[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

Cpa (S gle oK1 aloxo

V€Y ul»“.«wl.? Y D)w AR 8,92

& Wao 2lpmo s wgo 30 CBL 13 PTK2 g Paxillin gy oyl Ol pudd oy g0
3192 59 el JW 0 8 g0 (Slogiudligds

VEYISIVE by VEY/ YN il

srbile e oME BIsilo < ity pus cpmes T WI3E LS 45 o360l 1
u.)..\) w): 09; )Lw.ul.) Y Ul)"l cul).@‘J 5@)’1.»)1 .)‘)1 olKsls 4u[ﬂM 9 P}k— ..\>15 ‘L.f‘”))? f}lﬁ 9 U)AJ k.MJ)J M) L;\a..a}o 6)5.) 69}1;.»:].) A
oK1 (159 (S5l Ui S ye (Biye g Sl X ol (g e oMl B3l olStils Ol g pole nly b9 pole

Ol el (ool SljT oSl «lisdios g pole ol o3y pole 9 (S S 09,8 okl ¥l (ol el s (S pole

LXVOCS

B el jio b g 4 b il Sl (23U s 9 Sye (0l (sl ol Jolgs Sl (S (28555 (08 1D g dosdle
b5 g (slostudusdS & Miso _oloo (slobse 5i0 il 1> PTK2 5 Paxillin csla g ol ol ooyt pdles dalllas §
28l Silgn (B3p9 cnyed Sl

(Aerobic training; AT) (sjlse (55,5905 § S340 y9o55 s J S (N=A) 09,5 ¥ & Jliuy 5 o (g0 VE 1) (a9
48,8 0 o VA Ceo g b atan )d 5o, ¥ g attn ¥ e &y iyl 0,5 1A 305 b yige JLig )8 w8 50 logiwdigsdS . ud ey
PTK2 4 Paxillin gla ) o wad Jb,8 o bge <Ll jo .00l plosl 15,8165 (59, 1) (s5lsn Ol s 4dds ¥v b YD Cto &

A5 03l HEE gy b (659)gimmd pgla jl 55 y9095 bl (¢l 505 3JUT Real-time PCR g, 4 520 <l

2 sz Gl g0 09)5 izan b (L5 ol J 1S 098 & e ) jho (L sl g 59,55 Rl 5055 095 Bl
5 Ls)‘\ya s PL’.‘-;I &S Sy u_ll:- 5 L’)ﬁ‘ .(p<~/~~\) sls ULMJ ﬂ,JL» Jf..f as)f A Cond ]) PTK2 9 Paxillin dl.lboj ul*’
P<e/v oY) M ya05 09,5 4y Cows PTK2 g Paxillin jy 4l sxe ialS cuuw (s500 5005 (gl llgs

5 Paxillin slag)j ol (20l L 1y ygegi (ol plSoxil Wlgi oo (sje 9098 shI> Sllg 1 (glsn cnyod plonil 206y Ao
ol g Slalllas &y 5L5 diej pl )0 3939 opl b oamd ialS ( ol 2y w55l )5 4330) PTK2

PTK2 Paxillin «gjlsn pyo5 pyd (Joo slogiuwdisls 1o jlgans’

ul)’l ‘ul)@ ‘L;o)’twl Jl)] olKisls sblﬂd}o"“" ) 9 ‘Q9LC J.>l9 AL;\:B)')9 rﬁ9l£ 9 L;v.\) A.A.:J)J 09; )L\wl.) :JW‘ [ XV “93 &
SYAFFAS0Y00 : palod SANYY VNN 1 oy8l5 phdghazalian@gmail.com :_Juwes!

VFoY Olunl o o)l Vo 093/ (Ko pois olKisls aloxo



https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

)99 oo red )l A f)é_“s'd,o ‘5&5&»3‘{,‘3 a4 Wi 790 320 PTK2 9 Paxillin Ol /UKo g 03135 a0l

MiR- js5e 52,k jl Wlg o PTK2 a8 ol lis o))
LS (SaS 0y oyt Jolos poisus S 4 1278/YAPL
Ggyne) PXN o sl Gan PTK2 &S 00 ol (VF)
2 e o b &S aad o Lials | (Paxillin 4
(10) sms e LSt |, FAK
Mz g Jle i N slol 3 LD Casge gy Jols PXN
Jstusa b 0555 ol sl o Jlisoys C slossl 55 LIM aials
PXN it iy OMals 5 Sl cullad palas
SISl (g3lofly )3 oate (Bl i )5l (g S
oo Sl (6854 b Sl (Sate w13 5 sl
Sinlon g dcgome o 0 b gy (23 JUiSKew 5 goite
2 9 ©ples mlal sl (s Gml Sl Jlasl )8
i PXN &8 sl 01 (o)l (V) 155 o i) ok
3 oloms sty Syl 3 O3S o plgis 4 g
i b ol b Y) 25 o Jas ] clalo o
ody 5l (3 3 PXN & sl 0als )l dgaome lalllas
dy90 30 oS GleMbl 5 (VV=Y+) 3l 5559 LolS Jolu
S Shy Ged 9 doglS slaiges )3 PXN lo o5
ol 2 o3)l3 3529 LogalS )3 PXN (85T iy (350 5 b
5 PTK2 L 1y PXN (Suslon bl o clpmis carllas
S o bl (B5rg S b g SSRe y9e98
(2309 Cnyed) Uiy 4 Sloshy Gl saste Slalllas
Sib3slay M glyls o (ool3l 5 Wl 3131 )3 5ie (ol
ly Goipg 50 (Sl Gllae (YY) Conl duo it (oae b
dlox 51 LS (300 ool & Miso 331 )3 jaa Sl
2529 2 s9iss el U L dlaly )3 Aled S ) 9058
2 e 586 by & 108 ol o en 5 Sharma
Oz 9 oLl b o (e (vas )b ppgal @l
5 y908 Oolos 3 (S (B (Sl 5 S > 3 Slae
Uiiye & 00)S flo peoren ladsee (ol (YY) cusl azily
Sl gl b boye adlas 3y90 clasely I G g
Slgiee (hiyg & W e L 5 (Slae e )85
My el S ) oluasld ple § awae 0l sla ol
V0 3F) 8 b g o JUS sladghe o bagygye
o yme 2 1y (B35 2303 56 29000 Slilllas o oo
555 i) 325 5 3m PXN 5 PTK2 1055 550 Joo
s gl Shadi opp Byl adlas j Gan 1Y
a4 Mo ol sl pge 320 il > PTK2 4 Paxillin

b o (Siler (B5y9 e S p 3 Hge (logiuMiglS

.

Aodio
Sloske 51 & 0rb WBLD sjie sp05 lsie 4 logdlS
Glioblastoma ) p,5 Jse logiwMsslS 5,5 o Lie JLIS
5 il & ey Lals e (multiforme; GBM
Central ) (535 was winss 4ds) 905 2 iprlee
cely GBM (V) 295 50 ogmxs (NErvous system; CNS
h ol & 3580 olby b baiye slojpe 9 S po S AF 292>
o590l ¥ V) WS oo hos b b puo (0SSl (So &
9 > b jgey 8l uaby Jold (sixe yeeg nl lo
Pl ) o plezen Gloy ord 9 aligdly of Jbs &
)‘ odliiw! b :uJLo)J LSLQ’W")) U"‘ ‘-A-AS)J p.c).J.G Ll
Y sl olise g ole VF dgue ) S0k cdid iy LIS
4 GBM il 55 polie (sl Jobo .(F) cawl 70— L L
b e plls Slocdl 4 GBM sy 4 5 03,8 358 )
IS g M (o 298 395 38 4 padie Jsho (SoSeal
o 2bml Sy Ghlen Copte | il (py o
Jobo gaw )3 ohog 4 > Sloyd 3,9 9y cnl jl4S
el 6928 Yo Jok )b uSo 5o
i St (g 5L 35 FAK plsis ) PTK2
5 4 sdsbo Sl )3 Slo 85 &S 45 e 55 ]y LS
2 ogMe (F ) w8 o bl Jole (2o JUiKw slapiunw
sob 4 PTK2 0 Jlb 5 cuSgp s MRNA zglaw (ol
O LA Y) ool laspe s g @pple o Joho 135 b cute
Focal adhesion ) JslS Siiwe LS & s by
&l owMygiow LS e K (Kinase; FAK
1551 oo 1S g by St 5 5l o Ui (sl L]
o S Gy SJdpl 9 SKjsle s ulyd 1) 0l
Shyo ladsbe ;3 wlsl cla s (PTK2) FAK .S
(A D) 5y W3S,y il g Gy 5 @ynloe o Joho iS5 Mo
Badgbs jtubs 5 2les @l 5 PTK2 np i
Q.)l.) Lo L (\') Cawl 00 <ol W L UJUO)M:
St PTK2 (581 Jobor Sl &y p0,5) (glo JUpmo
Fobo ©plee Seelnd 5GP la Saime ilulix
) GelSsmn e jsal 5 JWSee silo]led Bl o0
oS wasl ) g Jiang (V) LS oulal s 0
@l JUSgsS oy Jsbo S5 Sl PTK2

\F.Y Ol (Y o leis Y o 0)9.)/&'9).:.? ‘5{&).?: fSl‘ cli.‘-’.dbd.qu

Wed


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

)99 oo red )l A f)é_“s'd,o ‘5&5&»3‘{,‘3 a4 Wi 790 320 PTK2 9 Paxillin Ol /UKo g 03135 a0l

iy 4l gy G dbel Gl ey 8 cb lees
b o (S 3olin dte I ealitul b cpotuwgs ys cpdld g dosres
4 dogi b culs Couxdae b plodl losciwl (hgy 3,8
» (v) Swanson's Stereotaxic Atlas  sls Jaslygiws

21 pasde Glgal (9 9 0dd e 5 Clatie
2.0 mm anteroposterior, 2.0 mm laterolateral, and a

depth of 2.5 mm.
S jlsas 5.8, 5%105c¢ells/30 pL clale b b Jshe

caiS Lo b idy)Sin Ve S35 sl pon Sipu
4 B3 Ve Sty by ol b o3litl il Sli 28 5

A8 Y Ot b g ooyl 5l B S e )5 el
OMdS L xSele ln 85 (o B CusBge b yudn
b s sl (ool)l 0 S cjgr JBI> 2 00D (32)55 Jglona
poo 5l oolatwl b lgscin] s g8 z)B sae I MolS aSG)

Wb Ao dgs 79 5l eoldtul b Cuvgy 5 A diuy

SR L od
09,5 S>> Sy sla sl SISy i S
S Sde ) B pyes plsl Al ye 3y e,y o yed
Otyed by b £9pb (pyed kol JSTgn e (wiin
ol b plgl gy dw diin a9 atan ¥ Gde 4 ol
2 4& YO Cde a4y Jgl dian ( g3lsn pyed 05,5 &S Cjgo
Poo A BB Ve pod dldn )3 938 g9y |y Sl i o,
YA Gy b 59y 50 aBd ¥ Cide 4 pylos dlin ¢ 4830 YO
hl> cnyed duds o a5 Cunl 35 (LS g 485D 1 ke
Fo Ve Gy b (938 3pm 9 (355 )5 (514d53 B alsye g

(YY) 295 adids 5

PXN g PTK2 (45 oyl
olo b e, oy dwds p30 5l aw celo FA
W bl (S0 g gt (VT o) 0PI (peeliS
4l caai) e b gl a8 SLS Sl Glaebl I
dryy Ao o & @)l 36 ) odlizl U g azslyy; (g0
9 PTKZ (slagj olo (pp slp w8l Jlaml oS sl
il o3bel (el 5 3lizl PCR oy L, K85 5l PXN

roilyy i Se Ve osilidod joily sl e OF Sl Loyl
2?19 ) CDNA Gl S /0 ogSixe pouly 5 (25l>
ART- (dgy & 0F Ol (o sl - oaliial Jidg e A

ool 51 5 sk Jstxe 31 odlizl b Jsbu IS PCR RNA
CBRNA s s gl il eS8 Sy,

S8 Ry,
bl gy 9 SUlge

(p)5 YYYE VS/AQ) iy clain A i ge VY
Sygo d ise b (gl s ol (g ssiely gl |
S pd hse O dod) il Sl S L sl yuad (o wllas
Cagb, 5 3,5 le a3y YYEY alBiolejl Lalys ,> (uid
g lie w85 )5 wiele VW SO,0 0 jp5 b a9 00 (s
So Ul ) ey g ey ot 3 ] sk 4
4o g (Jeed 5 59y Oy g olSilojl Lo |y (latin
5 e 9oy Wlle S fog)S pp )3 N=A) 095 Y
Loy Ul 0l s (AT) 5lp (55,5t 59095
Gl 3 5] ey b 3] LogiodS (sl Jolo 51 osliza
@b 09)5 1 y509 Jb) GPlguns () p bwy by
29 3y Sllg s30 Siglgimd gl (oyp b by
A pj adllae ol oo plos b50s (4t ) 5o, ¥) (e
392 ol el e oMol 21 oStils S S

ol sw W o950
B3 (Lo 35,0) €6 3, 550 slagiodlusdS (sl Jobo
RPMI Lagso ,5 <K 55 CB (sl Jobor 0 405 (S
¥+ mg/ml (Roswell Park Memorial Institute)
9 (Oleonpl 5logyld) crmalogn sl VY -mg/ml o
buste 505 03y cusS AV e Slu)S o e yid 3 p)S Y
S5 2 o) PH o3 (oo Voo s o & Jgho i

w5 Jolee o (buffered saline Pho) PBS wlaws

A5 gl s /Ve FBS e L g /+/-Yd EDTA
5o 50l Al O Cdo 4 4@Bd 1D 4o Ve r b Jolore Luw
oo ctS” (dly adgl (515 b gilube sle 4
Oiyledd (sl Colpg pd b ad )T Jlas 3 Veewns cell/cm2
~ig e I¥) ok Ol Sy g S Ve 5l ok slas
s Y g ok pgmiliwgw S| yidg)See Qe g (oo
Loyd Glyie () 4,8 ) sla ol o> b odlatl

P03)5 (e 030 (sl Jol
Veo) opelS Blie Bp b ol gses Wl
(PS5 3PSk Vo) iy 5 (PSS » pSke
JR L o b 020815 (lg o slage Il BAS gre
SBsd sl 0,8 Wb g v y5s5 5 4 alee ool
(V++)200:F Jao Stoeltingl) STy yuol oiws 4

\F.Y Ol (Y o leis Y o 0)9.)/&'9).:.? ‘5{&).?: fSl‘ cli.‘-’.dbd.qu

WY


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

9509 a3 3l Sy 0,37 se SlagiuMsnlS’ 4 Wi o™ iige 520 PTKZ 5 Paxillin ol /01)Ken 5 03055 0l

x> (Melting) wgd jlaged b pbsl ol,5 Sl as s
GAPDH I .5 bl PCR (sl Sty como  (owyp
4 (Glyceraldehyde-3-phosphate  dehydrogenase)
ol olse 5,5 odliiwl PXN 5 PTK2 25,0 (o5 olgie
$xSoilul pa b gy ©ygo @ (228 9 S5 slag

ol odal Y Jgan 33> ookl )90 (gl poul . 5

I Uil Sye (SrmosiE Sl oS b osd gl
5 Oligo dt yoslys 5l (slacs, 5 CDNA aws s cé )5
5 plosl dbgyye JSgy wlolyy ugSas (61350 ol
S5 b ABI Step One oKws j» PCR STy ,a
Real-Time _uSly sladd o .cd)S plool sl <8y
VY g5+ AF los 4w L PXN 4 PTK2 sbaj slp PCR

b yoslyy Jlgs Y Jgua

O Iprimer
GAPDH Forward: CAAGTTCAAGGGCACAGTCA
Reverse: CCCCATTTGATGTTAGCGGG
PTK2 Forward: ACATCAAGGCGTGTACCTGAGC
Reverse: GTGAGGATGGTCAAACTGACGC
PXN Forward: GAGCTCATGGCGTCACTGTCAGATTTCAAG

Reverse: GCTGCTCCCAGTTTTCCCCTGGGCCATGAA

=W

VS )3 509 5 plle sloog,S ) jre (Bl s
JyiS 09,5 2 o 0bliio a5 jalailen .awl said odly i
6l 5 ) sl 38l S LSy 5 ploas] sl s
S99 4>U 53 ohag & (Johw 5 (Bl 0 55 j909 095
3855 obj slaobe 09)5 cul 3 (iomen Al dgpcte
13 ks (YL Culled oimd Lo & 5 ednlite joiso
Bl @ Sloygs g IS Gl 4 e g 28l y5ey
laog)S oo b dunlio )3 095 (ul 1 jsgl olie 290
OSes 45 392 048 j9)S5 )lad 5005 | (b g 0392 yieS
29055 3 30 3 Sy 3 pae U 4 o] 5 ot
S pbdoke Glgr npeitigesi 09)S 3 e ) Bl
Osed LAb odalie yiaS palie 0 Mg ol 9,50 Hlad
g 4Bl il 09)5 cpl 3 (25 9 oo 1S5

oS jolailen . yiog o Yo bS50 (HEE) ol 5 b lon

SiP Pt

Wb Sl I e 13 55 (19095 4l ha) o L
Calus b odd (gilolr (pdhl ) lleyd b odd ot cély
Sy il g OekeaSglen b g AS 0l By yieg)Se O
lolno ol ol €8l s g i b (el
8)5 8 2yl 3y50 (55 0y

S el ko g 43,25

ol &yl Hlro Glosl E W Sho Cjao 4 odly plos
Shapiro-Wilk :yse5l 51 bosls 5351 Jlo oy c6lys s
~o3l5l (sl 90il b iyl Kod ¢piman A5 o3lizl
bog,S ) byt G g5 ()3 sine (el Sl A5 655
o3l S5 wid (y30j 5 ONE Way ANOVA g0l ;|
s SPSS 58l p 3 51 ookl b boosls o 5 43565 05
£33 903 oy Slp 93 PS/00 (5 1 ine o 3 V7
b oslawwl Graph pad prism ;!

Slgp (2 poi+ 9099

S5 ) ool L ciliseo (slaog S (50 cil) 8l gy .Y SIS

ol aily (185 (Jobo o5 Lo )3 (G595 4 (8559 (e 9 Mbliom dgpie y3095 09) 53 (S5 CL 5T 29 o anlie

VFeY Ll (¥ ojladds ) v 095 /i pur (Sl pole olzsls aloxo


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

)99 oo red )l A f)é_'ksﬂ" GLe,Sw“e”.lf a4 Wi 790 320 PTK2 9 Paxillin Ol /UKo g 03135 a0l

Paxillin &5 oo

e (slrog)S o (530 y908 PXN () plo lyess
d)m O}o}] b Cal oad ool flis ¥ ISE 0 e
2 Liegh it (glaeg)S po a8 o lis ansly ]9;]
3 dgrg bgme Ggli e yeee PN 0 ol
S5 i 090]] b (df=23 5 F=128.5 4 p<0.0001)
GRIBl Gils npeitigeg g sgeg slaog)S & oy s
ol JsiS 09,5 4 cuwd |y MRNA PXN 3 b sixe
05,5 L duslio o a8 2g Jb > ) (p<0.001) wols
MRNA )35 Jbsne (2l lgn (a3t 9055 09)5 )95
(p<0.001) sls Lz 1, PXN

10A
f
Sz 81
(2 =>)
gc
L I 6
S D
> =
v O
<= 41
= o
o LL
L
o_.
™
&
o

(&)

PTK2 o3 ol
$bogS om e spey PTK2 (5 ol Slis
u?‘)i C?.L"’ Gl 0305 03> uL.....» Y JS\“: 2 R alisxo
Gilises (slaogS o o ob olis anl, S gl ol
Sisne Oglii sjae yee8 PTKZ (5 glo o (g
o9l @bs (df=23 4 F=193.1 4 p<0.0001) 5,15 3525
CRroitygeg g9 j9e9 (slaeg)S 4 o i (S ouds
09,5 4 Cums |y MRNA PTK2 15yl dxe ial3dl (glgn
dulio jd &S 2 Jbb jo ) (p<0.001) wols L s
P gne (S (ilsm nyeitygag 09,5 9095 09)S L

(p<0.001) sls ;L& |, MRNA PTK2

PTK2

Al @ Wlead ool s 5)liliw] Bl £ ke yguo s lodls L jimg calisie (slaog S )3 sre dl PTKZ 5 ol olpuss Y IS

Wl Jyu8 Control (P</+0) wib o y905 09,5 4 o (63 me wlis D (P</+0) wibso Wl JyiS 09,5 4 Cams (53 Sz
One Way ANnova : g )lel ;9051 4 .5jlon 3505 AE e 49095 STUMOS

10+
Sz 8]
v o>
S:
LI 6
C}_g
S o
< = 47
= o
o Lo
L
O_
AN
&°

OO

Paxillin

a
-
-

N
S
&

A Wlons o3l L 5kl Blsul £ 1 Ske g 4 lmodly . yimgs Calisie (slbog,S 55 jre b PXN 5 olo olyuss Y JSWS

el J S :CoNtrol (P<+/+0)asb o y905 09,5 & Cmns (515 dime wilis D (P<+7+0) il oo Wl 558 09,5 & s (6,13 izo 4L
One Way ANOVA : gkl 9051 g5 .s5l9n (2 y05 :AE (yg05 TUMOT

VE LY Ol oY ojled )+ 0595 /b pur (K poke oLl alore

V¥


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

9309 25 3l A p T Gge SlogiuwNsgalS 4 Y slaige 30 PTK2 g Paxillin ols /91, Kes 5 0155 0l

Oyl oS W0l LS dg3 adllas o l)Ken 5 RGOS Ll
il g de ol Sl Pee (labuy 355
boplep cod 5398 3 aiSly loj g 9 cwelS g
O dzpn sl (gihe sloygesi sl demar Cladads
Sl Ll 20387 30 Sl dges (59) p lifne
990 58 oS b1y ygegh (eSS g sire )l
Uhig &5 dad o ol Slas cldlles (YA) Wby 13 aubs
g ras jle iy s ) 559)95 9 2S5l
g cdadbre )3 1550 Sy pigye s ge Wyi Geinen
ORIEN ) i opdy JSS g 48 (oo (i £l
adllas (o35)5 09)5 (Bl Sl dgie (FY FY) s
Glys Az ge ol dddllae o s el Gl e b
b Jy sbSESS b bl ais Dbl oIS, 9 $iedS
byl 35 0rd 99 il Johw gyl e s s
v}
Spo <l o aS ob LS picren pob ddllee pls
ol 1y o ixe il PTK2 5 PXN o ol 005 g0
oy onl win ¥ e 4 (gilon (jyg (el &5 3D
B 28T Lt Jele Sy ol 3Sen PXN ol ials
S 1935 ol o) ad 5 ol (1F) 2L GBM el slazel
sl g 2)b byl yeep copin L PXN 2l ol
ol W (YD) A8 o (ot LogtodigdS 53 1) hend
AL ygeg8 Calld il 08 oy SlF e H98l ()]
o A5 A0l (5lgn (nyed b e ol pol adlllas > oS
PPXN gl o8 o ool i yils adllae (59055 05,5 L
Oy liwgyy by dlax Ity Bliee glaglo
b dualio 3 poidle 5 (5y0 oy o) ailad (b p wilie
whal (P JB b 4 jobxe (Gyeep 5 slacdl
daly S5 lyie 4 Bl PXN (Y5 \A) 2950 ol
OB Oiswe booad JWb LS giSen (23 WS o
WS Jos Sliwgy lopw ) s gy, 5 latan
ol Slodign 13 j9e55 3y » PXN el 2 053 (V)
W ol 4 )i e il Sl Clivgy byw
Sliwgy by slp oy Gan K cuwl Koo PXN
9 @Sy (I iS5 Gl)) Jouily wizmen PXN a3l
13 PIBKIAKT (SadliSans o (s5lbly b 1y Jshos o2les
4 55 GBM 5 b glaail b sllas (YF) 35l ko )l o

O 55 e cpl 1 ygeg G2y )3 PXN sy o s

pliie By Cpped &S Cawl o 03 LS jre il
Ggai ob g Sl dgel 3 pn |y cald wlp g e
(Bld snlp Jwd 2 egde iy gy Sl
o Cag hoe s )3 1y ey siil B ien b5
Pl g Usbo p cpyed 5l (U oo ISL (VA) w8
yobs ddllas I Gua 1Y Cuwd (asuine 38 (5)5095 Cdl
%0 ye097 0 PTK2 o Paxillin sl )5 oyl ©lpuss o)y
o Jlh p8dse logidlislS 4 Mie s,
8l Sl (4059
5 Sl sbgby » & b slacdyiy vl
SY jre mid jgeg sl 0dd pll (2 e S5
WAl g s Gl g5 L &Sl oS lng )low
09,5 1 (V) 398 paeie Silow Chpin L a2 LB
s9o5 3 86 o) adllas (gl 3 5 ol addllae 9095
Oige yrd Ol Gl Gile Sy gl oS A5 ssalie
odblin yaor (8L Clpnd wyyp 0 Ab oolaiwl olpus
b (Bl ol g 59,50 e Jhe (6508 Ceand & L
35 0908 038 5 (Bl ol (a8 plie oS 25 el
—ruslSe a8 Cawl odd ol Sladss el g dapuiie
50 3Slos Cusl (Sas (5330 sloygeg5 o ok ) S ol
S 6lbyga55 ¢ Jlte sl sl glito ity s @ |,
Ui SBgesl A Cund Sy A8 4 hleS i
9 98 & bl S e 13y bygegs & jshailen )l
Joee |y e 3)Sas oS )3 9 Nl (b <l obel>
3555 s e 41 85 el b 35)5 o jsegs S oo
DRIP4 e Cunl (San (aitis o b ealbians) WIS 0
(Fr) Wgs (BLd 3 Shes alS g domer J2h L2
dagigeyon gdy @l el Cul (Ses (pizzen bajgeys
b ohsl sloymme )3 MBI 5250903 208 oSl s
38das JHST el g w9 (03 )Soe lapiuns o 0l
Jlel dajgogs 4 555 b )lge il 3 Ngd (35
Lz 5p pob dddlae 3 (1) b Gl plolis) e
b olyor Lol 0 gy (B (slo ol L Ly )l
S905 095 )3 35 S Slocamsl (Gign (o g
8 Sl Cnyed (Bl pslad (uyp > b edalie s
T S 4 &5 A5 edmldie (Bl 9,85 > ials (Sl ke
Sy s9e5 Chpdny (B )3 (sS4 (oB5)9 (rped )

VE Y Olsl oY o les N o 090 /i jum (K3 f”l" olKisls alxse

AAEIA)


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

sl 0 Sl plSoial 3 1551 ol S
Noby ol oy g Erskine sMas cdl jo )b (i
cdl 0 ) PTK2 45 ol Sl o soglie oy pod dian A oS
Cosl Jgo 35 (Bl (Beysmle ;> 45 aad (Rl SHas
Jae 3 PTK2 b adlas o5 cul Jb 5 ol (FY)
Tt il )y M asdie g A0 b)) Hgeg STl
UidlS (gixe yee95 <8l )0 |y PXN (ioren 9 PTK2 Wl
S330 g3y Chply Rl g SIS )0 peqe JAB oS am

35

8 5 4o

Sl (npeS Sy S5 4yl adllae gl (elal
ol il jd Caxs 4 B Slges Jao )0 lawgio ol b
PTK2 (yizman s PXN Liie polas L GBM jl 3b j5e58
"o Silor (Bipg et b e el Gials 1 09 oo
g0 5 odl Slllas > Gloys Juily o lsis 4 wlgs
25 58 (383 (o)

P18 g S

modiloy ()b ojon cpl 1y b &S (ol 3l ples I B g3

allls ol Jslyo pla ioman S o 38 5 S Wl
391 ol et ool Slj] olKitils BMS) azeS i
(IR.IAU.SRB.REC.1401.029 : 31 1)

&l 2,3
153929 (BN g (Bl (215 LgS g

References

1. Grochans S, Cybulska AM, Siminska D,
Korbecki J, Kojder K, Chlubek D, et al.
Epidemiology of glioblastoma  multiforme—
literature review. Cancers. 2022;14(10):2412.

2. Louis DN, Ohgaki H, Wiestler OD, Cavenee
WK, Burger PC, Jouvet A, et al. The 2007 WHO
classification of tumours of the central nervous
system. Acta Neuropathologica. 2007;114:97-109.
3. Ostrom QT, Gittleman H, Farah P, Ondracek A,
Chen Y, Wolinsky Y, et al. CBTRUS statistical
report: Primary brain and central nervous system
tumors diagnosed in the United States in 2006-
2010. Neuro-oncology. 2013;15(2):1-56.

4. Adamson C, Kanu OO, Mehta Al, Di C, Lin N,
Mattox AK, et al. Glioblastoma multiforme: a

D309 a3 3l w037 se SlegiuMysddS’ 4 Wi sla™iige e PTKZ 5 Paxillin ol /01)Ken 5 03055 0

Solgan g 5blaud a5 b ol 6,50 dalllas asl awsly
)LQ(c I) PXN ul.u "\"9"L5‘° 909 oAS u9§).w & s
)5S B/PIBKIAKT Kl cled yials' Ll 9 AS
b Sz 039y oloyw oyl g j9 {NF-) KB (glan
Juail Joee cpain (g9l PXN (gl j3 (YY) 08 gS puo
Cul (Koo PXN &S Congize (pl 4 &S cCowl NF-kB (4l
Slgi oo 5ol pl ials 1 aSb NF-KB suwod (ol Can
allas > ol &5 WS e 1) oo UK (Sl ye
PAN «cpl g ogMe Ad jumo (slgn (o8)y9 (rped b pol>
STATS 5 595 (St LS Casd ol Bax lgis &
S oidpg &8 Wob i e g cped S 0 Jes
Fyeon 4 STAT3 Jlail jl 6pSole b (b 459592
ol T47TD ¢ MCF-7 diws by slaJshw 5 PXN
wlie job 4 (YA) S o Jlesl j9055 2liS) 2 )lee
dg 0 ol GBM ;3 PTK2 L PXN a8 sl )l Lo ol
s glp PTK2 b casl Koo PXN b2 0 lis &S
Gl Jud o opl o oogMe il awil Joles GBM iy
ol &5 15 WS 0 S8 jaegr plSoinl 4y PTK2 polus
ol 55 5l Pl (Sa e85l plas 4,8l
o Siler e 09)5 ) 0 95 el SRl I (TR) 355 e
Jolw plotiwl 515 0 Sl Bua K lais 4 Wil
05 U g39i00 Sllllae 3929 cnl b 258 (Bpme i y9058
uLo.vu o Lasp)’.,..'s&n og.l _\..:b 5 ..\J\A_T.é-bﬁ &9&9‘, O'.’.l &
L (PTK2) Y 5LsS cjonsd onfion sine FAK 0SS o3
WS (o Sy 9o 3 (Slopd ol Bl S lgis &
ol dw b gla Sl > &S ond eald L L(F+)
bylus o & cal Jbjo cpl (FY) a0 &, PTK2 S
review of where we have been and where we are
going. Expert Opinion on Investigational Drugs.
2009;18(8):1061-83.

5. Sulzmaier FJ, Jean C, Schlaepfer DD. FAK in
cancer: mechanistic  findings and clinical
applications. Nature Reviews Cancer.
2014;14(9):598-610.

6. Zhou J, Yi Q, Tang L. The roles of nuclear focal
adhesion kinase (FAK) on Cancer: a focused
review. Journal of Experimental and Clinical
Cancer Research. 2019;38(1):1-11.

7. Fan T, Chen J, Zhang L, Gao P, Hui Y, Xu P, et
al. Bitl knockdown contributes to growth

suppression as well as the decreases of migration
and invasion abilities in esophageal squamous cell

VFoY Olunl o o)l Vo 093/ (Ko pois olKisls aloxo

Wes


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

D309 a3 3l w037 se SlegiuMysddS’ 4 Wi sla™iige e PTKZ 5 Paxillin ol /01)Ken 5 03055 0

carcinoma via suppressing FAK-paxillin pathway.
Molecular Cancer. 2016;15:1-14.

8. Wang S, Hwang EE, Guha R, O'Neill AF,
Melong N, Veinotte CJ, et al. High-throughput
chemical screening identifies focal adhesion kinase
and Aurora kinase B inhibition as a synergistic
treatment combination in Ewing sarcoma. Clinical
Cancer Research. 2019;25(14):4552-66.

9. Tai YL, Chen LC, Shen TL. Emerging roles of
focal adhesion kinase in cancer. BioMedicine
Research International. 2015;31 (2): 1-14.

10. McLean GW, Carragher NO, Avizienyte E,
Evans J, Brunton VG, Frame MC. The role of
focal-adhesion kinase in cancer—a new therapeutic
opportunity. Nature Reviews Cancer.
2005;5(7):505-15.

11. Yu Y, Fang L. CircRPAP2 regulates the
alternative splicing of PTK2 by binding to SRSF1
in breast cancer. Cell Death Discovery.
2022;8(1):152.

12. Li M, Hu J, Peng Y, Li J, Ren R. CircPTK2-
miR-181c-5p-HMGBL1: a new regulatory pathway
for microglia activation and hippocampal neuronal
apoptosis induced by sepsis. Molecular Medicine.
2021;27(1):1-15.

13. Jiang Z, Hou Z, Liu W, Yu Z, Liang Z, Chen S.
Circular RNA protein tyrosine kinase 2 (circPTK2)
promotes colorectal cancer proliferation, migration,
invasion and chemoresistance. Bioengineered.
2022;13(1):810-23.

14. Yang Z, Jin J, Chang T. CircPTK2
(hsa_circ_0003221) contributes to laryngeal
squamous cell carcinoma by the miR-1278/YAP1
axis. Journal of Oncology. 2021;2(1): 1-22.

15. Hu Y, Pioli PD, Siegel E, Zhang Q, Nelson J,
Chaturbedi A, et al. EFEMP1 suppresses malignant
glioma growth and exerts its action within the
tumor  extracellular compartment. Molecular
Cancer. 2011;10:1-12.

16. Wen L, Zhang X, Zhang J, Chen S, Ma Y, Hu
J, et al. Paxillin knockdown suppresses metastasis
and epithelial-mesenchymal transition in colorectal
cancer via the ERK signalling pathway. Oncology
Reports. 2020;44(3):1105-15.

17. Li L, Wang J, Gao L, Gong L. Expression of
paxillin in laryngeal squamous cell carcinoma and
its prognostic value. International Journal of
Clinical and Experimental Pathology.
2015;8(8):9232.

18. Sen A, De Castro I, DeFranco DB, Deng F-M,
Melamed J, Kapur P, et al. Paxillin mediates
extranuclear and intranuclear signaling in prostate
cancer proliferation. The Journal of Clinical
Investigation. 2012;122(7):2469-81.

19. Wu DW, Chuang CY, Lin WL, Sung WW,
Cheng YW, Lee H. Paxillin promotes tumor
progression and predicts survival and relapse in

squamous cell carcinoma by
targeting. Carcinogenesis.

oral cavity
microRNA-218
2014;35(8):1823-9.

20. Han X, Stewart Jr JE, Bellis SL, Benveniste
EN, Ding Q, Tachibana K, et al. TGF-B1 up-
regulates paxillin protein expression in malignant
astrocytoma cells: requirement for a fibronectin
substrate. Oncogene. 2001;20(55):7976-86.

21. Belot N, Rorive S, Doyen I, Lefranc F,
Bruyneel E, Dedecker R, et al. Molecular
characterization of cell substratum attachments in
human glial tumors relates to prognostic features.
Glia. 2001;36(3):375-90.

22. Ang E, Gomez-Pinilla F. Potential therapeutic
effects of exercise to the brain. Current Medicinal
Chemistry. 2007;14(24):2564-71.

23. Sharma B, Allison D, Tucker P, Mabbott D,
Timmons BW. Exercise trials in pediatric brain
tumor: A systematic review of randomized studies.
Journal of Pediatric Hematology/Oncology.
2021;43(2):59-67.

24. Voss MW, Vivar C, Kramer AF, van Praag H.
Bridging animal and human models of exercise-
induced brain plasticity. Trends in Cognitive
Sciences. 2013;17(10):525-44.

25. Mandyam CD, Wee S, Eisch AJ, Richardson
HN, Koob GF. Methamphetamine self-
administration and voluntary exercise have
opposing effects on medial prefrontal cortex
gliogenesis. Journal of Neuroscience.
2007;27(42):11442-50.

26. Swanson L. Brain maps: structure of the rat
brain: 3" ed. New York: Elsevier;2004; 2-18.

27. Al-Jarrah M, Matalka I, Al Aseri H, Mohtaseb
A, Smirnova IV, Novikova L, et al. Exercise
training prevents endometrial hyperplasia and
biomarkers for endometrial cancer in rat model of
type 1 diabetes. Journal of Clinical Medicine
Research. 2010;2(5):207.

28. Riggs L, Piscione J, Laughlin S, Cunningham
T, Timmons BW, Courneya KS, et al. Exercise
training for neural recovery in a restricted sample
of pediatric brain tumor survivors: a controlled
clinical trial with crossover of training versus no
training. Neuro-oncology. 2017;19(3):440-50.

29. Rumalla K, Thommen R, Kazim SF, Segura
AC, Kassicieh AJ, Schmidt MH, et al. Risk
Analysis Index and 30-Day Mortality after Brain
Tumor Resection: A Multicenter Frailty Analysis
of 31,776 Patients from 2012 to 2020. Journal of
Neurological Surgery Part B: Skull Base. 2023; 13
(1); 1-12.

30. Ahir BK, Engelhard HH, Lakka SS. Tumor
development and angiogenesis in adult brain
tumor: glioblastoma. Molecular Neurobiology.
2020;57:2461-78.

VFoY Olunl o o)l Vo 093/ (Ko pois olKisls aloxo

Wev


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

D309 a3 3l w037 se SlegiuMysddS’ 4 Wi sla™iige e PTKZ 5 Paxillin ol /01)Ken 5 03055 0

31. Dadario NB, Brahimaj B, Yeung J, Sughrue
ME. Reducing the cognitive footprint of brain
tumor  surgery.  Frontiers in  Neurology.
2021;12:711646.

32. Lin C, Wu C-J, Wei IH, Tsai MH, Chang NW,
Yang T-T, et al. Chronic treadmill running protects
hippocampal neurons from hypobaric hypoxia-
induced apoptosis in rats.  Neuroscience.
2013;231:216-24.

33. Naylor AS, Bull C, Nilsson MK, Zhu C, Bjork-
Eriksson T, Eriksson PS, et al. Voluntary running
rescues adult hippocampal neurogenesis after
irradiation of the young mouse brain. Proceedings
of the National Academy of Sciences.
2008;105(38):14632-7.

34. Huang Z, Wang H, Sun D, Liu J. Identification
of Paxillin as a Prognostic Factor for Glioblastoma
via Integrated Bioinformatics Analysis.
BioMedicine Research International. 2023;23(4);1-
19.

35. Sun LH, Yang FQ, Zhang CB, Wu YP, Liang
JS, Jin S, et al. Overexpression of paxillin
correlates with tumor progression and predicts poor
survival in glioblastoma. CNS Neuroscience and
Therapeutics. 2017;23(1):69-75.

36. Hou T, Zhou L, Wang L, Kazobinka G, Chen
Y, Zhang X, et al. Leupaxin promotes bladder
cancer proliferation, metastasis, and angiogenesis
through the PI3K/AKT pathway. Cellular
Physiology and Biochemistry. 2018;47(6):2250-60.
37. Zhang LL, Mu GG, Ding QS, Li YX, Shi YB,
Dai JF, et al. Phosphatase and tensin homolog

(PTEN) represses colon cancer progression through
inhibiting paxillin transcription via PI3K/AKT/NF-
kB pathway. Journal of Biological Chemistry.
2015;290(24):15018-29.

38. Sp N, Kang DY, Joung YH, Park JH, Kim WS,
Lee HK, et al. Nobiletin inhibits angiogenesis by
regulating Src/FAK/STAT3-mediated signaling
through PXN in ER+ breast cancer cells.
International Journal of Molecular Sciences.
2017;18(5):935.

39. Rigiracciolo DC, Cirillo F, Talia M, Muglia L,
Gutkind JS, Maggiolini M, et al. Focal adhesion
kinase fine tunes multifaced signals toward breast
cancer progression. Cancers. 2021;13(4):645.

40. Mertins P, Mani D, Ruggles KV, Gillette MA,
Clauser KR, Wang P, et al. Proteogenomics
connects somatic mutations to signalling in breast
cancer. Nature. 2016;534(7605):55-62.

41. Kim Y-H, Kim H-K, Kim HY, Gawk H, Bae S-
H, Sim HW, et al. FAK-copy-gain is a predictive
marker for sensitivity to FAK inhibition in breast
cancer. Cancers. 2019;11(9):1288.

42. Erskine RM, Williams AG, Jones DA, Stewart
CE, Degens H. Do PTK2 gene polymorphisms
contribute to the interindividual variability in
muscle strength and the response to resistance
training? A preliminary report. Journal of Applied
Physiology. 2012;112(8):1329-34.

VFoY Olunl o o)l Vo 093/ (Ko pois olKisls aloxo

VYA


https://dor.isc.ac/dor/20.1001.1.25382810.1402.10.2.8.3
https://journal.jmu.ac.ir/article-1-731-en.html

[ Downloaded from journal .jmu.ac.ir on 2026-01-31 ]

[ DOR: 20.1001.1.25382810.1402.10.2.8.3 ]

Taherizadeh et al/ The expression of Paxillin and PTK2 in the Brain of Rats with Glioblastoma Multiforme
after Exercise Training

Investigating the Changes in the Expression of Paxillin and PTK2 Genes in
the Brain Tissue of Rats with Glioblastoma Multiforme after Aerobic
Exercise Training

Received: 9 May 2023 Accepted: 15 Sep 2023

Neda Taherizadeh?, Farshad Ghazalian®", Hossein Shirvani®, Mandana Gholami? Hossein Abednatanzi*
1. PhD Student of Physical Education and Sports Sciences, Science and Research Branch, Islamic Azad
University, Tehran, Iran 2. Associate Professor, Department of Physical Education and Sports Sciences, Science
and Research Branch, Islamic Azad University, Tehran, Iran 3. Associate Professor, Exercise Physiology
Research Center, Life Style Institute, Bagiyatallah University of Medical Sciences, Tehran, Iran 4. Assistance
Professor, Department of Physical Education and Sports Sciences, Science and Research Branch, Islamic Azad
University, Tehran, Iran

Abstract

Introduction: Exercise is one of the recommended factors to reduce mortality from all types of cancer,
especially brain cancer. The purpose of this study was to investigate the changes in the expression of
Paxillin and PTK2 genes in the brain tissue of rats with glioblastoma multiforme after aerobic exercise
training.

Materials and Methods: Twenty-four male Wistar rats were divided into three groups (n=8): Healthy
control, brain tumor, and tumor + aerobic training (AT). Glioblastoma was injected into frontal cortex of
rats' brain. The exercise group performed aerobic exercises on the treadmill for four weeks and three days
per week at a speed of 18 meters per minute for 25 to 40 minutes. At the end, the rats were sacrificed and
Paxillin and PTK2 genes of their brain tissue were analyzed by Real-time PCR method. Histological
images with H&E method were also used to confirm the tumor.

Results: The tumor group showed increased necrosis and brain tissue damage compared to the healthy
control group. In addition, the tumor group showed a significant increase in the expression of Paxillin and
PTK2 genes compared to the healthy control group (p<0.001). This was while doing aerobic exercise in
animals with brain tumor caused a significant decrease in Paxillin and PTK2 compared to the tumor group
(p<0.001).

Conclusion: Performing aerobic exercise in animals with brain tumors can reduce tumor cell strength by
reducing the expression of Paxillin and PTK2 genes (effective in the extracellular matrix). However, more
studies are needed in this field.
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