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TABLE 2. Agreements Reached in the Definition/Diagnosis
Panel
e The following findings are mandatory to diagnose keratoconus
Abnormal posterior elevation
Abnormal corneal thickness distribution
Clinical noninflammatory corneal thinning

e Keratoconus and PMD are different clinical presentations of the same
disease

o The aspect that distinguishes keratoconus, PMD, and keratoglobus is
“thinning location and pattern”

e Keratoconus and PMD are best differentiated by a combination of
Full tomographic corneal thickness map
Slit-lamp examination
Anterior curvature map
Anterior tomographic elevation map

o As opposed to “thinning disorders” the following are classified under
“ectatic diseases”
Keratoconus
PMD
Keratoglobus
Postrefractive surgery progressive corneal ectasia

e Keratoglobus and keratoconus are different clinical entities

e True unilateral keratoconus does not exist

o The best current and widely available diagnostic test to diagnose early
keratoconus is tomography (Scheimpflug or optical coherence
tomography)

e Currently, there is no clinically adequate classification system for
keratoconus

o Posterior corneal elevation abnormalities must be present to diagnose early
or subclinical keratoconus

o Secondary induced ectasia may be caused by a pure mechanical process
(and can be unilateral)

e Central pachymetry is the least reliable indicator (determinant) for
diagnosing keratoconus

e The pathophysiology of keratoconus is likely to include the following
components
Genetic disorder
Biochemical disorder
Biomechanical disorder
Environmental disorder

e Placido-based topography analyzes the central anterior corneal surface,
whereas tomography (Scheimpflug and/or optical coherence
tomography) analyzes the anterior and posterior comnea and produces
a near full comeal thickness map

e Keratoconus can be present in a cornea of normal central thickness

e Ectasia progression is defined by a consistent change in at least 2 of the
following parameters where the magnitude of the change is above the
normal noise of the testing system

Progressive steepening of the anterior corneal surface
Progressive steepening of the posterior corneal surface

Progressive thinning and/or an increase in the rate of corneal thickness
change from the periphery to the thinnest point

o The changes need to be consistent over time and above the normal |
variability (ie, noise) of the measurement system (this will vary by
system). Although progression is often accompanied by a decrease in
BSCVA, a change in both uncorrected visual acuity and BSCVA is not
required to document progression

e Risk factors for keratoconus: Down syndrome, relatives of affected patients
especially if they are young, ocular allergy, ethnic factors (Asian and
Arabian), mechanical factors, eg, eye rubbing, floppy eyelid syndrome,
atopy, connective tissue disorders (Marfan syndrome), Ehlers—Danlos
syndrome and Leber congenital amaurosis
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(there is evidence that preservatives are associated with
irritation, eye rubbing, and epithelial microtrauma).***

Regarding refraction and optical correction, subjective
refraction should be attempted in all patients with ectasia. In
addition, aberrometry may help to determine the optical
correction in early disease. Progressive addition glasses are
not contraindicated in eyes with keratoconus or other ectasias,
but they are rarely successful.

The use of contact lenses in patients with keratoconus
and other ectasias was extensively debated during the 2 first
rounds and the face-to-face meeting. The group recognized
their importance for visual rehabilitation and agreed that their
use does not slow or halt progression of corneal ectasias. Still,
the use of contact lenses for purely cosmetic reasons should
be discouraged in this group of patients because of the
difficulty in contact lens fitting and the increased risk of
complications from a poorly fit contact lens.

Rigid contact lenses should be used in cases of
unsatisfactory vision with glasses or conventional soft contact
lenses. Among the rigid contact lenses, gas-permeable lenses
are preferred and should be tried initially in patients with
keratoconus. Moreover, in a patient with keratoconus who has
failed a trial of conventional comeal rigid gas-permeable
lenses, the alternative contact lens options would be: hybrid
lens (rigid center, soft skirt); toric, bitoric, and keratoconus
design soft contact lens; keratoconus design corneal rigid gas-
permeable contact lens; piggy-back; comeoscleral, miniscleral,
and semiscleral contact lens; and scleral lens.

During the face-to-face discussion, the group felt that it
was important to identify special situations where keratoco-
nus evaluation should be considered/recommended. A careful
evaluation is strongly recommended in patients with Down
syndrome and should be considered in patients with known
risk factors for developing keratoconus (see Definition/
diagnosis risk factors above). The panel also agreed that
pregnancy could contribute to acceleration of the progression
of ectasia.

It was also agreed that in acute hydrops, nonsurgical or
less invasive surgical management such as intracameral gas
injection should be attempted before keratoplasty. The
consensuses reached by the Nonsurgical management panel
are summarized in Table 3.

Surgical Management

In the first 2 rounds and during the face-to-face
discussion of surgical management, the question of when to
proceed to surgery was debated. Overall, experts have good
access to experienced practitioners or experts in contact lens
fitting, inside or outside their institution. The consensus was
that surgery should be considered when patients were not
fully satisfied with nonsurgical treatments. In general, panel-
ists preferred the term “satisfactory best-corrected” rather
than “best-corrected” vision because it differentiates patients
who may be able to achieve good corrected vision, for
example, with lenses, but are unable to tolerate them or wear
them comfortably for long periods of time.

CXL is currently available and is performed by the
majority of the panelists (83.3%) for keratoconus, using
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TABLE 3. Agreements Reached in the Nonsurgical
Management Panel

Statements

e The 2 most important goals of management are halting disease progression and
visual rehabilitation. Verbal guidance should be given to patients regarding
the importance of not rubbing one’s eyes, use of topical antiallergic
medication in patients with allergy, and use of topical lubricants (in the case
of ocular irritation) to decrease the impulse to eye rub

e In cases of allergy or if there is any allergic component, patients should be
treated with topical antiallergic medication and lubricants. Topical
multiple-action antiallergic medications (ie, antihistamines, mast cell
stabilizer, antiinflammatory) should be used in patients with keratoconus
with atopy or history of eye rubbing

e There is no direct relationship between keratoconus and dry eye

e Preservative-free agents are preferred as they are associated with less
irritation and epithelial trauma compared with agents with preservatives

e Subjective refraction should be attempted in all patients with corneal
ectasia. Aberrometry may help to determine the optical correction in
early disease

o Progressive-type glasses are not contraindicated in eyes with keratoconus or
other ectasias, but they are rarely successful

e Contact and scleral lenses are extremely important for visual rehabilitation
in patients with keratoconus and other corneal ectasias

e Contact lens use does not slow or halt progression of corneal ectasias

o Rigid contact lenses should be used in cases of unsatisfactory vision with
glasses or conventional soft contact lenses. Among the rigid contact
lenses, gas-permeable lenses are preferred and should be tried initially in
patients with keratoconus. In a patient with keratoconus who has failed
conventional corneal gas-permeable lenses, alternative contact lens
options would be: hybrid lens (rigid center, soft skirt); toric, bitoric, and
keratoconus design soft contact lens; keratoconus design corneal rigid
gas-permeable contact lens; piggy-back; corneoscleral, miniscleral, and
semiscleral contact lens; and scleral lens

e A careful evaluation for keratoconus is strongly recommended in patients
with Down syndrome and should be considered in patients with known
risk factors for developing keratoconus (Table 2)

e Pregnancy could contribute to acceleration of the progression of ectasia

e In acute hydrops, nonsurgical management should be attempted before
keratoplasty

a variety of techniques. The panelists who do not have current
access to CXL were willing to use this technique once it
becomes available. In addition, it was recognized that the
term “collagen cross-linking” is not currently considered
correct and should be replaced by “corneal cross-linking.”

Regarding the indication for CXL, the panelists found
that CXL is extremely important in the treatment of
keratoconus with documented clinical progression; it is very
important for the treatment of postrefractive surgery keratec-
tasia; it is important for the treatment of keratoconus with
a perceived risk of progression (ie, clinical progression has
not been confirmed) and for eyes with keratoconus that have
previously received other forms of corneal surgery (such as
ICRS or PRK). There was no consensus about the use of CXL
in subclinical keratoconus. The surgical management of
keratoglobus is typically quite different from keratoconus
and was not considered in the treatment questionnaires.

In terms of restrictions for CXL, the panelists agreed that
there is no age below or above which CXL should be restricted
in keratoconic eyes with evidence of progression. As for
keratoconic eyes without evidence of progression, there was no
consensus on whether there is an age below which CXL should
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be restricted, but it is rarely indicated in patients older than 40
years. There was no consensus on an uncorrected vision better
than which CXL should be restricted in either keratoconic eyes
with or without evidence of progression.

Besides CXL, anterior lamellar keratoplasty (ALK),
more specifically descemetic deep ALK (dDALK), and
penetrating keratoplasty (PK) are the most frequent surgical
modalities used in the surgical treatment of keratoconus. ICRS
are also used, but to a lesser degree. However, superficial
keratectomy (manual or PTK), PRK, conductive keratoplasty,
incisional keratotomy (arcuate/parallel incisions), microwave
corneal remodeling, and clear lens extraction with spherical/
toric IOL are uncommonly used by the expert panel. .

Experts who currently use DALK agreed that the most
important patient-related factor in determining the need for this
type of surgery is contact lens intolerance. As for PK, the most
important factor in considering keratoplasty in keratoconus is
when significant corneal scarring (eg, posthydrops) is present.
Other important factors included the following: the patient is
contact lens intolerant or is not keen on wearing contact lenses;
other surgical strategies fail, or are contraindicated; the cornea is
very thin (<200 pm); and the keratoconus is deemed to be
severe and at a potential risk of acute hydrops. In this context,
there was no consensus regarding the importance of apparent
rapid progression of keratoconus.

According to the expert panel, any form of comeal
transplant is offered to 21% to 60% of patients with
keratoconus who are eligible for surgery. Among all kerato-
plasties, some form of ALK (at least attempted) is currently
performed in more than 60% of patients. In the absence of
previous hydrops (ie, no previous compromise of Descemet
membrane), some form of ALK (at least attempted) is
performed in more than 60% of the patients, whereas in
cases with previous hydrops and deep scarring (ie, previous
compromise of Descemet membrane), some form of ALK is
performed (at least attempted) in 0% to 20% of patients.

Regarding ALK techniques used by the panelists in
keratoconus with no previous evidence of acute hydrops,
dDALK with big bubble technique is the most common
technique (more than 51% of the cases). Microkeratome-
assisted ALK is never performed and other ALK techniques
such as manual layer-by-layer predescemetic DALK
(pdDALK), dDALK with viscodissection, pdDALK with
the Melles technique, and femtosecond laser-assisted DALK
are performed in less than 25% of the patients. Regarding the
ALK techniques used by the panelists in keratoconus with
previous evidence of acute hydrops, microkeratome-assisted
ALK is never performed and the remaining techniques are
performed in less than 25% of the patients.

Although half of the panel have performed femtosecond
laser-assisted PK for keratoconus, the majority of PKs are
performed with a standard (nonlaser) technique. Of those
surgeons performing femtosecond laser-assisted surgery, the
percentage of cases varies from 1% to 20%.

The panelists concluded that the most important
surgical techniques to restore the best uncorrected visual
acuity possible in keratoconus are (in the order of impor-
tance): dDALK, PK, and ICRS. The most important surgical
techniques to restore the best rigid gas-permeable contact lens
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(RGP-CL) corrected visual acuity possible are (in the order of
importance): dDALK and PK.

The most common approaches were pooled and are
presented in Table 4, which describes which treatment
practices are considered in specific case scenarios in which
age, stage of disease, and visual acuity are varying factors. A
flowchart describing a logical management sequence for
a patient with keratoconus is presented in Figure 2.

DISCUSSION

Based on the literature and positive previous experience
with dry eye, allergy, and infection prophylaxis, we chose
a modified Delphi technique to achieve consensus regarding
the most important topics in keratoconus and other corneal
ectasias.®>*%® Before this project, we undertook a successful
pilot of this specific consensus with Latin-American corneal
specialists as a test-run that was approved by the 4 cornea

TABLE 4. Panel Consensus to Surgical Approaches Based on
Different Case Scenarios

e Young (eg, 15-year-old) patient with stable KCN with satisfactory vision
with glasses
Prescribe glasses only or in combination with contact lenses or CXL

e Young (eg, 15-year-old) patient with progressive KCN with satisfactory
vision with glasses
Perform CXL and prescribe glasses * contact lenses

e Older (eg, 55-year-old) patient with stable KCN with satisfactory vision
with glasses
Prescribe glasses only or with contact lenses

e Older (eg, 55-year-old) patient with progressive KCN with satisfactory
vision with glasses?

Perform cormeal cross-linking only or with prescription of glasses/
contact lenses

e Patient with stable KCN with unsatisfactory vision with glasses but
satisfactory vision with rigid contact lenses and tolerates them well? This
patient has a spherical equivalent of moderate myopia [eg, —5 diopters (D))
Prescribe contact lenses (including scleral lenses)

e Patient with stable KCN with unsatisfactory vision with glasses but good
vision with rigid contact lenses, and tolerates them well? This patient has
a spherical equivalent of high myopia (eg, —15 D)

Prescribe contact lenses (including scleral lenses)

e Patient with stable KCN with unsatisfactory vision with glasses and contact
and scleral lenses, or who does not tolerate contact or scleral lenses?
This patient has a spherical equivalent of moderate myopia (eg, —5 D)
Perform dDALK. Consider ICRS in eyes with adequate corneal
thickness and minimal to no scarring

e Patient with stable KCN with unsatisfactory vision with glasses and contact
and scleral lenses, or who does not tolerate contact or scleral lenses?
This patient has a spherical equivalent of high myopia (eg, —15 D)
Perform dDALK

o Patient with stable severe KCN with unsatisfactory vision with glasses and
contact and scleral lenses? This patient has moderate anterior corneal
scarring but no evidence of previous corneal hydrops
Perform dDALK

o Patient with stable severe KCN with unsatisfactory vision with glasses and
contact and scleral lenses? This patient has moderate anterior and deep
corneal scarring with evidence of previous comeal hydrops

PK alone or attempt pdDALK

KCN indicates keratoconus.
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societies.” One of the advantages of the Delphi method is
that information can be gathered from a geographically
diverse panel of participants while keeping their anonymity,
which reduces the halo effects associated with the opinions of
prominent participants.***’ It also allows the panelists
adequate time to carefully consider their responses before
replying.*®*#” The reliability of this method increases with the
number of participants and rounds.

To achieve a global representation of experts in corneal
ectasias, we decided that all 4 of the main active recognized
supranational cornea societies would be responsible for the
selection of coordinators (9) and panelists (36). This panel size is
in line with most Delphi studies and assured sufficient worldwide
expertise, even if attrition occurred.*® The intemational represen-
tation of the panel strengthens our findings, reflecting a broad
range of clinical opinions from diverse geographical regions of
the world and a variety of clinical practices.

We achieved a 100% response rate in the first 2 rounds
in all 3 panels. Possible reasons for the high response rate
achieved could be attributed to the high motivation from the
panel of experts who recognized the relevance of the project.
In addition, the quick turnaround time, the clear time frame,
and the personalized reminders might have also contributed to
these high rates. The number of panelists who attended the
face-to-face meeting in Chicago and responded to the third
round questionnaire was somewhat smaller (29/36 or 80.5%).
Considering the logistical difficulties for some of the panelists
from outside the United States and the lack of direct funding,
we thought it was an excellent attendance.

Although extensively used in the health and technology
fields, Delphi and other consensus methods have some
limitations. Delphi can pose some difficulties in keeping the
interest of the panelists after 2 or more rounds and the costs
involving each additional round. Also, if personal contact
among participants is desirable, then Delphi is not appropriate.
That was the reason we decided to use the modified Delphi
method that included a third face-to-face round. Sackman, in
his critical analysis of conventional Delphi, pointed out other
limitations including the possibility of a crude questionnaire
design, vulnerability with respect to who is an “expert,” and
obliviousness to reliability measurement and scientific valida-
tion of findings.***® Despite these limitations, we found that
the modified Delphi was the best technique for this project.
The fact that it was funded by a grant from the Asia Cornea
Foundation, without the participation of any company with
a possible conflict of interest in the topic, strengthens the
importance of this consensus and makes it even more
representative of what cornea specialists think about kerato-
conus and corneal ectasias today.

Definition/Diagnosis

The last decade has seen a dramatic change in the
management of ectatic disease. Newer treatment modalities
such as CXL have moved the timing of intervention to much
earlier in the disease process. No longer are we delaying
invasive treatments until there is significant loss of vision.
Earlier intervention, however, imposes greater diagnostic
challenges, as accurately identifying early ectatic change is
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FIGURE 2. Keratoconus treatment
flowchart. Cls, contact lenses;
CXL, corneal cross-linking; PTK,
phototherapeutic keratectomy.

more problematic than the identification of moderate to
advanced disease. These greater diagnostic demands have
fortunately been accompanied by significant improvements in
corneal imaging with the emergence of both Scheimpflug
imaging and optical coherence tomography. These devices
can measure both anterior and posterior corneal surfaces,
produce a corneal thickness map, and reconstruct the anterior
segment. This advanced imaging is called corneal tomogra-
phy to separate it from Placido disc—based videokeratographs
that can only image the anterior corneal surface (topography).

The panel acknowledged the limitations of the often
used, but dated, keratoconus classifications/staging systems
[both Amsler—Krumeich*' and CLEK (Collaborative Longi-
tudinal Evaluation of Keratoconus*’)]. And, while the group
recognized tomography as a critical diagnostic component,
the panel also agreed that a suitable classification system
using this additional information currently does not exist.
Therefore, studies that correlate clinical findings such as
visual performance (ie, BSCVA) with corneal topometric
and tomographic parameters are needed. Additionally, the
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group agreed that documenting ectasia progression requires
changes in at least 2 of the following; steepening of the
anterior surface, steepening of the posterior surface, and/or
thinning or changes in the pachymetric rate of change.
Although these changes were noted as a requisite for
documenting progression, the absolute magnitude of the
changes is currently unknown. It was recognized, however,
that younger patients should be examined for change at
shorter time intervals as ectatic change can progress rapidly
in this group.

The emergence of corneal/anterior segment tomography
and the realization of the importance of the posterior cornea
as an early indicator of ectatic change are reflected in the
expert panel’s opinion that both changes on the posterior
corneal surface and alteration in the corneal thickness
progression are necessary to diagnose keratoconus. Addition-
ally, the importance of tomography is reflected in the group’s
view that the corneal thickness map, in addition to slit-lamp
examination and anterior measurements, is necessary to
properly differentiate PMD from keratoconus.
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Other areas of consensus were that keratoconus and
PMD are different clinical presentations of the same basic
disease process and that the term “ectatic” diseases should be
reserved for keratoconus, PMD, postrefractive surgery ectasia,
and keratoglobus. Other “thinning” conditions, such as Terrien
marginal degeneration, dellen, rheumatoid/autoimmune melts,
etc, should be classified under the general term “corneal
thinning disorders.”

Finally, the pathophysiology of keratoconus was
discussed. Keratoconus (and other ectatic disorders) was
recognized as a multifactorial disease with genetic, bio-
chemical, biomechanical, and environmental components.
And, although it was felt that true unilateral keratoconus
does not exist, it was appreciated that a unilateral clinical
presentation may occur in a predisposed individual because of
asymmetric environmental factors, such as eye rubbing. The
findings are summarized in Table 2.

Nonsurgical Treatment

Corneal ectasias can be treated by nonsurgical ap-
proaches. Usually used in the initial stages, this form of
treatment is often very successful. It is crucial to first define
the goals for these less invasive therapeutic strategies. The
panelists found that the most important objective of non-
surgical treatment is to halt progression; the second one is
visual rehabilitation. Of course, these 2 goals are related and
might be extrapolated to the surgical management as well.
But together they represent the most important goals for
successful treatment of corneal ectasia by ophthalmologists.

The most important nonsurgical treatment measures
were patients’ verbal guidance regarding the importance of
not rubbing one’s eyes. There is no evidence that a particular
medication can halt the progression of ectatic corneal
diseases. The majority of this research focuses on new
antiinflammatory molecules or innovative technologies to
induce transepithelial CXL.>>" It is possible that in the
future, the researchers will find a topical medication that
could directly influence the progression of keratoconus and
other corneal ectasias.

The use of contact lenses in patients with keratoconus
was extensively explored. The panelists agreed that although
extremely beneficial to correct vision in a many patients, it
does not slow or halt the progression of ectasia.”® Rigid
contact lenses should be tried first in patients with keratoco-
nus. Numerous alternative contact and scleral lens options are
available. The options varied according to regional access to
some of these lenses and whether the corneal panelists do or
do not fit contact lenses in their practices. The findings are
summarized in Table 3.

Surgical Treatment

Determining the best surgical approach for keratoconus
and other ectasias turned out to be a difficult task for a variety
of reasons. For one, there are a large number of surgical
procedures that are used to treat these conditions, some quite
frequently and others much less frequently, and we included
essentially all of these options as possible answers for the
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panelists. The wide geographic distribution of the panelists
and the fact that some surgical options are more readily
available in some countries than others made achieving
a consensus difficult. Additionally, just keratoconus (not to
mention the other ectasias) comes in a wide range of severity.
The irregular astigmatism may be mild to severe. The corneal
thinning may be mild to severe. There may or may not be
associated high myopia. There may be severe scarring or
a history of acute hydrops. In the end, we felt that it was most
useful to present a wide variety of patient scenarios attempt-
ing to encompass the majority of patients with keratoconus
we encounter in clinical practice and see whether we could
get a consensus on management of these specific patients.

As arule, the panelists felt that anyone with progressive
ectasia should undergo CXL no matter what age or level of
vision (assuming the eye was an appropriate candidate).
Panelists also felt it was best not to proceed with surgery
(other than CXL) if patients were satisfied with their vision
with glasses or contact lenses. ICRS were routinely per-
formed by some panelists and rarely or never performed by
other panelists. The situation with phakic IOLs was similar,
although they were performed less commonly than ICRS.
There was a strong preference for DALK when a corneal
transplant was needed, unless the eye had previous compro-
mise of Descemet membrane (most commonly from acute
hydrops), at which point the preference was for a PK.
A minority of panelists strongly preferred pdDALK even in
the presence of previous hydrops. The findings are summa-
rized in Table 4.

CONCLUSIONS

Practice patterns in medicine certainly vary throughout
the world. However, with increased international travel and
improved communications, among other reasons, these differ-
ences seem to be diminishing. This global consensus using
a modified Delphi technique resulted in definitions, state-
ments, and recommendations for the diagnosis and manage-
ment of keratoconus and other ectatic diseases. It should help
eye care providers around the world to adopt best practices for
these often visually debilitating conditions.
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Abstract

Purpose To evaluate the clinical efficacy of 3 % diqua-
fosol sodium ophthalmic solution for dry eye, and to ana-
lyze the concentration of tear proteins and mucin-like
substances after the treatment.

Methods Fifty eyes of 25 patients with dry eye syndrome
were prospectively enrolled. The patients were treated with
diquafosol solution at a dose of 1 drop in each eye 6 times
daily for 4 weeks. The parameters of clinical efficacy were
tear osmolarity, tear breakup time (BUT), fluorescein
staining scores for the cornea and conjunctiva, Schirmer
test values, and subjective symptoms evaluated using the
ocular surface disease index (OSDI). Tears collected with
Schirmer test strips were analyzed by high-performance
liquid chromatography, and the concentrations of the total
protein and the 4 major tear proteins, namely, secretory
IgA, lactoferrin, lipocalin-1, lysozyme, and N-acetyl-neu-
raminic acid (Neu5Ac), were measured. NeuSAc is a major
sialic acid, a marker of secretory mucins.

Results The BUT, keratoconjunctival staining scores, and
Schirmer test values were improved with statistical sig-
nificance after the treatment with diquafosol solution, while
changes in the other parameters, including tear osmolarity,
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corneal staining scores, and OSDI scores were not signif-
icant. The NeuSAc concentration was significantly
increased, which was not accompanied by changes in tear
proteins.

Conclusions Topical application of diquafosol signifi-
cantly improved the clinical parameters of the BUT, ker-
atoconjunctival staining scores, and Schirmer test values
and was accompanied by increased sialic acid content in
the tears of patients with dry eye.

Keywords Diquafosol ophthalmic solution - Dry eye
syndrome - Mucins - Tears - Sialic acid

Introduction »

Recent investigations of dry eye have elucidated the cel-
lular and molecular mechanisms of tear dysfunction and
have led to the development of new therapies other than
supplementation by ocular lubricants, with disease-related
factors as the target [1]. One of these new therapies tar-
geted to the biochemical mechanism is a P2Y, purinergic
receptor agonist, diquafosol sodium. Diquafosol is more
stable than other receptor agonists such as adenosine
triphosphate and uridine 5'-triphosphate [2]. P2Y, recep-
tors are present at various sites on the ocular surface,
including goblet cells, the corneal epithelium, the meibo-
mian glands, and ductal cells [3]. Binding of diquafosol to
P2Y, receptors increases intracellular calcium concentra-
tions and activates chloride ion transport, which drives
fluid transport across the epithelial layer [4]. Studies have
reported increased tear volume after the instillation of
diquafosol in animal models [4, 5]. Increases in intracel-
lular calcium concentrations induced by diquafosol also
stimulate conjunctival goblet cell degranulation and the
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subsequent release of mucins to the ocular surface [6].
Fujihara et al. reported a decrease in periodic acid-Schiff-
stained areas in rabbit conjunctival goblet cells obtained
from impression cytology specimens after the instillation
of diquafosol eye drops [7]. Nakamura et al. reported an
increase in mucin secretion, which primarily consisted of
MUCS5AC, from the conjunctival tissues of rabbits as well
as increased gene expression of membrane-binding mucin
in cultured human corneal epithelial cells after diquafosol
instillation [8].

Clinical studies have shown that topical instillation of
diquafosol is effective for reducing corneal and conjunc-
tival staining [8—11] and improving the tear film breakup
time (BUT) [9, 10], and symptoms of dry eye [10]. Three
percent diquafosol ophthalmic solution (Diquas ophthalmic
solution 3 %; Santen Pharmaceutical, Osaka, Japan) was
approved for clinical use by the Ministry of Health,
Labour, and Welfare of Japan in December 2010. Since
then, several studies have reported its clinical efficacy in
specific subtypes of dry eye such as aqueous-deficient dry
eye [12] and meibomian gland dysfunction [13]. Thus,
diquafosol solution has become a major treatment modality
for dry eye in Japan.

Diquafosol solution is believed to exert its therapeutic
effect in dry eye patients by activating the P2Y, receptor in
the conjunctiva, thereby promoting the secretion and con-
tent of aqueous and mucin in the tear fluids. Yokoi et al.
recently reported that tear volume was increased after the
instillation of diquafosol solution in normal human eyes
[14]. We have also reported that diquafosol application
increased the concentration of mucin-like substances in
tears of healthy human research participants [15]. Hwang
et al. recently reported an increase in the Schirmer value
and goblet cell density after instillation of diquafosol in dry
eye patients using the impression cytology method [16].

The aim of the current study was to prospectively
determine the clinical efficacy of diquafosol solution for
dry eye patients and to investigate the promotion of the
secretion and content of mucin in the tear fluids by eval-
uating the concentration of tear proteins and mucin-like
substances in the tear fluid after treatment.

Materials and methods
Study participants

All study participants received a diagnosis of dry eye
according to the diagnostic criteria defined by the Japanese
Dry Eye Society [17]. The diagnostic criteria of the Japa-
nese Dry Eye Society are as follows: (1) one or more
abnormal tear examination results (Schirmer I test <5 mm;
BUT <5 s); (2) abnormal results on an ocular surface vital
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staining test (fluorescein corneal staining score >3); and
(3) presence of dry eye symptoms. Participants who met 2
of the criteria (probable dry eye) and all 3 criteria (definite
dry eye) were included in the study. The classification of
aqueous tear deficiency dry eye and evaporative dry eye
were made on the basis of the DEWS report [18]. The
exclusion criteria were age <20 years, history of intraoc-
ular surgery within 90 days before the study, history of
corneal surgery, and presence of active ocular surface
disorders other than dry eye disease.

This study was conducted in accordance with the
guidelines of the World Medical Association Declaration
of Helsinki. The study participants received a full expla-
nation of the procedures and provided their informed
consent for participation before being included in the study.
The protocol was approved by the institutional review
board of the National Tokyo Medical Center (approval no.
R10-022), and all study participants provided written
informed consent.

Chemicals

Phosphate-buffered saline (PBS), bovine serum albumin,
sodium phosphate dibasic, lactoferrin from human milk,
and lysozyme from human neutrophils were obtained from
Sigma-Aldrich (Tokyo, Japan). Secretory immunoglobulin
A (sIgA) from human colostrum was obtained from Acris
Antibodies (San Diego, CA, USA), and recombinant
human lipocalin-1 was purchased from R&D Systems
(Minneapolis, MN, USA). Advanced protein assay reagents
were purchased from Cytoskeleton (Denver, CO, USA).
Methanol, sodium chloride, and high-performance liquid
chromatography -(HPLC)-grade acetic acid were obtained
from Wako Pure Chemical Industries (Osaka, Japan).
Acetonitrile (HPLC-grade) was obtained from Honeywell
Japan (Tokyo, Japan), and 1,2-diamino-4,5-methylene-
dioxybenzene and coupling solutions (acetic acid, B-mer-
captoethanol, and sodium hydrosulfite) were obtained from
Takara Bio (Otsu, Japan).

Clinical assessment

At the baseline visit, 1 of the authors (CS) performed
routine ocular examinations of all the study participants,
followed by an examination of the ocular surface. Tear
osmolarity was measured using the OcuSense TearLab
Osmometer (TearLab; OcuSense, San Diego, CA, USA).
Briefly, the tip of the pen was gently placed on the inferior
temporal tear meniscus. After successful tear collection,
the pen was replaced in the reader for measurement. Flu-
orescein solution (1 %; 1 pl) was used for measurement of
the BUT. Corneal fluorescein staining with a 1 % fluores-
cein solution was assessed using the scoring system
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described by Shimmura et al. in which the cornea is divi-
ded into 3 sections (superior, mid-cornea, and inferior) and
graded on a scale of 0 (without any damage) to 3 (damage
in the entire area) [19]. The total score ranged from 0
(minimum) to 9 (maximum) points. The fluorescein stain-
ing score of the keratoconjunctivitis sicca was determined
using a blue-free barrier filter [20] according to the modi-
fied grading system of van Bijsterveld, in which each eye is
divided into 3 sections (temporal conjunctiva, cornea, and
nasal conjunctiva) and scored from 0 to 3 [21]. The final
score ranged from O (minimum) to 9 (maximum) points.
Tears were collected by inserting a Schirmer test strip
(Alcon, Fort Worth, TX, USA) in the lower outer fornix
without anesthesia. After 5 min, the strips were removed,
the volume was measured, and each strip was immediately
placed in a 1.5-ml Eppendorf tube and stored at —80 °C
until the assay.

The symptoms of each participant were evaluated after
objective observation using a validated Japanese transla-
tion of the ocular surface disease index (OSDI) question-
naire, which includes questions related to visual function,
ocular symptoms, and environmental triggers. The scores
were calculated according to the formula recommended by
Schiffman et al. [22].

Diquafosol solution was prescribed. Patients were
instructed to apply 1 drop to each eye 6 times a day for
4 weeks. Patients using artificial tears or sodium hyalur-
onate ophthalmic solution were instructed to continue use
as needed. Some patients with Sjogren syndrome who were
prescribed low-dose corticosteroid eye drops were
instructed to continue with the same. The patients returned
to the hospital after 4 weeks and underwent the same
examinations performed at the baseline visit. The patients
were instructed not to use diquafosol during the 1 h before
the examination.

Tear protein assay

Before the assay, Schirmer strips were soaked in 200 pl of
PBS for 30 min to elute the tear proteins. The procedures
for analyzing the tear proteins were described in our pre-
vious reports [15, 23, 24]. In brief, total tear protein con-
centrations were determined by the Bradford method using
a plate reader (Benchmark Plus; Bio-Rad Laboratories,
Hercules, CA, USA) set at 590 nm. The 4 major tear
proteins, namely, sIgA, lactoferrin, lipocalin-1, and lyso-
zyme, were determined by fractioning each tear protein
extract using an HPLC system consisting of an SCL-10Avp
HPLC controller (Shimadzu Corporation, Kyoto, Japan),
an LC-10ADvp solvent delivery system, an SPD-10Avp
UV-VIS detector, and LC solution chromatography soft-
ware (Shimadzu Corporation). Elution was performed with
a TSK 3000SWXL column (7.8 mm id. x 300 mm;

Tosoh Corporation, Tokyo, Japan), with a mobile phase of
0.5 M sodium chloride and 0.1 M sodium phosphate (pH
5.0). The flow rate was 0.7 ml/min, and the peaks were
detected at 230 nm. The results were expressed as mg/ml.

Sialic acid assay

The concentration of N-acetyl-neuraminic acid (NeuSAc)
was measured. NeuSAc is a major sialic acid in human
bodies and has been used as a marker of mucins in human
tear fluids. Procedures for analyzing sialic acids were based
on the report of Yasueda et al. [25] and described in a
previous report [15]. In brief, a volume of 10 pl of tear
extract was mixed with 10 pl of 4 M acetic acid and kept at
80 °C for 3 h to release the sialic acid. A mixture of 200 pl
of DMB solution, coupling solution, and water (ratio 1:5:4)
was added, and the mixture was kept at 50 °C for 2.5 h in
the dark to develop fluorescent labeling. The reaction
mixture was cooled in ice water to stop the reaction and
subjected to HPLC analysis.

Elution was performed using a COSMOSIL5C18-AR-2
column (4.6 mm i.d. x 150 mm; Nacalai Tesque, Kyoto,
Japan) with a mobile phase of acetonitrile-~methanol-water
at a ratio of 2:14:84. The flow rate was 0.9 ml/min at
40 °C, and the peak of Neu5Ac was detected by fluores-
cence (excitation, 375 nm; emission, 448 nm). The
Neu5SAc standard for quantification was obtained using a
Sialic Acid Fluorescence Labeling kit (Takara Bio). The
final results were expressed as pg/ml.

Statistical analysis

Data were analyzed using StatView version 5.0 software
(SAS Institute, Cary, NC, USA), and the results were
expressed as means and standard deviations (SD). The
nonparametric Wilcoxon signed-rank test was used to
compare pretreatment and posttreatment data. The Spear-
man rank correlation coefficient was used to identify
associations among nonparametric variables and to evalu-
ate correlations between sialic acid concentration and
clinical measurements. The results were expressed as
means 3 SDs. Probability values lower than 0.05 were
considered significant.

Results

Patient demographics

In total, 50 eyes of 25 patients were enrolled in the study.
Several patients recognized an allowable range of slight

irritation and increase in mucous discharge, and all suc-
cessfully completed the trial and were included in the
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statistical analysis. Sixteen patients had aqueous-deficient
dry eye (12 patients with Sjogren syndrome and 4 patients
with keratoconjunctivitis sicca), and 9 patients had evap-
orative dry eye. All the patients were female, with a mean
age of 61.0 4 16.2 years (range 24-82 years). The mean
BUT, keratoconjunctival staining score, and Schirmer
value were 1.7+ 1.6s, 22421 points, and
6.2 + 4.4 mm, respectively. The baseline data of the
clinical parameters are shown in Table 1.

Clinical efficacy

The changes in the clinical parameters after topical appli-
cation of diquafosol 6 times a day for 4 weeks are shown in
Table 1. Among these, the BUT (P = 0.0001), kerato-
conjunctival staining score (P = 0.004), and Schirmer
value (P = 0.022) showed significant improvements
(Wilcoxon signed-rank test). The tear osmolarity decreased
from 292.6 + 16.3 mOsm/l (range 27-349 mOsm/l)
before treatment to 289.2 & 10.7 mOsm/l (range
275-318 mOsm/l) after treatment, but without showing
any significance. The changes in the other parameters
including the corneal staining score and OSDI score were
not significant.

Tear protein assay

The concentrations of the total protein and the 4 major tear
proteins after diquafosol treatment for 4 weeks did not
show any significant differences. The concentration of
Neu5Ac, which represents sialic acid, increased signifi-
cantly from 495 +403 to 76.7 4+ 92.8 pg/ml
(P = 0.030) after treatment (Table 2).

Among the clinical parameters, significant correlations
were observed between the Neu5SAc concentration in tears
and the BUT (p = —0.565, P = 0.008), corneal staining
scores (p = —0.666, P = 0.002), and keratoconjunctival

staining scores (p = —0.617, P = 0.038) before treatment
(Spearman correlation coefficient).

Discussion

In the present study, we evaluated the clinical efficacy of
diquafosol solution at a dose of 6 times daily for 4 weeks in
patients with dry eye syndrome. The compositional changes
in the tear proteins and mucin-like substances before and
after the treatment were also analyzed. Among the clinical
parameters examined, the BUT, keratoconjunctival staining
scores, and Schirmer values showed significant improve-
ments after diquafosol treatment for 4 weeks. Our results
accord with those of previous reports [9—11]. In addition to
these clinical efficacies, we have shown a significant increase
in the sialic acid concentration in the tears of patients with
dry eye, which has not been previously reported.

Mucins in the tears of patients with dry eye are reported
to be decreased both quantitatively and qualitatively.
Quantitative abnormalities include a decrease in sialic acid
concentration in human tears [26] and a decrease in goblet
cell density in the conjunctiva of patients with dry eye [27,
28]. With regard to qualitative abnormalities, a deficiency
in the mucin granules of goblet cells and malformation of
mucous carbohydrate chains has been reported in an animal
model [29]. These deficiencies seem to result in the
reduction of both secreted and membrane-associated
mucins [30, 31].

In this study, we used sialic acid as a marker for ocular
surface mucin. Sialic acid is often found in the nonreducing
termini of mucous carbohydrate chains and has been used
as a general marker of ocular surface mucin [25, 26].
Nakamura et al. reported the decrease in the sialic acid
concentration of tears of dry eye patients [26] and Yasueda
et al. reported the decrease in sialic acid in the tears of
contact lens wearers [25]. The average concentration of

Table 1 Changes in the clinical parameters after topical application of 3 % diquafosol sodium ophthalmic solution 6 times daily for 4 weeks

Clinical measures Pretreatment (50 eyes, 25 patients) Posttreatment (50 eyes, 25 patients) P value
Tear osmolarity, mOsm/] 292.6 + 16.3 289.2 4+ 10.7 0.256
Tear breakup time, s 1.7+ 1.6 31+17 0.0001 %%
Corneal staining score/9 1.7+ 1.5 14+18 0.364
Keratoconjunctival staining score/9 22+21 13+ 1.7 0.004#*
Schirmer value, mm 6.2+ 44 75 +£50 0.022*
OSDI scoring®/100 38.7 £ 17.8 339 4+ 225 0.134

Data are presented as means = standard deviations

The values of each parameter before and after application were compared

* P <0.05, ¥ P <0.01, *¥* P < 0.001 (Wilcoxon signed-rank test)

* Data in number of patients
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Table 2 Changes in tear protein content after topical application of
3 % diquafosol sodium ophthalmic solution 6 times daily for 4 weeks

Tear proteins Pretreatment Posttreatment P value
Total protein, mg/ml 8.20 £ 542 8.01 £ 5.72 0.932
sIgA, mg/ml 0.56 + 0.46 0.64 + 0.51 0.153
Lactoferrin, mg/ml 3.53 + 247 2.89 £ 1.65 0.153
Lipocalin, mg/ml 1.37 + 0.69 1.78 + 1.83 0.189
Lysozyme, mg/ml 0.77 £ 043 1.05 + 1.14 0.241
NeuSAc, pg/ml 49.5 + 40.3 76.7 £ 92.8 0.030*

Data are presented as means = standard deviations

The contents of each tear protein before and after treatment were
compared

* P < 0.05 (Wilcoxon signed-rank test)

sialic acid in the tears of dry eye patients before the
treatment in this study was 49.5 & 40.3 pg/ml, which was
lower than that in our previous report among healthy study
participants [15] and in agreement with the report of
Nakamura et al. [26]. Furthermore, the sialic acid con-
centration was significantly correlated with the BUT, cor-
neal staining score, and keratoconjunctival staining score.
This result seems to support the notion that decrease in
mucin may play a role in the pathophysiology of dry eye,
which suggests that the concentration of sialic acid in tears
may be a good marker of the condition and severity of dry
eye.

The most important and novel finding in the current
study was the observation that the sialic acid concentration
in the tears of patients with dry eye was increased after
diquafosol application for 4 weeks. Because we have pre-
viously reported the immediate response from significant
increase of sialic acid concentration in tears of healthy
study participants after a single application of diquafosol
solution [15], it was very interesting to find out the chronic
effect on clinical efficacy among dry eye patients. The
chronic effect may be exerted through the improvement of
dry eye conditions by diquafosol, which results in the
increase and improvement of conjunctival goblet cells. We
could not specify the type of mucins present because we
adopted sialic acid as a general marker of mucins. How-
ever, according to previous reports, secreted mucins are
likely the major source of sialic acid in tears induced by
diquafosol [6, 8]. Secreted mucins from the conjunctival
goblet cells are thought to form a thick and loose mucous
blanket that covers the ocular surface epithelia [32], which
plays a crucial role in maintaining tear film stability. The
significant improvement in the BUT of patients with dry
eye shown by this study and by previous studies may
support this hypothesis.

The possible limitation of the current study was its study
design, namely, a prospective cohort study. There was no

control arm for comparison. Patients were instructed to
keeping using the same regimen as they had been using,
including artificial tears, sodium hyaluronate ophthalmic
solution, and corticosteroid eye drops. In addition, our
current study had a rather small number of study partici-
pants. We included both patients with aqueous-deficient
dry eye and evaporative dry eye. Although diquafosol
appears to be effective for both types of dry eye according
to its pharmacologic actions and reported clinical efficacy,
further studies to define the issue should be considered. It
would also have been interesting to study a group of severe
dry eye patients. Diquafosol treatment in patients with
severe ocular surface damage may have produced different
results. Although our study included 12 patients with
Sjogren syndrome, their dry eye was relatively mild in
terms of clinical severity. The number of participants in our
stady was insufficient for subgroup analysis. Further
studies are required to clarify these issues.

In conclusion, we were able to evaluate the improve-
ment in the clinical parameters and the sialic acid con-
centration in the tears of dry eye patients after diquafosol
instillation. Further studies should evaluate diquafosol-in-
duced increases in tear and mucin secretion in the different
types of dry eye. Suitable indications for diquafosol
administration in patients with dry eye should also be
further investigated.
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DATA REPORT
Novel TACSTDZ2 mutation in gelatinous drop-like corneal

dystrophy

Passara Jongkhajornpong’, Kaevalin Lekhanont', Mayumi Ueta®®, Koji Kitazawa?, Satoshi Kawasaki* and Shigeru Kinoshita®

a
GDLD is a rare autosomal recessive hereditary disease. It was first 1:}________=©
reported in 1914, by Nakaizumi'™ and most of the subsequent I
reports of GDLD have originated from Japan. People with GDLD
exhibit a wide variety of clinical presentations, and GDLD has been i
H

classified into four types: (1) typical mulberry type, (2) kumquat-

like type, (3) band-keratopathy type and (4) stromal-opacity type.*

The onset of GDLD occurs in the first or second decade of life, and 1 2 3
patients usually require‘sur%ical treatment in the third decade of

life. In 1999, Tsujikawa et al.” were the first to identify TACSTD2 as W

the pathologic gene of GDLD. Various mutations have been

discovered in the TACSTD2 gene in various populations.®™* To b

date, there are 28 reported mutations in the TACSTD2 gene. For

Southeast Asian populations, one TACSTD2 mutation has been CGECEACACGE  CGECLALCCEGLL
reported in Vietnam'' and, to the best of our knowledge, we are 243 w

the first to investigate the genetic mutation of the TACSTD2 gene AIC

in Thailand. 4
Three GDLD probands (two males and one female) from the i
same consanguineous family (pedigree shown in Figure 1) were

recruited for this study. The family was from Chiang Mai, which is a Normal TACSTD2 (WT) -1

province in northern Thailand. There was no associated systemic WT Allele: CGGCCACALGG

disease or history of corneal trauma in the family, and the ocular Mutant Allele: CGGCACACGGC

examination in the parents and all offspring of the probands

appeared normal. The clinical history, presentation and pathologic 3

data for each proband were as follows: CEBLACACGBLEECG CGGOACACGBGOGRCE CGOCACACGGLIOLE
H 243 243 282 243

Proband 1 (li-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 i ’ !
keratoplasties (PKP) on the right eye and twice on the left eye at “““““’{i:zm ’’’’’’’’ o "-2 -3

another hospital. Ocular examination revealed multiple gray-to- . . ) .
yellowish nodules deposited in the corneal stroma in both the Figure 1. Family tree of a gelatinous drop-like corneal dystrophy
graft and host cornea (Figure 2a, b). We performed another PKP on (GDLD) consanguineous Thai family (a). Diagrams illustrating the

- : : ~ nucleotide sequences of the tumor-associated calcium signal
his right eye and type 1 Boston keratoprosthesis (KPro) implanta transducer 2 (TACSTD2) genes of all family members compared with

tion (Massachusetts Eye and Ear Infirmary, Boston, MA, USA) on his & vormal TACSTD2 gene (wild type, WT) (b). Arrows indicate the
left eye. Graft rejection was detected 4 months after the PKP seventy-ninth nucleotide of the TACSTD2 gene, which exhibited a
operation. Graft failure subsequently occurred. The visual outcome heterozygous deletion in both parents and a homozygous deletion
of Boston KPro implantation was limited to counting fingers at a in all three probands.
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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).

distance of 2 feet with his left eye owing to severe underlying
amblyopia.

Proband 2 (I-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, ¢ 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

Human Genome Variation (2015) 15047
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were recruited as a control group. Genomic DNA was extracted
from 8 ml of whole peripheral blood using the PAXgeneBlood
DNA Kit (QIAGEN GmbH, Hilden, Germany). DNA templates were
quantified to be 150-300ng 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.’® The autosomal

© 2015 The Japan Society of Human Genetics
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Figure 3.

Histopathology images of the corneal tissues. Hematoxylin and eosin staining revealed multiple amyloid noduies 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).

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.” It has been proposed that the transmembrane domain
plays a role in anchoring the molecule to tight junction-related
proteins via the AxxG motif."” 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.'®"°
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 TACSTDZ2 gene in
Japan is p.GIn118X, which accounts for 82.5% of all mutations in
the TACSTD2 gene.® However, p.Glu227Lys is reported to be the
most common mutation among Iranian GDLD patients.'? 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.GIn118X in Japanese and Chinese populations, p.Leu186Pro in
Japanese and lIranian populations and p.lle258X 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.

© 2015 The Japan Society of Human Genetics

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.,”® 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, ¢.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.

HGV DATABASE

The relevant data from this Data Report are hosted at the Human
Genome Variation Database at http://dx.doi.org/10.6084/m9.fig-
share.hgv.741.
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