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

Gl Laiis s pl e ol Bt 53 5 Al
Esl ol ol s o s 31, C aLL L L o
(MMR) Gilas pde joond s 30 Sllad 208
Jo5 B b el e e ol g
b oy o Sl ams 53 s MLHL 55
sl sSUSIMMR (555 5505 » MMR (55

08) ol Oy O 3 (5,5 sl 3 Sl
L S, b s 1S 5 ST e IS bL
s S 5 anllls 3,50 lads 4 Cilties claolb
O3 YAV o)y adllas L OKen 5 Sbe (Y0)
2558 ) Ol Ol s s Sl 05 FAY 5 (I J 28
TIC 555 om sbisme bl sy 0kosy
Sl et nlsil s MLHI o3 163749795 ol 1
SolE s cpl 52 LS IS Sl Ol 4

faome 5 deo)d VYWY CC s Al sl

&

==
o s Ol oz 1oy Dols g g ool 52
ok Cbli- et (MMR) (g5le wiles 5l aa
Como 5 SB35 gl e gls B L
s Sl IIMMR S0as (F) ol (g5latiilon
MLHL 5 el s S ol
gRs el 2 F ol 5l S (mutL homolog 1)
Cel oS MLHL 05 V2 Comdse s g
g p e opl 53 ol b o5 st Sl
55 5 UAA 0508 « CAA 0508 LS & o
ol 53 g e el OLL 008 S sl Sule
Bl S sl pedd ol S Candpe cnl 1S 0
Sla sy il dal s ATPASE e SO s
(s MLHL 55, L bl Je= 5
5L C Lll @ e ¢l s PMST/MLH3/PMS2

http://bpums.ac.ir


http://bpums.ac.ir/

VEY S 5000 0 /Y 0yled /@i 5 ey L

ykb..b/\fY

23t 2l g b by oa s

Comex 53 SNP ol (g5 2 OLKen 5 Silo anlllas
ol ik (6)l3 e DL OlSL 58
aile L MLHL 03 rs63749795 i oIS o O
5SS s Ol (Kb ysss g 5 Solsls
3O O ol daly sy ede 50 Ol
051863749795 s S 5 T Kl ISSan
E Ales pde ((OA) Lases 555 1, MLHI
5ol Ssls b Ll s Bl e iask 53 ol
Jols Llg o S LEL Cumex 53 (KI5 4
Q& g s ol ade 5o M e el se
e Slew A (g5 p glaadlle (V) LSL
o Sl 5 sl Olge 4 OESY Sl Ol Ol
ple sdas Ol als Ol w Ol Hse s sl
5 (52286940 r51799977 SNP . _al os
Db 4 Mol Sew, L MLHI 3 rs1800734
YY) 55 Ol

Alen aalae L OLn 5 Sl s gy s
sy, el L MLHL o5 ol
O Ol SRl e (6ol pme BLIT e st s
2B ol S b IS Oy Ol b 03
S iy K55 _s MLHL 3508 allas o 51 Lol
B 53 Sl ot b oS 358 e Oy O
S5 e e (e LMMR a5
V) ds S s e L3I K3l 5 ad o S
Ot e > 4 odd plol Slalllas elol
\0) CRC ool oo 53 ol agel= s MLH1
Skl pde Aoy YY) EC , (o)
SSEke i e edalie il Ss
CRC Ko, U MLHL 05 ;5. 151800734

o by Sl ol Osedite cazils ool on

Slacs s Jola sl e 1 sl 530 sl 3
eomes axdllas il 53 55 Ays YEYY TT L, CT
LSy S Sk Kl e el
Ol e 40 Ml e LMLHL 55 rs63749820C/ T
OA) L oS s e Ol

G55 LA ey Ol Jel e el
Olpl o8 Jlad 0U5 Conexr 3 CC K55 5an
S Wl s Sl ciees A sdalie
5 Kooy sl CT 5 TT ol ol wsl
bl cpl g s e i WOT Sl 2 Dl
s JT 5 a5 sl 3 05 On Sl BLS
5 MLHL o5 rs63749795 IS5 dor oSl s
Ozl e dlad 065 53 Sliey Ol v 4 Dl Loz
ol O dol s el s 55 sdalis
Sl IS e ls e BLII s
31 a5 MLHL 051563749795 (s 44 5
ey s g8 Jold adlas s L WDle
GAS03 5o o3l S5 S Dl s 5055
AL sdalie il sae

T Sk O (McCullough) Ji5&s
Joli 35 pds e s 05 4w 5l SNP
MLH1 (rs2286940) MSH3 (rs1650663)
(rs4583514 rs3732182 rs2303428) MSH2
1, MLH1(rs1799977) (5 Slas SNP X,
RSO3 Y 5 Ol O s 4y Mo 0311 OV (555
T P oMy el o S andlas SHps0 )
fMl bt 5 adlas sy50 LSNP oy LS|
S o & adlae ol 53 dls sdalin Olins O u
Ml o (535 WSNP 51 S gmon Aol 1y oo
adlas ool mls iman A 23l Ol Ol w4

ol gl (YY) sl ol Bl ) Lo il Canis U

http://bpums.ac.ir


http://bpums.ac.ir/

VPY /Ol O o 4 Ml slaazal L MLHL 05 JSoka 8l 0

bb&u K) a:‘j&l.d

5 b 8 o bl Sl Sl gl
Rle s ol (V9) 55l S 3 RNA wil e
p93 Jlle Lk (Gl3gme e s U
Soled e a4 1) Moder 3 5 RNA
S50 ASEk 5 @l cnl bl e e 0L

il RNA sl o g5l om0 andllas

& S 4omesi
Slazos S 55 51 S s 53 CC &S5 gan 535
A3 85 53 5l el s S sdalie J 2S5
05 rs63749820 o we K- CT 5 TT
Comex 3 Ol Ol b (5505 e L3, MLHL
Al o eIl 558 ot LB (350
5 @i N Ol Ol O b (sl s
S obes sl 3 2L o53e LMLHT 051563749820
3 (655 s s ey 3 e 3
038 g5 s (G bcwl) 85 S sl
odsl ) L) S LS (g g Al s
05 rsé3749820 sowe bl 5l u,lS
o2 dled s Ol Ol o 4 Sl Jlez=I L MLHL
Ol ples pde sdias 0L Wl e Conl Ol
Al adlee pl 0L 5 Oly Ol w b Ao
Rl PLLL s e Oleabl slite 4 i s
analr 3 Ol O & Ol Jleml L JSCEk
Oly andllas 5 Wl 5 slew 3131 5l 5 585 bl

ol o5 BB IS 5 e 331 s 0T 31l

S0 g el
ady A wm)ts wboLL J«’b- B3 Lhash
Cras JSs e RIS L elicas
S dgd oKEh eSS O sl

LSNP Ll o o Sy & EC sbaa sl
SNP ol 5 4 edalin EC Koy L MLHL
YY) 51 55 15 05 o0l Ol 5 O sewhite
SSeda s bL ) 2 ke asllas G s
L1219V 4 -93G>A LL: MLH1 o5 s Sks
=350 s YT glaosls g pezme 3 a0l gl
o 5 w35 3550 5 Soslaer old ize als
P S gladis ples 3 bl opl s 8515
oMl Sy Sl L -93G>A L ISaae TA
O R e B
5 1219V S 5y 53 s OLES (ols sme
sdalin Olb o S35 2 oot S (S5 e
S Olge 4 -93G>A (SNP ass ool s i
(Wang) Iy .(YF) s 3 me Ol oo (gl 0 S 5le g
Sl JSona alen Kos ladlas s O
Ob e cn il CRC L= L1, MLHL 03
2 aS andlas cpl 53 Lsls 13 ey 5y ge JUS 4SS
e st plonil e A1 Lol (slaesls (65,
S Ol 3 i 5 e el CRC 0
el el Sy b a3ls 0L 5 S K55
30 el e Pl ¢l S Ve 53 0l
A(Y0) 39 Ao s YV 5 ¥Y/4 5 5w O s

PLl Sl GOl ol ) Sl s I
Sl Jla=l L MLHL 05 rs63749820 i
5 el Ol s bt D Oy O w
105 cnl alan pde 5 Ll 55 s slatags
Ll e @l sl edilessad 35158 Ol O,
Loaddlae 5550 JSodr ales pds sdiasplis
AL adee )l 0L s Ol Ol

oL WIRNA (g k=l o o3 RNASNp le s

5 s el Jie sk LSNP S Lau s

http://bpums.ac.ir


http://bpums.ac.ir/

VEY S 5000 0 /Y 0yled /@i 5 ey L

s b VY

8’\;» slas
Oy OB by wle 25l & Sa

ol 0 ES

References:

s oKl 3 andllas ol Lol Ol
Wa&f&b S ) ajjf u)ﬂ)"_ujﬁl‘” L;\AL.\:J
Coslee anl olant] arg Loy Obul 3l S

el Al rleu'\ sddls abobl 4 s,

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.

doi: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, Biittner 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): e1006722.

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/

VPO / Ol O o 4 Ml sliazal L MLHL 05 JSoka 8l 00

bb&u K) a:‘j&l.d

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.

25Wang 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.
RNAsnp: 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/

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

Original Article

The Association of MLH1 Gene (rs63749795 C>T)
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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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