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CLINICAL INVESTIGATION

Congenital Rotated Macula with Good Vision and
Binocular Function

Yumi Suzuki, Sachiko Nishina, Miina Hiraoka, Tadashi Yokoi,
and Noriyuki Azuma

Department of Ophthalmology, National Center for Child Health and Development,
Tokyo, Japan

Abstract

Background: Two patients presented with congenital rotated macula with good vision and binocular
function.

Cases: Two patients had retinal folds with an extremely rotated macula OD as the result of peripheral
fibrous proliferation on the retina. Each macula was substantially rotated to the nasal border of the
disc.

Observations: A 3-year-old girl (case 1) with best-corrected visual acuity (VA) of 0.5 OD and 1.0 OS
was treated for amblyopia, after which she successfully achieved 1.0 bilaterally as well as good stereopsis
of 120 seconds of arc measured with the TNO test. A 6-year-old girl (case 2) obtained a VA of 0.7 OD
and 1.0 OS, and her stereopsis was of 240 seconds of arc.

Conclusions: Good VA and stereopsis may be achieved by adaptation in the brain and an extremely
large fusional potential at an early infantile age or a gradual shift of the macula. Appropriate treatment
of amblyopia should be performed in patienis with rotaied macula if the macula appears normal.
Jpn J Ophthalmol 2009;53:452-454 © Japanese Ophthalmological Society 2009

Keywords: amblyopia, binocular function, congenital rotated macula, familial exudative vitreoreti-
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Introduction

Macular displacement is often observed in infantile vitreo-
retinal abnormalities, including retinopathy of prematurity
(ROP), familial exudative vitreoretinopathy (FEVR), per-
sistent fetal vasculature/persistent hyperplastic primary
vitreous (PFV/PHPV), Coats disease, ocular infection with
Toxocara canis, and trauma.™* In eyes with PFV/PHPYV and
FEVR, the macula is dragged and dislocated to various
locations where peripheral fibrous tissue is present, while in
almost all eyes with ROP, it is dislocated temporally. Eyes
with a dragged retina cannot develop good visual acuity
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(VA) if the macular formation is distorted.”> Good VA and
stereopsis cannot be usually achieved in eyes with a macula
dislocated to a great distance.’ Only one case has been
reported of a 3-year-old girl who achieved relatively good
stereopsis (600 seconds of arc), although her left macula
was displaced nasally.* We report two patients with a macula
extremely rotated around the disc as the result of peripheral
fibrous proliferation, both of whom obtained good VA and
stereopsis.

Case Reports
Case 1

A 3-year-old girl was referred with a diagnosis of strabismus
OD. There were no abnormalities in the anterior segments,
but ophthalmoscopy of the right eye detected a retinal fold
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Figure 1A-D. Case 1. A A widefield fundus of the right eye taken with a RetCam-120 digital retinal camera (Massie Research Laboratories,
Dublin, CA, USA). Retinal folds extending from the optic disc toward the fibrous tissue in the nasal superior periphery are shown. B Posterior
fundus photograph. C Fluorescein angiogram. The macula is rotated to the nasal border of the disc in the right eye. D Photograph of eye posi-
tion. Slight esodeviation and hyperdeviation of the right eye are detected.

Figure 2A-D. Case 2. A A widefield fundus of the right eye taken with the RetCam-120 digital retinal camera. Retinal folds extending from
the optic disc toward the fibrous tissue in the nasal superior periphery are shown. B Posterior fundus photograph. C Fluorescein angiogram
showing rotated macula to the nasal border of the disc. D Photograph of eye position. Slight esodeviation and hyperdeviation of the right eye
are detected.
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extending from the optic disc toward the fibrous tissue
on the nasal superior periphery. The temporal retina was
rotated around the disc, and the macula was located at the
superior-nasal border of the disc (Fig. 1). The left eye had
an area of avascularity in the temporal periphery of the
retina. She was diagnosed with insufficient retinal vascular
development, possibly related to FEVR, although she had
no family history of FEVR. The patient was the product
of a full-term pregnancy and showed normal growth and
no systemic abnormalities, and laboratory examinations
showed no history of infectious diseases. A cover test indi-
cated orthophoria, but a Krimsky test indicated 10 prism
diopters of right pseudohypertropia and 10-20 prism diop-
ters of right pseudoesotropia. The corrected VA was 0.5
OD and 1.0 OS using a Landolt ring chart at 5 m. Cyclople-
gic refraction was performed using 1% cyclopentolate and
revealed +1.50 diopters cyl —3.50 diopters OD and cyl -0.50
diopter OS. Amblyopia in the right eye was treated using
refractive correction and part-time occlusion (2-3 h/day) of
the left eye. After 6 months of treatment, the best-corrected
VA was 1.0 OD and 1.0 OS, and when the patient was 6
years of age a TNO test of binocular vision showed stere-
opsis of 120 seconds of arc.

Case 2

A 6-year-old girl was referred with a diagnosis of amblyopia
in the right eye. There were no abnormalities in the anterior
segments, but ophthalmoscopy of the right eye detected
retinal folds extending from the optic disc toward the fibrous
tissue on the nasal superior periphery. The temporal retina
was rotated around the disc, and the macula was located at
the superior-nasal border of the disc (Fig. 2). There were
no abnormalities in the retina of the left eye. She had no
family history of retinal disease. The patient was the product
of a full-term pregnancy and had normal growth and no
systemic abnormalities, and laboratory examination failed
to identify a history of infectious disease. A cover test indi-
cated orthophoria, but a Krimsky test indicated 10 prism
diopters of right pseudohypertropia and 20 prism diopters
of right pseudoesotropia. The VA was 0.7 OD and 1.0 OS
using a Landolt ring chart at 5 m. Cycloplegic refraction was
performed using 1% cyclopentolate and revealed +2.50
diopters cyl +2.00 diopters in the right eye and +3.00 diop-
ters in the left eye. A TNO test of binocular vision showed
stereopsis of 240 seconds of arc. Amblyopia in the right eye
is now being treated with refractive correction and part-
time occlusion (2-3 h/day) of the left eye.

Jpn J Ophthaimol
Vol 53: 452454, 2009

Discussion

Ophthalmoscopy of the present cases showed good macular
formation, and the patients obtained good VA and high-
grade stereopsis, despite the macula’s having rotated mark-
edly to a position adjacent to the optic disc. Correction of
refractive errors and orthoptics may be effective for obtain-
ing good VA and excellent binocular vision if the macula is
well formed. It is speculated that in the present cases, a
large macular dislocation had already occurred when the
patients were 3 to 4 months of age, when binocular vision
begins to develop.” Another possibility is that the macula
rotated gradually as a result of contraction of the fibrous
tissue during the development of binocular function. It is
suggested that if the macula becomes rotated during the
early stages of visual development, the central nervous
system may adapt to the anatomical disorder. Infants may
have an extremely large fusional potential compared to that
of adults.”® The critical period and amplitude of infantile
fusional potential remain uncertain; however, these cases
may suggest that a positive prognosis is possible after
macular rotation surgery in infants.

The affected eye of each patient showed relatively worse
vision at first visit, probably because the affected eye in
both had anisometropia and high astigmatism. Appropriate
treatment of amblyopia should be performed in patients
with a rotated macula if the macula appears normal.
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Pax6 genes are highly conserved and important for cye development. Vertebrates predominantly produce
two alternatively spliced Paxé isoforms, Pax6 and Pax6-5a. Pax6-Sa differs from Pax6 by the presence of 14 addi-
tional amino acids encoded by exon Sa. These additional amino acids occur in the Pax6 paired domain and thus
influence its DNA-binding properties, However, little is known about Pax6-5a’s physiological functions. Here we
establish murine embryonic stem (ES) cell lines in which expression of either the human Pax6 or Pax6-5a isoform
is negatively controlled by tetracycline. We report that, in contrast to Pax6 expression, Pax6-5a expression
strongly induces ES cells to differentiate into neurons. Morcover, using DNA microarray analysis, we have identi-
fied the transeription facter basic helix loop—-helix domain containing, class b2 (bHLHD2) in Pax6-Sa-expressing
ES cells. Our Pax6 isoform-expressing ES cell lines may serve as useful models for identifving Pax6-regulated
genes that are important for neurogenesis and/or eye development,

Key words

Pax6 is a transcription factor essential for the development
of the eye, brain and pancreas."" Pax6 is defined by the pres-
ence of its paired domain, a highly conserved DNA-binding
motif composed of two distinct DNA-binding subdomatins
called the N-terminal subdomain (NTS) and the C-terminal
subdomain (CTS). The NTS and the CTS bind to distinct
consensus DNA sequences.™ Transcription of the human
Pax6 gene results in two alternatively spliced isoforms, Pax6
and Pax6-5a. Compared to Pax6 transcripts, Pax6-5a tran-
scripts contain an additional exon 5a that encodes an addi-
tional 14 amino acids. These amino acids are inserted into
the NTS, an event that abolishes the DNA-binding activity of
this subdomain and unmasks the DNA-binding activity of the
CTS. Thus. exon Sa transcription appears to function as a
molecular switch that regulates the spectrum of Pax6 target
genes that can be induced. Previously, we reported a mis-
sense mutation in the exon 5a region of the Puv6 gene in pa-
tients with Peters anomaly. This mutation resulted in a Pax6
protein with impaired DNA-binding and transactivation ac-
tivities." Subsequently, we found that although overexpres-
sion of either Pax6 or Paxé-5a in chick embryos induced
transdifferentiation of ectopic neural retina from primitive
retinal pigment epithelium, Pax6-5a was a much stronger
driver of this process than was Pax6.%” However, little is
known about how Pax6 and Pax6-5a actually function in
vivo.

Embryonic stem (ES) cells are pluripotent cells derived
from the inner cell mass of preimplantation mouse embryos.
ES cells can be propagated stably in the undifferentiated state
in vitro and. under the appropriate culture conditions. can
be induced to differentiate into a varicty of ccll types. For
example. forced transgenic expression of Pdx1 causes ES
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cells to differentiate into pancreatic cells (endoderm). where-
as GATA2 expression promotes leukocyte differentiation
(mesoderm), and Mash1 expression induces neuronal differ-
entiation (ectoderm).®”" This plasticity makes ES cell culture
a useful tool for clucidating the functions of transcription
factors.

In this report, we have employed conditional expression of
human Pax6-5a driven by a tetracycline-regulatable promoter
and have found that forced Pax6-5a expression in murine ES
cells enhances their differentiation into neuronal cells. Our
system may be useful for uncovering the molecular mecha-
nisms underlying Pax6-5a-dependent eye development.

MATERIJALS AND METHODS

Establishment of Tet-Regulated ES Cell Clones The
murine ES cell line El4tg2a was maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 15%
fetal calf serum, 0.1% B-mercaptoethanol, and 1000 U/ml
leukemia inhibitory factor (LIF). The tetracycline (Tet) regu-
latory system was used to obtain inducible Paxé- or Pax6-5a-
expressing ES cell clones as described previously.'” Briefly,
Tet-regulatable Flag-Pax6 and Flag-Pax6-5a constructs werc
generated by inserting Flag-human Pax6 or Flag-human
Pax6-5a ¢cDNA into the Notl site of pUHD10-3.IRES-EGFP.
Expression of these Tet-regulatable constructs in ES cells
was completely suppressed by the addition of tetracycline to
the culture medium. The ES cell clones whose enhanced
green fluorescent protein (EGFP) expression was most
tightly regulated by tetracycline were selected for further
study, including cxamination of the cxpression of relevam
genes by reverse transcription-polymerase chain reaction

¢ 2009 Pharmaceutical Society of Fapan
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(RT-PCR) and Western blotting.

ES Cell Differentiation Embryoid bodies (EBs) were
prepared as described previously.'” Briefly, unditferentiated
ES cells were dissocinted into single-cell suspensions and
cultured in hanging drops to induce embryoid body (EB) for-

mation. Initial cell density was 2000 cells per drop (25 ul) of

differentiation medium without LIF in the absence or pres-
ence of | pg'ml Tet (Day 0). After 2 days in a hanging drop
culture (Day 2). the resulting EBs were transferred to non-
coated culture dishes. On Day 3. bFGF (20 ngaml, R&D Sys-
tems) was added to the culture medium. On Day 7, the EBs
were plated in plastic gelatin-coated dishes.

Immunoprecipitation and Immunoblotting  For detec-
ton of induced Flag-Paxo and Flag-Pax6-5a proteins. ES
cells were cultured for 48h in the absence of Tet ES cells
(510" were then lysed and immunoprecipitated with anti-
Flag M2 antibody (Ab) (Sigma, F3165). The immunoprecipi-
tates were fractionated by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and immunoblotied
with anti-Flag M2 Ab. Bands were visualized using the Su-
perSignal West Pico chemiluminescent substrate according
to the manufacturers instructions (PIERCE, 1., U.S.A)).

Confocal Microscopy  Immunotluorescence studics were
performed as described previously.'” Briefly. EBs cultured
on gelatin-coated dishes were washed three times with phos-
phate buffered saline (PBS) and fixed in 4%« paratormalde-
hyde. After permeabilization with 0.2% Triton X-100. the
EBs were incubated with blocking solution [5% bovine
serum albumin (BSA) in TBS], followed by anti-Blli-tubulin
Ab (Covance, MMS-435P). The stained EBs were washed
with PBS and incubated with Alexa-568-conjugated sccond-
ary Ab (Molecular Probes). After a last wash in PBS, EBs
were viewed on a Carl Zeiss confocal microscope equipped
with LSM510 software.

RT-PCR Analysis 'S cells were lysed with Trizol
reagent (Invitrogen) and first-strand ¢DNA was synthesized
by using SuperScript 11l RNase H-reverse transcriptase (Invit-
rogen). Primers used were: Flag-Pax6. 5'-ATGGATTA-
CAAGGATGACGACG-3" and 5'-ATCTGTTGCTTTTCGC-
TAGCC-3"; Acetylcholine esterase (Ache), 5'-CCGATTT-
TCCTTCGTGCCTG-3" and S'-TGGAGGCACGGTGTTC-
AAAG-3': Serotonin receptor 5a (5-HT35a), 5'-AGTCGGC-
CTTTICTCTCAGC-3" and 5'-GGTCCAGTGCTATTGCT-
GTC-3": L1. S"-AGGACACCATGTGCTAGAGC-3" and 5'-
GGGTTGCAAGGCAGAACTAC-3'; Elongation factor |
(EF1). 5-TCACACAGCCCACATAGCAT-3" and 5'-CACC-
ACTGATTAAGACTGGG-Y, Oct3d, S'-CTGAGGGCCA-
GGCAGGAGCACGAG -3 and 5'-CTGTAGGGAGGGCTT-
CGGGCACTT-3'; bHLIDb2, S-TTATTGCACAGCTAGAC-
ACGG-3" and 5'-ACACTGTAACCTCGCCTCTC-3'.

DNA Microarray Total RNAs from EBs were extracted
using TRIZOL (Invitrogen. Tokyo. Japan) and purified using
an RNeasy mini kit (Qiagen, Tokyo, Japan). Purified RNA
was labeled with biotin according to the manufacturer’s
protocol and hybridized to a mouse genome 430A 2.0 array
(Affymetrix Japan, Tokyo. Japan). After washing, the array
was scanned to measure fluorescence intensity (representing
gene expression). The fluorescence intensity of each probe
was further analyzed by dChip, a model-based expression
analysis program that estimates gene expression levels. For
the dChip analysis, a perlect match (PM)-only model was

Vol 32 Nol 6

used. The estimated gene expression fevel values were ap-
plicd to the Gene-Spring software program (Silicon Genetics,
Redwood City, CA. US.A)"Y

Construction of Plasmids A DNA fragment encom-
passing —90 to — 996 bp of the 57 region of the murine
BHLHb?2 gene was subjected to PCR amplification using the
iProof High Fidelity DNA Polvmerase system (BioRad).
After digestion with Wil and Yhol, the PCR product was
subcloned into the Mlul'Xhol sites of the pTA-Luc vector
(CLONTECH), resulting in pbHLHB2 (—90- - —1990). To
construct the pTA-5aCON-Luc vector, which served as u
positive control for the Pax6-5a reporter assay. the oligonu-
cleotides 5 -AAATCTOGAACATGCTCAGTGAATGTTCA-
TTGACTCTCGAGGTC-3" and S-GACCTCGAGAGICA-
ATGAACATTCACTGAGCATGTTCAGATTT-3" were an-
nealed, phosphorylated and ligated into the Smal site of the
pTA-Luc vector. Underlining indicates Pax6-5a binding se-
quences.

Transient DNA Transfections and Luciferase Reporter
Assays  DNA transfections were carried out using the Lipo-
fectamine 2000 reagent (Invitrogen). Briefly, the human
embryonic carcinoma cell line NTERA2 were plated in a
24-well plate. After 24h transfection with the above re-
porter plasmids, the cells were harvested and firefly and sea
pansy luciferase activities were determined using the dual-
luciferase reporter assay system (Promega) and a Wallac
ARVO.SX 1420 Multlabel Counter (Amersham Pharmacia
Biotech). All experiments were repeated at least three times
with different batches of transfected cells and the results
were fully reproducible.

RESULTS

Tet-regulatable Pax6 and Pax6-5a Expression To in-
vestigate the biological functions of Pax6é and Pax6-5a, we
established murine ES cell lines with tetracycline (Tet)-regu-
latable Flag-human Pax6 or Flag-human Pax6-5a expression.
To this end, a Tet-regulatable bicistronic vector encoding
Flag-Pax6 or Flag-Pax6-5a plus the EGFP was introduced
into ES cells. ES cell lines were then established in the pres-
ence of Tet (Tet-on) to suppress the expression of the exoge-
nous Flag-Pax6 or Flag-Pax6-5a. Conditional expression of
Flag-Pax6 or Flag-Pax6-5a and EGFP in these ES cells was
achicved by withdrawal of Tet (Tet-off). The successful ex-
pression of Flag-Pax6 and Flag-Pax6-5a proteins in Tet-off
ES cell lines was confirmed by Western blot analysis using
anti-Flag antibody (Fig. 1A). whereas EGFP expression was
detected with confocal microscopy (Fig. 1B). These results
confirm that our Pax6 isoform-expressing ES cell lines
showed EGFP plus exogenous Pax6 or Pax6-5a protein ex-
pression that was fully regulated by Tet.

Pax6-5a Expression Enhances Neuronal Differentiation
by ES Cells Cultured murine ES cells can be induced to
differentiate in vitro into a variely of cell types, including
cardiac cells and neurons. To separately cxamine the effects
of Pax6 and Pax6-5a on ES cell differentiation, we cultured
our Tet-regulatable ES cell lines without LIF in the presence
or absence of Tet and allowed them to form embryoid bodics
(EBs). Interestingly, Tet-regulatable Pax6-5a-expressing ES
cells differentiated into neuron-like cells in absence, but not
presence, of Tet (Fig. 2A). To confirm that the obscrved dif-
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A Control  Pax6  Pax6-5a

Tet + - + - + -
Flag-Pax6/Pax6-5a| @ O
GAPDH |commimmissssamssmmsn|

B Tet (+)

Tet ()

Fig. 1. Establishment of Murine ES Celi Lines wath Tet-Regulatable £x-
pression of Pax6 Isoforms

¢A) Contirmation of Tet-regudated expression by Western blot. Murine FS cell fines
expressing either FGEP vector alone (contiol) or LGEP plus either Flag-luman Paxo
(Pase) or Flag-human Paxo-Sa (Pax6-Sa) were cubtured with ¢+ or without - ) Tet for
2 d and subjected to Western blotung using anti-Fag Ab, GADPH, loading control. (B)
Confirmation of transtection. Detection of FGEP expression in monelayers of Tet-regu-
latable Paxb-Sa-cxpressing ES cells in the presence or absence of Tet. Top, confoeul
nucroscopy: bottom. phase contrast microscopy. For all figures. resulis shown are one
trind cepresentative of at feast three independent expeniments

ferentiating cells were in fact ncurons, we immunostained
them with anti-BlI-tubulin Ab and obtained positive results
(Fig. 2A. right panel). On the other hand, this type of neu-
ronal ditferentiation did not occur in Tet-off Pax6-expressing
ES cells (data not shown). We then used RT-PCR to examine
the expression by both of our Tet-regulatable ES cell lines of
typical neuronal marker genes such as acetylcholinesterase
{Ache; cholinergic neurons), serotonin receptor 5a (3-HT5a;
scrotonergic neurons), and L1 (ncurenal cell adhesion mole-
cule). Expression levels of Ache, 5-HTS5a and L1 mRNAs
were increased in Tet-off Pax6-Sa-expressing ES cells. but
not in Tet-on Pax6-5a-expressing ES cells, nor in Tet-off or

Tet-on Pax6-expressing ES cells (Fig. 2B). These data indi- -

cate that expression of Pax6-5a by murine ES cells cnhances
their ncuronal differentiation.

Pax6-5a Expression Enhances Neurite Development by
Murine EBs To determine the timing of Pax6-3a-induced
neuronal commitment, we examined neurite development in
EB cultures of Pax6-5a-expressing ES celis from which Tet
was removed for 0, 1, 2, 3, 4 or 11d after Day 0 (Fig. 3A).
When Tet was withdrawn for 11 d. more than 60% of EBs
werc found to be necurite-positive (Fig. 3B, row f). The most
dramatic increase in the percentage of neurite-positive EBs
observed occurred between 2 d (condition ¢) and 3 d (condi-
tion d) of Tet withdrawal, suggesting that Pax6-3a-induced
neuronal commitment is established in this system during the
first 3 d of culture.

Pax6-5a Expression Upregulates Neuron-Related
Genes in Murine EBs  To determine the identity of genes
activated downstream of Pax6-5a, we performed a DNA mi-

fon!

A Tet (+) . Tet ()

Anti-[3!i1-tubulin Stain

B Control  Pax6 Pax6-5a
Tet: 4+ — 4+ - 4+ -

Pax6/Paxt-5a

Ache

5-HT5a

L1

EFt

Fig. 2.

Cells

Pax6-5a Inhances the Newronal Differentiation of Murine £S

tA) Newron-like differentiation. Tet-regulatable Pax6-Sa-expressing FS celly were al-
towed to form s m the presence or absence of Tet. folfowed by smunostasmng with
anu-Bii-tububin Ab. (B) Neuronal marker expression. Control, Paxe- and Paxe-Sa-ov-
pressing ES cell lines were valtured mthe presence or absence of Tot for THd and ex-
pression levels of the newronal marker genes Ache, S-HT 30 and L1 were deiennied by
RI-PCR. FFE oading control

A
Day0 1 2 3 4 5 6 7 8 9 10 11
._+:__‘.‘f.-‘__;i. fluties b mep S N - oo
a v s s anns
3%
cd .....
ef|{
Tet (+}: oeveene Tet (-): o
B g0 -

60

40

201

% of Neurite-positive EBs

a b ¢ d e f

Fig. 3. Time Course of Pax6-Sa-Induced Commitment o ES Cell Neu-
ronal Differemtiation

tA) Experimental scheme. Tet-regulatable Paxo-Sa-expressing ES cells were cultured
with Tet for D—-11 d as indicated (a0 13 LB formation commenced on Day 0 and nou-
ronal differentiation was assessed on Day 11 (B) Day 3 commitment. Percentages of
nearite-positive £Bs in the colivres i (A were assessed by microscopy A signddicant
increase i neurite-positive FBs occurs between Day 2 and Day 3.
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croarray analysis of Tet-regulatable Pax6-5a ES cells cul-
tured for 3d in the absence or presence of Tet. Among the
many genes whose expression was increased in a Pax6-5a-
dependent manner were the transcription factors basic helix-
loop-helix domain containing, class b2 (bHLHb2) and
Oct3/4 (data not shown). Both bHLHb2 and Oct3/4 are able
to induce ES cells to differentiate into neuronal cells."*'" To
confirm the effects of Pax6-5a on the expression of bHLHb2
and Oct3/4, we carried out an RT-PCR time course analysis
of Tet-regulatable Pax6- or Pax6-5a-cxpressing ES cells cul-
tured in the presence or absence of Tet for 1—5d. bIILHb2
mRNA expression was constant in Tet-on and Tet-off Pax6-
expressing ES cells regardless of the number of days of Tet
withdrawal, whereas Qct3/4 expression declined in a time-
dependent manner in both Tet-on and Tet-off Pax6-express-
ing ES cells (Fig. 4A, upper panel). In contrast, expression
levels of both bHLHb2 and Oct3/4 mRNAs were increased in
Tet-off Pax6-5a-expressing ES cells compared to Tet-on
Pax6-Sa-expressing ES cells (Fig. 4A, lower panel). These
results suggest that PHLHb2 and Oct3/4 are downstream tar-
get genes of Pax6-5a.

To determine whether the bHLHB2 gene was truly a tran-
scriptional target of Pax6-5a, we carricd out luciferase re-
porter assays examining bHLHb2 promoter activity. A DNA

A | Pax6 |

Tet(+) Tet(-)

2 3 405

EF1
[Pax6-52] Tel(+) Tet()
Day1 2 3 4 511 2 3 45
bHLHD? e :
Oct3/4 '
EF1

B 2 "lNTERAZ'r
o 201 Mok | T
2 15+ B raxssal———
g
5 10
<}
e e
pTA-Luc pTA-5aCON-Luc pTA-DHLHb2-

tuc

Fig. 4. Influence of Pax6-Sa on bHLIHb2 and Oci3/4 Gene Expression and
bIILEIB2 Transcriptional Activity

(A} Increased PHLIED and Octr3'd expression. Tet-regulatable Pax6- or Pax6-5a-cx-
pressing ES cells were cultured for the indicated times in the presence or absence of Tet
and levels of bIILHB2 and Oct3 4 mRNAs were assessed by RT-PCR.(B) hHILHA2 is a
Paxé-Sa target gene. NTERA2 cells were co-trunsfected with a plasmid expressing
Pax6-5a or the vehicle alone tmock). plus the indicated luciferase reporter constructs:
pTA-Luc tnegative control). pTA-3aCON-Luc (positive control) of pTA-BHLHb2-Lue
(5 region of the KHLHA2 genc). Results shown are the fold change in luciterase activ-
ity relative to negative control.
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fragment encompassing 90 to — 1996 bp of the 5’ region of
the murine bHLHb2 gene was positioned upstrcam of the
pTA-Luc firefly luciferase reporter gene to create the pTA-
bHLHb2-Luc reporter. This reporter was cotransfected along
with a plasmid expressing Pax6-5a into NTERA2 cells, a
human embryonic carcinoma cell line. As a positive control,
we generated the pTA-5aCON-Luc reporter plasmid that
contains a Pax6-5a-binding sequence and responds to Pax6-
5a. Interestingly, the degree of induction of pTA-bHLHb2-
Luc was equivalent to that of pTA-5aCON-Luc, indicating
that the bHLHb2 gene is dircctly or indircctly regulated by
Pax6-5a at least in NTERA2 cells.

DISCUSSION

In this study, we have shed light on the function of the
Pax6-5a isoform using a Tet-regulated conditional expression
system in the context of EB-mediated ES cell differentiation
into neuronal cells. Firstly, we established ES cell lincs in
which the expression of human Pax6 or Pax6-5a was regu-
lated by the presence or absence of Tet. Secondly, we demon-
strated that expression of Pax6-5a, but not Pax6, enhanced
the differentiation of EBs, but not monolayer ES cells, into
Ache® 5-1ITSa” L1" neuron-like cells. Thirdly, we showed
that Pax6-5a-induced neuronal commitment occurs within
the first 3 d of EB formation. Finally, we provisionally identi-
fied hHLHbH2 and Oct3/4 as downstream target genes of
Pax6-5a.

We have previously described a missensc mutation within
Pux6 exon Sa in four families with members suffering from
Peters anomaly, congenital cataracts, Axenfeldt anomaly,
and/or foveal hypoplasia.” Biochemical analysis showed that
this mutation caused a decrease in CTS transactivation activ-
ity. Singh er al. have reported iris hypoplasia and defects in
the cornea, lens and retina in mice lacking Pux6 exon 5a.'
On the other hand, overexpression of Pax6-5a induces a re-
markably well-differentiated retina-like structure in chick
embryos.”’ The collective results of these “loss of function™
and “gain of function™ studics suggest that the evolution of
the Pax6-5a isoform has contributed to the advanced features
of the vertebrate eye. Our data are consistent with this hy-
pothesis, in that forced expression of Pax6-5a, but not Pax6,
strongly induced the neuronal differentiation of ES cells.

As shown in Fig. 1, our cstablished ES cell lines showed
EGFP plus exogenous Pax6 or Pax6-5a protein expression
that was strictly regulated by Tet in monolayer-culture condi-
tions. However, the percentage of neuronal differentiation
from EB culture, which is a kind of three-dimensional cul-
ture, were 23% in the presence of Tet and 97% in the absence
of Tet, respectively (data not shown). We could observe the
expression of neuronal marker genes such as L1 and Ache
even in the presence of Tet by RT-PCR (Fig. 2B). We specu-
late that Tet is less effective for EB culture compared to
monolayer culture, resulting in a leak of Pax6-5a expression
and an induction of neuronal differentiation from EB culture.

As mentioned above, the paired domain of Pax6 is com-
posed of two subdomains: NTS (also called PAI) and CTS
(also called RED). Each subdomain recognizes a distinct
half-site of the bipartite Pax6 binding site positioned in adja-
cent major grooves of the DNA. In Pax6-Sa. the NTS domain
is modified by the insertion of 14 amino acids encoded by

Presented by Medical*Online



June 2009

the additional exon 5a. This addition alters the DNA-binding
specificity of the paired domain such that it recognizes a new
consensus sequence, SaCON, The 5aCON sequence consists
of four interdigitated 5' half-sites of the bipartite consensus
sequence and is thus bound by four Pax6-5a molecules vig
the intact CTS domain. A previous study of transgenic mice
overexpressing human Pax6-5a in the lens showed that the
human @5 and S1 integrin promoters contain both Pax6 and
Pax6-5a binding sites and maybe directly regulated by Pax6
isoforms."” Another report based on a genome database
search and biochemical analysis showed that an enhancer
present in the yYE- and yF-crystallin genes is recognized by
both Pax6 and Pax6-5a.'® However, there is little physiologi-
cal data on genes that are regulated by Pax6-5Sa, either di-
rectly or indirectly. Therefore, our Tet-regulatable Pax6 iso-
torm-expressing ES cell lines should be useful for identify-
ing target genes of Pax6 and/or Pax6-5a. Indeed, we found
that expression levels of Oct3/4 and hHLHb2 were strikingly
influenced by Pax6-5a.

In vivo, Oct3/4 plays a critical role in maintaining ES cell
pluripotency. /n vitro, sustained transgenic Oct3/4 expression
in ES cells cultured in serum-free LIF-deficient medium
causes accelerated differentiation to neuroectoderm-like
cells, whereas suppression of Oct3/4 abolishes neuronal dif-
ferentiation.'” Thus, Oct3/4 promotes neuroectoderm forma-
tion and subsequent ES cell diffcrentiation into neuronal
cells. Our data indicate that the activation of Oct3/4 neces-
sary for neurcectoderm formation depends on Pax6-5a activ-
ity. The other gene we found to be regulated by Pax6-5a,
bHLHb2, encodes a basic helix-loop—-helix protein with sig-
nificant sequence similarities to the Drosophila hairy and en-
hancer-of-split proteins as well as mouse Hes proteins. Over-
expression of bHLHb2 in monolayers of P19 embryonal
carcinoma cells results in neuronal differentiation under con-
ditions where P19 cells typically undergo only mesodermal/
endodermal differentiation.' Thus, bHLHb2 is thought to be
a repressor of several of the cell fate decisions that occur dur-
ing cellular differentiation. Our data indicate that Pax6-5a
may regulate bHLHb2 activation and thus determine neu-
ronal differentiation during embryogenesis. With respect to
adult vertebrates, Pax6 has been shown to be required for the
production and maintenance of progenitor cells during post-
natal hippocampal neurogenesis.'®’ Thus, Pax6 plays impor-
tant roles in both embryogenesis and adult body homeostasis.
Our results suggest that Pax6-5a may be the Pax6 isoform
most critical for influencing the neuronal differentiation nec-
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essary for these processes.
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The time and route for finding infants’ eye disease
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3% 1 2002 4 3 B~ 2008 & 12 B4 L - 4BIE 5 #iR0E (Ro) B¥ 46 i, RRERERAR
(Gla) BE 254, S%eXAMRE (Cat B 7505, MEMTFARE (VDB 119GI0BMR, H RR- =2
SRR, RERETRELL

crm ) AR 151 B, KIRME 114 6, X33 Ro HAGELL - HIR 57 %, GlaHAREE
64 %, CatBEALARBA5%, VtEFHR34 % RS TH-%. ER - SERBUTEY Ro#
63%, GlaB¥32%, Catf¥53%, VitB¥58% %%, GlaBfid/NEf EH, RbEHINEH, sl
BB A RSB o1 WBEBOTIIERoHE 16 »H, GlaBf26» A, CatB35A, Vit
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{Abstract] Purpose @ To survey the time and route for finding infants’ severe eye disease,

Methods : Data were analyzed from 46 cases of retinoblastoma(Rb), 25 cases of congenital glaucoma
(Gla), 75 cases of congenital cataract(Cat), 119 cases of vitreoretinal anomalies(Vit), referred to the
National Center for Child Health and Development from March 2002 through December 2008. Affected
eyes. chief complaint. route from finding to reference, age at the first consultation were investigated.

Results : There were 131 bilateral cases and 114 unilateral cases. The most complaint was leukocoria
(579%) in Rb. corneal opacity (64 %) in Gla, white pupil area(45%) in Cat, and strabismus(34 %) in Vit,
The dircct route via family formed 63 % of Rb, 32% of Gla, 53% of Cat. and 38% of Vit. The second
route was reference via pediatrician or obstetrician in Gla, pediatrician or infants’ screening in Rb.
Mean age at the first consultation was 18 months in Rb. 26 months in Gla. 35 months in Cat, and 11
months in Vit,

Conclusion : To inform parents, health nurse, pediatrician of the enough knowledge of infants eye
disease is required for early detection.

[keywords] Infants’ eye disease, Early detection, Retinoblastoma, Congenital Glaucoma, Con-
genital cataract
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Evaluation of contrast visual acuity and effect of absorptive lens in
children with low vision
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[Abstract] ~ Purpose : To measure the contrast visual acuity and evaluate the effect of absorptive
lenses i children with low: vision:

Methods | The visual acuities of different contrast of 48 children aged from 3.to 16 with low vision,
who visited National Center for Child Health and Development, were measured by liquid crystal dis-
played visual acuity chart, SC-2000. In these 48 cases, 27 cases could be assessed low contrast visual
acuity with and without absorptive lenses.

Results : The average contrast visual acuity (log MAR): was 073 in contrast ratio 100 %, 0.86 in
25%: 0.92in 125 % 103 in 6% respectively. The contrast visual acuities liner related with the chart
contrasts. There was no significant difference of the 6% contrast visual acuity with and without ab-
sorptive lenses.

Conclusion + The visual acuity chart displayed by liquid crystal was useful for measuring low con-
trast visual acuities in children with low vision.

[Keywords] Low vision children, Liquid crystal displayed visual acuity chart, Low contrast vi-
sual acnity, Absorptive lens
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