Orriginal Article

BRCA1 and BRCA2 Genetic Testing in Breast and/or
Ovarian Cancer Families in Iran

Fatemeh Keshavarzi, M.Sc.", Gholam Reza Javadi, Ph.D.", Nahid Nafissi, Ph.D.?%,
Mohammad Esmail Akbari, Ph.D.2, Vahid Reza Yassaee, Ph.D.3, Maryam Sharafi Farzad, M.Sc.*,
Sirous Zeinali, Ph.D.%5*

1. Biology Department, Science and Research Branch, Islamic Azad University, Tehran, Iran
2. Shahid Beheshti University of Medical Sciences, Cancer Research Center, Tehran, Iran
3. Shahid Beheshti University of Medical Sciences, Genomic Research Center, Tehran, Iran
4. Kawsar Human Genetics Research Center, Medical Genetics Laboratory of Dr. Zeinali,
Tehran, Iran
5. Pasteur Institute, Tehran, Iran

* Corresponding Address: P.O.Box: 15956445513, Kawsar Human Genetics Research Center, Tehran, Iran
Emails: zeinali@kawsar.ir

Received: 20/Jan/2010, Accepted: 6/Jul/2010
Abstract

Objective: Germline mutations in breast cancer susceptibility genes, breast cancer sus-
ceptibility gene 1 (BRCA1) and breast cancer susceptibility gene1 (BRCAZ2) are respon-
sible for a substantial proportion of high-risk breast and breast/ovarian cancer in families.
Therefore, the aim of this study was to investigate BRCA1/2 mutations in five high risk
Iranian families.

Materials and Methods: Of the 20 breast/ovarian cancer families counselled in our cent-
er, five were selected for BRCA1/2 mutation screening according to our minimal criteria.
The complete coding sequences in addition to each intron/exon boundary of the BRCA1/2
genes were screened by direct sequencing.

Results: Fourteen missense substitutions were identified, which were: Gly1140Ser, GI-
y1738Glu, Glu1735Glu, leu871pro, Ser1613Gly, ser1040Asn, Glu1038Gly, Leu771Leu
and Ser1436Ser in BRCA1; and GIn373His, Glu1391Gly, Leu1521Leu, Val2171Val and
Glu1035Glu in BRCAZ2. In addition, the splice site mutations (IVS7+83(-TT) and so 1VS8-
70(-CATT) were observed in two families. Three mutations were novel (Gly1140Ser in
BRCA1 and Glu1391Gly, GIn373His in BRCAZ2).The missense substitutions Glu1038Pro
and Gly1140Ser were found in a large series of patients and in five controls.
Conclusion: The missense substitution Gly1738Glu in BRCA1 is pathogenic. In addition,
these results showed that the probability genotype at the BRCA1 locus defined by alleles
Leu871Pro, GLu1038Gly, Ser1613Gly, Gly1140Ser has an effect pathogenic. In another
family several missense substitutions in BRCA1 gene such as Glu1038Gly, Gly 1140Ser
were found as well as Glu1391Gly and GIn373His in BRCA2. The pathogenic effect yet
has to be verified by more comprehensive populations studies.

These results support this thinking that screening for BRCA1 and BRCA2 mutations may
have the strongest impact on health-care when targeted to high-risk populations.
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BRCA1 (sla yaul j3 Covaal 1) Jgaa

2F 5'TTTAAAATGATAAAATGAAGTTGTCS3!

2R 5'GGCAATGTACGGCTAAATCGAATC CCAAATTAATACACTCTTGTG3
6F 5'CGGTTTATACAGATGTCAATGS'

6R 5'CGTCATAGAAAGTAATTGTGC3!

7F 5TTGGTTTCTTTGATTATAATTC3!

7R 5'AGATGTTGCCAGAATAAATG3'

8F STTTATTTTGTCCATGGTGTC3'

8R 5'AGCTGCCTACCACAAATACS'

9F 5'CCACAGTAGATGCTCAGTAAAZ'

9R 5'CTATATAACAAACTGCACATACASZ'

10F 5'GGTCAGCTTTCTGTAATCG3'

10R 5'GACCATACCACGACATTTG3

20F 5'TTAAATATGACGTGTCTGCTC3'

20R 5'AAAGAACCTGTGTGAAAAGTATCS'

19F 5'GTTCTTCTGCTGTATGTAACCS'

19R 5'GATTATAGGTATGAGCCACAGS3'

18F 5'GTTATAATTAGTGGTGTTTTCAG3'

18R 5'ACTCAGCATCAGCAAAAAZ'

17F 5'CTAGTATTCTGAGCTGTGTGC3'

17R 5'ATGGTCTCGATCTCCTAATC3'

16F 5'TTAACAGAGACCAGAACTTTG3'

16R 5'TTGACAATACCTACATAAAACTC3'

15F 5'GTTTCATTATGCTTTGGC3'

15R 5'AACCTTGATTAACACTTGAGCS3'

14F 5'TATCACTATCAGAACAAAGCAGS'

14R 5'GTTCAATATAAATAAAGATGTCAS'

12F 5'AAGTTGCAGCGTTTATAGTC3'

12R 5'TGTCAGCAAACCTAAGAATGS'

21F 5TAGTGTTCTGGACATTGGACS3'

21R 5'GTGGGATCTTGCTTATAATACS'

22F 5'ATACCCCTACTATTTTAAGACCS3'

22R 5'GTCTTTTGGCACAGGTATG3'

23F 5'GTGACAGTTCCAGTAGTCCTACS'

23R 5'GTGCCAAGAACTGTGCTACS'

24F 5'CTAAGAACTCATACAACCAGGS

24R 5'AATATTTAGTAGCCAGGACAG3'

13F 5'GATTAAAAGGTGTTCAGCTAGS3'

13R 5'CATAAAATGTTGGAGCTAGGS

3F 5'TCGATTTAGCCGCTACATTGCCACTCATTTATTTTCTTTTTCTCCC3'
3R 5'ACAGGAGTTTGGGTAGTCGCTACTAATAATGGAGCCACATAACACS'
5F 5'AGCGACTACXXAAACTCCTGTAGGAAGTAAATTAAATTGTTCTTTCS'
5R 5'AGGTAGGCGGTTTCAGTGAGAGAATTCCAACCTAGCATCATTACCS!
11FA 5'ACCTCCAAGGTGTATGAAGTATG3'

11RA 5'TGGTAGAAGACTTCCTCCTCAGS'

11FB 5'ATGAGCTTTAATATGTAAAAGTG3'

11RB 5TTTGTTAACTTCAGCTCTGGG3

11FC 5'AGCCAAGAAGAGTAACAAGCCS3'

11RC 5'ATTTGGCATTATCAACTGGCS3'

11FD 5'GTCCAAAAGTCACTTTTGAATG3'

11RD 5'CTTCCTTTATTTCACCATCATC3'
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23-24F
23-24R
21F
21R
25F
25R
26F
26R
27F

5' TGTGCATTGAGAGTTTTTATAC 3'
5' TAAACTGAGATCACGGGTG 3'

5' TGTGTCATGTAATCAAATAGTA 3'
5' ATATAGGACCAGGTTTAAGAC 3'

5' AGATAAACTAGTTTTTGCCAG 3'

5' CAATTATCAACCTCATCTGC 3'

5' CCCTATACATTCTCATTCCC 3'

5' TAGCATAAAATCAGATTCATC 3'

5' GTTCTGGGTCACAAATTTG 3'

5' AAAAAGAGGCCAGAGAGAC 3'

5" TGTGTAAGTGCATTTTGGTC 3'

5 TTTTAGCAAGCATTTTTTAG 3'

5' CTCTTTCAAACATTAGGTCAC 3'

5" TGCTCTTTTAGGTCCTCAG 3'

5' TTGTAAAGCCTATAATTGTCTC 3'
5" AACGTTAGTGTCATTATTTTTAG 3'
5' TGTAGCAAATGAGGGTCTG 3'

5' TAACAACGGAAATATCTAACTG 3'
5 GGTTGTGCTTTTTAAATTTC 3'

5' AGGCTAATTAGAAAATATGATG 3'
5" CAGTTTTGGTTTGTTATAATTG 3'
5' GATTTCTAGCCAACTTTTTAG 3'

5" TTGTAGTTGTTGAATTCAGTATC 3'
5" AGTCACAGACTACACAGAAA 3'

5' ATAACCCTTTAAATACTGATATG 3'
5" TCATCTCTGTTATTTACCACTG 3'
5'ATTCTTTGCCACGTATTTC 3'

5' GCCTAAGATTAAATATAAGATATG 3'
5' TTTAAACAGTGGAATTCTAGAGS'
5' TCTAGAATTTAACTGAATCAATG 3'
5" ATGTTTGAGAAGTACTATATTGTG 3'
5' AAGAGACCGAAACTCCATC 3'

5' CTCAGGTGATCCACTAATCTC 3'

5 TTGTTGCTATTCTTTGTCTAAC 3'
5" TGTCCTGTTTAAAGCCATC 3'

5" TTGCTTCTCTGAATATAAACTAAC 3'
5' AAAGAGGATCTGTATTTATTTTG 3'
5' GTAGCTCCAACTAATCATAAGAG 3'
5 GTTTTATGCTTGGTTCTTTAG 3'

5' TAAAACAGCTTCTCACCTTG 3'

5" TCTTGCATCTTAAAATTCATC 3'

5' TTACCTCACATACTACCTCAAC 3'
5' CCCTAAATCACTGATACTGG 3'

5' CAGAATATACGATGGCCTC 3

5" CTTTGATTTAGTTTTTTATGTTAC 3'
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27R
11FA
11RA
11FB
11RB
11FC
11RC
11FD
11RD
11FF
11FR

5' CATAAGTACTAATGTGTGTGGTTTG 3'
5' TTAGTGAAAAATATTTAGTGAATGTG 3'
5'TTTTGCTCTTCTTAATGTTATGTTC 3'
5' ACAAATGGGCAGGACTCTTAG 3

5" TTCTTTATTTGAAGTATTACCATGA 3'
5' TATGAAGGAGGGAAACACTCAG 3

5' TGATCTTCAACATTCTTCAATACTG 3'
5' CTAACAGCTATTCCTACCATTCTG 3'
5' GTTGAAATTGAGAGAGATATGGAG 3'
5' AGAAATGGAAAAAACCTGCAG 3'

5' CCCTAAATCACTGATACTGG 3'

Promega DNA Purification Kit (Catalogue no. LA1620)
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ASSPCR sy bldml 53 0581 8 ks gy O3S
O s YU 5 BRCA2 03 3 BRCAT 05\ 0551 s
BRCAT 05 ¥ 0551 Sal w5 55 5 L)l )13 o 5 5T
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PCR Amplification and DNA) DNA (gjlualla ¢ 455
(Purification
op Sl LosSl Ol s
pll Sllas 5 Ls s edd Sl Bl sl e
sbesle 5y o iyl 8 8 s glayais s a6 S
s (HGMD) The Human Gene Mutation Database
(il 3> 50 (BIC) Breast Cancer Information Core

I

ouli oruy y1 00153 O Sl il Mol g alis ¥ gua

Family SampleID Age at Disease
diagnostic

A A1l 38 Breast cancer
A2 1 28 Breast cancer
A3 38 Breast cancer
A4 | 40 Breast cancer

B A5 1| 37 Carrier
B11 53 Breast cancer
B2 1 25 Breast cancer
B3 1 30 Breast cancer
B4 11 35 Breast cancer
B5 1 57 Breast cancer
B6 | 36 Carrier

C B7 1 39 Carrier
c1l 77 Breast cancer
Cc21 60 Breast cancer
C31l 35 Breast cancer
C41 42 Carrier

D C51 39 Carrier
D11 75 Rectorajy
D21 60 Brain tumor
D31l 45 Breast cancer
D4 1l 44 Breast cancer
D51l 43 Breast cancer
D6 | 42 Nose tumor
D71 44 Thyroidtumor

E D8 | 46 femourtumor
E11 42 Breast cancer
E2 1l 44 Breast cancer
E21 42 Carrier

Family: A-D; Generation: I-ll

Olaedl g (liay (b o VL Hlod b (A ol 001 3R O Hu oudds sbeulinh (slagliga malih :F Jgua

Families Gene Exon Sequence variant
A BRCA1 11 leu771leu

A, B BRCA1 11 leu871Pro

A C,D BRCA1 11 Glu1038Gly
A,B,C,D,E BRCA1 11 Gly1140Ser

A, B,C,D BRCA1 13 Ser1436Ser

A C BRCA1 16 Ser1613Gly

A C BRCA2 11 leu1521leu

A, D BRCA2 11 Val2171Val

A E BRCA1 1 Ser1040Asn

B BRCA1 20 Gly1738Glu

B BRCA1 20 Glu1735Glu

D BRCA2 11 Glu1391Gly

D BRCA2 11 Leu1521Leu

C BRCA1 9 IVS8-70(-CAAT)
A BRCA1 7 IVS7+83(-TT)

D BRCA2 10 GIn373His
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plas & (saul galS oh &l yuads g BRCA2 ¢ BRCA1 slajyj ouds oallads slayiiga Fa S EANERES

Gene Exon Nucleotide change Amino acid change Mutation effect
BRCA1 7 IVS7+83(-TT) - Non-coding IVS
BRCA1 9 IVS8 -70(-CATT) - Non-coding IVS
BRCA1 11 TTG>CTG leu771 Synonymous
BRCA1 11 CTG>CCG leu871Pro Missense
BRCA1 11 GAA>GGA Glu1038Gly Missense
BRCA1 11 AGC>AAC Ser1040Asn Missense
BRCA1 11 GGT>AGT Gly1140Ser Missense
BRCA1 13 TCT>TCC Ser1436 Synonymous
BRCA1 16 AGT>GGT Ser1613Gly Missense
BRCA1 20 GAA>GAG Glu1735 Synonymous
BRCA1 20 GGA>GAA Gly1738Glu Missense
BRCA2 11 GAA>GGA Glu1391Gly Missense
BRCA2 11 CTA>CTG Leu1521 Synonymous
BRCA2 11 GTG>GTC VAL2171 Synonymous
BRCA2 10 CAG>CAT GIn373His Missense

sdalis LB Consed Viewer Software s 5 ol 055
Syl lp JIs Slud tlus o8 JIs Olus S A
Ay 05 93 o) O L awslis s Forward & Reverse
55 edel Cws 4 NCBI ol 1 eslizal b 05 53 opl ool S
AUl peds Slld e Lad Sl b i dewy pla
oT Reverse ol o s Forward ol b es Gl 038

NIRRT 1

la a3

;)}.ad’tloﬁa:l}}\s-@W&Qé!jj\euT@:Q@b’
Ll 0 aTO 5 F O Glad s 53 o)y

aeis cp 85 A2l Ol Ol aw A sl gl s
YA j3 o3l gl ol psle .l o3 JLo Fro 5 YA (YA s 5wl
S OleMbl pl b g edd D og s ‘_)Ugj.ﬂau.oi}u
Dgd ey 3 yske

BRCA1 & 0j sy » & DNA L s b
u.a:w A pll jalpt a u-" «s5 DNA (|, BRCA2

;; L ey ‘_;La‘_,;.ui;l:- Ghls 8 4w & -‘J};
ser1436ser «Glu1038Gly(A3232G) <leu871pro (C2731T)

ser1613Gly (A4956G) s leu771leu (T2430G) «(T4427C)
Csse 4 Gly1140ser (G3538A) 5 & sS5s,m Syse 4
05 5 Os5a,m Soge 4 IVSTH83 (-TT) 5 &K 5 sen
val2171val ; leu1521leu (A4770G) xes 5 BRCAT
o 53l k35 5 BRCAZ2 55 53 &85 5 o &5 g0 4 (G6722C)
;yuﬁdtru Jol o il J B oS ol gl oyl
pow uSJL» YO e 3 eal gl gl s 5l S B eslgls s
R (Ko s el gl sl 3y 03505 Do g 0l Ol 0o 4
Z)Ua,wa)KL.AJ'.J):La6Ladl>'j:>':)'|l5}>&.;>ra}}|6l.aj:>':
cldls s 5 p:y:ab?’pbw O b g odd Ol
o ed 30l O g s SleMb ;,é)uav,r N P
ey ‘_;gjiyb- K lyls £ Mo g5 g o3l gl yole 54
ser1040Asn 5 &K sen s 4 leus871pro (C2731T)
Gly1140ser 5 Gly1738GIlu  (G5331A) (C2731T)
553 55 .05 BRCAT 05 55 & 5855 8 Oy e 4 (G3538A)
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PCR Jguases 5 g 5 45 G5 o il 5k 53 T 25 Sea VP2
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(Direct Sequencing) asSicus 3bs I g3
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)ldfjgg\/f cPCRaA.nJaJE-J)MJ‘r;};L\ v
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oen s ST .,b;; rbulf.bjg.n\“ r»g_{: > Premix
sl 55 Ml go 5 o&aws 53 (Cycle Sequencing) « - JI 5
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318 sl am 5500 3 la el O (4l V0 Ss 31 8 sl
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Gl o b Ol w4y peie 5 S WI 1L Sk Ll g5
s 4 Sk &5 0 Lol Culg 5o 5 38 6 s ok
8 b6 8 g | (APOPLOSIS) Jjle 253 5 &S
DNA‘S[AWT}}T&;ﬁQ‘;‘bJ}Pj&;P 3’Jfg,5"}l‘”“\“;'J
.u)bDNAML;LaM&»)(oW&M&La S aea

)\ -\.J)LFDNAJ:.W AMMO .(\9)
Homologous Recombination Repair (HRR), Non-Ho-
mologous End Joining (NHEJ), Nucleotide Excision Re-
pair (NER), Base Excision Repair (BER) and Mismatch

Repair (MMR).
NER s HRR, NHEJ (s s 5 BRCA2 4 BRCAT1
93 J|))Tgf Sl g 5 s S 5 Lol i lyls
s a8 il ol glacdles o ):l@;l:y@v&bu)
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S g sk i s S o 4 e b e )
G,y 5 O sy 055 el SO s, oo S 53 sk
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SETm 3 or nl Jb das e G 553 p b @
Lo gl Gl s 5 iy HeSB ys g Ol r};:..»)lf égi
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Ol i wor»}s‘}lw;fﬁ)gu);ccwb (sl 4t > s
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V) 35,5 o Ol Ol v (65 lmlie An] 5 4
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&S pie S5 s BRCT )ls dewl sieT VV e 5 358 (0 sl
DNA w bauls s oS S ,0 by, 4er
BRCT 5 (sal> pwegs axl cmeds bajige Ail o
opF SHTOS e sl o s 4
ol Jebas s .;.sjf@ BRCA1 «(Tumor Suppression)
BRCAT {5y sind O o5 dil o SQ 4 4l 53
O gDy 5 sid ol 355 &S Coal ATR 5 ATM «CHK2 a4
Ll S a5z 55 s ) «.54—5;'—’@ Sles SET ,w
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.ﬁ\a;}a.:) odalie 4>
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35 lels el ol i1 S Ls 53 048

os)ly glacwT 3 & WSLeS) (Mre11/Rad50/Nbs1)
ey 358 00 slul 5 Jolse Loaxsl 31,3 DNA &
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« 1y BRCAT 55, DNA & Jlasl foe sl 4 5 Sl
BRCAT &l b Jl= a5 dS o 3l ool ldde
sl &85 o8, s oSS ) e e Olse w
O el gl Jlasl ol LT &7 s e (s o
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gad 2 S5 g Sl e 3 Olis Shes

5 IVST+83(-TT)  im  Ossml asb  glalsds
Leu771 ;5 Ser1436 (slapwd)so by 5 IVS 9-70(-CATT)
4 by »Leu1521, Val2171, Glu1035 s BRCAT 054 by
A odalie o3l gl ¢S 51 ziw 43 BRCA2 5
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