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D33 S5 330l 53 s Ly Dbty Ol a5 e
O o & Ol Al sing Oty O o Sl 5l ail a3
Lol a5 M 5131 slias 03,3 esl il 3 Oless U Ol
Kon ey (SE5 oslie Lasiobsl jaxls 55 L
2l sl 3l o3 8 el (Boadicea model) | glexr 5 51t
S8 5 (Risk factor) s 5oxe 53 slaey S 51 Sy &S
Ol 53 53 F1 (Sl aile F il ol s S
S Oy Ol Loslgls 55 53 G2 sl il o Gl
Ol v Dt sl 31 (6 wig s b 4 F3 (Ol Olb o L5 3
U s Ol Ol & Mie 5131 (g 2iy 31U U 4w FA (Oliy
Oy Ol B Oz Ol e b33 & Pl ol Gless
Bodil sdd el sl S YO L5 e > S sy
D Ols e Ol Ol M (Bilateral) «,b 55 Oliwy Ol
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ST il 5 e BROA+ &, 55 28 g5 b (6313 Lo suasis
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S B3 Sl S A Jee Sy S3b 05 lS
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53 Ol opl S Sose 55 Al s 065 L3 Sobe el
Sladle Osks 5 spelndd go Oloys 55 e3ls Lasels alsl Jol s
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5 Sl mls sy ASE Y Sas i S )8
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el e plebs Ll dsl el ot 5 53 Cona
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b olran Aoy /0 35,81 05 555 2 susbs S L STy pa s
AL e SIS s pslal O Sulg 5o 5 ekleg e ]

31 oy PCR 2 (Direct sequencing) it b JIs
ABI PRISM Big Dye Terminator cycle o3lsl &S Sl el
Jpams 5L 550000 By b G3S1s A8 s LIS
Reverse & Forward (sla yasl s 51 J 30550 10/ PCR ol il
el FAPR RN (> G > Ready Reaction premix 1x 5L
53 (Cycle sequencing) a2 JIg cpund b iSly L5 S
Cdets 4F °C gl 0 Dokeas 45 °C 1aal s 55 ISl e 5 olKias
55 S 5 il gy Sdety 00 °C 5 syl Oy sl )
ool g LSl s o YA 5 dids s Sdeas £ °C
dajaslyy BLal 5 A el IS ase gy ABL Jaall ) gous
b § e LAS d dANTPS 5 ANTPS ¢ Sdae Slge ooy 5]
slaani, S5 Hotrice sp55 K plasl Talee 5 by s 05553
slassls s Jg w5555 50 oM alwsa DNA
b eslizal U 3130X 55U Sy olKaws baw s au@j@?
450 D50 e 3 0D oW1 Sequencing analyzer 5.2 software
sl 05581 a sl edaci e sl ls 23S0 e
Sl pess 5 A58 odalis L Consed viewer software ;s 5 sl
A o Jlg

L awqylis ;> Forward & reverse sls ailp gl Mg ol o5
S eslizad U 05 55 onl ol O it 05 55 onl O

(NCBI National Center for Biotechnology Information) <.l

S L ol b i daes cplu 5 op el Cwsw
il o2 s Forward el p boes 0551 gl el plubs
A e b 05551 of Reverse

MLPA  Sgya bodd caslas 5 S,y sbli= )y
Loy as ol e wiie L5 0 S pladse
2L Gledoge 5 Dale o5 8 5l ead oLl e e
sl Jluls gl s MLPA SO L g ol5ssbew S O
il S sl ealinad U sdoes oy ba0ds Cislas b 5 S5
SALSA MLPA KIT P239 BRCAI region (Lot 0607) —\
SALSA MLPA KIT P002-C1 BRCA1 (Lot 1209, 0409) —Y

SALSA MLPA KIT P090-A2 BRCA2 (Lot 0808) -Y

VP9 L5109 o,lads o £ 0,90 15l (K psle olSils o ity 0aCiils alono

il slaosl gl pae  San Oljles Al o o3ls &S 5 Guos
cilizes bla 3l oSl sl Gl ol sl 5 058 w4 s en s
Asls S 1y b S e 8 0300 ol esde sy 54iS
aile & g dle Ve Sl V0 e b gbails Lels J xS 05,5
DREmer s 4 3 5 UM 5 Oley Ol e & O
Sl edalie LOTY 5) ax s Olslay 5=

.33 e3laiul Gene runner (V.3.05) )\J-_é\(}', el b
Vil s S5 antly QU5 s sdipls dlie s bl JIg

sl sai 3l \_i:ﬁf)— DNA :(DNA Extraction) DNA C\f&.wl
L (Promega, USA) Koy o S 51 aslizal U sl 3l Jases O
g3 8 gl a5l SIS Janll st

(PCR amplification and DNA DNA (gilu ol 5 5
G oars b s ¢l bosSl ol s purification)
53 s Selsil Sldlas y s D3 edd IS ol gla e
HGMD (The Human :glacole 55 of 55158 5 Kos gl 5i8
(Breast Cancer Information Core) 3 Gene Mutation Database)
A 003 S bl Gl e Ml 3k e 3 2 50 BIC
Sop sl 0551 L dils s Gla g 45 glaosSIL L 5
o5 sS| b e alolid pde Shp0 03 5 3 S fa b o
V OsS1As LESSPCR sy bl 55 05581 8 i o oy
Q05 S5 a5 5T 0K cows YU 3 BRCA2 O 5 BRCAL (5
Wl glaciis, 53 BRCAL 05 F 0551 Sepl & b 55 5
Jola PCR sy o ads o5 ol ply o406 55> 5 BRCAL
S5 A oS> Vs Koo Nt 085 DNA £ S50 T
e LS Vs Se O (BioRon) (dNTPs) Laolins
(CinnaGen, Iran) Forward ;5 Reverse (sl oyl 31 J50Ks ¥
Y+ 5 (KBCO) 10X 3L s Se 93 (KBC, Iran) ;| ..ty Tag YU
wliy 5 035 s o YO n G 53 Skl L s O 2l S
sy SO Ddeas AT °C aads aw Sodeas AT °C 15 5l 3 4 PCR
£ & a byl Odenar los aids S Soleay OV-FY °C
At o YO (gl adds 95 VY °C 5 agds S VY °C slos sl
Multi screen FB filterplates 3| oslicwl L PCR J gze

G Ve Lo ol 2l (Millipore corporation & Billerica MA)

PCR Jgame 53> 5 A 33, Jal 5L 5o ‘j A S VY
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laasly
lassls s b JIg5 plnil 5 DNA 25 5 (5,505 5l day

3 eslizal L ABIZ130X 53 JUT K olaes Law 5 a,\,;';@j@},
5 NPT D90 e 3 0 «sL] Sequencing analyzer 5.2 )\}é\(:}',
5 Olley 53 sl plalid glatgr ST s s S5 Julows
Sade YO wges Vo 5logded (sl sld 4D Y 5 ) Joli
Lo bt Lol s g oeiies b5 3 S 1) Wl
2l Slapdsge 5 bl o5 5 Sl als plulids e s
S A o MLPA &S a3 oboben I 05
Rl 03 eop 2ase SOS 55 GAd cislas 5 Bl G Sms

A Ll & el sl

Sou

.

Sl ods Ll BRCAT 3 oS fge- Ave 51 s 0SU

DS s slaeslgls s baier ol 5l oS sl oS
ol gl i b Gl i s e i ol S el de s L ileds
odasOlis Oldaisls Sldlas aSOT 5oy bodaes (oSS
BRCAL oslite gla g 4 andly Olb o bt s Slacisls
Vi s I S ol 8l Sl o318 e ol oo
o b5 0 eki libs sl e M0 LE wsdlew
Sl b )l asein JKUS “oesl BRCA2 5 BRCAI
Yzt Ol S golans 5 Metims SClS el O Je
Al o Ol Ol g (Ol Jla 1531 L ol e 5 13065 kens
L3S e 2loken AL g 3 5doe slun GuiS ol o
5 BIC 3 HGMD (slacsle 4 aml o b i gla g SLuls
O NS L bl e Yl Cs bl alis
il o BRCA2 05 & by o Jigr Slgx s BRCAL 05 4 bgs e
L1418X, GI738E, :sla gz = BRCAL 0 ;5 igr Cuin
93> 5 L3X, K581X, M1I, IVS2-1 (GC), CD26SmallINS, Ile21Val
le shls YLM;-\ L1522F, 1994insA1995 = BRCA2 s e
Sl sk plalid Gl igr edes i Adle oliles

AL el sl (sla iy K U g s 15 d 50

dxly oS ol 6 KL E oS & P239 BRCAL region oS
55 Sl Ol Ol 53 55 O S slr ez
05 sLosS 4 by e slas s P002-C1 BRCAI &S o5 Il

|, BRCA2 0} 4 b s 5o slad 3351 BRCA2 P090-A2 =S 5 BRCALI

L;IJ" BESESLEESE Ml)}lw) wL.«J\JJ MLPA L;LQU;QS‘J .C«v—dbl)
A el 25 o e S e

1. DNA denaturation
a. 95°C 5 minute, b.25°C pause
2. Hybridization reaction
a.95°C 1 minute, b.60 °C pause
3. Ligation reaction
a. 54°C pause, b.54°C 15minute, ¢.98°C 5 minute, d. 15°C
pause
4. PCR reaction
a. 60°C pause 35cycles: ®95 30:seconds, 60 30 seconds,
72 60 seconds, b. 72°C 20 minute, c. 15°C pause
5. Fragment Separation

W asle g s gl p 5 S 5L S SGPCR STy Ay

0.7 ul of the PCR reaction + 0.3 pl ROX size standard + 9 pl

HiDi formamide

4 SSIAOC s aads o5 gl 5 A3 3,5 ooy b S

Capillary sequence system-ABI genetic sKxws 53 [EYGIN PR P Jf
S eols 3 4l 5 425108 analyzer 3130 (software 5.2)

Injection voltage: 1.6 kV; injection time: 15 sec.; run voltage: 15
kv; polymer: POP4

et laesls Zlsaal 5l il i s MLPA 3UT
435,85 5JUT GeneMarkerV1.6 le 3 b Laosls o go 55585 2530
sla igr S (Mutation nomenclature) ol )la| o gb
-\ 6)'4@;43 955 3> bl s BRCA2 5 BRCAL o slubis

HUGO-approved systematic nomenclature (for the description
of sequence variations, Human Genome Variation Society.

&b« http://www.genomic.unimelb.edu.au/mdi/mutnomen
123 Slais LBRCA2 5 BRCAL slads) 55 10860 ol

BRCA1 (Gen Bank Accession no. NM_007294.1)

BRCA2 (Gen Bank Accession no. NM_000059.1)

+) WSS 5 Ol gea (ATG) e 5 opsll O30S 51 A A5 lS s
LgLAC,.wJQ.ﬁ a)l.a..:n UAL\A‘JJ BIC J)\M L;LAQ}:.\»UJA =Y 'L"':'L’Lfa
A5G e BRCA2 3 BRCAL o) sl 55 (Accession Number)

BRCA1 (Gen Bank Accession no. U14680)

BRCA2 (Gen Bank Aaccession no. U43746)

VYo O 53 BRCAL 0§ (gl dex 5 3l 0508 51 A 455208 5

2405 513 YYA O ;5 BRCA2 5 (gl
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oFY Ol 5l pew S Mino (ool sk 50 BRCAL2 (5La55 53 (35 St s

r,l»u Sl b 3yl Wis 53 g p SIS 5 SKeldS ol (e o (A5 IS § Ol a5 BRCA2 g BRCAL o plulid iger 5 Cibyly N -dyo

05 p6 05551 osled SIS 5 i Sl ol ks ST SIS 3 Condy
BRCAl Y ATC>GTC IleY\val Missense polymorphism ol IS
BRCAl Y GAG>CAG GluYrGln Missense polymorphism Ll
BRCAI Y ATT>CTT Ileu\OLeu Missense polymorphism o iylS
BRCAl Y CCC>CCA ProYo Synonymous ~ Polymorphism ki il 8
BRCAl Y TTA>TGA Leu¥X Missense pathogenic L
BRCAl Y ATG>ATA Met\Ile Missense pathogenic L
BRCAl Y CTT>GTT LefVal Missense polymorphism A3 il5S
BRCAl Y CGC>TGC ArgVvCys Missense Unknown L
BRCAI Y ATC>GTC HeYsval Missense polymorphism ol sl
BRCAl Y IV82+9G>C JRCLINPRY Splicing Unknown dd
BRCAI Y IVS1-20G>A e Ok Splicing Unknown NUNES
BRCAI Y IVS1-8A>G BRCINTRE Splicing Unknown NURES
BRCAl Y IVS2-1G>C 55 Ok Splicing pathogenic s I8
BRCALI Y IVS2+24A>G e O Splicing Unknown Ll
BRCA1 ¥ IVS2 (35-39) TTcctatGAT B Splicing Unknown Ao
BRCA1 ¥ INSCD26Small ins S O Splicing pathogenic ol iylS

GTCCC*ATCTGcatc
tg-E212-
GTAAGTCAG
BRCA1l ¢ ACG>AGG ThrvvArg Missense Unknown BUNES
BRCAL1 4 IVS5-8A>G No change Splicing Unknown L
BRCA1 \ IVS7+83(-TT) No change Splicing Unknown L
BRCAl A IVS8 -70(-CATT) No change Splicing Unknown dod
BRCA1 A TCT>ACT Ser\WThr Missense polymorphism o iylS
BRCA1 VY GAA> GAC GluovoAsp Missense polymorphism ol iylS
BRCAL1 A AAA>TAA LysoM X Missense Pathogenic Ll
BRCALI ) TTG>CTG LeuvVv\ Synonymous  polymorphism sl gl S
BRCA1 " CTG>CCG LeuAV\Pro Missense polymorphism ok iylS
BRCALI ) CCA>CGA ProAYAArg Missense polymorphism ol iylS
BRCALI ) GAA>GGA Glu) +YAGly Missense polymorphism ol sl
BRCAL1 ) AGC>AAC Ser\+f+Asn Missense polymorphism sl Sl S
BRCAI \ GGT>AGT Gly\\¥+Ser Missense polymorphism o iylS
BRCALI \Y CAG>CAA GIn)YAAGIn Synonymous ~ polymorphism L
BRCAI Y IVS13+9 G>C No change Splicing Unknown Lo
BRCAl Y AAC>CAC Asn) ¥+ YHis Missense polymorphism Lt
BRCAl Y AAC>GAC Asn) ¥+ YAsp Missense polymorphism L
BRCAl Y TTA>TGA Leu) ¥\AX Missense Pathogenic NYSES
BRCA1 ‘Y TCT>TCC Ser\fys Synonymous  polymorphism ol sl
BRCALI V£ AGT>GGT Ser\#\YGly Missense polymorphism sl sl
BRCAl Y. GAA>GAG Glu\vro Synonymous ~ polymorphism Ld
BRCA1 Yo GGA>GAA Gly\VY¥AGlu Missense pathogenic ol iylS
BRCA2 o-v 1VS6-70 T>G No change Splicing Unknown L
BRCA2 ) 1994-1995 (InsA): TTACAAAAC > TTA®CAAaAAC No change Splicing pathogenic Ll
BRCA2 )\ GAA>GGA Glu\va\Gly Missense polymorphism L
BRCA2  \\ CTA>CTG Leu\oY) Synonymous  polymorphism ol IS
BRCA2 )\ CTT>ATT val\ AoYIle Missense polymorphism L
BRCA2  \) GTG>GTC val¥iv Synonymous  polymorphism s il5S
BRCA2 )\ CTT>TTT Leu\oYYPhe Missense pathogenic ol IS
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BIC traditional ; HUGO-approved systematic nomenclature 5, 55 b odd ol sl jigr 108 ru RENPRCS

09 741 10555 Sequence variant BIC traditional nomenclature Sl ga] oS ol sbrosl sl sl
BRCAL1

IVS1 c.2- 8G>A IVS1-8 G>A JUELIRE \
IVS1 €.2-20G>A IVS1-20G>A S O \
Y c2G>A 122G>A p-MII ¥
Y c.8T>G 127T>G p.L3Stop |
Y c.17C>G 136C>G p.L6V v
Y €.20C>T 139C>T p.R7C \$
Y C.44A>C 163A>C p.I15L V4
Y C.61A>G 161A>G p-121v )
Y €.69G>C 188G>C p.E23Q A
Y c.74>CA 193C>A p.P25P W
Y C.76A>G 195A>G p.126V. Yo
Y ¢.76-77ins 195inscatctg BRCNrRY Y
Y ¢.80- 1G>C IV82-1G>C et O \f
IVS2 .80+ 9G>C IVS2+9G>C e O ¢
IVS2 .80+ 24A>G IVS2+24A>G D X Y v
1vSs2 ¢.80+ 35inscctat 1VS2(35-39)TTcctatGAT JRELIRINY v
$ €.349C>G 230C>G p.Y77R |
VS5 c.212- 8A>G IVS5-8A>G et Ok )
IVS7 C.441+ 83delTT IVS7+83(-TT) S 09k .
IVS8 €.488- 70delCATT IVS8 -70(-CATT) ek s -
A C.550T>A 649T>A p.S177T |
A\ c.1725A>T 1844A>T p.E575D v
1 c.1141A>T 1260A>T p.Lys581Stop |
1 €.2311T>C 2430T>C p.L771L q
AR ¢.2212T>C 2331T>C p.L871P )
1 €.2814C>G 2933C>G p.P938R ¥
1 c3111A>G 3232A>G p.E1038S Yq
1\ c.3119G>A 3238G>A p-S1040N \e
X .3419G>A 3538G>A p.G1140S Y
VY c.4164G>A 4283G>A p.E1388E Y
IVS13 €.4355+9G>C IVS13+9 G>C e Ok )
A\ C.4207A>C 4326A>C p-N1403H Y
Y c.4207A>G 4326A>G p-N1403D VW
\Y C.4253T>G 4372T>G p-L1418X )
4 €.4301T>C 4421T>C p.S1436S YV
\$ C.4837A>G 4956A>G p.S1613G q
D €.5205A>G 5324A>G p.E1735E Y
Y. C.5213G>A 5332G>A p-G1738E 0
BRCA2

IVS6 €.2600- 70T>G IVS6-70T>G JUCR \
! c.4182A>G 4410A>G P.E1391G \
1 Cc.4770A>G 4542A>G p.L1521L \
\\ c.4771C>T 4543C>T p.L1522F »
1A €.5533C>T 5761C>T p.V1852I .
1 €.5963 5964insA 6191insA p-1994 ¥
' €.6494G>C 6722G>C PV2UTIV o
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o#0 sy 5l s GL3ine ol koo 53 BRCALL2 51855 50 (53 S (o

OAY o lad 0945 55 w353 4edls Col (AAASTAA) AT s Y- 55

sl 643 BRCAL1 35
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oy
SN |
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Abstract

Background: Breast cancer is the most common form of hereditary cancer worldwide
and is an important cause of morbidity and mortality. Approximately 5-10% of breast
and ovarian cancers are due to the highly penetrating germline mutations in cancer
predisposing genes. Two genes, BRCA1 and BRCA2, account for at least half of these
cases. The demand for BRCA1 and BRCA2 mutation screening is rapidly increasing as
their identification will affect the medical management of people at increased risk for
the disease. Therefore, the aim of this study was to investigate BRCA//2 mutations in
100 high risk Iranian families.

Methods: One hundred families who met the minimal risk factors for breast/ovarian
cancer were screened among the families referred to Kawsar Human Genetics Research
Center for the diseases in 2009-2011. The entire coding sequences and each intron/exon
boundaries of BRCA1/2 genes were screened for by direct sequencing and MLPA in both
patients and the controls.

Results: In the present study, we could detect the following novel mutations:
p-Glyl140Ser, . p.lle26Val, p.Leul418X, p.Glu23Gln, p.Leu3X, p.Asnl403His,
p-Asnl403Asp, p.Lys581X, p.Pro938Arg, p.Thr77Arg, p.Leu6Val, p.Arg7Cys, p.Leulslle,
p.Ser177Thr, IVS7+83(-TT), IVS8 -70(-CATT), IVS2+9(G>C), IVSI-20(G>A), IVSI-
8(A>G), p.Metllle, IVS2+24(A>G), IVS5-8 (A>G), IVS2(35-39)TTcctatGAT, IVS13+9 G>C
in BRCAT and p.Glu1391Gly, p. Val1852lle, IVS6-70(T>G), 1994-1995 (InsA) in BRCA?2.
Conclusion: Ten mutations seemed to be pathogenic and the disease-causing mutations
were seen in 16% of the families. In addition, from the total number of substitutions

and reassortments (42), 80% related to BRCA1 and 20% to mutations in BRCA2 genes.

Keywords: BRCA1/ genes, breast cancer, familial cancer, Iran.
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