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Abstract

Background: Multiple sclerosis (MS) is a chronic inflammatory disorder described by central
nervous system (CNS) demyelination and axonal damage. While the cause of MS is still unknown, it is
extensively accepted that novel drug targets need to attention. Retromers are protein complex that have
an essential role in endosomal trafficking, and retromer dysfunction has been associated to several
neurological disorders. Therefore, this study aimed to compare the expression of SNX2 gene as a part
of retromer complex in MS patients with health individuals.

Materials and Methods: In this case-control study, 50 samples of cases of multiple sclerosis
(MS) and 50 healthy controls were enrolled. Followed verifying disease, 3cc peripheral blood was
given from all subjects. Total RNA was extracted and complementary DNA (cDNA) was synthesized.
The relative gene expression was determined using quantitative real-time RT PCR (qRT-PCR) and
evaluated by 2722¢¢ method.

Results: The expression of SNX2 gene was lower in MS patients compared with healthy
controls and it was statistically significant (p< 0.05).

Conclusion: Our study showed that the expression of SNX2 is lower in multiple sclerosis
disorder. Considering the functional role of SNX2 as a protein involved in trafficking process, SNX2
may affect receptor function or drug targeting. Therefore, supplementary studies should be done to
elucidate the exact mechanism of action of the gene in cellular trafficking.

Keywords: Multiple sclerosis, Real-time PCR, RRMS, SNX2

*Corresponding Author:
Address: Department of Genetics, Faculty of Basic Sciences, University of Shahrekord, Shahrekord, Iran
Email: s.reiisi@sci.sku.ac.ir

12



d{bfﬁﬁ';}lﬁo[ibbﬂjﬁwkdm L;.&A}jdw
=YY ra2 sl = (1Y ol oplad) Vo lad ¥ Jlo

Jedlo Olslew 5o (Sorting nexin-2) SNX2 o3 Oy (w) g
Al 3131 L dwlio 38 RRMS g 39 <!

Fa15 oo by 3 ¢ (Sl sl T gl y daow (60505 I s by

Ol 03,8 g ¢ ool 15T ol 03 S g ol 68K 3 Lyl punlid IS (g gl
Ol 3,8 4 03,5 g ol carly ke 0aSils 2S5 05,8 laleul Y

Ol e 8 gt 03,5 40 (S ke oKl ¢ oulid s 05 5 colas 5 i jaaine ¥
Ol 3,5 g ¢ oDl 51T ol8iils 03,8 g dolg (K55 09 8 (5LsLul P

/NP 1y )6 ANV 3y b

LRVCS
st s gl Aoy 4 5 o e A 1 Sy (M)l sl i 3 dige;
Sygo 4 gge ol ol 4Ll jom MS s o Jbo ) g 0 oy  SguST el g (CNS) 658 50
&S b gy Sl yegyiy cCuwl Lo 2ys0 Lda oyl cladin 4 dagi S Cuwl ol Atbydy 0 S
Sislers SYMBL 5 olj sl b (095 3,Sdas p3 IS 9 8515 (cogjouil Yl 5 & )3 ot 5
Ohles )3 60955y wuSliaS 51 isn leie 4 SNX2 45 Lo dwslie cadlllas () CBam coplpls Sl oo olyan

2 WJlw 313 LMS

S im0 3 Mg @l S8 e g (MS) e s Sl istlle g0 0+ cganlima)se aslllas ol )5 1 g ) S0
JoSe DNA 4w zl5eil o6 RNA s a8 3 addllae 590 3131 ples 1 oo 93 (aw o ¥ c5ylow 20l
5 %ol cwsd 4 (QRT-PCR) real-time RT PCR oS g, jl ealisl b (o) (oomss o)l .05 550 (CDNA)
i b)) 2788 ) sy 4

(6ol sine gl (o )lel i 3l g 361 el o S o3l b alio 3 MS ey 5 SNX2 5 oL sldaidly
(p<+1+0)al> s 1,

OB 4 drg b sl Sl e Sl Jedle (slen )3 SNX2 e &5 b (it Lo adllas (5 S don
3S0es 59y p Canl Sen s ok S8l sulp 3 WS pBign SO gleie 4 SNX2 &5 o5 Sles
o i asuiie glp (JueeSS Glalllas by asl ail )ul: gyl pSua b Jolu maw (slay g,
335 ol 3y Jobo VU 055 9 05 3,Skee 589

Real-time PCR RRMS « s 55 5] Judlo SNX2 1 gulS 45514

ég.:::)" o})f Lﬂ\i\.; (:}Ls« o.lg,:.i‘: L:;)QJ: o\iﬁ.}‘: L:;J,@,:: LQ‘;}_‘ :J,M Ow\&mf_,ﬁ W*
Email: s.reiisi@sci.sku.ac.ir

'Y



Oen g M by S

... 3% (Sorting nexin-2) SNX2 5 Ol (w9

e g S5 5 3) 058 S SNX (slas
sl oKl Olge 4 & dibe Jlid 05 s
sphie e Jlail gl S e e A s sied
Sk 05y Calizee la iz 53 SNX glagss
o3l gl (7 D)L pi S ete 4 sU 5 adsl slap ol Lile
s b She b oms, Y e SNX sy,
e b ol D po 4 & ooy e Sl b
SVl 5 B el (ke B 5 e b5 o
Ll 28 b 5 gl 5 g olie o) smy 09594
il o SNXT osl gl ol 5l odbiaslis 555 5 o3l
0556 sy 1 Il 55 & Olge @ lnl S
S Conl odd edeie 5 Sl odd Lo 5 ooyl Ay
Wsgi o sgmm) 040 4 o Oy SRl L
7 gl Gy sy 53 SNX2 (laoss
S ) s A8 638 S skl 5l Slans
o5 51l TGF-B gy S e 3 TR
5 oy #F spd B SNX2 (V) s (65 Shes
PSS Sy ails Glases SNXT L JIg ks
Jjbj\.M:@JS.USNX4jSNX1 Ly s mg,n
SNX6 5 SNX5 SNX2 SNX1 (sls 555, oo
JSa Oty 53 1y s, oSS K L
b ey 5, S Wlosls Hlis silze dal gl (VY c\\).\.:.a:@
5 dom 5 05l huaes 53 ol oS Sy ls 6
3 JB 4 Ol 3 Shae otz ik B
@y ) & Soge ey wly a5l SV
033 Tl gl iy Gl el Sas5 5lesliT
S 5305 3, 5 DI (6l S T o5 0
et g e Glallls i ol B 60502
e 5 SES B 4 s gt xS A8
2 Eps oSS B Al el ey,
5 el AT Al e ok s Slacs e Sl (g3l
Ll QY Pl odd el (65b5 d9d> b O guiS )L
LS ol Sl S ST pa B el sb s g
(RS (g YNl sl 5598 55 (Sl 0l ediia
plil 0 pS6 (slanllan €5 n 55 MS (g lay dhax 51

400
Il & dMS) s 55 1Kl Lelle 65k
R e S il e ouS ades eie ol
Slasio b Golay s o 3 S0 Coi 1) 5 e
3 EST T e S e RS
€t ls elin) by SeSlass pad 5 bl ,tis S
3 ol e (a8 e o De OT 53 5 35500
o el ges ol3olen Sl (MDasb s LS s
ol 03 ker 3Ll O3 BETL (e 25 D5
Ol 1y s oS S 5 boseST T dla Joee
& MS ¢l slagus ol 151 s 52 (V) das o
ol g5 iplh RRMS)osil 5 pgrontiS” 50
o sl e Sloyss ol Ay 4y ey
syt f5 S 4 s St 03 354
RRMS 5 o wde bl o 2 28 (SPMS)4 st
OT 5o a8 Wish o sbom!l S5 dgml T 3 bug
A5 53 eds Jb WS, S 5wl 358 slacan ST
4 bdas SPMS ;5 ()l Cé iy o5 b 55 (gl s
S IS8 0328 Opalihes 5 nae Jilod b
S b (Mash o Ledie (Cul Gae BT OT 4
03 = 5 Cenl LU (olew (5581 S5 25
03 93 ame Gl iSh ) (S slaal 348 0
Golow 395 90 Dl Ll 5 Liyls SIlss OT slow|
@ "Ylal g odaT sy 4 (S5 sldazal b sl 3l o
aia 505 ok A A)s,ls S Jase laeS s
PSS Jshe 09,5 S5 JB 5 Jem S Sl o
So3e 4 S o S L0 Sl 53 Sas 55 g
2 dyene ad)le 6 bty oladl (S5t &
e 5 oS 9 il o (e o lacsslen S ok
-t Canysb oy b Lo glags ol @5l
b cnl 03 pl s (F)3 8 on 0313 o (g )le &5 5L
"Vl Slrazs ol Jail 5 J&5 55 o7 oo gy ik
sorting ) SNX gla 555 5 diile (dizud (55,0 (somr

sl e a5 6 (NEXin

V¥ ITAT 18 5 I 0 slod ety Jlo 5715 (Kb 3 pole olREIS Emg% oole dlomo



Oen g M by S

... 3% (Sorting nexin-2) SNX2 5 Ol (w9

Random (sls el p 03,5 @lol Jyl d 0 &5 5
Sl Sl 3 ey =T s oligo-dt ; Hexamer
los 53 3 el S £33 A a5 (Prime Script RT)
534560 S 4 45 4255 10 Side 4 31, Sl ax 3 TV
3,5 or oy alsl 51,8 il 4z )3 AD (sles
qReal time PCR b 003 Ol ow) 9

SNX2 5 581l a0 &l p el b
¢5 Lbuy Ensemble oSl 5l otel cons & Jig b
05 0l ez () szl el Oligo V.7.0 ,
Rotor-gene +&ews 4wy 4 QRT-PCR 4, L
& el (Qiagen, Hildn, Germany) 6000
e 03 S iy 05 5 SNX2 05 6l 2S5
SYBR premix Ex taqll :(sls,ldis 4 235 S ¥
5 soohe Glmly s Sa Ve e « (Takara)
s Sen Y e 4 oliS s (10PM) e Ses
350 g 4 SIS 5 36 OT L oS 2y S Y cCDNA
2 Coge 4 oBaus 3 ST bl los ey
L

Se 4 55 Sl a3 40 gl O gl 50
b V0 el a0 STy S Feocads
Glos 456 Yo ol T oo a3 40 glos )3 O geuly 55
Gl bsb gles 531 8 Sl ax 5380 55 s el Jlas!
do o ol 035 51,5 Blo 455 VY 55 4l Ye Silabis
318 Bl 455 AO-VY (gles 55 SV eams (gl sd
e mSTs 3l Joolo (slaosls Jows 4 jous (sl o plonil
g b G e 5 oAb osliza) 2788CE 5
ey 8T (gla LT
Ol Ol b (FIPL6 Ol 9 G BLISH (s p
SNX2 o3

o 3 65 Ok Olgs Ok Lyl gy 81
23038 33 a0l s g ;Ko 4 4 5 b le 31 3
05 Ol Oljes s ikl s JLo ¥O VL 5 L YO
LUyl Ol B ks aglie KouSo b (05,5 55 8 53

YTt e g pasia BBl 0S5 Ol

\.&QT B SNX 45\’&9".‘.:35‘}'-’. GL:J J.:Le)ﬂ E) Sl olid
Q‘j::‘ eor «JU@ QJ'-'-‘JM u.l‘jLJCM‘ av\.&.'um
S 93 oSS gl 5SS Ole 4 SNX2 05 ol

A3 o MS (ol 53 ba ey 55 50

95 g 3lge

5 o o5 addlae sl alllan 16 5" diged
3,500 Jold dsai Vor (g 51 a5 Al o cals )40
alllas 4 355 slme b plail Wl 53 00 s MS Loy
sbobas sl 5 oley asi Gl 5 Olay 13
Sap a5 b s (VF) McDonald) Wtys e
N3 S B ez LS Slasl 5 jre jasaiis
£5 A pai glalae sl MS ks sasis
oo adlas I Wlos s mee ok Jdou (6)lew
ol (ol 88 n 5 (313l alllae ol 55 ips e
S5 g 3s5n DS 03,8 331 Ol sie 4 dzEIL eae
© Ol gy b JRS 5 sl 53 51 (6, S wges s S
Gsl Gl iy (6, S s S s T fes
JenSS Sle 2 (sl (S il 5 T3S 50> DS
S8 e 5 s s b Ol oIS 5 5 s S
23 Dl a0 Gladigel LS ) S wlcyls,
@8 (Yo o) EDTA 5sl s o3l g5l sladl
Jazo o8aslosT & (JiSUpe SLislaST (gl o 5 -3
NENE

cDNA 3w s RNA z1 sl

MN fsnl &S 51 eslinad b Johe JS RNA
» s (NucleoSpin RNA Blood-Germany)
5SS s Sl el oS Jaddl s bl
st oSaas I eds zlsael GLRNA oS
Nanodrop 2000, Thermo Fisher )ai ssticul
DE, USA
Gl 53 g Jle planil b ool s <sWRNA

.Scientific, Wilmington,
DNA 4w d> 0 o ..\.::é;)\)é :\Jfé:.;l..» 4=y =V
Takara, ) j oSl eslizal L €CDNA) LS
do o 55 Jald S faall) 2 i 2S5 (Clontech

Yo 11T 313 5 I 0 slod iy Jlo a5 1o (K3 pole b0 g oole dloxo



Oen g M by S

... 3% (Sorting nexin-2) SNX2 5 Ol (w9

358 SIFL Olsae L 05 Oly Ol e 5131 o S50
RO ST
Skl }QBT

SPSS 151 5 5l caesls T () g
oslizul (SPSS v.22 Inc., Chicago,IL) ¥Y
s sai jo o5 Ol O‘J.:.A NEDY J\:@m ] 6‘;{ s
= T 0n3T 51 i slaes 8 (s 5 ol 5 slaw
LT Sl 6l (5515 s cla.» s eslaal test
o5 3 g s (gl ki 8 8 53 0700 51 xS
.4 o3zl GraphPad Prism 7 ;3

dovy & S g Syl am,s adlas ol s K5 ax 5
Uiyl EDSS) e 2.8 Jlst > Kurtzke [las
A3 St 4 aw Jlas ol U Gillee 00
oy oy 3 Jlg Gl b s & sy w38
5 ooy oy 55 g SUls L L se (EDSS=0-4)
L s s (EDSS=4.5-5.5) sz, 6ly 45 ¢SS 4 5L
Sl @ O dgdoe 5 55 ol s UlS pue

arys O edis oA b (EDSS=6-9.5)

axfllas 4> ouwd 03wl g pouly sl Jlg5 .Y Jous

Jm b)'L\Jl 5'-3' L;ly %)) ,pl.}
VAY F: AGAGCTACGAGCTGCCTGAC oSy

R: AGCACTGTGTTGGCGTACAG
\as F: TGGCAGAAATGGGAAGATGCTC SNX2

R: TGCACTTTCGCCTCCCACTC

o om B s 53 (Y K2 =0.01)5,05 5
o ol 4 4 5 b sl 5131 SNX2 05 0l 0o
G W0 5 5 JLa¥0 505,855 4 eeT s 4
YO 55 a3l s edel Cows 4 glaesls 4 a5 L LS
oL 5l Ll Gy sdalin LB 05 Ol el Jl
@YU 5 IO 5 w03 93 Ole (g laline M|
ol (Y K2 = 0.206) wis edalive JLo YO
23 B a,5e 05 0l 5 e Ol BLSSI 5550 53 015 ol
edeie Sl 5 S Cue Cuabs L L YD 5 ol 3
4 Dlew 23 (GIGL Ol 5 05 Ol o (Blap 035
0=+ byl EDSS Uyl 058 s oo 05,555
pde shls 313l 65 8 al 53 o (Lo gze /e (I 50)
£33 038 5 dmen Jilae SISL L )6l sl SlsL
@hols s 31 0T 3 &8 (was JIgb) V- L i, EDSS
Gl eS8 Gy w0 by ol )3 Lds JISL
03 Aisd e Sl sgdee L Ll 5L 53, ol
Oljas &S As aseia EDSS 5 0l 0150 bl oy
EDSS 4 v V=% 1, EDSS & 55 05 oL

Basl

o ol bl 55 0r e ol s
s ke L MS @ S 5 00 5 YH/YFEY/AY
RRMS &P 4an MS Ol )les s 5,15 ¥Y/PAEN /Y
SlaaljT ot ¢Sa5 b LOT Hlew 5 Lg
S50 050k e p gl o g eds b MRI 5 L
1) ey OF w33 gowm & A& oslizal QRT-PCR
4 db S Oy 4 SNX2) olamsl 0F 5 (oS
5 0laabl 03557 s @ 5l G (Y 2T s
STy Ll Oop w5 dpeme 025 oolas
sk ¢l Real time RT-PCR (b iy
Ol iS5 oot gy kS plonil Slew 5 (Jle (glaw sl
DLy 53 (gomin bl 25 50 (Sanad (o lad S5 oukias
(o) JK8) 55 o sa5 ples 51

35 SNX2 05 (o ks Oljes amglin o
S ol Ol T 05T (ol 331 4 S MS (slass s
331 4 o e 3130 53 SNX2 0 oo 0L :SSLs

V7 ITAT 18 5 I 0 slod ety Jlo 5715 (Kb 3 pole olREIS Emg% oole dlomo



OLKes 9 b by S ... 33 (Sorting nexin-2) SNX2 (&3 Ol (w9

(ov K2 Ol Olee o (olobiae LU ,I 5 dil o S 0/0-+ 4l 5

(P=0.037)us sdalie Hlaws 3131 55 Slgl s 5 03

SNX2 g 81 b s )5 @93 (gl fag03(N - IS
SNX2 5 (81 b gl (5 iS5 (glayl909 (&

Expression of SNX2 gene

o g Wllw g diged 13 SNX2 (5 e ol e (loe Ao jlog03 .Y JSUi
Vv PPAT 313 5 & 0 slosd it Jlo 2571 K3 pole ol€ES ngy oole dlome



Uilen g (Ab ly S

... 33 (Sorting nexin-2) SNX2 (&3 Ol (w9

N w »
1 1 1

Expression of SNX2 gene

o
1

Mean Expression of SNX2 gene

ool bl 53 dS Sl ol odss OS5 b el T
i bl S b ey 5 sl ialS 55k a6
ol 0N DAL b e goler OS5
Slr sl s Olsie 4 W5 0 95, S50
AL e G les 0Ly
05 Ol Ol & 58 Sl Lol andlas
osb 4l s L awlie 53 MS Ol 5> SNX2
S SNX2 gyl adly ialS (glake>She LG
Ol oalaly Aibe S50 ShaS Slagts
Sbosn 3 GN o3 M S 55 s 85

all
e
'.Q::..Q::..: -
‘;
<
s"*
1
<
.3.:.3.
.¢...¢. ..
c:"s
)
&
(00

SNX2 35 sl oo o (Ggiaw 13905 ¥ JSUd
Jlo ¥O (YL 9 Y0 15 duw slaog S (I
e g Mo EDSS (glaog 5 (<

oo
Ol @y s L Ol
addlos I e oy o lagslen G540 58 5L
5 b s ol S 4 (Golow oS Slowl| sla s
P el S S Gy e WSLaS
sk 4l o S Iy s (gd el S (Slew
DLl e s Glagsles JB (s
g ol Sl s, PSS el L (SKs5
A2 5 05l gn Sl L Oy el D) s 4 Ll 5 e

b Olles she ) idey pdim 53 b ey 5,y Ol talS

YA 1A 313 5 I 0 slod iy Jlo a5 1o (K3 pole olCES1S g oale dloxo



Oen g M by S

... 3% (Sorting nexin-2) SNX2 5 Ol (w9

Oljan 33 s oS Ad joseie adllas ol 55 LS &
Gladshe 53 oyl s, ,eS6 sz, 535 » SNX2
adlan 55 (YF)3,108 o 36 odas Ol 5 4, O
S ds Lasie O, Kes s Naguyen Luy 55 5,505
3,05 s JB 28 0 dS Ob w5 SNXI1 x5,
b I 55 36 G b 5l slises Rl el
poskin 53 Wy 3y EE (Y0)3 5 o Lap s skl dlaml
S paskin ol 53 Sl odd aduie i b 3 Ol
J8" 1, SNX27 0ly C/EBP o6 4 (oms 55, 5556
p35055 Sy MIr-155 0L il j1 s .S s
e 53 055 0 ler (s 50 S5 B ey kil 53 Y
ROl bl oo el gy 55 55 SNX27 oL
Gy S 5 () gy 45 > 595 » SNX27T wily
o opl 3 o 56 CalS s 5o ol clis
ot 4 e &S AS ool |y Jb g e sy,
(Y9)sps o0 bl 5 (6, 85L 5> It 5 el
& Ml (HSP) gyt eSCanll L3LILL 6 )lew
S HSP .ol oss Slalis b a5, L dasly 3 &8 ol
Galass Gas 2 5 dshe dbml (K85 Lol dhws
5 S SLaplbl el b 5 31 o 1 SB 5 S
SLOslisn &l sy b aghior jaiie Cand
650 2 BOT 5 bl Ll 28 6ol sl 53 ()b
Dt (A IVLIE o 36 Sk g5 YU
ol ot GLalis (5055, (e b olmn S (6 50
¢SS NCL sl o NCL) Gy 5 A s b 5]
Sl 093 93 &S Wil s oy o SN
9335 Sloysd Bailen S A 5 s sh e gt
G5 oS ST 05 55 O gl ge S 53 (Solay AL 0
3p5m 53 bl sk e ol OT Jil 5 48 02w 5 D
Ll s MS a5l 5 (e ot glasolen bl
s > Gl e kST L 0T

(™ c"ﬁ)u\.&bg}.«a

5 Fobe 0300 SV 5 B ssb e o oSS
YK VISIJ IS O PP PRL P

gl Olalllae s o dalgd bl
SBolen 53 & Lol ol jadeian 55 i S35
2 oAl S50 5 S5L Sl an pme oy Jdos
WJol S s 558 sl Sl Ses (6085 RS-
L bl gems 358 o Ll S50 35kes pie
SYsb Dde 4 sl e e bap g5l Lo 5 ST (501 50
i bald 4 o Db opl 5 Liley (SL pgjald o
o 233 53 SV sk (Wl Al 6 5 S 0L
B S e S
Sl 53 (V)53 2515 3 it g (S50 5
B (S350 NS o 3 Shos o Sl 53 o5
4 paial 5 QW) &7 555 0 el gkl @ 2 o
2 e Ll ol 3l gr WS 5 38 5
S Ny IS el 4 S e (sl sy JUit S
S Cad 5 (sl 3 Shos (51 )50y 2l ST
JGsl ys el S s ‘s Sl (Yo ) Coenl (gl yls
Lyl i 55 ashn bl pa5asd 4 paiedl 5l LSl
23 5 dpen Mo sy 5l s, & K db
S o Srles psiasd S 4 sh o ay g
1y dsazme Sl odd o ) gty (S 055 s OT 1 b
fpes b F s WS e G il s
2 8es e 5 a5 g b o Shas (s )32
23 5 Kigh ool Jan pg5a5d 4 S5 (6 a5 e
(YVDAS o slowl sk (51 S5 59 5L Il s
53k 4 Layje bajag iy A oy p Slallee ol
5 adllan pl 3 (LBl o ol 3T (65las 53 0T L
gl SRlpl S As jasie OT 1 da andlles oy
Ol S35 2 $r95) pre bws dgeme olilis
adlles 53 (YW)3,108 o 30 OT Jst 5 & 5 Shes
LSNX2 05 05,5 il 45 b osls 0lis 35 5,505
g w33 0T Ol 2l s 55 s SIRNA 33,

b & Gl sladshe Sl g5 6 sk o

‘4 ITAT 318 5 I 0 slod ety Jlo 2515 (K3 pole olREIS Emg% oolke dlomo



Oen g M by S

... 3% (Sorting nexin-2) SNX2 5 Ol (w9

6.Teasdale RD, Collins BM. Insights into
the PX) phox-homology) domain and SNX

(sorting nexin) protein families: structures,
functions and roles in disease. Biochemical
Journal. 2012;441(1):39-59.

7.Worby CA, Dixon JE. Sorting out the
cellular functions of sorting nexins. Nature
reviews Molecular cell  Dbiology.
2002;3(12):919-31.

8. TEASDALE RD, David L,
HOUGHTON F, KARLSSON L,
GLEESON PA. A large family of
endosome-localized proteins related to
sorting nexin 1. Biochemical Journal.
2001;358(1):7-16.

9.Parks WT, Frank DB, Huff C, Haft CR,
Martin J, Meng X, et al. Sorting nexin 6, a
novel SNX, interacts with the transforming
growth factor-f family of receptor serine-
threonine kinases. Journal of Biological
Chemistry. 2001;276(22):19332-9.

10.Wilkes MC, Repellin CE, Kang J-H,
Andrianifahanana M, Yin X ,Leof EB.

Sorting nexin 9 differentiates ligand-
activated Smad3 from Smad2 for nuclear
import and transforming growth factor 3
signaling. Molecular biology of the cell.
2015;26(21):3879-91.

11.Haft CR, de la Luz Sierra M, Barr VA,
Haft DH, Taylor SI. Identification of a
family of sorting nexin molecules and
characterization of their association with
receptors. Molecular and cellular biology.
1998;18(12):7278-87.

12.Griffin CT, Trejo J, Magnuson T.
Genetic evidence for a mammalian
retromer complex containing sorting
nexins 1 and 2. Proceedings of the National
Academy of Sciences of the United States
of America. 2005;102(42):15173-7.

13.Li C, Shah SZA, Zhao D, Yang L. Role
of  the Retromer  Complex  in
Neurodegenerative Diseases. Frontiers in
aging neuroscience. 2016;8.

S5 4o

Ol Oljan oS 5l Ol ool asdllas § oz 5
Sl VJL.» s 4 s MS Ly sl 31,3 SNX2 o3
S350 kS Mg s 5 3l (paita OLy
j‘j.\.ﬁ})‘ﬁﬂjuﬁ;ﬁ ‘JL;-"L‘O)J: QYLE.’IJ“}JEJJ
Slp s GieS 5 o 5 s B (gl
bl Ay o B 4 il AL e ee e
L3 (655,06 MS dha 515 6554555 slacssles

ISR )
S ol 3l ol 11 s gl Rl il
% cv.wj'll;e = 4y sl )b 1) b andlae oy <=l>u| BY

CISan Lo b (6, 8650 Al o 53 oS Jolan o e

.\.&b@ Jj‘ o.\.l.wi_,s

égl.’m
1.Trapp BD, Nave K-A. Multiple sclerosis:
an immune or neurodegenerative disorder?
Annu Rev Neurosci. 2008;31:247-69.

2.Piaton G, Williams A, Seilhean D,
Lubetzki C. Remyelination in multiple
sclerosis. Progress in brain research.
2009;175:453-64.

3.Lassmann H, Van Horssen J, Mahad D.
Progressive multiple sclerosis: pathology
and  pathogenesis. Nature Reviews
Neurology. 2012;8(11):647-56.

4 Wang X, Huang T, Bu G, Xu H.
Dysregulation of protein trafficking in
neurodegeneration. Molecular
neurodegeneration. 2014;9(1):31.

S.van Weering JR, Verkade P, Cullen PJ,
editors. SNX-BAR proteins in
phosphoinositide-mediated, tubular-based
endosomal sorting. Seminars in cell &
developmental biology; 2010: Elsevier.

A ITAT 318 5 I 0 slod ety Jlo 2515 (K3 pole olREIS Emg% oolke dlomo



Oen g M by S

... 3% (Sorting nexin-2) SNX2 5 Ol (w9

complex in Alzheimer's disease. Annals of
neurology. 2005;58(6):909-19.

23.Garber K. Potential Alzheimer's drug
spurs  protein  recycling. Science.
2014;344(6182):351 -

24.0no M, Ogi S, Yamamoto C, Fujita H,
Kuwano M. Sorting nexin 2 (SNX (v

controls drug sensitivity to molecular
targeted anticancer agents  through
membrane trafficking of c-Met protein in
cancer cell. AACR; 2012.

25.Nguyen LN, Holdren MS, Nguyen AP,
Furuya MH, Bianchini M, Levy E, et al.
Sorting nexin 1 down-regulation promotes
colon tumorigenesis. Clinical cancer
research. 2006;12(23):6952-9.

26.Wang X, Zhao Y, Zhang X, Badie H,
Zhou Y, Mu Y, et al. Loss of sorting nexin
27 contributes to excitatory synaptic
dysfunction by modulating glutamate
receptor recycling in Down's syndrome.
Nature medicine. 2013;19(4):473-80.

27 Blackstone C, O'kane CJ, Reid E.
Hereditary spastic paraplegias: membrane
traffic and the motor pathway. Nature
Reviews Neuroscience. 2011;12(1):31-42.

28.Valdmanis PN, Meijer 1A, Reynolds A,
Lei A, MacLeod P, Schlesinger D, et al.
Mutations in the KIAA0196 gene at the
SPG8 locus cause hereditary spastic
paraplegia. The American Journal of
Human Genetics. 2007;80(1):152-61.

29.Jalanko A, Braulke T. Neuronal ceroid
lipofuscinoses. Biochimica et Biophysica
Acta (BBA)-Molecular Cell Research.
2009;1793(4):697-709.

30.Mamo A, Jules F, Dumaresq-Doiron K,
Costantino S, Lefrancois S. The role of
ceroid lipofuscinosis neuronal protein 5
(CLN5) in endosomal sorting. Molecular
and cellular biology. 2012;32(10.#9-1A00:)

14.Polman CH, Reingold SC, Banwell B,
Clanet M, Cohen JA, Filippi M, et al.
Diagnostic criteria for multiple sclerosis:
2010 revisions to the McDonald criteria.
Annals of neurology. 2011;69(2):292-302.

15.Kurtzke  JF.  Rating  neurologic
impairment in multiple sclerosis an
expanded disability status scale (EDSS).
Neurology. 1983;33(11):1444 -

16.Fu R, Shen Q, Xu P, Luo JJ, Tang Y.
Phagocytosis of microglia in the central
nervous system diseases. Molecular
neurobiology. 2014;49(3):1422-34.

17.Small SA, Petsko GA. Retromer in
Alzheimer disease, Parkinson disease and
other neurological disorders. Nature
Reviews Neuroscience. 2015;16(3):126-32.

18.Follett J, Norwood SJ, Hamilton NA,
Mohan M, Kovtun O, Tay S, et al. The
Vps35 D620N  mutation linked to
Parkinson's disease disrupts the cargo
sorting function of retromer. Traffic.
2014;15(2):230-44.

19.Lucin KM, O’Brien CE, Bieri G, Czirr
E, Mosher KI, Abbey RJ, et al. Microglial
beclin 1 regulates retromer trafficking and
phagocytosis and is impaired in
Alzheimer’s disease. Neuron.
2013;79(5):873-86.

20.Kochergin I, Zakharova M. The role of
autophagy in neurodegenerative diseases.
Neurochemical Journal. 2016;10(1):7-18.

21.Vardarajan BN, Bruesegem SY,
Harbour ME, George-Hyslop PS, Seaman
MN, Farrer LA. Identification of
Alzheimer disease-associated variants in
genes that regulate retromer function.
Neurobiology of aging. 2012;33(9):2231.
el5-. e30.

22.Small SA, Kent K, Pierce A, Leung C,
Kang MS, Okada H, et al. Model-guided
microarray  implicates the retromer

AR ITAT 318 5 I 0 slod ety Jlo 2515 (K3 pole olREIS Emg% oolke dlomo



