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Accepted: 13 May 2023 Introduction: The XRCC7 gene, encoding the catalytic subunit of DNA-activated
Keywords: ) protein kinase (DNA-PKcs), is one of the most important genes in the DNA double-
Multiple Sclerosis strand break (DSBs) repair. It is supposed that DNA repair gene malfunction is the main
Single nucleotide risk factor in various neurodegenerative diseases. The impact of XRCC7 G6721T
polymorphism (rs7003908) polymorphism on the splicing regulation cause mRNA instability.
XRCC7 Therefore, the current study aimed to assess the possible association between XRCC7

G6721T polymorphism and MS susceptibility in a sample of Iranian population.
Method: This case-control study was performed on 113 MS patients versus 122
healthy controls. The genotype analysis of the XRCC7 G6721T polymorphism was
performed using the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) technique.

Results: A significant statistical difference in the genotypic frequencies of TT between
cases and controls was found (P=0.003). The genotypic frequencies of the XRCC7
G6721T polymorphism were not significantly different in MS patients compared to
the control group under the dominant and recessive genetic models. Moreover, the
T allele was the risk factor for MS (P=0.002).

Conclusion: Our results provide evidence for a possible link between XRCC7 and
the development of MS in the Iranian population. Therefore, further studies with
larger sample sizes are required to support the findings of this research.

Copyright © 2023 The Author(s), Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http.//creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and rediistribute material just in noncommercial usages, provided the original work is properly cited.


mailto:denial_jahantigh@yahoo.com
https://dx.doi.org/10.32592/nkums.15.2.87
https://dx.doi.org/10.32592/nkums.14.4.1
https://orcid.org/0000-0002-0205-7399
https://orcid.org/0000-0002-0756-404X
https://orcid.org/0000-0002-5982-2493
https://journal.nkums.ac.ir/article-1-2784-fa.html

i

o sl 33 S 31 pole ol alono

1F oY bl ¥ o low 10 0499

gy Jlo

Josidlo 5 o 43 3t a5 § (GET21T) XRCC755 39 pousd s,k o B4
G595 g0 dadliao § yw §g St

TR .
oI5 (29,6 56 €

" zia ol (e ple il

Ol ol plbinzrgl 5 limm ol23ls pgle 0aSLasls (bt 09,5 ¢ J3SUgn 5 (Joho (oulittcons; Jlsbin!’

Sl eohaly (lasly (S pole olRails o515 e (slacs Loy o S5 lihods 35 5

olalplaaly plaaly (S psle olftils olasl 5 5ie 0,5 wolasl 5 jae sl

Olnlphialy olaaly (S pole olRasls S 09,5+ JsSga S luilsT

el LRl eghaaly egliazsl 5 Ol oS3l ipgle 0uSLasls (oulituns ) 09,5 & Sl JUIs 1 guno o0iumy g3

danial_jahantigh@yahoo.com

DOI: 10.32592/nkums.15.2.87

SVC SN | SR TARYL S PR P

s

o5 5 s 5 5 (S (DNA-PKCS) DNA L ot Jlsd 5L (iSs (655061 0oy s 0aiSas XRCCT o doaiio TV VTV ibndy @0

s len ;o Lol s Jole DNA o5 o5 8 Slas (ai a5 cunl ()l 5 (6,8 .2l (DSBs) DNA glawis g0 s Siss

Sl el 85 oy walsis (59, 2 XRCCT GB72LT (rS7003908) paudjgmoly il il cilises (55,55 00iiS ey 55 Fsels o3l
XRCCT GOT21T s ysn cly 2 Mool bl ooy o by sl aalllnn o, el 51 sl o olgiiins 255 0 MRNA v‘*ﬁfi’s“)‘(' F;*C“E’;’

b bl Sl Casez 3l slaigas ;o MS @ el o

9 Jelodgnsad b el ol 03 WYY Jlie 1o MS 4 die Lo IVY (55, sualiien 90 anlllas onl 1) by
loisgas] b Y+ 45ui SPSS Jf38la 5 5 laosls .a ploil PCR-RFLP (S5 ) sslizial b XRCCT GB721T s ygo Ll
Aad Jdovigds s +/+ 0 (6 lobine mlaw o &)L

eyl (o935 Slgl2 P/ ¥) b omline il 53550 ol 3l s TT isif Slgls 4 (5 )lo sine (5 ol glis sloasdly
(Bl (5 5 stne Sogli5 cmphie 5 i LS55 cslo e ot S 0g,F b duylia o MS ol jless o XRCCT G6721T
(P=+1-Y) 55 MS (s lows sl s Jole T W el opdle

ool® Gl Coxez 9 MS (gilons 595 9 KRCCT (5 guncd g0l i Jloiol b)) (sl 1y (gomlyds Lo s 15y e

EESTULPS R CPew Jrvty

[ Downloaded from journal.nkums.ac.ir on 2025-12-08 ]

el 5L iged e Al L ity Slalllae &y« aim sl gl aul (gl 4l sasS e

ST 5T slapits 8 Slocegus b ol o ROS 0 5l s adgs
o alozjl dnJ5Slpes SLe & Wigon orny SlapunrlSe b
e (S pme 5o i [0] Wil s DNA 6290 5 by
odiS 0 35 sl lon 5l (Fp 4 i hlew (slagyg)g ;0 DNA
e S gexd 4 Sl (See g Sl oud (A (orae
2 oab b oolyen gilanST Loyl [l wsl poae oaiS'ey 5o
Sl 55 0Ll IV] 05 o 2t grae sla sl po o955 Sls
S8 giro 5 (Sl DNA (o 5 (sl oo ;0 a5 510 5l iy oS
ol b ozl o MS Sluls jo Oglite jsbay wijls clso
azgi yo 0 Gl (S Slalllae (ol odle [P-F] wigd oo
s scdl b awlie ;0 ) MS Jlé wluls 0 DNA (ol

Aoddo
oxiiS e Lo slacslo 5l (S «MS) ey Sl el
WAl L o SdlS bt MS ool (CNS) (635 50 (ma e
Eoes D9 oo e gl g jho 50 555 g (rilie (o jaT o 5
Iy o] call o ite puiz o3isu (lsx GYLS 5 o MS
atie Sde g g sl ASLAL Pl cpl &8s cde g 555k
S5 5 sheme Jelse 5l golast (Jlnll ol 352 MS (6l

[¥]ass o o) 5en (s low ol bl 5o
ozl egilannST logw il &5 s oo las (G93l39, Salgd
dngi 5 MS 555l 1> slodws (18 (ROS) Jlb (50T (slacisS
prerlglio (b 35 (reo g ool Jpaze Jsiea ROS [F] wijls o]
Shiowiel Jelss lawgs izmen 9 sl ;o 05ST (b

L0] 09 o adgs olimios (sloansl 5 el jslo anisl asile o lawe

Copyright © 2023 The Author(s), Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http.//creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


mailto:danial_jahantigh@science.usb.ac.ir
https://dx.doi.org/10.32592/nkums.15.2.87
https://orcid.org/0000-0002-0205-7399
https://orcid.org/0000-0002-0756-404X
https://orcid.org/0000-0002-5982-2493
https://journal.nkums.ac.ir/article-1-2784-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-08 ]

OLes 9 & ke

MS Jlaw MY (gonli 60,50 asllas (] jo oulasillas of 3l .coul
JysS 9,3 WYY 5 [Y-] McDonald (slajlixe ool 1 ool
Congd 5 iz o b Soetn 5 (rae S)lom AT o
O Jsaz) wiogs wllos oLl b susluos

Slasl 5 e SelS @ oanSanrlye Bl ol 51 Ghlew ples
Sl Gl 38 opz plaaly (@) bl Gl e s les
5 4525 (b Shalls elul » llen Sl o jlne diad
WSl Joily Boaae (Su3slpe0d950l Slalllas CSF - Julos
4o 5l e hlew g 5 e MRI Gldlas  (VEP) 6 e
@ arg bas as an s o8 sl abeuls, pfauses s
g olKails ] Al sudaid dy cloaS 5 Sieds 4l
D¢ 03l

P TER PSRN I NJENICE PPN RIS
ooy b s> slaaises i az8,F EDTASGslS Jslne (g5l
-YC o sles jo 95 dbw o JedS atwa 5l DNA 15l
p555 SekS JSS 5 55 5| Sensis DNA gltial s (5 oS
ool 5 «Sinaclon, Iran) oS 5l eolatwl b coadzl sl
CeAS 5 eaS il jlitens 285 plnl S osllgias
Sldagl ogls ax s g clale 51 8T 5 suizl el slaDNA
s ooliul 55T 5 59 5,589,580 5 ol y05il olSiws

51 esliiul b 1ol XRCCT GBT2LT (55 endypoish comsr Sl
Forward 5-CGGCTGCCAA  Jly L  ob,elycas
Reverse 5-TGCCCTTAGTGGTTC, CGTTCTTTCC-3'
hide ok iS5 5l Glaebl gl 5 alosl PCR CCTGG-3'
Wlog ppsasil b g 651380 aoy0 ) 5,51 5 555 2 PCR Jsuammo
adgl s yuoly alo o Jols iS5 53S9 plosil Jasl s o (6501 S
AF°C loo jo cudjuly d> o @ ds O Saedy WOC gloo ;o
Wl Fr ey FRIFC Glos o Jlal als e il YO Sy
» sl ST Al e 5 4l Ve Saey VYTC (slos jo 2S5 al> e
Slakad L iST 5l Glicebl gl 09 akBs il Saeds YY'C glos
J5 sy s Ae 5ldg L aids Fr Dseay POR w¥gams ¢ i

D 5,999 Sl sy ¥ )')Lﬂ

[F] wlos S anb MS ol )lews oanis
o555 ] 3 65 G 5> Az 5500 ol DNA s sl
el Gln 1) Lapgises)S pglhe jobar 5 wloass ads Jla o
b oianl g e aule «(Exogenous) lyeyg, Jelse 5l (obb (slacaw]
Sl oy WS o g, (Endogenous) 15:5,0 (sl e
S5 oS 09 s e (o098 (SLo 4 (DSB) sy (Ssis
99 1, sl 90 slo S [A] ol come YN ladasuin
sl Jlail 5 (HR) Solsen oS 5g 1S o puoy s
@l e s (Ollaibiny slashe )3 . (NHED) S glgen o2
Sl FuSs prass sl S moy e (NHED) Solpen
s 3> (gwlsl 2 XRCCT[) + 4] ol (DSBS) DNA (gl ;90
oSl NHEJ o0iiSame 5 (35 o XRCCT .aS o Liy] NHEJ
35 |, (DNA-PKes) DNAL oo Jlsd Sl 5s 5 (6 595Jb15 ol
ksl Jlasl jeas 0 DNA Jlal (sl DNAPKes oS
[V ] el (6590 el ADSB. 25T (o 5 Johuno 45 S glgan 2
5l ONP) (6359315 5SS mancd yga sy ¢ Sy Sl s 50
Sy Jols o S DNA JIg5 53 peis o bjeo SNP S5 e
sl [ Jols Ysome LSNPl ey il ol 0552lS's3
DN el 4l car alfas IS5 L oz ie (lki
2l XRCCT 5 A oygyial 5o (1S7003908) GB721T pnsd y30 s
Gl 9l 5 955 MRNA (6 bl el col (Sas o5 098 0
DVOYT by s 3 S92 b sy ol Bls ) VY] s qdas
Slomnsdyg0 oy el 00 gy VW] oy 65l 5 V7] gy
» izl sl Lelse (lgica DNA oaiSiven i slag 5o goaaie
ot yza sy o LS Jlcnll 18 OAl Wl o) n MS (5 lous
gy ol 3l el suile 3l axlsl MS & Myl as 3 XRCCT7 5
Sl e 9 XRCCT GBT2LT gl ad o s bl )| ¢yl anlllae

LTy

W o315 o>l 9 DNA gl ol cdiges 5591 2o
05,5 wnl laaly (Sap pole olfiils DS ateS 1) 039,

asdllas 5y90 Gdiged (cw laseie ) Joo

(5 1Y Y=0law) J s (5 1V Y=0laxs) MS 4 slows PWES
AE/YA AAIYS 031950

- Ay (AVIF/) (RR-MS) ouisly 8 guge-ousaSwage

- VE YD) (SP-MS) 4 g5l ouig ymiiny

- Y (VIS (PP-MS) adsf onig pions

YA Y YYIF £ AR (JW) o

- YAIS £ AIF (JWw) (5 ylows £ 9340 cymw

RR-MS: relapsing remitting MS; SP-MS: Secondary progressive MS; PP-MS: Primary progressive MS.

A4


https://journal.nkums.ac.ir/article-1-2784-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-08 ]

VoY olaal oY oylas 0 098« Jloh lwl y3 Sy pole olidls alo

s MS Olile (e Caegd 5 Sz Sl 5] ()3 e gl s
ol G SrSetar Dol (nl p ogdle 1Bl 3525 Bl 09 8
peaygash won slp () Joo) Bl 3529 £9,0 (o 9 MS
oaxdd by e sl b oyl man S5 5l XRCCT G6721T
555 3 U Sleld mje b solitl (PCR — RFLP) Jgae
rl Slgly sl ool aoM ¥ Jgaz 50 aslllas 390 e 50
ol 53 MS & Sice ol31 55 (SNP) (5055205 5eS5 e 30,
S S8, SNP (ol 1,8 355 s eils )3 S ey o
(P4 0) 0gr Jolas ol 5l C)l}

XRCCT GBT21T e j50 b GG LI g 30 s sl
Qo ,0 VGl ieds MS a5 olilows 10 9 0o, VYT S o481
S350 paedjge s ol GT &9 ,50 ol 8l Jlgl 3 .0l comlice
gl cnl adl a8 cudls ol S0y b S35 095 5 slem 09,5
TT cibse Sofejgen 395 590 Olime (P=21FY) 093 Jlo s
Solow 4 Ml a3 XRCCT GBT2LT (o595 S5 nad 50k
bl S5l il el a8 sls il e YA oy 1, MS
b MSi lors b et ygai syl BLS,1P=/0Y) g o sime
3 (Dominant) _Jle 5 (Recessive) glio (sla Jowsl ool
(¥ Jgaz) aitd evalive (6 )lo gime bLI | a5 0l (o)

15 9o B0 5l i MS 4 dkis il 5o T cilige T Syl
oS 0l oaslin JyuS o3l o000 Lo,d Jlghd b awslic
VIO Glimeds MS (6 )laws @ Ml Jlosiz] jlo cine (iol58) oaimsylis

(P=e/+Y) o9 plp

(Bl YPADD s> o Job aS il puSS aslad wom al> 0 o
8,5 1,8 (Thermo Fisher Scientific, USA) Pvull o 31 5l cow
Wil T asilS s azly XRCCT o5 5 #YY) 4l 45 5,900
G oigilS s 4l nl yo STl 0,55 walys oy o3l cal asss
550 osalin 5 w31 Sl gy 2 (512 055 Alg30 (b il e
O J5 9 W 5989 550 o0 VIO 55T 5 (g5, Wadiged «5b
03,95 by s dalid &S 5 )90,0 ab (550l K Wileg ppgrs]
Gy (Y JSK5) 090 diplgs pdyenlice AFDp 4 YYFbP Wb g0 calily
03,5 55 8 (oo 3l (ol j5bes ladigas paascSy 390> s anls
@l o5 Wad ey bap] cusis o)l 5 Dbl S5 g e
APV L VIRV IR W1

bl sl bl

Chi-square ;I wJlo 5 Lo 09,5 99 (y (S 9 (HT Slgl 3 anlin
(Odd Ratio)  pilés o § Sz ygums )5 ) Joo 5l oolazwl L test
gl (s ol 50 oD dnlre S35 g Lo laog S G 5o
A5 50 bl slasdll s Jlo sins Jlada plgieas [+ 0 5l sime
SPSSINC., IL, ) Y+ asewd SPSS l38ln 5 Lasgs Lavools ot 48,8
b 5JLT «(Chicago

Lasl
JL YY/F £ M s 5Kk LMS e WYY ol asdlae (o
Yo IhE VY o oSl b ol 0,8 VYY 5 (0,0 YO 5 (55 AA)

2 XRCC7 GB721T 8 j50 s (sl (050 YA 5 5 4F) Jlo

J5S 05,8 s MS sy (n po XRCCT GBT21T ot yp0 sy (T 5 355 Slsl3 ¥ Jgor

p-value OR (Cl 95%) (5 IVY=0los) J 08 (6 NY=3laxi) MS 5l G gl
Co-dominant Jue
OV N0 Iy A GG (Il ©g555902)
AR VIEY (- 10A-Y/#9) FEIv) VA (OFINL) #Y GT (w39 yi)
oY YIAY (V- Y-YIEA) (YY/A7) YA (YAI-7) £Y TT (Calio ©g%s jg00)
Dominant Juwe
OYIY/) 0 \IRAYN GG
ATS VIAY (- IVE-¥/0Y) AYIVI) =Y QYY) V-0 GT+TT
Recessive Joo
AYIV/YN-Y QYY) V-0 GT+TT
SN VIOF (+13=YIY+) (YY/A7) YA (VA= 1) £Y TT
(PY]
(FF/57) 1 -4 (VE107) YA G
ofeY VIOY (V- O-Y/TY) BOI/) YD (FOIF7) \FA T
ey -V (HWE) &S yslg 0, Jobas

S50 5 ST ols s 3l eiuls o 55 CNS o olpdl GBI )

Ol ol o 5o iliee Sliios VY] 0pd o0 ymie piybcess
DNA o i sl iz liz! o bLs )l ol 28, 6l
o Bl e ld Slallas 4 sl ssd ool MS &y Sl s

59 550,3509,95 atuz OS] 51 (S5 (MS) s 39,8000 LIl

sl 4y a5 cl sl plal Gla 1Sl o5 a5 conl Gl


https://journal.nkums.ac.ir/article-1-2784-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-08 ]

OLes 9 & ke

IVl oty b3, (oras

@Ml s w58l L XRCCT 6721G5T  (Seit) pedygo sl
D] Lods Y] AML) sudshs ol> comg) slagylb o
S joilai | sl realoss silow s D0 ailis o pus
a5 Jb o el Lo o VY] 6l o (559,L6 pizmon 5 [V ] (SLE)
4l s 5 b ygehy Crl e sold e BLII s Slalllas
5 oA [VF Y] wloo S5 (3155 sadsnsd 5 kS slaplo e
) el laeas 5 cpl preemRNA - olio o Ol s
ool V7 YOI cosl oals ools lis aslllas cpasz 10 1505 Lo
a5 whols olas asds  Seloysiilyn slodubs mls
XRCC7 6721 ,o T P14 G YT (Transversion) ablie 350>
DIVT 05ls (55 Gl Sl aial 3 55 sl 1, (sloglly Jomilsy
XRCCT GB721T o9 55! om0k (60, 5has Camanl ¢ Jl>cpll
P RO K VUV TS A RSO JO Pt PO ST
a2 1ol ol Geis ol el XRCCT 3 MRNA (il g
W 50 g 9,13 56 DNA o p jone p Wilgi oo ol opl &5
ol (Genotoxic) SeuSsigs Jalse plp j0 b Jokow Cunglio
Sldlas ;o b oYles] cpl @z 31 was als 1) MS 4 M
gl gy 0]

S 5 A

by sy 45 w1, sualyd anllas oyl acSE jebay
sl gl 6yl el sl Ko XRCCT 145 GOT2LT (50,5521S S5
lanllas (gl ol a8 bl 51wl ol (B gt Crez ;5 MS
MS 4 Copmslr § XROCT 90,y oyt (55 sine Bl | a5 e

o b oyt Slallae Lo gloasil ol lp WS o )5 1,

D9 o0 Aoy chlite ogd Glacarez 1 5,5 sladiges
S Sl

olsaly (Sog pole oRiils ciglas Jbo coloas b roghy cpl
el oo plonil [£49) a8 S o Las]

&lo o)l

3 il e Bty

References

1. Rodriguez Murta S, Farez MF, Quintana FJ. The immune
response in multiple sclerosis. Annu Rev Pathol. 2022;17:121-
139. DOI: 10.1146/annurev-pathol-052920-040318 PMID:
34606377

2. Dobson R, Giovannoni G. Multiple sclerosis-a review. Eur J
Neurol. 2019;26(1):27-40. DOI: 10.1111/ene.13819 PMID:
30300457

3. Patsopoulos NA. Genetics of multiple sclerosis: an overview and new
directions. Cold Spring Harb Perspect Med, 2018;8(7):a028951.
DOI: 10.1101/cshperspect.a028951 PMID: 29440325

4. Vodjgani M, Salehi Z, Izad M. The influence of reactive oxygen

Q)

MS (5,boz 5 DNAGo 5 (slapincs 5| (2 Sl 05 oy sosh
5 ‘Txgl.;.‘i MS ).:)9;[.\ » L‘bf""“‘j)ygsl" s J..IO5)LC Ll 00l J..JSU
MS (lhlow locamstd 13 5 oo pls 03 Ol o

L] sl o glolis
XRCCT GBT21T ()3 s 30 sy ol L3yl asllas 4o
MS (s )low S5 9 592 b sy cnl LS 8L jslareas
XRCCT GOT21T ety sl ot ctlsl 3y)58 lsiss ol ousy o
955 gl 99 5 50 Olpl (Brb Cgix une )3 MS lle 5o
G550 gy (Slol ad samlie (g lo sme glas T 4
XRCCT 5 GO721T (soistlfsicSi psdysn sy 5o TT woslie
g Oglite pllo J3uS 09,5 5 MS (lilew ()l s5bas
ol T cilige JT oS olo olis Giagh ol =l (ol poedle
S 5o el el a5l S50 MS 388 gl 5 e a2 5]
O 359L 50 el (i guilannST o il aos o (LS 4S5 18 0929
Jolss 055 51 256 (ROS) (y50mST Jlnd slodisS mozss [F] 0, (5 5lem
s ol oSles g gt oyl s 5l i ode e
1 0555 Sg iy (ol ogdle O] Wil o] DNA o535
O s 3 g g8l alS el Ylatol ae sla sk
SIS sl ssbas 13095 5 1500950 aie 99 52 5| DNA (ol
S8 S old Lis 4 DNA ey (slaalp il dos
LIS soges LR cmal g (Sonl i Codl Lad> 0 g AiiS oo
3 adgl piyasas slaolays, 5l (o 55laenSTDNA ool [YY]
Gl (dls @oDe £9,5 51 I ccdél aS conl peae 5 )lo (i
W ys T e 0S5 len iz 5l (Sl Ghle
ey S0; 50 pad ol el ool oo 5513509,95 sl
Ssloxt (AD) sailill (5 louz sl 058l a3 felse (lsica; DNA
VLS il g (ALS) SKdgismel ol o,lSl Oy sl

species in the immune system and pathogenesis of multiple
sclerosis. Autoimmune Dis. 2020;2020:1-14. DOI: 10.1155/
2020/5793817 PMID: 32789026

5. Ohl K, Tenbrock K, Kipp M. Oxidative stress in multiple sclerosis:
Central and peripheral mode of action. Exp Neurol. 2016;277:58-67.
DOI: 10.1016/j.expneurol.2015.11.010 PMID: 26626971

6. Karahalil B, Orhan G, Ak F. The impact of detoxifying and repair
gene polymorphisms and the levels of serum ROS in the
susceptibility to multiple sclerosis. Clin Neurol Neurosurg. 2015;
139:288-294. DOI: 10.1016/j.clineuro.2015.10.028 PMID:
26562193


https://doi.org/10.1146/annurev-pathol-052920-040318
https://pubmed.ncbi.nlm.nih.gov/34606377/
https://pubmed.ncbi.nlm.nih.gov/34606377/
https://doi.org/10.1111/ene.13819
https://pubmed.ncbi.nlm.nih.gov/30300457/
https://pubmed.ncbi.nlm.nih.gov/30300457/
https://doi.org/10.1101/cshperspect.a028951
https://pubmed.ncbi.nlm.nih.gov/29440325/
https://doi.org/10.1155/2020/5793817
https://doi.org/10.1155/2020/5793817
https://pubmed.ncbi.nlm.nih.gov/32789026/
https://doi.org/10.1016/j.expneurol.2015.11.010
https://pubmed.ncbi.nlm.nih.gov/26626971/
https://doi.org/10.1016/j.clineuro.2015.10.028
https://pubmed.ncbi.nlm.nih.gov/26562193/
https://pubmed.ncbi.nlm.nih.gov/26562193/
https://journal.nkums.ac.ir/article-1-2784-fa.html

[ Downloaded from journal.nkums.ac.ir on 2025-12-08 ]

7.

10.

11.

12.

13.

14.

15.

16.

VoY olaal oY oylas 0 098« Jloh lwl y3 Sy pole olidls alo

Fenster RJ, Suh J. The double-edged sword of the double-
stranded break. Neuropsychopharmacology. 2023;48(1):230-
231. DOI: 10.1038/s41386-022-01403-4 PMID: 35931813
Provasek VE, Mitra J, Malojirao VH, Hegde ML. DNA double-
strand breaks as pathogenic lesions in neurological disorders. /nt
J Mol Sci. 2022;23(9):4653. DOI: 10.3390/ijms23094653
PMID: 35563044

Chang HH, Pannunzio NR, Adachi N, Lieber MR. Non-
homologous DNA end joining and alternative pathways to
double-strand break repair. Nat Rev Mol Cell Biol.
2017;18(8):495-506. DOI: 10.1038/nrm.2017.48 PMID:
28512351

Stinson BM, Loparo JJ. Repair of DNA double-strand breaks by
the nonhomologous end joining pathway. Annu Rev Biochem.
2021;90:137-164. DOI: 10.1146/annurev-biochem-080320-
110356 PMID: 33556282

Kyrodimos E, Chrysovergis A, Mastronikolis N, Papanastasiou G,
Tsiambas E, Spyropoulou D, et al. The Landscape of single
nucleotide polymorphisms in papillary thyroid carcinoma.
Cancer Diagn Progn. 2023;3(1):26-30. DOI: 10.21873/
cdp.10175 PMID: 36632585

Sipley JD, Menninger JC, Hartley KO, Ward DC, Jackson SP,
Anderson CW. Gene for the catalytic subunit of the human DNA-
activated protein kinase maps to the site of the XRCC7 gene on
chromosome 8. Proc Natl Acad. Sci. 1995;92(16):7515-7519.
DOI: 10.1073/pnas.92.16.7515 PMID: 7638222

Farokhian F, Beyzaei Z, Ramzi M, Geramizadeh B Association
between genetic polymorphism of XRCC7 (G6721T) and acute
lymphoblastic leukemia risk. Egypt J Med Hum Genet.
2020;21(1):1-4. DOI: 10.21203/rs.2.19204/v1

Wang LE, Bondy ML, Shen H, El-Zein R, Aldape K, Cao Y, et al.
Polymorphisms of DNA repair genes and risk of glioma. Cancer
Res. 2004;64(16):5560-5563. DOI: 10.1158/0008-5472.CAN-
03-2181 PMID: 15313891

Zhi Y, Yu J, Liu Y, Wei Q, Yuan F, Zhou X, et al. Interaction
between polymorphisms of DNA repair genes significantly
modulated bladder cancer risk. /ntJ Med Sci. 2012;9(6):498-505.
DOI: 10.7150/ijms.4799 PMID: 22927776

Jahantigh D, Salimi S, Mousavi M, Moossavi M, Mohammadoo-
Khorasani M, Narooei-nejad M, et al. Association between
functional polymorphisms of DNA double-strand breaks in repair
genes XRCC5, XRCC6 and XRCC7 with the risk of systemic
lupus erythematosus in South East Iran. DNA Cell Biol

ay

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

2015;34(5):360-366. DOI: 10.1089/dna.2014.2465 PMID:
25756210

Jahantigh D, Hosseinzadeh Colagar A. XRCC5 VNTR, XRCC6-
61C> G, and XRCC7 6721G> T gene polymorphisms associated
with male infertility risk: evidences from case-control and in silico
studies. /nt J Endocrinol  2017;2017:4795076. DOl:
10.1155/2017/4795076 PMID: 28421111

Jahantigh D, Moghtaderi A, Narooie-Nejad M, Mousavi M,
Moossavi M, Salimi S, et al. Carriage of 2R allele at VNTR
polymorphous site of XRCC5 gene increases risk of multiple
sclerosisin an Iranian population. RussJ Genet. 2017;53(1):147-
152. DOI: 10.1134/5102279541612005X

Kichi ZA, Khani HF, Sahraian MA, Dosti R, Behmanesh M.
Association of two polymorphisms in MSH2 and XRCC1 genes
with multiple sclerosis in Iranian population. Physiol Pharmacol.
2016;20:83-89.

Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T,
Comi G, et al. Diagnosis of multiple sclerosis: 2017 revisions of
the McDonald criteria. Lancet Neurol. 2018;17(2):162-173.
DOI: 10.1016/51474-4422(17)30470-2 PMID: 29275977
Haider L, Fischer MT, Frischer JM, Bauer J, Hoftberger R,
Botond G, et al. Oxidative damage in multiple sclerosis lesions.
Brain. 2011;134(7):1914-1924. DOI: 10.1093/brain/awr128
PMID: 21653539

Maguina M, Kang PB, Tsai AC, Pacak CA. Peripheral
neuropathies associated with DNA repair disorders. Muscle
Nerve. 2023;67(2):101-110. DOI: 10.1002/mus.27721 PMID:
36190439

Hirata H, Hinoda Y, Matsuyama H, Tanaka Y, Okayama N,
Suehiro Y, et al. Polymorphisms of DNA repair genes are
associated with renal cell carcinoma. Bliochem Biophys Res
Commun, 2006;342(4):1058-1062. DOI: 10.1016/j.bbrc.2006.
02.030 PMID: 16510122

Sturgis EM, Zhao C, Zheng R, Wei Q. Radiation response
genotype and risk of differentiated thyroid cancer: a case-control
analysis. Laryngoscope. 2005;115(6):938-945. DOI: 10.1097/
01.MLG.0000163765.88158.86 PMID: 15933498

Douglas AG, Wood MJ. RNA splicing: disease and therapy. Brief
Funct Genom. 2011;10(3):151-164. DOI: 10.1093/bfgp/elr020
PMID: 21628314

Tazi J, Bakkour N, Stamm S. Alternative splicing and disease.
Biochim Biophys Acta. 2009;1792(1):14-26. DOI: 10.1016/j.
bbadis.2008.09.017 PMID: 18992329


https://doi.org/10.1038/s41386-022-01403-4
https://pubmed.ncbi.nlm.nih.gov/35931813/
https://doi.org/10.3390/ijms23094653
https://pubmed.ncbi.nlm.nih.gov/35563044/
https://doi.org/10.1038/nrm.2017.48
https://pubmed.ncbi.nlm.nih.gov/28512351/
https://pubmed.ncbi.nlm.nih.gov/28512351/
https://doi.org/10.1146/annurev-biochem-080320-110356
https://doi.org/10.1146/annurev-biochem-080320-110356
https://pubmed.ncbi.nlm.nih.gov/33556282/
https://doi.org/10.21873/cdp.10175
https://doi.org/10.21873/cdp.10175
https://pubmed.ncbi.nlm.nih.gov/36632585/
https://doi.org/10.1073/pnas.92.16.7515
https://pubmed.ncbi.nlm.nih.gov/7638222/
http://dx.doi.org/10.21203/rs.2.19204/v1
https://doi.org/10.1158/0008-5472.can-03-2181
https://doi.org/10.1158/0008-5472.can-03-2181
https://pubmed.ncbi.nlm.nih.gov/15313891/
https://doi.org/10.7150/ijms.4799
https://pubmed.ncbi.nlm.nih.gov/22927776/
https://doi.org/10.1089/dna.2014.2465
https://pubmed.ncbi.nlm.nih.gov/25756210/
https://pubmed.ncbi.nlm.nih.gov/25756210/
https://doi.org/10.1155/2017/4795076
https://doi.org/10.1155/2017/4795076
https://pubmed.ncbi.nlm.nih.gov/28421111/
https://doi.org/10.1134/S102279541612005X
https://doi.org/10.1016/s1474-4422\(17\)30470-2
https://pubmed.ncbi.nlm.nih.gov/29275977/
https://doi.org/10.1093/brain/awr128
https://pubmed.ncbi.nlm.nih.gov/21653539/
https://doi.org/10.1002/mus.27721
https://pubmed.ncbi.nlm.nih.gov/36190439/
https://pubmed.ncbi.nlm.nih.gov/36190439/
https://doi.org/10.1016/j.bbrc.2006.02.030
https://doi.org/10.1016/j.bbrc.2006.02.030
https://pubmed.ncbi.nlm.nih.gov/16510122/
https://doi.org/10.1097/01.mlg.0000163765.88158.86
https://doi.org/10.1097/01.mlg.0000163765.88158.86
https://pubmed.ncbi.nlm.nih.gov/15933498/
https://doi.org/10.1093/bfgp/elr020
https://pubmed.ncbi.nlm.nih.gov/21628314/
https://doi.org/10.1016/j.bbadis.2008.09.017
https://doi.org/10.1016/j.bbadis.2008.09.017
https://pubmed.ncbi.nlm.nih.gov/18992329/
https://journal.nkums.ac.ir/article-1-2784-fa.html
http://www.tcpdf.org

