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PP (7, 25 28 4 ( rentinitis pigmentosa, RP) J&— i & Rl
il i R e 4 T )8 A P O PR AL I JBE i |, SRR M 3
RHRCE AT R 4R A AL 7 R RS AT DL B A R
R DIE I 55 A 40 AR 55 0 2% —H0RE, RP HA
BER W5t A% 5 B P A R S5 B P, Horbiy e o AR pa vk st A%
A0 0 A0, 25 75 42 (autosomal recessive RP, ARRP) i RP
5% ~20% , HHTEE N 43 DEOREERA , 5ebE 7 H b 40 4,
IT HR WA 8 B AR DG BOm B s . A SOt 3a K3
5 ARRP %[ AGBLS ,ARHGEF18 .HGSNAT F1 ZNF408
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Abstract

¢ Retinal pigmentosa (RP) is a hereditary blinding retinal
disease whose pathogenesis is not fully understand. It is
characterized by night blindness, progressive narrowing
visual field and vision decreased. Bone spicule - shaped
pigment, retinal vessel attenuation and pallor optic disc
can be seen at the fundus. RP is geneticallyand
phenotypically heterogeneous, autosomal recessive
retinitis pigmentosa accounts for 5%-20% of RP. There are
43 pathogenic genes have been mapped in autosomal
recessive retinitis pigmentosa ( ARRP), 40 of them have
been cloned, and new related pathogenic genes have
been reporting. This article reviewsthe newest progress of
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the research in AGBL5, ARHGEF18, HGSNAT and ZNF408
gene relevant to ARRP.
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A0 X A, 22 75 P ( rentinitis pigmentosa, RP ) f& —Fli it
EVERLIBEE , 16 75 77 K% 1740001 16 N 00
N 174016~ 1/3467"  AxAlb R 2045 150 J5 L b, H Al
BRIT I EA 25 YRYT T BEIRST JERERGYT T AR
AL AR A 55 . RP Y A LTI A Sz g F e R
b B R A 0 R 7 LA LA A 2 R
WG SO R 4 L A2 0 1, e RO T R R T R
B, RRBEREEHERKBZ " HREHIEE .
PEAT PR ST 4 28 AL 0 T e MR SR 1 4i i A (0 R
DU LRI I A A0 LA 2 — e AT RE AR 20
BRI, 29 39% ~72% (¥ B 5 A 52T AR R
ITHE RO | T8 HE A RN B Wy ) 32 481 (S04 Usher 255
TERRSE) XLRP P4 & A 50% 16 MRS 5 A5 7 ) Ul 4
(N5

iz RS A5 6 I PR IR BB R 30 LA SR 1) 4 B AR, )
RP 43 F 3k 25 & 1E A ( non — syndromic retinitis pigmentosa,
NSRP) Fl1ZE & fiF Y ( syndromic retinitis pigmentosa, SRP) .
SRP 7 30 4371, Usher £33 fiE ( 344 8 4% 2 - 28 — 40 o0 JlE
0 F A, USH) Al Bardet-Biedl 54 1E ( BBS) 248 4 % W,
4355 SRP ¥ 209% ~40%"" F1 5% ~ 6%, NSRP
AT AL RP FIEE LA RP (An4h SRR RP L ACIR
RP TC@FEM: RP R RP 55) ' HETEEL T 70 KA
5 NSRP MSERZER ™ SRP 4 AH 56 20 J& Kt ] B S 5L
NSRP, RP it 75 2 15% ~25% A Ye o {1 3okt
& (autosoma dominant rentinitis pigmentosa, ADRP) , 5% ~
20% 9 & Gk {0 {4 Fat M 18 4% ((autosomal recessive rentinitis
pigmentosa, ARRP) ,5% ~ 15% J X Y {0 14 3% 8l it 1% (X -
linked rentinitis pigmentosa, XLRP) , A7 40% ~ 50%i5t 1% 5
XA UIHH, Y B 61K % B 35 £ (Y - linked rentinitis
pigmentosa, YLRP) A J& BA% ( digenic RP) 7l 28k R 5
% (mitochondrial RP) A7 #L & "', ARRP HRiC &
B 43 DNEUR AL, b T H A 40 4>, IF A BA B B9 A
SRR R P ARE T R SC TR WL RP A G 3 A 1 B
FROAWZ, B A 2015 F LR A5 RP AH G/ X
BT A T3 0A
1 AGBL5 EH
1.1 AGBL5 EEENL . FEEFMFTIE  AGBLS K (AATP/
GTP binding protein like 5) X 44 CCP5 & [H ( cytosolic
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carboxy peptidases 5) , ek VAR RE R RPN 2p23.3 b, KEY
3199bp, B85 18 AR T, H g fid ™ ¥k 886 1>z H R
L) AATP/ GTP-455 2885 1 5T 5 ( X 44 40 v iR ik
B S) B T IR KRS M14 ZIEE ARG 2
AR RS AR, e —Fh E B A B AR
Kastner %" % BLAKE R I AGBLS &L 3k | Mi7E
A AL A IR 3K b LA DA 3] 38 i B2 21 24 22 7
TR AR AR IR 1 T A 45 4 22 24K 0 #1) AGBLS,
S5 8 T TE AL 40 i PN B P T A T R A 28 2 4 R
. Lyons 25" I T AGBLS 3 R4 il BE ot 6080, &
PRBE Lt B0 ALK IF HLHR WS R SE N, Bl S T 9
AGBLS mRNA Wi #5304 , S50 2 Bl AGBLS 7E£F £11)
AR R B R GE & 5 i T A R R R I 5K
(eytosolic carboxy peptidases, CCPs ) i i3 X f 4 2 1 1 16
R TR N R BTG s i RS 5% 5 R AR
kAL, 3 A LN £F B 3 K 210 40 M R il g
Berezniuk 258 % 1 AGBLS 1 “ W I HE” ( dual —functional )
BB E, Bl PR o= F1 BT B TN EE , o - T0EE
B C KU n o - 3% #7094 & TR 3R, AR A
(microtubules ) AFE Pk MBS, IF HIR WS 5456
B T ok Z I AR TR, 2016 4F, Aillaud %
R F—IREIE T AGBLS fifb o A3 -T50 8 8 B M 2
BE. T AGBLS X o — % 8 H C - 2K ¥ 19 52 Wi J7 I,
Berezniuk 1A R iZ i fE 0% Ab BEAH OC 10 25 & R A 5k B 25 1
ARWME B A AL oA2 -8 E 1, B Ailland WA N
AGBLS ANBESEMZG B, X WA 5% 45 SR 1 B 22 S e AT
FE A D DRI P el %) 0 2 P R 28O [ i 4 T 1 2
o4 A~ TRUE EE 1 [ AL 05 2 U A 5 mCherry il 3R
31 al B-IAE H . I Aillaud 25 4 W0 F 1% . AGBLS
AT REXT o— A B 1 B AS [ Bh BUAT — 5 A e Bk, i o ok
FE T B BT 3 B RN A 2 R £ AR AT RE A AN S A
], Pl s A 1 SR A 2 R I B 1 K B o o o i 42 TT
SEREMEAEIE | A 28 CAFIE RN & T A S AR i R 5 4
JEA 232U BF L AGBLS A AE th J2 3 1k 33k Fft AL 1) 5 i
L D) ) 254
1.2 AGBL5 EEREMIGARRE X £ HH— 2%
IR K R , Kastner 25" & B 3 i) ARRP &3
RElG A LR TE AGBLS JEH 2R 883 MR G # A
B, FER 295 (00 R R R R LW E . Astuti
EUURIE T HE 3 AN AMISERY ARRP K & (46 L HIHA
R E ) 2 AGBLS 19 3 R Ar, S —Aalih
RALRE 1775 DREATIR G 0 A, FEUER 592 (i) (LR
PRI , it — 20 (i 5% SR 4 05 T A 348 (NMD)
KI e, XA KA TE ExAC B G 72 (exome aggregation
consortium ) [ 45 {7 3 K #F (5 1/121398 (0.0008% ) , 4 2
NRAE N 2 BIFR—RREBENE B FAIE N R 4 FE
fiFA FIAH ¢.323C>G :p. (Prol08Arg) Fll ¢.2659T>C : p.
( *887Argext * 1) WFP 578 55 323 i %112 C RAEH
G, %5 108 o7 fifi 2 IR 20722 A R, AH DG AR W A5 8 22 4 A
A E U 5 2 659 AL TR T 2748 R C 3 &Ik
B R ERE | A R AR, 2Ok s B R
B A F IR IR IE I, 55 =N E AR E R ¢.752T
>G:p.(Val251Gly) Fll ¢.1504dupG :p. ( Ala502Glyfs * 15) ],
FERI AW B2 A P 2 2 MUK Y . Patel 261 YE 1D
FEBT A0 X % 1 3 il RP 8 ok I 2] AGBLS Jt A

c. 826C>T:p. (Arg276Trp) 4l 53848 L RALTE 615 NVD4F
ANE T ExAC B E R R Z B, 5 276 1 1 3K
PERE R T35 0 (1) 1A 791 2 8 DX ek, 4 el A8 R (AR B g
KA KM (o R I, €2 R i 5 BT A B 22 7] )
s (AR, 5 0 7K M €0 R 2 5% T 57 v B PT B M 44
K, FEE ARG ARROE , A5 B2E o0 B E0R
£, Branham 273z FH 44 B 1 I0 B8 AR 76BN 1ML 55 #Y
ARRP K& R 3 2 7] #8519 AGBLS B A 42 & R4
(¢.841C>T:p.Arg281Cys # ¢.1459C>T: p. Argd87 = ), 44
XA ¢.841C>T 1 FEARST , PolyPhen2 T il 1% 598 25 4 3 |
F45 3] SIFT ( sorting intolerant from tolerant ) # {4 CADD
( combined annotation dependent depletion ) B 2R AT R
AR — 20 T HE . . 1459C>T Jo X 2 28 44 ik 26 b
T 8, oA U B B A T & A T A AR (NMD)
KT B, 7F ExAc B FE H ¢. 1459C > T (0.0008% ) F
¢.841C>T(0.004% ) FE7 (I AMAR , 7E 92 BRI IEH A
TN HE R R IR AR 52

AGBL5 R[5 #H KB ARRP %, KZEEF HW
KR A B B A CE ARG T T
i T LA RP RAYSNOTREIR G A P B 0 B RE K i
FESEAIE
2 ARHGEF18 & H
2.1 ARHGEF18 EEE L FEfEFMFKIL ARHGEF18 JL[H
ENET 19p13.2, 4 35 AT T, A% 759 A Rho 5
WZH B3 K+ 18( Rho guanine nucleotide exchange factor
18), ¥4 KIAA0521 .P114-RhoGEF, ARHGEF18 % [ /&
—F/NEY GTP B £5 M, #8717 RhoA ( Ras homology A) ¥
PR A A 1] B 5 2 A R B A O B 4 RS
1998 4F: Nagase %51 % H 4% ARHGEF18 J5:[H 1 T 19 %=
Yetfk . 2013 4F Herder 251 % B ArhGEF18 HE 8 JH #5501
IR B 22 b i A BT A PR RN

Nagase A=090 A cDNA SCFEh 375 T ARHGEF18
M vEkE KAy 44 KIAA0521, o A Bedfe 453 1050
AEIEBR W E AR, % E A SN RS R s e H T
(ARHGEF) ELA 8 % B MBI, Blomquist 25 3 it 7 %
Wi e K R BoA5 ARHGEF FRAFE 89 & 1 5, ghmiifi € 1
ARHGEF18 fUTF7E K Hodi 44 0 pl 14RHOGEF,, X% A
HATHE SR B E A TR T2 114kD 557 =K
24 6.4kb 1 SER G S B XIE S GC, MEHEA N
¥ Dbl YR S5 H35 ( DH) , B Rl H 5 19 /2 pleckstrin [F] Y
SRR (PH) FIE & IR 1) C AR o X, XA FRE S
Rho GTP [iff GEF ZEJ5 HAb AL B3 AR [R], WF ¢ il 2 1 k4
i ARHGEF18 &5 RhoA ¢ 5 1454, MMt RhoA Ay
AL RS, Terry 2 YE—243E T ARHGEF18
Hit 25 RhoA 5514 %, EIZE4EH] RhoA [T F 1fif 4
R i ESE A S N S A L v O e = O I
Hl. Xu 252155 ARHGEFR18 2 M 6 41 i 14 322 28 3 )
AR TH U i 4% B 2 75 B9, Loosli™ & ¥ ArhGEF18 J&
RhoA—Rock?2 {5 515 538 % 19 & 15 [ 1, X 2 154 M
SO R 1 Bz 20 B B M 2 G H B, AchGEF 18 1% 32
I IR AR AR 1 7 R
2.2 ARHGEF18 EE R MIGKRKE 2017 4 Amo
AT XE 899 (5134 VeI A T 14 35 A% R 0 SS90 (TRD) FR
AT RHNE FE LR M T, Z BT 3 6 NSRP & H
) 5 F ARHGEF18 JEH 28748 Hip 4 AN K74 GRAE,
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3T 4 ASSEALFE A b (FF ExAC $iE 2 R 4% 204 7]
IR 7 — ARG RAE, BF 12437 %,
TCAT 27 WS HC AN i L, R 2 &2 & 24 & R AE ¢.1996C >
T:p.( Arg666 * ) Fll ¢.808A>G:p.( Thr270Ala) , HiA £: K 4%
of — PR AR A F. LKA c.808A >G: p.
(Thr270Ala) 28T ML T % B0 i% 22 48 s T &6 (s
DBL [FJJR45 4 38k ( DH ) H iy BE R <7 9 2 5 iR 5% 2%, T DH
J& RhoA 1 AH ELAE I ANE A Br b 75 19, BT LU AE W15 B2 4%
WriZ A8 WA ERAL, B2 —% 51 3 B, i3
TE ARHGEF18 4h i+ 16 b & TC LR ¢.2632G> T(p.
Glu878 * ) FlI HE P Bk 25 c. 2738 _2761del ( p. Arg913 _
Glu920del ) , H1 FACBE B T DNA FEAS TCH: F L, DAtk o 1F
7453 855381, 24bp MIREPNBILC 724 T 8 A& SR 1) 5%
e PR AR ST I e . B 3 AR
551 ARERFE I SR AE I, TCMR s 44015 58, ARHGEF 18 3 [X] ()
BEHRGEAR (¢.1617+5G>A ; p. ( Asp540Glyfs * 63) ) &5 7] fig
ML 278 % 5825 ¥ 5 30 ARHGEF18 #h i1 8 (Y HE 4
kK , 7E NHLBI Exome Variant Server U4 % th oA & FLAH [R]
SRAFRIA

3 BB ETE 30~40 2 H H AR S T FE AL g5
FUREERE , 1R 20/30~20/1250, R JIE#6 2 I 7m0l £
AP I A A A USRI (Y e 2 RS . IS A kK
6 (FAF) BAZ 7R )12 B A BRI () 40 8 A R ARG, 6
AT WZ 3 (OCT) R AL B N %, ERG A &
B HE 7 B A A D) ) RE A, AT 40 it A7 R AR KT
PUAELNME . FEA NELI & 90 AR R 33 e = Ui F
KO0 %) JE2 E A8 AL 55 £ CRB1 JE R 2878 1 RP12 B 2%
oL, R 3 ] ) CRBI 3 [R] 28 78 A6 45 S 341 Sy FH
X555 A1 10 45 LA AU ) 56 70 1) 8 3 £ 4T ARHGEF18
S DRI 7 A, 2 o S PR ) 5k PR e A

ARHGEF 18 F [F T ZO0L X I A8 i AL i R 2 & T
fR, TEE 6 K & MBAT WML &, MW ELEEF H
ARHGEF18 Iy AE #% % YK Y X F 1B 5 1L ~F AN BE AL 57,
ARHGEF18 Ll RER A PR (1) 25 2R ] i 52 ™ B 1) - 2 o 4
BB FEAN R T 3 B AR AR A AT L e DO RE S R 4, o
A I R OB IEAZ 25 % RhoA —Rock2 {5515 53 1% i 1
T 1) 20 3 R v T LA AN L, BT AT A A
AR KA
3 HGSNAT £ [&
3.1 HGSNAT EEE AL FRPEFFKIE  HGSNAT HEH E 7
T 8pl1.2-pll.1, 4l 635 P IR K LB —a -2 3
HEHEF N- L B 74 1 (heparan—alpha—glucosaminide N—
acetyltransferase ) , WFR N B5 I8 H 76, 1% 85 F 1 1k % il
P rp e — TN A A SN - T 2 R R £ EAT 2 (HS)
LTRAL B LA R o= N— 20 T 22 35 4 740 W T 19 S 4
THITT—2MK, BT OB IK OB A
(AcCoA) FEV TR AR HRTE , IR I HGSNAT 38 2 15 i
SN AR AL HS (1 2 Bk AR B #R £ Bk T (heparan
sulphate , HS) f77E T-JL-T- BT A7 1) 4 L R AR OC 25 1 2 pE
FE AR B AR B AR RS S SR B E A Y
HS TG 1k R il 1T A 75 Tt A PR B0 S 0™ 1) o 22 70 P 9
i ——EE I AE L C B (MPS TIC) ™,
3.2 HGSNAT EFE =T MIGKFRE HGSNAT I [H 5 4
TERG B AE e & (MPS T C, W F% M Sanfilippo C 4
HAE) BF P& B, Fan 2806 Hofiy 4 0 TMEM76,
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MPS I C 2 —Ff 52 1) ft 28 41 280 () L A0 37 il R - 5L 1) 305
PEBRG , HARME R b T PEmh 2 R g At LIGR & % RP 1)
P AR R 28 AR, S HFE 2~6 % &0 ,6~10 % Hh
PR R 2 AR IETE 20~30 B A ABETS, BETE M
66 FliZE75 5 MPSIIC A%,

2015 4F Haer—Wigman %‘;:So]% 1 R3R18 NSRP B &1
HGSNAT JEH 5845, 78 R0 K 7 DL .51 N (Israeli family
of Ashkenazi Jewish, AJ) T 45U K R h 3 il RP &
HGSNAT JEH 5 370 MZATIR A 55 LR N T, FEI .
T 3 BYER BB, 1 AR TR A — N BERY 211 5%} BEAIF 55
KU, FEfF 225 20 3 4 RP [EIMLAH 6 h R B T 241
HGSNAT 755 ¢.[398G> C;1843G>A | 1E — & i KL
F,c.1843G>A Fl ¢.398G>C 7857 — AN IR b =k T
c.1843G>A 445575l ¢.398G>C 225 R 2%, ¢.1843G>A
AR CADD Mutation Taster 1l PolyPhen-2 HITEAE
DRI 25 FEBUm PR 1z 2848 7E MPS TIC &+ A 2
WA P M S B HGSNAT i 1% M K X 50% ~
80% ¥ A RP R E Y LATK T AE R BT G R,
PRI R PRI 5 et i ) 0 e 2 s v A0 S AURR B R B
A FEEHR Y 3 BERE R L s B W L0, 7E 40 X e
B2 Wl RP T far % R Y RS RE IR B3 50~ 60 %/ 247
AP, BT RP AR AN A 2 bR Lt
BEUEES . BEA, BB I 40 HGSNAT 5 i B Xof R A
Foid HERRAG (B A e T MPS T C 3%, iz ki 42
LA ABE : (1) HGSNAT 57 5 5l 3 4 9 ol /N A8 £k st /2 DA
FECU R & A AR | 3K LR 22 R G AR R A G
A H 2 JE R v 24 A (40 CLN3' fit MFSDS'™ ) |
(2) LIRS AR b F MPS TG AH G A A ZH 2L (B i) , 75
B Y HGSNAT I15 M DL 2 £5 =T BE, R AE i 81 5 7 L
B3N P B B (Un USH2A ., CEP290 £ BBS1
A ) Sk R IR ) T R 5 AR T 5 2 A E 8 A M A
JEARPEBR (IRD) A, 7 4854 1 2848 W 5 4B 25 &1 IRD
A3, Van Cauwenbergh 257 RP BB H FEME S
T RAE AE— AN EYE T EMANE T 18 i
RAF . c.1843G>A ;p. (Ala615Thr) , 785 — M3 Tk
BLT B B HGSNAT F: A %€ ZF c. 634 — 408 _ 820 +
338delinsAGAATATG ; p. ( Glu212Glyfs = 2) S 4h W 1 7
18 B 2.5-kb k2, Comander Ziel4 2 43 ] Fe A5 5% vp
P RP ( pericentral RP) [5G IE#E BAF H, & B HGSNAT #ff
FEN 4 5 bE RP R I EURIR A L2 18 ¢.1843G>
A:p.(Ala615Thr) 4fi & A8 B34, 1 Bl R ¢.953G> A.p.
Ser318Asn 45 RAF R E |1 4 (¢.1843G>A ; p.Ala615Thr
Hlc.1464+1G>A p.7) A A A=A, LW R4 A MR
Haer—Wigman 20300 Van Cauwenbergh SO T R R
BENGRAE AR R, ZBUTA HGSNAT H 45K RP
FHR KRB — AU , 5578 1 5E 5 i 5 30 55 Hh 9 1
PSR HGSNAT W] fEJ& 58055 b ek RP A9 8 DLk
I AJELE S AR RP LK PANEL
4 ZNF408 £ H
4.1 ZNF408 EFERIENM  EFEFAIRIE  ZNF408 JEH X 44
PRDM17 &K, 2 15 7 48 & 111 408/PR %5 #4 3 B 48 & 111
17, J8 TR R 28015 . AHOCHESE Tl ZNF408 & 78
ML % 7 HP A 5% s IR 7, ELRVE ML A R 5,
BT A RE 1Y & ZNF408 5 R 100 1K S 25000 10 58 1f 4% %
B ERE
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Collin %5 5 FLAE 2013 405 122 3 R 58 v T Y ok
Hpll.2, &F 5 MMNET, iz RS 25 720 R
FEWR ) ZNFA08 75 H BAT —4~ N &K SET &5k F1 10 4
C,H, RIBHE S5k 1, SET 25 M3 2 5 8 11 I =2 18] (1 A 5
YEH BEFR 25 R 10K 1R 545 A 2 DI BE DNA, HE I & 51k
& E ML 2R a0 iiG s, =& RT-PCR 44T
TE 11 A ARG ST RGN 5] ZNF408 ik | 41 ) i rfr 3
NI, AL 2N 30 £, Collin S50 15 5 WL BE 1) f
ZNFA408 FE R 410 i 45 780 | 2 B0 12 308 5 £ (g 0 IR it R0 50K 1.
BRG KRB RIE,  ZNFA08 F R 58 48 T 35 A A0 90 Ji5E 1f,
BRI R, BRI S U E TR AR KL
GPEFRIOH AR B & B ZNF408 T {8 HE A\ 00 9 I 114 &h A%
JZ (ONL) fh eIk fe o, #2273 40 it )2 A 9 SR IR JZ (TPLL
OPL) A7 3R 3k , 76 Y6852 25 41 g rp 8k 53 M 2 55 1T Miiller
A R DL I LA R A T A s
4.2 ZNF408 EERTMIEAKR K E  Avila - Fernandez
RGBT 3 BIPEEE T K R A ARRP H 35 ZNF408 JE[H
TEAE2 ﬁ?&ﬂ{\,ﬁ%%/}fﬁ 1000 Genomes Project s |
Exome Variant Server ZUE 75 A1 374 /™ [A] e X BE vpr 35 R
K, kAF—KRE 2 FlIHK ZNF408 FEH 4 358 359
TR G FIT B FEOMNEF 3 BIRE, B—%K
Z P BB ZNFA08 FEHEE 1 621 MZAFR C # T &
e, FEEE 541 7 B PR ST 0 5% FE AL RS R 9t e & IR B
10, HACHE AT B 450, L& LB 224 R LA
W55 I 4% 574, Habibi 25 fE— PRI R R P A 3
] NSRP Ho& 50 N T 4 2R BT 0 5 i 4l A R AR
c.(653-1G>T) AT R L5 1 B SCRER N 4 5 R AB KR 3%
SN, Biswas ZE1°V X 3L AT HH IR Y ARRP K R 1T4
AN AT, & B ZNFA08 JE A ¢.1304G> A : p. Argd35GIn
AR SCoRAR A TR R X R e g2 A v oK DA ] 98725

TN ZNFA08 FE[H I8 5 Z M5 M B 3 A A0 I i
% A% (familial exudative vitreoretinopathy, FEVR) #H 3¢, &
EVR 6 BUff 22 5K R Y88 T ZNF408 3 K v 24 &4 L
ZRAF ¢.1363C>T;p. (His455Tyr) , £ H4 EVR6 Rl H A
T o A T 0 s A G O T 2 A A SR AR €. 377G > AL
p.Ser126Asn' ' |

HATE M ZNF408 JE A 3 Fho Az 25 5 RP #1156,
I3 9K ¢.358_359delGT; p. (Alal22Leufs * 2) ,¢.1621C~T:
p.(arg54leys) Fl ¢.653-1G>T, A BFH I H BIEREKR
BB 4575 RAGEEI K 20~40 % YIE RS TR
BPGE7E R BB P S L R 2 R N R A A
G MR A AR VT (ERG AN AT S 8¢ i
TR, (AR, A RP HRE SR B AR T &
WX AR AR AR Hofl RP 2R IR R R UL R I R 12 B
ZNF408 #1C RP 241t T —E &%,

5 B4

RP B2t i TEIR G, B Al i A 3L B iR
Jyids Xt RP R R MBFSE N2 3 R AL 113 i) F e
RIS 7 1 58 B, BORHEZZ 1 RP A1 56 3 (K 9 5 167 F 7
B, LW = RS WA 22 BT, AR RA
SITWREZ TR, 2 ET Y Luxturna A TI5 97 RPE6S £
75 FH & ¥ 9%, CNGB3 . REP1, CHM , RPE65 . ND4 . RS1 |
MERTK .RPGR . ABCAS5 , ABCA4 %5 3t [ 34 ¥7 L 1F 78 ¥E 47
I RIS, R SR BB 5 v, R 65 O B0 2R R I
NI FE 3 DR B S RE RN AR FHA % | T AR Lo AR s s

2z LR, X TR R BT AR ST 18 4 0 T By i i A 4
WE L,

S 3k

1 Hartong DT, Berson EL, Dryja TP. Retinitis pigmentosa. Lancet 2006
368(9549) :1795-1809

2 AR FHRE 27 110 25 B TE A DA PR A I I 2K . P AR IR R 2
2009;45:193

3 Shintani K, Shechtman DL, Gurwood AS. Review and update: current
treatment trends for patients with retinitis pigmentosa. Optometry 2009 ;80
(7) :384-401

4 Kaiser PK, Friedman NJ, Pineda R 1I. The Massachusetts Eye and Ear
Infirmary Illustrated Manual of Ophthalmology. (2nd ed) . Philadelphia:
W.B. Saunders Company 2004 ;462

5 Forsythe E, Beales PL. Bardet — Biedl syndrome. Eur J Hum Genet
2013;21(1) :8-13

6 TTAME , B2, 25 A IR0 B € 38 78 1 43 S U R 9 ok TR i PR IR R 2
& 2017;25(2) :173-176

7 RetNet: https://sph.uth.edu/RetNet/sum—dis.htm (2019.4.3)

8 Berezniuk I, Lyons PJ, Sironi JJ, et al. Cytosolic carboxypeptidase 5
removes a— and y-linked glutamates from tubulin. J Biol Chem 2013;
288(42) :30445-30453

9 Rogowski K, van Dijk J, Magiera MM, et al. A family of protein—
deglutamylating enzymes associated with neurodegeneration. Cell 2010;
143(4) :564-578

10 Kastner S, Thiemann 1J, Dekomien G, et al. Exome Sequencing
Reveals AGBL5 as Novel Candidate Gene and Additional Variants for
Retinitis Pigmentosa in Five Turkish Families. Invest Ophthalmol Vis Sci
2015;56(13) :8045-8053

11 Lyons PJ, Sapio MR, Fricker LD. Zebrafish
carboxypeptidases 1 and 5 are essential for embryonic development. J
Biol Chem 2013;288(42) :30454-30462

12 Rodriguez de la Vega Otazo M, Lorenzo J, Tort O, et al. Functional

cytosolic

segregation and emerging role of cilia—related cytosolic carboxypeptidases
(CCPs). FASEB ] 2013;27(2) :424-431

13 Aillaud C, Bosc C, Saoudi Y, et al. Evidence for new C—terminally
truncated variants of a— and B —tubulins. Mol Biol Cell 2016;27(4) .
640-453

14 Chakrabarti L., Eng J, Martinez RA, et al. The zinc-binding domain
of Nnal is required to prevent retinal photoreceptor loss and cerebellar
ataxia in Purkinje cell degeneration ( pcd) mice. Vision Res 2008 ; 48
(19) :1999-2005

15 Astuti GD, Amo G, Hull S, et al. Mutations in AGBLS, Encoding a—
Tubulin Deglutamylase, Are Associated With Autosomal Recessive
Retinitis Pigmentosa. [Invest Ophthalmol Vis Sci 20165 57 (14 ).
6180-6187

16 Patel N, Aldahmesh MA, Alkuraya H, et al. Expanding the clinical,
allelic, and locus heterogeneity of retinal dystrophies. Genet Med 2016518
(6) :554-562

17 Branham K, Matsui H, Biswas P, et al. Establishing the involvement
of the novel gene AGBLS in retinitis pigmentosa by whole genome
sequencing. Physiol Genomics 2016;48(12) :922-927

18 Niu J, Profirovic J, Pan H, et al. G Protein betagamma subunits
stimulate pl14RhoGEF, a guanine nucleotide exchange factor for RhoA
and Racl: regulation of cell shape and reactive oxygen species
production. Circ Res 2003;93(9) .848-856

19 Nagase T, Ishikawa K, Miyajima N, et al. Prediction of the coding
sequences of unidentified human genes. IX. The complete sequences of
100 new ¢DNA clones from brain which can code for large proteins in
vitro. DNA Res 1998;5(1) :31-39

20 Herder C, Swiercz JM, Miiller C, et al. AthGEF18 regulates RhoA—

2059



EfRIEREE
E81E . 029- 82245172

200F 128 F19H F12H
85263940

http://ies.ijo.cn
BB {5%8:10.2000@ 163.com

Rock?2 signaling to maintain neuro — epithelial apico —basal polarity and
proliferation. Development 2013 ;140( 13) :2787-2797

21 Blomquist A, Schwirer G, Schablowski H, et al. Identification and
characterization of a novel Rho - specific guanine nucleotide exchange
factor. Biochem J 2000;352( Pt2) :319-325

22 Terry SJ, Zihni C, Elbediwy A, et al. Spatially restricted activation of
RhoAsignalling at epithelial junctions by pl14RhoGEF drives junction
formation and morphogenesis. Nat Cell Biol 2011;13(2) :159-166

23 Xu X, Jin D, Durgan J, et al. LKBI controls human bronchial
epithelial morphogenesis through pl14RhoGEF - dependent RhoA
activation. Mol Cell Biol 2013;33(14) :2671-2682

24 Loosli F. ArhGEF18 regulated Rho signaling in vertebrate retina
development. Small GTPases 2013 ;4(4) :242-246

25 Arno G, Carss KJ, Hull S, es al. Biallelic Mutation of ARHGEF18,
Involved in the Determination of Epithelial Apicobasal Polarity, Causes
Adult- Onset Retinal Degeneration. Am J Hum Genet 2017;100(2) :
334-342

26 Bame KJ, Rome LH. Acetyl coenzyme A alpha-glucosaminide N-—
acetyltransferase. Evidence for a transmembrane acetylation mechanism. J
Biol Chem 1985;260(20) :11293-11299

27 Gallagher JT. Multiprotein signalling complexes; regional assembly on
heparan sulphate. Biochem Soc Trans 2006;34( Pt 3) .438-441

28 Fan X, Zhang H, Zhang S, et al. Identification of the gene encoding
the enzyme deficient in mucopolysaccharidosis IIIC ( Sanfilippo disease
type C). Am J Hum Genet 2006;79(4) .738-744

29 Marco S, Pujol A, Roca C, et al. Progressive neurologic and somatic
disease in a novel mouse model of human mucopolysaccharidosis type
IIIC. Dis Model Mech 2016;9(9) :999-1013

30 Haer - Wigman L, Newman H, Leibu R, et al. Non - syndromic
retinitis pigmentosa due to mutations in the mucopolysaccharidosis type
IIIC gene, heparan — alpha — glucosaminide N - acetyltransferase
(HGSNAT). Hum Mol Genet 2015;24(13) :3742-3751

31 Hrebicek M, Mrazova L, Seyrantepe V, et al. Mutations in TMEM76 *
cause mucopolysaccharidosis ITIC ( Sanfilippo C syndrome). Am J Hum
Genet 2006;79(5) :807-819

32 Feldhammer M, Durand S, Mrazova L, et al. Sanfilippo syndrome
type C: mutation spectrum in the heparan sulfate acetyl—CoA . alpha-—
glucosaminide N—acetyltransferase ( HGSNAT) gene. Hum Mutat 2009
30(6) :918-925

33 Fedele AO, Hopwood JJ. Functional analysis of the HGSNAT gene in
patients with mucopolysaccharidosis IIIC (Sanfilippo C Syndrome ). Hum
Mutat 2010;31(7) : E1574-E1586

34 Feldhammer M, Durand S, Pshezhetsky AV. Protein misfolding as an
underlying molecular defect in mucopolysaccharidosis Il type C. PLoS

2060

One 2009;4(10) :e7434

35 Wang F, Wang H, Tuan HF, et al. Next generation sequencing—
based molecular diagnosis of retinitis pigmentosa: identification of a novel
genotype — phenotype correlation and clinical refinements. Hum Genet
2014;133(3) :331-345

36 Roosing S, van den Born LI, Sangermano R, et al. Mutations in
MFSD8, encoding a lysosomal membrane protein, are associated with
nonsyndromic autosomal recessive macular dystrophy. Ophthalmology
2015;122(1) :170-179

37 Rivolta C, Sweklo EA, Berson EL, et al. Missense mutation in the
USH2A gene: association with recessive retinitis pigmentosa without
hearing loss. Am J Hum Genet 2000;66(6) :1975-1978

38 den Hollander AI, Koenekoop RK, Yzer S, et al. Mutations in the
CEP290 ( NPHP6) gene are a frequent cause of Leber congenital
amaurosis. Am J Hum Genet 2006;79(3) :556-561

39 Estrada — Cuzcano A, Koenekoop RK, Senechal A, et al. BBSI
mutations in a wide spectrum of phenotypes ranging from nonsyndromic
retinitis pigmentosa to Bardet—Biedl syndrome. Arch Ophthalmol 2012;
130(11) :1425-1432

40 Van Cauwenbergh C, Van Schil K, Cannoodt R, et al. arrEYE: a
customized platform for high—resolution copy number analysis of coding
and noncoding regions of known and candidate retinal dystrophy genes
and retinal noncoding RNAs. Genet Med 2017;19(4) .457-466

41 Comander J, Weigel-DiFranco C, Maher M, et al. The Genetic Basis
of Pericentral Retinitis Pigmentosa—A Form of Mild Retinitis Pigmentosa.
Genes (Basel) 2017;8(10). Pii:E256

42 Collin RW, Nikopoulos K, Dona M, et al. ZNF408 is mutated in
familial exudative vitreoretinopathy and is crucial for the development of
zebrafish retinal vasculature. Proc Natl Acad Sci U S A 2013;110(24) .
9856-9861

43 Avila—Fernandez A, Perez—Carro R, Corton M, et al. Whole—exome
sequencing reveals ZNF408 as a new gene associated with autosomal
recessive retinitis pigmentosa with vitreal alterations. Hum Mol Genet
2015;24(14) :4037-4048

44 Habibi 1, Chebil A, Kort F, et al. Exome sequencing confirms
ZNF408 mutations as a cause of familial retinitis pigmentosa. Ophthalmic
Genet 2017;38(5) :494-497

45 Biswas P, Naeem MA, Ali MH, et al. Whole —Exome Sequencing
Identifies Novel Variants that Co—segregates with Autosomal Recessive
Retinal Degeneration in a Pakistani Pedigree. Adv Exp Med Biol 2018;
1074.219-228

46 Dias MF, Joo K, Kemp JA, et al. Molecular genetics and emerging
therapies for retinitis pigmentosa: Basic research and clinical
perspectives. Prog Retin Eye Res 2018;63:107-131



