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Molecular Functions of NPHPS8 and Associated Diseases: Advances and Challenges
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Abstract The NPHP (nephronophthisis) gene family was originally identified in the pathogenic genes of
nephronophthisis and is evolutionarily conserved in humans and major ciliary model organisms. To date, dozens
of genes in this family, among which NPHPI, NPHP3, NPHP4, and NPHPS are best characterized, have been
described. These proteins mainly locate at the ciliary TZ (transition zone), where they assemble into a core “gate”
module that selectively controls protein trafficking in and out of the cilium. NPHP8 (nephronophthisis-8), a core
member of this family, directly orchestrates the assembly and architectural maintenance of the TZ complex, thereby
preserving the molecular and structural integrity of the cilium. Beyond its structural role, NPHP8 modulates cilium-
dependent signaling by regulating both Hh (hedgehog) pathway activity and proteasomal function, consequently
influencing cell proliferation and differentiation. Mutations in NPHPS8 underlie a spectrum of ciliopathies, whereas
its abnormal expression is associated with the progression of multiple cancers, indicating that NPHP8 may serve as
a therapeutic target. Here, this paper provides a comprehensive review of the molecular functions of NPHP8 and its
involvement in human disease, with the aim of guiding precision prevention and treatment of NPHP8-related cil-
iopathies and malignancies.
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B 55 A OC B0 B DRI T P A . 7E 2003 4F
OTTO% PRl S i o7 o e P 5 S, s b 1565 2
AN BB B A R BUR B [N, IR Hfim 44 INPHP2 .
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4, M RTINS, RIET D
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AT RSS2 A0 TR, IR (R 5 I8 %, S2n g
MO R ZRAA , A o 0 B A B A AL e 87 J A AT
R . BT, FUAZ H 20 PR AR A 3 TR AR s T e o A
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NPHP1-NPHP4-NPHP8
NPHP8
N-CC—CC—CC-CC -CC —C2-N-C2-C——RID-C

NPHP1<—NPHP4

CEP290

WML BN R B E . B RR T 4F B0 5 B XSO &5 M 21 53 1 ¥ [X (transition zone, TZ). &4 (basal body). ##-E P42 fii(intraflagellar
transport, TFT)& A RFTY B 53 SOIR 45 K9 (Y-links), I 5 7Rl X 3 B2 AR ELCEP290( oA B 11290) . MKSs ANPHPsE . SCFHE H fifiik
T NPHP8H EHEIhRE. 4 K MK JINPHPSE [ 45Kyt . 4 #HIZHE (coiled coil, CC)&E MR C245 K938 (C2-NFI C2-C). RPGR4: & 45 938 (RPGR
interacting domain, RID) &% HAINPHP /> 7~ HAERH

Schematic of a typical cilium structure. The illustration depicts its major compartments and components: TZ (transition zone), basal body, IFT (intrafla-
gellar transport) complex, and Y-links. The localization of key modules is indicated, including CEP290, MKSs, and NPHPs. The boxed area highlights
the primary function of NPHP8. The lower right area depicts the domain architecture of NPHPS8, comprising the CC (coiled-coil) domain, C2 domain
(C2-N and C2-C), RID (RPGR interacting domain), and other NPHP-interacting modules.

Bl AELHWTEEENPHPSHIZEH, EAANINAE
Fig.1 Diagram illustrating ciliary structure and the structure, localization, and function of NPHP8
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BLE “TEE IR T ). FEBTZXEEHIELE
FHOCHER Ak, ATAET T B ik AR, X T-4F
BEE LR EREE S, HarkI, TZXEH
H AR RE] 434290 kDaft) H 04 £ [ (centrosomal
protein 290 kDa, CEP290). 50 /K —#&& NURZESME
(Meckel-Gruber syndrome, MKS)#I NPHP = # & 54
B0 H MK SEE F 22 HMKS1. MKSR1/B9D1.
MKSR2/BID2. MKS3/TMEM67. MKS6/CC2D2A
TMEM107. TMEM237. TMEM218. TCTNI.
TCTN2%54H .. NPHPHEH: 3= 2 (HNPHP1. NPHP4,
NPHPS8Z: 21 . [, TZIX B (A& A 1 A HE 5 ic
X T YERF AT B P XA RS A 45 4 LA S AT B DR
() IE B AT B A AR .

BT R, NPHPS A {E Ay A 1] i 2 i %
NPHP#E A MK SHELH, 4 iy 44 -y MKS51,
NPHP8IX X H iy 44 A £ [ i 7 S L D e
P, S5 | NPHPSTE TZ4H 25 % 45 46 4 1 A 11 25 2L 3
fro B, NPHPSFRAZ 5200 R JR BR T3 — K5
B TR A N G5 M AR 2 2 4 S HL 2 M TZAER
CERIABERR BN L BT IhRe R R, AT & Bl ™
HIABIRES LR rIszm . b HArar a2,
NPHPS8FER 75 2= 5 )R W NPHP. MKS. L —H
[RZEA1E (Bardet-Biedl syndrome, BBS). RAAHF%E
A1 (Joubert syndrome, JBTS)%% 22 1 & 24 11y /™ H ]
CEEE, BB it WA, ML RGUKLYE
M2 E 2 R/, MEAHEANLME. 2R, H
BOO LR M O YE M, RBEXPiE# AT TS
B B, — S BV R IT AR M) IR b T 5
IR R IR R B, A 2 A M AT R Rtk — 20
B uiE, I T R (%) R A 5

1 NPHP8/ F4#5IhEE

NPHPS8H:H , fEA R W) Fh b 4 05 A B 22 7
W] FR N MKS5. RpgripIlL. FTM. CORS3.
JBTS7. COACH3. PPPIRI34, S5t NRS . i@
I A Be UniProtss A s, A TE N (Homo sapi-
ens). N (Rattus norvegicus)~ /INiR(Mus musculus)-
Hi IQHE B (Trypanosoma brucei). Tl K FA 8 JF 51
(Leishmania major) K F A< (Chlamydomonas re-
inhardtii)~ i A (Chlamydomonas schloesseri)
75 N BEAT 28 t (Caenorhabditis elegans) AEIH TV
(Xenopus laevis)& 5 WA AL A W) 1% £ NPHPS

BA, XA MEGA 1B 488 5 1% (neighbor-
joining), Al R GLHEALRT, X NPHPS & [ 7F LA L5
KAV SRS S RBAT T R, &I T NPHPSE
BRI A AT GRS M (2)

NPHPS8HE: R 9 i — Fh K B 2 45 1 3k 25 21 o
NPHPS8 2 11 2 N-ify 45 H 42itE (coiled coil, CC)45 1)
FNC-ii Y B 1R C LR 7 S5 A2 (C2 5 W31,
o NV NPHPS L& 5> CC45 4 . 2> C24k w3 Jr —
A~ C-3iff RPGR 45 A 45 #4338, (RPGR interacting domain,
RID)!', HAjIANNPHPSE A B A 4F il ¥
X EBAL, 253 X Y-links 45 9 (T %, 7] NPHPS
X T NPHPAH AN MK S S e A5 2 42 FH U 1)
FE/N BTN REEHHESN P, Rpgrip 1 Al NPHPS 11 [+
NG T TZIX %, NPHPSHIE N RAZ FEA L 58 455
M TZ X Fr A A AR A 5 452407 5 A, 7275 TN e AT
e hirp, NPHPS[EEYN 5 o TZIX 8 H =)
T00 ity 7 5 0%, SRR %R AR AN R R ] (1 Th RE U &
FEEEARAE 22 57, HANRIP) R A B & R 4B &
TP IX 56 B ML LA 1 R R

A, Rpgripl Rpgripl LINPHPS8)1 Rpg (Kl
Rpgr) IR 4 FARBL, AH FEAS A [F) — A 35 R SRR 1D 1k
G, T2 D REAH DA 43 Jm AN [ B o S0 1) = AN
SR BRI R FERBELFRI S 54 E
Thifie, JUIH AW 58 0' I 52 25 241 e 1) 2 632 i A
SERJYEFRET I, 31X = AN R I 41 B 2 ) A 45 O
W22 T6. Rpgripl . NPHPSH T H (R IE R, &7
TABWEX, WHEESWENMHEU, S4B
TEAEE VIR, HAA] LA Rpgr i R (4 JIEE (5 22748
PE GTPREGR NI ) KA A HAEH o Rpgrip 6 LM
G2 25 1 IEH I RE & SR 2L, fRAIE RpgrfE Y6/
AR B IER ALY K2 5% Leber e R
4 BB (Leber congenital amaurosis, LCA)J 51l /2
Rpgrip FE R A5 &1, 5 304F B2 6e S 40 i 42
IS8 5 A2/ B Rpgrip 15 DR I 25 5 ECUUAT 48 i
KRB LR A 5 . A AR
0T AE /N, NPHPSIE T C-3i ) 55 = AN C245 1)
I 5Rpgrés &0, N Rpgrdk K 2 /415 224k B
T, FEGRIY 3PP S AR . Rpgr . Rpgrtt'”
PL K2 Rpgro®™s, Tiif NPHPS 2 [ 4 1) 5 Rpgre "l
RpgrO®* Iy Fofr e A 44 AH B A T

NPHP8EZAE M T NS 5 TZIX 43, Mifi
WA B RAE R R 4R ERTZIX S
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Mus musculus
UniProt: Q8CG73

"N

i

Rattus norvegicus
UniProt: D3Z8G3

Trypanosoma brucei
UniProt: Q57YZ5

& Homo sapiens
Q§ UniProt: Q68CZ1
<

MmNPHP8/RPGRIP1

Leishmania major
UniProt: Q4QB29 /

Chlamydomonas reinhardtii
UniProt: AOA2K3CYV6

Chlamydomonas schloesseri
UniProt: AOA835WI148

I B R 1 4R 5530 (neighbor-joining)EAT #4728, 73R H A4E(%)(bootstrap value, %), JITAE ] A FH JZNPHPS L 3 4 5 0 T
N(Homo sapiens)(Q68CZ1)~ K f(Rattus norvegicus)(D3Z8G3)~ /R (Mus musculus)(Q8CG73). i FCHE i (Tiypanosoma brucei)(Q57YZ5) T
KA 5 H(Leishmania major)(Q4QB29) 3E 14 AX 14 (Chlamydomonas reinhardtii)(AOA2K3CYV6). it A 75 (Chlamydomonas schloesseri)(AOAS835WI48).
75 MREAT 28 Hi (Caenorhabditis elegans)(Q09459). A TN (Xenopus laevis)(AOASIOVAZ0). A A P Kl T Puk: https:/scidraw.io/. 130 EM K
Fi KVET- Wl SciDraw(https:/scidraw.io/), IAECC BY 4.0 AT Hpi o

Cladogram of NPHPS is conducted using neighbor-joining analysis. Numbers at nodes represent bootstrap values (%). Species and NPHP8 accession
numbers are as follows: Homo sapiens (Q68CZ1), Rattus norvegicus (D3Z8G3), Mus musculus (Q8CG73), Trypanosoma brucei (Q57YZ5), Leishma-
nia major (Q4QB29), Chlamydomonas reinhardtii (AOA2K3CYV6), Chlamydomonas schloesseri (AOA835W148), Caenorhabditis elegans (Q09459),
and Xenopus laevis (AOA8JOV4Z0). Model organism icons adapted from SciDraw (https://scidraw.io/), available under CC BY 4.0.

E2 NPHPSEHHIHMLIKE
Fig.2 Cladogram of NPHPS proteins

X415 ¥, NPHPSAMX 5 NPHP 1 fll NPHP4 2K [ A 51, DL R T NPHPSYE R i3 47 B TZEB 4 i v
IR U2 G0 5 4 B K 2 Bl 22 25 R ARIE P (RO o ARTT, — S804 2% I NPHPS 1) TZ 52 7
4b, NPHPSIE 5 MKSH B (kK AEMH EAEF , 3% WA T oAb AR B 8 1, oA TR AR DG B A
FEREARE A, M S TZX 157 2 (CSPPFICSPP-L)2%, %t I NPHPS8{F NF Bt X
e, BB AELF B R AA it N, RN RV M W4y ¥ R A R MR 4F B X X 4P B IhRE

S 4y m T B3, NPHPS A B b Hodth i 3 [X 25 (1 1 JRENPHPS L EEMEAF B IEX, HET
SENL, WAERFEMMH , NPHPSIE N RAE 4S5 NPHPS/E4NAE 2Ll FE B A O A 1 82 1) & 2R
NPHP4TGIE IE#f T TZIX 58 A7 2Y; 7575 M BeAT 28 L, SENLI BN AL 2T, HAELF B, Atk 13
MKS-5(NPHPS) [ 45 i 45 i 25 14 35 4% 11F B % CEP- HEAL, FULNPHPS LA ZFiEH (K 1), BrefEid
290(CEP290)/E TZ & i & 75 11, 1 ik B Hz 40 S A EX ML ERAHRES, CEFEESHENRE. B
Fa i€ CEP-290, R i I X IE 4 4 256 15 D e 5o e % Wik % B AR RS 25 28, {5 i, NPHPS A i i 1
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i Notch. WntPL & Hh(hedgehog)if %% 5 il fifb
S B 39 23 Ak T U 42 B R A e 2, an S NPHPS
RIRAE, N2> lai S BUR R IR R, LT RE S B
G B MV HE 1R 2638, 52 ] v e i 0 ) PR AR AR AN T
JE KR AR B, AT B ) B B9 25 6L, 510 AR
A, B A B X AR AF BB TR I,
NPHPSHE R AR 7 1] LA oy CA1X W R LT BT
G Tl g, HEI L a] i 5w e 10 12 D Re
T2 55 0 00 40 S80RE 1093 BEIE A2 BV 78 65 10 7 2 i
(vascular dementia, VaD)igtf& I HcAH 78 4, WF 70 A
KILNPHPSHER 2 351 5 M8 PR oR 5 Ak 525 4
K, NPHPS T EAE RN A A A% ik, HIE R
A (A 0 P 0L A 2 3 17 B8 P SRR B
25 b, NPHPS U@ 4F B ¥ X B 4L iR 1, S pirs
kR RERESEMER 2 4R AT KA
EAS T, HOReia BRIz . ik, NPHP8Y
VAT KRR G 51 R BB 2 e A

2 NPHPSHIE fth T &g K A= H 5l
2.1 NPHP87T FHYREERRSVEIT4H

WHRERY], NPHPSFE N Al 2 5 fig B AR A5 R %
AR, Z DB R S BOR PR B B ARSI
I 7 HAZ R B (sequence kernel association test,
SKAT), —#H T 1Al 5% H iR 2 A1 (single nucle-
otide polymorphism, SNP)-5 {474 % fiig Jii 115 AH 5 14 11
SRR, B WoR A T 49 1s13334070(—
AN SNPAZ ) S IE & & W3 A5G, IOz AL s 5 R
JHEZ TR B R B HR At T IR PP e NPHPSHERE
CIpEbeR i Ecta EEVNIR-ALRE il IV =il
¥, #2550 A AT R AL . 98 3 IR
SRS, O MR i 2 T e, 598 R AR
258, WOEITAK2-STAT 3@ % DA X PI3K-AK TIl #, M
MAHI AR, 4R UHRYINAEBVERRES
R ENAN TN EEEN: — 2 RZ
i 4 i B ph 4 o R IR, — 2 # B STAT3
&R T e U R A AR FL A B T NPHPSRAR
M2 PR B S TR 7 U, BN
FEUE R AR TCE R AL B, RIS S
e o321, BTN kAR Fr 58 5 2 5 (pro-
opiomelanocortin, POMC)H 28 Ju X 8 28 I, i
SEEMHI AR, IS RAERE R 75 Nphp8*™™ 2%
RN A, NPHPSFHIE A 2 v 75 5 AR pE R AL 5F

B AR S i %o A () i B7),) 327K NPHPS /2 Bt =
FaAS I s, A BB IR AU IR R R 7 7E T
THRE
2.2 NPHP8/ " SAIHh{S S5

NPHPS @ id 45 Hhis 5, M SMHAE S
FRH R A KRS AE. Fla, £/, Hh/Gli
(&5 @S 5 E AN 107 R DAL M RR 0 & B B
ZAS T AR FUE 5 S0 T KA R IEAT &
&, T NPHPS8H: R 587 W) 2= 52 Wi £ B (W T AS 4544
Loy R R, A 08 52 AR S, T RS A HhS 5
K, HhE 557 S f G kR FE4 BN 5%
RGBT ia AT, Bl S 78 BT S A Gl
BOE L (GLA), FHl R 25 20 B A% rh s 3 IR 1)
Tk, MR A RAANEOT , BRI Gli2/Gli3
52 B PR A B 2 BT R A 5 0 0 i A8 i F 1 32, B
JER Iz BAFEE R AN T, @ Gli2 L4
KA Ml B A, 1T G Tt v 8 B U)oy LA i s 5
O ) R Gli3R . — i, NPHP84E il it
BSIFTE A EAE, 7844 RS M7 S
J B [ 1A £ B s 11 22 I35 3, JFRR & IFT I8 420K 5)
WS 2NPHPSFARE, %1811 5 3%, 5%
15 5 43 ¥ Smo(smoothened) | TG4 1F iy 2% % -
BENLF R, 1 AT E P Smolk B K, S5 HhE Sl
AT T LA R AS 1 15 RN I8 B S 35 041,
Ik, Hh il Gl KR 786 T4 B n T 53
TG BDLF B LS M e M e T GLIMS BRI 2L 1
Lt T NPHPSE NAF Bl I X 8t oy 1, MiEit
YeRFLT BAEM S TEE, (A1 1 GO 2L A0 i)
YRR P4 , AT U T 5 3 5% 11 e o o R A 9
155 . /N, NphpSIER R A 5878 | 47 & A Smo
WL BRAR, B2m GLFIIN L, Gl sk IN T IiEIEH
i, FAHWMS 5@, RARESSURILEINTE
MR R Fr o R O s T A R e 2R AR A 4 3L
NPHPSER T R W5 LA 4 R B 4, it Hhiz 5
R i DL N BT AR, 91U NPHPS SR
AT eS| e T a2 R .
2.3 NPHP8/T SHIE B2

£F F Th e B A5 1T RE I B AR (1R AR iR 1R
EEBRAEN SEEAFERR. RAREEA
iR & AR (RO AT 72 Fp R BRI R 4T B 5 1 W VA B R R
BEARALAR 2 TR A7 AR IR 2R 140, N, 4P B I XA
OB [ RTJE e U A A AR DLk G S R A AR
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A, BIMNPHPS N ZIB R E T “WHEMRK . &
WA 2 200 M P 72 R A R A %O oy, Hoh
19S 175 P 5 Psmd2 fig iR 71z = A B R IF JE 3)
B P FE . NPHPSIE I 5 Psmd2 5 AH EAEH,
T A € INPHPS-Psmd2 &2 &4, ] Rl i 39 5041
EIRAF G HIHIERE 1, M m A A B A
SEEAMRBMSCE, L LRRETAHEN, S
WA BESH U, AN, M RERMH, YIHRLT
BB ALB AT BG5S H PR A NME, BEJG H 1
NGRS B AR B L S I AR 2 A B AR B
J57 - NPHP8 1] DL i 12 75 M 55 2% #21  (mammalian
target of rapamycin, mTOR){5 5 il B 14 1 17 F Wi
P, TELF B 50 IR s v B WERE T, WA 20
BRE T4 BE S R mA R E A RERY. Bk
Wee fipp a5 [F) I E 7 27 B B A2, NPHP83Z 4 ) g
5 R & A BRI AR H WS R 28, N B
FRALAT W) TR B AR A SRR A

3 NPHP85/&%
3.1 NPHPSKRLESHAER

B HAT, AEWRNBURERA 18025, &4
RILHIF BHIRLI35F S, T 4F B IhREM 5 2A4E
H, A EBHREER R A RE 2 3 BEE MG, N
Ms-T— RV K E RGN, SRR B (cili-
opathy), CLFE LM BB AL . Wy on RIS G (1) 5208 | 1
PEATE DL W EAL B e A s 5 . R, 28 B 2
— R R ST, AT AR DIRE R 2 R R
WA . B ERERFEERSFE RIS E
BEIEATA K, MPVINAE B3 RKERTE2S
HEJEH. RERFERRL. K EERS.
BUH LA BA - MKS, FERIENZ T, £
PRI 4, 8 WAEIR bk i fisi i 5 BBS, 72
— R H WL B, B IR IR 2 R, DR SR
A 1IE (orofaciodigital syndrome, OFD), & EHRFE N &
MEE/IN . B REERRG . 2248 DU SN 45 4 e S5
BRULLAAN, I — S AR £ B 25 AL, Hoh, NPHPS
FEH A 3 B S EUE AL E B (NPHP) . B AL
5 55 A0 W AR P 2% A AIE (Senior-Leken syndrome,
SLS). JBTS. MKSZ:(K3).

B ELAL B (NPHP), XFR'E B TEFER , 1200
5 NPHPHEH[F] 44, FLZE NPHPAH I £F B9 h if 70448
NITZ, M o W Gy (R RS 8 AL 1

WEEI, BRI B LA DA, %0
i FEULENS M T R 5 W 2 —Pl &
BT B ) R AR N B IR R, AT S EUE )
REZWI IR, AR NARIAE . HTIRKE
PTG B R e MR R, S M DA 2 I IR, BRI
KZHUEE R NS M vl . ZEP. £F
YEAL DA KRB AL ENPHP B3 1) = K BASAE, 3
H ) S286 3% B Fhxw 71 Sox 93 [R] 1] 5k 2% IX %) NPHP &
LT 4Edl, HF HIER T 4L NPHPY H & Thie
N EEIRSNAN R, T SOX9 Ll a2 At £F 4R AL 1)
U5 A7, T BARCANPHP A K oAt 3 e (044 15
PR T CE VR TT AR B2, B B 54T B U
X b NPHPE:RZ VIR G, 240 NPHPEE KIS0 HLEE
H5Z MG 585 E A0, FEAHE HhE 5 M.
Hippof& il . Wntf5 Sl %, XL@EK 5461
AEWEE T RE VIR G, HAH L2,

NPHPS8E 12 5 IEZ AR E , b T LM g
B IIRe A EEAEH , b2 4l NPHPS K
AR, N4> S8 SLSB, SLS A& — i N EE WA
WY AR BRI AL, 32 BRRAE A IR IR AR DA K
B, RN B B A IR A PSR B AR . S
SHAR R, I T NPHPSE:R AL, 64 2/ 1055
Rl 248 ] S8 SLS, WINPHPI. NPHP3. NPHP4.
CEP290%%181,

NPHP85 NPHP4 L}z NPHP6 3t [A] 5 {37 7F £F
B, B A A E A R A RN 2 555
JBTS. IBTSHHICEUR K X NPHPI. NPHP3.
NPHP4, NPHP5. NPHPS8%5 , %75 It 3 S4E J9 /)
AR T BT . R B IRZE . PRI H . 24, R
PR R AR AR . HRERGE S, ZhIRshE R Wik
JIRGR SE F AR, B4 B T RE AR A T A 4Rk B
JFAE A6,

Y NPHP8 2 [ 8l 2 /N ik U X & R A= B 52
A2 S MKS . MKSH 505 % [N NPHP3 .
NPHP6. NPHPS. NPHPII, %5t 3 R E AL
HERGREZ . B REEEN . ZiREUERIE . HFIHRE S
SRR I A R S S

THASVE R L, NPHPSHE R 9 A8 R A He g i 77
V)5 NPHPAE IV IX FIAH HAE A, S EUNPHP4/ 4
B PE X E A gk AR AR D IX A d AL gk R Ik
SRk AL P X A 54 B IhRE R IE, ik
THETFERIESRR, N FHZHREE. &
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NPHP (nephronophthisis)

Pathogenic genes: NPHP1-20 (NPHPS)
Autosomal recessive oculo-renal disorder, mainly
affects pediatric and adolescent populationsa,
characterized by abnormal renal architecture leading
to progressive renal function deterioration

SLS (Senior-Leken syndrome)

Pathogenic genes: NP/PS, NPHP4, and other related geness

Autosomal recessive renal disorder, predominantly
characterized by retinopathy and nephropathy

LCA (Leber congenital amaurosis)
Pathogenic genes: NPHPS5, NPHP6, NPHPS

Accounting for 5% of hereditary retinopathies, a severe
blinding inherited retinal disorder mainly characterized by
nystagmus, pupil atrophy, photophobia, and weak
electroretinographic responses

JBTS (Joubert syndrome)

Pathogenic genes: NP//PS, NPHP1, NPHP3, NPHP4,
NPHPS5, NPHP6, NPHP11, and others

Nephronophthisis
(NPHP gene family)

'NPHP1 NPHP4
NPHPS

Cerebellar and brainstem malformations (the “molar tooth
sign”), developmental delay, abnormal respiratory patterns,
polydactyly, retinal dystrophy, nystagmus, oculomotor
apraxia, and hypotonia; some patients may also present withl

hepatic fibrosis or cirrhosis

MKS (Meckel-Gruber syndrome)

Pathogenic genes: NP//PS, NPHP3,
NPHP6, and others

Occipital encephalocele, renal cystic dysplasia,
postaxial polydactyly or digital anomalies, and
hepatobiliary abnormalities resulting in bile duct
proliferation and ductal plate malformation

BBS (Bardet-Biedl syndrome)

Pathogenic genes: NP/PS, NPHP3, NPHPG6, and others

Geographic variation in incidence, with higher prevalence in
Middle Eastern populations, characterized by obesity and
associated metabolic complications, postaxial polydactyly or
digital anomalies, retinal dystrophy, genital abnormalities,
cognitive impairment, and diabetes mellitus

El3 NPHPSEEZIEM REERE R SBAERER R IERAER

Fig.3 Disease spectrum and clinical manifestations associated with mutations in NPHP8 and its family members

FEMES . mfhok B AR E shia P, Ko F il
RN B S5HE 5 .

BT NPHPH R 11 % , B | NPHPSTE AL 4%
FEC R — RPN AL, HABNPHP SR A 7 SR
AT S BOEBL I, WILCALS S, BBSLES HES 70124,
AL RAGE T NPHPS B FOE R 5 BT 5 800 IL4F &
TR L B0 R DA R 098 (R AE (1 3), AT AT
PAF H NPHP S5 SR A8 3 SR AH OC 25 6 1) Fos Bt
Y K oy #B AL S NPHPSIER | NPHPSHE NPHP K
e H ) EE LA A ER kT

PRk, £F B A o3 R I A IS A G 47 B 1 45 4
5IhRe, S EMBA B AL, 85 IR Rk A% VI
Iy 3 FHE DR 9 AR B & W R R, o N SR A
R B A4 B 2 JE D
3.2 NPHPSS5MEL %

NPHPS8HER A I A A B 1y 5 e 356 PR s 401
S DAL, EH T B0 R B AR R 1) Rk A AL
HIEAERIEIEME ] . NPHPSH: R A AT g 5 2 Fh 5

KIMIEAFAEE VIR R . WA X — AL TR A A
JeeE S R M R 0% S 1) 78 %5 v ] L {1k )
S 2023 DA S R TR 20 P e 2 23 EAT I 9T, Sanger
W 278 NPHPSFI 75 SN B PR A2 T RAR, B IS
WFFEN A P NS B 1 o [ o A X = A R R AE 22
e shi o 0 2 1 D R IA 7K, B4 R, NPHPSAE %
FpeesiiE b i R IA , JCHAE R M 2 2 A B e 1)
mRNAFIE [ ik KF, shdh, N8 A B 5
BT RoRNPHPSIEAERTE . FLIRE b Ris
IR R I NPHPSTEFL R i R ik 5 —
FHIA R AR BERFAE A X B, BdE N 3R J A K A
524K 2(human epidermal growth factor receptor 2,
HER2)FHE L #E 33 3R 52 A& (estrogen receptor, ER)FH 4
Jif9ea 70 A W (T2 T3) LA S B R 2 K 17604 o A,
W LR, FLIRRE A S SO A 1S MR H RS
NPHPSSE LM, T2 [ TH NI SE . S Be Ak
I BT 135 P B AR 9 55 2 AR ) R, 2 ISk
U 52/ NPHPS AT B 225/ U i 00 vRAk
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TEADhR EXD AR

NPHPS8E W] fig 38 1 i 45 — H6 45 5 % [A) 452 52
Wi Ji Jeg ) R, s g 55 U 4127 Hhod B%
W BT 5 R R AR SIS, SR HhE S E
FHOEZH 4y (F04E Pte 1R Smo) & A2 5848 | TR B 4 1)
(17 Smo ] LLUE Gli%e s 8 . N R 7 i Rk,
5 B0 HhIE B 10 S O (R SR 1 S G
A, 0 S5 T A4 i e RS R 4 BORE 1) R AT

H /T CE S NPHPS 5 2 Bl I8 (1) 52 A 40 %
NPHPSFIE 58 ST AS A, (R A g i R A
H NPHPSHIZZIE K38 AT LAAE Ry Jr8g 70 i A P78
HERRE. H, 5 NPHPSIF L6548 i A Hhik
P R (VB B T SR, TS IR R T IR T
FERE AT
3.3 NPHPS8HEXEFHIATT R

NPHPSH 5595 iR BEHLH 32 2 5 4 B 45 4
5 Ihfe 5w UL HhE 5@ i XL A 5. Bl
W JCARIEPEVR T SRS, BF A R R AR T R RGBT R
NG T AT TR KT

NPHPSHIZ I A 5L R B R I E 9 , Bie I
FERATT /& — PN R TT SR, B NPHPS
5 DR 126 38 B DN 9 AR A7 A A B2 L R A 1A IR T
Ae. HRT, BEAH % (adeno-associated virus, AAV)
P T G 22 i A R s L 1 e O E T 2 TR B AR
HWE I I B 3R AAVSKE NPHPS#3% 25 41 W i
W, RIHIRE T IE 8 4T B 45 5 Th 6 LA ) NPHPS
BAMEAL, ML T LR B2 38 IR A6 ),
[E], AAVOFAR AE 5 1815 miR-29bE N B I, D B
() 03 A1 AL AN 0E ] B0, DL K AAVIRL T 5 T
N BRI, X BEH N NPHPSHISE R TT #2448 T
K S e S T,

£t NPHPSHIAZ O o3 BE ML 18 7] DL ik — 2
INGY TR AT ), 04 B4 (vismodegib) 7E
NPHPS/|N B G R 7 Hhid i 5 0 DAAE
G LY, AL, A PLETYEALTT TH 254 H
FECE . B EIRMZAY I EhaE . RN —Lk
TBIT R E IR 22 2R . AT S R Z e R
B B, IXEE 2G4 75 Re S Tk AT BT e LA AU A 4
TR, B HATB/NAIRIE SR, 5 R 7

4 FLERE
g8 LRk, NPHPSHER R 4Bl X —/ A

A B BB K . NPHPS B L RhThae, H T HE
ThRE 2 4% £ B 3k [X (1) 40 2% DL K R $ S (1) 1]
BEOMER, 4ERFAF B4 5 Fa e DL IR IR 4
& 55T, WidEn Gl K1 10 T 4% Hh
S G B AR AR K K E . NPHPSIEN
NPHPZ i J5k K H G R 2 —, 72 3 30 B B 57
(NPHP) J H A A B o A A B2 R K, HAE &
RAEFINHEEEM O, HET, NPHPSHI i %
PRSI S R i To ARG B, 1 DASCREE IR T N E,
Rk — P2 4E o R AL .

B KPR R R R R IA B R IFAZ O,
DNA W EALE R e £ X HEWEN, &
S22 WAL R, ENF RN ZE
MIEAEAEM, I 1A B 5T K 3 DNA FUEAL 5 5 41 4
A ) R IR ATL I A7 75 25 DD B 28 B0 i 78 SRR A
2R YEAL 2 NPHP B 1 = KR BRAFAE 2 — , DRIt AEm)
DNA H 34k AT BE A& 1% NPHPSHE K 223K () — Fh B 32
FWeL 72, I H DNA R 3EAL B (0 2008 DL s
Pt e S E VR YT S8R T B R AL T ) fE 4k
AJ7E NPHPS (1) H S 46 7K~ 7 TR AT IR AT 95, B A
FH AKX T~ NP HP 8 st BR B8 FE 0 (1) 701
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1 1720352507 15 5 NPHPSE: R A1 &1 201 7] A%
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W2 1 5 5 5 NPHP8AH G775 i R 2 30 2 1] 1) 5%
Beo TERIIE LB EIREE T, FEmM i
BB 2% R S A (A8 1 6F NPHPS R AR % . 40
Az UL S B A ELAE FH A5 7 T B 5200, A8 16 2R 1 ] R
S SHNPHPS LA IEH S 54 EMAE 5 RN
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FMH AR E A AR, LRSS BE S
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EIRIT . 1RGSR 20, B HhE 584,
NPHP8IEAE N4 B EEHRH 2S5 Wntfs 5
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TE R (5 SE B M, Har o 2 DUk 70 B
NPHPSFAZ o= Pl 1R 1S 5 il Bk 4%, HOCHEAE
T NPHP8 515 it % B IRl 7~ (Rl O Hp IR LA, oK
KT Bh i A 1 SR — D i NPHPSTE(S 5
16 % ) SR LA

GEA A BIEAEMARAEK R G IR b o b
TEF, DL NPHPS R H HAE R GBI IE X
A HRAL KT RE , NPHPSHE R [ 5848 7] 5]k £ Fh
TP 58, 3F H NPHPST] 68 1 9 gd 151 17
TR B, 1X F W] NPHPS W] G N IR 16T
G AB 77 1o DRI, SR NBIF 75 NPHPSH G241 B
A BEMRER FRAMEM ST RN AT 5. bl
AR P RS H 2 E R S, NPHPSTE
AR T AT TRt At g, 3256
T NPHPSEUp 5 R (1) AR o 732 Wi I, %F T
NPHPSHH I 1) FH S W R R NG 7 2 EEL )
HSIME . NPHPSHI ISP G YT SRS H i £ 2R
T HBT RN T AR, SR
AT AL B, HoT RO e AT REidE— 2D
AR . BR T FSCiR R4 SiqE s . LL3E R IS
INGYTFEIN A, B — NGy T A VA SR I A
N RE SR 5, A4S RhotH 5% 8 (A BB S0 751
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AR LB INRE LA RO T AR AL (1 B A4 50, 6
AT R0 B4, T R R T A W A AR R SRS, H H A
ATHTET G 1 22 Pk ke, a0 [ s PR ik 2 R ) B =
FIL R KRR e S e A ) R R
8, RRATREAET I ROH M 1 s A R AL 3 R 4, FF
S PR AR S R DR R A I T R I PR 22 A MR VA
BAAR S kv I B4 . kA, NPHPS H i /E A4
WEYZ N YR, ] N Z S HR T T 25 R
WA EWIRR S, 22 4 B ARAE AR S 12 T 1
e . BEE S 2 24 50T BRI R, N
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