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Indications and Surgical Outcomes of Amniotic Membrane Transplantation
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Abstract

Purpose : To evaluate the indications and surgical
outcomes of amniotic membrane transplantation
(AMT) for ocular-surface disease.

Subjects and Methods : This study involved 304
AMTs performed at Kyoto Prefectural University of
Medicine between April 1998 and March 2008.
Preoperative diagnoses, clinical features, surgical
procedures and postoperative outcomes were ana-
lyzed retrospectively.

Results © Of 304 cases, 145 cases had a pterygium
(48 primary, 82 recurrent, and 15 pseudo-pteryg-
ium). The recurrence rate at one year was 6.1%
among the 99 cases of pterygium followed for at least
one yvear postoperatively. Ninety-three cases had
severe ocular surface diseases including ocular
pemphigoid (30), chemical or thermal burn (29),
Stevens-Johnson syndrome (23), and others (11) ;
AMT and epithelial transplantation was combined in
64 cases, and successful ocular-surface reconstruc-

tion was obtained in 88 cases(94.6%). Neoplasia was
observed in 22 cases (12 benign, 10 malignant). The
ocular-surface was successfully reconstructed in all
cases by AMT combined with complete tumor
resection. Other preoperative diagnoses included
persistent epithelial defects (PED) (15), conjunctival
chalasis (12) and uncontrollable glaucoma (11). No
cases experienced any AMT-related complication.
Conclusions : AMT proved effective for prevent-
ing the recurrence of pterygium and for ocular-
surface reconstruction in patients with severe ocular-
surface disease or ocular-surface neoplasia.
Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol Soc)
116 : 374-378, 2012,

Key words : Amniotic membrane transplantation,
Pterygium, Severe ocular surface dis-
ease, Ocular-surface reconstruction
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Mast cell activation and migration within and around the anaphylactic degranulation.® These results suggested that not
conjunctival epithelium is one of the histopathologic  only anaphylactic degranulation, but also PMD might have
features of severe chronic allergic conjunctivitis, atopic  some roles in the pathophysiology of AKC and VKC. In our
keratoconjunctivitis (AKC),' and vernal keratoconjunctivitis  study, we investigated the roles of mast cells and epithelial cells
(VKO).2 In our study, we investigated possible interactions of interactions, as well as the roles of PMD and CCL2 expression
mast cells and conjunctival epithelial cells using in vitro  in mast cells, in the pathophysiology of AKC/VKC.

coculture models, and we found that CCL2 expression in mast

cells was upregulated by coculture. A previous report showed

that CCL2 could induce piecemeal degranulation (PMD) in  MATERIALS AND METHODS

basophils.> PMD and anaphylactic degranulation are known as

two distinct types of mast cell degranulation.*> Anaphylactic =~ Coculture Model of Mast Cells and Conjunctival
degranulation is a degranulation style with antecedent granule- Epithelial Cells

to-granule and/or granule-to-plasma membrane fusions. On the

other hand, gradual emptying of cytoplasmic secretory granules ~Human mast cell line LAD2 was provided by Dr Arnold
in the absence of granuleto-granule or granule-to-plasma  Kirchenbaum (NIH) and maintained as described previously.”
membrane fusion events is observed in PMD. Previously, we  Human peripheral blood derived mast cells (p-mast) were
reported that 34 of 168 mast cells observed in the giant papillae  raised and maintained as described previously.® The human
of eight eyes obtained from VKC patients showed PMD, conjunctival epithelial cell line (HCJE) was provided by Prof
whereas only 28 of the 168 mast cells had the morphology of  Ilene Gipson (Schepens Eye Research Inst., Boston, MA) and
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maintained as described previously.® Coculture models of these
cells were made using Costar Transwell permeable supports
(for 12-well culture dishes).

Antibody Array Analysis and ELISA Analysis Using
Culture Supernatant

For antibody array analysis, the culture supernatant was
incubated with Human Inflammation Array No. 3 (Ray Biotech,
Inc., Norcross, GA) according to the manufacturer’s protocol.
The results were visualized and quantified using an LAS 3000
image ware (Fuji Film, Tokyo, Japan). Human CCL2 ELISA was
performed using a Quantikine CCL2 ELISA kit (R&D Systems,
Minneapolis, MN) according to the manufacturer’s protocol.

Giant Papillae and Control Conjunctivae Samples

Giant papillae were resected for therapeutic purposes from 5
patients, 3 with AKC and 2 with VKC, and control conjunctival
tissue was biopsied from 8 conjunctivochalasis patients during
resection surgery after obtaining written informed consent as
described previously.’® Additional giant papillae were obtained
from 2 AKC and 4 VKC patients for immunohistochemical
analysis. All procedures were approved by the ethics commit-
tees of the Juntendo University School of Medicine and Kyoto
Prefectural University of Medicine, and the study was
conducted in accordance with the tenets of the Declaration
of Helsinki. AKC was defined as a bilateral chronic inflamma-
tion of the conjunctiva and eyelids associated with atopic
dermatitis, and VKC was defined as a chronic, bilateral,
conjunctival inflammatory condition found in individuals as
described previously.!!

Reverse Transcription (RT) and Real-Time PCR

Total RNA was extracted from the cultured cells and tissues of
the giant papillae using a NucleoSpin II RNA isolation kit
(Macherey-Nagel GmbH & Co. KG, Duren, Germany), and
cDNAs were prepared from 1 pg of total RNA using random
primers and the RevaTra-Ace reverse transcriptase (both from
Toyobo, Tokyo, Japan) according to the manufacturer’s
protocol. We used TagMann real-time PCR probes and primers
specific for human CCL2 (Hs00234140_ml) and 18SrRNA,
obtained from Applied Biosystems (Assay-on-Demand gene
expression products; Applied Biosystems, Inc., Foster City,
CA). Real-time PCR analysis was performed on a 7500 Real-Time
PCR system (Applied Biosystems). For CCL2 mRNA expression,
the comparative Ct method, which uses the 18SrRNA expression
in the same cDNA as a control, was used. CCL4 and ccl2 mRNA
were quantified using Fast SYBR green master mix (Applied
Biosystems), and the following pairs of the primers: Forward 5’
CTGTGCTGATCCCAGTGAATC-3’, reverse 5'- TCAGTTCAGTTC
CAGGTCATACA-3’ (CCL4) and forward 5-AGCAGCAGGTGTC
CCAAAGAAG-3', reverse 5'-GCACAGACCTCTCTCTTGAG
CTTG-3' (ccl2). For CCL4 and ccl2 mRNA expression, the
comparative Ct method, which uses the GAPDH/gapdh
expression in the same cDNA as controls, was used.

Immunohistochemical Analysis

The specimens from the giant papillae were fixed immediately
with 4% paraformaldehyde (PFA) in PBS for 3 hours. After
washing with 30% sucrose in PBS, the tissues were frozen in
Optimal Cutting Temperature (OCT; Sakura Finetek, Tokyo,
Japan) compound using liquid nitrogen. Then, 5 pm frozen
sections were made and air-dried. Immunohistochemical
staining was performed according to the described previously
methods.’’ A mouse anti-human CCL2 monoclonal antibody
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(R&D Systems) was used as a primary antibody (10 pg/mL). For
mast cell staining, a rabbit anti-FceRIP antibody was prepared
and used as described previously.!! Alexa 488-, and 594-
conjugated donkey anti-mouse IgG, and antirabbit IgG (all
from Invitrogen Corporation, Carlsbad, CA) were used as
secondary antibodies. Negative control staining was performed
using isotype-matched IgG (normal mouse IgGl; BioLegend,
San Diego, CA, and normal rabbit IgG; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) as substitutes for the primary antibodies.
A confocal laser scanning microscope (FV-1000; Olympus,
Tokyo, Japan) was used for imaging.

Ultrastructural Analysis of Human Cultured Mast
Cells

P-mast cells were stimulated with 20 ng/mL recombinant
human CCL2 (Peprotech, London, UK) for 3 minutes,?> and
fixed with 2.5% glutaraldehyde and postfixed with 2% osmic
acid. HGJE cocultured p-mast cells also were prepared for
ultrastructural analysis after 24-hour coculture experiments.
For negative control, recombinant human CXCL8 (20 ng/mL
for 3 minutes; Peprotech) stimulated p-mast cells, and cross-
linked p-mast cells using human IgE (1 pg/mL; Chemicon/
Millipore, Billerica, MA) and rabbit anti-IgE (1pg/mL; Dako
Japan, Kyoto, Japan) were prepared. The samples were
embedded in epoxy resin and ultrathin sections (60-80 nm)
were made. The ultrathin sections then were examined using a
transmission electron microscope (7000-100; Hitachi High-
Technologies, Tokyo, Japan).

Alum Ragweed (RW)-Induced Experimental
Allergic Conjunctivitis

RW-induced experimental allergic conjunctivitis models were
prepared as described previously using male BALB/C mice at
the age of 10 to 12 weeks (SLC, Hamamatsu, Japan).!? The
expression of cc/l2 mRNA was quantified for mouse conjunc-
tival tissue 24 hours after final RW challenge. For comparison, a
single-challenge RW eye drop model and 4-challenge RW eye
drop model were used. Ultrastructural analysis was performed
for conjunctival and eyelid samples after final RW challenge (4-
challenge model). All animal experiments were performed in
accordance with the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research.

REesuLTS

Mast Cell HGJE Interaction Induces CCL2
Expression in Mast Cells

The coculture experiment showed synergistic increases of
CCL2 and CCL4 protein in the supernatant of the mast cell
(LAD2) HGJE coculture model (Figs. 1A-C). These results also
were confirmed by ELISA analysis (Fig. 1D). The LAD2 HGJE
coculture model induced 2-fold higher CCL2 mRNA expres-
sion in LAD2 cells than in LAD2 cells cultured by themselves.
The p-mast HCJE coculture model using also showed a
significant increase of CCL2 mRNA (Fig. 2A). For CCL4 mRNA
expression, only HCjE-cocultured LAD2 showed a CCL4 mRNA
increase; no change was observed in HCjE-cocultured p-mast
cells (Fig. 2B).

Epithelial Cells and Infiltrating Cells in VKC/AKC
Tissue Express CCL2 Protein In Situ

Immunohistologic analysis of the tissue samples from the giant
papillae showed positive CCL2 immunostaining in epithelial
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HCJE + Mast cell coculture

FiGure 1.
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Mast cell conjunctival epithelial cell interaction induces CCL2 expression in mast cells. Antibody arrays were used to analyze HGJE (A),

LAD?2 (mast cell, [B]), and LAD2 HGJE coculture (C) supernatants. Synergistic increases of CCL2 (red circles) and CCL4 protein (red arrows) in the
coculture supernatant (C). Blue squares are positive control samples for array reactions. The synergistic increase of CCL2 in the supernatant of a

coculture sample also was confirmed by ELISA analysis (D).

cells (Fig. 3). FceRIB-immunopositive mast cells also were
observed within and around CCL2-positive epithelial cells
(Figs. 3B, 3C). We confirmed the specificity of the CCL2
immunostaining by using isotype-matched normal mouse IgG1
instead of the CCL2 antibody (Fig. 3F). The specificity of
FceRIf immunostaining already was demonstrated in our
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previous report!! and we always run negative controls
specimens in our experiments (data not shown). CCL2-positive
infiltrating cells also were observed in the substantia propria of
the tissue (Fig. 4A). Higher magnification of the Figure revealed
the CCL2/ FceRIf double-positive mast cells (arrows in Figs.
4B, 40), as well as CCL2+/FceRIf— infiltrating cells (arrow-
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FiGurRe 2. Mast cell HGJE coculture induces CCL2 mRNA expression. The mast cell HCJE coculture model induced significantly increased CCL2
mRNA expression in LAD2 and p-mast cells compared to that in mast cells cultured alone (A). On the other hand, CCL4 mRNA induction was
observed only with HCjE-cocultured LAD2, and no change was observed in HCjE-cocultured p-mast cells (B).
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Ficure 3. CCL2 expression in the conjunctival epithelial cells of giant papillae. Perpendicular (sagittal, [A] and [B]) and horizontal (coronal, [C]
and [D]) sections of tissues from giant papillae showed positive CCL2 immunostaining (green) in epithelial cells. FceRIB-positive mast cells (red)
also were observed within and around CCL2-positive epithelial cells (arrows in [A] and [B], arrowbead in [C]). The FceRIP single staining image of
(C) also is shown in (D). Specificity of CCL2 immunostaining was shown by anti-CCL2 staining (E) and control mouse IgG; antibody staining using
two adjacent sections (F). Original magnification (A), (C), and (D) X200; (B), (E), and (F) X400.
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FiGure 4. CCL2 expression in the substantia propria of giant papillae. CCL2 immunohistochemical staining of the substantia propria of giant
papillae is shown. CCL2/ FceRIf double-positive mast cell (arrow) and CCL2+/ FeeRI- infiltrating cells (@rrowbeads) are observed in the substantia
propria of giant papillae tissue. (B) is a high magnification image of (A), (C) is the FceRIp single staining image of (B). Original magnification (A)

X200, (B) and (C) X400.

heads). The results of CCL2 immunohistochemical staining are
summarized in Table 1. The existence of mast cells was also
verified by anti-tryptase immunostaining of adjacent sections
(Supplementary Fig. S1).

Significantly Higher CCL2 mRNA Expression was
Observed in Tissues From Giant Papillae Than in
Conjunctivochalesis Tissue Samples

Five samples from giant papillae and eight conjunctivochalasis
samples (Table 2) were collected, and cDNA was prepared.
Real-time PCR analysis showed significantly increased CCL2
mRNA in the samples from giant papillae compared to the
conjunctivochalasis samples (Fig. 5).

Mast Cells in the Giant Papillae Showed PMD and
Recombinant CCL2 Could Induce PMD

Three-minute treatment of p-mast cells with recombinant CCL2
(20 ng/mL) could induce PMD (Figs. 6B, 6F) compared to naive
p-mast cells (Figs. 6A, 6E). P-mast HCJE coculture (for 24 hours)
also induced PMD morphology (Figs. 6C, 6G). IgE/anti-IgE
crosslinking treatment induced anaphylactic degranulation in
p-mast cells (Fig. 6D). In contrast to CCL2 treatment, CXCL8
(L-8) treatment did not induce PMD (Fig. 6H). Ultrastructural
analysis of giant papillae showed that intraepithelial mast cells
had PMD morphology (Fig. 7A) as well as anaphylactic
degranulation morphology (Fig. 7B).

Taste 1.  Summary of CCL2 Immunostaining

Ccl2 Expression in Alum-RW Induced Mouse
Experimental Allergic Conjunctivitis

Increased ccl2 mRNA expression (Fig. 8A) was observed in RW-
induced allergic conjunctivitis (4-challenge RW eye drop
model) compared to PBS-challenged conjunctivae. The single-
challenge RW eye drop model did not show a significant ccl2
mRNA increase compared to the PBS-challenged conjunctivae.
PMD morphology was observed in the conjunctival mast cells
of RW conjunctivitis (Fig. 8B).

DIScUSSION

In our study, we showed that mast cell-conjunctival epithelial
cell interaction induced CCL2 expression at the mRNA and at
protein levels. We used LAD2 cells (a cell line) and p-mast
cells (primary-cultured cells) as the source of mast cells.
Initial coculture experiments, including antibody array
experiments, were performed using LAD2, and confirmatory
experiments were performed with primary p-mast cells due
to their limited availability. Increased concentrations of CCL2
and CCL4 (MIP-1B) protein were observed in LAD2 HCJE
coculture supernatant (Fig. 1), and upregulation of CCL2
mRNA and CCL4 mRNA was confirmed in LAD2 cells in the
coculture model. We then tried to replicate the results using
p-mast cells. CCL2 mRNA upregulation was observed in
cocultured p-mast cells, but no CCL4 mRNA upregulation was
observed (Figs. 2A, 2B), so we focused at the role of CCL2 for
further studies.

CCL2 Immunostaining

Case No. Age Sex Total IgE Specific IgE Diagnosis Epithelium Substanita Propria Treatment
1 16 F 509 Positive VKC + + Dex, CsA
2 22 M 89 Positive VKC + - Dex

3 13 M 2319 Positive VKC + - Dex

4 18 M 375 Positive AKC + - Dex, CsA
5 21 M 1904 Positive AKC + + Dex

6 29 M 56 Positive VKC + + Dex

Dex, 0.1% dexamethasone eyedrop; CsA, 0.1% cyclosporine eyedrop.
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Tasie 2. Clinical Information for CCL2 Expression Analysis

Age Sex Diagnosis
Control 1 69 F Conjunctivochalasis
Control 2 65 F Conjunctivochalasis
Control 3 59 M Conjunctivochalasis
Control 4 74 M Conjunctivochalasis
Control 5 69 F Conjunctivochalasis
Control 6 80 F Conjunctivochalasis
Control 7 65 F Conjunctivochalasis
Control 8 73 F Conjunctivochalasis
Case 1 21 M AKC
Case 2 18 M AKC
Case 3 12 M VKC
Case 4 32 M AKC
Case 5 29 M VKC

To examine the relevance to the pathophysiology of AKC/
VKC, we next evaluated CCL2 expression in the tissues of giant
papillae tissue obtained from patients.

Immunohistochemical analysis showed CCL2-positive stain-
ing of conjunctival epithelial cells (Fig. 3). Double immuno-
histochemical staining with a mast cell marker (FceRIf)
showed mast cells within and beneath the CCL2-positive
conjunctival epithelial cells (Figs. 3A-C). We also found
positive CCL2 jmmunostaining at the substantia propria of
the tissue from the giant papillac (Fig. 4). Abu El-Asrar et al.
found increased number of CCL2-positive staining of cells
infiltrating the substantia propria of the limbal tissue of VKC.*?
Although they reported negative CCL2 expression in the
conjunctival epithelium in limbal VKC tissue, we clearly
detected CCL2-positive immunostaining of the conjunctival
epithelium tarsal form of giant papillae (Fig. 3). Giustizieri et al.
demonstrated CCL2 mRNA expression in the epithelial cells of
the lesional skin of atopic dermatitis patients by in situ
hybridization.’# Gordon reported increased CCL2 expression
in epidermal cells and dermal cells in a dinitrophenyl serum
albumin-induced mouse passive cutaneous anaphylaxis (PCA)
model, using immunohistological analysis.!> Mercer et al.
reported positive CCL2 immunostaining at the epithelial cells
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Fiure 5. Increased CCL2 mRNA expression in the tissues from giant

papillae. Five samples from giant papillae and eight control (con-
junctivochalasis) samples were analyzed. Realtime PCR analysis
showed significantly higher CCL2 mRNA expression in the samples
from giant papillae than in the control samples. *P < 0.05, Mann-
Whitney U test.

of human idiopathic pulmonary fibrosis tissue but not at the
epithelial cells of lung tumor tissue (control tissue).'® These
three reports on CCL2 expression are supportive for our
results for positive CCL2 immunostaining of epithelial cells.
Since we did not examine the expression of CCL2 in the limbal
VKC tissue, the reason for the difference between our results
and those of Abu El-Asrar et al.!? is unknown. We speculate
that there may be a difference between the limbal and tarsal
forms of VKC for the epithelial expression of CCL2.

Ficure 6. Recombinant CCL2 stimulation could induce PMD morphology. CCL2-(20 ng/mL, for 3 minutes) stimulated p-mast cells B, F) show PMD
morphology compared to naive p-mast cells (A, E). P-mast HCJE coculture also induced PMD morphology (C, G). Anaphylactic degranulation
morphology of a p-mast cell (D) induced by IgE/anti-IgE crosslinking is shown (D). A CXCL8-stimulated (20 ng/mL, for 3 minutes) p-mast cell (D) is
shown as a negative control.
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FIGURE 7.

Intraepithelial mast cells show PMD morphology in situ. Ultrastructural analysis of a giant papilla obtained from a VKC patient shows
intraepithelial mast cells (M) with PMD morphology (A) and with anaphylactic degranulation morphology (B). Empty granule chambers (arrows) in
a mast cell with PMD morphology, and released granules (arrowbeads) and labyrinth formation (asterisk) in a mast cell with anaphylactic
degranulation morphology are shown. Ep, conjunctival epithelial cells.

Investigative Ophthalmology & Visual Science

We found few CCL2/FceRIf double-positive mast cells (Fig.
4B) by immunohistochemical analysis. Although the main
CCL2 mRNA-producing cells were mast cells (Fig. 2A), CCL2
protein also was secreted from mast cells as we found in
culture supernatant samples (Fig. 1D). Therefore, we hypoth-
esized that continuous CCL2 secretion from mast cells was the
reason we found few CCL2/FceRIp double-positive mast cells.
This discrepancy between abundant CCL2 mRNA expression
and poor CCL2 retention in mast cells has been reported
previously.1517

We obtained tarsal giant papilla tissues from refractory
AKC/VKC patients, all of whom were treated with topical
dexamethasone eye drops for at least 4 weeks (Table 1), so
treatment may have downregulated the CCL2 expression as
reported previously.'® Nonetheless, significantly higher CCL2
mRNA expression in samples from giant papillae than in
conjunctival tissues obtained from conjunctivochalasis patients
was observed by real-time PCR analysis (Fig. 5).

Interestingly, the report of Gordon also showed that CCL2
expression in a PCA model was dependent on mast cells
because of significantly reduced CCL2 expression in the skin
of mast cell-deficient mice (W/Wwv) during the PCA reac-
tion.!> Their results suggesting that interaction between mast
cells and other components of conjunctival cells (including
conjunctival epithelial cells) could upregulate CCL2 expres-

(fold)

5

PES Ragweed single  Ragweéd 4 times

FIGURE 8.

sion during allergic reactions agreed with our results in this
study.

To elucidate further the role of CCL2 protein in the
pathophysiology of AKC/VKC, we examined the activation
pattern of mast cells with special reference to PMD. We found
that recombinant CCL2 stimulation (Figs. 6B, OF) as well as
HGCJE coculture procedures (Figs. 6C, 6G) could induce PMD in
cultured mast cells in vitro. We also tried to inhibit the effect of
CCL2 by adding a CCR2 inhibitor (RS504393 from TOCRIS
Bioscience) to the coculture model, and found partial
inhibition of the PMD phenomenon (data not shown).
Consistent with the results of a previous report,’® p-mast cells
stimulated with another chemokine (CXCL8) did not show
PMD morphology (Fig. 6H). This result also supported the
specificity of the CCL2-induced PMD phenomenon. Although
we could not deny the possibility of other conjunctival
epithelial cell-derived mast cell activators, CCL2 in the
coculture medium had some roles in PMD. Continuous studies
are ongoing in our laboratory to elucidate possible additional
activators. We also found PMD in the intraepithelial mast cells
of a VKC patient, showing the relevance of PMD to the
pathophysiology of VKC (Fig. 7). In our previous study, 20% of
the mast cells in the giant papillae samples showed the PMD
morphology and 17% of the mast cells in the giant papillae
samples showed anaphylactic degranulation in VKC patients.®

Ccl2 expression in mouse experimental allergic conjunctivitis. Alum-RW-induced mouse experimental conjunctivitis shows increased

ccl2 mRNA. (A) PMD morphology (arrow) and anaphylactic degranulation (arrowbeads) are observed in the mast cells of conjunctival tissue (B, C).
*P < 0.05 by Student’s #test. The nucleus of a degranulated mast cell is shown ().
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These results suggested the importance of PMD and subse-
quent slow/persistent mediator release®® during chronic
allergic keratoconjunctivitis. The magnitude of inflammation
with PMD seems to be smaller than with anaphylactic
degranulation; however, the PMD reaction lasts longer without
IgE crosslinking by the antigen.®> On the other hand, the
mediator release from mast cells is not long lasting in the case
of anaphylactic degranulation because it needs some time to
regain the cytoplasmic granules.*

We also confirmed Ccl/2 mRNA upregulation and PMD of
mast cells in the RW-induced mouse experimental allergic
conjunctivitis model. After 4 RW eye drop challenges, but not
after a single RW eye drop challenge, increased cc/2 mRNA
expression compared to PBS-challenged control conjunctival
tissue and PMD morphology were observed in the RW-
challenged conjunctival tissue (Fig. 8A). This result suggested
that chronic antigen stimuli were cc/2 mRNA-inducing factors.
Although there are no appropriate mouse models for AKC/
VKC, and RW-induced mouse experimental allergic conjuncti-
vitis is considered to be an animal model of seasonal allergic
conjunctivitis,?! RW-induced allergic conjunctivitis can be
used as a model of chronic allergic inflammation induced by
repeated antigen stimuli in which eosinophil infiltration and T
cell activation???3 are observed.

A study by Miyazaki et al. showed that CCL2 protein was
expressed in the conjunctival epithelium of mouse experimen-
tal allergic conjunctivitis and CCL2 subconjunctival injection
induced mast cell degranulation.?* Our results are consistent
with their findings. They also reported that blocking the CCL2-
CCR2 signaling cascade could attenuate signs and symptoms of
the acute phase of experimental allergic conjunctivitis.?4
Further experiments analyzing RW-induced experimental
allergic conjunctivitis using mast cell-deficient mice to clarify
mast cell-conjunctival epithelial cell interactions are now
ongoing.

In conclusion, we showed that mast cell-conjunctival
epithelial cell interaction could induce higher CCL2 expression
and PMD in cultured human mast cells, which also was
observed in situ samples of chronic allergic conjunctivitis.
These results suggested that suppression of CCL2-CCR2
signaling cascades might be useful for alternative therapy for
severe chronic allergic conjunctivitis.
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A novel mutation (p.Glu1389AspfsX16) of the phosphoinositide

kinase, FYVE finger containing gene found in a Japanese patient

with fleck corneal dystrophy

Satoshi Kawasaki,' Kenta Yamasaki,” Hiroko Nakagawa,' Katsuhiko Shinomiya,! Mina Nakatsukasa,’
Yoshihide Nakai,® Shigeru Kinoshita'

'Department of Ophthalmology, Kyoto Prefectural University of Medicine, Kyoto, Japan; *Department of Biomedical
Engineering, Faculty of Life and Medical Sciences, Doshisha University, Kyoto, Japan; *Tokai Eye Clinic, Tsu, Japan

Purpose: The phosphoinositide kinase, FYVE finger containing (PIKFYVE) gene has been identified as a gene respon-
sible for fleck corneal dystrophy (FCD). The purpose of this study is to report a novel mutation of the PIKFYVE gene in
a Japanese patient with fleck corneal dystrophy.

Methods: Slit-lamp microscopy, corneal topography, and optical coherence tomography were performed for the clinical
examination of the patient’s eye. For genetic analysis, peripheral blood was obtained from the patient and her sister. DNA
was extracted from the blood and subjected to mutation analysis by sequencing of the PIKFYVE gene. The sequencing
results were validated with a PCR-fragment length polymorphism analysis.

Results: A 63-year-old woman presented at our clinic with complaints of decreased vision and metamorphopsia in her
right eye occurring 1 month before presentation. Both eyes exhibited small, dot-like, white flecks scattered throughout
all layers of the corneal stroma, which corresponds to the typical FCD phenotype. The opacities were relatively dominant
at the peripheral region of the cornea, yet were found throughout the entire cornea. Sequence analysis revealed that the
patient has a heterozygous c.4166_4169del AAGT mutation located at exon 24 of the PIKFYVE gene that may cause
p-Glu1389AspfsX16 flame-shift mutation, which has never before been reported for FCD.

Conclusions: To the best of our knowledge, this is the first study to show that a novel mutation (p.Glul389AspfsX16)

© 2012 Molecular Vision

causing the truncation of the PIKFYVE protein causes fleck corneal dystrophy in the Japanese population.

The cornea is one of the most transparent and non-
vascularized tissues in the human body, and several active
genes [1,2] are thought to be involved in maintaining the
homeostasis of the cornea. Recent advances in molecular
biology techniques have allowed the genes responsible
in most hereditary corneal dystrophies to be identified,
including transforming growth factor, beta-induced (TGFBI)-
related corneal dystrophies (i.e., granular corneal dystrophy,
lattice corneal dystrophy type I, granular corneal dystrophy
type 2 (Avellino corneal dystrophy), Reis-Biicklers corneal
dystrophy, and Thiel-Behnke corneal dystrophy) [3], Mees-
mann corneal dystrophy [4,5], macular corneal dystrophy
[6], gelatinous drop-like corneal dystrophy [7], and Fuchs’
endothelial dystrophy [8].

Fleck corneal dystrophy (FCD, Online Mendelian Inheri-
tance in Man (OMIM) #121850) was first reported in 1957
by Francois and Neetens [9], and is one of the hereditary
corneal dystrophies in which the causative genes have already

Correspondence to: Satoshi Kawasaki, Department of
Ophthalmology, Kyoto Prefectural University of Medicine, 465
Kajii-cho, Hirokoji-agaru, Kawaramachi-dori, Kamigyo-ku, Kyoto
602-0841, Japan; Phone: +81-75-251-5578; FAX: +81-75-251-5663
email: bluenova@koto.kpu-m.ac.jp

been identified. This corneal dystrophy is a rare autosomal
dominant disease characterized by numerous tiny, dot-like
white flecks scattered in all layers of the corneal stroma.
Typically, the stroma located in between the flecks is clear,
and the endothelium, the epithelium, Bowman’s layer, and
Descemet’s membrane are normal. Patients are usually
asymptomatic with normal vision, yet a small number of
patients report the sensation of a minor photophobia. The
flecks in FCD can appear as early as at 2 years of age, or
sometimes even at birth, and appear not to progress signifi-
cantly throughout life [10,11]. Histologically, the corneal
flecks appear to correspond to abnormal keratocytes swollen
with membrane-limited intracytoplasmic vesicles containing
complex lipids and glycosaminoglycans [12]. It has been
reported that there are no extracellular abnormalities [12].

In this study, we report a case of FCD bearing a hetero-
zygous flame-shift mutation within the phosphoinositide
kinase, FYVE finger containing (PIKFYVE) gene. The
patient had no obvious vision loss or any complaints related
to this corneal dystrophy, and the appropriateness of our iden-
tified mutation as a causative one for FCD is theoretically
discussed.
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Figure 1. Images demonstrating
the corneal phenotypes of a patient
with fleck corneal dystrophy. A:
Stromal flecks are not perceptible
under diffuse illumination in both
of the patient’s eyes. B: Under iris
retroillumination, stromal flecks

(arrowheads) became evident. C:
Optical coherence tomography
analysis successfully detected the
stromal flecks as slightly bright
small areas (arrowhead). D: The
pedigree of the patient with fleck
corneal dystrophy is demonstrated.

METHODS

Measurement of corneal irvegularity and higher-order aber-
ration: Corneal irregularity and higher-order aberration in
the patient were investigated using a commercially available
corneal topography device (KR-1W; Topcon Corp., Tokyo,
Japan).

Optical coherence tomography of cornea: An optical section
of the patient’s cornea was obtained using a commercially
available optical coherence tomography (OCT) device (Cirrus
HD-OCT; Carl Zeiss Meditec Co. Ltd., Tokyo, Japan).

Mutation analysis: A 63-year-old woman presented at our
clinic with complaints of decreased vision and metamor-
phopsia in her right eye occurring 1 month before presenta-
tion. Her best-corrected visual acuity was 0.7 in her right
eye and 1.2 in her left eye. The decreased visual acuity and
metamorphopsia seemed to be due to a transient focal retinal
detachment caused by the traction of the posterior vitreous
membrane.

All experimental procedures were approved by the Insti-
tutional Review Board for Human Studies of Kyoto Prefec-
tural University of Medicine. This study was performed in
accordance with the tenets of the Declaration of Helsinki for
research involving human subjects.

Peripheral blood was obtained from the patient and her
younger sister, the patient’s only remaining living relative
using a plastic syringe attached with a 23G needle. Prior
informed consent was obtained from both subjects after a
detailed explanation of the study protocols. Genomic DNA
was extracted from the blood using a commercially available
kit (DNeasy Blood & Tissue Kit; Qiagen GmbH, Hilden,
Germany). Genomic DNA samples from 96 normal Japanese

volunteers (48 men and 48 women) were obtained from a
research-resource bank (Human Science Research Resource
Bank, Osaka, Japan). Using 10 ng of genomic DNA, all
exons of the PIKFYVE gene were amplified with polymerase
chain reaction (PCR) in a 50 pl reaction buffer containing 1
x ExTaq buffer, 0.2 mM dNTP, 0.2 uM primer pair, and 1.25
U Taq polymerase (ExTaq Hot Start version; Takara Bio Inc.,
Otsu, Japan). All primer pairs were designed according to a
previous study [13]. The PCR products were treated with a
mixture of exonuclease and alkaline phosphatase (ExoSAP-
IT; GE Healthcare UK, Ltd., Buckinghamshire, UK), heat-
inactivated, and sequenced using a commercially available
kit (BigDye 3.1; Applied Biosystems Inc., Foster City, CA).
The sequencing products were purified with a commercially
available kit (BigDye Xterminater Purification Kit; Applied
Biosystems), electrophoresed on an automated sequencer
(3130x1 Genetic Analyzer; Applied Biosystems), and analyzed
with sequence alignment software (Variant Reporter Version
1.0; Applied Biosystems). Thermal cycle conditions for all
primer pairs were 30 cycles of three-temperature thermal
cycles at 94 °C for 30 s for heat denaturation, at 55 °C for 30
s for annealing, and 72 °C for 30 s for extension.

Polymerase chain reaction—fragment length polymorphism
analysis: Sequencing data were validated with PCR—fragment
length polymorphism (PCR-FLP). Briefly, a partial sequence
of exon 24 of the PIKFYVE gene was amplified by PCR using
a primer pair (PIKFYVE_FLP F Ex24; 5-CTC AGT TAT
TCT CCC ATT CGG CTT C-3, PIKFYVE_FLP R _Ex24,
5'-AAT GAA TAT TTT GGG GAG TGG AAC A-3"). The
PCR product was electrophoresed on a 10% acrylamide gel.
After the electrophoresis, the gel was stained with a DNA-
staining fluorescent dye (SYBR® Green I; Takara Bio),
observed on a UV transilluminator, and photographed in
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Figure 2. Results of sequencing
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and amino acid sequence of the
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PIKFYVE gene around the identi-

Wild

fied p.Glul389AspfsX16 mutation
are demonstrated. The deleted four
bases of the ¢.4166_4169del AAGT

mutation are indicated in bold

type in the wild-type sequence.

FCD

The altered amino acid sequence
downstream of the deleted four
bases is indicated in bold italics in
the mutated sequence. Asterisk (*)

Forward
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B: Results of sequencing analysis
for exon 24 of the PIKFYVE gene
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in normal volunteer (upper) and
the patient with FCD (lower) from

Forward
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forward (left) and reverse (right)
directions are demonstrated.
Arrowheads indicate the breakpoint
of the ¢.4166_4169delAAGT muta-
tion. C: The mixed base sequence
(upper) downstream of the break-
points was subtracted (middle) from

the reference sequence (black type) to extract the mutated sequence (red type) in both directions (left: forward, right: reverse). Note that
the mutated sequence is fully matched to the reference sequence from four bases downstream of the breakpoints (lower), indicating that the
mutated sequence is deleted with four bases, AAGT sequence. D: Results of PCR-FLP analysis for exon 24 of the PIKFYVE gene in normal
volunteers (lanes 1 and 2) and the patient with FCD (lane 3) and her sister (lane 4) are demonstrated. Lane 5 means negative control. Note
that the shorter PCR band in the patient with FCD (lane 3) was amplified from the mutated allele while the longer PCR band was from the

wild-type allele.

a dark box equipped with a charge-coupled device (CCD)
camera (LAS-3000 UV mini; GE Healthcare UK).

RESULTS

Both eyes exhibited small, dot-like, white-fleck opacities
scattered in all layers of the corneal stroma. The opacities
were relatively dominant at the peripheral region of the
cornea, yet were found throughout the entire cornea. The
opacities were almost invisible under diffuse illumination
(Figure 1A), but became more apparent under slit-lamp
illumination or iris retroillumination (Figure 1B). It seems
difficult to recognize the opacities in ordinary care, espe-
cially for ophthalmologists unfamiliar with such faint corneal

opacity. OCT analysis successfully identified some of the
small stromal flecks (Figure 1C). Higher-order aberration was
within the normal limit in both corneas. Specular microscopy
examination demonstrated that the endothelial cell density
was 2,000 cells/mm? in her right cornea and 2,200 cells/mm?
in her left cornea, which is sufficient for endothelial func-
tion but appears slightly decreased compared to the average
cell density in persons of her same age. She had previously
undergone clinical examination by an ophthalmologist several
times in her life; however, it was never pointed out to her that
she had such corneal abnormalities. Her sister did not exhibit
any corneal manifestations in either eye (Figure 1D).
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TasBLE 1. LIST OF NUCLEOTIDE CHANGES IDENTIFIED IN OUR FCD PATIENT.

# Region Nucleotide change Zygosity Type of Effects on amino acid SNP
mutation

1 Intron 9 £.32610C>T Homozygous Substitution none (non-coding) none

2 Intron 15 2.48601A>G Homozygous Substitution none (non-coding) none

3 Exon 16 c.2087G>A Homozygous Substitution p-696S>N rs10932258

4 Exon 16 ¢.2106C>T Homozygous Substitution p.702p>P rs10932259

5 Exon 19 ¢.2795T>C Homozygous Substitution p-932L>S r$2363468

6 Exon 19 ¢.2984A>T Homozygous Substitution p.995Q>L rs893254

7 Exon 19 ¢.2993C>G Homozygous Substitution p.998T>S rs893253

8 Exon 19 ¢.2984A>T Homozygous Substitution p.995Q>L rs393254

9 Exon 19 ¢.2993C>G Homozygous Substitution p.998T>S rs§93253

10 Exon 19 ¢.3547C>A Homozygous Substitution p.1183Q>K rs1529979

11 Exon 19 ¢.3564T>C Homozygous Substitution p-1188n>N 151529978

12 Exon 24 c.4166_4169del AAGT Heterozygous Insertion p-Glul389AspfsX16 none

13 Intron 27 £.65496T>C Homozygous Substitution none (non-coding) none

14 Intron 31 8.73584G>A Homozygous Substitution none (non-coding) none

15 Intron 32 8.73754C>T Homozygous Substitution none (non-coding) none

16  Exon 34 ¢.5334G>A Homozygous Substitution p-1778T>T rs2304545

17 Exon 35 ¢.5397A>G Homozygous Substitution p-1799T>T 1s2118297

18 Intron 35 2.79205A>G Homozygous Substitution none (non-coding) none

19  Exon 36 ¢.5526A>G Homozygous Substitution p.1842E>E 15994697

20  Exon 38 c.5727G>T Heterozygous Substitution p-1909A>A none

21 Intron 39 2.82947A>G Homozygous Substitution none (non-coding) none

The notation convention of the nucleotide and protein changes follows the nomenclature guidelines of human genome variation society

(HGVS).

No treatment was undergone by this patient, but her
retinal problem spontaneously ameliorated as judged by OCT
findings along with the improvement of visual acuity from 0.7
to 1.2 in 2 weeks, indicating that the decrease in the visual
acuity of her right eye at her first visit was not due to the
corneal opacities.

Mutation analysis: The sequence data revealed that the
patient had a heterozygous 4-base-pair deletion mutation
(c.4166_4169delAAGT or c.4167_4170delAGTA) within the
PIKFYVE gene (Figure 2A-C). This mutation may produce
a new reading flame starting from amino acid number 1389,
leading to a premature termination at the 16" codon counted
from the first affected amino acid (p.Glul389AspfsX16),
which has never been reported in patients with FCD. PCR-FLP
analysis confirmed these sequencing data (Figure 2D). In
addition to this mutation, 20 nucleotide changes were found
within the PIKFYVE gene (Table 1), yet all were of known
single-nucleotide polymorphisms, of synonymous amino acid
alteration, or located at the non-coding region, and hence
are considered non-pathological. The c.4166_4169del AAGT

mutation was not found in any of the examined 96 normal
Japanese volunteers (data not shown). The sister of the patient
did not have the ¢.4166_4169delA AGT mutation.

DISCUSSION

In 2003, Jiao et al. [14] performed linkage analysis of four
families with FCD and found that the critical region for FCD
mapped to a 27.9 cM region of chromosome 2q35 flanked by
the genomic markers D2S117 and D28126. Subsequently, in
2005, Li et al. [15] further narrowed the linked region to a
24 c¢M interval containing 18M bases. Li et al. subsequently
sequenced genes included within the narrowed region and
found mutations in the PIKFYVE gene in patients with
FCD. The PIKFYVE gene encodes a widely expressed,
2,089-amino-acid-long, phosphoinositide 3-kinase family
member that functions in post-Golgi vesicular sorting [15].

In the present study, we found a heterozygous
c.4166_4169del AAGT mutation within the PIKFYVE gene
in our patient with FCD. As this mutation is of 4-base-pair
deletion, the mutation may cause a flame-shift amino acid
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