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ABSTRACT

Here we report the study on BRCA! and BRCUA2 mutations in 12 Thai breast and/or ovarian
cancer families and 6 carly-onset breast or breast/ovarian cancer cases without a family history of
cancer. Five distincet rare alterations were identified in each gene: four introducing premature stop
codons, one in-frame deletion, two missense changes, two intronic allerations and one silent rare
variant. The BRCA I or BRCA2 truncating mutations were detected in four of seven patients with
familial or personali history of breast and ovarian cancer, in one of four isolated early onset breast
cancer cases and in none ol seven breast cancer site specific familics. The BRCAI and BRCAZ2
mutations vield 10 Thai paticals is consistent with that reported from Lurope and North America in
similar groups of patients, being particularly high in individuals with personal or family history of
breast and ovarian cancer. The BRCAI and BRCA2 alteralions found in this series are difflerent
from those identificd in other Asian studics, and all but two have never been reported before.
BRCA! 3300delA-ter1061 and Asp67Glu allerations were detected cach in at least two families

and thus could represent founder mutations in Thais.
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Introduction

~I-3reast cancer is one of the important world health problems, not only in industrialised, but
also in developing countries where its incidence has been gradually increased. In Thailand, this
disease is the second leading cancer in women, following that of cervix uteri (Chindavijak and
Martin, 1999). National estimation of age standardised incidence rate (ASR, world standard) of
female breast cancer in this country shows an obvious increase; the estimated ASRs (per 100,000
women) being 7.0, 13.5 and 16.3 by the years 1985, 1990, and 1993, respectively (Cancer
Statistics 1985: Vatanasapt et al., 1995: Chindavijak and Martin. 1999). Incidence rate of breast
cancer is the highest in Bangkok (poputation 5.88 millions) with the ASR of up tlo 20.6, and it is
the most frequent female cancer in this city followed by that of cervix uteri (ASR 18.6).

Ovarian cancer 15 the second maost frequent gynaccological malignancy ol That women,
exceeded only by cancer of cervix uleri. [owever, the incidence rate ol avarian cancer is relatively
fow with ASR of 4.7 compared 1o 19.9 per 100,000 in Canada.

Familv history is an important risk factor of breast and ovarian cancer. Approximately, five
to ten percent of all breast and ovarian cancers are due to genctic predisposition with autosomal
dominant transnmission (Newman el al., [988; Claus et al. 1991 Schildkraut et al. 1989). Two
major breast and ovarian cancer susceptibility; gencs, BRCAI and BRC A2, have been identified
(Miki et al., 1994; Wooster et al., 1995; Tavtigian et al., 1996). These genes are believed 1o be
tumor suppressors whose function has not yet been completely elucidated. They are thought to be
involved in DNA repair as well as transcription regulation (Scully et al., 2000; Zheng ct al..2000).

The majority of information concerning multations in the BRCAI and BRCA2 genes in
breast and ovarian cancers comes from North America and Europe. However, lew reports on this
issue have been published from Asian countries. In the frame of the MAGIC project coordinated at
IARC, we characterised the BRCAT and BRCAZ mulations as well as polymaorphic variants in the
members of breast and/or ovarian cancer risk familics and isolated cases of early-onset breast or
breast/ovarian cancers m Thais. Most of the patienls were from central region of the country

incl’udiﬁg Bangkok.
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Materials and Mecthods

Patients

This study includes a total of 23 patients wilh breast and/or ovarian cancer. Seventeen
patients were from 12 families having at least two aflecled cases of breast or ovarian cancer
diagnosed at any agc é\mong first degree relatives. The other six out of 23 patients were isolated
cases without family history ol breast or ovarian cancer. Of these isolated cases four were breast
cancer patients diagnosed before age 32 ycars and two had both breast and ovarian cancers. All the

patients had given informed consent belore providing their blood samples. .

DNA extraction and nutation analysis

Peripheral blood leukoceytes were separated rom whole blood specimens by standard
dextran sedimentation technique. Equal volume of whole blood and 1% dextran in normal saline
were mixed gently and stand at room temperature for 40 mini;les. The WBC enriched supernatant
was separated and then incubated with proteinase K in the presence of 0.1M EDTA and 0.5% SDS
for 12 hours at 35C". ‘

Genomie DNA  was isolated by standard  phenol-chloroformn procedure  described by
Sambrook ct al (1989). The puriiied genomic DNA samples were subscquently screened for
BRCAI and BRC .12 variants by PCR-based heteroduplex analysis according to Serova et al (1997).
All 22 coding exons of BRCAT and 26 coding exons of BRCAZ as well as the exon-intron junction
regions were amplified using primer sequences described by Freidman et al (1994) and Tavtigian
et al (19906). respectively. The PCR reaction mcludes 1xPCR bulfer with 1.5 o 3 mM MgCl, .
200mM dNTP. 20 pmol each primer, 0.05 pl "P-dATP (specific activity 2500 Ci/mmol,
Amersham. Aviesbury UK). 1 unit platinum Taq polymerase (Gibco BRLY and 50-200 ng genomic
DNA in a total of 20 pd rcaction mixture.

The PCR products were denatwed at 90C" for 5 minutes and cooled down to room
temperature over at fcast 30 minutes lo allow renaturation of the DNA strands. Homoduplex and
heteroduplex were separatcd in non-denaturing  FxMBDE  polyacrylamide gel matrix (FMC
Bioproduct, Rockland, ME) containing 7.5% glycerol at 300 to 600 V for 14 hours according to
the manuflacturer’s . protocol. Afler vacuum drying at 80C" for 45 minutes, the gel was
autoradiographed us'ing Kodak BioMax MR filin {or al lcast 4 hours at room temperature. PCR

products exhibiting variant bands in BRCA! or BRCA2 genes were subsequently reamplified and
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DNA sequenced by modified manual Sanger’s dideoxy chain terminalion method (Sanger et al.,

1977) using USB PCR-product sequencing kit (Amersham).

Results

We analysed the BRCAT and BR('A2 genes in 23 Thai patients affected with breast and/or
ovarian cancer. Scventeen palients belonged to 12 breast or ovarian cancer families and six were
early onsct breast or breast/ovarian cancer cases manifesting no family history ol these cancers. In
four families, blood samples were oblaincd from two or more affected cascs whereas blood
samples from one affected member werc collected in the other 8 families. Table | specifies the age
of onset of cancer and the lamily history of the patients studied. our out of five ovarian and
breast/ovarian cancer families contained at Icast two first-degree relalives affected with ovarian
cancer. The majority of the breast cancer specific families (5 of 7) presenled (wo cases of breast
cancer among lirst-degree relatives, twa kindreds having three affecteds. Mean age of onset of
familial breast cancer was 54 years.

Five distinct rare vartants were identified in each gene: four introducing premature stop
codons. one in-frame delction, two missense changes, (wo intronic and onc silent rare variant
(Tables 1, 2). Only two out of ten variants ddentified, the BRCAT [VS20:478 and the BRCAZ
204 1delA, have been reporied previously, cach twice (Breast Cancer Information Core, http://
wwiw. nhgri. nih. gov/ Intramural research/ Lab  transler/ Bic). The others are the novel
mutations that have never been reperted before.

The BRCAT mutation 3300delA-terl06F has been found in two apparenty unrelated
families: 7 and [15. Patient 17 (family IF7) revealed 3300delA only, while paticnts 27 and 28
(daughter and mother, Tamily FI15) appearcd to carry the BRCA/ rarc muissense substitution
Thrl051Ser (3271C>G) together with 3300delA mutation, both being likely present on the sante
allele and thus suggesting Thr1051Ser variant o be a polymorphism. Both familics showed a
predominance of ovarian cancer. Their pedigrees, heweroduplex analysis and sequencing results are
shown on Figure |. Another BRCAT truncating mutation, 744ins20-1er240, was identified in an
isolated casc of breast and ovarian cancer (patient 32). This patient had bilateral breast cancer
diagnosed at age of 41 years, and ovarian cancer at apge of 42 years.

Among two clearly deleterious BRCAZ mutations, one (204 LdelA-ter613) was found in an
carly-onsetl breast cancer patient (paticnt 21) manifesting no family history of cancer. The BRCAZ

6382delT-ter2069 was identified in a 35-ycar-old breast cancer paticnt (paticnt 20) belonging to a
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multiple cancer sile (amily (I'10: breast, ovarian. utcrine, cervix, liver cancer). Her elder sister also
developed a breast cancer while her mother had cancer of cervix uteri, her palernal aunt and uncle
had 0vari¥m and liver cancer, respectively.

The other five rare variants found in this series are of unknown significance. The BRCA/
320T>G giving rise lo the aminoacid change Asp67Glu focated in a close proximity of a RING
finger motif. is a novel missense variant obscrved in three unrelated Thai breast cancer patients two
of which had family history of breast or ovarian cancer (patients 34, 35, 36). The BRCAZ IVS20-
26A>G intronic variant was detected in a breast cancer patient (patient 24) having her sister
affected with breast and mother with uterus cancer. Unfortunately, no DNA of the affected
relatives of the carriers of the BRCAT Asp67Glu or the BRCA2 1VS20-26A>G has been available
in order to check the segregation of these allerations with the diseasc. The BR(CA2 5527del9 in-
frame deletion was identificd i mother and daughter (patients 3 and 4, F2), both affected with
breast cancer. This mulation is expected Lo result in a Joss of three amineacids, Lys1767, Leul 768
and Aspl769, from the BRCA2 protein. Although it remains o be established whether these three
genetic alterations represent deleterious mutations or ncutral polymorphisms, they were not
observed in a total of 100 chromosomes from Thai population. The BRCAT IVS20+78G>A is an
intronic variant which was found in an affected mother (patient 1), bul not in her affected daughter
(patient 2. A BRCA2 stlent substitution 2565G>T (Leu779Leu) was delected in a familial
advanced-age breast cancer patient (patient 25). Given genctic and functional aspects of these two
latter variants. they arc likely to represent rare polvinorphisms.

A total of seven dilferent BRCAT and BRCAZ germline alterations likely (o be disease-
associated were identified in ten apparently unrelated breast and/or ovarian cancer families or
isolated cases. We found alterations in four of five ovarian and breast/ovarian cancer familics
(three BRCAT: 3300dcIA F7, F15, Asp67Glu I'17: one BRCAZ: 6382delT FI10), in three of seven
breast cancer families (onc BRCAT: AspG7Glu 118, two BROAZ: 5527del9 2, IVS20-20A=G
IF12), in one of two breast/ovarian caneer paticnts (one BRCAT: 744ins20 patient 32), and in two of
four early-onset breast cancer patients {one BRCAT: Asp67Glu patient 36, one BRCA2: 2041delA
patient 21). When considering truncating mutations only, three BRC AT and one BRCAZ mutations
were identified among scven {mlicnls with famitial or personatl history of breast and ovarian cancer,
one BRCA2 mutation among four isolated early onsct breast cancer cases and none in seven breast

cancer specific families.
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Discussion

We studied the incidence and spectrum of the BRCAT and BRCA2 mutations in 12 Thai
breast a.ﬁd/or ovartan cancer families and 6 isolated carly-onset breast and breast/ovarian cancer
cases. Ten diffe:-exﬁ rare variants (five in BRCAT and five in BRCA2) have been identified, seven of
them being likely associated wilh disease. IFour mutations ({wo BRCAS and two BRCAZ2) are
predicled to result in premalure Stop codon; one BRCA/ missense variant provokes an amino acid
substitution of Asp to Glu at residue 67 close to the last cystein of the RING finger motif and
located in the proteolysis-resistant domaim of BRCAT (Brzovic et al, 1998); one BRCA2 multation
causes a deletion of three amino acids from the BRCA?2 protein; and one intronic alteration affects
the potential branching site of intron 20 of the BRCAZ gene. However it can not be ruled out that
the three latter non-truncating alterations could be neutral polymarphisims. Three other variants
detected are likely Lo be non-deleterious polymorphisms given the following pieces of evidence.
Thr1051Ser is apparcently present on the same BRCA/ allele as the truncating mutation 3300delA-
terl 061 in family F15. The BRCA! intronic single nucleotide change 1VS20+78 G>A does not
appear to scgregale with discase, and the BRCAZ G25651 does not result tn an amino acid change.

More than hall of breast/ovarian cancer fanmlics or isolated cases (4 of 7) appcared to carry
BRCAT or BRCAZ truncating mutations with the predonunance ol the BRCA [ alicrations. Nonc of
seven breast cancer specific [amilies and anc of ivur isolated carly onsct breast cancer cases were
found positive [or truncating mutations. 'The number of the BRCAT or BRCA2 mutation carriers in
our series might be actually higher supposing that some of (he rare. non-truncating variants
identified could be deleterious and given that regufatory mutations and large rearrangements have
not been looked for in tins study.

The maority of the previousty reported BRCAT and BRCAZ mutalions come from Europe,
North America and Australia. More than 600 different germ-line BRCAS and BRCA2 mutations
have been identified so far, sprcad throughout the coding regions of both genes (Breast Cancer
Information Core). There are few dala on the BRCAT and BRCAZ mulations in Asia. To our
knowledge, this is the [irst report on BRCA S and BRCAZ mutations in hereditary breast and ovarian
cancers (n Thatland. Qur resulls on breast/ovarian cancer families and isolated patients appeared to
be similar to the {indings of Takano et al (1997) reporting seven BRCAT mutations in 19 ovarian
and breast/ovarian cancer Japganese familics. In Japan, China and Taiwan, 20 to 30% of breast
cancer specific families were found (o be attributable to BRCAT and BRCA2 mutations (Inoue et

al., 1995; Inouc et al., 1997, Katagiri ¢t al., 1996 Li ct al., 1999} and about 10% of early-onset
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breast cancers were due (o BRCAL alterations (Tang ct al., 1999; Sng et al., 2000). We identified
no BRCA/I and only onc BRCA2 truncating mulation among 11 breast cancer families and early-
onset paiients studied. However, the number of these patients was small and the families selection
crileria were not stringent (at least two breast cancer cases diagnosed at any age among first degree
relatives). On the other hand, some non-truncating, but likely functionally significant variants
detected in the coding and intronic sequences of BRCAT and BRCA2 might be causative of breast
cancer in these patienls.

On the whole, the BRCAI and BRCA2 mutations yield in Thai patients in this study is
consistent with that reported from Lurope. North America and Asia in similar groups of patients,
being particularly high in individuals with personal or family history of breast and ovarian cancer
and less clevaled in breast cancer families or isolated cases (Couch et al. 1997; Serova et al, 1997;
Stoppa-Lyonnet et al, 1997; Fakansson et al. 1997, Takano et al, 1997; Inoue et al. 1995; Inoue et
al. 1997. Katagiri ct al. 1998; Li etal, 1999: Tang et al, 1999: Sng ct al. 2000).

The BRCAT and BRCAZ mutations found in our series arce dilferent from those reported in
the other Asian studies, and necarly all of them are novel ones. BRCAT 3300delA and Asp67Glu
alterations were detected cach in at lcast two [amilics and thus probably represent [ounder
mutations tn Thais. IU is essential to estimate the contribution of these specific mutations i
hereditary breast and ovarian cancer through the screening of a farger series of patients.

Further studies of cancer related mutations i Thai familial breast and ovarian cancers in
different regions of Thailand and neighbour countries within SEA will lead to belter understanding
of genetic risk factors ol these female cancers in this region, These studies will contribute to (he
assessment of the necessily ol the preventive programme for mutation carriers as parl of the

National public health policy
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Table 27 BRCAT genetic changes in Thai breast and ovarian cancer patients

Patient ID | Exon/Intran Nucleotide ™~ “Consequence

o -F!Ef.ﬁﬂlf [ ‘At?lﬂi’l]:’(;— -

34 exon 5 3200 | TG | T TAsp6IGla T
35 exon 5 3200 | TG |7 T Asp6IGhn T T

36 exon 5 320 TG T T AsphGile T
32 exon 10 [ 744 | " Tins20 - Stop2d0 T
l?a _‘_ACXOIIAII T 3300 7 v(iC]A N §l()p“}6i T
27,287 | Texon il | 3300 deia = | 7 Stopl06i
Tlexon FUT)T O T32T1 G | Thi0Si8er T
T T Tmtron 20 | TIVS20078 | T G>A L | unknown

Table 3. BRCA2 genctic changes in Thai breast and ovarian cancer patients

Patient ID Exon/Intran |~ Nucleotide " | Consequence” T
" Position | Change
] B “Texon 10T 2041 © dedlA | Stop613
25 T T[T exon 11 77T TT2565 0 | TGST | unknown "
U304 T T exon T | TTT5527 Cdeld T T T del1767-1769
20 | exondl | 76382 7 | delT T T[T T S10p2069 ’
24 T U ntron 21 )T 1VS20-26 COAG T unknown
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Figure L BRCA1 3300del A mutation in families 7 and 15.

1A: Pe&igrees of families 7 and 15. Blackened circles indicale women affected with
breast or ovarian cancer, grey circles and squares indicate individuals affected with other
cancers. Br-breast cancer, Ov-ovarian cancer, Cx-cervical cancer. Na-nasopharyngeal
cancer. Age at diaghosis or current age for non-affecteds are indicated. Screened
individuals are II-1 'in family 7 (patient 17) and -3 and 11I-2 in fannly 15 (patients 28
and 27).

| B: Heteroduplex analysis ol the BRCAI exon || fragment (nucleotides 2897-3662).

1C: Sequencing analysis ol this fragment in patient 17 revealing 3300delA mutation.

Deleted nucleotide 1s marked with an asterisk.
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#3929 BRCA1 is Post-Transcriptionaily Upregulatod try Estrogen in
MCFT Human Breast Cancer Cellz. Zhiguan Zhao and David Spriggs. Memo-
Aaf Span-Ketisang Carcor Cantar, New Yok, NY.

BRCAI has besn known as 8 tumor suppressor gans lhat Is implizated in
fheecitary forms of breast and ovarian cancor, For over a cocade, #t fes drawn
reuch aitention and ity regulatory mechanisms have boen widely investigated.
Most stucfies indicats that BRCAT is banscriptonally reguieted in a prcliferation-
dependent manner. Studies by severs! groups have demonsirated thet BRCAT 13
voregulated in resporise 1o exposure 10 estrogen. \We sousht 1o fnd out
post-ranscnotional mectanizm is irvolved in the requiation of this gens. Pretim-
UTR ArA
binds ¢ 2 35-KDa protsin on Mexthwestem biotling. Twalve-hour ¢ longsr
exsasurs of human breast cencer Zells fo Estradiol significenty increcses the
binding signai. Slnce HUR Ras teon well known as an RNA-bhding proteir which
is SEK D3 {[confirmed by Westemn on the sama bioh, wa did tha in vilre ANA-protein

inary expenments indicated that the in vitie transeribed BRCAT 3°-

binging 2ssay and we-e atle 12 show that HuR indeec binds lo BRCAY 3°-

uTa,

Further studies had locsrad the msoonsible alament o b in the first 13 of the

whole 3"~ UTR, Eswvadiol traatment of MCF-7
Luciferase corstructs contalning the BRCA1 3° -
arzbly ncrease the Lucifarage actnty, turther indicatng thal the 3°~

cells statly rangfectea win
UTR sequence could consld-

UTR se-
quence is involvad in tho post-transcnptional regulation of the BRCA® gene.

43930 oOfigomeczntion of Stress-Induzed Human GADDAS Frotein. Olag
Kovvalsky and Albert Formace. NMatonal Instifutes of Hegith, Belhosds, MC.

Badasbis an 18 kDa acidic praten which isindaced n the cell By various kinds
¢f genolaxic stress, The exact ‘unction of tre proteln Is not known. However,
there is evicenca for ds invowemant in growth control, maintenancae ¢f gancmic

slabilty, DNA reoair, ceil-g

yela requlation and apceatos.s. Corsisiertly. Gadods

45 besn shown 0 miecact in vif7o and/or -0 vivo with a numbe 3l pedtaans
Playing certrz! roles in these cellu'ar o 2cesses: FONA, 121, coc2-.,cin8 com-
olex. MTK{ and nisiones. Acding 10 thie complaxty, we havu Tfound that Gagdcds

self-gssac gtes o solLie

(PR

* 0 il and wnen exgressed inthe cell Moreover,

GedgaS can zomplex wib twa othver members of Gaddss family of stross-
inducec prateins. human YyD 118 and CRG. Gei-xcluscn chrgmategrashy, na-
fve geof analysis, themical cross-baking and ELISA showed thal recorntxnant
Gaddaes lsrms dmenc. immedc and telmmens $S40.85 o0 YWirg Dadelon mutant
anc Jepnde sLanning analysas suggest hal Gacdas nas two sed-assomation
sites: within 38 fe-trmina aa and within 48 C-famminat 2a. The Ko ot seel-

assocgion s #5'lrmalad o Ge 4 - 12

ubd. Despita low-abuncancy of Gadd4s i

the cefl, o gomer-lormé-o concsntraticns can be realized In the locl-ike nuclear
stuctwres formed Dy e protein. The potertial role’sl ¢f homo- and hete-o-
associators of Gadd<s proteing will ba dhcuszac,

#3931  Ovarexpreszion of Human BRCA1T Entiznces Mucleotide Excision
Repeje, Anne-Renee =la-man, Can Haber, and James Ford. Harvarg Mecesf

Srhaol, Bostort MA, and Stantorg L

varsily, Stanford, CA,

Inhedtec mutations of the SRCAT gera reasull in 3 predispositon o ke cavel-
ooment of braest and svaran cancer, anc over 70% c¢f BRCAT mutant treast
sarces also skt Mutztions it e ol IMGr suppeesIsoc gene. The dRCAY
gene product may he involved in DNA repar processes through itg intesazton
with ¢ther repait and recombnatia= orotoing or as a tanscription fazior. BRCAT

ranscroticnally reguiates GADDLS, a gravah Tre

ol zn¢ ONA darrage-inducitle

oone that plays & rcig in the nucleoide 2xcimion repar {(NER) pathway, YWa have
ev2ivated the offest of overexprassion of SRCAT srotein an NER of UV-radiation
indused protoorodusts r gencmic DMA i viva, Assays for Jiahel genomic MER
veere 5en0mmed using U208 human ostecsarcema cells engreansg o conla r an

inducible, leiacyclingraguinied BRCAY expressicn .
052 UERET cals) or rul i

vecior and are wilihyde {or
o 930 due to axpresson of e HEV £6 gerd (EEZH

ceflsi, A& &2 to'e induction of ERCAT protein "avel was achiaved in both ¢eil fines

[0

ety e

imeynocrecionaions

c32

CPL " was assexses

BRCAT exoresmon evarced : copar N ER

preten resuned n ennants I global genomic tep

Tresrment of cedig wirh UY
inerzased 233 tavels o URRSD cade, Dut o33 levels remained
T ewls Gickal gennmue moar of LVanduced cyclodutane py s Ticing Jdiness

U5

mevel ol etacveine from the growdah mada. as determinsd oy
~radiation {10 J/m2) rasuited o
ataciah’e N

~g an immuncslotbiat method and monoclonal ant-
bogies soecife for e OhGiopioduct, E52 4 cale nil for pS3 exhibitad poor NER,
a3 we kave orevsusty showa lor other 253 dystunclional cers, removing cnly 33%
of CPD's 24 houis fetoeg 10 S92 of UV-iracialion. However, inducton of

21 safig wiik 3d% of CPD's movec 24

bours folowing UV-Amegizicn, Simvarty, overexpreasion of BRCAT int pS3 wad-
tvps UERBQ ceks ‘urthar sshanced repair with 2% _of CPD's removed hy 2¢
hours fekowing UV virorezs, UERED tal which oig nat overesrass SHCAT,
repried onty Z33% of TOD's by 24 wnurs. Theralors, cveraxpression of BRCAY

¢, Jartcuary 0 oalis ecking

' P53, suggestng that inzuzsg 2TCAL may partaly corpersste for loss of £E3 in
tha re-a: o' W-indacac THA Jamage, These res s 3ra the figglto cemonstate

fe BRCA

4 e

G

“Rroudn tAnsee
e RS oereclial g

onhans ™.

et

' an NEFL6f UV phoisproducts. We hypothesize sl
r.al regulation of #ve GADDAS

AN fearsinbion Jor Careat

#3932 Comparative Analysls af Mutation Detection Sirstagies for Locat
izing BRCAT Mutations snd Veriants, Eaine A Of-t—l!r':mr for the Braast Cam:;;-

Sasitie, WA, -

To date, over 1600 garmiTe mutalens and varants of unknown segnlrfcan-
have besn Icentified in the BRGA: and SNGAZ genes, vwhich 1ogather accaurt for b
ke majority of Aerad. ary breast apd/a cvarlan cancer svacromes (MIprivavw -
Fer.nih. goviintramurat_researct/Lab_transtar /B2 The data gaasmated derve 3
from popuaton-hasse case controb studes, hospitalnasec seres of breast TA
cancer paslents. warmen from high-dsx brmEs! ca~cor Zinics. and bredst anc/ee }3’!
ovarian cancar *arrifies urdergoing ganatie tesiing. Dacsion weking sirategies,
=aoith policles, and research plaoning atiize these data, which werd ganeretad
J5ing 3 varaty of Tuiation scareirg tschnalogies We sought o dateninine the
comaAtive sersitvity, specilicity. ard cosi atiiciency ¢f the 70rm0n mMutation
stcanning tachnclegios by tind tesing of a anel of §5 samgles ceraining 53
BRCAT mutations/varianta Incivicual -aba ~with ssiablished exDariisg in singls
strand confarmpllonal polymorohisin ana, 53 (SECPR), conformation-sensitvg
graciant gel miactrocmeresis (CSGEL two- clmersional gene scanning 170G 31 and
denaturing kight cerfarmancs quid crromalagraphy (DHPLC) undartcek the bird -
analysis and foliew.sequoncing. Inentlione, celetions. missese charges and |
Intrenic changes ware all present i o panvel. Flesults wers as folfows: CSGE
detectad 78% of possible changas. SSCF 72%, #nd TDGS 88.2%. Using the ¥
ra‘orance slardard of OAA sequonzeg, DHPLE poviced ihe stongest resulis;
detectirg all 55 muistions/vadants, We nolez sizong erds in U ype of ruts.
Jons thot ware undetected by CSGOE ZAGF and TOER, with all technologieg
having the highest Tevel of dotecton for (PMA geletions and Bha weakest for
missanse chaiges, ‘We ~ote also & cartan amrourt of numar and administratvg
prrors which contributed o the lack of detection of sorrs var ants. Sush ororz,
whala ratoctec - othe final dotection fles, but are not nberant 0 the rotheds
theriselueq. Princnias pamored frorm these expanmenis wil prove usaful foe
nterpreting aophpeg timmlar data genpdien om he siudy of othet zances
suSCePLNiky gmcas

#3933  mutnilonal Profile of BRCA1/2 Mutations in Warldwide Pogputs
tlons: The Magic Project. Ceilla | Seabo, Olga Smieckova, Looae! Sadrinan,
Sum'a Saxnsa, Ashox Mukhadae. Kargeteng T, Cirg- Sheng Jvanq, f‘lrncr.m
sraal. Knzh Bholheeowan, Petio Rar-Fores. Slugo x:.ar'e-- Salgans, 3.
{afian, Juan Lleraes, David € Coigar. ane G.ibad Lenoir Aufoncmces L""'l- H
versity of Auevo Leoa. Monigrny, AMenca. FOCRUZ Ao de Jenelo, Bradl
Insttuie of Fathology New Cethi, !roia, intem2ticnal Agency “or Qesearch oo,
Careor, Lyon, Francs, Mamzal Univecsity, Banghknd, Tradard ard Tianjin (,ar-m'
Canter, Tiamin, Chira,

dmlr"r“\':)'| of Bﬁf"m and o"(‘.ﬁ\? ‘Mula acproxuna'e y T 5"% c. hlq.'\-r.sk Ha :
sreast angicr ougrian cancer famalias ae attnbulable o rmytaltors n these genes
BRCAY/Z agsaunt fer only 2-2% of all hreast cancer cases and 1034 of sty
angel Breest cances o the genarad pogutation. Howevee, due to ;Jomlzticn-
seacific founaar effects, e contdtiufion of these genes t9 esdy onsel breast
cancernay attain 3095, To data, the vas: majonity of ih2 informat:on thiat has e ; 2
gamerad about tnese geres dedwes o pooulricns of Yiesioas Eurcped
Gescent. whereas 1Ne Dle of thesa prnes i sCAlly Gverse popuistions Fo
otber reglons of the wors re—airs larga'y unexgiored. &s the 1epreseatabon, and
hanna the «alstve proportan of global canc?r burdan dua lo dissile in thasa
pccu!a!'o“s & increasing, il is Sacomirg incmmas:ingly 'mocrani 1 undersia-d x‘\'

genalic basis of cancar in poputatinns irat have, to date. heen UFCEr'ﬂpreS’i"u‘u R
r such studies Al Mo ARG, we haes intiated an international collaboraiive
research program. Mutat omal Allas of Genes ir Carcer’ (MAGIC), o charactente
the ~utations! patarms angd 2ssocialed raks of knopwn cancer susceptibility penesd
{7 pocgraochically dversa pepuiations. The iedial lucus of these shudias heg ham 'y
on Breast cancer ganchs, Via present data from anabsis of (e ERCAS arst
ERCAZ genes in smatlsodes of Bigh dak famifgalesrly onsei Breasl cancer ca563 b’ﬁ“
assertarmed r Tianyr. Chura. Daint Incia: Barghok. Thailand; Monterrey. Maxics] EYL
and Fio de Jareiro Brazd, The Saghant grogenicn of runcating mutgtions of hes 5=
geres a3 found i Thi patmns +14 M), wlick may be dug in £ar 10 identificstic? ES?
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MUTATIONAL PROFILE OF BRCA1/2 MUTATIONS IN WORLDWIDE POPULATIONS: THE

MAGIC PROJECT

Szabo, Csilla I; Sinilnikova, Olga; Badzioch, Michael; Saxena, Sunita, Mukharjee, Ashok; Zhi, X.; Wang,
Qing-Sheng; Patmasiriwai, Pimpicha; Bhothisuwan, Krich; Ruiz-Flores, Pablo; Barvera, Huge; Koifman ,
S.; Llerena, Juan; Goldgar, David E; Lenoir, Gilben

International Agency for Research on Cancer, Lyon, France; Institute for Molecuiar Pathology, New Delhi,
India; Tianjin Cancer Center, Tianjin, China; Mahidol University, Bangkok, Thailand; University of
Monterrey, Monterrey, Mexico and Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil

Our understanding of breast cancer genetics has been greatly enhanced by identification of BRCA1 and
BRCA2. While approximately 60-80% of high-risk breast and/or ovarian cancer families are atiributable to
mutations in these genes, BRCA 1/2 account for only 2-3% of all breast cancer cases and 10% of early onset
breast cancer in the general population. However, due to population-specific founder effects, the
contribution of these genes to early onset breast cancer may atain 30%. To date, the vast majority of the
information that has been gamered about these genes derives from populations of Western Curopean
descent, whereas the role of these genes in ethnically diverse populations from other regions of the world
remains largely unexplored. As the representation, and hence the relative propartion of global cancer
burden due to discase in these populations is increasing, it is becoming increasingly important to
understand the genetic basis of cancer in populations that have, to date, been underrepresented in such
studies. At the IARC, we have initiated an international collaborative rescarch program, ‘Mutational Atlas
of Genes in Cancer' (MAGIC), to characterize the mutational patterns and associated risks of known cancer
susceptibility genes in geographically diverse populations. The "initial focus of these studies has been on
breast cancer genelics. We present data from analysis ol the BRCA| and BRCA2 genes in small series of
high risk familics/early onset breast cancer cases ascertained in Tianjin, China; Dethi, India; Bangkok,
Thailand; Monterrey, Mexico; and Rio de Janeiro, Brazil. The highest propaortion of truncating multations of
these genes was found in Thai patients {44%), which may be due in part to identification of two possible
popuiation-specific founder mutations in BRCAL. [n conwast, only 3.6% truncating mutations were
identified in a Mexican patient series biased lowards early onset patients without reported family history.
Frequency of deleterious mutations in BRCA1/2 in the remaining populations were intermediate {10%
India, 19% China and 23% Brazil). However, this variation is likely influenced more substantially by
differences in the composition of the patient series analysed rather than intrinsic differences in mutation
prevalence between the respective populations. Analysis of more extlensive patient series have been
initiated to better characterize the population genetics of BRCA 1 and BRCA?2 world-wide.
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NOVEL BRCA/ AND BRCAZ MUTATICNS IN FaMILIAL THAD BREAST AND/OR OVARIAN
CANCERS.

K2 iégar D4, Saunders GF3 | Lenoir G3
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USA.
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Introduction

Breast cancer is one of the important world health
problem, not only in industrialized countries, but also in
developing countries where incidence increased gradually.
In Thailand, the diseasc is the second leading cancer of
women, followed only cancer of cervix uteri1 National
estimation of age standardized incidence rate (ASR, world
standard) of female breast cancer in this country shows an .
obvious increment; thce estimated ASRs ( per 100,000
women populations) were 7.0, 13.5 and 16.3 by the year
1985, 1990, and 1993 respectively. Incidence rate of breast
cancer is highest in Bangkok ( population 5.88 millions)
with the ASR of up to 20.6, and it 1s the most frequent
female cancer in this city followed by cervix uteri (ASR =
18.6). In Chiang Mai ( popula-tion 1.37 millions) , breast
cancer has been reported as a third frequent cancer after
carcinoma of lung .and cervix, but the incidence of breast
cancer within this province appears to be the second”
aggregation in the country (ASR=15.2) following Bangkok
‘metopolis. North-Easthern Thailand  such as Khon Kaen
province ( population 1.62 millions ) has shown a lowest
incidence of breast cancer recorded since 1985 and the ASR
in this province is only 8.6 . Male breast cancer, however,
1s very rare in Thailand. The ASR ( world) of Thai male
breast cancer is 0.1 .

Ovarian cancer is the second most frequent
gynaecological malignancies ol Thai women, exceeded
only by cancer of cervix uteri. However, incidence rate of
ovarian cancer i1s low with ASR ( world) of” 4.7 compared



to 19.9 per 100,000 population in Canada . Chiang Mai
province has highest incidence rate with ASR of 6.0

Family history is an important risk factor of breast
and ovarian cancers. Approximately, seven percent and ten
percent of all breast and ovarian cancers respectively are
inherited as autosomal dominant trait. The breast cancer
susceptibility genes, BRCAI and BRCAZ2 , are the potent
genetic agents of hereditary breast and ovarian cancers with
highly penetrance of 80 to 85 percent. These genes are
tumor suppressor genes which functions of their protem
products have not been cxactly known. They are thought to
involve in one or more of DNA repairing mechanisms in
cooperating with RADS1 or some others such as ubiquitin
DNA repairing protein . Also, thewr function as
transcriptional regulators have been proposed and the
development of breast cancer might be a reflection of loss
function of BRCAT or BRCA2 protein products in the
family members with mutated of the gene.

Majority of mutation analyses with the coding
sequence of BRCAI and BRCAZ in breast and ovarnan
cancer come from north America and Europe. In Asia ,
however, there are only several reports from Japan , China,
and Taiwan . We  report herein BRCAI and BRCAZ
mutations as well as  polymorphic amino acid changes in
both members of breast and / or ovarian cancer risk
families and isolated ( single case ) of early-onset breast or
breast plus ovarian_cancers in Thais. Mainly of the patients
in this report were from central region of the country.



Patients

This work includes a total of 23 paticnts with breast and / or
ovarian cancer. Seventeen patients were from 12 risk families. These
families comprise of at least two affected cases of breast or ovarian
cancer who were first degrec relatives . The other six out of 23 patients
were isolated cases without family history. Of these isolated cases ,
two had both breast and ovarian cancers within age under 45 years
and four were breast cancer—only patiecnts with the onset age under
35 years.All the patients had given informed consent before providing
of their blood samples.

Mutation Analysis

Peripheral blood leukocytes were separated from whole blood
specimens by standard dextran sedimentation technique. Genomic
DNA was  isolated by standard phenol-chloroform procedure
described by Sambrook ct al (1989). The purificd genomic DNA
samples were subsequently screened for BRCAI and BRCAZ2 variants
by PCR- based heteroduplex analysis according to Serova et al (1997).
All 22 coding exons of BRCAI and 26 coding exons of BRCA2 as well
as the exon-intron junction regions were amplified using primer
sequences described by Freidman ct al(1994 )and Tavtigian et al
(1996), respectively. The PCR products were denatured at 90 °C for 5
minutes and cooled down to room temperaturc over at least 30
minutes to allow renaturation of the DNA strands. Homeduplex and
heteroduplex were  scparated in non-denaturing 1xMDE
polyacrylamide gel matrix( FMC Bioproduct , Rockland, ME)
containing 7.5% glycerol at 300 to 600 V for 14 hours as per
manufacturer’s protocol. After vacuum drying at 80 ° C for 45
minutes, the gels were autoradiographed using Kodak BioMax MR
film for at least 4 hours in room temperature, PCR. products
exhibiting variant bands in BRCAI or BRCA? “genes were
subsequently re-amplified and DNA sequenced by modified manual
Sanger’s dideoxy chain termination method( Sanger ct al 1977)
usingUSB PCR-product sequencing kit (Amersham).



Kesults

We analysed BRCAI and BRCAZ gene mutations in
23 Thai patients with breast and/or ovarian cancers from 12
risk families ( include 17 patients) and 6 isolated early-
onset cases. Table 1 details age of onset of each patients,
family history and BRCAI and BRCAZ2 variant changes as
screened by heteroduplex analysis. Among familial cases,
age of onset of the patients were between 27 to 72 years.
The cancer onset age among isolated cases were between
25 to 44 years.

Five separated variants were 1dentified within BRCA1
exons 5,10,11 and 20 and other {ive variants were found in
DRCA2 exons 10,11 and 21. Sequencing information of
BRCAI and BRCAZ variants are shown in Table 2 and
Table 3, respectively. Of these ten variants , six were
protein truncating mutations likely to be cancer-related.

All six cancer-related mutations were found within
exons 10 and 11 of the BRCAI and BRCAZ genes. Only one
out of six mutations , the BRCA2 2041delA (exon 10) has
been reported previously once (NIH- Breast Cancer
Information Core, BIC ). All others are novel mutations
that have never been reported previously . Interestingly,
one BRCAI mutation, 3300delA (exon 11) was a recurrent
mutation which found in two unrelated families (family F7
( patient 17) and family F15 (patient 27and 28)). Patient 17
exhibited soly 3300delA while patient 27 and 28 ( daughter,
mother) apparently have 3300delA  together with a
conservative missense mutation 3271C>G(Thr1051Ser) .
Notably, patient 17 is a member of a breast-ovarian cancer



