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ABSTRACT

Background and Aim: Tau protein is a microtubule-associated protein that plays a critical
role in microtubule dynamics and maintaining the structure of neurons. Tau isoforms with
three or four repeated domains at the c-terminal are known as 3R or 4R isoforms,
respectively. Hyperphosphorylation of tau impairs its original structure and function and
causes accumulation of tau as tangled filaments known as neurofibrillary tangles. The aim of
this study was to review the structure and physiological function of tau and also the role of
accumulation and deposition of tau in induction of neurodegenerative diseases.

Materials and Methods: Relevant reports about the deposition of tau protein in
neurodegenerative diseases were summarized from scientific articles.

Results: Deposition of the filamentous tau in neurons and glial cells causes cell damage and
induces neurodegenerative diseases such as Alzheimer’s disease (AD), cortico-basal
degeneration (CBD), and progressive supranuclear palsy (PSP). The type of tau isoform and
its site of deposition in neurons, astrocytes, and oligodendrocytes are different in these
diseases, which can be a useful clue for precise diagnosis of the above mentioned diseases. In
AD both 3R and 4R isoforms are deposited only in neurons, but in PSP and CBD only 4R
isoform is deposited in neurons and glial cells.

Conclusion: Knowledge of the physiological functions and pathogenesis of tau and
decreasing the hyperphosphorylated form of tau by inhibition of protein kinases, can lead to
development of a diagnostic and therapeutic strategy for neurodegenerative diseases induced
by tau protein.

Keywords: Tau protein, Protein kinases, Neurofibrillary tangles, Tauopathies

Received: Oct 7, 2020 Accepted: Feb 2, 2021

How to cite the article: Mohammad Majidi, Aref Rajabi, Shamseddin Ahmadi. Pathology of
different tau protein species in neurodegenerative diseases: Alzheimer’s disease, corticobasal
degeneration, and progressive supranuclear palsy.0SJKU 2021;26(3):129-150.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access
article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0
(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is
properly cited. The work cannot be used commercially without permission from the journal


mailto:sh.ahmadi@uok.ac.ir
http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

1P9-100 /1100 )03)ai0 g slyps / Sl § Qg 8)9 / OBW3)S (S eole alEibils (ol alas

3 owas oW 3 o (s s ylow 4O (g 5 9U Ao (sl oF (9135 slow
ST (599 0 g i T 9 SToS B — (g pid Julxd ¢ 03! T (5 ylows

rRves| RN o "‘59:?) Gyle ! e e

e Y FASSYTN SIS0l it s ST ol cp e adSCai1s ¢ s ke 0 8 )] ol )18 (5 ety
P ASNFY SISOl it Ol S (S sl oSl colael 5 he 058 colasl 5 e aaie !
G S Gy AAVIYER VO 0l (e ki) 0Lyl pdie ks S o8l casle 0aSuils (g sl 055 oLl T

Ceeemcneereryys sl us” sh.ahmadi@uok.ac.ir

o>

B k4

Sl Bis 5 Jpgs S gl 05 Glops A8 4T Sl Upss 8o bkad e 85 65 55U DAR 9 dino)

Olse 4 o 4 (oS 58 il 55 GSS My Sl boaw (235 b oS5 56 slap b g5l o)l (e sladshe
Coygo s 5 550 o0 B Hlars Olial b ola b oy 56 5 Shes 5 ltle . ipd o a2li 4R L 5 3R g b !
A osn o6 S5 P50 5 Sas 5 sl 550 canlllan ol 51 Ouls bl (0 oz S35 5 15 oy o0 53 Glasid
el Slasl 0y Julo (S5l S 53 OT sy 5 55 5 96 e

Super ole Sladllie S oo ok Lo Slaiilen 55 S5 5B s b kS Sl S B9 9 Mg
s 8

oy o (slacssle 53 5 Sk oo T Comgo JUS 5 e slad b 55 550 56 slecdy Slap b o g, HBVABL
S Joe 5 g5 ke opl 03 358 0 Slan BB okig el 5 Sledeli=(s 425 o T (Solen dlear I s
ol Gasnis 33 g a4 ol Dslize o )i SN 5 s 2T ¢ onae Sl s 55 55 5 56 (slap 35!
0358 0 0> (e ko 53 b 55 5 U AR 53R p 3550 93 (gl g el 3T ool 3 il axdls 3,5, (6 ke
sz AR e 5550 ool b g 5l S s () Wt B o iy el 5 Slodeli- (5 58 o Slacs e ) L
s g oys JUE 5 e a5k 53

Sl bk i ola 055 06 Ol J 587 5 59 56 5ssben 5 K550 58 slas Slas iy Sl L 16 g doma
S35 36 51 AL a0k o slagiley 53 e Sld 5 eanis Sl ES @ Ol e LS 5
Lol ws

557 35 2ok (S5 S oo s slad ) LS 5 s 56 IS Oleds”

ARVARVAL SH-SYN U SVARYA L SRR PRV, WER CVA AT SV PRSP


mailto:sh.ahmadi@uok.ac.ir
http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

191 saaal aaadl gusdd

K Olse 4 oS Sl SKan s 06 L(F) LB ails
(B) sl awls 2B 55 05 Ol s 53 Olejely I oS50
Ll 60l olis i 5 30 sl s 5 Shos
(Synaptic  wliw g pdy Oolbanl 5 Col Ses
b Glpen pmes (F) AL 3 plasticity)
plesl 51 S e Gi b Sl (bS53 Ssn
03555-p95 565!
e ks 2alS 5 oS w cuw LYysosome)

W) 33 8 o bl sk 55 (56 551
6305 0Dy (>l ol b ysb 4 5 5 S
Ol o i S oo )13 Cilies slajS 3T Cows 87

(Autophagosome-

33500 OF (ol o (550 S0 OB dlp i acb
3 O e i Lol 63515 Cvadl 0T ks 5 Shas 53
sl b JUE 5 ae sl 53 oS5n U A
3 ey b sloul ¢ Sk Jos glazsy S g
S (V USK8) 55 oo s 56 L Lo e (claslew
Solow OlF e 05 36 L ks e gbaglen e
& i Jds (Alzheimer’s Disease, AD) o7
(Cortico-Basal Degeneration, CBD) leuasls
(Progressive Sleads  okigiy b
onl 3l s s o 1, Supranuclear Palsy, PSP)
A 05 3550 95 Sl &1, s S Conl ol aslllas
6 ke sl 8L Lap 35 g1l e s 5 oS
2 s gl s JessSe b ke oS,
Jalse canlsl s -('-:iL“' B ) gy Ol
O aly i e 53 S50 S g0 Jul o 5 0l S o
235 or %l 00 S o o b S 56
Gl 52 5Fsn U s b ke bl o AT
53 ol Jolse Olye 4 e oBs (slad e akiins

sbles 51 K p G LesiS 5y 2heles

doddo
e oKy e (TAU) 5b slaopss , ol gl
JpssSe b ke Glots, s o & i
,» (Microtubule-Associated Protein, MAP)
S5 (V) ls i ad s s Sn ool 5 e T 5
Sl o3l sl ol 5l gs2e (Tau protein) s, ,
45 s SBdshe G5ST el 5o odes 5k 4 &
(Y) 3503 3y (S o 5 ATy s 53 a8 llde
3 A2 B I 55 e omae o8ans 53 5 5 56
S 33 L panl &S Gl o as oaws 53
315 Jsb el sia T FFY G YOY 55 5 ol sl sl
MAPT lasl cwdle b osjim 0 &S 5l g

(Microtubule-Associated  Protein  Tau,
N oan oal VLS 5 jha 3 358 0 e MAPT)
Ol AS FA G O o )8 055 b g by A U Jlexr
olae G3s cpmmr e 03 &S b= 3 oCnl o a5
s )5 sl s el (V) ayls Odls ST FA
S Az JouS 5 ST Gle) &S Gl S50 56 Gl
55,03 Jsb Al e TYY B Y s 55 Sl opl 51 oo
4 Pro-gly-gly-gly (sl sl aasin & slyls

) ol Sl 0l 2o
5 558 oML @B )3 edas p5b 4 55 56
e o SN ladsams GouST il impan
OSsp 36 ol B 50 peliw baall 5 Sl
Jos olatl pe)ls s n O Ol 4 pees
5 e slaply I idu 35 53 abs pk 5 A4S o
SB A ede s B Glesely olaT Culda
3w 3 0T 3 Shee (08T 5 Cuplis 53 (8s 0
2 Ll 55 6 A S 4 el sdd 318
I I S K -1 S P P RT- PYGI | PE (a5
i gl Luls 5 RNA 5 DNA S5 5

1100 )o2peid g 3l3)s / (ind g Gy 8)93 / OlEw)S (Sib)y eole slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

bR (slo @45 () S)lowy WP

Sy s Hpam 4w Lol s S
3R &l O gosles 0381 51 Grie Iy 5 6,15
S5 opiam 05 G J5 an s g sdiasplis o
S5 ol 3 edanilis S 4R Sl 5 Ve ol
Vool 031 M5 elen 4 1S5 I 4w Joli
ooled 038 lap Bs il cal 53 il Al 5 gy
0351 Ll T o 55 ojlas 0381 ol jon 4 ahes 4w
Calg oo Aol s s 55 S 4 Ll 5 oo 93 o)l
0y F s el 65 oae oBes
2GS Gl ls 5 el sl 53 0dd osls b 5
S )by pponl oS n 56 S 5 S Sl
Slapl & 555 M5 dsb ool 2 855 0 S 5
2N4R 5 1IN4R ON4R 2N3R (IN3R ON3R

) JSK8) 558 n 0kaals
(Peripheral Nervous — bow e oKaws s
Ol s 36 5 55 e <SS System, PNS)
— 5 2 sy 4a 05 B Aol ol 5o & 4 e
ol 53 o AL wls e 158 05 B ol per 4 I
shls o 4a(+)/6(+) slapl « 1, - 55 Ll
S AA(+)/6(-) - 50551 55 2 5 e sla JI 5
Wles slowl el 48 0551 51 rie g glyls L
S0 ol g sl 4 b A Cl Sa eV .00
Sl is 3 Bl A ojles 0581 sl S s

()

L;\ngao.u);ﬁé;,étwué;s&u‘ﬂm
2313

(e 9, 9B e SIS O

48 Sl U5y S b Lo 85 &8 055 SU
JEst 5 J5 55 5 sy 0ad o el &5 e Olgie
Ol fgb s Okl oS bl e ey
6 sl Sl o pl @ g 3l B Jsgs S
U053 Q) ses e e Se 53 L s Ll I
o) si e okl MAPT jlazsl w5y, 56 oS
2 3 W skl pii50s S sk sk o 2 O
2 S glandlas s (V) sls 13 17021.31 Cnd s
93 05 ol Sl el sl el byl Gl ome )
Sk S H2 5 HL glacubshile pb 4 aishls st
osba 36 0) .l ol (ls 5L ST Qv Uslee
SUL s T GlaisaS &S ol 05 51V gyl IS
s 3 yls LI E Y 5 S s B s el S 4
(Central Nervous System, CNS) 5 0 es
TP Y Js G P A P SIN RONT Y
VY laos S sh e g b (V) LS el
S0 36 N el b wedd ol ¢ MRNA s
O35 105 b 53y pde @ aiw .(0) A) 345 0 S5
Sl 53 4w 5 33 osled Gy BTl Grie s Iy
L;ur;ﬁﬁtﬁZleN ON Sl a5 5 o e
36 JouS 55 Sl 5o 58 g0 0des (5 5 kit

4 SIS sbdls Jal sl S 5 pEs,

11€e0 )02l § sls)s /7 (ind § Can 0)9y / olw)S (Sb)y eole slEMils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

1RWR saaal o)) guald

w chromosome 17

ltranscription

EIEN 2 Kl K

Translation and

8

9 Ll 11/12|13| 14| mRNA

Translation and
Alternative Splicing Alternative Splicing
in CNS in PNS

2nar[ PBEN T [ ]

e IEH D
onaR [ T
:

2N3R | [P

TN — W
oNSR [

4a(+)/6(-)

,@N;w64)uww;6},ﬂw‘L,;;,Muéa.us.\s.\sMATP 05 a0 § S 0 (omas oliwd 38 (uiT9 g 90 Slap e nl ) UKh
Slaosled (S o U571y 55 56 Sosline p 3yl G2 Calg s Calie s 5 o 55 51 o MATP 354 by o MRNA cigy, 5,05, 517021.31
w;alim)g_-nsm,uqksuéur;,ﬁl_gh,'r,s‘mRNA,_)'P.g..,\o}}?l,“)um.bﬁf@\,:,u>ommRNA6,,ﬁuJ:th,~\;

& 2N4R ps};.iumoly@.@\,uwo,f\ﬁy&méyu}ggg oias0laS Julatus o 5 (lao b 5 Sl ok 03,57 Jaows 5 (555 10
oS58 kst 55 ST 15 sler 5 T Ut 53 4 5 33 05t 03 5T 31 Gre (ool saT (Sla 5 6115 el (65570 (o o83 55 053550 0 5 s ob
51pgtﬁjy,o,,g6)t,§qg\,:Mdbbw¢¢M|Q:s,ﬁ,u¢;,ﬁn_-ﬂ;,u;4§,-;0N3R P8R Tl e ol 03 5150 Grte OT 1 &S oS ol
IS 03 050 o5 e sb AA(HIB(H) 3551 & 55 0 Oy sl Il 53 L p gl G aome e o8 3 ol oS 51 S (Sl 53 11 )l 05 5
Peripheral Nervous System, PNS «Central Nervous System, CNS .(0Y) ¢l e o&ews

45 8,8 o 13 s S slathy 3 550
el an 53 5 Lsdpr Juate WOT & (Sl D50
—r bee s S slaatiy u ol s sl
bug bdyss S a s, o OVl .(19) L4a
W obs b Jlail &K 5 ssd o ot OAs dbjiud
S Gosb 4 el SE g Ll sl el gy 5
8 Il o 5 AiS (o0 sk a5l p)l5a Fr L]
by o pl 5 345 a e 0)ls3 e 0355 oo
V) b o ol

15 90 Oy i ol

¢ n S0 Opmedbpsiudmle b OdS djaud Bl
—or IS o ob Il bl el el
S50 S8 Gl sy o5 s w S 2sd

sl 5 J& 5o Il Eol Sl (Saw 5 Sl S50

1S9 0 O oy i
S L 0T o iSSle 5 o855 36 Jsbe glas Shee
(POSt- ez 5 51 s Sl ks 0 W 59 5 Sl (5
oSs . sb s translational modifications)
S Dt izl ol Dl ol S 5
oSS g O 0B S OA &1 a5 O alae (Al
9 36 Odd al 5208 (VF) ol O al j2ud 5 O
(5 LS il ez 5l ey S o edes (SO
03 Sl e o8sp ob K5 s Shas 5
GSap o6 by Jass Ko sbat, (b S
oS 9 56 el glaes gdoes L gd o0 L 9 HILL
43,0 oy bdy g S ol o 4 J5s o
5 besgdse ol sl slgml s Sl feaze OT

S sdsSse lply (00) Sl a3 Jpgs S

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

- LBIAL (sl g3 () (s)Lany 1WIE

D) ge 5SSl 55 96 d i pla o sl
e Ol (s 5Bl Gl i O Al jhud
5 Eb slad) Sir S5 (Self-Assemble)
(Neurofibrillary  ss,5 J&1s o 25 Gles s
S 503 5m 9 s s slaas, 5l Tangle, NFT)

O 36 3ol 53 Klg o 25l ee ol I plUS

() dsl ails cwlal (i3

D

bl ys 55 Julse 5Ll e(Y= JS) OA) 558 SsuST
A Sl e sl Ol o ab i la 555U
55 Il 5 e glewT (ol Glad S
S5 ST (as G s (59558 > Slas
Wl ases Jolse 5 S Jolse RNA 5 DNA o
e 5 bl 4 AN (e Glag)l 5 el (Sl

Slp s ) Wilg o & 25 b 1) (S5 b

Normal Tau protein /—/
/_.f

Hyperphosphorylated Tau protein

S5 Jlasl o5 sl J g 55 S skl & b 5 WT 5 sl pmals Il 51 gy 5 JUeb slad 5 S A L J 92659 K00 40 (39 0 96 JLait ogons ¥ CH
e 5 55 56 Il sloes giomn B s ph o plnil 03003 3525 555 5B Skl 3 8 U5 S 0 Ll Slaessdome Galows 4 U555 S 4 555
Glaady o 53 55 30 Slad S0 10 Ll 553 U575 ,S 51 s sdoms pl nT (sl 5 ol o 0T w5305 oy 35 s o @ Wad gy 555 S 1o

@ s, o0 VLSl sh e alee Jags S laaziy o bl dloul Col w53 5 dies fuate LOT 4 il Soys 5 Lyl 15 by 55 e

(5, 36 0D i ol B D b o S 5 Il 55 56 L5 s S Sl (el Sl 3 b g0 i DSl hd Loy e 55 S
258 STl 5 J& 55 St Sl Sl (S 5 Sl S0 255,800 G603 L 535 2 65 255 U5 S 0 853 96 Ll ol 2als” sl
ISl o 5 28 oo o st o)l Fr Il o 487 (6 5b 4y (ol 3 m Lol 5 oSzl (g1l 9 el W by b Lt &S5 I 55 Km0 055 56 Il B

el $5) 2 BOKG ol g o Sl 0 gy i
(Microtubule  Jss55 Se & 5, 56 Il
Aol T 51 28 55 4 035dme 5 DINAING region)
Odd aljaud LB L 1 5N Y Cl
4 by 2550 YO (e el sl 4 by pe 5550 FO

Sl p3a 8 4 by op 2)se g 5 58S Al geT

(\Y) .,\.,\.Lda 4ols] a5 | Lri‘}")‘:’gs‘d“‘;‘ULi}"m"“’f;u‘d‘j

(85 35 S35 9 Oy it oKl
— BT Sl ekl L L 5 oz (i e Sl eslizal b
b 15 5ol olia codds aly jaud solamtl lagsal
wdl (Tl odd S35 5 5B S5 O dy s LB
b pid (SSP5L Blh 4w g ol ) S

64._?-1.1 AD L;bb ;J’.I’:"‘"jj,- jt; (Y c\‘:) -ij.&u.a

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

100 saaal sl puaid

Sl bl ¢l odits gl jsa o5y, s OAS
S oS 56 Ol e Gl o OT 51w )kl
Vb s A5 G 55 5055 0 J 2555 S
53 1 8 bl s o7 355 on Jloms (55 50
(V) a3l oo GUS1 G555 13 oS o2 y5 slaac
Ghls Lole 1 3550 W (s, sU bl s
SIS 05 &S syl sy S5 b e dewl gl
g el T ol Wl 1 S 55 1 ol
Jlast c'l.a Aol e T opl 32y doe 53 3405 4
L g osh o e cpl 4 bl 5 LSS I ()b
wils |y s 4 Jlasl oUly & olasblius 5 bajls
5315 Ol fnds 5 0 oDy jind Joo il 5 0 (2L
Jolo LS ol 51 s (Y0) i plonit oS WY
(%) 1z.a CDK2 ,CDK5 (GSK-3p

—— Serine
------ Threonine

Thyrosine

IN4R | 1

415| 7

E

T f it
@D Established
@ Putative

[ Proline-directed

Cod s 36 Odd abiud dulp (1) (¢ JSK2)
il GLSLST 558 b WS 85 e J S
(Glycogen Synthase Kinase GSK3p 4l ;I
(Cyclin-Dependent Kinase 5) CDKS5 ; 3p)
03 Sap 30 OAb ah ad ol e (YY) 38 e o
B (51e ald 5 T S 4 T (soley

g g Al i 535 el I s A e
@B M e LIS e 5 56 O A b
O ol Sbdshe bwg Lol gl S oo
2 B S oy 55 56 Ol Lsd e glals
s U S s (55 2 AN VILTO Lo
oA b e 5 96 Goslgs ple g anils
LS o Sl e S (il Sl 55 5 as e

b ind 335 (6LaT e (YF) AEL O e il g5 o S

L

9 ’11 12| 13

033521 33 2335 3 B 57 e el 5oaT o (S35 p O gDl b Sl ¢SS5 (VU T 53 059 3 9B (595 32 gudly iud SROIS L X ICY
S elS ysb 4 68 et 0 jid U5 L ool (goiins OLES 0T 5w K5, b boghast ¢ K8l Caend 53 ol 0diiosls 0L 55 56 2NAR
505 L s 0t 3L Lol ol O gDy s b g aniions &S5 jule gt oS Lin Obbaly jid U1y b oKl K jam g Lol il 0l

) 1 1y Gble ol O gD ind Uy ool (sla3lS” s oS ol 5 pamdly i (ool (goins Ol &K,

sE Lgl.édjl.w )'| 59 3\.7 R :\)'T )'| U'S'L' F|U|d)
&S sl ol odaline a)'jja| Ll ¢(YY) ol o> ‘-".‘.“"‘T

dalss 9 (YA) Conl Jb Ly, &S an sb A

(oS n SU b

(Cerebrospinal el gjae mle Ol 5 2153

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 7 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

«CBlSAL (sla 39S (1) s)leny |G

5 Ok (ol e O b Lol Ll g oo (b ol
o 330 )3 55 03T 1 (sme sl gy &G SET
s n 36 b e ST Gl T oley detee L
Ciles (gl bagsb ST OT 51015 o 8 Sl 0 5L,
23Uzl IN VIO Lases 55 55 5 56 Slranes K25
Slr Jsige oS Gk 3L ol S S
(Tripartite motif- TRIM21 ot « (ool T
ol Al ((FA) 555 . el CONTAINING protein 21)
Gl ) ol s pF Olides 1 Coda
Solowy L iy 035 AT 5 555 56 BB se ()5 5]
oy o) 5368 Sl S5 0¥ Ll OT ez 1 AU
36 o e ge SOl 5 b A slaoy ol olelks
.(\“\)g:.m\;;)}fécu\f@&iledsjﬁ

(S5 80 il

Ll 800 OT ol o s 56 OAS al i
OSa 90 e Sl A O d jaas L bl s s
Glopp 4 OT s 5 o n 50 55 (meadd s o
ol Gty S w5l Jgloeali 3150 5 (6,0 S
5 sas, 4 (Paired Helical Filament, PHF)
Jole 7 (F JS8) 338 o Goss S odomn o
ol Sl ibee Sl s ol 5 55 6 25l
Y. eSS e o gole S 5 L) dzes as
ool Slind Jse aw Glils 55 56 dsSpe K
¢S 8 Sl ok sdalin Lasl JT (Ghlew 43 & Sl o
(F) Sl Slind Jge otn lols 0555 6 U6 50
05 36 oo 2 T Goley w8 by I o
S Sl o 3L o ks Al jhud dewl e T Ol FO 55>
b ofSsn 6 Osedlystnd Ol bL3yl odiasolis
Sl g ok Mo Slagsslen 53 OT olissles
(FY)

S mle 53 G s 5U sl 5l (S A& LT
bl e o BB sla pae s o b
o5 S m ons 4 e S 53 55,
(a-Amino-3-hydroxy-5- AMPA ., S
methyl-4-isoxazolepropionic acid, AMPA)
Sls ol DLl I ek, S 5l 0 S5 oK &S
SRR O CORUMRC Wy PR SO
el Gl e g 53 GFsn WU =5 S
Sy bl L e ol (S35l slas Slee
O 36 300 i adllle 4y 5L ¢ g se ) G5 DAL
S 5 S s sk 4 ety glis G b
o 03 500l 53T ceae lad gl I 50 glash ) Solrazs
@ ofSan ol e bl e s s bdhe
5 dsisml bl wle Jole gladauly oSS
Db b b 5 358 0 b S g GLOSIS s55
) ssd e dohe 51 OT i Jtlpl o e b
axb &S 5o 1y 55 63 Shes Hlslu o 56 sla 55
3 es T Cand OT 5l cllosls Caws 1 2
S 3 5 sk oo S Jske 4 e Do 4y e
OT 53 55sn 36 2lisoben O3 00 iow o ge

AP Y)W ps e 4
Aol ginT (Gab 55 55 55U O ob S uf’\""cb’
A g5 O Al s s s el ST
Solew 2lg Jle o Jls Olge & (FF) 558 0 OT
o e Sk 503 28 O e 2K, S T
— U AN g 5 el gl d U 56 g s s
ool AT 4 M Oljlews 2B (S 5ma gl 5 (F0) 55l
23 (FF) 5pd ga o> S 5B L Lt e slapsjs S
@W}j}f‘ Sl T Golew sl Jolie 51 olads gl
o PTH-181 55, 56 sl oS Col o L

m.‘..?)_}.; )U S 9 Y 03 g LSJ‘}S:S)‘ Sy g

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

1BV sxaal aaadl guaid

O b o 30303 i 1y (gl > Shoe 5355 o0
s «FY) 558 e 555 Jgeme Sl 5 s puliw
53 36 xebo b (Slap 4 5505 (6,8 et Ol 5 0
sk Slb 5> Il 5 ae slad s & T L
as ok Jdo Glaglen W Corpe Gre e
L e

ol 4 e 3131 53 o8 555 1 36 ol oy 5 5
ol 5 Can Jole W5 o ¢Sl 0k oalin aul T
o odalis IN VIVO Lsws ;3 dil ae Jole
Slaodki S G b 5l ks GlgSsn sb Sl
(N-Methyl-D-Aspartate, —ut & NMDA
b sbaT 5 TYN 5LSL ol 22SLe 11> NMDA)
s 4 A5 gleT Jlast (FA) s (Amyloid B)
5555 e ¢ 2 lewdl glzé s (Lipid Raft) s, o
o eedS CBlE 513 5 35 e sk S5 4 S
90 O g jaud 5> foms Cews ol GlajlS s Jleb
dlé ol oS (e Olsie 4 (FR) 535 o 055,
(Adenosine AMPK s ouws
monophosphate-activated protein Kinase,
S O dlyhd o 35 w5 4 S 3550 AMPK)
Il g3 338 e Sapls 3 s s
SooSan b 0dd e Cel 0dd 4l aud ula
& oisn ol e el o e 5 s Sen
4 sy 56 CS e Lulg 5o 5 358 e TYN LS
e P R B G V) N JOVS
238 gl o g Sl (S S 235

V)

OSan 36 Sl soy p BILS (ool b b
ol OMaAl S e o e S 53 2 s
LS b cdleb 28 sl 5o (FY) 508 00 by
Sl algd (F s 96 O gl shed e 5
S eslimad Oles 3 3olen s 56 Ol ralS
ks SlrodiS )l

(Rho-Associated coiled coil protein ROCK
5 eslzal ol s .ol Kinase, ROCK)

GBS ess s Sl LS ol slaediS e
o) 4 spd e 3l ke 53 (5l Olse 5 AL s
LS sslen oS 36 Olg 2 4 5 Julse
S8 ‘_‘L>'-\; ooy 03 slaai, rfl,? (FW) .,L'.SLSA
s SV b aits LI S1 5y 56 51 JSCie
L oS Sllas s opoman (FF) 50 ol 3T Golew s
S g3 s, a6 obsl laobs, el
(Positron Emission oy 5 slisl b 315 5y
L)l &K il ot ol TOMography, PET)
s Slas 28 5 Bl mens 55, 56 o oo
5 S Sodins Ol & ol odkd 518 sl
dsoeel 5 al ol puls Sl 53 55 56 alisoles
U ol laiy S ol esdle (FO) ol
odd el JT (Golew 4 0L e 51 S 585,
OF 5 deas oo SGLa 3555 20S doly 5 b el
OAs CaBgte 5 pg3ls, ol RalS LS el |
sul o 5 Lo b b Slaeas Carpe OT
Sedsle S b bly S b SBWI I T
23 5ol (505 3 e (FF) Lph o 02 pae
55 BUE 5 So Sl 03,5 o o 055 J5 1

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

BITAS (sl 393 (1) (s)Lasy 1A

TAU protein
(monomer)
Tau oligomer

Self Assembling

separating from microtubule

|

Hyperphosphorylation

]
Globose NFT

p hyperphosphorylation

3 aly il (sl g g0 b3S (o Lo s 50 (Sla g O Al jid Sl (09 ) 96 (29w SO B 9 Ogamdl A sl 50 £ S

) 3 AL il 1 s 56 sl e S5l s PHE L (o e slail) St g gy slo Dl 5 sl oo e SO0 LS )3 5 okt 55 S

S il HNFT U s s o on s (slaszdy ol 5855 sl b g sla 3 5 4L et S0uSG SIS 53 s 0 edsbo S5 53 () slap 8

Neurofibrilary Tangle, NFT Paired Helical Filament, PHF ..:b o PRI S T RETY- USSP INRE P

S o5k o Lol (A5l 5o Saos JHS edamy @00
oS 6ok e b8 s e (slais, s > Shes
slah, Ci> I edomy 3 claai, (OF) 54
5 Ayl e g Hdis 3 a5 Wisd e LSS o le
OF OF) Wpi o JKi5 ze T adsl Jol e o
J=1s edoms 03 shati, o~ S e e
23 5 B, 5o &1yl b la 5 5 56 (S s
Sy 8 e o S 358 T3 e e g4 b
Wy s 53 Ladeis JB Olaeas sl (g Jo 0 5o
o2 03 Loy o 55 glawad ) OT jldm 5 55 00 o>
DOF) 5550 JS& sk 53 Gso5 JIs 0s
22 &S s p 06 5l e pn) g SELS gl (00
Cadl il Sl 53 Sl 03,5 O sy sl GaSd O
e Sl Olge © 0T 51 Olg o & 1 x Sl
OS5 96 e 5 (AU Cales slasla 558 eslinad
A el 3T 6les D 5131 3 sls Lasets [SGusS 51,
e 53 o555 56 IAR 53R Ll Lo sl 53

Jeo 53 Ll 63580 o> S5 o) S Bl s

el AT ol 53 55 6 25l
s oy s slasley SIS AT ol
Ly dle 70 (YL Cumex 3l doys 2d g &S ol
OT e 5 3130 o G131 L s das o 13 3T ot
L skl Gotisp Camy g osdle 00) 250 i
B3 S e sl eSS, S 4 by
S5 JF ek a3 ol IS8 4 aly s ol
Solow G 5 ae Gladshe 4 T Jool ol se
Solew 53 s slew ;,;;M,\:@?;.(M)Mﬂ\ﬁ
sl 53 a8 Jlm 53558 ok WO, 5 s el IT
Co 5 JUE lad sho 555 5 50 5 56 sl loy
e b 53 S 56 e L,8 e o S
b Saos S5 sdomy o8 5 glaatd, &) 4 Jbe
4 0 suST 53 5 fug)s Olse 4 by s 55 NFT
OF) 358 0 ok JSE U eee gl
23 015 o Vgoma by Gsys J&15 odomy 55 glaas,
Jupsl 58 el s glade et

2z s e sbeY (Entorhinal cortex)

6&%5) )jﬁb ‘4?;:1; BE) .3; odalie wﬁ)}f}ﬁ‘

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

109 saanl oaadl guaid

).}4{@‘ ;)Mrjy .);‘5“,6)5 b G}”ST
G oy iy cb 5 Slodeli-(6 ;58 Jow slacs les

s ol 559 56 (gsm) Slap p mamd (Slaten

b Comppbis S 5 Coms il Sladgh 55 (onae
b8 O Jﬁ.‘;) Seb oy SHles a3 ool ngiﬂ

oV

L laws O odig iy mb 5 Glodeli-
Vs 358 e 0es 55 56 AR slesl b slap !
Cals (15 03 55y 36 Cp) 5 pars (SN0
B sy el IT ol 5l ety SaL ke
e sl sl 3 ee Joko o Load 559 p
Shl 5 08T o Jobe puar dayys fuls ol

AD L ol )T goles 53 o Slonel (S 5i8 Jdow 9 (SlamdFgd 039 pim zld « 50a (T (S lows 4w 33 (3T 9y 90 (2w Slrocni duglio .0 JCH

jwj)x:‘,i_.ﬂ‘shd‘,b):;;\xqu‘Q;_l)'\Lg;lL«\é:;uﬁﬁ):\)wd}bdhﬁ@w):}i@a%:Md‘,l.«):,]a.ié;,:S;);)U&}.«)Qbuqd

3,8 o 031y (e g Suskis 5 Johe i (g L 5 56 gy Dlaazd PSP L (slaanG b 0kis i b (Soln 03 3 5h o0 0> o T

L;MJ?L.:‘N f\};_’udb!a‘ LSA::-U)J 4;'_.:...:_5).,\5;‘,@' J}L»JJ Qlaaqﬁ}:}.:«da odss Llg) &U:.:\W}J}LARQUJJM}L?W}JL»TJ: Olrased

m@&ﬂ}é}nm&?lﬁjégpsp SAD & s (1S CBE L s 56 ey Dlraz « CBDL lodeli- (5,48 o (65lew 53 355 0 0l

93 3sh e 0dsd gaw) Olread e Jshe 4 S g i Jlas) s o Bl ol e s L gHlay cpl 53 S e e dss e b sl s
(S50 5 b s S 355 n o L mlin e 5 dir SIbI b 53 kS (ol 53 4 Comd a8 Sl b Sl 35 S poin S

S L bad g 2l 53 5 36 gy 3 e S5 e sk Sl o 3 s 353 S S 03,55 8555 b (orme o S8 G o 53 Sy 2T

Cortico-Basal Degeneration, CBD «Progressive Supranuclear Palsy, PSP «Alzheimer’s Disease, AD .(\¥) &l ods o3ls 0l T

Jlysml 28 51,08 1y g 5 &K gl e as s
L g R T-S] ven LS::.‘J)Jile 4.l>}a&1|).s4§.x.:.nljda
Sl po 3 g on Jie ol gem 4y Jly, g3l 28 b
) 034 w5 o S s gl ) Sl 5 4
sbod 4 Dol oS5y b6 28 de
T Ao s o a8 3 wlaT 5 Gl ( A8RS
ol 53 8 WS e S8 sl e 1y A8
P e Sl o5 5SS (g il

wa(b/\)w)@c‘};ﬁ)bwﬂ;jw

Obley (gree oKaws 3 isolew 555, 56 L

G;ﬁ‘)ﬂ
s o3 1l 53 sl 55 96 el AT (ol 5o
S ol 2 OT Shdms 53515 g e Sl STy Sl
5 S e gl 53 e dheda 5 ol 5 S
36 558 ol ml IT (5l 53 S o Ty g
5 0ks 803 5 0T Sy 5 did mla 55,
L1 0T 48 ol o e Al o il 4 e Calies
ol VISV AV I AL zs b oS Gy sl

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

. l5AL (sla g5 () s)leny 1Ko

TREM2J S50 oS 0l 05 ale a5 galdas

(Triggering receptor expressed on myeloid
ol s eyl s LalIT ol s 5 cells 2)

b ke slaggslen 53 BV #7) Lish s 0Ly bad sl
Al s 5 O ml FT (ke ile LS5 S
55 (Apolipoprotein E, ApOE) E 55, 5T
Gld godasdlisl ¢ APOE (PA) Wb o 2l 3!
Gdshe 1 Jg S 258, st gaiby S Col
ADOE .5 )ls oage p sioms w5 Cogr 1) S &0 s
Ll pladd JUsl gaabs colastl &g 4 e s
F) 3 15 etge  JUS 5 ae adshe 15 U dS
SAPOE Wil 55 0 sla Jul- ¢l 5 05Dl (V?
33 wobasl ok, 8 L il g (Clusterin ., 2.8
dlasl (V1) was 2SiLe TREMZ o6 4 LS5 S
05 0l oS ocis I TREM2 o .5 4 ADOE
by by ASskaT GLSTY YY) 5ol W5 S o
Eop osaiby S LT Gl s W S
by el S5l L WS 5 Sa (V) ol LS5 SCe
313 3sslen s 3U Ol Lol 31 )3 geiitens 1S
N elissler S8 3 WS BB es
okd i)l E e Jha 50T (5Ll Sl das 55
WE 5 S s (Ss slacdle gl Ll L(VF) el
Ssher G5 00 2l ol 4 Ol o o
My e bl eadl U, SKe (D W)
IL-1B 4 ) o8l sl el sl il
28wl ol as o (Interleukine-1B, 1L-1p)
e Sl 55 3o o) oSl ek S
LS oadle o Jlal )y ashe et

(p38 Mitogen-Activated p38MAPK
o & s55 o Protein Kinase, p38 MAPK)

S5 n 30 Ot jhud mls o Solg 5o 5 LS

slaasiy oS Sl ol Ladeiie (isle)T 5550 a4 sel
Il 55l el o 51 J8 okl o )3 5 oS Ay (S5
ki b ;s (Basal ganglia) sleascts slaouie s
08) cl

3 o y3b ezl wile Lasl JT (6 5lew (a1 L s
10 55 0% 5 0l s olzsl 5 iakex 53 LIS
by L yhg Gy ol e 53 Lol tdas o v ,
Gblie 555U 5148 ol ok odalicn L(54) S e
6 53 & Al 4 o kST 83 1 e 55 (g3
S e DY 5 (oo 55 DI el o G Sl el
—e ks S5 bl egdle (FY) uS e sl I
e e IB gV 5 L s S6 OIS
O P WP JIC SO N *
(8Y) 5.5 odalin 55 g el T

e 3 5 okl Sk bl Eob Ll JT (gl
G S 5wt Glals” Sl il B
ki ol O gl &K Jle ol osd e o5 )
b gbai, Cix 53 AT100 (ool 5T Ly
Fle DDy ind & ans 3 ol s 5L
Kol 535 2 A LS 555, 5 GSK-3B Luy
b i bl siaT ol jan 4 YVF s s TIY 555
) Sl o slou | Y00 55 5 5 Y0 Y e VA4
ST ol ol (a-b 55 55 OAS oS (PF
CIMo ool b o &5l ok ol Ll n !
b e sSsl e odiph mesnd Sslize - S5 4 VY
W5 o Sulg 02 & 250 lod, By slasle iy
Loy ololis b glboy ol w5l o 5 gla bt le
(50) 5,5 ALZ50 s AT100 slacssb T

ol o 4 (e 53 3 ga il e Ol 4 WL 5 S

Ll S8 el IT olew S 53 pmae slaosled)

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

1) sxaal ol puadd

ey bl ol ok ime OT (e lap b S5
Golow W1 5 555 5 Ol g 3 LOT 285 oud
Tl sal 5 (VA 5,05 (6 2o Sladllae & 5L el 5IT
Wy a8 L D sy o cul ots 58
4 ol 5 Sl G155 e el sl S b
JaSe G pae Il ST (5,8 Sl e sl s
D ipelys 3508 L bdee &5 o 5131 6l D sl
5 OSan 30 sy b Sl Al e s alse

V) WIS T 4 (Ml 5 b 5 5k T

Hyperphosphorylated Tau

Sl 5> 5 b A kel ol pl VO V) 5 pi
N O L T e N e I
JUS sladshe ol 51 8 sl A5 o LS 5 S
OSap 30 Ol RIP) Corge it 2 sk 4
5 APOE (slad Sse ads ((VF) 550 dbjaud ols
Il Gl v 35 A skl ol ea 4 TREM2
W) (8 JSKa) Kb o aoplS sl g 55 LS5 S
Wl K5 S Jlse (i85 L2l gadle s
slls ous Jwe s s eSS e s RNA

5 0 3 Oardh e mla Ol L5l 5 el

.cytoklnes

cytokine Receptor

¢ Activated P38 MAPK

cholesterol §

cholesteryl ester é

LS5 S b 3 s e TREMZ 65, 5 b (2957 5 APOE 4l jhud s B (52559 3 36 ¥ O30 53 W79 1500 9 by ddgluoT HLI1.T JCS
050k 53 b 5 S S n (555 2 1L 55 P38 MAPK L3y o US 5 Sn Elled oS5 o o s 40 0T 3955 5 APOE 4 by s T Il L o555 0
o Il b e sl s oo UE 5 S 31 a8 snle VU Ol A5 o Sl 3 Jalse ol ston S o Jlasl 1 555 (SC o0 Sl ol slaS smla
A5 55 b 1l g Ams e Rl 53115 0T Sl 5 ol e Jshes 53 55 0SS Edlab 2l 331 o 0,13 )13 e Sk 655 » S 555 i, S
«Triggering receptor expressed on myeloid cells 2, TREM2 <Apolipoprotein E, APOE .(WW (\¥) 555 s db b uls 55, 56 i

p38 Mitoen Activated Protein Kinase, p38 MAPK (Amyloid Beta, Ap

g by ely 53 i g s Jm o b pem o 6255
5 s adshe 0l G L1y (olew opl LOT
53 ey (63loy LA L5587 b me o she ol 5
-~ Jes ol (Gibb) S

53 V) s el JUL.;%; Ogeml 355 b (sloaels

$ L.y Y4A4 JL

3 Sl 8 Al e sbde (ol )

e S ) P 05 memen Ny o JdloS (g

Oswlfs b Glodeli-g a8 P ole
Cortico-Basal Degeneration, )Ji;LSs, S

:(CBD
USG5 Ol 535 b Sloteli-( 528 o (6l
Jlo s 5L SKes 5 (REDRIZ) o) vy JL sl 6l
Gl 0Ll andllas 5,40 Hlaw 3131 A& 5 ome VAPA

(o (g Caws OS o OS US55 ) S el

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

LIRS (slo 305 (a)) (S)Lagy 1IEP

iy Sl & Clasl 5 jae maaiie wlul ol A8
Slodeli-(6 28 pgydin (e IS Gl 4 Hles
ezl Lo g os hae gl pleialy plul o dn S
S oW s oSl i
(International Parkinson and Movement
3 S 3K 3t lew o (3)e disoOrder)
— A8 o ol 53 mld WVe sk e ais O

(AF ‘/\Y’) C,.w‘ ol W}K? \ Jj-’a- ): L_S‘GJ..GG

ok Z3L g 5o s Slad sk (gles (pl 4 Dt 513
A5k e o ngii: 88 s pegdle Ll
slaglodic 5 56 (Red Nucleus) . 5 gacs
oolse (AY) wmea S5 (olew opl 43 55 lodels
WMl S 4 gire s opl e S AL
AL Sl Sl s (UL 5 e (S il
2l b Glodelb-(6 88 oy (g5l vﬁ)k& EP

3 3,15 by Slhgen ae ol J:L>J slew

AF AY) Glodeli-(g 28 ot (g Lo 5o GL.:' @l Jgd

Solow e =13
bl 5 bacws 03 5 i 5 O > s uS |
355 05,55 e el Sl (S & (5 g 4 ol a5 (585l 5 IS Y
L yi o 0beals (MYOCIONUS) v 55 IS 500 87 Mo (sla i o 5 ba oLl *
L o> Jpame DI plol o JSe ¥
035 ead b placr! [asiels 53 JSEIL 0 Connr &5 o 535 (2 ) 5
25 oo i€ «( Alien hand) 68 cows» 0T 4 o5 3,5 o peeds i3 g5 Sz & Sl ol 2
03,8 S o 53 T 3 SIS 05 87 Iy 3 IS e (ST 5 05 53 S5k v
Gl As 3 S eSS o (el JNtl (e s LS 5 Oloeas 0315 s 1 Al (58 ) VD A

e S 03 Sl G ey gl s mlT
o> oae b o ,dis bl oo 5 b
5 Ll okl e 5 b gHles ol 53 sk e
s Slraxd was Jho & Sy T Ll 15
Ll b Slaaad 35 o plin S 3 355 00 oy
5 aws Sbl gasb 5 (S (olew 93 4 ol (S
b e 453 ol 0F) 55k e o3 Ua ugline Jous
555055 2 HL Wsbls £33 55 lial &7 o
Slodsbio 6,55 o (ooley sl els W et
s T S Slem 5l 3550 OV 53 4 b ol ol
b aseis &S (655050 53 5 Sl ki ASL clails
Solo 2l 3 WV pisns,S s ISt o Bl ckilazils

(AN AY) ol ol 3L

iSlodeli-(6 ,i8 sl (Shlews 53 (5 5 U AR
Joos olen &5 Sl 0l Jadeiin 0 ol (JST )5k 4
s oy s sl S K sledei- s 23
b or pabda dl jid s (55 50 paS b &S
IS s 56 b S slaas; (ol o) o
21 0T Ol e 5 T 53 (e gloas; i
L.AZ AD) 3 8 odalie JUS 5 oz slad b (553 5
Sl ol odalie (Golow ol )3 (A5 5 Slaesd ()
535 36 e sl 53 aw o)l 0381 Lises
St b o 5 Glap po sl LB 5 (AD) 5,14 5
SR slest b lappspl & Jl 53 ol o «L34R
35 el I Sl 53 03,8 Cogmy 55 56 5o b
Olrazsd (lodelb-(g 88 Lo (ghlay 55 (AF) 5,5

Golew 4 Cuwd S Chle L s, U o)

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

€W saanl gl guad

J,&JJ\J‘AMﬁjssjy&itcb’m\jé\;ﬁjséjkﬁ
390 o ki VJW Jap el oles pl L(Q0) Sl
S sran O gmiS 5L Solew @V b OT I (g5l
Jyams b O3S 5l 1) Solow ool o e 4 5 3505
OT et ol el oo 55 (Atypical parkinsonism)
Soles GL.» v.?)\.o (AY) Cal O iS55 les g’-"’éi-l
ria Saglaaly plol p Glatan G olis by oo
YNy GpanS L My ezl bwg ous
O3 LAY AY) sl ols 40D ¥ Jgdr 53 ¢ S
SLile i o b glamns b oy iy =lo goles o
iden 35 L obon (S 7 (e LSl5 e s
o el By o Sl s 4 eolen 80 L L
st Szl (bbb el GL0s, 5 53 gyl
Log S 0l 55 mlss Gleki S L

(AF A1) 355 o odaline sl 93 (lacuns ST

(Progressive (sl 5 okis i gl ey

Supranuclear Palsy, PSP)
Pl S PSP L (glan G 8 0 iy b (6sle

(Steele) Juoul Ly & ol sdigy i e
S350 5 (Richardson) O g yloms
pokiw 15 O 5 4 3 ,ne VPP JLe 5 (Olszewski)
o) 8 Gl sl 3 (Sud 510 e sl - Je
N gyls L ST addlae WOT (g5, p» Oldiaiils
2 I ot (S IS ady S Pl
Jie Jiss b e 5 055 5 e SBlae oLl
b 55 ke 0503 plasr 35 Dlietils ol s s
Gl sl s 5 (G S o3le o 1) IS (gladad
Soodis 5 wsVU 5 laats) 6,88 5 g Gre
o ol n Gliy ;2805 4 e 28 5 (Sleutss
ol (A) L5 S sdaline A o3le 3, o 5 Il

O Earh S 5 350 0 p S SL3 5 s 5 soley

(‘Wc‘\Y)Lglwd‘,éaJ}jfiﬁcléngLaﬁ): GU« e ¥ Jade

Solow pMle

)

20k ki W o8 s Sty 5100555 a5 Jols a5 01 3 JSCin (sl ol ey 3130 (65l gors sl oo
A{Q‘)Lﬁ;‘&é}{):O:é)ab)bgjj::'-‘.g;ﬁu‘oﬂ)‘&)cﬁQ\;‘)’-LO:)}S}.U}L?Q)ﬂ@hbTQ\fﬁ.}ﬂ@)‘ﬁj)J
ol o o) 4 OT (b S o ol | &8 ol U
C,-«ﬂ‘h')g.q.ajbﬂ@db)bd)‘ﬂ?“@l{ﬂfﬁ)‘ld@.ﬂwkCm.wQQJ;a&)Jo}jqb}i&QK?JJQbLﬁ
wdls S phar 03,5 5L 53 5 bl i 631) b OAS b 055 &S ey Sl (Sas imen Lsd (Gnsd o e
sl

3 e 0 055 el lab (S Lol ol S S o S

S 15 05 8 e 0325 4 ¢ e Sl S sl

S 5 STy o 5l Sl 5 4, YU sl b lie 4 Ol 0 s Oy g 4 Sl s 0 g Sl
.xsgﬁ.;t)&om}upm;.uudu,rﬁuum;&iwgwtﬁ,uﬁ

Sl lrall S5 «Olaband S5 pde 5 o550 0oy Cons I dler Sl edas )y ol (S ol OIS

Jas Jis; 5 (Pseudobulbar palsy)

Q0) el LgJnga\):@))}JJ;\:éuu)Q)y
L_EA‘LSIMJ}J@&)}%@ELSJL%):Q}SU

Lg\.@,ﬁ‘ «hls &S Llods odaline B3 oG &Lé(}jﬁ\

(Slaad B oy iy el (SHlen 53 8 1 S0 A

—Q&;')ﬁjug;_&@&:ﬂ&cé‘wé}aﬁjﬂ

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

- BITAS (sl g3 () s)Lany NISIE

Ju8 Cda L LS ol glae S lge ol Jb- o

(A s 5 5 56 (I3l oSS S 5
O odig iy mhe 5 (lodoli-(g 28 Lov (goley 5o
Jor eop bl s oa 4 ad Sl 55 Gl
JUS 5 rae S sho 55 4Bl gy 5 5 56 ol
Loadl ol pasis a5 olag 55 ol 015 o
=Bl olen 53 ) 015 o0 55 (b @D (o2
olig i ol (ol 45 pl 4 5 b 3 gel SIS o
Olf oo el Folie lacsss Gyl lanun 548
S 5 cpaie qigh e S LB s
al@&é:b:ﬁ&)@‘;&méwbl}ﬁ};):
30 0T 5 (B e Olays 5 I8 55 Wl5 o0 (5
Sl 55 ST 0ka 53 65, 5 S Y s,
ol s Sl S i Glatea S ol hs = soles
ool 2 G 58 jasii ) i b A5 e g 5550
Solen Szl 5 jin e S i L (e
5 GHl e bl Sleeald ekip iy Rl
3 &S Lles S V.:..Jﬁ wws L 4 b gla g s

(Ve Q) Gl ol 4> ‘“—J)u\?

el oz sdalie 3R (slgsl b =Bppsnl 5 dzes AR
i gr 0y U 5 e Slad s 53 Sl
(P e (2 d s 53 (55 0 (2 Slaead
23 e ey 2T 55 0328 o 53 1y ey s
03 3 gd p ol s ilg gldnl S ;;JJ""'("‘“" 4l
Sl 3 Sl (g 33 S Jshoo 55 8 Jl
Eoosn (2 3250 0 03 (pmliow (15 5 tn O b
s Gl ol daie oS Ol ss 4 Ol o0
3 s oy s lagslen sl Sl gslan o)
3 gmd 03l 0 5iS 5l 5 aslFT (Soley e (S
YL 5 4 e o8 (S5 o 53 ola i sl
) RS e L e 55 555 5 56 SVAR 63550
S O d jiud s 45 LT 51.(49) 55,5 (o lew

S [ g5 S 51 0T 08 Mo o 30 55
SLaLS i 005 8 r 56 Cosmy 5 omle slaail
Sl G g3 oy oy = b S5l > (ke
45l GSK3P LS (cbaodiS jlge 5 sl 0l ooy 5
@l U Gl ladie 53 dal S5 5 5 05
CDKS5 LS .(AV) Wloied (g 5lew 31 (6,5 shor o 50

(e c‘\‘\)LAOTJ'irifﬁ@él{ﬁ)&ﬂjé\@d}a.ﬁ);ﬁcﬁ6)Lﬁ§hg{.§);é.rdj.\?

b e o e e ooigd Elgl A

2L pde 5 S o et (S~ &3 Shes Dt PSP-RS PSP-Richardson’s syndrome \
R

e DS Y PSP-OM PSP-ocular motor Y

O3kl 33 GU o5 ol pe PSP-PI PSP-postural instability v

O3Sl 4 e PSP-P PSP-parkinsonism ¢

oy 5 S Y PSP-F PSP-frontal 0

CS o Ol g3 ey (B 5 oy ol 53 Sk PSP-PGF PSP-progressive gait freezing 1

CBD (sl 4 oMo PSP-CBS PSP-corticobasal syndrome ¥

&,k o PSP-SL PSP-speech/language disorder A

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

€0 sa0al sl puaid

53 Ll Camazr (315 (F65 4 ol (31 L 5
Syl & 0L 0931 595 B8 b 5 5 5588
oIl G O 03 s UL ke s
(a\i...a 335 s Gl g ool Sy o Sl
Frs il plil 5 o855 U L ks e lacsole
laulp oS J 28 Gl 2 B Ll g Sl
e 5 Lgh oo (s 50 05Dl jhud 4 peie S
Oks Jl wile (gHlew (godiS WLuis Jolse S 5
St I 015 oo el Jalse W5 5 LS, S
sloul s onl 5 6 S slem Oloys 53 1y sacke
I3 ol Olba 53 (S5 4 dal Ol I3 e 535
Slesl gl e 131 sl 1y 5oty (SL5 05 o
P g 4 otr ) s e2lp amle  LOT
bl s S Gl S il slaa e
Lol dal g dals Gl oSS 550 ol
2 des IS sbenlp pie agp e
Clasl 5 e Slawiie (gmae ok Jdowi Slacsley
e sl nl S5 Olys 5 pBlrss; a4

Les 5y p8

‘551.3).).55 7:».:”“
oKiils ()sls 5 iags sl Coles U asllae oyl

S3LE) o ok plnil lie J g ok 5 31 Ol S
Ol 0357 pal ol e 08w 5 5 (TN L
adllas ol 53 oslinal 3590 OV JolST e a4y (oo 2s
Olws S o2l (5555 5 hash isks Sl s,
LIS A NC Rt I PR FOR PR
4 p3Y Ll e ol 5L (sl e 015 candllae
N e O W ST B C}Sj\ dlas S sl S5

C.Mﬂ‘ ab}.:.; LB)A:—‘

(S 5 domd
b T3 S s Sb s 0dd dbid 4 S
wbs 3 OB o6 b oSl gl s ol
LS Sl ol 51 Ll bl 03 55 Se
Lild Cod s n 56 0dd Al hd pmls 5 Calises
LOT @ g oU Ol abjiud Jidw 55 & ol
5 oS 6 Glady e S Jlil il o)Ll
3 e Sbd e 693 p o basd ) ol Slaeaed O gy
&S Sl o dd jadin o)y 8l 3505 54 Jl.;lfkghdjlw
23 e 30 ey S s e aae Sl ke
e 5l sk sbul JUE 5 e sladshe
sl 53 5B, S0 & e ok p Mo slacgles
AT Golas 4 OlF e 2l e s LB 8 T
o)La) (glatun 95 oy i cls 5 Slodeli-(6 45 o
Sl 53 S, U &S Cl S5 P'Y .3 gad
—Gl s 5 0piSl Soley e 60
L obie OpiSll oo L (Solpls a8
(Frontotemporal dementia with v 0353735

parkinsonism linked to chromosome 17,
03 59 56 O Jzﬂ Syls A S FTDPl?)

Caliten (5o 155 03 5 5 JUE 5 e a5k J 1
Jole 87 0T il Sslize bagslew o 51K a o
5 0T o Sl i 08 aly jid (g 0 56 gy oo
Odd Sy w55 5 bdyss S 5l OAS e
ol el JUS 5 ez ladshe 3 Jske SIS
Jolss 5 s 00 Gy p OBl el s Call
Ll or ks (slajLS ASle OT Ods als aud )5 5o
ol 3 A slasley S ol (S5 oSS

AT ks 8
(s YN 3 55 4 U e Sl AB 4 5 L

plsil ain ol 53 (S i 5 F s Slidod &5 Zal 05

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

Ll3AL (sla g5 () s)lew K€Y

&b
1.Goedert M, Spillantini MG, Jakes R, Rutherford D, Crowther RA. Multiple isoforms of human
microtubule-associated protein tau: sequences and localization in neurofibrillary tangles of
Alzheimer's disease. Neuron. 1989;3(4):519-26.
2.Nisbet RM, Polanco JC, Ittner LM, Gotz J. Tau aggregation and its interplay with amyloid-beta.
Acta Neuropathol. 2015;129(2):207-20.
3.Ennulat DJ, Liem RK, Hashim GA, Shelanski ML. Two separate 18-amino acid domains of tau
promote the polymerization of tubulin. J Biol Chem. 1989;264(10):5327-30.
4.Violet M, Delattre L, Tardivel M, Sultan A, Chauderlier A, Caillierez R, et al. A major role for Tau
in neuronal DNA and RNA protection in vivo under physiological and hyperthermic conditions. Front
Cell Neurosci. 2014;8:84.
5.Marciniak E, Leboucher A, Caron E, Ahmed T, Tailleux A, Dumont J, et al. Tau deletion promotes
brain insulin resistance. J Exp Med. 2017;214(8):2257-609.
6.Frandemiche ML, De Seranno S, Rush T, Borel E, Elie A, Arnal I, et al. Activity-dependent tau
protein translocation to excitatory synapse is disrupted by exposure to amyloid-beta oligomers. J
Neurosci. 2014;34(17):6084-97.
7.Feng Q, Luo Y, Zhang XN, Yang XF, Hong XY, Sun DS, et al. MAPT/Tau accumulation represses
autophagy flux by disrupting 1ST1-regulated ESCRT-III complex formation: a vicious cycle in
Alzheimer neurodegeneration. Autophagy. 2020;16(4):641-58.
8.Laurent C, Buee L, Blum D. Tau and neuroinflammation: What impact for Alzheimer's Disease and
Tauopathies? Biomed J. 2018;41(1):21-33.
9.Drechsel DN, Hyman AA, Cobb MH, Kirschner MW. Modulation of the dynamic instability of
tubulin assembly by the microtubule-associated protein tau. Mol Biol Cell. 1992;3(10):1141-54.
10.Andreadis A, Brown WM, Kosik KS. Structure and novel exons of the human tau gene.
Biochemistry. 1992;31(43):10626-33.
11.Weingarten MD, Lockwood AH, Hwo SY, Kirschner MW. A protein factor essential for
microtubule assembly. Proc Natl Acad Sci U S A. 1975;72(5):1858-62.
12.Miguel L, Rovelet-Lecrux A, Feyeux M, Frebourg T, Nassoy P, Campion D, et al. Detection of all
adult Tau isoforms in a 3D culture model of iPSC-derived neurons. Stem Cell Res. 2019;40:101541.
13.Arendt T, Stieler JT, Holzer M. Tau and tauopathies. Brain Res Bull. 2016;126(Pt 3):238-92.
14.Morris M, Knudsen GM, Maeda S, Trinidad JC, loanoviciu A, Burlingame AL, et al. Tau post-
translational modifications in wild-type and human amyloid precursor protein transgenic mice. Nat
Neurosci. 2015;18(8):1183-9.
15.Kar S, Fan J, Smith MJ, Goedert M, Amos LA. Repeat motifs of tau bind to the insides of
microtubules in the absence of taxol. Embo j. 2003;22(1):70-7.
16.Al-Bassam J, Ozer RS, Safer D, Halpain S, Milligan RA. MAP2 and tau bind longitudinally along
the outer ridges of microtubule protofilaments. J Cell Biol. 2002;157(7):1187-96.
17.Janning D, Igaev M, Sundermann F, Bruhmann J, Beutel O, Heinisch JJ, et al. Single-molecule
tracking of tau reveals fast kiss-and-hop interaction with microtubules in living neurons. Mol Biol
Cell. 2014;25(22):3541-51.
18.Chen J, Kanai Y, Cowan NJ, Hirokawa N. Projection domains of MAP2 and tau determine
spacings between microtubules in dendrites and axons. Nature. 1992;360(6405):674-7.
19.Alonso A, Zaidi T, Novak M, Grundke-Igbal I, Igbal K. Hyperphosphorylation induces self-
assembly of tau into tangles of paired helical filaments/straight filaments. Proc Natl Acad Sci U S A.
2001;98(12):6923-8.
20.Hanger DP, Seereeram A, Noble W. Mediators of tau phosphorylation in the pathogenesis of
Alzheimer's disease. Expert Rev Neurother. 2009;9(11):1647-66.
21.Sergeant N, Bretteville A, Hamdane M, Caillet-Boudin ML, Grognet P, Bombois S, et al.
Biochemistry of Tau in Alzheimer's disease and related neurological disorders. Expert Rev
Proteomics. 2008;5(2):207-24.

22 Martin L, Latypova X, Wilson CM, Magnaudeix A, Perrin ML, Yardin C, et al. Tau protein
kinases: involvement in Alzheimer's disease. Ageing Res Rev. 2013;12(1):289-309.

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

1NEV  sxanl o)l guad

23.Wang L, Jiang Q, Chu J, Lin L, Li XG, Chai GS, et al. Expression of Tau40 induces activation of
cultured rat microglial cells. PLoS One. 2013;8(10):e76057.

24.Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes. Acta Neuropathol.
1991;82(4):239-59.

25.Ubersax JA, Ferrell JEJ. Mechanisms of specificity in protein phosphorylation. Nat Rev Mol Cell
Biol. 2007;8(7):530-41.

26.Baumann K, Mandelkow EM, Biernat J, Piwnica-Worms H, Mandelkow E. Abnormal Alzheimer-
like phosphorylation of tau-protein by cyclin-dependent kinases cdk2 and cdk5. FEBS Lett.
1993;336(3):417-24.

27.0lsson B, Lautner R, Andreasson U, Ohrfelt A, Portelius E, Bjerke M, et al. CSF and blood
biomarkers for the diagnosis of Alzheimer's disease: a systematic review and meta-analysis. Lancet
Neurol. 2016;15(7):673-84.

28.Hall GF, Saman S. Death or secretion? The demise of a plausible assumption about CSF-tau in
Alzheimer Disease? Commun Integr Biol. 2012;5(6):623-6.

29.Pooler AM, Phillips EC, Lau DH, Noble W, Hanger DP. Physiological release of endogenous tau
is stimulated by neuronal activity. EMBO Rep. 2013;14(4):389-94.

30.Yamada K, Cirrito JR, Stewart FR, Jiang H, Finn MB, Holmes BB, et al. In vivo microdialysis
reveals age-dependent decrease of brain interstitial fluid tau levels in P301S human tau transgenic
mice. J Neurosci. 2011;31(37):13110-7.

31.Katsinelos T, Zeitler M, Dimou E, Karakatsani A, Muller HM, Nachman E, et al. Unconventional
Secretion Mediates the Trans-cellular Spreading of Tau. Cell Rep. 2018;23(7):2039-55.

32.1ba M, McBride JD, Guo JL, Zhang B, Trojanowski JQ, Lee VM. Tau pathology spread in PS19
tau transgenic mice following locus coeruleus (LC) injections of synthetic tau fibrils is determined by
the LC's afferent and efferent connections. Acta Neuropathol. 2015;130(3):349-62.

33.Clavaguera F, Akatsu H, Fraser G, Crowther RA, Frank S, Hench J, et al. Brain homogenates from
human tauopathies induce tau inclusions in mouse brain. Proc Natl Acad Sci U S A.
2013;110(23):9535-40.

34.Plouffe V, Mohamed NV, Rivest-McGraw J, Bertrand J, Lauzon M, Leclerc N.
Hyperphosphorylation and cleavage at D421 enhance tau secretion. PL0oS One. 2012;7(5):e36873.
35.Seppala TT, Koivisto AM, Hartikainen P, Helisalmi S, Soininen H, Herukka SK. Longitudinal
changes of CSF biomarkers in Alzheimer's disease. J Alzheimers Dis. 2011;25(4):583-94.

36.Wang Y, Balaji V, Kaniyappan S, Kruger L, Irsen S, Tepper K, et al. The release and trans-
synaptic transmission of Tau via exosomes. Mol Neurodegener. 2017;12(1):5.

37.Saman S, Kim W, Raya M, Visnick Y, Miro S, Saman S, et al. Exosome-associated tau is secreted
in tauopathy models and is selectively phosphorylated in cerebrospinal fluid in early Alzheimer
disease. J Biol Chem. 2012;287(6):3842-9.

38.McEwan WA, Falcon B, Vaysburd M, Clift D, Oblak AL, Ghetti B, et al. Cytosolic Fc receptor
TRIM21 inhibits seeded tau aggregation. Proc Natl Acad Sci U S A. 2017;114(3):574-9.
39.Agadjanyan MG, Petrovsky N, Ghochikyan A. A fresh perspective from immunologists and
vaccine researchers: active vaccination strategies to prevent and reverse Alzheimer's disease.
Alzheimers Dement. 2015;11(10):1246-59.

40.Kopke E, Tung YC, Shaikh S, Alonso AC, Igbal K, Grundke-Igbal I. Microtubule-associated
protein tau. Abnormal phosphorylation of a non-paired helical filament pool in Alzheimer disease. J
Biol Chem. 1993;268(32):24374-84.

41 Hanger DP, Anderton BH, Noble W. Tau phosphorylation: the therapeutic challenge for
neurodegenerative disease. Trends Mol Med. 2009;15(3):112-9.

42.Mamun AA, Uddin MS, Mathew B, Ashraf GM. Toxic tau: structural origins of tau aggregation in
Alzheimer's disease. Neural Regen Res. 2020;15(8):1417-20.

43.Hamano T, Shirafuji N, Yen SH, Yoshida H, Kanaan NM, Hayashi K, et al. Rho-kinase ROCK
inhibitors reduce oligomeric tau protein. Neurobiol Aging. 2020;89:41-54.

44 Arriagada PV, Growdon JH, Hedley-Whyte ET, Hyman BT. Neurofibrillary tangles but not senile
plaques parallel duration and severity of Alzheimer's disease. Neurology. 1992;42(3 Pt 1):631-9.

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

wBl3AL (Sla g5 ¢3)) s)lows VIEA

45.Cho H, Choi JY, Hwang MS, Lee JH, Kim YJ, Lee HM, et al. Tau PET in Alzheimer disease and
mild cognitive impairment. Neurology. 2016;87(4):375-83.

46.Ying Z, Wang H, Wang G. The ubiquitin proteasome system as a potential target for the treatment
of neurodegenerative diseases. Curr Pharm Des. 2013;19(18):3305-14.

47.van Olst L, Verhaege D, Franssen M, Kamermans A, Roucourt B, Carmans S, et al. Microglial
activation arises after aggregation of phosphorylated-tau in a neuron-specific P301S tauopathy mouse
model. Neurobiol Aging. 2020;89:89-98.

48.1ttner LM, Ke YD, Delerue F, Bi M, Gladbach A, van Eersel J, et al. Dendritic function of tau
mediates amyloid-beta toxicity in Alzheimer's disease mouse models. Cell. 2010;142(3):387-97.
49.Ehehalt R, Keller P, Haass C, Thiele C, Simons K. Amyloidogenic processing of the Alzheimer
beta-amyloid precursor protein depends on lipid rafts. J Cell Biol. 2003;160(1):113-23.

50.Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, et al. Global prevalence of
dementia: a Delphi consensus study. Lancet. 2005;366(9503):2112-7.

51.Khaledi S, Ahmadi S. Amyloid Beta and Tau: from Physiology to Pathology in Alzheimer’s
disease. Shefaye Khatam. 2016;4(4):67-88.

52.Duyckaerts C, Delatour B, Potier MC. Classification and basic pathology of Alzheimer disease.
Acta Neuropathol. 2009;118(1):5-36.

53.Braak H, Braak E, Grundke-Igbal I, Igbal K. Occurrence of neuropil threads in the senile human
brain and in Alzheimer's disease: a third location of paired helical filaments outside of neurofibrillary
tangles and neuritic plaques. Neurosci Lett. 1986;65(3):351-5.

54.Braak E, Braak H, Mandelkow EM. A sequence of cytoskeleton changes related to the formation
of neurofibrillary tangles and neuropil threads. Acta Neuropathol. 1994;87(6):554-67.
55.Merino-Serrais P, Benavides-Piccione R, Blazquez-Llorca L, Kastanauskaite A, Rabano A, Avila
J, et al. The influence of phospho-tau on dendritic spines of cortical pyramidal neurons in patients
with Alzheimer's disease. Brain. 2013;136(Pt 6):1913-28.

56.Yoshida M. Astrocytic inclusions in progressive supranuclear palsy and corticobasal degeneration.
Neuropathology. 2014;34(6):555-70.

57.Kovacs GG, Ferrer I, Grinberg LT, Alafuzoff I, Attems J, Budka H, et al. Aging-related tau
astrogliopathy (ARTAG): harmonized evaluation strategy. Acta Neuropathol. 2016;131(1):87-102.
58.Braak H, Alafuzoff I, Arzberger T, Kretzschmar H, Del Tredici K. Staging of Alzheimer disease-
associated neurofibrillary pathology using paraffin sections and immunocytochemistry. Acta
Neuropathol. 2006;112(4):389-404.

59.Mesulam M, Shaw P, Mash D, Weintraub S. Cholinergic nucleus basalis tauopathy emerges early
in the aging-MCI-AD continuum. Ann Neurol. 2004;55(6):815-28.

60.Crary JF, Trojanowski JQ, Schneider JA, Abisambra JF, Abner EL, Alafuzoff I, et al. Primary age-
related tauopathy (PART): a common pathology associated with human aging. Acta Neuropathol.
2014;128(6):755-66.

61.Duyckaerts C, Bennecib M, Grignon Y, Uchihara T, He Y, Piette F, et al. Modeling the relation
between neurofibrillary tangles and intellectual status. Neurobiol Aging. 1997;18(3):267-73.
62.Arendt T. Synaptic plasticity and cell cycle activation in neurons are alternative effector pathways:
the 'Dr. Jekyll and Mr. Hyde concept' of Alzheimer's disease or the yin and yang of neuroplasticity.
Prog Neurobiol. 2003;71(2-3):83-248.

63.Malia TJ, Teplyakov A, Ernst R, Wu SJ, Lacy ER, Liu X, et al. Epitope mapping and structural
basis for the recognition of phosphorylated tau by the anti-tau antibody ATS8. Proteins.
2016;84(4):427-34.

64.Bussiere T, Hof PR, Mailliot C, Brown CD, Caillet-Boudin ML, Perl DP, et al. Phosphorylated
serine422 on tau proteins is a pathological epitope found in several diseases with neurofibrillary
degeneration. Acta Neuropathol. 1999;97(3):221-30.

65.Luna-Munoz J, Chavez-Macias L, Garcia-Sierra F, Mena R. Earliest stages of tau conformational
changes are related to the appearance of a sequence of specific phospho-dependent tau epitopes in
Alzheimer's disease. J Alzheimers Dis. 2007;12(4):365-75.

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

€9 saaal gl puaid

66.Efthymiou AG, Goate AM. Late onset Alzheimer's disease genetics implicates microglial
pathways in disease risk. Mol Neurodegener. 2017;12(1):43.

67.van der Lee SJ, Conway OJ, Jansen I, Carrasquillo MM, Kleineidam L, van den Akker E, et al. A
nonsynonymous mutation in PLCG2 reduces the risk of Alzheimer's disease, dementia with Lewy
bodies and frontotemporal dementia, and increases the likelihood of longevity. Acta Neuropathol.
2019;138(2):237-50.

68.Keren-Shaul H, Spinrad A, Weiner A, Matcovitch-Natan O, Dvir-Szternfeld R, Ulland TK, et al. A
Unique Microglia Type Associated with Restricting Development of Alzheimer's Disease. Cell.
2017;169(7):1276-90.e17.

69.Liu L, MacKenzie KR, Putluri N, Maleti¢-Savati¢ M, Bellen HJ. The Glia-Neuron Lactate Shuttle
and Elevated ROS Promote Lipid Synthesis in Neurons and Lipid Droplet Accumulation in Glia via
APOE/D. Cell Metab. 2017;26(5):719-37.€6.

70.Mauch DH, Nagler K, Schumacher S, Goritz C, Miller EC, Otto A, et al. CNS synaptogenesis
promoted by glia-derived cholesterol. Science. 2001;294(5545):1354-7.

71.Yeh FL, Wang Y, Tom |, Gonzalez LC, Sheng M. TREM2 Binds to Apolipoproteins, Including
APOE and CLU/APOJ, and Thereby Facilitates Uptake of Amyloid-Beta by Microglia. Neuron.
2016;91(2):328-40.

72.Krasemann S, Madore C, Cialic R, Baufeld C, Calcagno N, El Fatimy R, et al. The TREM2-APOE
Pathway Drives the Transcriptional Phenotype of Dysfunctional Microglia in Neurodegenerative
Diseases. Immunity. 2017;47(3):566-81.e9.

73.Hansen DV, Hanson JE, Sheng M. Microglia in Alzheimer's disease. J Cell Biol. 2018;217(2):459-
72.

74.Maphis N, Xu G, Kokiko-Cochran ON, Jiang S, Cardona A, Ransohoff RM, et al. Reactive
microglia drive tau pathology and contribute to the spreading of pathological tau in the brain. Brain.
2015;138(Pt 6):1738-55.

75.Bhaskar K, Konerth M, Kokiko-Cochran ON, Cardona A, Ransohoff RM, Lamb BT. Regulation of
tau pathology by the microglial fractalkine receptor. Neuron. 2010;68(1):19-31.

76.Meda L, Cassatella MA, Szendrei Gl, Otvos L, Jr., Baron P, Villalba M, et al. Activation of
microglial cells by beta-amyloid protein and interferon-gamma. Nature. 1995;374(6523):647-50.
77.Lin YT, Seo J, Gao F, Feldman HM, Wen HL, Penney J, et al. APOE4 Causes Widespread
Molecular and Cellular Alterations Associated with Alzheimer's Disease Phenotypes in Human iPSC-
Derived Brain Cell Types. Neuron. 2018;98(6):1141-54.e7.

78.Ahmadi S, Zobeiri M, Bradburn S. Molecular mechanisms underlying actions of certain long
noncoding RNAs in Alzheimer's disease. Metab Brain Dis. 2020;35(5):681-93.

79.Khaledi S, Ahmadi S. Cellular and molecular mechanisms of vitamin D deficiency in aging and
Alzheimer’s disease. Shefaye Khatam. 2020;In Press.

80.Rebeiz JJ, Kolodny EH, Richardson EP, Jr. Corticodentatonigral degeneration with neuronal
achromasia. Arch Neurol. 1968;18(1):20-33.

81.Gibb WR, Luthert PJ, Marsden CD. Corticobasal degeneration. Brain. 1989;112 ( Pt 5):1171-92.
82.Kouri N, Whitwell JL, Josephs KA, Rademakers R, Dickson DW. Corticobasal degeneration: a
pathologically distinct 4R tauopathy. Nat Rev Neurol. 2011;7(5):263-72.

83.Corticobasal Degegeneration: Essential facts for pateints.
https://www.movementdisorders.org/MDS.../pat-Handouts-CBD-v1.pdf.

84.Armstrong MJ, Litvan I, Lang AE, Bak TH, Bhatia KP, Borroni B, et al. Criteria for the diagnosis
of corticobasal degeneration. Neurology. 2013;80(5):496-503.

85.Morris HR, Lees AJ, Wood NW. Neurofibrillary tangle parkinsonian disorders--tau pathology and
tau genetics. Mov Disord. 1999;14(5):731-6.

86.Dickson DW, Liu WK, Ksiezak-Reding H, Yen SH. Neuropathologic and molecular
considerations. Adv Neurol. 2000;82:9-27.

87.Di Maria E, Tabaton M, Vigo T, Abbruzzese G, Bellone E, Donati C, et al. Corticobasal
degeneration shares a common genetic background with progressive supranuclear palsy. Ann Neurol.
2000;47(3):374-7.

1100 )o2peid 9 3l3)s / (ind g Gy 8)93 / 9lEw)S (Sibjy egle slEkils (alc alas


http://www.movementdisorders.org/MDS.../pat-Handouts-CBD-v1.pdf
http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html

[ Downloaded from gku.muk.ac.ir on 2026-01-29 ]

[ DOI: 10.52547/5ku.26.3.129 ]

o l3A (sla g5 (3)) s)lows 100

88.Houlden H, Baker M, Morris HR, MacDonald N, Pickering-Brown S, Adamson J, et al.
Corticobasal degeneration and progressive supranuclear palsy share a common tau haplotype.
Neurology. 2001;56(12):1702-6.

89.Steele JC, Richardson JC, Olszewski J. Progressive Supranuclear Palsy. A heterogeneous
degeneration involving the brain stem, basal ganglia and cerebellum with vertical gaze and
pseudobulbar palsy, nuchal dystonia and dementia. Arch Neurol. 1964;10:333-59.

90.Kawashima M, Miyake M, Kusumi M, Adachi Y, Nakashima K. Prevalence of progressive
supranuclear palsy in Yonago, Japan. Mov Disord. 2004;19(10):1239-40.

91.Golbe LI. Progressive supranuclear palsy. Semin Neurol. 2014;34(2):151-9.

92.Progressive Supranuclear Palsy: Essential facts for pateins:
https://www.movementdisorders.org/...PSP/pat-Handouts-PSP-v5.pdf.

93.Jabbari E, Holland N, Chelban V, Jones PS, Lamb R, Rawlinson C, et al. Diagnosis Across the
Spectrum of Progressive Supranuclear Palsy and Corticobasal Syndrome. JAMA Neurol.
2020;77(3):377-87.

94.Baron JC, Maziere B, Loc'h C, Sgouropoulos P, Bonnet AM, Agid Y. Progressive supranuclear
palsy: loss of striatal dopamine receptors demonstrated in vivo by positron tomography. Lancet.
1985;1(8438):1163-4.

95.Pollock NJ, Mirra SS, Binder LI, Hansen LA, Wood JG. Filamentous aggregates in Pick's disease,
progressive supranuclear palsy, and Alzheimer's disease share antigenic determinants with
microtubule-associated protein, tau. Lancet. 1986;2(8517):1211.

96.Schoch KM, DeVos SL, Miller RL, Chun SJ, Norrbom M, Wozniak DF, et al. Increased 4R-Tau
Induces Pathological Changes in a Human-Tau Mouse Model. Neuron. 2016;90(5):941-7.

97.Noble W, Planel E, Zehr C, Olm V, Meyerson J, Suleman F, et al. Inhibition of glycogen synthase
kinase-3 by lithium correlates with reduced tauopathy and degeneration in vivo. Proc Natl Acad Sci U
S A. 2005;102(19):6990-5.

98.Coughlin DG, Litvan I. Progressive supranuclear palsy: Advances in diagnosis and management.
Parkinsonism Relat Disord. 2020;73:105-16.

99.Hoglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA, Lang AE, et al. Clinical
diagnosis of progressive supranuclear palsy: The movement disorder society criteria. Mov Disord.
2017;32(6):853-64.

100.Respondek G, Kurz C, Arzberger T, Compta Y, Englund E, Ferguson LW, et al. Which ante
mortem clinical features predict progressive supranuclear palsy pathology? Mov Disord.
2017;32(7):995-1005.

1100 )o2peid g 3l3)s / (ind g Gy )93 / Olw)S (Sibjy eole slSkils alc alas


http://www.movementdisorders.org/...PSP/pat-Handouts-PSP-v5.pdf
http://dx.doi.org/10.52547/sjku.26.3.129
https://sjku.muk.ac.ir/article-1-6363-en.html
http://www.tcpdf.org

