WA, Thid W2ssX BRICL B IO TIEHARL
R406C ZEIZ L B LD TH o 72¥, KNTHES
N7 B HARR B I 2 B0 B RE(EF1E GLUT9
TH 5% GLUT9 M ICB W TR Ehi
R380W 25 (380 HH D7 I /BRAS, 7N F=V
R 5MF) 777y (W) ICBIR) BXLO
R198C % (198 HHOT I VBTV F= v
R) HHYAF Y (C) IEWR) Tk, WMEHEd
VETSERIRBOBFRINGENTHE L T, Wi
NOERYL, RBRLT VAR—F —SFOBEE
ERALDERET, HEMOT I VEAREOT 3
BRICEBRSNEHOHEIRE TS, Zhick

D, BEEERIMLOMESELL, REREHLRENH
RTBIDEEZLNTVEY,

BAE, BHERBIEOREEETF & LTHRE
SNTwBEFEMmo KK &EETF I, URATI &
GLUT9 DA TH b, LrL, BHERBIILED
Y URATI & GLUTY OWiHE I\ BIZFEREZ D
BWEGPSHEELTEY, FHEETERICER
T 5 EHREBIE 3 RIOGFENEEEIhTn
bo G4, 8O hLFREREETORENE
b,
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3. BEI%({EPREAIMEE

Renal hypouricemia

=NITF=R-—1

e EY

mHERE? M/ EME

FARRERIMAE 1, M O ERIRRE 2 fe i &
THHEEERETH Y, KEHEEIANUTH L,
IEBMETH B Z LB LW, ABHES L GED)
BRABEENERIREBSAPMEE 25, HiEOk
PRAIE IS BT B IREROHIIEES I SER L TB
D, EEBEEFCL D BHERBOE 12 (re-
nal hypouricemia type 1 : RHUC1) & B HAKMKER
1fitfiE 2 T (renal hypouricemia type 2 : RHHUC2)
o s A", FRZF 1 urate transporter 1
(URATI1/SLC22A12) & glucose transporter 9
(GLUTY/SLC2A9) DT ERPRETH 5,
AL ZABGELRTZ <, RIS LT
FEEE 2T ) o BIHRIRERIAE 2 O b DD Fi4iE
BIFTH Y, To0RKGERZEZL)EHEL
T2 EPHETH S,

WEAR) OBEFERICL D, RO RN
BEAZ BT 2 IRERFWIBEREAME T 92 2 &,
R LHRETDH b,
1, BREDWT

7 ARE, MO DNA R E&EWF 7% &6 <
ROONIZYWETHY, IhPEEATRH S
REBEER D, & b R2ECERBEO—FTIE, KEE

BHERBEIAE, GLUTO/SLC2A9, URAT1/SLC22A12, IREBMIER (MD U AR—9—), BE 2B LS

DBETH LY ) —F uricase 1 Z{BEETF &
GoTHED, ZOREIRBLTWS, 20720,
TN —EELDOTIALE LIS AL, L]
DMERBAILEEE RS, MAI RSB 2
LT HIRAETH & B RERMIE I, iR & e
DY) AZ b Y, BERIRBORFIEIIE L
monTwb, —FHT, REIGER UL
AL, homficBisE—obmeyE s
LT (ALY ETHLEY I Y CDHY6
FBORETHEAT 2), BF (b7 rF4
D7) KHETATREEDEL LN TWEY,
2. BHICHIS D RBOBE
FIIZ BT BIRBROERE CIE, HRNPH %z
DAL LIRBIEEPEE R EEEE - T
5o BARIMITB W TRUR I IEM X 72 R,
F ORI ASEMIRME CHWINE NS, €D
BHEIC BT 5 AMEWN R RIEO TR, FI
URATI? 3 X U GLUTYY @ 2 -0 ) J7 B W I iy
BRI - T 5B, i vitro DWETICB VT,
URATIL & GLUTO X &5 6 b i3 IR ER ML E 15 e 38
NRyA70a ALY, EOFRITERE S HIH
ENMb,
C REOMEICL Y, RESWE O, E L%
& ABCG2/BCRP (ATP-binding cassette, sub-
family G, member 2) ZARHSINTEBY, F0#E
EFLEMERDOTELZFRRO—2>THB I LD
HPALTWAY,

VBARER AR D TGS R
(T 359-8513 AFIRIlidEA 3-2)
TRREMARREEEINE
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MEFREENMET
(BHLEPRBEMAE) |
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a! FREBEOEBZWEWMINE S IVICHS VT, REBIZERAAD S MmizAA
URAT1 LU GLUTY9 (FA V74— LTHS GLUTIL & GLUTIS (2413
TERRLTWVS) W) 2 DDEHFEEEN L THERINE M B,

b URATY £72 14 GLUTY ICBEFEEP &Y, BRI KT T3 &
ERBEIERTTS (Z2TE—HELT, GLUT ILEETEENH -
2B EERL TV B), PZA I3 URATT BR{RIC BV TREE S XX S 1,
REEOBRINEZREET I &5, BMERBOA 1M E 2 BOENIE
ST+ RARRBRIERTE 3, UL, URATT £ /1 GLUTY MEET
EREEERNLAFYF, SREICHTI8BIEL, »POBETH B

g = 5 WAL, BUURBIELNS SR Shs (H),
URATI 7213 GLUT9 ODJEfT:j‘Z"a'i'éL In, B R REBEME O R & & BB EFER T
IEALIRAE (BT B IRER O TR MR T 5 LoDy —HFMENTEY, URATL &1
&, BURD S ORBOFRILGEA L, R~ FORBEELERTHD[ WX LR (URATI
IREEFRIASHEN T 5. T 0720, MAOREMEE #BETOIEFLNOTI/BRTHLI) T 7y
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A. FRESHEM FUERMERBRME
1. BMEEREMAE (15 : URATT 881E, 28:
GLUTY B#fE, 3% (?) 1 EETFRAE)
. Wilson #&
. Fanconi fE{&3#
ADH TE & b iEIRRE (SIADH)
. BlEEE
HEFRIR
HE O {ER (benzbromarone, probenecid,
sulfinpyrazone %)
8. iR
9. #AMTH
B. REEEAETIVEREME
B R R T AR R B
FYHLFURE (#1471, 2471)
EYUTFLOT77 7 4 —RIBE
purine nucleoside phosphorylase (PNP) ‘RIBHE
phosphoribosylpyrophosphate (PRPP) & ik B
FIEETE
SEfTEE
. BYMOER (allopurinol )
8. 3\W%H

~N O R LN

[0 1 B s R A

~N »

(W) IRET s ryaEa Ry (X) &7
HER) WHAAOHUKRBIESTIZED S
HEIC D b b, GLUTY #fzFTiE, iy
FREEN AR TH D [R19SC) B LU [R38OW
5 (GLUTY =T 198 FH F 7213 380 7
DT NVFZ (R) IZHitd 3 FrBiethEh
PATFA L (C) FREMIT T (W) &
BYEE) 25, EHIURBIIESR IZBIT 5 BET
PR E L TEMICHE s TRI98C] BLD
[R380W ] (3 & 342 GLUTO BB w fH s % 0
M7 I VBPTET I /BICERS AL
T, ThC L) EEEBAOMEERIEA TSRS
SRR SRR TH E VI EIE LS
NTwnaY,

URATL BizFEZERICL hE &I 2 NEEHE
BPRIBINE % [P ERIE 1 2], GLUTY &
ZFERIZ L D5 X2 SN 5 B EURES ME %
[E AR s 2 #] L F525 URATI &
GLUT9 Wil bR % R0 e WIE B AT RY
ENTWBEI EHD, GHEREmE 3]0
FIEFTREENSL (58).
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T4 AL v, SIS TEAR I
BHIENLVD, GIHERFIEL THOTHMH S
NHZEddbd, MiE - RIRETR, GERE
TEEICLTHWT 5, HB B 1335 £
BEPHWONLZ L H B0, BE~OEEY
LT 5L, REHZEROBETHREICLD S 4
THNHENTHLEE L OND,

1. BEER - MEER

EE A EOBITIEREN 72 BRI B s IR
%, HEBH TR RO A Z EAE v, HE)
BICAMBERETIET A AR IRMA R DREIR
PRI B DD,

2. s (MEREE)

(CREEIE DELEIZ DWW, WEOHEIZ LR
WEMERIBEL [1.5mg/dLUT] &35 0H0
5 [4.0mg/dLLUT] &5 b0ETIENDL",
—RICFDEEE [2.0mg/dLUT] 453D
BEWDS, TOHA, URATL % GLUT9 O~
OARIC & 2 WEOBEKRIBINERE (0 RBE
2.0~3.0mg/dL) % LETHEEEID 0, EEHN
VETHD,

o FR ST [ ED rb S b
3. s (RAPRERE

i)

Bl & FR A~ JREEHRILTAE O A7 46 % i s 5
5728, RHRIEHEM =S fractional excretion of
uric acid (FEys) 2MET 5. FEnlZ7 L7 F=
YONTITYAERBRY VT TV ADHTHY,
1 ORI E & F—HR R 72 3 F RO Bk x A
W, LTORERICIVERT A,

FEuya(%) = (UUA XSCr)/(SUA X UCr) x 100

(72720, UUA i2RHRIBME (mg/dL), SCr i
mEZ L7 F=4 (mg/dL), SUA QIMERE
f (mg/dL), UCridR¥h 7 L 7F =M (mg/
dL) #487%)

FEu DML 5.5~11.1% Th b EHAUR
BMESEHETE50%EBREZEbH D,
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EOFEAATmHRETI 2L, BHITT LA
HAKE WV, FD723, BURIREBIE 1 HE 2
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BB REMOER % RIS S B TR
ﬁ@#oﬁﬁm ChHHEFEZOND,

?L?UJ% Ve LTk, F 2 F UBRAER Fanconi
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GOHES U TEAHER R REFHEA (120 LT
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B RBRIMAE 12, BlROEMRMEEICET 5
RBOBRINALXIERT2REE 7 v A X —
Y—RTH D, AHHEL L CEBRANTE ISP
REFERDERE L 72 5, BHRRBBINGE 18RS
I 1B L 2RI EE TR D, WEEET
I3 urate transporter 1 (URATI/SLC22A12) &
f& F+ & X Uglucose transporter 9 (GLUTY/
SLC2A9) BEFTHB I LM, winbHEA
DREFIBFT DSBS » Lo T3, URATIE
X UGLUTOE, €65 4 FHOBMRMEICE
JARBERINE 7 Y AR=F—ThY, Zhb
DOEREARIC X D, BMHERERIE & Z D&HREDS
mE2 (&1, —74 KB 7Y 28— —@s

FABCG2/BCRP (ATP-binding cassette trans-
porter, subfamily G, member 2) I, ERERIM
EPREOEEREEETFTH) (R, 20
BERRE T IC & b IS IRBBEIERIC LR T2 2 L
BohroTER.

URATI, GLUT9, ABCG2D#ZBIEF I3, »
TNHIMBERBMEDO Y 7 LT A4 FEEBT
genome-wide association study (GWAS) &
WTZOMEBRINTRY (R2), Lol
ERBREOTH I EE R EHENRE ZH-> Tw
5. ThoDEETDH) L, URATIERTRE
N7 ABRUBIZADTHEINZDDTH
b, GLUT9® & WABCGZ DTEBFIZ 2w T
bt 7 LABEEDOGWASHERE L 7K

®1 EMOERERMZYAR—7—ERERAKBEERS

RBFS v AR—— BETEM

B AE (PRIBIX)

FIVARR—S—BERRILL D

FRESARH BB R
URaTSLz2Alz  1q13 R el hypouricemia type 1)
GLUT9/SLC2A9 4pl6-p15.3 %ﬁ%ﬁ@gn%ﬁ% %ﬁﬁg%ﬁ%fimmwmmwwz)
RFAZE - B ﬁ%&%@%ﬁﬁ%%p’iuﬂcemia type 3?)
ABCG2/BCRP 4q22 RERDEE A, (gout)®

SRR E—BEFRETIR R, EEREEET L L TABCGZEBFIAES LT 3,
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146  Annual Review ¥R% - R - Mo 2012 11, @ B, BROECOES
#2 MERBEOEEZENRE UL/ L7T1 KEEEHT (GWAS)
FRE =& HRAB NRAE BRgET R
2007 Li, etal. 4,371 A 4 # Y 7 ASardinia GLUTY/SLC2A9, PIAZ 21
[1,301 A] [4 # Y 7 AChianti]
2008 Doring, et al. 1,644 A FA v A Augsberg GLUTY/SLC2A9 22
[4,162 A1 [FA 7 AAugsberg]
[4,066 A1 [F4 Y APomerania]
[1,719A] [#A—2Z Y 7 ASalzburg]
2008 Vitart, et al. 986 A sar7F7TA GLUT9/SLC2A9 23
[708 A1  [4 %Y 2 AOrkney 5]
2008 McArdle, et al. 868 A FAYRPAUIA GLUTY/SLC2A9 24
2008 Dehghan, et al. 7,699 A a—nayRREREA GLUTY/SLC2A9, ABCG2 26
4,148 A * 5 ¥ ARotterdam SLC17A4-SLC17A1-SLC17A3 gene cluster
11,024 A TAVAABAA
3,843  TXUAABRA
2009 Kolz, et al. 28,141 X a—wuy A(XFEHT)  GLUTY/SLC2A9, ABCGZ 35
SLC17A4-SLCI7A1-SLC17A3 gene cluster
URATI1/SLC22A12, OAT4/SLC22A11
MCT9/SLC16A9, PDZK1, GCKR
LRRCI16A-SCGN gene cluster
2010 Kamatani, et al. 14,700 A HAA URAT1/SLC22A12, GLUTY/SLC2A9 40
ABCGZ, LRP2
2010 Yang, et al. 22,054 A BREA (X 8 14T) GLUTY/SLC2A9, ABCG2 41

OAT4/SLC22A11
SLC17A4-SLC17A1-SLC17A3-SLC17AZ2 gene cluster
GCKR, INHBC, RREB1, PDZK1

# [ ] 3replication study DR ZRYT, (CR31 L W BIE, &E)

IR RBEEREDFREE 25 Z LR IN
7o, TOXHIT, BEHRRBRILE % & € FRESET
BROFE & 7z 5 TIRBEDFE 1B b 5 85T
DOHBPBEE ThINndr> B RO 121,
E M ICB ZRBORHIY Y A & D MBDIF
FHBHEHRL TRESBE>T0S Z LBERL
T3, AT, &M AHEOERICHE
B &b & 7o CE R IMTERBEDOFE A = X &
R, REBEEER, RIS HERBIEO&EE
DHEER IO WTHESLT 5.

A. REERBICEITEE

B LIUEREO—FCRIRBOREETH
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390 —EBRELTWS, 200, EFD
REREIZ = R E DD DISHIE L KT
5 LEEERT Y. vV —YEEFRIEERD
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BB 2 L BEETLL CReCHEESR
RoTws, HLOEFAHEHETIE, RBIEZY I A—
Ik Y OBINTKRKE®EDT IV F LV R
D, BZEMNCEERI NS, LA LEds, k&
FZBEWTIRY Y A —EW2 0w DRBE 7Y v
RBOBKRFEY LS, 0B, 2/33F
g o R icHEt S, BRY D 1/3BE» o
RIcHElE NS, LEdsoT, t MCBWTBRE
DR - WXERBOREICER T 2EICOWT
X, R VAR —BEF/ vI77 =
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REE N 52 AR~ —ERA UEREOBRRE S UH RO FRE CUR28 X Y 5A, &%)

URAT1 & GLUTO iRFREEFRIN b 7 v 2 R —% — & L CEROEMREE < &7 3 RROBERINZ 7
5. —HT, ABCG2IZRMEEM 7 v AR~ — & LT, ElifdsoRBRImAT, BE~D
PREREEM (BAV R 2 2 2 EBRRINT L3,

—_
N

06

HC RBEI®E
(pmol/oocyte/min)

E2 URAT] BETFOREZERIC &S REE
REOZERLRET CUR4 X bEIAH, ®B)
URAT1 @ % £ #k(wild type) & & B &
(W258X) %2 7 7 U A Y A H VIR 5
BRE¥ T, RIERL - RBOWXER ML
7-. URAT1 O BFEEMRIC B\ C 1L EHH & RERE
REEr R L, BEA(W258X) Claigasssibsk
L, BMHERBINE ] HORRERTHE I L
MR XNz, Controliz URAT1 2 HE X
T WIIROBITERE2 R T,

Y AR EDETNEYEH T EOFEMRERIT
REETH 5, Z0X)LHHEE»S, SHEBOE T
ZXRE LN, Rict FOBEBIZE T 3K
EEZMENT & 2 s E D O TSR oS |
RTH-7? HFru—=v rEifiomkic &
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h 1990 4R F Tt % K DEBIC> W UOREER
FHREEIN—HT, BHEREBIEORKFE
BT DRIESCREFRIN - Pt D53 FHRERBOM
HIz2WwTide M7 AFRDEREZROZ LI
ot

B. Bi-{SRERMAF 18

BEEERBILEINOFRRAEETTH 5
URATI X, BEBE7 AV 7V AR—F—Tdh
% OAT4 L OFFIOMEAMED S, & 77 SMEHE
ROBHREZEATEIECE VO TCRAEI N
79, DL & URATIEEFHRER O FHRI b
FUVAR—=F—%a—-FT23 LB THEZ
iz (K1), URATI % v 8 7 BIEM RS O
BRI BET 5 REERINE 7 Vv AR—F— ¢
LCBERENICHREAL TR Y, B - BIREBIME
BEETHIRV AT YOENSTFTH
5. URATI B FOBELTLICHERT 2
W258XZER (258FBD Y 7'+ 7 7 vaikkik
ARV ERZF VRV RER) TIRIRBBEIE
Ficm#lzns o s (KM2), URATIIZE b
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DIREBENRRIC B\ » CEHEE L A RE %2 BT
bDEEZ N, BHEADBHKREIMEE 32
BT DEHTTIE, 3081 URATI BEFD
EEBED 1Y, ThETOHAADERE
IMFE DFEBGIMRAT 13 W258X ZSH o8t b sl R 1z
ooz, Bz, W258X (G774A) BRE
(DNAV RNV TT4ABHD I 7= v B7F= iz
BN 2ER) FHAATREEOR W—EES
# single nucleotide polymorphism (SNP) T
HY, TUNHEIZ2.30~237%Th 5 LHE
INTv 389 ERBILEORREGFERT
H B W258X (G774A) T 6N 3 J/AITIE,
BRI DI W LA FEINTWE Y, EBR
BRIMMFE 1 HARANICS W LI STV 528,
N7 7 RETEL RURATIE B F D
W258X ZEEZMTFERMNEICHARICERL, 20
BEFBIEE -7 TAAERIR, kb HERAR
ZLRBOONB LI oD EEISNTY
%10 sEEIC B\ T b URATIEEF D W258X
EEMERBIED FERRERTH L Z L
FEINTOIHY, 797N TIX URATI E
BF (Fric W2s8XZER) MBboTwa tn)
HERZ R, FZIE, ¥V 7 OBHRRBIMAE
8B DA TIZ URATI BIZTOERIZ £ AH
INTE ST, 797 BT OERRIN
I RE 2 B8EFPEE LTV 2 TR EH
SN, HEADBFHERBRME T —IRIC
URATI BEFOERE RO R VEFIVELET 5
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FEEFORRIPIRE o 7,
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1. WEBEFGLUTI/SLCZ2A9

Bz i3, GWASHIC HADORKEUEEFEZN 7 —
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kY, GLUTY/SLC2A933%E 2 D R D FHRIN +
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FVAR—F—THY (K1), ZOEREHERED
EEPBHERBIEORRE 222 (K3) %
HELEY, ZoHEME, URATI/SLC22A12
BIEFOREI X % b 0x TBHERERIME 1 5,
(RHUCI, renal hypouricemia type 1, OMIM
220150) & #& L, GLUTY/SLC2A9EE T D
BERicisdbolr "BEHERBME2R
(RHUC2, renal hypouricemia type 2, OMIM
612076) LERFHIND L HIho7 (R1).
B4 DT 1B Tk, GLUT9Z RiEp|
BT OERIZL 3P EEQMBERBEOET
(1.5~27mg/dl) 2R LTEDH, REBEDE
T FEua D kR I3 URATI BEF D W258X ~F
NERIZE S0 LABREOENTH T, Bl
K PRER M 1 2 & 270 o BEPR R B8 o0 48 I,
527 FAMRBRIINT 2 EOENLTH
5. URATI F 9 VAR —F —BEIYFIFD
RHEYTHIESSVANE VB (PZA) LR
BB L MR % T IR OBRINE (EE T 5,
L7h> 7T, URATIOMBEET 2 3180
R BT, AMHREIC X 3 IREFRIN O
MBZED oievd, dbLARZORENMETT
%, —#, GLUT9 F 5 v 2K —% — 3 PZA %1
RELwikd, €523 FEMARICEWTE
WL (REEFRINOEM) 273 2 L2R#ET
H5, L Luds, BROBHTEIYFIF
ARRERE ET 2 L IZEEICNT 2 BB
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Coloboma and various ocular abnormalities have been described
in CHARGE syndrome, although the severity of visual fmpair-
ment varies from case to case. We conducted a multicenter study
to clarify the ophthalmic features of patients with molecularly
confirmed CHARGE syndrome. Thirty-eight eyes in 19 patients
with CHARGE syndrome and confirmed CHD7 mutations
treated at four centers were i‘e%m@g}eaiveiv studied. Colobomata
affected the posterior segment of 35 eyes in 18 patients. Both
retinochoroidal and optic disk colobomata were bilaterally
observed in 15 patients and unilaterally sbserved in 3 patients.
The coloboma invelved the macula totally or partially in 21 eyes
of 13 patients. We confirmed that bilateral large retinochoroidal
colobomata represents a typical ophthalmic feature of CHARGE
syndrome in patients with confirmed CHD7 mutations; how-
ever, even eves with large colobomata can form maculas. The
anatomical severity of the eve defect was graded according to the
presence of colobomaia, macula defect, and microphthalmos.
A comparison of the severity in one eye with that in the other eye
revealed alow-to-moderate degree of agreement between the two
eyes, reflecting the general facial asymmetry of patients with
CHARGE syndrome. The location of protein truncation and the
anatomical severity of the eves were significantly correlated. We
suggested that the early diagnosis of retinal morphology and
function may be beneficial to patients, since such attention may
determine whether treatment for amblyopia, such as optical
correction and patching, will be effective in facilitating the visual
potential or whether care for poor vision will be needed,
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Key words: CHARGE syndrome; CHDZ colobomas ophthalmic
features

© 2012 Wiley Periodicals, Inc.

P109

How to Cite this Article:

Nishina S, Kosaki R, Yagihashi T, Azuma N,
Okamoto N, Hatsukawa Y, Kurosawa K,
Yamane T, Mizuno S, Tsuzuki K, Kosaki K.
2012. Ophthalmic features of CHARGE
syndrome with CHD7 mutations.

Am ] Med Genet Part A 158A:514—518.

INTRODUCTION

CHARGE syndrome is a multiple malformation syndrome named
from the acronym of its major features: coloboma, heart defects,
atresia of the choanae, retarded growth and/or development,
genital anomalies, and ear abnormalities [Pagon et al., 1981;
Zentner et al.,, 2010]. The major ocular feature of CHARGE
syndrome is coloboma, and a previous investigation by ophthal-
mologists revealed an incidence of up to 86%, although the severity
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of coloboma and visual impairment varied from case to case
[Russell-Eggitt et al., 1990].

Recently, the gene Chromodomain helicase DNA-binding protein-
7 (CHD7?) at chromosome 8ql2.1 was identified as a causative
gene of CHARGE syndrome [Vissers et al., 2004]. Up to 70% of
patients clinically diagnosed as having CHARGE syndrome exhibit
mutations in the CHD7 gene [ Aramaki etal., 2006a; Jongmans et al.,
2006; Lalani et al., 2006]. Although the exact function of this gene
product remains unknown, it may have an important effect on an
early stage of ocular morphogenesis.

We conducted the present multicenter study to clarify the
ophthalmic features of patients with molecularly confirmed
CHARGE syndrome and to explore the role of CHD7 in ocular
development.

PATIENTS AND METHODS

Thirty-eight eyes in 19 patients clinically diagnosed as having
CHARGE syndrome at the National Center for Child Health and
Development, the Osaka Medical Center and Research Institute for
Maternal and Child Health, the Kanagawa Children’s Medical
Center, or the Institute for Developmental Research, Aichi Human
Service Center were retrospectively studied. All the patients had
been molecularly confirmed to carry CHD7 mutations at the Keio
University School of Medicine [Aramaki et al., 2006a]. The clinical
diagnosis of CHARGE syndrome was made based on the Blake
criteria [Blake et al., 1998]. Molecular screening for mutations in
the CHD7 gene was conducted as reported previously [Aramaki
et al., 2006b]. Ophthalmic features were examined using slit-lamp
biomicroscopy and binocular indirect ophthalmoscopy. Two
patients were also examined using a spectral domain optical
coherence tomography (SD-OCT). The SD-OCT images were
obtained with RS-3000 (NIDEK Co., Ltd., Gamagori, Japan).
The best-corrected visual acuity (BCVA) was measured with a
standard Japanese VA chart using Landolt rings or pictures at
5m, then converted to Snellen VA.

The anatomical severity of the eye defect was classified as follows:
Grade 1, Normal; Grade 2, colobomata with macular formation;
Grade 3, colobomata including the macula; and Grade 4, colobo-
mata, macular defect, and microphthalmos. Then, Cohen’s kappa
coefficient [Cohen, 1960] was used to measure the agreement of the
severity in the two eyes among 19 CHD7-mutation positive
patients. The potential correlation between the anatomical severity
of the eyes in an individual and the amino acid position where
the truncation of the CHD7 protein occurred in the same individual
was evaluated among 14 patients with protein-truncating
mutations.

This study was approved by the institutional ethics committee;
the patients or the parents of the patients provided informed
consent prior to enrollment in the study.

RESULTS

The characteristics of the 38 eyes of the 19 patients with CHARGE
syndrome carrying CHD7 mutations are summarized in Table L.
Ten patients (53%) were male and 9 (47%) were female. The age of
the patients at the time of the examination ranged from 1 to 21 years
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(mean 7.9 £5.0 years). Ocular abnormalities were found in 18
patients (94.7%), bilateral abnormalities were observed in 17
patients (89.4%), and unilateral abnormalities were observed in
1 patient (5.3%). Among these 18 patients, all 35 abnormal eyes had
varying severities of colobomata.

The ocular features of the individual patients are summarized in
Table II. Colobomata affected the posterior segment in 35/38 eyes
(92.1%), retinochoroidal coloboma was present in 33 eyes (86.8%),
and optic disk coloboma was present in 33 eyes (86.8%). Both
retinochoroidal coloboma and optic disk coloboma were bilaterally
present in 15 patients (78.9%) and unilaterally present in 3 patients
(15.8%). The coloboma involved the macula totally or partially in
21 eyes (55.3%) of the 13 patients (68.4%): bilaterally in 8 patients
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(42.1%) and unilaterally in 5 patients (26.3%). The SD-OCT
demonstrated a partially formed macula and cystic changes in
the colobomatous area in 1 case (Fig. 1).

Only 2 eyes of 1 patient (5.3%) were identified as having iris
colobomata, and 1 eye (2.6%) of another patient was revealed by
examination under general anesthesia to have a dislocated and
colobomatous lens. No cases of eyelid colobomata were seen, but
congenital ptosis was present in 3 eyes (7.9%) of 2 patients who had
undergone surgical treatment. All the cases of ptosis were not
pseudoptosis associated with microphthalmos and/or cranial nerve
palsy, but were true congenital ptosis associated with poor levator
function. We evaluated the levator muscle function in each case.
None of the patients had a history of acquired causes or signs of
oculomotor palsy, such as paralytic strabismus and limited ocular
movement.

Microphthalmos was found in 8 eyes (21.1%) of 5 patients
(26.3%): bilaterally in 3 patients (15.8%) and unilaterally in 2
patients (10.5%). Microcornea was also present in 7 eyes (18.4%) of
4 patients (21.1%): bilaterally in 3 patients (15.8%) and unilaterally
in 1 patient (5.3%). Persistent fetal vasculature was identified in 1
eye (2.6%). Cataracts had developed in 1 eye (2.6%), but neither
glaucoma nor retinal detachment was observed in this series.

The refraction could be estimated in 23 eyes of 12 patients
(63.2%). Of these eyes, 10 were myopic, 7 were emmetropic, and
6 were hypermetropic. High myopia (—6.00 diopters or more) was
found in 5 eyes (13.2%) of 3 patients (15.8%).

The BCVA are shown in Table I. The measurement of VA was
possible in 17 patients (89.5%) older than 3 years of age. The
remaining 2 patients were infants or mentally retarded. The bin-
ocular BCVA or BCVA in the better eye was less than 20/400 in 4
patients (21.1%), less than 20/60 but no less than 20/400 in 7
patients (36.8%), and 20/60 to 20/20 in 6 patients (31.6%) with
macular formation (Fig. 1). The overall prevalence of blindness and
visual impairment (less than 20/60) [World Health Organization,
1992] among the 17 patients was 65%.

The agreement of anatomical severity between the 2 eyes in each
of the 19 patients was evaluated using Cohen’s Kappa statistics. The
K statistic of 0.41 suggested a moderate degree of agreement, per the
guidelines by Landis and Koch [1977]. Because there was a mod-
erate, if not a substantial, agreement between the severity of the 2
eyes, the severity grading of the more severely affected eye was used
as the representative grade for the severity of the eyes in an
individual. The correlation between the anatomical severity of
the eyes in an individual and the amino acid position where the
truncation of the CHD7 protein occurred in the same individual is
illustrated in Figure 2. Patients with truncated protein devoid of the
SANT domain tended to have severer anatomical defects of the eyes.
Subcategorization of the patients according to the presence or
absence of the SANT domain (4 cases with intact SANT domain
and 10 other cases), and the subcategorization of the anatomical
severity of the eyes in an individual (7 cases classified as Grade 1 or 2
vs. 7 cases classified as Grade 3 or 4) revealed a statistically
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significant correlation between the location of protein truncation
and the anatomical severity of the eyes (P=0.02, chi-squared
test).

DISCUSSION

In the current series, the incidence of coloboma, the major ocular
feature of CHARGE syndrome, was 94.7% (18/19), which was
much higher than the previously reported incidence. Since most
of the authors were ophthalmologists, the number of cases without
eye defects might have been underrepresented. Hence, this high
incidence should be viewed with caution. Nevertheless, attending
clinical geneticists were on duty at all the participating children’s
hospitals, and thus the bias from such underrepresentation may be
relatively small. The finding that there was one mutation-positive
patient who did not have abnormal eye findings confirms that no
finding in CHARGE syndrome has a 100% penetrance as is some-
times surmised.

Both retinochoroidal and optic disk coloboma occurred in
94.7% of the cases, mostly bilaterally, while the incidence of iris
colobomawas only 5.3% (1/19). Coloboma also affected the macula
in 68.4% of the cases. We confirmed that bilateral large retinochor-
oidal colobomata represent a typical ophthalmic feature of
CHARGE syndrome with CHD7 mutations.

The incidence of anomalies in the anterior segment was lower
than that in the posterior segment, although microphthalmos,
microcornea, PFV, and cataracts were present in some cases
bilaterally or unilaterally. The presence of characteristic large
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retinochoroidal coloboma indicates the essential role of CHD7
inthe closure of the fetal fissure posteriorly between 5 and 6 weeks of
gestation, and the malfunction of CHD7 may have an effect so
severe as to influence the entire ocular morphogenesis to some
degree. Although most cases had bilateral colobomata in the
posterior segment, the severity and associated features often
differed between the two eyes. Other associated features in this
series were ptosis in 10.5% and high myopia in 15.8%. Subtle-
associated anomalies and refractive errors may have been under-
estimated in examinations that were not performed under general
anesthesia.

The anatomical severity grading of the eye defect was evaluated in
two ways: a comparison between the severity in one eye in compar-
ison with that in the other eye and the correlation between the
severity and the genotype. The low-to-moderate degree of agree-
ment between the two eyes (i.e., left and right) reflects the general
facial asymmetry in patients with CHARGE syndrome [Zentner
et al., 2010]. In other words, the lack of substantial or perfect
agreement between the anatomical severity of the right and the left
eyes indicates a variable phenotypic effect of the same mutation.
Yet, the location of protein truncation and the anatomical severity
of the eyes were significantly correlated: if the chromodomain,
helicase/ATP domain, and SANT domains are intact, the severity of
the eyes tends to be milder. Interestingly, all four cases in which
those domains were intact had less severe eye defects with intact
macula. Further studies are warranted to verify this potential
genotype~phenotype correlation.

The visual acuities of the eyes ranged between no light perception
and 20/20, and the prevalence of blindness and visual impairment
(less than 20/60) was 65% among 17 patients. A poor visual
prognosis depended on the presence of a large coloboma involving
the macula in the posterior segment and associated microphthal-
mos or microcornea, as reported previously [Russell-Eggitt et al.,
1990; Hornby et al., 2000]. On the other hand, even eyes with large
colobomata as a result of CHD7 mutations were capable of forming
maculas, resulting in good central visual acuity with superior visual
field defects. As shown in the case illustrated in Figure 1, even a
partially formed macula will enable useful vision following the
adequate treatment of amblyopia as optical correction and patching
during the earlier age of visual development. A recent report of a
case examined using OCT revealed additional morphologic char-
acteristics of eyes in patients with CHARGE syndrome carrying
CHD7 mutations [Holak et al., 2008]. Further investigation of
retinal morphology and function using OCT and electroretino-
grams (ERG) may help to clarify the function of CHD? in ocular
morphogenesis, including macular formation.

We suggested that the early diagnosis of retinal morphology and
function, especially of macular lesions by way of OCT and ERG,
may be beneficial to patients, since such attention may determine
whether treatment for amblyopia, such as optical correction and
patching, will be effective in facilitating the visual potential or
whether care for poor vision will be needed. An infant’s visual acuity
rapidly develops during its first 2—3 years and continues up until
7—8 years of age, but plasticity decreases progressively thereafter.
Thus, a better visual prognosis can be obtained with the earlier
treatment of amblyopia during the critical period of visual
development.



