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Fig 3) RNA secondary structure changes caused by MLH1 gene (SNP: rs63749795C>T) polymorphism
(A. Wild allele, B. Mutant allele)

ColB W Ss s onl cher opl i 3 s Al
Gl ol ol das o s 51, C 6Ll L iSon
(MMR) Gills pls oans oo e Sllad alS
B Bl b Al e e (pl s
Sl 2y o Sl 4 > 3 MLHL 55,
556 5IMMR 55, 558 s MMR 55,

O0) el Sy 0l 51 58 sl 55 S
Ml Sy b s 528 5 ST gl ISty bLs )
a S 15 axdllas 550 Slads 4 il O
D3 YAV s andlie b 0Len 5 ke (Y0 e
2558 3 Ol Ol s a5 Mas 03 YAY 5 (Il J 28
TIC (555 om sbisme bliyl sy ks
Sl ks il53l s MLHL 5 rs63749795 oS -
Slalp ey ol 53 i3S lsS by O

C}q.?u: 3 Loy vyvy CC g:hs:).vj .\;—b )bﬁ\

&

)
ﬁ;WgQuld@j\ oy Dl g se ole 2
ok Cbli= et (MMR) (g5l wiles 5l ds
Como 5 SB35 Golbl s gdds i L
e Ll IMMR L Sas (F) cl gilaaslen
MLHL ol e S ol
ghs el 2 ¥l 5l S (mutL homolog 1)
Cel o8 MLHL 05 V¥8 Combse 3 g
3 g g Sgmbge l 55 fely g b st S
5> 5 UAA 0,08 o CAA 0508 Jas 4 =
drt 53 a5 bl LY 05 S sl Sl
il g Sl 5ol ol S b el 5l 0
Sy uils dalgs ATPase ey S s
(s MLHL 55, L bl Je= 5
5L C wll 4 el gl PMSI/MLH3/PMS2

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.26.3.155
http://ismj.bpums.ac.ir/article-1-1852-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-04 ]

[ DOI: 10.61186/ismj.26.3.155 ]

\FeY _)ﬁ)q.i}.ﬂ.:,a/"’ AJM/W}%JL»

s b N FY

25 Bl s bl or ey

Corax 53 SNP ol 655 2 0D 5 Sl anlllas
ol ASakr o gl ime BLELI OlSL 58
wile & MLHL 0 rs63749795 s ,ilS 5 G
5 SIS sl Ol (Kb o35 pa s s Solsl
5 o o e Al ey pde 30 O
05 163749795 5 418 5 5 oKl IS
B8 ples pds (A Lozl 2515 1, MLHL
3 o3l sl b bLisl ps Ll e sk 5o 0nl
Jol> Kl o &S LEL Comex 53 (SB) 4
QI g e adie > S fie Ll ss
w Was Sley B A Gy glasdllas (V) AL
o @3l 5 slag Olgs 4 Ok Sl Ol Ol
pde skias Ol als Olse 4 LOT 505 sl
5 52286940 rs1799977 SNP «. sl aa
Ol Sl Sy, L MLHT o5 11800734
(YY) 550 Ol

Ales adlas L OLas 5 S s Jtass 53
Sbgis,  esledl L MLHL o5 ol
OOl GalS s (ol e BLI I Lo g g
EE ol LS B I Oy O L 05
S iy 4y Ll s MLHL 5 508 asllae o) 51 Lol
Bl 5o Sloss end b a8 55 e Ol Ol s
S5 Oy amss (o LMMR a5 o
V) s 5058 Sl me Bl (Sl 5 a6 S
st gls 15 4 okt ploil Slallas el
10) CRC bl oo s o1 dsuls 5 MLH1
Gl pre (o Yo EC 5 (awls
Aok spde edalie Loduu S
CRC Koo, U MLHL 05 405, 151800734

03 by alssl ol Osedite cazils ool on

Clacs sy Jold asl e P ghls 33l Slsl 3
e aslllas ol 53 55 s Y TT , CT
LSy S s Kl e el
S e Sl b LMLHL 5 rs63749820C/T
OA) A oS s e Ol

P A Sy 3l Jel ml bl
Olpl st Jled 065 Camer 53 CC s pon
i ) dls s Gl e S sdalie
5 o3 sl CT 5 TT glacs ol Jols ail
bl cpl g b pme e WOl Slsl 5 Cadlas
b T 5 s sl Sl 5 On Sl sme Bl
s MLH1 05 rs63749795 |Si dor oKl o
Ozl 8 Jled O3 53 Oy O v 42 Ml Jlo|
ol O el s el s A5 sdalia
SOl IS dr e sl e BLII St
S e s MLHL O rs63749795 s 42 &
e oy g8 Jold adlee shse L We
G852 5 o5n 5 IS 55 G Ml o 305
A edalie &) sae

T St O (McCullough) Ji5
bl Gl pdle e e 05 4w SNP
MLH1 (rs2286940) MSH3 (rs1650663)
(rs4583514 rs3732182 rs2303428) MSH2
1, MLH1(rs1799977) (s5 Shes SNP S,
S 030V Y 5 Ol Ol o a5 Sl 05 V1O (555
T P oM ol o NS asdles S0 )
£l oy aadlae 5,50 WSNP o L3
Sote gon aslllas ol 53 A5 salie iy O
ml,l:}w)uSNPj\&@yl;\ﬁw
aalllas l gl et i 3L Ol Ol o 4y

Qﬂ‘@\;}.(\'\)zl,\i ol bls Stl unds L

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.26.3.155
http://ismj.bpums.ac.ir/article-1-1852-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-04 ]

[ DOI: 10.61186/ismj.26.3.155 ]

VIY /Ol Ol o 4 Mol slaial U MLHL 05 K30 ol o0

b‘)m K} a.:‘ng.La

5 omb £ on Sl Sled Sl gl
Al cal (Y8) 5)ls S a5 RNA al i
e Sl ol (ol e pad U]
Soiled Sy w0 ) Aok s 55 RNA
e PRIk 5 ml ) el pdas e 0L

2l RNA sl gl gme 50 anlllas

& S domti
oo S 53 51 S e 53 CC K5 pen 555
JET RO PPN Pl mop S edalin J 2S5
05 1563749820 JSi wx oJSlx CT 5 TT
Camazr 55 Ol Ol s b (5515 gns L5, MLHL
Ales ea b T w55 e LSS ) 5, 50
5 @iy M Ol Ol Ol b (5)l3 s
51 e 31 L p55le LMLHL 051563749820
30 (6505 s s e 3l e J3
o8 s s (G bawl) 8 S sl
sl opl Sl 4 a5 Ll g S5 ol en
05 rs63749820 JSiae Ll 1 a8
o a3 Ol 0l o 4 S Jlaz=| L MLH
(ﬁ\ daljm {‘,\p okas OLiS ,u\):‘_;a Sl O ol
Al adlaie ol 0BG 53 Oy Oy b JSCoks
ol BLL (s e Oloebl [l 4 i
analr 3 Ol O o 4 Ol Jlezml b JSCSk
Ol andllae 5 Wl 5 slacs 3131 51 (6 5855 (6,

el o 55 LB 2S5 sle o)l s OF 31l

12598 5 ol
wdy dbyl elid S wbOll Jols G55 Liass
Cran S - Jde IS L etiea;
R VRN VIR (Wt PR WRCJCE, WSS S S

SLSNP Ll s Soe & EC Llad s
SNP -l 5 dii saalin EC Ky, L MLHL
YY) 5l 5ok 15 05 ol Ol 5 Ot
ik 53 Bl sy p pbike aallae G s
L1219V , -93G>A Lz MLHL 05 (3 Slas
—3ppm allie 1Y (laosls §parme 3 (a0l ¢l
oo 5 4 5m 5 Soslper ol pime el
P S gladas ples 53 ol opl 28 3515
a0 Ml Sy Ll L -93G>A i 5 A
Plod bl sbcgmar s lojat 0
5 1210V S 5,50 55 a3 OLES (6l sime
odalie Db, S35 2 o S S5 Jbe 22
S Olge 4 -93G>A (SNP i cpl 5o il
(Wang) Kils .(YF) s b yme 0l o gl Sbese
S St alen Ko (slardllas 53 OKes 5
b (p Sl CRC L= L I, MLH1 0}
oS aslllan gl 53 sl 13 s 50 JUS 458
o st A el s A I Jol (slaesls 555
o Ol 53 i 5 e bl CRC 0
b Ml Sy s o3ls OLES 5 cpass &0 55 28
304l i W OS> gl S Ve 55 ol
(Y0) 35 o ys YVI¥ 5 F¥/A o 5 4 05

LUl sl GBS ol S 4 s o
Sl Jlex=t U MLHL 51563749820 Lo
5 Sl Ol s Jled oy Ol Ol e«
1035 orl Al pde 5 Ll 55 Kos latass,
Ll r gl opl elles i (A0S Oty Ol s L
Loandlas 3)pe JSOkr oalian oo sdiasOls
AL adese 03 s Ol Ol

ol WIRNA (¢ =l o, RNASNp Sl 5

e s el Jie 55k LSNP (& b s

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.61186/ismj.26.3.155
http://ismj.bpums.ac.ir/article-1-1852-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-04 ]

[ DOI: 10.61186/ismj.26.3.155 ]

\FeY _)ﬁ)q.i}.ﬂ.:,a/"’ AJM/W}%JL»

s b N FY

8\.’4:\..&5
Oy OBy hwy sl 2ol 45z

ol 0 S

References:

Gy o3l 3 andllas ol Lol Ol
.L:.@.J:o[i.&ul: [GSvwny) OJ; J}Q}A—J}Lﬂ qu
Coslee 4l Lolastl a5y by obml b Sus

el 48l il WLOLL & g,

1.Wang J, Zhang S, Zhang Z, et al. A single-nu-
cleotide polymorphism involved in alternative
splicing of PTEN is associated with chemother-
apy resistance in breast cancer in Chinese pop-
ulation. Res square 2021; 1-22.

d0i:10.21203/rs.3.rs-360619/v1.

2.Lee A, Mavaddat N, Wilcox AN, et al. BOA-
DICEA: a comprehensive breast cancer risk
prediction model incorporating genetic and
nongenetic risk factors. Genet Med 2019;
21(8): 1708-1718.

doi: 10.1038/s41436-018-0406-9.

3.Afrasiabifar A, Hamzhiekia SH, Hosseini NA.
The effect of self-care program using orem’s
self- care model on the life quality of women
with breast cancer undergoing chemotherapy: a
randomized controlled trial. J Armgh Dane
2018; 23(1): 1-13. (Persian)

URL: http://armaghanj.yums.ac.ir/article-1-
2090-en.html.

4.Couch FJ, Rasmussen LJ, Hofstra R, et al. As-
sessment of functional effects of unclassified
genetic variants. Hum Mutat 2008; 29(11):
1314-1326.

doi: 10.1002/humu.20899.

5.Li GM. Mechanisms and functions of DNA
mismatch repair. Cell Res 2008; 18(1): 85-98.

doi: 10.1038/cr.2007.115.

6.Tarancén-Diez M, Bittner R, Friedrichs N. En-
hanced Tumoral MLH1-Expression in MLH1-
/PMS2-Deficient Colon Cancer Is Indicative of
Sporadic Colon Cancer and Not HNPCC. Pathol
Oncol Res 2020; 26(3): 1435-1439.

d0i:10.1007/s12253-018-00571-3.

7.Malik SS, Masood N, Asif M, et al. Expres-
sional analysis of MLH1 and MSH2 in breast
cancer. Curr prob cancer 2019; 43(2): 97-105.

doi: 10.1016/j.currproblcancer.2018.08.001.

8.Hsieh P, Yamane K. DNA mismatch repair:
molecular mechanism, cancer, and ageing.
Mech Ageing Dev 2008; 129(7-8): 391-407.

doi: 10.1016/j.mad.2008.02.012.

9.Jiricny J. The multifaceted mismatch-repair system.
Nat Rev Mol Cell Biol 2006; 7(5): 335-346.

doi: 10.1038/nrm1907.

10.Smith TR, Levine EA, Freimanis RI, et al.
Polygenic model of DNA repair genetic poly-
morphisms in human breast cancer risk. Carcin-
ogenesis 2008; 29(11): 2132-2138.

doi: 10.1093/carcin/bgn193.

11.Bushait S, Al-Babtain A, Tawfeeq Y, et al. Tur-
cot’s syndrome presenting as an acute abdomen. J
Pediatr Surg Case Rep 2019; 40: 17-9.

https://doi.org/10.1016/j.epsc.2018.10.003.

12.Claeys Bouuaert C, Keeney S. Distinct DNA-
binding surfaces in the ATPase and linker do-
mains of MutLy determine its substrate speci-
ficities and exert separable functions in meiotic
recombination and mismatch repair. PL0S
genet 2017; 13(5): €1006722.

doi: 10.1371/journal.pgen.1006722.

13.Yuan P, Liu D, Deng M, et al. Identification
of differently expressed genes with specific
SNP loci for breast cancer by the integration of
SNP and gene expression profiling analyses.
Pathol Oncol Res 2015; 21(2): 469-75.

doi: 10.1007/s12253-014-9851-1.

14.Stracquadanio G, Wang X, Wallace MD, et al.
The importance of p53 pathway genetics in in-
herited and somatic cancer genomes. Nat rev
Cancer 2016; 16(4): 251-265.

doi: 10.1038/nrc.2016.15.

15.Suguna S, Nandal DH, Kamble S, et al.
Genomic DNA isolation from human whole
blood samples by non enzymatic salting out
method. Int J Pharm Sci 2014; 6(6): 198-199.

http://bpums.ac.ir


http://bpums.ac.ir/
https://www.researchgate.net/publication/350700642_A_single-nucleotide_polymorphism_involved_in_alternative_splicing_of_PTEN_is_associated_with_chemotherapy_resistance_in_breast_cancer_in_Chinese_population
https://pubmed.ncbi.nlm.nih.gov/30643217/
http://armaghanj.yums.ac.ir/article-1-2090-en.html
http://armaghanj.yums.ac.ir/article-1-2090-en.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2771414/
https://pubmed.ncbi.nlm.nih.gov/18157157/
https://pubmed.ncbi.nlm.nih.gov/30613919/
https://pubmed.ncbi.nlm.nih.gov/30149959/
https://pubmed.ncbi.nlm.nih.gov/18406444/
https://pubmed.ncbi.nlm.nih.gov/16612326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2722862/
https://doi.org/10.1016/j.epsc.2018.10.003
https://pubmed.ncbi.nlm.nih.gov/28505149/
https://pubmed.ncbi.nlm.nih.gov/25408372/
https://pubmed.ncbi.nlm.nih.gov/27009395/
http://dx.doi.org/10.61186/ismj.26.3.155
http://ismj.bpums.ac.ir/article-1-1852-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-04 ]

[ DOI: 10.61186/ismj.26.3.155 ]

V0 / Ol Ol o 4 Mol slbaial L MLHL 05 K3k ol 00

b‘)m K} a.:‘ng.La

https://www.researchgate.net/publica-
tion/289617992_ Genomic_DNA isola-
tion_from_human_whole _blood_sam-
ples_by non_enzymatic_salting_out _method.

16.Newton CR, Graham A, Heptinstall LE, et al.
Analysis of any point mutation in DNA. The
amplification refractory mutation system (ARMS).
Nucleic Acids Res 1989; 17(7): 2503-2516.

doi: 10.1093/nar/17.7.2503.

17.Little S. Amplification-refractory mutation
system (ARMS) analysis of point mutations.
Curr Protoc Hum Genet 1995; 9: 1-12.

https://doi.org/10.1002/0471142905.hg0908s07.

18.Malik SS, Zia A, Mubarik S, et al. Correlation
of MLH1 polymorphisms, survival statistics, in
silico assessment and gene downregulation
with clinical outcomes among breast cancer
cases. Mol Biol Rep 2020; 47(1): 683-692.

doi: 10.1007/s11033-019-05175-x.

19.Sun L, Cheng B, Zhou Y, et al. ErbB4 Mutation
that Decreased NRG1-ErbB4 Signaling Involved
in the Pathogenesis of Amyotrophic Lateral Scle-
rosis/Frontotemporal Dementia. J Alzheimer’s
Dis 2020; 74(2): 535-544.

doi: 10.3233/JAD-191230.

20.Ebadi Z, Ghaffarian S. Association of WDR79
(rs2287497C>T) Poly-morphism with Breast
Cancer Susceptibility in Northwest of Iran. Iran
South Med J 2023; 26(1): 1-13. (Persian)

URL.: http://ismj.bpums.ac.ir/article-1-1771-en.html.

21.McCullough LE, Santella RM, Cleveland RJ,
et al. Polymorphisms in DNA repair genes, rec-
reational physical activity and breast cancer
risk. Int J Cancer 2014; 134(3): 654-663.

doi: 10.1002/ijc.28383.

22.Kappil M, Terry MB, Delgado-Cruzata L, et
al. Mismatch Repair Polymorphisms as Mark-
ers of Breast Cancer Prevalence in the Breast
Cancer Family Registry. Anticancer Res 2017;
36(9): 4437-4441.

doi: 10.21873/anticanres.10987.

23.Russell H, Kedzierska K, Buchanan DD, et al.
The MLH1 polymorphism rs1800734 and risk
of endometrial cancer with microsatellite insta-
bility. Clin Epigenetics 2020: 12(1): 102.

doi: 10.1186/s13148-020-00889-3.

24.Xu JL, Yin ZQ, Huang MD, et al. MLH1
Polymorphisms and Cancer risk: a Meta-
analysis Based on 33 Case-control Studies.
Asian Pac J Cancer Prev 2012; 13(3): 901-907.

doi: 10.7314/apjcp.2012.13.3.901.

25.Wang C, Wang Y, Hughes KS, et al.
Penetrance of Colorectal Cancer Among
Mismatch Repair Gene Mutation Carriers: A
Meta-Analysis. INCI Cancer Spectr 2020; 4(5):
pkaa027.

doi: 10.1093/jncics/pkaa027.

26.Sabarinathan R, Tafer H, Seemann SE, et al.
RNAsnhp: efficient detection of local RNA
secondary structure changes induced by SNPs.
Hum Mutat 2013; 34(4): 546-56.

doi: 10.1002/humu.22273.

http://bpums.ac.ir


http://bpums.ac.ir/
https://www.researchgate.net/publication/289617992_Genomic_DNA_isolation_from_human_whole_blood_samples_by_non_enzymatic_salting_out_method
https://www.researchgate.net/publication/289617992_Genomic_DNA_isolation_from_human_whole_blood_samples_by_non_enzymatic_salting_out_method
https://www.researchgate.net/publication/289617992_Genomic_DNA_isolation_from_human_whole_blood_samples_by_non_enzymatic_salting_out_method
https://www.researchgate.net/publication/289617992_Genomic_DNA_isolation_from_human_whole_blood_samples_by_non_enzymatic_salting_out_method
https://pubmed.ncbi.nlm.nih.gov/?term=Newton%20CR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Graham%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Heptinstall%20LE%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC317639/?page=1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC317639/
https://doi.org/10.1002/0471142905.hg0908s07
https://pubmed.ncbi.nlm.nih.gov/31701475/
https://pubmed.ncbi.nlm.nih.gov/32065797/
http://ismj.bpums.ac.ir/article-1-1771-en.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3830595/
https://pubmed.ncbi.nlm.nih.gov/?term=Kappil%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Terry%20MB%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Delgado-Cruzata%20L%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5278884/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5278884/
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-020-00889-3#auth-Holly-Russell-Aff1
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-020-00889-3#auth-Katarzyna-Kedzierska-Aff2
https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-020-00889-3#auth-Daniel_D_-Buchanan-Aff3-Aff4-Aff5
https://pubmed.ncbi.nlm.nih.gov/32641106/
https://pubmed.ncbi.nlm.nih.gov/22631669/
https://pubmed.ncbi.nlm.nih.gov/32923933/
https://pubmed.ncbi.nlm.nih.gov/23315997/
http://dx.doi.org/10.61186/ismj.26.3.155
http://ismj.bpums.ac.ir/article-1-1852-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-11-04 ]

[ DOI: 10.61186/ismj.26.3.155 ]

Iran South Med J 2023; 26(3): 155-166

Original Article

The Association of MLH1 Gene (rs63749795 C>T)
Polymorphism with Breast Cancer Susceptibility
in the Northwest of Iran

S. Malekzadeh (msc)”, S. Ghaffarian (php)™

! Department of Cellular and Molecular Biology, Scholl of Sciences, Azarbaijan Shahid Madani University, Tabriz, Iran

(Received 29 Nov, 2023 Accepted 14 Jan, 2024)

Abstract
Background: The MisMatch Repair (MMR) system is a conserved system with a key role in genetic stabil-
ity and replication integrity. The MLH1 gene is one of the four main components of the MMR complex.
This study was conducted to assess the association of MLH1 (rs63749795 C>T) gene polymorphism with
the risk of breast cancer among women in the northwest of Iran.
Materials and Methods: A case-control study was conducted on 100 women with breast cancer and 100
healthy controls with no family history of cancer. The association of single-nucleotide polymorphism of
MLH1 (rs63749795 C>T) was examined by Tetra-ARMS-PCR assay and the resultant data were analyzed
in SPSS software, version 24. Single-nucleotide polymorphism association with clinical symptoms was ex-
amined in the patients.
Results: CC genotype was not observed in the patient and control groups. The frequency of TC and TT
genotypes was 40% and 60% in the case group, and 41.84% and 58.16% in the control group. The frequency
of C and T alleles was 20% and 80% in the case group, and 20.91% and 79.09% in the control group. The
statistical analysis of the data showed no association between genotypic and allelic distribution and breast
cancer in northwestern Iran. The results also showed no significant association between clinical character-
istics and breast cancer.
Conclusion: The findings of this research showed that there is no significant relationship between the gen-
otypic and allelic distribution of the rs63749795 C>T polymorphism of MLH1 gene and the increased risk
of breast cancer or clinical characteristics of the studied patients in northwest Iran.
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