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Bh - W6 ERBT AR ENE TS, &
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LT3,

5) PET ((GEFRURBERFIER) X 5
JBE, AR, HEER OMUKRE, ER) B
L OB OB EBEN R EL OB
PET (b L —¥— : 18F-deoxyglucose
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&, MRRMECILE, MRS IR %
FELULMENTL, b MEWEESRE O RHZE O
Eipr—x 15,

6) HHI%R R & RIEMFE O X 5 -
BFREDB%

(3) DWFFRICE » THL T S D FHESE
FEMETFMCKEE LT, WED B VITRE
OBIENFIREDRR 1T 9. PR S
TR E DI Z 1TV, NSRS
Stk & DRI E BRMAT B,

C. WFHER

1) RN R OREFITES K& Ok DI
4

FHRE ORI QR IRE ., BEAbE )
D6FER BEFFEEEDTLOL) IZDoN
T, FIREZHRAE L., EFEFHR L migREo
NEZIT-> TN D, TTIR6 FRDOMEE
£, PR EBBEERLIY 1A= V—
LIRMTBHET LN B, EFRITEEDMOFEAN
BEEEFITITERN N & B REE L= MYOC,
OPTN, WDR36 72 &),

iae 4
ot
i
i

Family 1

i H H H H H H b i
DA 4w O éf- e e 0 o
B : B Sl

; | |
g 0o ooanm o o

2) HHNEFRICBIT 5 nultiple rare
variants OEEER

INEE X7 DNA KRR & 7 ) e s
Y & U (Agilent SureSelect V4,
V4+UTR) , AR S — 27 = P — (HiSeq2000,
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LEZ BT I D&, LHEOBEE THE
BB F2 common variants DERFRDNMH
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ARMS2/HTRA1 fEIRIZ p fH 107235 10 DRV
FAEEASHE R & 7228 (Goto et al, JOBDI 2009) .
BB TIZZ O X 5 ZetEEIEAE b TuniRny,
ZOL O EEROE R L LT, common
disease common variants il d &< 1€
SkOFEBAEAT CIE, SEERRWL OO, Bis
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AN KR, F LT R @88 L s

BT B05 SRR U AN~ 2T
THELIT TR AL, BEHCEPLTHD (B1A). #
BEOFLNTIERE (R VDY E % 5 A 84465102 (cone)
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by, PROBERIZL > THRET B2, Z0O%PTD
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&L TINEERE Y (age-related macular degenera-
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THY, AARTHR2AR BRI X o TRELRI M
LT, BRSBTS, ks, Wi, R,
FEEREBEROBERIC L o TRIET B & & HSEEH
Lo THOLPIZINTEY, TO10EMICSERE
FHRHEABoPTEoTE. 2510, WO
fE& L TIRVIE SR & 3 Wil A B BE, %

IR L . chES. MESSSREM. 200 MEHVR MDD (-

FEBITHRE BSR4 %, £ L CGEEN
BROATHEETAERY A PO 74— GERMRH
W) Bhb. ARMTRINL OBBEMED T
LZRFHRBONMBHEMEN L, M ROMMREED
BHELCET T2 A FAVBRERROER Y A b
7 4 — (macular dystrophy) ®—fTdh b+ 5 1Lk
WP A b0 7 4 — (occult macular dystrophy © =
) OREEETFHERICOWTITB/AT 5.

| EREOESHE RS

ES3H3501~03 mm O ERIEE &4
IRE R LA SRR S I, BEBIE I RN
O, R, KTHE, Ty oMk,
FEEANZICINZ T, 779 7 /MR & s BB A
T5., BMIRENICIERIVHEAHOT LIS
4AmmEMICMNEL, BEEIS~20mmoO¥Ls 2T
HHE%ZEL, COPLOEREN0.35 mm (FLE)
VAR AE ETHRE <P AR B AT R SR B L CER ML,

Visual function of the macula and molecular mechanism of the macular diseases

Takeshi.Iwata : Division of Molecular & Cellular Biology, National Institute of Sensory Organs, National Hospital
Organization Tokyo Medical Center [ENLIRBAS BBt > & — BRI > & — (RERL Y 5 =) ST LD 2R
ZEER)
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Optineurin is a gene linked to amyotrophic lateral sclerosis,
Paget disease of bone, and glaucoma, a major blinding disease.
Mutations such as E50K were identified in glaucoma patients.
‘We investigated herein the involvement of ubiquitin-protea-
some pathway (UPP) and autophagy, two major routes for pro-
tein clearance, in processing of optineurin in a retinal ganglion
cell model line RGC5 and neuronal PC12 cells. It was found
that the endogenous optineurin level in neuronal cells was in-
creased by treatment of proteasomal inhibitor but not by auto-
phagic and lysosomal inhibitors. Multiple bands immunoreac-
tive to anti-ubiquitin were seen in the optineurin pulldown,
indicating that optineurin was ubiquitinated. In cells overex-
pressing wild type and E50K optineurin, the level of the pro-
teasome regulatory 35 subunit (PSMBS5, indicative of protea-
some activity) was reduced, whereas that for autophagy marker
microtubule-associated protein 1 light chain 3 was enhanced
compared with controls. Autophagosome formation was de-
tected by electron microscopy. The foci formed after op-
tineurin transfection were increased upon treatment of an au-
tophagic inhibitor but were decreased by treatment of an
inducer, rapamycin. Moreover, the level of optineurin-trig-
gered apoptosis was reduced by rapamycin. This study thus
provides compelling evidence that in a normal homeostatic
situation, the turnover of endogenous optineurin involves
mainly UPP. When optineurin is up-regulated or mutated, the
UPP function is compromised, and autophagy comes into play.
A decreased PSMB5 level and an induced autophagy were also
demonstrated in vivo in retinal ganglion cells of E50K trans-
genic mice, validating and making relevant the in vitro

findings.

Glaucoma is one of the leading causes of irreversible blind-
ness worldwide (1) and is characterized by a progressive loss
of retinal ganglion cells (RGCs)? and axons and distinctive
cupping of the optic nerve head. The most common form of
this disease, primary open angle glaucoma, is genetically het-
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of Health Grants EY018828, EY005628, and EY003890 from NE (to
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erogeneous, caused by several susceptibility genes and per-
haps also environmental factors (1-4). Currently, a total of 14
chromosomal loci, designated as GLC1A to GLCIN, have
been linked to primary open angle glaucoma. Three candidate
genes identified so far include myocilin (GLC1A), optineurin
(GLC1E), and WD40-repeat36 (GLC1G) (1-3). Among them,
optineurin is linked principally to normal pressure or normal
tension glaucoma (NTG), a subtype of primary open angle
glaucoma (5). Optineurin mutations were noted to vary with
ethnic background (6). The E50K mutation, found in Cauca-
sian and Hispanic populations (6), seems to be associated with
a more progressive and severe disease in NTG patients (7).
Very recently, optineurin has also been linked to amyotrophic
lateral sclerosis (8) and Paget disease of bone (9).

The human optineurin gene codes for a 577-amino acid
protein that contains multiple coiled-coil domains and a C-
terminal zinc finger (10). The optineurin protein from differ-
ent species has high amino acid homology (11), and the amino
acid 50 glutamic acid residue is conserved in mouse, rat,
chicken, and cow (12). Optineurin is ubiquitously expressed
in nonocular tissues such as the heart and brain (10) and in
ocular tissues, including the retina, trabecular meshwork, and
nonpigmented ciliary epithelium (9). In the retina, RGCs are
immunolabeled with a high intensity (12, 13).

Optineurin shares a 53% amino acid homology with NF-«B
essential modulator and was identified as an NF-«B essential

modulator-related protein (14). Recently, optineurin has been

shown to be a negative regulator of NF-«B (15). Like NF-xB
essential modulator, optineurin has a polyubiquitin-binding
region in the sequence, and it binds Lys-63 linked polyubiq-
uitinated chains (16). Optineurin has in addition been demon-
strated to interact with itself to form homo-hexamers (17). It
also interacts with proteins, including myosin VI, Rab8, and
transferrin receptor. Super molecular complexes are detected,
and granular structures termed foci are formed when op-
tineurin is overexpressed or ES0K mutated (17, 18).

Proper processing of cellular proteins is of vital importance.
In eukaryotic cells, the ubiquitin-proteasome pathway (UPP)
and autophagy are two major routes for protein clearance
(19-21). Proteasomes predominantly degrade, in a specific
manner, short lived nuclear and cytosolic proteins. The bulk
degradation of long lived cytoplasmic proteins or organelles is
mediated largely by autophagy. Proteins can also be degraded
through the autophagy-independent endosome-lysosome
system.

Protein degradation via UPP is a temporally controlled and
tightly regulated process that involves covalent linking of a
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