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ABSTRACT

Introduction: The proper development and function of the central nervous system (CNS) depends

fundamentally on the activity of parenchymal sentinels called microglia. Microglia currently have :

the greatest ability and capability compared to other cells in the CNS, with the capacity to adapt

morphologically and functionally to their changing environment. Even at rest, microglia cells are

highly dynamic and constantly survey the condition in the CNS. Following injury, these cells rapidly

change morphology and migrate towards the site of injury. Any injury to the CNS is accompanied

by the release of mediators that serve as signals for the activation or chemotaxis of microglia. They |

can communicate with neurons, astrocytes, and other cells of the immune system through a large !

number of signaling pathways. Microglia are critical contributors to the homeostasis of the CNS

and dysregulation of these cells contributes to the pathophysiology of neurodegenerative diseases.

Conclusion: microglia are crucial to maintaining CNS homeostasis through their dynamic rapid re-

sponse to insults. Their ability to interact with various cell types and adapt to environmental chang-

es points to their important role in CNS pathologies, including brain tumors, and neurodegenera- ;| Keywords:

tive diseases such as Parkinson’s disease, Alzheimer’s disease, and Amyotrophic lateral sclerosis.
i 1. Neuroinflammatory Diseases
i 2. Cytokines
{ 3. Immunity, Innate
i 4. Phagocytosis
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3 Tumor necrosis factor alpha

* Interleukin

5 Nicotinamide adenine dinucleotide phosphate hydrogen oxidase
¢ Tropomycin receptor kinase

7 Arginase 1

dodso

Sl eaiS a5 S (BBB) (57— (S5 o
(o Slg—s ylp ;0 S badlone Gl wgtega La> o
e gla sl (o5l 5 lit oly e Lz
Lias o ololn (V) 0l (oo 655 g0 (ot plimw )
s Sl e (S S (S LS g 0 Shes
sy ass Jole (1) ol e anl 53l (555 jo cocae
oot kit LIS So xba s sl o oS b s
S5 (o0 (Pl sladel—w ol ot JLsd cemge g
LS5, Cmoz e gliite (g an amgi L (V)
Ve ogai> Laldfs So IS jobo aly Lal el gl it
JeS—i5 1) e Gl obw 5 Cmoz Jlao )3 V0 I
WS o oy |y B3S  emal i LSl g 00ls
el loaceisd an (lsso 1) LaldSy S (FL 0)
() 3, i M2) Sl v o558 5 M)
bis 6l LSy S slongedsd e Jolws Lia>
e Jlimmgiegs 5 (S ke ~(S9FAmm e 5 S
Ao ba g9, adlin (sl 0 (Yo A) diiid pgo s
(e—as Sl ;o Ll S 8 5l (ool (o)
O iz § (550 s50gi Slnlio 5 0o oD ylee
.p_l\d.';}bﬁ —as oS e 3 slag,lew o Q‘

l_‘lfj)& LS'_N‘ LngJyl—W S Uoe cli 6‘)—)
ol o] laeuied 5l sy SyeaS el oY
30y o0 Al (ol b A Aol o a S o il

M2 o598 5 (LD MT i 90 sy LallS'g Se
Gl 3 (A) Wi oo (ga—ndal (ol 0 2)
Ol 0,5 Jlad Ly a5 LISy Seo M igid
5Ll TFN-gamma 4 'TLR X JlXw sl o ons
SenS 539,90 5 el Lo cdl olon) ccel il
5 LoinS g 0l el M LIS 9 S0 (V1) 095 o0
IL- . TIL-6 « " TNF-a o_sle olgdl i slacplses
L LSy S (1)) 553 oo CCL2 .Syl o IL-121P
4 ;e aS 1955 o “NADPH Ly el M gid
Sy g Jlsd DS slaaiss ST g 0o
Sy ST a1 55,1 g oo el sla st
sl Sl U les oo 1, M 903 .(VY) 0iS o0 Joos
3,5 olwlis CD86 4 CD32.LD16 vsle Jolws prla s
0dd o aSgmal el 4 col i ul el


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

& T

Gk 3l e cl Sl o Shee S je—tnsSl
Gk 3l LelSs e ((FF) 35—5 00 plsl LISy e
Loty (Jsbw slolir 5LausSh Ly 55wsS
Syt 1) (omae Sl Lagipl g b s
Lt gl | bl e 5 gyl ) i e
et (PFYY) S o g Sissiogs Jolss
b H—s B 5l Selsily ST sl JLSm
0d—2S a5 (S5mg il a5 (YA) il e
L s Ol Slay ponie alg oo LpdS' So Jags
g o o JuiSw Ly LS g Se (V) 950 -0
WS oo Bl yd 00y sla el jlaS €GeS T, Ly
L JLsd 095 00> L €093 olwlid 4 a s
Gk )l LS s S o pS (oo 8 el il el s
DS oo iS5l e Sly e jetewsSTE
L 9l oo LolSy S jotmsS (e 31 (F 1)
39—maosS 8 L ailgs g0 a8 0Bl S ol j9twsST
NG D R VI SV SUNTY 1 LY g WP ] I e
Lo mlow 4 copnl comge a5l i 5o 0SS
(Jmlie ;3 9B o0 e B Ly (oae Jsbow ol
59—tmagS 1 Ltals s le LS9 e oS ials
Wl (omae lasl 5aSt Lo Lol
] 5 S5l (pmas Jlail am e el (- Sas
Golaay (FY) 05 pmae pinew 0, Sae 5 Lislw 4y
45 010 09z el Cibge S5 tewsSE sl ol
Sl (Sie SnSLgaS sla JuSom 4 95— (3l
) ks 0590 Jome any &y lpe 03l LISy S 4y LS
S—dse Jlw)l Bos Jolow an JLSs g oy
45 oS e plslid J 5w sSE ol 1) T4
oS 5 ool RAS Sy lsgen ptigy elis oLl
Soe wnl Jelow e S Gas Jolow a0 LISy S
aS cowl ol ] PR P Qiso«))_.h)? 09,0 4 |y
o P9t Jold 1) (sl b slansiy y oLl
ol Sy (Sl a5 lopgjsSl (oS (49,0 4
p9395— 3l Lo Bae Jolws oy 595 (6l it n
JuSw o=@l G asilind Wig B oo S
8l (ot s o ol Jeaie g5 |0
=1 09,9 (i hoslad (om0 )5 (85
s slecetgn (F9) 08 (o0 pasidn (Lol (ualy
SlponiyS an Jlail L izmen Lagyg )58 55, adidlon
Ol el 4l Lo ST (50,5 JLd L s LIS See
5 (o5lad] 5) SIGLEC-11 otile eSlins gl 4y oo

b LSy e s G L oy o i3l
Wl oy o LIS 9 e M1 5528 5l ool Jgs
g 5 e0 S o a gLyl Sl a5 by
e o biilrs o s slayy) 5 LIS See M2
elss sams i 4 s al oo ials JLIE L S0
Gk 3l Sy Jsb yo osile (Sl 6l Ll S
Ol ] pyg—ie g )Mo g g colSsS aly; g Sl
Sbioe alitcnl a ol 5 e 3280 (o)
Opmr9sed 5 Jotoo zof (Sliosoid JSid 4y ;e
S 50 g —dledine; 5 355 (o0 LSy S )3 wiile

o Sal sl sl S uilshyz0 , 155 LallS S
Iy o gl Jolw JS slooo Ve Loy a S o _wn
LS 5,50 «Soielgn 18 byl o 50 (YA) o oo oS
i 0 S92 g0 Ll A L ) pmae LS s S
S o S g 9 S (o0 99 4 (655 e (smas
e Bl bl s 5y oS iy 5 sl Lo
ol Jwasa So S oo a5 e loy
Al 4 il e el o sl Ol LS wes o
(YD) oS s S 5SS SO lsicas g
o9 Bl bl laore j0 (6, L:bl.,.lfj)im as Galiub
S5 9 Seaz 5 ol e e3la A L
i 5 o9l g ySeligS (ol gims wSly) 4y 095
Oy e 4o LallSg S s 9550 (Sfslsn aul b
YY) oo ol JulS (godgul (6558 )50 Coomus 4y
- L_..lfys)i..a S a2 oo ol Olsesgs ol (Ve
s U] 4y e S350 50 Sl €lsl 3o,

|


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

VT 5l plezr ol qosf 0,99

e y=—e ML Ee

-

Go=S ol oy bl L daie S a4 s P2X4R
)L,JM P2Y6 od._:).ﬁf ud._w JL:B )‘ o= .(OY) A._S‘so
i Slad 6,5V K0 Jo— el g 09— o0 JLa8 C
toal Ca2+ oS o Ll ay f e a5 050 oo
LS 5,0 50 oS 18 0, Slae yads Jlad Ecel
31aslgs g0 UDP 51 Lol P2Y6 00,8 S o0 09 oo
oS S (sl ATP ey 4y LISy a0y 2len
b 4 )] (G ralee cgd i Lol Jlaisl 4
s=SIP2XTRs (59, 45 ATP .(BY) 05— ddlg> JwsSB
Ecb gaas o ol |, gwsSB Hlolygy S oo
Sodzy 10 P2XT Sug5eig 00,8 S Sl ooly yLis
AS oo Jos Sz o8 SeilS U S lgmeay ATP

oo Jlsd LS, S 5 MT slalS e Cow
d)bg/_g‘;- U)—>L€(° od> — o UL:Q\; )‘ solarul
sl oS bwy LSy Sen ool
alaz §) ikt Sl glo ] Gy 51 Jol
=3 ;0 45 Q) 59— o0 p—elas LajliS g Lnows,S
575 etlss o)l La Sl ol 5l s 4

AKT ;o Jlsd o1 5l acw 9 PBK ;s (g5 JLsd
3o LS5 8o (3l JLsd )3 (oot sl 2
&= (OA) 3,Is LPS abe 1y 6 ) los Jole SLwlils
SIS Bl bale (Lol Fa s a9 S,
slzol Jolow o ol cchle (Lol 35 L son LS
ol s (PBK) LS =T o joidgh—nd 5 092
PI3K ol_aisl Sl olse o s = ool oul jo
P > 85 Bl ey oo 4 slss o
el a g GISa 55l limed iz oLpol,S
Csl a5 WS oo g0 |, Slawd 5,5V Fb
Jbzss sladol—w nlioy o SHF el oy
PI3K S F-actin g Rac .(0%: #+) 59— oo & p>lpo
b lalg e Ras 4 S Sl Jolw slcea s,
PI (3.4,5) pgo lowyply 9 oS JLss |, PBK >
aod o il ) o SSTF gy el S ol51 1, P3
PTEN 5 PI3K _olaisl a bes las oLilss (5))
Sl 3= i Gl ) (ool bl
ool S S 5 S e el )3 PT(3,4,5)P3 L e

8 Milk fat globule epidermal growth factor VIII (MFG-E8)
° Gas6
1 Microglial formyl peptide receptor 2

(FY) S oyl | 5einssSE (s ,3) SIGLEC-E
48 1,8 odguil AL 0 IS IS g
s Jlal e s dgzlg 5l s Jl ol el
Iz o5 —Fgngd oo S Lo e (S
el L 59,0 ;o a3ly (lipoprotein low-density)
Jail sladsge iz (FF) 09—d 00 jo—msS
Sl U assls s JLil ey > 55 [ Blaor 4y Jo Lo
Gl 00 S 5 et o Sl S s (59 igmy
oy 5B oyl Job )0 0 Jee (S sSE
L LIS S 31 o0 ST A 1ty 0,8 oy
0055 5t Jadlid ay a il (oo oy ]
SS9y 09— Jmaite o0l 580950
Ol g 995 (o0 ol ool slo (S g Loy
Sy sy L S SgSlh a5 S
c slogsg «Sdgns] ladsl jssSl
S o9 e S (o0 et Loaplins 9 (o i
etis s 5'Gas6 o JyLna JUal Jy Sgo 39 5 b
ol Gl s oo STy p e ol w3 L S
Soligls’ (onS92,5-y V) Jlie 5 N slilis o J5Sse
(F0) 095 Jate (e Jrailind a aiilys oo Ladlas]
ol )8l e LS s oy 05 Yoo an Al (S
2 ool gl izmen 3500 Gl il (e
ST LSy S 51 aS olSiid 5 el YUy yaglyiT (o o
J—ate (mas py Jralind dm sl oo 092 oo
JLsd 1, 7Y Lol e e (i 005 g 00
i 0 e ol iuleT sl 5l ooliul Ly (F5) oS
s gl ol 00y Lol Al (eSSl 6]y 3lae
5 Sasusl sle 09,5 el ;e jemsSE S
sl gl LSy S (55ldled il sl (a0
sloaussilSs plw g ol wd o, 5 el (A FF)
Wigon 3T ok el Jf oy et 5 2
e Jmaite S m sl o5 sl sl (ls—eay
Jisd (Sl b al b iz ol gl |, slss
sl i Lol LaasT s ol (FV. FA) aisS o
L (R 8+ ) sl e JLiil s ol ool
5 s—as @l slagal jo S b e )
S350 (ldls T (OV) 0,18 i B ac )5S
LalS'g Se SiiS 9eS 9 SiSUseS slacJlad wlind
JLd 1, P2Y4 S5 s g 00 5 S o 35k 5l
03— .S g ATP jloa_2 )0 P2X4 00515 g0 2 .05
JLis ao Jled LSy e ,o UDP L oo JL28 P2Y6
oS 39,3 P2YOR Laigs co Ciio peatl cmae cn!
sl JUl gl 5l g oo co LialS |, P2XAR ala_lg 4y


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

“0 e d
M
ay c-Sre il gl pls s b ayiPLA2 oo led

olis LSy o cwSUgaS pdais (0 IPLA2 v go i
sa—al 0F o Kbl sla JoSo 59 cBljb S sas o

Clad a5 (adge (St 4o Lyl Josou 5ot
YY) oyl s LS9 e o SUgaS Jo—bo ;0 iIPLA2

LelSg e (onSTgeS s 5 55l Jlad )0 PKA (o
TNFo 5 mRNA o Sl58l 5 cce ol oa i olga—ioy
dn bhwgi 298 BB jeb 4 LPS S o0 5l ool

oauS Jled iy b 5 eo—msys STl sless,
Sl el aiy b b e dgrns IS ol
CAMP 1381 L 5 STosls (glosg, oty e (YY)
L= ws—bse plonl PKA (g3l lsd 5 Jobw 51
00 jlos 9 WS (o0 w B 1) Jee Gl 68
Jolge S (oo oS | a9 5l (2L JLee PKA
=9 60 Ly ol s 58 a il CAMP o0 i34l
ol o SUgaS g Lid 550, 5l 0 oo ely CAMP
D38l s o ylis 4 S 0 S (5,5 sl> "TADP
ol oy Son PKA (g5 Jlsb 5 sl |55 cCAMP
aisls ADP 5l 55 Jew &y oloe y iie 30
ADP (S 15 Lo ugi P2YI2R (o Jles (YY) osl
Gaob | sl S CAMP e bl il e el,
5loas o)1 GBy Loy UScs Skl o Jlad
PKA a—i b 4, e ol i oo GO 0>y 505
e i SCI1S3 3 oo a sl 5Dl i
PKA Lasgi (VASP) Gg5,e ooiiSolas Ly ooy Sy o0
oy (M JS5i5 50 Plst cel a5 092 oo
D g0 (oeSUgeS LA a0 g Sl sl
i blis g e clo Saix Ly VASP LL_s)|
VASP S sas oo plts Spoliys clié e Jlsd
sk S 28 g (STl 5Litgn 10 (5)920 (LA
Ogemdlyghndd g (9l joh b e lais 0 S oo L4
S ly—eals o525 gl ol (- Seon VASP (59, —
5 5% o= Job 5 Sz plys 0, 5 Lis
o ;3 S il LS ayy e Ltd (Kb, 53
G5 VT 01 (e STgaS (sl Jobw Ul —
> L P2YI2R 5,k 5l ADP (S o 4 S oass
s el (Al s e af 5 BY Sl ol
&8 «Fob— 09,0 CAMP i ol8 L (PF) 35—3 oo
s PKA 020 oo yliis a5 095 o0 (o 51 BY S0xe
A5 50 g Sl B ua)iﬂlguub@_wm_u.f
AVE) 3l LS5 Se (oSS, o295 b 5T

! Matrix metalloproteinases
12 Bromoenol lactone
13 Adenosine diphosphate

(FY) 0iS o sl ) ggas sl (35,0 SdliSns
S95 99 sleod .S 5o,k I PIBK pis (g5l Jlad
i i gy 3 LS5 San o Spe (51, 50 POX
P2X4R  slace wsSLsl as cul oo dosloylis
ot ADP (S 565 (FY) 0iiS o,y |y LdSs oo
S 9 gDl ygiad 9 PIBK (g5l Jlad sl
P2Y12 &_45)45.1[‘.9 o.\_))j d_’)'b )l L..lfj)s.ue 5o B
Akt Oomdl a0 wd 4 S oolo Lis C)l_w.ll:la.o Do O o
55 |y ol )5 Sy ke a5 "MMPs w5
L8y Se i Jleb (sloaas il Sy oS o
S MMP s il sl oaools sl Slalllas o
LS5 5o 45 Sloj PIBK-AKt S JUS s L] by
J_».JL&W l_..«;‘s ‘).:L»_v (??) QHGAW_JG.UQHGA

DS o J—ee PBK & JlSs sy (6500
Sbedea g olocwojl S cwl sa i ooy lis
(FY) 09—t il PBK e Jled i alS 4 oo
QHSQ odal_iw @L‘o) Ler.' LSH @JLBJ ua_ul.a.v
cAMP Lol 5 sloacud ;0 cuSUgeS 3l 6, —Ssl>
EN) i LIS 5 S S Bg0S (5l ptee alailg
IPLA2B Lo aoals a5 ol Ll 5l ol alas
A > b o SUgeS a5 a4y , e cPLA2 L
e Dim 5 Esn A Ced Ladawsige
J—doa s Losee a5 550 o0 (MCP-1) V-Ccigige
b 33 1y ST el ol 5 sl S g IPLA2
Sl (Vo) oS o s Latwgion cnSUgeS
oS UgeS elais 0 IPLA2 i &5 0,5 ;0 glasllas
31 PI3Ka e Jled iPLA2 a5 ol ol LISy S
98 oo el S1C e0ls s lajleS gjlw Jld )b
(olBl s oo S JLge S L IPLA2 JLgs (PO)
2 stz Sl el A e Mo SY Jsises
A4S 39d oo PIBK-Akt X JUXw g5l Jlsd
a5 Cwl oais ools Lid voen 0ls 50 Sre e Jlss

I


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

VT 5l plezr ol qosf 0,99

oSl55aS Al ) 5 Jol sLnalle Sl sy
Jsl— i (55, CD36 il ;1 ogdle 0Bl oo Lo o
L5980 (onSTgaS 9 S15 (Smal il y0 LS9 Se
as Lo adghoel Jlasl (YA) ol s Ly o Selal 4y
45 Src oslgils LS S S o JLsd |, Fyn £D36
s DS o aly 2 81, 7p130 Cas Syl gy
S e i Gl gmwn)ls lg—eay p130Cas
995 oo Joe S 5 (PYK2) (g 5l (e ¥
S92 Ll 9,500 Sl (sl aegomme (1l 5LiS9s
s lganl 4 p130Cas  SLaS ol ouls ol
oS HE gl ol Lo 5 pofo e g oLt
5 CD36 SIS o o it 45 el of e
S HE gl ponly ol (- Sae Ly w sl
C-Sre e Jlad oS ot s |, Jol &y ol s
oo i3I P2YI2R 5y b 5 ADP S oo L
PI3K (65l Jlonb sl,s ail ilsdl o-Ste e Jled
ot Slalllas ($0) Gl Js 5,50 ADP S o5 Ly
3 kSl gDl ya 8 (gl e-Sre a5 il ooy
S Moz §llge (gl S (ol S 55— Tyr31
V) el (559 =5 LS5 S0 (o STigeS 5 (o250

L ERKS JUsSm L o pekiss gl )5 slnsless
Gl o 0 sopo i (S slalS MAPf\
S BgaS 5 sl Jnd 45 ot o Lyl Kl
oot )55 LPS ay s uly o p38 MAPK 5 ERK
ol simliél a5 owie BRKI/2 codla islsél 5 el
g il Jobw 5l Fde V5516 Loy LISy Se
Gl CXC 4 S gaS 00 o5 b ;1 *(SDE-1)
S b S TL6 oy 5 LISy S 0
oo ls (V9) ss_b o ERK ¢ PIBK St JiSew
Sl a5 (G55 Sz ool eja S0 kS
ooSbgeS 1 somitine ;56 ERKI1/2 & Jlad jo ,iis
AOY) ols xmbge [ Sains Swlys pndal 5,k

00 S 9B slajlisS (5595 St eslg sl sloajliS

2,08 28 LIS ,Se Spzlae 50 a5 oS g e Sl e 3l laDE =Y Jgua

aile ] posilia
eI | §alals )
) 205 £ e PIK ,iPLA2
JREPPE S I FUCORN L I W A 1

5 Lo comgize oSliged Sk 2 (o] gl pock 5 by iPLA2

i Vg ) g Ay S LTl i i3 X & o
) =2 (g S s el A gge 7y P pSliged ok ay e CPLA2 L iPLA2B L ials

el S s 2lS Ll 4 Boes 45 098 oo (MCP-1) o

Sl am e LS a8 S e o 1 Fale ADP | 30 SUgeS g Lt i,

o) olos & prlga 1 ite el o S0 PKA gl Jlab 5 gl J51 CAMP | CAMP 551 (50 L cyelgSogh aile Lise L CAMP i)

Sl 4z ADP il

VASP 35 sa5olef )
) St S5 s el
oo SBgeS i 5 Sllgs alonl ¥

ADPLS, 26 LP2Y IR (o lad

e M et G ol T 4 e

) ’ P38 MAPK , ERK (508l ind i3l
A o el ) STigaS 5 LIS S (gl Jlsd Y

0t LISy Ko st b el )

5 228 5,5 o Jld el _ CXCR4 alats |, SDF-1
g5 oo ERK 5 PBK S8y cla e 31y 51 TLA6 adss (il oo =Y
oy o LIy Sn STigaS i B il a8 AT s gl g (ali3 LERK/2 (s Jlad)
0552 ol 8 G by i b ) GH G o oo G ERK1/2 1l ) oisY
A Sgen wSUige g by 2dply g Sre colld il
gl s Ly abgheal @ LIS Son nSGgeS 5 1 el sy 50 )

©$) 5 ST gl roel ol (S by atglial §) 50 CD36 Relf Y LIS s S oo zba (55, CD36

oS el ) sl 22l
©F) e el )32 oy (S g 5 LT S puTBgeT Gl Tyl s ke (gl o

!4 Mitogen-activated protein kinase
1> Stromal-derived factor 1

16 C-X-C Chemokine Receptor 4
'7P130Cas is an adaptor protein


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

W 5l ez oot g 090

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

“0 ol
M
MMP2 a4, LIS §,S00 5l ool ol )i MTI-MMP La_ogs
=l g aB) sl jyag sladolw 5 LISy S
O i jolo 4y (AA) 09 o0 (S50 s9—095
Lngle_m )‘ 00— ol)lu_.mp” u—"i"ﬁj’ gL.: HMGBI1
09y aold e seas | S8, o JL> 0 slos S
9 u_.u; (/\ﬂ) Sl 00 GLAJJLMA’ TLR2 6‘)_: I
Gl S 5l s e HMGBI oS asols jlis oK on
WiSe e TLR2 CaisST lgicds S0 JLo> 0
P olej] adllae S ol o edle 0 S 5L2T
ead lao gl (LS9 ,Se a5 0l 155 5]
~Sieklh el L a8 (Sy50 50 655 sLoygeys
sleaodld il ous leye Jo8 5l Shacn Jo
LJ"“‘ (AV‘ Q‘) d._..lbb‘sa fbl.?:.:‘ ‘) )9_A9.: oS ussj_.w
s—9 5l cmlas o ) Sloe a5 w20 oo lis Olslllas
Gk 5145 (92 )0 j9eg 0aiiS S slac lls
g 48,5 0aol wig—i JLad TLR sloa cussST

s LSS o0 bl sl WnT JLXe
Sh—wle (V) ol (55,0 Heg ol
am Ll Ll S0 (g5l Jlod 00 S S0 25 (g e
W A7) o)y K Wnt Il g3l Jlsd
sl Ly LIS S slasbw a5 (AT,
et S 1, LIS Sl G35 5o o5 W
— Ll S Jled 503 9w ST A0) 8, o
L-12 6 -IL o Jgs aslidl el Wit o ssS|
AP-1/c-Jun g3l Jlsé 5,b ;| MMP 4 TINF-a
SIS s g5l Jlad ool by (A AL Q) 35 o
Sy e el L gogua LS LS5 e 5o Wnt

4y Ole—ed MMPs Lo Loy pglle oSG 5o
S wloos a3l Jslw 7L LSy ke soiiS
Ol 5T 053 e soag 02l 5 & 2les s
MMP- Loy aS ol lis Logds Jon ,0 MMPs
wdﬁuufg;mdqui_wg)Hﬁg)olz389l3 14
slslisn 5l (S s MMP2 Ll sy s oo
A3 1) el il 5 g slagel® 15 5590 Lol
A= o0 adg MMP2 5095 LlS'g oo Jobow 99 5
9 =0 S LegelS j50g5 )3 00l el s MMP2 Ll
@i e il V ity pgllie g ol 45 ol
L5 og—b Joos JLsd JS i 4y (MTI-MMP) \ 45

'8 Coexistence

! Membrane type 1-matrix metalloproteinase (MT1-MMP)
20 Myeloid differentiation primary response 88 (MYD88)

21 P38 mitogen-activated protein kinases

2529 53 2 g 4yl (S3he 095 50 o el LS S
Yo Lajlg,She / LS, 5o 058 oo el ie Sililine
Ol 3o slasliwlio o |y b Jobw IS loo,0 00 L
ool B o Ful LaldS e S (YA) aps o JoSis
St 45 55k s gl (550 Slo ygess
LogelS 255 (stz95 J=B Ho-b 4 LS g S0 (55Lndled
LS 5 e 5l ooty i slo ol Loms o oS |
e i i jo-b dny 0B Sla Sl e S g
15 5 el s 985 e 588 o2l 5 2SS
LelS5 5 M (g o (M) Wigis s e 4yl j5055 )
5 00— LogdS Lo Jolw a8 20g) & ) lpe el
.>|5._4 Ja_wy REERY u—" 4_7 a_>.>L> ol oK 5
8l 50 LegdS slo Jolw &ymlpn iy el 0,8 4y
s joban Jllisad glaJslow 5 Loy uiossl
b LS9 ,Se asilys oo s jo—s0gi Slasl Lauss
AY) 05— oo i S o ay ;o aS 0 S JLad
5y ok o LSy See e Jolie SLbLS)|
3 (§y5—me i S ga S SLIlKn e i
Jmd 0 aS e S oo JLab ) jie s s 9 0
SCJUIL P PE=p S S B Y SN FC UN iy [ =g W

9 Sl 6‘)_71.0 (s—ac p.»_w.u..: o TLR )‘ C;lo.),J
Sl sl dS a8l 5l oui laz o3l slaldsy S
4 g TLR3 .TLR2) TLRs 3| 29 Jl& )ljmso 3
ol b wiles oo lw ol aiS oo s 1) (TLR4 65
ol pon LogdS )0 005 3545 sLaldsy S 0 CD14
Ol Lol Sk la gy Lsowe CD14 .(AY-AQ) ol
gsl—'ﬁ“‘J UA.M )b TLR4 o\.\_s).j 0\9_..(:4.' 9 QH‘SA
slallis S (M) 0o o (2 58T slaoy 5L
Iy el S gim Lt as « Lo dS 0 TLR ousS )L
aSL ol 28 S g0y Cdled el 4 S 0 S o s
A_JJS‘SQMTLRS d—’)b M, LA}»KJﬁLw p_>lQ,J
S 25 MT1  L_I55 e ,0 "'p38 MAPK 5"MyD88
S92 dugi 4 MMP ooiiS Ly slallsy S 0iS o
LogelS e el ol )5 oSl oy 55 Ly
AdJy Cel LSy o 5l oo ol ;T TGF-B aS” el ools
L8l a5 g3 oo LsgedS slo sl jo pro-MMP2

I


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

VT 5l plezr ol qosf 0,99

e y=—e ML Ee

[l

odle (WS o pbali M2 Cigid o 4 |, LIS 5 o
e 9 S zles sl |y hoesd sladslw Ul o]
(e 5l jg0gi y0 (Lo 0l (VYY) wes o i34
P L «slen eSS o an (o 31 sl 2iSTy
Ao o as S5 STyl b o s> «Warburg
S oS5t 3 LSS HIF-1/2 ey 35, sLn:5Ts
SpO o0 &) oo SUD €I (oS gt lgieay
259 bt 2135 Sde an LogtadlgldS 50 .(1VY)
S5 5 ol LS 3, (o5 s Pl 4 ymi
LS 5,500 09— g0 S 500 Pseudopalisades  >lg
Iy ol &5 > 53N SS90 o Pseudopalisades o
S tanns1s S o 5 LagelS (sl Jols L sl o
a2 oo lis Pseudopalisades S_ig,55 5, 01, oYU
Gk )l S g oSl 4 LS5 S i 0V
S 5o g 99—b oo S HIF-Ta oo pnly Bla sl
Ceos Ay § 350 Sgi0 (s S g baogi L
Sl )ygag DS (oo ;i Hyag ySle> cdgid S
L1y se—egs (235 cSanS gp sLdSg S (5394
imsl33 HIF-To abasly Ly VEGF-A g coite oplats
$is 5o 0y les )l y5iS (ol o osdle s
9098 s Jolw ;0 CXCR4 a s J_ail 4l (MIF)
S5 B Gl | At e LS 0 S g0 e
Ly a8 LogedS cla Jslo (VVF110) oS JLsd
QS o g i MIF pimas caigds g0 Sy ;2 CD74
ot L89S ) ERKIZ e 0,5 al a8 Lo
et Ll Sen sl 5 0 o g |y 955 TFNy
J—els (V) 0 0 (6 gl joogi 0l igid
Y Ol 4 ;o LS5 S L oy sl Jols
(SGgsl) ATX 3 (LPA) Souwsla wdgpd ol
oo LJSg,See ;o (05 oo jiuw [, LPA a5 o3l
Py oo Cmle pelS poled g Cd i laS
AONY) 05 doe iy SnSsd j5sd oo

Ols—ieds (SAMPs) 05 5 4 ai il JoSUge (sl oSl
Jnt ess la s s oa S Dol L ale Sy
sy e 5y 0 ) el slag—sl oS s
S9—B s (Sl i ©95 o Sl 9 05,5 Sgu s
by Jol 420 30 Gl i 05—
30 0ddb oyl (PPRs) ¢ M o a5 slwons S
L s e (JsSge slogsdl as 358 o0 plonl LIS S
033t L b pe JsSUse sLagSll 5 (DAMPS) (sl
LS5 S DAMPS () )A) aiod_co smsiei |, (PAMPs)
[L- L5 aS (o0 S 295 j9g8 59,50 Slbl aal o,
Lagals (slo Jolus 45 a8 5l TLR alalg a1, 1B
CXCLS a_le LS e 3l cebs L 0iS o oy I

22 Monocarboxylate transporter-1

et ol ka3 9y St LgelS ol 5y
o laad g ol oS s LISy S ;0o MMP MT1-
s ol L (V- Y) ol s Jl5 oo ool
Si—e SL2 9095 j9,— Sy9—o ;5 MTI-MMP L
oo, A mals ol L gollas (AY) 0ol so il
deo )3 B g anyy pytew IS gl 5l 5L (e sl
sordgipgisan] (el S, o a5l ]
aes o s Slalllas () - ¥) Wsgs o MT1-MMP
ooled o aS SlaldSy S 10 059 4o MTI-MMP a5
> 035 gn e 5 LS s Jo L oo
5os 30 |, MTI-MMP Lagul8 gla s a5 JU>
(AY) 08 oo Gl 65 bl Ol 4 b8 (6540
a4y ShRNA L wy LIS See ;5 MTI-MMP i~
Dlo Lials o Sl ol LoegdS oy, See 5 b
sleJsl—w ;o MTI-MMP s s 2o o0 lis oS
S o Uil Ly 2,y 53 (ol s LS e
E el MMP-9 s MMP-2 o o ats ooyl s oodle
Sg—isiso s | (bl sloly Pl g 59
ARl e = Ge— d s adydeii 45 (1 F)
5 T slaolw Lajlyy Sle 3585 4y ouie g 30300
V+5) syt i iy 4y oy sl
Jsd plyeas adlg o LIS S ol b 01+ O
Ol j9093 )L_M:L.n 9 4_J5| HL@' Eelb MMPs socS

sy ol (slo gl Sliilio B S (l—y
O==ST g (3o Slgs [yl jglaiody By, e a5
Ll orles 5 oy GAmalidl sl y3—ogs slaslo amy
S s St LU )3 LISy Seo ol ot
Il gl (slo sl as 45 015 e ol51 VEGF 5 oo
oyl L5 oS e clin 5 Sy ,o6 |, VEGFR
Ly See Bdo (V0 V) wijlsn g0, Sdoe (B9, <
SIS s bl 5y b (S 05y, L
St e obail bl gladw o2l
slaJol—w (omlplo (Vo A) apo o pals ) (B9
slaaS—b el ;5 52 (Lid JLsd LISy See
g oo yg—agh Ay Scl a S aSls gl 8 By,

[y —dsSIS L agdS sl Jol s « S S g Lyl 5 o
by an ) i SlLasY Lo oo co sl
P 0 LS5 S0 8,8 8.0+ 3) wiil y j9egs
35 ol > J—B pldlay e olasy
iz Jsis Laae MCT1/2 ] 5 45 555 o ""MCTI
Jaio (g ceS Jgi g (V) ¢) diiiis LIS
Lwgi 4S5 (IGFBP6) ol ais 0lsy ;oS8 ouiiS

Ol )My 05 oo plais Lo jsess jo SLiSY zsha


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

*. 24
M
o J—S oo oo a3l ) SIS B LS
(s s 20 g8 s a8 L LSy Ko
J—aie gt —wdbgdS ;o EGFR 4 ""EGF sa_uS ol5]
Jsteadl OV VYV TA) asS o Jlas |, o] es
0Ll yeb ay a S PZDHHC g5 slosl,a il Jul
Ll g Se e 9 LogelS iy it o0 o Lol
Bl izmen g y9eg8 Sladslw jeugl 2l
00 5 eoisS ol slo Jgbw &y >loe el SLIT2
LIS Sn oS53 SLIT2 il o il 38 ot
255 Silex cigid S S 4 |y el M
cdSwl g ST oas L ) josgd ozl by S ye
) ss—eg 9ty S oo plaS Jogie S (el
T +) 0,5 JLge SLIT2 St Jgo Ly s oo
ML&MQM‘GMG&))_'@P“_’
5 Oyrloe o Jolw S5 —das o Wnt/B-catenin
asls 35 "WISPL lyg scas a5 "CCN4 .(\Y)Y)
A8 oo JUa8 [ AKE ;o 4205 10 09 g0 g )
6 _—- UM_>|)5| ‘) ‘_o.lfs)io.a @an.h) 9 GSC )—HSJ [
Szl yyogs 3 oatiSoler ol b e S
Wn- 4 S oas o olis B islejl z2ols .(AA) uS
s (3l Jd Eel LogdS Jol 5l 3o io t3a
a lolg |, Lgsl g oo LS5, So ,o Wnt/B-catenin
M2 g8 a1, Lyl a5 o STII 4 ARG-1 (L
WS JL=3 1) Wnt/B-catenin , e L5 0205 o )|, 3
LdS5,500 10§98 L (o598 et S (ilo
S—beglssged amy LogelS sla ol Cosls 20lS s

% BMDM

2+ Epidermal Growth Factor

» Epidermal growth factor receptor

26 Zinc finger DHHC-type containing

27 Slit guidance ligand 2

28 Roundabout1/2

» Cellular Communication Network Factor 4
3 Wntl inducible signaling pathway protein 1
3! General System Characteristic

32 Glycogen synthase kinase-3 beta

sle e Ll i yo oS Sl5T1, IL-6  IL-1B.LCCL2
S yob 4 Wg o Jlxd Boh 4y NF-kB 4 STAT3
Gial33l el l58l o b 4y CXCLS 5 IL-6 4§
ool (N ) 0iS (oo Joe Hong sla ol 355
A5 0 e g5 (St V= oy 555ial) STP Lag IS
J—ee Job o SIS JoSUge S ly—ics
995 o0 dz jgegi anmlan | LlS g S a5 0S o
S o [y LI NFKB e 51 (0L Ol g8 0 L
(V) 0 oo Jmad jo—sgs 3l oaiiS Cmlom igid
Sl Sl e LilS S0 Lasgs 00ty o 5 IL-11
MYC s (il ay oo a5 08 o JLsb |, STAT3
) Losels slaJson MYC a5l o 0l 5 99500
lh)9095 A )3 9 0TS (o0 Jmad ol Jobw
OYY) o2o oo a3 o s leglgjaed 4 G nglio g
J—ole sy—egs sladsb— 9 L5950 ey AiSon
e 45 S o SLET 1) TL-6 s 5 48 sl capo
3 e Juigadl la gl a5l i (60 3985 4
JAK (Janus Kinase) /STAT3 ;e o Jlad §,b
S0 (P e S pdyded il Bl A ponie 45 090 o
e s w5 Gel coled o 4 lan
Seblow (69 52559 ) PDIA3 (0 10 ogdle (VYY) 053 o0
LlS5 e 50 o0 5 LogelS sloslo ;5 o0 (A3 5932l
S Ll 80 50l gl 45T ol 05800 Ol
Ol il joogs (Jaoms (Lol )0 LIS Ss
Ol il eel joog sla ol )3 PDIAS
@leabuly 09t e M2 gt Cea ay LIS Se
JAK/ o (9,5 Jlad (g1, 1, COX-2 4 CCL2 aile
SS9 A 4y s (VYY) 0o of51 STAT
Lol g ,Sn 3905 el a8 050 o Sl lgall ey
AOTH) 09 oo gl i o S JLisil
(ool by C30) MTOR Sl s yps
15 4 0g b oo JLsd Glodl pdyssi iz o
oot Jlsd ols i Leg S g LS See (0 Jolie
dga> Lo S Ly Lo y0 slallsy e ,o mTOR , e
Jos Sy o sl e gLl iy il g
sl Sl (Jmle alas o LsgelS a8 _yle]
4 5) a3 0 yialS |, ARGl 4 0yl zgla v mTOR
B e Ll g ,See M2 plad el (s SO
L Lo ,8e M2 (gl My g (09— 00 485
Ol M1 C5gi8 g a0 o ialS a0 e LS
sl sl a5 el oa osls Lis .(VVO) w2 0
L85 Seo 45 |, MTOR S JUSos LaglS 5L i
e 5,k 5l La"BMDM s Lol oo o iyl
oS w) Akt | (LS Y Jeojediaslawd) PI3K


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

VT 5l plezr ol qosf 0,99

e y=—e ML Ee

LS 5,5 OYY) oS oo e |) LagelS 0y 5 99-e
S9-b o0 LogelS” Jolow o2l Sslh 45 j509 L Las 1o
& s a5l 13 PCSF-IR S i Ly olgi o
ol 45 ERK 3 b 5l CSF-17 (S JUS s Juls
3 |, (AREG) aSl8g0 oS ot slo gy
ki) 4ty 55516 018 (sLawlS) 45 LIS o
S g Ll (VYA) oS oulass o (EGFR)
5 SDF-1 5 CXCL12."PDGFB EGF a_ils i L
Jld |, TFAK 5 Pyk2 SIS sla e LS5 S
LogelS sloJolow pzld 5 ST azmil )0 5 05 o0
L algion Ll (o sl (179) 45 o s,
wir 5l stz LB sl any Noteh Sl 2als
JSiS e S8 gy 0 (el ool Sre
It e 5y a0 S8 5 alpidlas LIS See
Oy oS bas |y og s Jlaol a8 g S oo

lroolgils Lol Uias LagalS 5 LlS's Sao oy Sl
LacnlSsaS 55 fgo CX3C 5 CXC CC o lS5aS
e (ol laelw &y loe Loiiins w g oo
S S8 je—eg hﬁ—ﬂ’“’ﬁ) 1y LSS aile
bl L e o by 5 5 esi sl sl
5055 s Sladsbs (55,5 5 T gl Y sSlyes
COFY) aes i l58l ) jeeed O lpe g 8 iy ¢ G

aad oo s izmen Olalllas sl (VYY) 055 o
== J—B b a5 5 Wnt/B-catenin , o &S
d_i.u‘ — csy& 09_.“.:(54 p._.,.b.u L_Asg.lf 6LA>J9J._..J )b
i 095 055 5w SLollSg oo ) igid s
Ay s 035056 31 S iores 03K oo
JTCECR1 .(\YF) oS o Jloel LaogdS sloJol
LlSg 80 g oS (o0 Jmand 1) LS g S gl 2
ey Lol j0 05 a1 T 5 oYL e M2 g5
, CECRI 3l cols o STL ol 31 aes oo olid
S g ) MAPK S UK M2 g4 LISy SCo
9 Sr2len g 0S o0 JLmB ) (Oig—e Lo oot JLsb

ERK/ ;LS MEK S8 ;s LagalS (slo ol
T e o LalS 55) MAPK A
A5 S o Jlb olaenS gt b5 L ) (ol
45 005,08 (g sSlS ST (AQPT) ) (55158 s
SdlS LIS s S o |y el 50 5 eg3 55, 4o
Sl G sl el a s 1y Ll awly s o
S Shmt ot S |y Ll 5w e alS
Sgbon y9ag Cdydin el Coles j0 g aiS o Joos
3,5 59,k S Trametinib MEK oo__5 )lpe .(\YF)
ools yLis g cwl dan,) olb s lsye slm TFDA a ol
el s9agigp cigd S an |, LS S Joas 4 S

Sio gl yzagh sl 5 pled o yzloe po LIS S 2k =Y Jgur

LS 5oy hasiyo gl yoaste il

33 Cat Eye Syndrome Critical Region Protein 1
3* Food and Drug Administration

35 Colony Stimulating Factor-1 Receptor

3¢ Colony Stimulating Factor-1

37 Platelet-derived growth factor receptors

38 Stromal cell-derived factor 1

% Proline-rich tyrosine kinase 2

40 Focal adhesion kinase

41 Neovascularization

Lo, sy w2 MMP-9 s MTLMMP oL 2054
) S atahhiadl i SETE P3SMAPK , MyDSS o5 Juub (TLR2) s34 4 TLRs
2ad o legdE
R | splie o a2y 4 i 5 2 0 28k S e sladly VEGHR+S,,% Ll ySen 5 st sl VEGE
Sy o ke y (£3in j205 aelyl s el <)
O VR | 3T gl ol ol SLa gk g3 g s peisbls 25l Y S5t MMP-2 s MMP-9 s 24l e Ly Soa § st sl MTL-MMP
sg3m o el 4 o o
MCT1 5 ol 2 25 Jb )
a1y LI S 5 0 (IGFBP6) oS 7 iy delys s i Y .
oy | 9BER AP G| gt sy by 9 it Y sy e S
s s M2 (s o Sy Tl . )
Sl eni y Sl o) gt el ol bt w3t lasgey
3 n ol e g Sl g1 ) e sl sl ol -
_ , HIF-1a day L VEGF-A /3l -)
(W Dyts ppag? Syt Sely g 3580 S, s I el 2
Al Y
CXCLE it by Al 5 5 s il 1, Lag U7 gl oL
08 = Tl i S5 e B0 st 50,55 Gl i o) LI S DAMPs
2225 51, TL-6 , TL-1B (CCL2 ot Bl 38 Skl 4t 2 LS
Mma S il e o 2l 2 S e g gl g3 0028 Pl Lol S ey SAMPs
0t iy sy 0 U Kol Lo s TS 0158 3 155
A Sytie G5e ypass wolys s MMB-2 ot U Lepcl¥ ol Jobes 3 Pro-MMP2 s lys ey TGF-p
lan ypos fLialis L) 5 TNF-gIL-12 L6 s 2l o
aray | T 2 L Lel i o AP1 /et s e Wit LS oot Jlsd
743.;/; ol anla


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

“0 e d
M

JLd ﬂ;DJ-l 9 u_.S)Lv au_..159.......u—(l ‘u_....uj.[ )I (5“_c Y
(V10%) Wgb oo (gl oS el 48 Mg b s

s Syl Sy (ALS) Sy el (il 59,18l
ol bl ool S el S il ey Sl 2
Jimd slallfy S (V7 0) 09—B 0 (5 > Loy g
b oS i S e il 4 sl o
S 6y San il aalllan g o sanl e el
5 oolital Ly o0 STy ALS o |, LalSs e o5l Jlad
oot Jlsd as ols (8155 oS o g a2 PET
b 6)len (olicd el L e 23 50 LIS S
Ol bl 1 (o lon Jomo S o mimen (VFY) Cl
Jsle 5 (SOD-1) a8l (g jBgomuns 9enS Ty
LS5 Se 55 s ol a8l i g> SODI . 5, ALS
NS o gy |y ALS ol sl lniepang ]
15 LS5 o PXCT bl Ly labigls Ll oy iz
LOFY) 0o ks ALS i e 4 o sl §l o L5

Ly e gl 45 atools o lalllas 5l 5L
A aS OB NSYNSE) El b o Syl o Dle
0diiS o 55 sld g low jo A Sh (Sl o Ly
ULQ-\.H oo ‘)_.9‘ LSLQLJ[—"" L ‘bﬁ—""g_s“’ ool _do
Sl e 5 LSy S it JL 5 (s ot
IL6 YLy o as sl 03,5 bz 055 4y |, dzgs
Slozg y3 (SOl 4 Ml oz (So95 (g0 50 p
ohes yo elaizb Sy, uypwl a S ols Lz PET
sl e (695 7 Fome b DSl (Sop S
o=t Jlad g (S0l m e s cie Ll 5 ols
odnlin 3 oyl i Sessany Jolaa S Sl ey

sladaugise g 0 &9, ‘i‘"’l > (A

Jld 1) LSS 5 00 )5 & plps i ey LU

4 Triggering receptor expressed on myeloid cells 2
4 Naso-Hakula disease

# Protein DJ-1

4 System xc- cystine/glutamate

fog ds a Laldsy S o3 slaJlow o
—as oS3 gloag len 0 053 oS

Nla8 5 )8 Az gis 50 )l Sds el (Slr 5,5l

l_u“s._oa.c o..\_L.IS u_|).7¢.t 6)Lo.u U"f@l_“’ c)_gu‘)ﬂ
OVFY) 9o pasio YU (i o (3Lt als

E9-b &l o580 (lsear (AB) Ly adshool a8
6l_mL~1§5)Su.a RGP IS oLg‘,_....,.a )_,o;‘).” 6)[_A.».$
e 5o wiiwd AR sladils a5 60 slaSL Gl bl
SV¥0) wig s ge Jlad ,aalilT () lon a4 Sie e
Jld LS S 5l ole s cslis jodo 4y (O VY
Gk )l LS S st (g55—nsS B Uy 6l
SlaS L 5o Ps colplis 0sS o 065 5 1) 3]l
it OFFNTY) sl ol (g 5557k 1y
Wy oo ol LI5S 0 4 STTREM2 ;s R47TH
sy pE—20g; g9,—5 &eb TREM2 Lo s lxial
S5dise MY lam gl (gylan o i pl)lay 5o Jie
o LSy S 0, Shas jo (g )lzual oo o lii s
U] B> |)_)) J._wl)AB 6|)_> Lg‘od_:f»f S u_iM
L FAXS Jos sl fige ;0 AR Slsess uolidl el
OFRN00) 055 oo youl] plas Solg s sla i

a5 cl Sjedgibiyg sl S PD) gt )L
ol e 50 S elige sloysyg bllasl ol
Ohlew a0 LS 5 S o JLad .(VOV-Y1OY) c!
» °3>L° OY-\0F) »)9_..%5» oual i UM)b 4 )L_m
45 b oo il eSS Glles 70 50
= e H5 095 e Hg e S e Dl oo lis


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 ]

[ DOI: 10.61882/shefa.13.4.91]

VT 5l plezr ol qosf 0,99

e y=—e ML Ee

L e el ladsbw ly—ea Loaldlsy S
sl o L 00,8 158 bLsl Layg)98 9 g il
3 S SO SR CEVI Y B NSUO IR VE PR

S (sl ad L) (b ble ol ass S
Slatamgige 45 29-b g0 sl elaizl - Silg) oyl
o J—51o (LlS5,5n 5 e o i
OFF) 0 Sl |) (omae olgdll Jolie jo b 4y

mas oS o 58 slags e )0 LS, codlad 3l slaodls -Y JS"‘".’

OFAN8) | Jie Jla; plSin o6 9,5 8 AR Slaes il -) TREM2 ,s RATH g -) TREM?
) Ly adslal slaadls 55Ty o o sl
QARTALE sl I liigsbens il R ' ' ’
LS55 o
el Vel s, 2 (G B el el sl 5 ol sl il
e el g0 el s g2t Gape S| Shdllolnl g o sl sl L6 , TNF-a TL-1b oL 2
IEE B e
PRI TR OgaS sl
. S el s T e G
0ed) 295t g [y S lors 9 e 8y Sp 00 Ly S (o Jlad sl
DI-L g oSk ol
5 il 550500
(1V-119) S oo i [ ALS it o] g ol gl LISy S 0 SOD-1 e
Sy gl
(F%) S0yl iy g g Sl olon Ly S bt ol G138 IL-6 Oyl
— &

S 5l G 0yl walst (655 e (eas
R A S H S 1 SO P 4 3P 1C
Colegyd 4S5 0g—b oo Lol g (mace Lo,y 4m
dile wh Lise (as sa Sy 58 o len Lo
B I e B RTI LY ‘)—“..‘}Jj S o
Siie yg—ogs )d Geiped DD o3l b WS aS
4 Laldsy oo a5 (alin 8 (it ge LogiDlglS
o0l sloml banme oy 50 S (o0 Oyl j30gd S
Logl o sladsbos 5 9dl oo pls ay j5agi by
S lie gl | ol L5 asgl o o oo el 4y |,

Sloed (el s 95 ;e ire § 355 o2l
o;.\_...Sw)Du LSLQ)LQ...:)Q .‘a_u).a giu.]l..i..u L.Suj"‘""“"’
Iy gomr gls,o sl QT;LASA_%QIS_SGQLS

1. Park JS, Choe K, Khan A, Jo MH, Park HY, Kang
MH, et al. Establishing Co-Culture Blood-Brain Barrier
Models for Different Neurodegeneration Conditions to
Understand Its Effect on BBB Integrity. International
Sciences. 2023;  24(6).

Journal of Molecular

2. Candelario-Jalil E, Dijkhuizen RM, Magnus

T. Neuroinflammation, Stroke, Blood-
Brain  Barrier = Dysfunction, and Imaging
Modalities. ~ Stroke.  2022;  53(5):  1473-86.

3. Shan S, Zhang Y, Zhao H, Zeng T, Zhao X.
Polystyrene nanoplastics penetrate across the blood-

S sty g 0005 (S35 58 )90 S Ll iS00 5 5
Sle158 el hlides (la(S5eS 5 oS sulw g
el Lo, w il oo izren LallSs S
A ol a0l e S B  Les loa S )i g
S99, Jsloe Gaizmes g Cmdlg pd 0l )9S
Sl LS9 ,5 Salen 5 plog 0 wdgs ol
l_‘t »)9_"> C.'a_w )o 09_?9.9 L;La:o..u).o’ JL@‘ l_a Lau—l
Jmo a1y e Jslge sloai o Jg Lo JLXw
st D o gl A 500, 5 O, >lpe el

&L

brain barrier and induce activation of microglia in
the brain of mice. Chemosphere. 2022; 298: 134261.

4. Bachiller S, Jiménez-Ferrer I, Paulus A, Yang
Y, Swanberg M, Deierborg T, et al. Microglia
in neurological diseases: a road map to brain-
disease

dependent-inflammatory response.

Frontiers in cellular neuroscience. 2018; 12: 488.

5. Mohammadsadeghi H. The role of astrocytes
in the central nervous system: physiological and
pathophysiological conditions. The Neuroscience
Journal of Shefaye Khatam. 2021; 9(2): 119-39.


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

“0 g4
M
6. Yu H, Chang Q, Sun T, He X, Wen L, An J, et al.
Metabolic reprogramming and polarization of microglia

in Parkinson’s disease: Role of inflammasome and
iron. Ageing research reviews. 2023; 90: 102032.

7. Rodriguez-Gémez JA, Kavanagh E, Engskog-
Vlachos P, Engskog MK, Herrera AJ, Espinosa-
Oliva AM, et al. Microglia: agents of the CNS pro-

inflammatory response. Cells. 2020; 9(7): 1717.

8. Javdani M,
Key Role of Macrophages
Spinal  Cord of Novel
Therapeutic Approaches. The  Neuroscience
Journal of Shefaye Khatam. 2020; 8(4): 90-102.

Barzegar-Bafrouei A. The
and Monocytes in
Injury:  Development

9. Kwon HS, Koh SH. Neuroinflammation in
neurodegenerative disorders: the roles of microglia
and astrocytes. Transl Neurodegener. 2020 ;9(1): 42.

10. Lu R, Zhang L, Wang H, Li M, Feng W,
Zheng X. Echinacoside exerts antidepressant-like
effects through enhancing BDNF-CREB pathway
and inhibiting neuroinflammation via regulating
microglia M1/M2 polarization and JAKI1/STAT3
2022; 13: 993483.

pathway. Front Pharmacol.

11. Ren J, Xu B, Ren J, Liu Z, Cai L, Zhang X,
et al. The importance of Ml-and M2-polarized
macrophages in glioma and as potential treatment
Sciences. 2023; 13(9): 12609.

targets. Brain

12. Hsu CH, Pan YJ, Zheng YT, Lo RY, Yang FY.
Ultrasound reduces inflammation by modulating
MI1/M2 polarization of microglia through STATI/
STAT6/PPARY signaling pathways. CNS
neuroscience & therapeutics. 2023; 29(12): 4113-23.

13. Lyu J, Xie D, Bhatia TN, Leak RK, Hu X,
Jiang X. Microglial/Macrophage polarization and
function in brain injury and repair after stroke. CNS
neuroscience & therapeutics. 2021; 27(5): 515-27.

14. Kim S, Son Y. Astrocytes stimulate microglial
proliferation and M2 polarization in vitro through
crosstalk between astrocytes and microglia. International
journal of molecular sciences. 2021; 22(16): 8800.

15. Darwish SF, Elbadry AM, Elbokhomy AS,
Salama GA, Salama RM. The dual face of microglia
(M1/M2) as a potential target in the protective
effect of nutraceuticals against neurodegenerative
diseases. Frontiers in Aging. 2023; 4: 1231706.

16. Shin HJ, Lee KY, Kang JW, Choi SG, Kim DW,
YiYY. Perampanel reduces brain damage via induction

of M2 microglia in a neonatal rat stroke model.
International Journal of Nanomedicine. 2022: 2791-804.
17.  Colonna M,

Butovsky O.  Microglia

function in the central nervous system during
health and neurodegeneration. Annual
review of immunology. 2017; 35(1): 441-68.
18.  Armnold AP, McCarthy MM.  Sexual

differentiation of the brain and behavior: a
primer. Neuroscience in the 2lst Century: From

Basic to Clinical: Springer; 2022. p. 2471-503.

19. Breedlove SM, Hampson E.  Sexual
differentiation of the brain and behavior.
Behavioral endocrinology. 2002; 2 360-9.

20.CrainJM,NikodemovaM, WattersJJ.Microgliaexpress
distinct M1 and M2 phenotypic markers in the postnatal
and adult central nervous system in male and female mice.
Journal of neuroscience research. 2013; 91(9): 1143-51.

21. Villa A, Vegeto E, Poletti A, Maggi A. Estrogens,
neuroinflammation, and
2016;

neurodegeneration.

Endocrine  reviews. 37(4):  372-402.

22. Hickman SE, Kingery ND, Ohsumi TK, Borowsky
ML, Wang L-c, Means TK, et al. The microglial
RNA
16(12):

sensome revealed by direct

2013;

sequencing.

Nature neuroscience. 1896-905.

23.TremblayME, Zettel ML, IsonJR, AllenPD, Majewska
AK.Effectsofagingandsensorylossonglialcellsinmouse
visual and auditory cortices. Glia. 2012; 60(4): 541-58.

24. Poliani PL, Wang Y, Fontana E, Robinette ML,
Yamanishi Y, Gilfillan S, etal. TREM2 sustains microglial
expansionduringagingandresponsetodemyelination. The
Journal of clinical investigation. 2015; 125(5): 2161-70.

25. Sierra A, Gottfried-Blackmore AC, McEwen BS,
Bulloch K. Microglia derived from aging mice exhibit an
altered inflammatory profile. Glia. 2007; 55(4): 412-24.

26.Hefendehl JK, Neher JJ, Stihs RB, Kohsaka S, Skodras
A, Jucker M. Homeostatic and injury-induced microglia
behavior in the aging brain. Aging cell. 2014; 13(1): 60-9.

27. Safaiyan S, Kannaiyan N, Snaidero N, Brioschi S,
Biber K, Yona S, et al. Age-related myelin degradation
burdens the clearance function of microglia during

aging. Nature neuroscience. 2016; 19(8): 995-8.

28. Eyolfson E, Khan A, Mychasiuk R, Lohman AW.
Microglia dynamics in adolescent traumatic brain
injury. Journal of neuroinflammation. 2020; 17: 1-19.

1


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

VT 5l plezr ol qosf 0,99

é;s_)_c ;4,_—“—3—&

]

29 Nimmerjahn A, Kirchhoff F, Helmchen F. Resting
microglial cells are highly dynamic surveillants of brain
parenchyma in vivo. Science. 2005; 308(5726): 1314-8.

30. Ransohoff RM, Perry VH. Microglial physiology:
specialized
2009;

Annual
119-45.

unique  stimuli, responses.

review of immunology. 27(1):

31.HanischU-K, Kettenmann H. Microglia: active sensor
and versatile effector cells in the normal and pathologic
brain. Nature neuroscience. 2007; 10(11): 1387-94.

32. Mosser DM, Edwards JP. Exploring the
full spectrum of macrophage activation. Nature
reviews  immunology.  2008;  8(12):  958-69.

33. Colton CA. Heterogeneity of microglial activation
in the innate immune response in the brain. Journal
of neuroimmune pharmacology. 2009; 4: 399-418.

34. Xu T, Liu C, Deng S, Gan L, Zhang Z, Yang GY,
et al. The roles of microglia and astrocytes in myelin
phagocytosis in the central nervous system. Journal of
Cerebral Blood Flow & Metabolism.2023;43(3):325-40.

35.Lv QK, Tao KX, Wang XB, Yao XY, Pang MZ, Liu
JY,etal. Role of a-synuclein in microglia: autophagy and
phagocytosis balance neuroinflammation in Parkinson’s
disease. Inflammation Research. 2023; 72(3): 443-62.

36.  Andoh M,
Review of  Microglia  and
CNS  Phagocytosis.  Cells.

Koyama R. Comparative
Monocytes  in

2021; 10 (10).

37. Chausse B,
Microglia and lipids:

PA, Kann O.
how metabolism controls
immunity. InSeminars in cell &
biology.  202; 112:  137-44.

Kakimoto

brain innate
developmental

38. Chen Y, Song S, Parhizkar S, Lord J, Zhu Y,
Strickland MR, et al. APOE3ch alters microglial
response and suppresses Af-induced tau seeding

and spread. Cell. 2024; 187(2): 428-45. e20.

39. Thakur S, Dhapola R, Sarma P, Medhi B,
Reddy
Disease: Current Progress in Molecular Signaling
and Therapeutics. Inflammation. 2023; 46(1): 1-17.

DH. Neuroinflammation in Alzheimer’s

40. Brown GC, Neher JJ. Eaten alive! Cell death
by primary phagocytosis:‘phagoptosis’.  Trends
i 2012; 37(8): 325-32.

in biochemical sciences.

41. Wang K, Li J, Zhang Y, Huang Y, Chen D, Shi
Z, et al. Central nervous system diseases related
to pathological

microglial  phagocytosis. CNS

Neuroscience & Therapeutics. 2021; 27(5): 528-39.

42. Harry GJ. Microglia in neurodegenerative events—
an initiator or a significant other? . International

journal of molecular sciences. 2021; 22(11): 5818.

43. Brown GC, Neher 1. Microglial
phagocytosis of live neurons. Nature
Reviews  Neuroscience. 2014; 15(4):  209-16.

44. Fricker M, Oliva-Martin MJ, Brown GC. Primary
phagocytosisofviableneuronsbymicrogliaactivated with
LPS or AP is dependent on calreticulin/LRP phagocytic
signalling. Journal of neuroinflammation. 2012; 9: 1-12.

45. Li W. Eat-me signals: Keys to molecular
phagocyte biology and “Appetite” control. Journal

of cellular physiology. 2012; 227(4): 1291-7.

46. McArthur S, Cristante E, Paterno M, Christian
H, Roncaroli F, Gillies GE, et al. Annexin Al:
a central

player in the anti-inflammatory and

neuroprotective role of microglia. The Journal
of  Immunology. 2010; 185(10): 6317-28.
47. Anwar S, Pons V, Rivest S. Microglia
purinoceptor P2Y6: an  emerging therapeutic

target in CNS diseases. Cells. 2020; 9(7): 1595.

48. Liu G-D, Ding J-Q, Xiao Q, Chen S-D.
P2Y6
Neuroscience

immunoinflammation.
2009; 25(3): 161.

receptor and
bulletin.

49. TrautmannA. Extracellular ATPintheimmunesystem:
morethanjusta“dangersignal”. Scisignal.2009;2(56): 6.

50. Burnstock G. Purine and purinergic receptors. Brain
andneuroscience advances.2018;2:2398212818817494.

51. Oliveira-Giacomelli A, Naaldijk Y, Sarda-
Arroyo L, Gongalves MC, Corréa-Velloso J, Pillat
MM, et al. Purinergic receptors in neurological
disecases  with  motor

symptoms: targets for

therapy. Frontiers in pharmacology. 2018; 9: 325.

52. Bernier LP, Ase AR, Boué-Grabot E, Séguéla
P. Inhibition of P2X4 function by P2Y6 UDP
receptors in microglia. Glia. 2013; 61(12): 2038-49.

53. Koizumi S, Shigemoto-Mogami Y, Nasu-Tada
K, Shinozaki Y, Ohsawa K, Tsuda M, et al. UDP
acting at P2Y6 receptors is a mediator of microglial
2007; 446(7139): 1091-5.

phagocytosis. Nature.

54. Gu BJ, Wiley JS. P2X7 as a scavenger receptor


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

“0 e d
M
for innate phagocytosis in the brain. British Journal

of Pharmacology. 2018; 175(22): 4195-208.

55. Monif M, Reid CA, Powell KL, Smart ML,
Williams DA. The P2X7 receptor drives microglial
activation and proliferation: a trophic role for P2X7R
pore. Journal of Neuroscience. 2009; 29(12): 3781-91.

56. Janks L, Sharma CV, Egan TM. A central
role for P2X7
Journal of neuroinflammation.

receptors in human microglia.

2018; 15: 1-18.

57. Fan Y, Xie L, Chung CY. Signaling
pathways controlling microglia chemotaxis.
Molecules and cells. 2017; 40(3): 163-8.

58. Cianciulli A, Porro C, Calvello R, Trotta

T, Lofrumento DD, Panaro MA. Microglia
mediated neuroinflammation: focus on PI3K
modulation. Biomolecules. 2020; 10(1): 137.

59. Haugh JM, Codazzi F, Teruel M, Meyer T. Spatial
sensing in fibroblasts mediated by 3’ phosphoinositides.
The Journal of cell biology. 2000; 151(6): 1269-80.

60. Rickert P, Weiner OD, Wang F, Bourne
HR, Servant G.
compass: roles of PI3Ky and its lipid products.
Trends in cell biology. 2000; 10(11): 466-73.

Leukocytes  navigate by

61. Sasaki AT, Firtel RA. Regulation of chemotaxis
by the orchestrated activation of Ras, PI3K, and TOR.
European journal of cell biology. 2006; 85(9-10): 873-95.

62. Castellano E, Downward J. Role of RAS in the
regulation of PI 3-kinase. Phosphoinositide 3-kinase
in Health and Disease: Volume 1. 2011: 143-69.

63. Ohsawa K, Irino Y, Nakamura Y, Akazawa
C, Inoue K, Kohsaka S. Involvement of P2X4
and P2Y12 receptors in ATP-induced microglial

chemotaxis. Glia. 2007, 55(6): 604-16.

64. Irino Y, Nakamura Y, Inoue K, Kohsaka S,
Ohsawa K. Akt activation is involved in P2Y12
receptor-mediated chemotaxis of microglia. Journal

of neuroscience research. 2008; 86(7): 1511-9.

65. Lee SH, Schneider C, Higdon AN, Darley-
Usmar VM, Chung CY. Role of iPLA2 in the
of Src

Traffic.

regulation trafficking

2011;

and microglia

chemotaxis. 12(7):  878-89.

66. Ito S, Kimura K, Haneda M, Ishida Y, Sawada
M, Isobe K-i. Induction of matrix metalloproteinases
(MMP3, MMPI12 and MMP13) expression in the

microglia by amyloid-B stimulation via the PI3K/Akt
pathway. Experimental gerontology. 2007; 42(6): 532-7.

67. Chen L, Ilijima M, Tang M, Landree MA,
Huang YE, Xiong Y, et al. PLA2 and PI3K/PTEN
pathways act in parallel to mediate chemotaxis.

Developmental — cell. 2007 12(4): 603-14.

68. Van Haastert PJ, Keizer-Gunnink I, Kortholt
A. Essential role of PI3-kinase and phospholipase
A2 in Dictyostelium discoideum chemotaxis. The

Journal of cell biology. 2007; 177(5): 809-16.

69. Carnevale KA, Cathcart MK. Calcium-independent
phospholipase A2 is required for human monocyte

chemotaxis to monocyte chemoattractant protein 1.
The Journal of Immunology. 2001; 167(6): 3414-21.

70.MishraRS,Carnevale KA, Cathcart MK.iPLA2: front
and center in human monocyte chemotaxis to MCP-1. The
Journal of experimental medicine. 2008; 205(2): 347-59.

71. Lee S-H, Sud N, Lee N, Subramaniyam S,
Chung CY. Regulation of integrin a6 recycling by
(iPLA2) to
promote microglia chemotaxis on laminin. Journal
of Biological Chemistry. 2016; 291(45): 23645-53.

calcium-independent phospholipase A2

72. Kim W-K, Kan Y, Ganea D, Hart RP, Gozes I,
Jonakait GM. Vasoactive intestinal peptide and pituitary
adenylyl cyclase-activating polypeptide inhibit tumor
necrosis factor-a. production in injured spinal cord and
in activated microglia via a cAMP-dependent pathway.
Journal of Neuroscience. 2000; 20(10): 3622-30.

73. Lee S, Chung C. Role of VASP phosphorylation for
the regulation of microglia chemotaxis via the regulation
of focal adhesion formation/maturation. Molecular
and Cellular Neuroscience. 2009; 42(4): 382-90.

74. Swiatkowski P, Murugan M, Eyo UB,
Wang Y, Rangaraju S, Oh SB, et al. Activation
P2Y12
potassium

of microglial receptor is required for

outward currents in  response to

neuronal injury. Neuroscience. 2016; 318: 22-33.

75. Wang Y-P, Wu Y, Li L-Y, Zheng J, Liu R-G, Zhou
J-P, et al. Aspirin-triggered lipoxin A 4 attenuates
LPS-induced pro-inflammatory responses by inhibiting
activation of NF-xB and MAPKs in BV-2 microglial
cells. Journal of neuroinflammation. 2011; &8: 1-12.

76. Lu D-Y, Tang C-H, Yeh W-L, Wong K-L, Lin
C-P, Chen Y-H, et al. SDF-lalpha up-regulates
interleukin-6 through CXCR4, PI3K/Akt, ERK, and
NF-kappaB-dependent pathway in microglia. European

[


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

VT 5l plezr ol qosf 0,99

é;s_)_c ;4,_—“—3—&

journal of pharmacology. 2009; 613(1-3): 146-54.
77.LeeSH,HollingsworthR,KwonHY,LeeN,ChungCY.
B-arrestin 2-dependent activation of ERK1/2 is required
for ADP-induced paxillin phosphorylation at Ser83
and microglia chemotaxis. Glia. 2012; 60(9): 1366-77.

78. Stuart LM, Bell SA, Stewart CR, Silver
JM, Richard J, Goss JL, et al. CD36 signals to
the actin cytoskeleton and regulates microglial
migration via a pl30Cas complex. Journal of

Biological Chemistry. 2007; 282(37): 27392-401.

79.MorantzRA, Wood GW, Foster M, Clark M, Gollahon
K.Macrophagesinexperimental andhumanbrain tumors:
part 2: studies of the macrophage content of human brain
tumors. Journal of neurosurgery. 1979; 50(3): 305-11.

80. Graeber MB, Scheithauer BW, Kreutzberg GW.
Microglia in brain tumors. Glia. 2002; 40(2): 252-9.

81.Bettinger 1, Thanos S, Paulus  W.
Microglia promote glioma migration.
Acta  neuropathologica. ~ 2002;  103:  351-5.

82. Hussain SF, Yang D, Suki D, Aldape K, Grimm E,
Heimberger AB. The role of human glioma-infiltrating
microglia/macrophages in mediating antitumor immune

responses. Neuro-oncology. 2006; 8(3): 261-79.
83. Olson JK, Miller SD. Microglia initiate
central nervous system innate and adaptive

immune responses through multiple TLRs. The

Journal of Immunology. 2004; 173(6): 3916-24.

84. Hajinejad M, Far BF, Gorji A, Sahab-Negah
S. The
glial  cell

effects of self-assembling peptide on
activation.  Naunyn-Schmiedeberg’s

Archives of  Pharmacology. 2024: 1-12.

85. Ghahremani F, Sabbaghzadeh R, Ebrahimi S,
Javid H, Ghahremani J, Hashemy SI. Pathogenic
role of the SP/NKIR system in GBM cells through
inhibiting the thioredoxin system. Iranian journal

of basic medical sciences. 2021; 24(4): 499.
86. Kitchens RL. Role of CDI14 in cellular
recognition  of  bacterial  lipopolysaccharides.
Chem Immunol. 2000; 74: 61-82.

87. Markovic D, Vinnakota K, Chirasani S, Synowitz
M, Raguet H, Stock K, et al. Gliomas induce and

exploit microglial MTI-MMP  expression for
tumor expansion. Proceedings of the National
Academy of Sciences. 2009; 106(30): 12530-5.

88. Li W, Graeber MB. The molecular profile

of microglia under the influence of glioma.

Neuro-oncology. 2012; 14(8): 958-78.
89. Curtin J, Liu N, Candolfi M, Xiong W,
Assi H, Yagiz K, et al. others. 2009. HMGBI
TLR2
brain tumor regression. PLoS medicine. 6: ¢l0.

mediates  endogenous activation  and

90. Kees T, Lohr J, Noack J, Mora R, Gdynia G,
Todt G, et al. Microglia isolated from patients with
glioma gain antitumor activities on poly (I: C)

stimulation. Neuro-oncology. 2012; 14(1): 64-78.

91. Klemm F, Bleckmann A, Siam L, Chuang H-N,
Rietkoetter E, Behme D, et al. B-catenin-independent
WNT signaling in basal-like breast cancer and brain
2011; 32(3): 434-42.

metastasis. Carcinogenesis.

92. Bleckmann A, Siam L, Klemm F, Rietkoetter E,
Wegner C, Kramer F, et al. Nuclear LEF1/TCF4 correlate
with poor prognosis but not with nuclear B-catenin
in cerebral metastasis of lung adenocarcinomas.
Clinical & experimental metastasis. 2013; 30: 471-82.

93. Pukrop T, Klemm F, Hagemann T, Gradl D,
Schulz M, Siemes S, et al. Wnt 5a signaling is
critical for macrophage-induced invasion of breast
of the National
103(14): 5454-9.

cancer cell lines. Proceedings

Academy of Sciences. 2006;

94. Faraji N, Ebadpour N, Abavisani M, Gorji A.
Unlocking hope: Therapeutic advances and approaches
in modulating the WNT pathway for neurodegenerative
Molecular 2024:  1-23.

diseases. Neurobiology.

95. Pukrop T, Dehghani F, Chuang HN, Lohaus R,
Bayanga K, Heermann S, et al. Microglia promote
colonization of brain tissue by breast cancer cells in
a Wnt-dependent way. Glia. 2010; 58(12): 1477-89.

96. Chuang HN, van Rossum D, Sieger D, Siam
L, Klemm F, Bleckmann A, et al. Carcinoma
cells misuse the host tissue damage response to

invade the brain. Glia. 2013; 61(8): 1331-46.

97. Halleskog C, Mulder J, Dahlstrom J, Mackie K,
Hortobagyi T, Tanila H, et al. WNT signaling in activated
microglia is proinflammatory. Glia. 2011; 59(1): 119-31.

98. Ebrahimi S, Erfani B, Alalikhan A, Ghorbani
H, Farzadnia M, Afshari AR, et al. The in vitro pro-
inflammatory functions ofthe SP/NK 1R systeminprostate
cancer: A focus on nuclear factor-kappa B (NF-kB) and
its pro-inflammatory target genes. Applied Biochemistry

and Biotechnology. 2023; 195(12): 7796-807.

99. Mayes DA, Hu Y, Teng Y, Siegel E, Wu X, Panda K,
et al. PAXG6 suppresses the invasiveness of glioblastoma


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

T
cells and the expression of the matrix metalloproteinase-2

gene. Cancer research. 2006; 66(20): 9809-17.

100. Guo P, Imanishi Y, Cackowski FC, Jarzynka
MJ, Tao H-Q, Nishikawa R, et al. Up-regulation of
angiopoietin-2, matrix metalloprotease-2, membrane
type 1 metalloprotease, and laminin 5 y 2 correlates
with the invasiveness of human glioma. The
American journal of pathology. 2005; 166(3): 877-90.

101. Ebrahimi S, Mirzavi F, Hashemy SI, Khaleghi
Ghadiri M, Stummer W, Gorji A. The in vitro
anti-cancer synergy of neurokinin-1  receptor
antagonist, aprepitant, and 5-aminolevulinic acid

in glioblastoma. Biofactors. 2023; 49(4): 900-11.

102. Yamada T, Yoshiyama Y, Sato H, Seiki M,
Shinagawa A, Takahashi M. White matter microglia
produce membrane-type matrix metalloprotease,
an activator of gelatinase A, in human brain

tissues. Acta neuropathologica. 1995; 90: 421-4.

103. Yoshida S, Takahashi
extracellular matrix molecules in brain metastasis.
Journal of surgical oncology. 2009; 100(1): 65-8.

H. Expression of

104. Bechmann I, Galea 1, Perry VH.
What is the  blood-brain  barrier  (not)?.
Trends in immunology. 2007; 28(1): 5-11.

105. Rossi M, Hughes J, Esiri M, Coakham
H, Brownell D.
mononuclear cell infiltrate in malignant gliomas.
1987,  74:  269-77.

Immunohistological study of

Acta  neuropathologica.

106. Roggendorf W, Strupp S, Paulus W. Distribution
and characterization of microglia/macrophages in human
brain tumors. Acta neuropathologica. 1996; 92: 288-93.

107. Yeganeh Hashemi A, Saremi A, Afarinesh
Khaki M. The effect of a period of endurance
training along with sumac extract supplementation on
inflammatory and apoptotic factors in Alzheimer’s
male rats. Cell and Tissue Journal. 2024; 15(2): 97-112.

108. Tammela T, Zarkada G, Nurmi H, Jakobsson L,
HeinolainenK, TvorogovD,etal. VEGFR-3 controlstipto
stalk conversionatvessel fusionsites by reinforcing Notch
signalling. Nature cell biology. 2011; 13(10): 1202-13.

109. Talasila KM, Resland GV, Hagland HR,
Eskilsson E, Flenes IH, Fritah S, et al. The
angiogenic switch leads to a metabolic shift in human
glioblastoma. Neuro-oncology. 2017; 19(3): 383-93.

110. Moreira TJ, Pierre K, Maekawa F, Repond

C, Cebere A, Liljequist S, et al. Enhanced cerebral
expression of MCT1 and MCT2 in a rat ischemia model
occurs in activated microglial cells. Journal of Cerebral
Blood Flow & Metabolism. 2009; 29(7): 1273-83.

111. Longhitano L, Vicario N, Forte S, Giallongo
C, Broggi G, Caltabiano R, et al. Lactate modulates
microglia polarization via IGFBP6 expression and
remodels tumor microenvironment in glioblastoma.
Cancer Immunology, Immunotherapy. 2023; 72(1): 1-20.

112. Pillai SR, Damaghi M, Marunaka Y,
Spugnini  EP, Fais S, Gillies RJ. Causes,
consequences, and therapy of tumors acidosis.

Cancer and Metastasis Reviews. 2019; 38: 205-22.

113. Brat DJ, Castellano-Sanchez AA, Hunter SB, Pecot
M, Cohen C, Hammond EH, et al. Pseudopalisades in
glioblastoma are hypoxic, express extracellular matrix
proteases, and are formed by an actively migrating
cell population. Cancer Res. 2004; 64(3): 920-7.

114. Erbani J,
Therapy-induced

Boon M, Akkari
shaping of the

L, editors.
glioblastoma
microenvironment: Macrophages at play.

Seminars in Cancer Biology; 2022: Elsevier.

115. Saavedra-Lopez E, Roig-Martinez M, Cribaro
GP, Casanova PV, Gallego JM, Pérez-Vallés A, et al.
Phagocytic  glioblastoma-associated microglia and
macrophages invading pseudopalisades.

2020;  2(1):  fcz043.

populate

Brain  communications.

116. Ghoochani A, Schwarz M, Yakubov E, Engelhorn
T, Doerfler A, Buchfelder M, et al. MIF-CD74 signaling
impedes microglial M1 polarization and facilitates
brain tumorigenesis. Oncogene. 2016; 35(48): 6246-61.

117. Amaral RF, Geraldo LH, Einicker-Lamas M,
e Spohr TCdS, Mendes F, Lima FR. Microglial
lysophosphatidic ~ acid  promotes  glioblastoma
proliferation and migration via LPA1 receptor.

Journal of Neurochemistry. 2021; 156(4): 499-512.

118. Rodriguez E, Schetters ST,
Y. The tumour glyco-code as a novel immune

van Kooyk

Nature
204-11.

checkpoint for immunotherapy.

Reviews  Immunology. 2018;  18(3):

119. Kai K, Komohara Y, Esumi S, Fujiwara Y,
Yamamoto T, Uekawa K, et al. Macrophage/microglia-
derived IL-1B induces glioblastoma growth via the
STAT3/NF-kB pathway. Human Cell. 2022: 1-12.

120. Arseni L, Sharma R, Mack N, Nagalla

]


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

VT 5l plezr ol qosf 0,99

Sosy—= dlza

D, Ohl S, Hielscher T, et al
phosphate recruits macrophages and microglia and

Sphingosine-1-

induces a pro-tumorigenic phenotype that favors

glioma progression. Cancers. 2023; 15(2): 479.

121.Li J, Kaneda MM, Ma J, Li M, Shepard
RM, Patel K, et al. PI3Ky inhibition suppresses
microglia/TAM
microenvironment to

accumulation in  glioblastoma

promote exceptional
temozolomide response. Proceedings of the National

Academy of Sciences. 2021; 118(16): €2009290118.

122.Couto M, Coelho-Santos V, Santos L, Fontes-
Ribeiro C, Silva AP, Gomes CM. The interplay
between glioblastoma and microglia cells leads
to endothelial cell monolayer dysfunction via the
interleukin-6-induced JAK2/STAT3 pathway. Journal
of cellular physiology. 2019; 234(11): 19750-60.

123.Chiavari M, Ciotti GMP, Canonico F, Altieri
F, Lacal PM, Graziani G, et al. PDIA3 expression

in glioblastoma modulates macrophage/microglia
pro-tumor activation. International Journal
of Molecular Sciences. 2020; 21(21): 8214.

124.Zhang Y, Wang J, Ghobadi SN, Zhou H, Huang
A, Gerosa M, et al. Molecular Identity Changes
of Tumor-Associated Macrophages and Microglia
After Magnetic Resonance Imaging—Guided Focused
Ultrasound—Induced Blood—Brain Barrier Opening
in a Mouse Glioblastoma Model.

in Medicine & Biology. 2023; 49(5):

Ultrasound
1082-90.

125.Lisi L, Ciotti GMP, Chiavari M, Pizzoferrato M,
Mangiola A, Kalinin S, et al. Phospho-mTOR expression
in human glioblastoma microglia-macrophage cells.
Neurochemistry International. 2019; 129: 104485.

126.Dumas AA, Pomella N, Rosser G, Guglielmi
L, Vinel C, Millner TO, et al. Microglia
promote mTOR-mediated
immunosuppression of the tumour microenvironment.
The EMBO 2020; 39(15): e103790.

glioblastoma via

journal.

127.Coniglio SJ, Eugenin E, Dobrenis K, Stanley
ER, West BL, Symons MH, et al. Microglial

stimulation of glioblastoma invasion involves
epidermal growth factor receptor (EGFR) and
colony stimulating factor 1 receptor (CSF-1R)

signaling. Molecular medicine. 2012; 18: 519-27.

128.Li X, Wu C, Chen N, Gu H, Yen A, Cao L, et al.
PI3K/Akt/mTOR signaling pathway and targeted therapy
for glioblastoma. Oncotarget. 2016; 7(22): 33440.

129.TangF, Yang C,LiF-P, YuD-H, PanZ-Y, Wang Z-F,
et al. Palmitoyl transferases act as potential regulators of
tumor-infiltrating immune cells and glioma progression.
Molecular Therapy-Nucleic Acids. 2022; 28: 716-31.

130.Tong M, Jun T, Nie Y, Hao J, Fan D.
The role of the Slit/Robo
Journal  of 2019;

signaling pathway.

Cancer. 10(12):  2694.

131.Moon RT, Kohn AD, Ferrari GVD, Kaykas A.
WNT and B-catenin signalling: diseases and therapies.
reviews 2004; 5(9): 691-701.

Nature genetics.

132.Matias D, Dubois LG, Pontes B, Rosario L, Ferrer
VP, Balga-Silval, etal. GBM-derived Wnt3ainduces M2-
like phenotype in microglial cells through Wnt/B-catenin
signaling. Molecular Neurobiology. 2019; 56: 1517-30.

133.LiJ,SunY,SunX,ZhaoX,MaY,WangY,etal. AEG-1
silencingattenuates M2-polarization of glioma-associated
microglia/macrophages and sensitizes glioma cells to
temozolomide. Scientific reports. 2021; 11(1): 17348.

134 Fan D, Yue Q, Chen J, Wang C, Yu R, Jin
Z, et al. Reprogramming the immunosuppressive
microenvironment of IDHI1 wild-type glioblastoma
by blocking Wnt signaling between microglia and
cancer cells. Oncoimmunology. 2021; 10(1): 1932061.

135.Chen X, Zhang L, Zhang 1Y, Liang J, Wang H,
Ouyang M, Wu S, da Fonseca AC, Weng L, Yamamoto
Y, Yamamoto H. RAGE expression in tumor-associated
macrophages promotes angiogenesis in glioma.
Cancer research. 2014 Dec 15; 74(24): 7285-97.

136.Masoomabadi N, Gorji A, Ghadiri T, Ebrahimi S.
Regulatory role of circular RNAs in the development of
therapeuticresistanceintheglioma: Adouble-edgedsword.
Iranian Journal of Basic Medical Sciences. 2025;28(1): 3.

137.Zhu C, Mustafa D, Zheng P-p, van der Weiden M,
Sacchetti A, Brandt M, et al. Activation of CECR1 in M2-
like TAMs promotes paracrine stimulation-mediated glial
tumor progression. Neuro-oncology.2017; 19(5): 648-59.

138.Hu F, Huang Y, Semtner M, Zhao K, Tan Z, Dzaye
O, et al. Down-regulation of Aquaporin-1 mediates a
microglial phenotype switch affecting glioma growth.
Experimental Cell Research. 2020; 396(2): 112323.

139.Nuiiez RE, Del
Almodovar L,

Valle MM, Ortiz K,
Kucheryavykh L.  Microglial

cytokines induce invasiveness and proliferation

through  Pyk2 and
2021; 13(24): 6160.

of human glioblastoma

FAK activation. Cancers.


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

WF 5l ez olod ooy 09

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

“0 ol
&~
140.Parmigiani E, Ivanek R, Rolando C, Hafen K,
Turchinovich G, Lehmann FM, et al. Interferon-y
resistance and immune evasion in glioma develop via
Notch-regulated co-evolution of malignant and immune
cells. Developmental cell. 2022; 57(15): 1847-65. 9.

141.Takacs GP, Flores-Toro JA, Harrison JK.
Modulation of the chemokine/chemokine receptor
axis as a novel approach for glioma therapy.
Pharmacology & therapeutics. 2021; 222: 107790.

142.Salari S, Bagheri M. Advancements and
Challenges in Preclinical Study Models of
Neurodegenerative Brain Diseases:  Alzheimer’s
and Parkinson’s Diseases. The Neuroscience
Journal of Shefaye Khatam. 2024; 12(4): 81-96.

143.Wyss-Coray T. Inflammation in Alzheimer
disease: driving force, bystander or beneficial
response? Nature medicine. 2006; 12(9): 1005-15.

144 Huang Y, Happonen KE, Burrola PG,
O’Connor C, Hah N, Huang L, et al. Microglia
use TAM receptors to detect and engulf amyloid
plaques. Nature immunology. 2021; 22(5): 586-94.

145 Forouzanfar F, Ahmadzadeh AM, Pourbagher-
Shahri AM, Gorji A. Significance of NMDA
receptor-targeting compounds in neuropsychological

In-depth
Pharmacology.  2025:

disorders:  An Review.  European

Journal of 177690.

146.Takata K, Kitamura Y, Yanagisawa D, Morikawa S,
Morita M, Inubushi T, et al. Microglial transplantation

increases  amyloid-f  clearance in  Alzheimer
model rats. FEBS letters. 2007; 581(3): 475-8.

147 Bakhtiari Moghadam B, Shirian S, Safar Mashaie
K. The Effect of Astaxanthin on the Treatment of
Neurological Diseases and Lesions. The Neuroscience
Journal of Shefaye Khatam. 2024; 13(1): 87-103.

148.Guerreiro R, Wojtas A, Bras J, Carrasquillo
M, Rogaeva E, Majouniec E, et al. TREM2
variants in Alzheimer’s disease. New England
Journal of Medicine. 2013; 368(2): 117-27.

149.Yeh FL, Hansen DV, Sheng M. TREM2,
microglia, and neurodegenerative diseases. Trends
in  molecular medicine. 2017; 23(6): 512-33.

150.Popescu AS, Butler CA, Allendorf DH, Piers TM,
Mallach A,Roewel, etal. Alzheimer’sdisease-associated
R47H TREM2 increases, but wild-type TREM2
decreases, microglial phagocytosis of synaptosomes
and neuronal loss. Glia. 2023; 71(4): 974-90.

151.Meissner WG, FrasierM, Gasser T, GoetzCG, Lozano
A,PicciniP, etal. Prioritiesin Parkinson’sdiseaseresearch.
Nature reviews Drug discovery. 2011; 10(5): 377-93.

152.Behdarvand F,  Shahverdi = Shahraki M,
Sourani Z, Modarres Mousavi M, Shirian S.
Roles of different types of stem cells in treating
neurodegenerative  disease. = The  Neuroscience
Journal of Shefaye Khatam. 2022; 10(2): 111-25.

153.Moradi HR, Abdollahinezhad S, Heydarian
S. The Role of Exosomes in the Pathogenesis,
Diagnosis, and Treatment of Parkinson’s and
Alzheimer’s Diseases. The Neuroscience Journal
of Shefaye Khatam. 2024; 12(2): 87-101.

154.Lazdon E, Stolero N, Frenkel D. Microglia and
Parkinson’s disease: footprints to pathology. Journal
of Neural Transmission. 2020; 127(2): 149-58.

155.Eshaghabadi Niasari A, Gorji A, Jalali H.
Spreading Depression: Mechanism of Action in
Neuroinflammatory  Diseases. The Neuroscience
Journal of Shefaye Khatam. 2023; 11(4): 108-24.

156.Gorji  A. Neuroinflammation: the pathogenic
mechanism of neurological disorders. International
journal of molecular sciences. 2022; 20: 23(10): 5744.

157.Liu T-W, Chen C-M, Chang K-H. Biomarker of
neuroinflammation in Parkinson’s disease. International
journal of molecular sciences. 2022; 23(8): 4148.

158.Ebrahimi S, Jalili-Nik M, Abde-Ahad H, Hassanian
M. P 96: Role of Thrombin in Inflammatory Central
Nervous System (CNS) Diseases. The Neuroscience
Journal of Shefaye Khatam. 2017; 5(2): 127-.

159. Kam T-I, Hinkle JT, Dawson TM, Dawson VL.
Microglia and astrocyte dysfunction in parkinson’s
disease. Neurobiology of disease. 2020; 144: 105028.

160.Taylor JP, Brown Jr RH, Cleveland DW.
Decoding ALS: from genes to mechanism.
Nature. 2016; 539(7628): 197-206.

161.Boillée S, Yamanaka K, Lobsiger CS, Copeland NG,
Jenkins NA, Kassiotis G, et al. Onset and progression
in inherited ALS determined by motor neurons
and microglia. Science. 2006; 312(5778): 1389-92.

162.Tondo G, Iaccarino L, Cerami C, Vanoli GE,
Presotto L, Masiello V, et al. 11C-PK11195 PET-

based molecular study of microglia activation in s

SOD1 amyotrophic lateral sclerosis. Annals of Clinical
and Translational Neurology. 2020; 7(9): 1513-23.


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html

[ Downloaded from shefayekhatam.ir on 2025-10-27 |

[ DOI: 10.61882/shefa.13.4.91 ]

VT 5l plezr ol qosf 0,99

Sosy—= dlza

163.Yamanashi T, Iwata M, Shibushita M, Tsunetomi
K, Nagata M, Kajitani N, et al. Beta-hydroxybutyrate, an
endogenous NLRP3 inflammasome inhibitor, attenuates
anxiety-related behavior in a rodent post-traumatic stress
disorder model. Scientific reports. 2020; 10(1): 21629.

164.Bargi R, Salmani
F, Hosseini M.
disorders: a review. The Neuroscience Journal
of  Shefaye  Khatam. 2017; 5@3): 68-82.

H, Asgharzadeh Yazdi

Inflammation and the brain

165.Van Berckel BN, Bossong MG, Boellaard R,
Kloet R, Schuitemaker A, Caspers E, et al. Microglia
activation in recent-onset schizophrenia: a quantitative
(R)-[11C] PK11195 positron emission tomography
study. Biological psychiatry. 2008; 64(9): 820-2.

166.Wohleb ES, Delpech J-C. Dynamic cross-talk
between microglia and peripheral monocytes underlies
stress-induced neuroinflammation and behavioral
consequences. Progress in Neuro-Psychopharmacology
2017; 79: 40-8.

and Biological Psychiatry.


http://dx.doi.org/10.61882/shefa.13.4.91
http://shefayekhatam.ir/article-1-2572-fa.html
http://www.tcpdf.org

