December 2009

Trade Science Ine.

Volume 3 Issue 4

LioSechnolo qTY

A Judian Joaraal

—====> F'yr PAPER

BTAIJ, 3(4), 2009 [273-278]

Deleterious effect of BRCA1 mutations in familial breast cancer:
A SSCP analysis

Sudha Sdllappa*, Shibily Prathyumnan?, Shyn Joseph?!, Sangeetha Raman?
1Schoal of lifesciences, Department of Biotechnology, K ar pagam Univer sity, Coimbatore-641 021, (INDIA)
2Unit of Human Genetics, Department of Zoology, Bhar athiar Univer sity, Coimbatore-641 046, (INDIA)
E-mail : sudhasdlappa@yahoo.co.in
Received: 30" June, 2009 ; Accepted: 10" July, 2009

ABSTRACT

The frameshift mutation 185delAG, in the BRCA1 gene, which resultsin
the generation of a stop codon at position 39 in exon 2 was detected in 6
patients, 5 of the patientswere with stage 11, with age group of 62, 44, 29,
41 and 56 years, and one patient with stage 1V, with the age of 36 years.
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SSCPs are allelic variants of inherited, genetic traits that can be used as
genetic markers and was done to determine the mutation. SSCP is most

often used to analyze the polymorphisms at single loci.
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INTRODUCTION

BRCA1, atumor suppressor gene, asit inhibits
breast and ovarian cancer cdll proliferation’™ ismapped
to chromosome 17g2112. Itisalarge geneand spans
over 100Kb. It has 24 exonsof which only 22 are cod-
ing. Exon 11 of BRCAlisthelargest exon, encoding
over 60% of the protein, and containstwo nuclear |o-
cdizationsgnadd.

The geneencodesaprotein of 1863 amino acids
(220kDa). It containsaRING finger domain near the
N-terminusand an acidic carboxy termind domain char-
acterigtic of many transcriptionfactors RINGfinger do-
mainiscritica for thefunction of BRCAL. It servesas
aninterfacefor recognition of DNA or protein-protein
interaction. Several reports have demonstrated that
BRCA1 physicdly associateswith the p53 tumor sup-
pressor protein and functions as a transcriptional
coactivator for p534.,

Mutations in two autosomal dominant genes,
BRCA1and BRCA 2havebeenlinkedtofamilid breast
cancer®®.,

Both prospective and retrospective genetic epide-
miologica studieshavedemonstrated that women who
carry mutationsineither BRCA1or BRCA 2 genesare
at very highrisk of developing both breast and ovarian
cancers®. Although awomaninthegeneral population
aged 70 years has a 3% risk of breast cancer in the
next 10 years; awoman withaBRCA 1 mutation has
asmuchasal5%risk for thenext 10 yearswhen aged
only 30 yearg”.

BRCA1 and BRCA2 arethe main susceptibility
genes for hereditary breast cancer®. Among young
women with breast cancer, mutationsinBRCA 1 gene
are more common than in BRCA 2, suggesting that
BRCA 1 mutations may favor early-onset breast can-
cerl®,

Germlinemutationsof BRCA Linfamiliesareesti-
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mated to increasetherisk of devel oping breast cancer
for thefirst timefor BRCA 1 carriesat 73% by age of
50and 87% by 70 years. Youngwomenwithgermline
mutationsinBRCA1, BRCA2, p53 (Li Fraumeni syn-
drome), Muir syndrome or PTEN (Cowden’s syn-
drome) are at increased risk for breast cancer!'?.

Morethan 600 different mutations have been de-
scribed in BRCA 1 gene. They are scattered through-
out the coding region of the gene and more than 50%
of them have been described only once. 95% of muta-
tionsresult inthetruncation of protein. 70% of the mu-
tations areframe shift mutations, 20% are nonsense.
Splicesteand missense mutati ons congtitute about 5%
each. Lifetimerisk for mutation carriersof BRCA genes
are 60-85% for breast cancer. About 10% of breast
cancer casesarerdated toinherited mutationsBRCA 1
and BRCA2.

Germline mutations on chromosome 174, located
onthebreast cancer gene-1 (BRCAL), have beenre-
ported to be responsiblefor many inherited breast and
ovarian cancers. Inthe United States, it is estimated
that asmany as 1in 200women carry BRCA 1 genetic
mutations, making it one of the most common gene
markersfor which genetic testing could befeasibl €Y,
The present sudy ishence donefor the genotypic andy-
sisof breast cancer BRCA 1 gene (Exon 2 and Exon
20) for Single strand conformation polymorphism or
singlestrand chain polymorphism (SSCP).

EXPERIMENTAL

Sudy population: The study subjectswere selected
from femal e pati ents attending the Oncol ogy Depart-
mentsof Tertiary Hospitalsin and around Coimbatore
City. 64 femal e subjectswho displayed chromosomal
aberrationswere selected for SSCP analysisout of 97
subjects screened.

Blood sample collection: 5.0 ml of blood samples
were collected in EDTA coated collection tubes by
venepuncturefrom subjectsand control saseptically by
using heparinised polypropylenetubes. Thetubeswere
immediatdy placed verticdly inagterileicepacked plas-
tic container.

Wholeblood DNA extraction: 300ul of blood was
centrifuged at 5000rpm for 5 minutesat roomtempera-
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tureand the supernatant serum wasdiscarded. 1 ml of
solution A (0.32M sucrose, 10mM Tris-HCI, 5mM

MgCl, and 0.75% Triton-X-100) was directly added
tothe sampleand mixed well. The samplewas spun at
10,000 rpmfor 5-7 minutes. After removing the super-
natant RBC debris, 600ul of solution B (20mM Tris-
HCI, 4mM Na,EDTA and 100mM NaCl) was used to
resusupend the pelleted WBC. Thecellswereleft at
room temperaturefor 5 minutes. The supernatant ob-
tained after centrifuging the samplesat room tempera-
turefor 20 minutesat 10,000 rpm wascollectedina
freshtubeand 0.9 ml of 100% ethanol wasadded. The
precipitated DNA was obtained by centrifugation at
10,000 rpm for 5 minutes. Theair dried DNA pellet
wasincubated at 55°C for 10-15 minutesafter adding
150-200pl of proteinase K. Protein free DNA so ob-
tained after centrifugation wasresolved in 0.8% agar-
0segd.

PCR amplification of exon 2 (185delAG): Thefor-
ward and reverse primers used were
GAAGTTGTCATTTTATAAACCTTT and
TGTCTTTTCTTCCCTAGTATGT respectivey. 1U of

Taqg polymeraseat afinal volume of 25ul wasused for
amplification. The PCR conditions were 96°C for 5
minutesfollowed by 35 cyclesof 30 secondsat 96°C,

30 seconds at annealing temperature of the primer, 1
minute at 72°C followed by one cycleat 72°C for 10
minutes

PCR amplification of exon 20 (5382 ins C): The
forward and reverse primers used were
ATATGACGTGTCTGCTCCAC and
GGGAATCCAAATTACACAGC respectively. 1U of
Taqg polymeraseat afinal volume of 25ul wasused for
amplification. The PCR conditions were 96°C for 5
minutesfollowed by 35 cyclesof 30 secondsat 96°C,
30 seconds at annealing temperature of the primer, 1
minute at 72°C followed by one cycleat 72°C for 10
minutes

SSCP analysis. SSCP was performed following the
protocol of Oritaet ., 19892, A 6% acrylamideglyc-
erol SSCP gel wasused to andyze PCR amplified prod-
ucts. Thegel consisted of 6% polyacrylamidegdl . After
degassing the acrylamide solution, 150ul of 10% am-
monium persulphate and 30ul of N,N,N’,N’
tetramethylethylenediamine (TEM ED) wereadded and
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mixedtoinducegd polymerization prior tothegesbeing
poured. The solidified gels were set into the buffer
chamber containing 1X TBE buffer (89mMtris-boric
acidand 2mM EDTA). 5ul of PCR products (exon 2
and 20) diluted 1/20 in 95% formamide (containing
20mMEDTA, 0.05% bromophenol blue and 0.05%
xylene cyanol) were heated to 90°C for 3 minutes,
chilled on ice and immediately loaded on to a 6%
acrylamidegel containing 5% (vol/vol) glycerol. Gels
were run at 60mA for 4-6 hrs on a minislab gel
(90x80x1mm) at 4°C until the bands migrated to the
middleof thegdl.

Silver staining: Thegel wasfirst fixed inwashing so-
lution (10% glacid acetic acid) for 5minuteswith gentle
shaking followed by 3 minutesin 1% nitricacid. The
washing sol ution was decanted and the gl wasrinsed
with distilled water for 3timesin 2 minutes. Thiswas
followed by staining for 20 minutesin silver nitrate so-
[ution in dark with gentle shaking. Thegel wasrinsed
with doubledistilled water for about 10 seconds. Then
thebandswere developed with 0.25molL™* Na,CQ, in
dark andfina fixingwith 10% acetic acid followed by
washing with doubledistilled water. When the bands
appeared, photos were taken and the gel was dried
wrapped withamembraneand air dried.

RESULTS

According to the stages of breast cancer, 97 study
subjectswere grouped into 4 based on their stages of
breast cancer. Among them 1 subject wasfound with
breast cancer stage|. 12 breast cancer subjectswith
stagell, 78 and 6 subjects with breast cancer stages
Il and IV respectively (TABLE 1).

TABLE 2, Figurel, 2aand 2b depictstheBRCA1
mutation in familial breast cancer patients. BRCA1
mutationsweredetectedin 6 familial breast cancer pa
tients, out of the 97 breast cancer patients analyzed.
Amongthese6 BRCA 1 mutated breast cancer patients,
3 from breast/ovarian cancer families, 2 from breast/
lung/ovarian cancer familiesand onefrom breast/pros-
trate cancer family (pedigree data not shown). The
BRCA1 mutation 185 del AG whichresultsinthegen-
eration of astop codon at position 39 in exon 2 was
detected in 6 patients, 5 of the patientswerein stage

[11, with age group of 62, 44, 29, 41 and 56 years and
one patient with stage |V, with 36 yearsof age. All the
patients had frameshift mutation. The 185 del AG mu-
tation was heterozygoustypewith mutation present in
oneof thedldes. Thereforeit isinferred that the stage
[l patientswere more pronetothe BRCA 1 mutation
185deAG

TABLE 1 : Characteristics of patients studied in breast
cancer with different stages

Breast cancer Number of  Percentage of
Sr. No . .
stages patients patients
Ol Stage | 1 0.97%
02. Stagelll 12 11.64%
03. Stage 11 78 75.66%
04. Stage |V 6 5.82%
Stage | : Tumor is less than 2 cm across and hasn’t spread be

yond the breast.
: Tumor is less than 2 cm across and has spread to the
lymph nodes.
Sage |11 : Tumor is greater than 5 cm across and has spread to
lymph nodes.
Stage 1V : Metastatic breast cancer.

TABLE 2: BRCA1 (185delAG) mutationin familial breast
cancer patients

Stage |1

Ero' Stage Age Exon Nuclectide Jgfaeti?)fn Mutation Eiﬂ)lrlz
1 Stegelll 62 2 185 FS  delAG-ter39 Br, Ov
2 Stagelll 44 2 185 FS  delAG-ter39 Br, Ov
3 Stagelll 29 2 185 FS  delAG-ter39 Br, Lc, Ov
4 Stagelll 41 2 185 FS  delAG-ter39 Br, Lc, Ov
5 Stagelll 56 2 185 FS  delAG-ter39 Br, Pc
6 Stagelv 36 2 185 FS  delAG-ter39 Br, Ov

Ov - Ovarian cancer
Pc - Prostrate cancer

Br — Breast cancer
Lc - Lung cancer
Fs — Frame shift mutation
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Figure 1 : PCR amplification with 185delAG(259bp)
primer s(Lane 1); 5382inc(401bp) primers(L ane 2); 100bp
DNA ladder (Lane3)
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Lane 1 : Patient with normal genotype

Lane 2 : Patient with 185delAG mutation (exon 2)
Lane 3 : Patient with normal genotype (exon 20)
Lane 4 : Control with normal genotype

Figure2a: SSCP analysisof BRCA1 geneexon 2 and 20
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WT - Wild type sequence
M - Mutated sequence
Underlined sequences were deleted in mutated sequences

Figure2b: Section of chromatogram showingtheAG Sequence
which isdeleted in patient with themutation

DISCUSSION

BRCA 1 associated mammary gland tumorsin hu-
mansand murinecellsdeficientin BRCA 1 exhibit ge-
nomic imbalances and chromosomal aberrationsthat
arehallmarksof geneticinstability™. Dissection of the
roleof BRCA1inmaintaining genomeintegrity hasbeen
complicated by studiesthat link BRCA1to multiple
DNA repair pathways, such as homol ogous recombi-
nationa repair, non-homol ogousend joining and nucle-
otideexcisonrepair.

TheN-terminusof BRCA linteractswith BARD
1, BAP-1, E2F-11, Cdlular proteinsthat interact with
theexon 11 of BRCA1 either directly or indirectly are
RADS51, RAD50, p53, RB, c-Myc. The C terminus of

BRCA 1, which contai nstranscription activation do-
mainandtwo BRCT domains, interactswith RNA poly-
merase |1, p300/CBP, BRCA 2, RNA helicase and
CtIP9,

BRCA 1 bindsto DNA without any specificity!®.
BRCA1 over-expression alsoresulted inthetranscrip-
tiona activation of Gadd 45. BRCA 1 islikely to par-
ticipateasasensor or transducer rather than directly as
arepair factor (effector). BRCA1 hasbeen shownto
associate with many cell cycleproteing. During late
G1 and S phases, BRCA1 protein increases and be-
comes phosphorylated. Upon exiting from M phase
BRCA1 isdephosphorylated and its expression de-
creases™®, Thisexpression pattern prompted intensive
studiesof BRCAlincell cyclecheckpoints, leadingto
thediscoveriesof itsimportant rolesin centrosome du-
plication aswell asG2/ M and S checkpointg?.

Ampleexperimentd evidencesindicatethat BRCA 1
playsan essentia rolein maintaining genomeintegrity
20, The study of BRCA1 functionin vivoiscompli-
cated by itsessentid roleincelular viability, inthat dis-
ruption of BRCA 1 in the absence of additional com-
pensatory mutationsresultsin lethal ity!?.

BRCA1 regulates the activity of the RAD50-
MRE11-NBS1 complex. BRCA1 has been reported
toassociaein vivo to theRNA polymerasel holoen-
zymecomplex(?, In addition to apossiblefunction of
BRCA1 proteins, BARD1 and BAP1?3 that interact
withZinc-RING domain of BRCA 1 protein. Thesefind-
ings suggest that BRCA 1isatumor suppressor gene
responsiblefor both normal devel opment and carcino-
genesisof thebreast.

Thenumber of mutationsof BRCA1and BRCA 2
were estimated to be 718 and 458 respectively?4, A
large scale mutation analysis of thesetwo genesindi-
cated that in many popul ationsonly 30-60% of familia
breast cancersareattributableto BRCA1 and BRCA
2 genemutationg®!. Mutation carriersa so haveasta-
tistically increasedrisk for several other cancers; i.e.
pancrestic cancer and carcinomaof the uterine body
and cervix for BRCA 1%,

About 1200 mutations and polymorphisms are
knowninthe BRCA1 gene?. Theancient mutation
185del A G has been estimated to have agpproximately
46 generationsfor 1000-1500 years. It isalso guessed
that mutations5382insC were originated inthe Baltic,
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38 generations ago®!. Two mutationsin BRCA 1,
185del AG and 5382insC, are common in Ashkenazi
Jewswith acombined frequency of above 1.0 %%, In
contrast, up to 41% of Ashkenazi Jewish breast cancer
patientswith afamily history of breast and/or ovarian
cancer have either 185delAG or 5382insC BRCA 1
founder mutationg®!.

InIndia, 185del AG has been reportedin al popu-
lationsstudied®. Thisde eteriousframeshift mutation
was first reported in a family residing in a part of
Trivandrum not far fromthesmall townswith the settle-
ment of Jewish peopl€®Y. It waslater reportedin two
South Indian familiesin Keralaprovince®?, BRCA1
mutationsaremaost commonin Russ aaccountsfor 79%
of hereditary cancer of breast whilethe prevalenceis
47%inlsradl and 27%in Italy®!. Various Indian stud-
ieshavereported BRCA mutationsin 9-25% of famil-
ial breast cancer patientg*.

Breast tumors of BRCA 1 mutation carriers gen-
erally occur at an earlier ageand have distinct patho-
logical features when compared with non-familial
breast cancers®. Tumorsaregenerally higher grade,
highly proliferative and aneuploid and are predomi-
nantly ER2- and PR-negative compared with non-fa-
milial cased™.

Inthe present study theclinicopathol ogical charac-
teristicsof familia breast cancer patientswithBRCA1
mutations, 5 of the patientswere of tumor grade 3 and
one patient having thetumor gradeof 4 and four of the
patientswere having thetumor size of above5 cmsand
two of them with tumor size of 2-5cms. Our studies
show dlinica significancein certainfamiliesif therisks
are associated with specific mutations. Themain con-
clusonsinour study, arethat BRCA 1 associated breast
cancer hasaseriousprognoss, and thisisespecialy so
for early stages.

REFERENCES

[1] H.Zhang, K.Somasundaram, Y.Peng, H.Tian;
Oncogene, 16, 1713 (1998).

[2] J.M.Hall, M.K.Lee, B.Newman, J.Marrow,
A.Anderson; Science, 250, 1684 (1990).

[3] S.Thakur, H.Zhang, Y.Peng, H.Lee, B.Carrol,
T.Ward; Mol.Cell.Biol., 17, 444 (1997).

[4] T.Ouchi, S\W.Lee, M.Ouchi, S.A.Aaronson,
C.M.Horvath; Proc.Natl.Acad.Sci.USA, 97, 5208

(2000).

[5] R.Wooster, S.L.Neuhausen, J.Mangion, Y.Quirk,
D.Ford, N.Collins; Science, 265, 2088 (1995).

[6] S.Thorlacius, J.P.Struewing, P.Hartge,
GH.Olafsdottir, H.Tulinius; Lancet, 352, 1337
(1998).

[7] D.Ford, D.F.Easton, M.Stratton, S.Narod,
D.Goldgar, P.Devilee, J.Peto; Am.J.Hum.Genet,
62(3), 676 (1998).

[8] M.A.Warmuth, L.M.Sutton, E.RWiner; Am.JMed.,
102, 407 (1997).

[9] M.Krainer, C.Ishioka, R.Kanamuru, A.Shimada;
N.Eng.J.Med., 336(20), 1416 (1997).

[10] W.C.Woods, B.Hyman, H.B.Muss, L.J.Solin,
0.1.0lopade; ‘Malignant tumors of the breast’, in,
ed V.T.DeVitaJr, S.Hellman, S.A.Rosenberg, Can-
cer: Principles and practice of oncology, 7" Edn
Lippincott Williamsand Wilkins (USA), 1415-1418
(2005).

[11] M.C.King, S.Rowell. S.Love; JAMA, 269, 1975
(1993).

[12] M.Orita, H.lwahana, H.Kanazawa, K.Hayashi,
T.Sekiya; Proc.Natl.Acad.Sci.USA, 86, 2766
(1989).

[13] PL.Welcsh, K.N.Owens, M.C.King; Trends Genet,
16, 69 (2000).

[14] D.E.Jensen, M.Proctor, S.T.Marquis, H.PGardner,
S.I.Ha, L.A.Chodosh; Oncogene, 16, 1097 (1998).

[15] S.Li, PL.Chen, T.Subramanian, G.Chinnadurai,
GTomlinson; J.Biol.Chem., 274, 11334 (1999).

[16] T.T.Paull, M.Gellert; Proc.N Matl.Acad.Sci.USA,
98, 6086 (2001).

[17] C.X.Deng, S.G.Brodie; Bioessays, 22, 728 (2000).

[18] H.Ruffner, I.M.Verma; Proc.Natl.Acad.Sci.USA,
94, 7138 (1997).

[19] B.Xu, S.Kim, M.B.Kastan; Mol.Cédll.Bial., 21, 3445
(2001).

[20] A.R.Venkitaraman; Cell, 108, 171 (2002).

[21] S.X.Shen, Z.Weaver, X.Xu, C.Li, L.Chen;
Oncogene, 17, 3115 (1998).

[22] B.Newman, H.Mu, L.Butler, R.C.Millikan,
P.GMoorman; JAMA, 279, 915 (1998).

[23] F.S.Collins; N.Engl.J.Med., 331, 186 (1996).

[24] http://www.hgmd.cf.ac.uk/hgmd0.htm.

[25] C.1.Szabo, M.C.King; Am.J.Hum.Genet, 60, 1013
(1997).

[26] D.Thompson, D.F.Easton; J.Natl.Cancer.Inst.,
94(18), 1358 (2002).

[27] http://www.nhgri.nih.gov/intramural _research/
Lab_transfer/Bic.

— %jogecﬁnokyy
e udian oanl



278 Deleterious effect of brcal mutations in familial breast cancer BTAIJ, 3(4) December 2009

FULL PAPER o
[28] B.B.Roa, A.A.Boyd, K.Volcik, C.S.Richards; [31] B.V.Kumar, S.Lakhotia, R.Ankathil, J.Madhavan,

Nat.Genet., 14, 185 (1996). P.G.Jayaprakash, M.K.Nair; Cancer.Biol.Ther.,
[29] PTonin, O.Sarova, GLenoir, H.Lynch, J.Simard; 1(1), 22 (2002).
Am.J.Hum.Genet., 57(1), 189 (1995). [32] J.E.Armes, A.J.Egan, M.C.Sauthi, G.S.Dite,
[30] M.T.Valarmathi, M.Sawheney, S.S.Deo, G.G.Giles, D.J.Venter; Cancer, 83, 2325 et al.
N.K.Shukla, S.N.Das; Hum Mutat., 23, 205 (1998).
(2004). [33] M.Robson, P.Rajan, P.P.Rosen, T.Gilewski,
Y.Hirschaut, B.Haas, Cancer Res., 58, 1839 et al.
(1998).

%jo?ecénokyy C—
e Tudian ounadl



