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% k45 5 & B (sorting nexins, SNXs)& — 2 & & 40 j1 2, . B B J7 1% 45 A 3 (Phox-
homology domain, PX domain) & & By 4 #k, 278 A.20 4 & A 33 ANk 2, H PX £ 5 5 & fr
T 7 ] 79 A 0 8% BB B UL B2 -3-5k B2 (phosphatidylinositol-3-phosphate PtdIns(3)P)% &, % 5 & A
FRART s THELEOSBEEE R AN SR AR WA TIER, # SNXs £ 401N
B.ERASG. MRETRS. Eoh, BEX i fssE 7 EARELZER. T F SNXs
WA Z R RAMEMEMDR, BExREMRNTE, TH—F2H 3 K& HPEBRAEE

Keikin)
AHHEEEA
il NSRS

B 2
MAEEES
A

fiR L PR SREBRIE M R RS IER S AR B KRR R . AU R, AL
ML 2K ik B X KEE NS RIR, IR A X 5.

3 Ve AR 1 — 2SO A I 20 i 4 A Tl [ D
4 (Phox-homology domain, PX domain)%% #4482 [ 1)
Gibr, TEMELSYT A 33 AU, sl E LT
[Fi] Y e A g ] — e e 1 0 AR ) 35 PR i (3 S 1!,
WHoE WY, AR SN AE K 43 W) Jo 1) 185 i iy (4
N o X 1 LI - P . 11 TN R 2
S BEE A AU Bh SR AR DL
o U VSO K A R G 2 75 1OV A B R R R
LR, BAT, X ka4 R P D RE R IFSE T 2%
3, BBCA T BE ARG — AL AR SO B E N
SNIBE T, R A RN R AL X Ty e K AH O
RAEPLEE AR B AR IS AR YR A &R

1 rEbEEEAn RN
IrIEEERER R R AT 1996 4E, Kurten 25 A\

I PERE AU 28 R —~ 5 3R J A K 32 1K (epidermal
growth factor receptor, EGFR)A M HEAEHBIEH; &
FERIF I XS b R B, ZEASHE SER Rz
WHEA Mvplp RUER— B, HHERIKR, 2
h3E EGF 2R MR f. [N EGF 2 [ K A A0 Vi il
W, BUSAZE S EGF 2R3k 3% A 1)
R, IFBHZAE A 4% 4 Sorting Nexin-1 (SNX1), 43
B R A L S W e R B S — A
j,!\'[4,17].

SNXs UFFEPEZE RIS PX domain, 28 LR 5% 5L
Bh 100~130, %5 PtdIns(3)P 454, i PtdIns(3)P &
FENM TR NMIR, S 5MNEA SR, Fm
SNXs Al e 5 M & H i F Y2 . 751
FEIRBR A 0 EE Xt o3 B R B, SNX T 2 A7
ETHERE. B ENZ. HEihik, & &XBIFHEE
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FL SNX ZR M A TEMZLsh Yy h 2 33 4, Rk rp e
10 >, BORBZ IR R Y], SNXs NMEZ 540
Rz 4 A ok, T ELE S AN A AR A 2R
P A5 S5 SRR B K AR R AR DTG, R
ZRF A DIRE M AARIE, #O0 SNX FIERIHFFE
FE AL Ak AR

2 rIEBEREE NS

BT SNX FIGEFHETE AL PX, A [A] 1) SNXs
W A 2 R K ) FE A A R S, RS 2% S 45 A de Y
AW, " —k 3 RIEML H—HKMR L2 C-
Uiy A EL AT A7 BB 2 R 45 4 2 1 4549 3 (Bin, Amphiphy-
sin, Rvs, BAR), % ¥ Fk BAR-SNXs, H:4t 43 = L&
1(a), f24% SNX1, SNX2, SNX4, SNX5, SNX6, SNX7,
SNX8, SNX9, SNX18, SNX30, SNX32, SNX33, /&£H
AR L 2 — 28, 20 R MR MU PX 45
B, 5K RS, 0 HETAT LRI AR D, A5 K iE
LA 1(b), 4G SNX3, SNX10, SNX11, SNX12,
SNX16, SNX20, SNX21, SNX22, SNX24, SNX29; H
fl i) SNXs A% =25 1(c), HAHMERERR
SR, N5 ik f5 % FE AR 1 28 (postsynaptic density
protein-95, Discs-large, Zona-occludens-1 or Psd-95/
Dlg/Z01, PDZ)Z5 #1012 Sre [A] PR X 3 4544 38 (Src
homology 3, SH3)* £ 5 1 5 8 (A H.AE R A Ik
T E 79 4540 35K (tetratricopeptide repeat, TPR)Y, £

(@) H—K
> PX_ > BAR
SNX1, SNX2, SNX4, SNX5, SNX6, SNX7, SNX8, SNX30
> PX_ > BAR

SNX9, SNX18, SNX33

EEES

SNX3, SNX10, SNX11, SNX12, SNX16, SNX20,
SNX21, SNX22, SNX24, SNX29

ST P domain

o [—

PXA domain

5 G EAWTH G HEA{E5 M 2% (regulator of G-
protein signaling, RGS)*, LI K fig 5% % G & 1%
1A (low-density lipoprotein receptor, LDLR)Z i%AF H
i FERM %5443 (protein 4.1, Ezrin, Radixin, Moesin
family, FERM)™/%, %% SNXs JoI:[n] i 45 443
X, U5 SNX13, SNX14, SNX15, SNX17, SNX19,
SNX23, SNX25, SNX26, SNX27, SNX28, SNX31. {H
AR AL, SNX9, SNXI18 fil SNX33 AR [FIIf & A
SH3 Fl BAR #ifgkf, ATRERN BAR Jhy 324544 ki
B 2 — 20,
3 prikREZEArDhE

PX 45t 3 SNX 05 B FFE S5 A0 38, 24540 B A
BT A4 NADPH A fLE§(NADPH oxidase,
p47phox Al p4Ophox)*¥, JE—FhBAG4S A 45 H I, &
iF 455 W BE SOHAR N i BERR AL AT AR, MR R
Pz IR E 0B L, M & HII6E. PX Wilg4s
BRI RAENTSE Vam7p™®!, SNX3P2H p40phox!?”
BERBLAY, BEATHR S S Pdlns(3)P 454 MR
HIWFSE 45 BN R, PX S5 4 B 2 2 A 45 A 4 S
PtdIns(3)P, RUWLEEIS L5653 {0 W B ma fb i Bl A e AL IEE,
e — M A T AR B S T AT R
PX 256 BRI ZE AR K, TN PX 53T 45519
T BiE Tk LS4 R £5 (Phosphatidylinositol phosphates,
PtdInsPs)% PtdIns(3)P #b, & B IEILEE-3,5- —#

FE=K
XA —RCS—ITPXT)——  SNX13
PX >—m— SNX17
—F’D SNX27
SNX28

O BARdomain <@ SH3 domain

RGS domain

D FERM domain

PDZ domain RA domain

Domains

B 1 (MZREE)EILHY SNXs ZHEE

PXA, PX-associated domain; RA, RasGTP effector(ZX [ Worby Fl Dixon'"”, Seet il Hong“], Cullen™)
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72 (phosphatidylinositol-3,5-bisphosphate, PtdIns (3,5)P,),
14 I Bk L% -3,4- W% iR (phosphatidylinositol-3,4-bis-
phosphate, PtdIns(3,4)P,), B A5 Bt AL B -4,5- — # I8
(phosphatidylinositol-4,5-bisphosphate, PtdIns(4,5)P,),
i B Mk AL -3,4,5- — B IR (phosphatidylinositol-3, 4,
5-triphosphate, PtdIns(3,4,5)P;) % 1928291,

SNX KR ZHOR AN, 535 7K-F- D GE ¥
K ULARE. BULEIES 2 SNXs B ZhfE: & 51877 a4
EGFR, %44 51K (Transferrin receptor, TfR)5:7E
W — R MR IR AN BN ELRE, e
I SNX1 SNX2P SNX4!M) SNX51 SNX6!,
SNX9P! SNX 1352 SNX 167, SNX17%4 SNX20"!
I SNX27!0123504  SNX4 £ 15 TR K43k, SNX5

25 6-P H # B2 & (Mannose 6-phosphate Receptors,
MG6PRs) 1] J5 THI i /% B 445 IR 45 44 (trans-Golgi net-
work, TGN)f 43152 4%, SNX27 j& SNX 5k rhft —
BA—A> PDZ S5t i, AR G A EIK
R - AR R A 4 AR,

3.1 55355 BAR S5#i8, X PR BAR-SNXs

SNX1 ZEE A SNX HH, &H PX Ml
BAR Pi4ikgis. H PX 545N PdIns(3,5)P,,
ST PRI b5 FE R b, 40 M A 4 -
% 2 B2 18l IS 9 (Hepatocyte growth factor-regu-
lated tyrosine kinase substrate, Hrs)J5 5 SNX1 JE &
A, #-5 EGFR E &AL T RN A, #E i 15
EGFR M\ 10 piy S8 42 1] B 301 PR S 4 1) 2 iz 7). e b,
SNX1 &0l LI SNX2 — 51 [ NI A7 TGN (1
W B, SNX1 5 SNX2 i I —3RAK, #
HINRETT M ACER . SNX1/SNX2 il i PX Z5 A4l 5 137
F PR RE I, B B9 4> % 55 B (vacuolar protein
sorting, Vps)il VPS26/29/35 FL4E 3| | —&IE
retromer(fi 1 4336 B 145 A IS HER IR SR D E A
A ARG S — e 5C3Z /R 41 MOPR [7] TGN J5
) 553204 SNX2 IR0 25 W R IR TE B, (R
FERH, SNX2 X FHES F-IEHAE R MOPR M N {4
#| TGN (W4;iaJFdE ™). SNXS, SNX6 il 5
SNX1 Hhfal 5 7 T HL U AR, 5755 4 5T DA Y TR 4R 1)
TGN (%2741 SNX1, SNX2, SNX5, SNX6 ATk
L 2 BRI B B AR 1Y 6-T R T EE b 2
& (cation-independent mannose 6-phosphate receptor,
CI-MPR)[i] TGN {J%#%iz, DOCKI180 ifi it SNXS 145
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CI-MPR Wjiz%#. ¥ k& BAR L5t SNX, %
retromer 7R SNX-BAR retromer!®.

3.2 BTN PX ik, e ki

WP R AR A M2 SNX3 F1 SNXI16.
SNX3 it PX 55 PtdIns(3)P 55, & T~ N 1A,
Z 07 A Y i iz S5k, —J5 i, Al TR
L] PR R R G ER PR, 55—, 5 Hrs
F1Z W AR (multivesicular bodies, MVB)h[E], 5 i
ST P9 R R/ A T 1) B I e 3 1, SR 9 R R,
ez O LI YRR S] TGN (386 [ 38 b SNX3
WS TR, W SNX3 5 VPS26, VPS29 Al
VPS35 JE Y retromer, #E M #55 Wnt {55 M3 PR
1] TGN Ay 12611, SNX3 ] L) Z£4E TR F-98 35 8k
Fazste,

SNX16 7 1343 MR, HIRFEGG Y coiled-coil
GERE, ARy L A T A P R R T b T, i EL X L
[A] Y5 5% & 4k (homo-oligomerization) s 3 & B 2, A4k
FIEH LA 58 UE T SNX16 76 101 FT 6 359 Ay 4% /7 il A
(endosome/lysosome), 1§ P I 1A v 15 4 43 A 53470,
MAEC A SNX16 R RS 5 T #E % AT N TR 4
1| 41 Y 1% JFi (endosome-to-cytosol) f) iz #i 1. SNX16
BE B 7 T 9 R 4 45 HotR (tubulo-cisternal) X 4 B 48 P9
AR, 52 m LR A% Az gl Pk, DA 2 i T ] P2 45 ) R
101 P9 i R B i 22 ).

b, ZZEH Ry SNX10 WARMEAAMFSE, SHE
HITIRER) SNXs AHEE, & 0] LAFE 2L 3h ¥ i 4 i Hh B
A LAY 23 AR 454, SNX10 B9 PX 453 A1 C R i
ZE 4 15 (C-terminal domain, CD)¥ H I LT, W
WG SNX ZEM—IE ite; B s 48
AR SNX10 /& HiES 5k il 5 HAh 4 A
WA &Y ES 5z 7, H2& SNX10 Al
T M 1Y & B Ry i — 20 i 5 P TR AR R M ) R A AL
AT — AR R G170

15 5F B 0 i K N S AR S 52 56, SNX10/V-
ATPase Z 54 B ML WIS EWIE L, -
SNX10 %t A ¥ ARG & & -+ EE

3.3 B URHATWRZERME R

SNX17 J&: AR, B PX Z5Hy38 5 v 7%
—~ FERM Z5#48; ‘EfE5 P-selectin HAE, — /T
Jon 3 G R RS PN A, g — T e SRk e Y A R i
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AT ok 2 HL o fige 401

SNX17 i 7] 3l i FERM 254445 5 LDLR % (i
LDLR, VLDLR, ApoER2 & LDLR #1344 LRP)IY
NPxY F£JF(NPxY motif) EAE, M52 LDL 524K N
FAE P, gE— 0758 £ W, SNX17 BEfE #E LRP [A]4i
IR, MRS LRP 7E 40 e 2 A9 7K F, NPxY 567
I BESS AR AN 23520 LRP (0 N AE T, (B 2308 b
LRP (% EIAE IR, e BOCH A 75 B v e g 2217,
SNX17 ) FERM i iR Z5 #9758 % W, PX-FERM
H A LS — KIS W43 F (cargo molecules)fE M, £
T 52 U IR R 2 F T A — S8 N A 1 S5, R R
P B A B PR AR 2 74502 A FL SRR
16 (HPV-16)L2 MACFEER 1 00 8 PE L T L 75, 7
FRFREE 5 SNX17 HAE; fEL2Fp PV At L2 f1
SNX17 #BEA5rE, il BH s 1212 Y Ll A =
PR5pPE, XF SNX17 BIWFFE AT RE R LA 3697 B A8
JE g4,

=28 SNXs #r D et b WL 1.
4 SRR A

Ui B IE H AR IS S N I N B Ak, NI
RAVE I — MR R A sy, S5 - EEEANN
JiL P9 KB4 ok [ TGN F 2R 1433 ). 24 SNXs bt
SE R B I R, st 2y EAR R A BEJCTE. dn PX
B 7 IV PR ST X R AR AR AL, 20 3R AN BB AT A5
TP AR R DI RE, 5 30— R A AH LN,

4.1 i

EGFR 1£ 2 fft i i 5 4 R K CF-2ak, AIFSEIE s
EGFR 15 %5 1 s A A Ji v B AR 1, i

EGFR Y5 SNX ZEH MY 24~ B AT AR B AR 330,
I, X SNX Z I BRIT AT B RE 9 45 LI IR T 4
LS.

SNX6 5 FL W e R M il LAl 1(breast cancer
metastasis suppressor 1, BRMS1)# A7 7E A HAEH,
AT 3 A0 410 <t 2L i s 200 v A Q5 PR | e s, i
A BT LU i B R

BT A B SNX10 1 278 E #% 52 i il 1 20 g i 72
RO E WG, R TE LA A, SRl iE
AN AR N BB RO, AR RTRES SNX10
fi4 B K] 2 A A DGR 0T

4.2 PR UCIUFER

ANV BIE AR B 1 (B-amyloid, AR)TE KMk AT
FEUIE 15 ph 22 40 B A1 19 3E B FF B 2 BT 2R 2% i 3R
(Alzheimer’s disease, AD)H B S5 BARME. ABZHIP
TE M REEE AR 25 (1 (B-amyloid precursor protein,
APP)Z: 33 B43- il fifi (beta-site. APP cleaving enzyme-1,
BACE) Fly-43 WA BRI VI F1 7= 4 19, 56 BACEL V]
#| APP F=/ APP-BCTF H Bt, #tifii APP-BCTF #y-
Oy b E— I E A ABPYL A SCERIRGE, SNX &
B — L 5 S AD A B VIR C R, W SNX6 AT LA
¥ BACEL X} APP MBI YI, 7E41Mi/KF T4
SNX6 BEW T BACEL /K- F- I3 i & 7E N fr i FE v
B35 )32y, N TSSO ABRY UK phAbh, M4
SNX12 i B mF, ABRYZKFI8 /b, TMif ~ SNX12 i,
AR WKW 3 hn. #E— 2R kB, o EKik
SNX12 Xt APP, BACE1 K y-43- i it 20 73 1 2 7K ~F- 1%
A B RS2, {458 BACEL 5 APP 7E41 I 4 iy 3t
ENLE L, IR APP-BCTF 77k, HT BACEIL

F1 SNXs WL

Bk

R

B=k

1 245 EGFR Wiz, 4 SNX 147

—_

£ T

LA TR BY553E, M3 SNX FHEM PX 1 2% P-selectin MYFEA#, 11 SNX17P451

2 ZH5NEAE TGN Wiz, 2 4 Hrs Fl MVB {E WY 0 1l 080 2 5200 LDL Z AR A= FEH, i SNX171%

hn SNX1/SNX2 38

4y

3 5 M6PR [1] TGN J5 [l (95515,
hn SNX1/SNx2 139411

R/ BT ], NHESE SNX KM PX

3 25 TIREBATENNMRIER 4R 3 SEfEdE LRP BICHEEF, 40 SNX1717
Hyiz i, I SNX16M8

4 S HE M WREW TR, 0 4 5AFARRIEIREE 16 (HPV-16)L2 K 5T

SNX 10730

EHRERA R, W SNX17M

5 25D maERIEE, n SNX10!Y
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5 APP WA EAE AT AR 77 AR R H 2, SNX12 R AT
e /& L E BACEL 7E40 LN i 32 Fn oy A, AT
T ABRYEAEY. AN, SNX1T 1N APP A%k
£ M (adaptor protein), W] LLEYT APP 7E 5B Vi
PRI 2 I3 ABRYFZ AN, L, SNX R K
el 5 AD W kA B R %

4.3 HAbFhE: RGP

WF9E R B, SNX 18 75X Fl 3 B R Jif -l i 2 ol
ZIUHETER SRR, (BB 3 & AT, L
ik TR, HARAAHELNM b 38 By A A 1 s Al
L9 H AT SNX18(enhanced green fluorescent
protein SNX18, EGFP-SNX18)f7-{E & s 57481k, 2R
SNX 18 T EFE 28 1] B 1) T 1 2 #1102,

TERWG R R k&, SNX12 7Eff &0 i
IR, e BSR40, N1E-115 4ifILL A 5t
REZEMAICR TR, SNX12 Fik R 7EMA R4
Kt #E oA fr s m, SNX12 @ F e, #hassin gk
ZRMH, P SNX12 78K K J2 1 & & o 7 b fg
i 42 Bl 22 5 1T 1)

¥ 1k 4 K A F B(transforming growth factor P,
TGF-B) {5 5 1 % 5 o AT BUBUR % A=, SNX25 3d 5
ML 431 TGF-BAZ 1A 1) 5 g A4 1) W A 105 9415 TGF-P
G, BB, TERR N FTUC &R 75 & I
KRB rhr, SNX25 1K KF- ik, 4275 HAR AT
AES: 5550 14 A AT,

4.4 DI

WL BR, 15U PUBRSE (tetralogy of Fallot, TOF)
A0 R IE T RE S5 YL {0 iR 7p22 Bk, tnH AP AY MAD
1L1, FT SJ2, NUD T1 Hl SNX8, EIF3 %% 41 it ik 2 A7
SO SNXS 25 g PN 401 (PN I A 3] 8 JR LA 1Y
18, HER KO WE R 1T e O R B R
Yy s SRS BY B B T MR S8 A, SNX27
1) PDZ 4543 s m 4 86 13l 18 i 2Rk, HoA e
B 3 3 AR MR U JUL AN ) 4 T
EONIE RS HBAL . D SERA IR AR,

5% 3k

F 2 SNXs M % By — 5K

FhiJs AR
SNX6  FLARE™
s . s
SNX10 k% L& itk oe™)
SNX6 T ABPY

. 1 BACE1 5 APP 7£4 I
Bl IR P R SNX12 i ol EAIMRARFEE

1\‘7[60]
SNX17 475 App'®!
WY FE R IR G A B A2 o &

SNX18 e 62)

A M2 RS KR

IR SNX12 WIEKBiLELEE®

SNX25 IR TGE-B fafs 53 e
SNX8 ki IUBAES!

O I 2 5 9 N S N - 3%[12,35,67
SNX27  JH¥EE T, OFA IS

WA RE S H SO S A, #RXT SNX
It T Re AL () TRAE AT 68 R 00 IE AR G 5395 1R 97
FE R T 14 3 %

H i, SNX Z G AE O R J7 T B9 1% JC B
A, EHIE & B SNXO 780 AL £ 44 i 3k,
PR SNXs 1E1% 7 W RS Al BE 2 A B R e i o8,

SNX 5 1Y — L9555 WL 3% 2.

5 Haihhks

ARSCHEIR T SNX ZEE I 54 114 2 L 3 (R K e ik
TENL S SRR AT R A —Se T R R AR S —
S, Sy g — 2D R L ) B AR A R A 1
AL BOE TR, Seft AR, HATE X SNX
KD BEFE IR IR, JeHOR: (1) SNXs BENTEA:
YIRS A 7 A R AR (2) SNXs FE LA Y
A BRIIRE; (3) SNXs BIFEFIBLEL; (4) SNXs fEOFHK
TS AR B AR i AR P AR AL fR IR AR
PR TE DY B DI BE R A FHBIL AKX 26 458 %
WFFE IR, BER BRI MBETEIRA, KT SNXs
FIE IR DI DI RERT IE B4 22 MOk B 2, AfTTXHZ &
2T B8 DA TRORE BN A i, DA T A A S 52 9 114
By i3 4 A3t S A 2 A - TR A
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Sorting nexins (SNXs) is a general term for a large family of proteins containing a phox-homology (PX) domain. This family consists
of 33 members in the mammalian proteome, whose PX domain efficiently binds phosphatidylinositol-3-phosphate, and is therefore
recruited by early endosomal membranes. The PX domain is also involved in important protein-protein interactions, including the
trafficking of cargo-adaptors and membrane-associated scaffolds in regulating cell signaling. Therefore, SNXs may play important
roles in endocytosis, endosomal sorting, cell signaling, membrane trafficking, membrane remodeling and organelle motility. In the
present article, we propose a classification of the SNX proteins into three distinct subfamilies on the basis of their structural differences.
We also examine the evidence linking SNXs to various disorders, with a particular focus on cancer, Alzheimer’s disease, neurological
disorders, and cardiovascular disease. This review aims to summarize SNX protein discovery, genetic mapping, construction,
classification, and role in disease.
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