium database, which
includes data from 60,706 unrelated individuals.16 The autosomal

Figure 2. Slit-lamp examination of the three gelatinous drop-like corneal dystrophy (GDLD) patients. Proband 1: recurrent mulberry type in the
right eye (a) and kumquat-like type in the left eye (b), Proband 2: post penetrating keratoplasty (PKP) in the right eye (c) and recurrent mulberry-
type amyloid deposit in the left eye (d), Proband 3: post Boston keratoprosthesis (KPro) implantation in the right eye (e) and the left eye (f).
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recessive hereditary pattern of GDLD was confirmed by detection
of heterozygous c.79delC mutation of the TACSTD2 gene in both
parents who were unaffected. This novel deletion (c.79delC)
caused a frameshift mutation that resulted in an early stop codon.
The resultant TACSTD2 molecule contained a threonine instead of
a histidine at the 27th amino acid, with the new open reading
frame encoding 14 amino acids (p.His27 Thrfs Ter15) before
termination. The aberrant protein contained 41 amino acids.
Generally, the TACSTD2 molecule is composed of five main
regions: (1) a signal sequence (located at amino acid (aa) 1–26),
(2) an epidermal growth factor-like repeat, (3) a thyroglobulin
repeat, (4) a transmembrane domain (TM, located at aa 275–297)
and (5) a phosphatidylinositol 4,5-bis phosphate (PIP2)-binding
sequence.5 It has been proposed that the transmembrane domain
plays a role in anchoring the molecule to tight junction-related
proteins via the AxxxG motif.17 Furthermore, knocking out
TACSTD2 in human corneal and conjunctival epithelial cells has
been shown to result in a significant decrease in transepithelial
resistance and a low expression of Claudin 1 and 7.18,19

Investigation of the truncated TACSTD2 molecule identified in
this study revealed that four of the necessary functional domains
of the molecule had disappeared, including the TM domain. We
posited that the aberrant TACSTD2 molecule was unable to bind
to the plasma membrane or function properly, thus resulting in
the clinical appearance of GDLD.
The most frequently reported mutation in the TACSTD2 gene in

Japan is p.Gln118X, which accounts for 82.5% of all mutations in
the TACSTD2 gene.5 However, p.Glu227Lys is reported to be the
most common mutation among Iranian GDLD patients.12 This
phenomenon can be explained through a founder effect, as
shown by analysis of polymorphic markers near the TACSTD2
gene. A few transethnic mutations have been discovered, such as
p.Gln118X in Japanese and Chinese populations, p.Leu186Pro in
Japanese and Iranian populations and p.Ile258X 772_783del
+772insT in Vietnamese and Chinese populations. Uncovering a
unique TACSTD2 mutation in people from these nations, including
Thai GDLD patients is strong evidence of high genotypic
heterogeneity of GDLD. As no other nucleotide variations were
recognized in the TACSTD2 region, we did not find a founder
effect in Thai GDLD patients.

Regarding the relationship between genotypes and pheno-
types, all patients in the present study carried the same mutation;
however, they presented with different ocular findings, both inter-
individually and intra-individually. Proband 1 presented with a
mulberry-type amyloid deposit in his right eye and a kumquat-like
type in his left eye (Figure 2). The onset of the disease in proband
1 was much earlier than that of his brother and sister, who initially
experienced the symptoms in their second decade of life. Similar
to the previous study of Tsujikawa et al.,20 we observed high
phenotypic variability in a single family with GDLD.
In conclusion, we investigated the clinical features, histopathol-

ogy and genetics of three GDLD patients from Thailand and
discovered a unique mutation, c.79delC, in the TACSTD2 gene. This
frameshift mutation produced a truncated TACSTD2 protein that
might cause the severe clinical presentation, which was pheno-
typically heterogeneous and required surgical management.
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Figure 3. Histopathology images of the corneal tissues. Hematoxylin and eosin staining revealed multiple amyloid nodules deposited in the
subepithelium and the anterior stroma in both proband 1 (a) and proband 3 (c). Using Congo red staining, an apple-green birefringence was
observed under polarized light in both proband 1 (b) and proband 3 (d).
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