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Abstract: Most women with breast cancer do not have a familial history of the disease in a first degree relative
and hereditary breast cancer caused by a mutant gene passed from parents to their children is rare; only 5-10% of
breast cancers are estimated to be attributable to the inheritance of rare highly penetrant, germline mutations of genes,
although this proportion is at younger ages of diagnosis. Mutaions in BRCAl and BRCA2 are responsible for most
of these inherited breast cancers. Hereditary predisposition to breast cancer is responsible for autosomal-dominant
transmission. Children of parents with a BRCA1 or BRCA2 mutation have a 50% chance of inheriting gene mutation.
Hereditary breast cancer is characterized by early age at onset than sporadic cases, bilaterality, vertical transmission
through both maternal and paternal lines, and familial association with tumors of other organs, particularly the ovary
and prostate gland.

Of the several hundred mutations in these genes, most lead to a frameshift resulting in missing or nonfunctioning
proteins. Most of the BRCAI an BRCA2 mutations are predicted to produce a truncated protein product, supporting
the hypothesis that they are tumor suppressor genes. Progress in determining the function of BRCAl an BRCA2
suggests that they are involved in two fundamental cellular processes, DNA damage repair an transcriptional regulation.

The assessments of familial cancer risk are extremely varied, including families from different ethnic backgrounds
with greater or less numbers of affective relatives at varying ages. And estimates of penetrance for BRCAI and
BRCA2 mutations range from 36% to 85% for breast cancer, and 16% to 60% for ovarian cancer. Three specific
mutations in these genes accounted for 90% of the BRCAl and BRCA2 variants within Ashkenazi Jewish population.

For molecular correlations, BRCA] cancers were shown to be more often estrogen receptor negative, more high
grade tumors and more frequent mutations in p53 than nonhereditary cancers. The risk for breast cancer in female
BRCA2 mutation carriers appears similiar to that for BRCAI carriers, but the age of onset is shifted to an older age
distribution. The growing body of data elucidating the functions of these genes suggest a gatekeeper role, characterized
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by interactions with other genes in the regulations of the cell cycle and DNA repair and may provide novel
opportunities to develop genotype-based therapeutic approaches to treatment and prevention.

Surveillance recommendations for women with germline BRCA mutations are necessary and women are encouraged to
learn and practice breast sclf-examination beginning at age 18 and to begin annual mammogram screening at age 25. A number
of women with BRCA mutations may consider undergoing surgical procedures (mastectomy and salpingooophorectomy)
in attempt to reduce their risk. Nonsurgical options (tamoxifen medication) for the prevention of hereditary breast cancer
are currently limited.

The choice of whether to undergo genetic testing is difficult on and should be made only afier extensive consul-
tation with a professional who is well versed in the counselling and management of families at hereditary risk. And
psychological consequences of testing and the potentlal impact on family dynamics are important considerations that
must be individually addressed.

The identification and location of these breast cancer genes will now permit further investigation of the precise
role they play in cancer progression and will allow us to determine the percentage of total breast cancer caused by
the inheritance of mutant genes. This in turn will ultimately enrich our understanding of all breast cancer, sporadic
as well as hereditary. and will facilitate the identification of high-risk individuals.

Most of above mentioned data are based on studies of European ancestry. It is needed to study many aspects of
Korean breast cancer including age specific mutation prevalence, penetrance, molecular correlation, pathology, prognosis,
surveillance and prevention options for women with BRCA mutations.

In genetic studies, we need to examine the psychological and clinical impact of using gene-based diagnostic tests
in families with heritable forms of breast cancer, assess public knowledge and attitudes about genetic testing for cancer
risks and gather information needed to establish clinical protocols for the optimum use of these risk assessment
technologies in the future,

Furthermore, at least half of hereditary breast cancers are not linked to these genes. Remaining cases are not caused

by another single, unidentified gene, but rather by many genes, each accounting for a small fraction of breast cancers.
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Table 1. Features of hereditary cancer syndrome

Cancer in two or more close relatives

Early age of cancer onset

Bilateral disease in paired organs

Multiple primary cancers in the same individual

Clustering of cancers associated with a specific cancer
susceptibility syndrome (e.g., ovarian and breast)

Rare cancer (e.g., male breast cancer)

Autosomal dominant inheritance pattern
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Table 2. Model probabilities of detecting a BRCA1 or BRCA2 mutation
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0zt
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Family history parameter

Likelihood of
BRCA! mutation

Likelihood of
BRCA2 mutation

Single affected individuals (no other family history)

Breast cancer at <30 yr 12% na
Breast cancer at <40 yr 6% na
Jewish woman with breast cancer at <40 yr 33% na
Two or more cases of breast/ovarian cancer in FDR or SDR
=72 breast cancers at =50 yr 2% na
1 breast cancer at 40-50 yr and 1 breast cancer at <50 yr 10% 14.5%
1 breast cancer at 40-50 yr and FDR or SDR with ovarian cancer 23% 12.5%
1 breast cancer case at 40-50 yr with bilateral breast cancer or ovarian
cancer and FDR or SDR with breast cancer at <50 yr 42% 10%
1 breast case cancer at 40-50 yr with bilateral breast cancer or ovarian
cancer and FDR or SDR with ovarian cancer 65% 6%
FDR, first-degree relative; n/a, not available; SDR, second-degree relative.
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A (204-kDa cell cycle-regulated nuclear phosphoprotein)
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BRCAl AJZ ¥ 9o+ Ring finger domaino] ),
€ 799l BRCT motif 7} vk @93 J3 243
dA#so] Hol& Ring finger domaino] Zgsl= BAPI
(BRCAL activator protein) ¥} BARDI (BRCAI-associated
RING domain protein 1)o] 2ZA ¢t} BAPI-S BRCAI
TAANEL HZ9AE 52421713, BARDI2 DNA &
4 Azl Bojste A2 BT (29, 30).

A 13q12-130] YA5= BRCA2 $-AA= BRCAI
TE8 ofF Hlzsith 277] A& 10254 FEE L

(758-1064)

BARD1 and BAP1
Interaction (1-101)

BRCT domains
(1653-1736;
1760-1855)

Nuciear localization signals
(500-508; 609-615)

Fig. 1. Functional domains of BRCAI. ldiogram of the
220-kd BRCA! protein depicts known functional domains.
Domains are shown as filled areas within the diagram.
The two co- mmon mutations found in the Ashke-nazi
Jewish population (185delAG and 5382insC) are indicated.

Elo]=2 Z3 9lon, BRCAIF nldslAg 2EA
g9 oF wlo] A& 1o EAct (Fig. 2 & 3).

4, 7} 21F9 Eo|3 BRCA 9o
BRCA12 Ed¥ols gt YoM 24 =
A, 3% 53 AAAA & A7 £ 283 B
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mutation"0] 2}31 st8] 2 F74A] o8 77} LAY
Goldgars} Reilly7} &9 U4 7M2E: H8%L
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Fatet S8 (BRCA1, BRCA2)

BRCA2 —p |y

Chromosome 13
Fig. 2. Location of BRCA2 on chromosome 13.
RADS1

interaction
(3213-3226)

Transactivation
domein (18-105) RAD51 inferaction

(987-2112)

Lys3326Ter

BRC repeats

Fig. 3. Functional domains of BRCA2. The known functional
domains of the BRCA2 protein, including the N-terminal
transactivation domain, the C-terminal Rad5I-binding site,
and the central Rad51-binding BRC repeats are depicted
as filled areas within the diagram. The common mutation
(6174deIT) found in the Ashkenazi Jewish population is
indicated.
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BRCA3 ?, BRCA4 ?, Others ?

1) Possible 3rd Gene Involved in Hereditary Breast Cancer
to another Chromosome ?
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2) Li-Fraumeni Syndrome :
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3) Cowden Syndrome :
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4) Ataxia telangiectasia (AT) :
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Featet Xt (BRCA1, BRCA2)

¥]go] BRCAI2 EQwo)s} H)&sitke BIE gl
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e fAAY dYG7IHEA (SNP)o] o] LA H
gl SAAEL AHa 9AsHE (i) proto-oncogene S
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6. BRCA128] 71%

BRCAIZ2 #AAE vl 2 d¥Z2E 4383
Qew, AZF7AA 7isel & & ¢ dNZY
FAHEol A

DNAY &4 d2E 44 EF5uU DNA 9|54
A &48 o DNA &8t Fad 484 9
ng 7t ed, E7E 44 4 29 oy A2
ol AEd 7h5Aol ol YA d¥7t 24HA

ZZh7: s QHAY 7L HAYIE Foh
olgd Wl An|AozL o 5 FAHAY
A¢, AF, B FZ0| dojuA Aok a3 g4
Az @R EE 2 AY GN% wAAY d&
E:= AQIHE 39 F o S e 84939
odof gt 2AF FAAY 7150l & A qEge
AU 229 FEo & F4 9 s @WES

T

Fssste Fold FFe fEs gt

el
£ KM

9

BRCAl £ BRCA2 #3#9 A&o] e F2°I
U ALt 2 AXFE wjgaty @Estd gAaA
Fz o)io] tad dez FEHEd, ol BRCA
SRR GAA F2E BESE W AFFHoY &
3 o 9A fAAY 98 v AG"Ed @)
A9 Aol 9sid BRCA §#z ZA&o] Aod
DNA B3 1 A7 Adshes Ao] ohle #AEd
Bgog Byl o)k dFsta o (48).

27330l BRCA $AAY 7152 ofd F&at
A FAAE GtA T BRCA2Y &L F& oF
1} DNAQ E7¢ 5% MZA{l L+ RADSI
o= ZujAgt AY AREY 1 BFE 2Hse
Aoz ¢HA It (49). wHqd BRCAIZ DNA &
Ao dis) £ o AdHoln FHAR 9L Itk
BRCAIE RADSI 59| <lzEo] i3ty Ao 24
A GAH FZE WH3AA DNA E7 @A 50|
&R0 4A =88 & AEF Jdo 5 DNA &
Ae st AEFIY A2 IJNEE PG
Aolr}. 18] AAIFHAE BRCAILZZ gty
A Qo o}F 1 715 F&sHA Ao (Fig 4).

BRCAl £+ BRCA2 5 %9 P {AA (allele)
257 Qe $ES #ESE 27 "Hobrld Argg
(50). 284y WA EdHot e AEELS o1FF
Bl (heterozygote) 24 T4 P FAR FAA &
Zo AT sdWol7t 47 HAol2z JEE §A
t}. o] FAoA gto] HAFAE F A Aol o
ojuel at=tl, Uz & £9 g fAA: 28
37} olFojRof 51, MAFJE {FAA (p53 F)
o] 2gAgE Futsojol St AAE BRCAl &
L BRCA29 Bg43s Wy fAAE Bl (7
4 BRCAI2 EdWolE Ad) #4¢ 839 «
T G XA Unz] &% dyg A 29
A 24 58 FF BFY 7 A%

EEZAZA BRCAIRY 715 fle FENA
p53olut ATM #37 EQdol7t e 3+, #%
gto] 2 wAsA 71EY I FAESE pS3Y ol
Ao] Futgle F$7t @k BRCAIS p53gte] 3%

H

o%,
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gid o]Aol & RE AM X EAsA He finst
hit7h gk olfd MEA second hit2 B AA
¥ o] (somatic mutation)7} 7Fsi A A wild-type H¥
FAzY Ago] o] FoAA et

1) +Ro|E 9 o] (frameshift mutation) :

AR Z 7P gol Yot} (19). TxolF U]
57 919 Ado) @ 7 Ex T olgo) A E
A& SAY F /A7 BAG AAM, o3 @

AQ SAFRT} vipo] AR AUE HEA
AE (stop codon)o] A7]W HA| A ©RAS

o

o B rir rr

o]
th o] AL AR F& AddE F71F7 39 vl
AL 22 3T ¢ AUle 71 Bk AD @Y
ghEo] BRCA 7158 & 4 9l W9 HHY
wag o] AAAQ Yelo} HEZ deleterious mutation
o] "} a2y AeE JdolA BRCAY C-terminus &
Ao o)W AY gd e Fuge) fie 38
ANE &35 $AHH (polymorphism), BRCA &2
J1sdlE Ago] ¥ Qe AoE JAHEE AW
olgt A et Y #3AA BRCA A £
3E 72 9loH 71 B FAAE AEE Myrad
GeneticsAk= BRCA19) 1,8637] ofm| =t Fol|A] 1,853
o]%9] olm|:ihg MAskA] AU, BRCA29| 34187}
ofm At FojlA 3308 o)< ofu:eitE AH A
%} BRCA fAAE gQwolga a4 geoh

|
Z-
o
&

(0 A )

i1

2) E9u] S¢o| (nonsense mutation):

A EQWo] oA 53 F99 @718l =R
oot 43 lEtE 39 AR o]FofR I
Eo] £4 FEoz uiHol ¢ o9 ofrkite
dsstelAl ¢, I g9 HFAPRE BF ook
Ae 435 5 glenzg g Yo FH50
A3 Felo BRCA ©¥do] 5o A U9
71%5e & 5 A Bk El661XE BRCAI 479
166197) ofm]iito] ZFEFe] Hojop FFoy
(wt, wild type), §7148 7t HiF oM AR 4
7t 2 ZE (UGA, UAG, UAA) 39 sluirt 5o

ol &

I' I

Ak gwiRo] A7l (del, deleterious mutation) ©] 3
AEA 9oy & ool

3) #2E¥H o] (missense mutation) :

54 299 a4 s} AT OE F7Y o
eAe gsgste Ao v B F2 Igo ¢
Q7122 Ag gido] Ayle Ao oz} T
o agz g4I Ty oy shit dAz
2 o Fzx9 olgo] 42 F U7l WEel, ud
ofu iAol B4 o7k 23 wll A7t BRCA
9 7154 =rQ #9Y B¢ FEdS 4ol &
ddo|7l 2 7tsAol Bon, of BY o2E F&
o] g3 dld 75N g s FAY) FAF &
Bt FHAAE of #3847 BAkE 3% FA
]9 Yo TPk AE Eol, BRCAIY C61G
£ 6l oflcae wAD gMde gz 445
Aw, vHR ofnliAte] Ee)siEA £4o] gol t2
3 1 ¢X7} BRCAl gl 7)o 4% RING
finger domaino] AT IA Y FAA B
oz woEn], 4 o ol {8t THAAA
g5t 1 ol2g gREs Hesddl: 7]
5402 234 9e ¥4 A 3¢ 1 A9
&7] st 15 dH e QiRIGAE §ol 22
HE 49 (12% o)), BdE7I%34 (SNP, single
nucleotide polymorphism) ¥ LFAIA 4 itk

4) o]9Jd = opnj:ite FT A gou A& 2
Aol glojA] &S n|X & IVS (Intervening Sequence)
Woluh, mRNA A2 2R3 F9E QU9
goeg THFE # ik 2 E FHAAY IF
7} A¢o] HAY Ao BRCA ©9A A7 ¢
EolAA e AT EE £dwold yFd TP
g F

AxAAA B3 @ BRCA *
AAHE RS T2OF EdWols T
oz Agh g g vt A
o A 29 H 2o (Fig. 5



Fait XX (BRCA1, BRCA2)
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20 21 22

17 19\ I (23 25 26

12 13 15

10

Frameshift or nonsense mulations
@0 Missense mulations
90 Splice site alterations

f

6174delT
> 225 Observations

ao? Recurrent mutations
009 Individual mutations reporied once only

Fig. 5. BRCA2 gene. Schematic diagram of BRCA2 gene with exons indicated by their respective numbers. Symbols
represent mutations reported to the Breast Cancer information Core database at their relative position. Reported

frequency of one founder mutation is indicated.

185delAG
> 500 Observations

B0 Frameshift or nonsense mulations
20 Missense mutalions
90 Splice site allerations

6382insC
> 275 Observations

1.0KB

—

Bo¢ Recurrent mulations
009 Individual mutations reported once only

Fig. 6. BRCAI gene. Schematic diagram of BRCAI gene with exons indicated by their respective numbers. Symbols
represent mutations reported to the Breast Cancer information Core datase at their relative position. Reported Frequency

of two founder mutation is indicated.

I BRCA12¢) 134 24

1. BRCA §-3ate] 7xpi

BRCA #-3z} ®lo] A7 Aloll= (1) direct sequencing

of anomalous single-strand conformational polymorphism
products(SSCP), (2) heteroduplex analysis (HA), (3) constant
denaturant gradient gel electrophoresis, (4) protein trun-
cation test (PTT), (5) hydrazine-osmium-tetroxide (HOT)
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chemical cleavage 5°] Utk

WA AE 2ol $ANE FEed AAeE
e ekl glou, BEMoR gol zolt 2
Ag e 2zdole) YETOIN 22U DNAS PCR

HEEe) Sddols Ag BHAS AYsug PIT
£ 3FAY, SSCP, ASO (allele specific oligonucleotide),
RT-PCR Fo] A}2Eow, CSGE, TDGS (two dimen-
sional gene scanning), DHPLC (denaturing high perfor-
mance liquid chromatography)5 % AM&3ted o] 4bo] Q)
T FHE e AEHAE @ Foll. ol A= F
AE 28 F7IME BAE Alddn

WEEe 4% 2 713E A4 Ag A& Ay
2% DNAS I ¥37t 471" F44A DNA
T4 549 o7t A71Eg, 1 FEE Zoh
of @7IMEHALE o 53T JAE Fohle
Yol olHd PPEL dFE THFHLE o]0

Qe HES Aohu Folsts Aojmrz urol

NECICHREEE ISR

BRCA $374e] d&d deee FARY 2
29 d7]4g AAshs WA oz BRCAIL 50007
o]4, BRCA2= 10,0007] <129 H718& HAtstA
3% $AA9% dxsmz A0 WL o) =i
A3t 2997 B4 A 4UF ATge
2 2t ul3o] Y+ Myriad Genetics Inc. 3A}=
o] B4 dig AWMEHE 7HAL Yo FYHA
AALE AAlEH, B2 F&o] Z-gstso] ZAAL Az
= @ol 28HA Fou HAL v & 3,008 7}
7to] € AE2 53 nAo

e
0
|'I

3) 54 937 48 91498 B

Hze ged 4AAE AAAY FUIAY
53 £44 Sddo} g AFFRANY ZA
£ 1 RS 47 949 AAE R @

agu 39 9749 BAE A7} ok o
A= DNAZ PCRE B8] 38EEad ol4o]
25 FohBE 2 g4AY wnz 4%
A7 A& (BRCAl 2 227}, BRCA2E 267H7}
3 oed)olut AA BRCA #3A7H 24H, DNA
A& 497 wAol P RNA AAHZAAY of
Bt o] $HOZE 32 4 glod, ol FRY o

HE 15% AEE AAsct B usta o} (54).

O
—

un ¥

oF rE fr i

N

4) DNA Microarray 7]'§

Human Genome Projecte] $8 o]% f44 A9
23L& A7IMYE BAE A 4 {3A 7159 #
g Zopxa gt ol A 7hE g &
T2 AT 438 Q= Aol DNAY 5 Gened
S5O Z B+ DNA Microarray 7] o]t} (55-57).

A2 FA 9] e F A WA + 9 A9 5
ol3 Bd 9 Aol Uehlie FAAETE X
e dole #IdE d& F UL, FFo @t o
742 WO 2 filering Fo2H JFHOoZ u] g}
- HolH #94& Add 5 ok 7HE gol B9
Al Qe FAe FY¥Y AFLAYG AgA594
2AY FAALE ZolE s g0tk o] WY
bioinformatics®} computational biology¢] WHo =z W
2A BF AFG7IMLzE AL Fobta d ol
ol&sto FA=A I oA A BHY 5
B3 Z2ho] AFoE FAHIE Stk doE

T3 2FA FAR 2F FF 1EE 2
Sl & 99 2244 ERE vtseA @
Zoj (58).

F71%484 (polymorphism)> F829 1% ©]39
W FHAEAA F71A 9 M3} (sequence variation)
b A& WE oY @UI9EAY 2R 3¢y
A=A FFES vE F de dAEEd gFS

rir



Feket f%XE (BRCA1, BRCA2)

oA AlEHY 3% §9 AolE 4ot o
Aol = et AL & 4 (carcinogen-metabolizing enzymes),
2H ZolEF 2R UAlad, F&A (JAEZA, T2
ALEEZ #&4]) §AAE] Aok 70 ES ¢
¢ JPEE BA FE5& B IV A, E9
FEZ E =Hojopgt 3}7] M £ 2 ==
Azgo) Uehl: 44 g 18y QFdves
2 dx Ea) Uehdy] BEd A7 HAE
JFL o) Ak WQloA glutathion-S-transferase mu
SA 2] homogygous deletion2 2F 50% o]t}

A9 Aol wE FF AQY A A5
4 d%s #3¢ + A¢ A= A7t F49Y,
NS GYP7IHEY (SNP) Bf HE A 9
gAY A Y dFol g gd. ¢ ¢
£ o34 s BRCAI §43 % pS3 FAAY &
o] SNP7L 4dF o2 A8 dAd en, o
71 APHY 2hi2 AGE S F RLER
od Aoz HQth

234 oA 72 = LOC (lab-on-a chip)®} Yk 7]
go] Wadn dE $aFne AAT EEY
A gzad 71z AggEel on EAdE F3%
2 oAAE 2dae $Ho2 3G FHY, A4
DNARo] 24 gael =957 i Fuaol @
1ed, 433A, A=F A7 gol U

o]
—

0

2 A4 fa-dage] 2 AY 1F

BRCAIZ2 #37 £ddol ¢4 AA 23 dA
g 24 A= g FEY ¥olth o] AR
7b 3 7iQle]l AAE oz wyd AQAA ofdA
£ ZalFAE ge Aot 2y AF= ol
gRge digel 3¢ ddd =& Ho U,
Qe f9d A4S Wit A A o, 7
EolAl §AA wolg EHFA Hoe Mot

AQ7A geld uvi2E BRCAI2 §44 B4
oo o %}ol dgsts 19T S 2 A 3
7 Atk ) 8- dadd HEYeR kS F
goto] oy F AU FEER dadel Ae

o o 4o &

$,2) g Yolo] Ut AT B 92 B
354 B 404 oJ3E onl, 3) FF 4 FULO
A9 8 A9 4 TS BN FUdH drge

SAlol AR A%, 5) HE A B4 el @
3 oy T Fholdh AAT HY 24% @ 1
% qE Z9E gou de Azt 2ol e FLE

gon 49 a2lo] BEFE, 7MESY d-vadd
BT FAFoz ke 1E 2% JHEAA Bol
29 HEo] Q&4 E dMo] o] ol ¢
24 fdgolAY, AT dagd Zol dA 40
Al olgtel fetel AR 7HEH Fo FHAdH da
ote] Wgo] = ZA$ BRCAl T+ BRCA2 54
o7t A& FEL 50% olFolg gk (59). £
BRCAI2 o] 37 BAAelAMY 3 <& 4
F=+ B9 2o (Table 3).

32 MyriadAle= 10,0004019) ZALE #4347
9 zAq wme 3¢ FHA oldE EAY ¥E
(fF8 &, prevalence)E AASIHTH (60). o=
it AR FAAE Aldste 10% AFY T o)
9 gddolrt wHd APl Ue BT HAE
d3sta o

o} 4] BRCALI rﬂo] HlE = 0.0006
2 FAEY B{AA (carrier) ¥1TE 800 : | o]t}
FAAA 402 fAsHE 34 g 4

do] §4 W wet $ 2F 2HE F A2 A

&oA AGE 7H5AHE 50% olth. BE F o]

ojgo] A& BF & A 50%9 52, FE &

F g9dolE AUL ded AYdA A 7t

AL 5% olth. 1y fEdd FAAE Sde

A okl Fe AL OE Aotk v 2

A 44 BRCA E94dol7l olx thE QUE
o] Fgaof fdo] Hedl, 1 ol LAHE ¥

€2 FHgolea ok FHEE Yoy Y 2

gge vt F BRCA EdHo|7l g B+

¢ 2o U8 J
¢}

X,
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Table 3. Estimated cancer risks assoctated with BRCA1 and BRCA2 mutations

=)
il
rl

Estimated lifetime
Type of cancer risk in BRCA ]
mutation carriers

Estimated lifetime
risk in BRCA 2
mutation carriers

Lifetime risk
in general population

Breast cancer 55%-85%

Contralateral breast cancer ~ Up to 65%

Ovarian cancer 15%-60%

Ovarian cancer after Up to 30%55%

breast cancer

Colon cancer Possible relative risk of 4
Prostate cancer Increased risk, possibly up

to a relative risk of 3

Male breast cancer A few reported cases
Pancreatic cancer Not increased

37%85%

Possibly similar to BRCA! risks
15%-27%

Significantly elevated

Possible increased risk
Probable increased risk

Approximately 6%
Associations noted

12.5%

0.5%-1.0% per year
1.4%

2%3% (approximately twice
the average risk)

Approximately 6%

At least 10%, but risk is
difficult to quantify partially
owing to the presence
of clinically undetectable
cancers
Extremely rare
Rare

These risks are cumulative and are not mutation specific. In general, early ages of onset have been associated primarily

with female breast cancer and ovarian cancer. However, some cases of early-onset pancreatic cancer associated with
BRCA2 alterations have been reported. Relative risks, such as those associated with prostate and colon cancer in BRCA!

carriers, are not directly translatable to absolute risks.

dy F9] 204 BE 7R A9 gol BHEHA &
on, o4 F2 30t Fdete] ol HAsta,
G2ote ga kT dot WSS fudud oA
2 gt 22T dRY 39 f9% g 53 o)
Z A7171% SHAT 400 o]Ad A7l= Bee
=0 22 3 BRCAIF} BRCA29| we} o2, 1%
ol ikl WANE SHgo] dehach Fug
AEgo) Be BAE Yoz @ ATINE F3
g0 ¥ Uehbn, 54834 o4l gow ¥t
go g}l & QoIA, ooleBEAN AT A
= $99 B 0E YRt S8 Aok

gty 0.2 BRCAIRE FEE 36-85% F4ag2
16-60%747] o2 dagcy ¢2jx leH, BRCA2
€ 429 93 g0 o Ao I3 BRCA2AME
A& 119] “ovarian cancer cluster region"oll o]4o] &
B¢ dago] & AT (61). BRCA2 ¥ol& 4 &
dtel 210l B 6%9] HAFES BT (20).

i

4. BRCA E¢idlo|s} ¥¥3 T3]3 of9e] A
Wel £74 BRCAIF #3d 442 medullary
histology7t @™, FHol dHudE Futste Hl
0] 31, Grade 30] B2, J2EZA F&A 24
9 wlgo] ¥d (21). 234, BRCA29} BAH #4
ote. EFAQl QAT 0|20l Aoz AR, o
A3 BA7E F384A gt (62). BRCAIZ2 S0l

9 FEde AFS=7t

o A= FT} (63).
3222 BRCAI29]

Ao Ha o 71453tH

Tdd fYgS UE A%

AAE D A9t BolA A7t Y Rojdn

AZ5ed, BAAA 4 AESS B 455
ot ASE gou AR dFe] Aol ginkm

< R

Bde F¢E g (64). ohik BRCA #3 f9¢t

AME W H FEdd 2 ve2 HEEHY 7Y
gl vl FeJetA =

.'.4

BRCA 23 fuete Feasagel g wge
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on
Fat

& Xt (BRCA1, BRCA2)

Ag7t AdHoln AY WFE HIAYF AR oFF
HAE k. da QoA = BRCAIRZ BAH o)
cisplatindl] 7] 2%t Ao w2 g & Jfpa o}Di
Abdrgte] Hla] MEEo] Eohn dth (65). AEF
53 APAME cisplatin, doxorubicin, pachtaxelol]
g Hee B9 FF A7t AFEHE A
AEE 7 AFE AKX AT (66).

A e #AE 744 BRCA QW07 AL
H GHAEE 22 ZYAIE DNA &4 2371 2
dd F JoBg g9 zo|7t Qg ALE AFF
T AL, WGA Lo PALE HEF PR =4
HAME I 7S AART (67). 23Y, A%
A A FAAAEE AT @Apel A BRCAY
el e} "1]3?'—94 aZtol7b AW Z4A El dig
FAE&Y Aol (¢ IR M FFE HE B
ol A: %i oAt} (68, 69).

2 AQGoN FERESS P ARE @ 7
Fol= vl & fete] W=7k BRCA SdWo] B
fFAAAAN B Bol 2BGU YEgode AolE B
o|A %=tk (70).

5. BRCA12 ¢4e} 37} == g & 3}e) o
F& ‘:J’:} 4 Az A, 237173{ 9 o 28

9 #2449

%wg S AxY @A WE Adel ot
AES AE BEA (Genetic Counselors)7} #olA] 3
of 3t SHA Ao Ex= 9 Zch (Table 4).

$9G /84 FAHE G40l Fx ge AN
B odg A 3 de & Ut KUY B3
a4 A%t 4oz el A7 AAd A &
$440] gloiAn), mde] @ 23¢ ¥ 4
A7t vle) QojAnh B W & 4% E
2o o FFEAR AAE T IR 2
SAY, Ay ARE ABso] 2342 Pl
g+ Ut AZAE f44 BAS WA ol
BRCAZ 49 715e Qukle] d@ f3-uad
AREY o o2 volo] A ABs 4L o

32

o L rir

L
—

2

=2
=

17

BalAY 27)d @A 4+ ok 223 Ho]ayol
U 1HHA &5 5 FHSA st 37 A&
A & F 9

Table 4. Goals of the genetic counselling process

Understand and address the needs and priorities of the
individual

Provide information regarding the genetic basis of cancer

Educate the individual regarding hereditary pattem of
disease in the family, if any

Educate the individual about personal cancer risk

Convey implications for extended family members

Facilitate decision making conceming genetic testing

Provide the individual with risk-reducing medical manage-
ment strategies

Provide psychologic and social support services

gxu 7t59 23t g4o2 Jed 1Y
o £3d AgelA A=EFE FIL YAl A
A2 @A Ee Akl 22 ¢££9 ddse
st Ak 2y #3d /AR Ak o
7HA #AE %'ﬂé} i‘r ‘RIE.EE ZAZHA A2
of 5, 524
RE ol H%Vgoﬂ el F&s
o] Bgasirt.

fad #2324 dabe 2 2o g 2900 4
23 F4e wg ¢ den, BE ¥ F Fis @
44 TAoY &% FHB) 5 AU BY
H3 ok 7HE 74 AlME FARE R
= AR HIAT A, a2l ERE At 2l A
A e dee 4o 5 9lon, SYE e A
Alo] & #AAE AGAATE Aol AT £
=4 4 gtk BRCA #32 EQWolg Ad 3
22 3 59 BYE 71 o, A&
st A FdE & Aot fle dHdol=E T
S, AukAQ Qyege FAPIR T AYHY
golgd Aol ZaiAd dH Ee AdRY #3ol
Ed 7 A

e #A4 dAE Aldetq 4o yed

>y

NE

it Ho mu



18

Ul AY Bl YuaAD 2L FFOE u
£ Ao, fudtozyy duHe & 22
3

3
Ag ¢ AY F8) Qo= 27 P& ¢
H
[e]
g

N8

7
5

£

A ARANE FAE 397 93NN B2
itk wmebd S #2374 AAE AR
RS 90| FasT (1)

284 @A Bt K299 REolG 498
9% o AUe e 4 9oz Pue §3¢ Y
A7) A A BHe e 7FHA gn @
2 wAAR A28 + AES Foh KAR AA
25z Byolt ngANY Bl BE AL F
Ae Ag WEoE FHANAoW, ABE B
37 95 f44 A4 Fust ARHOE Aot
A GES Fe YAe FFea Aok

282 A4 2 g9 gdold, S84 S 7
ALY fA% AAE 2 BAANA, 99 33
g 97 97t gom, FAAYE B A
A BAE BFol Grht %3 QD E olFA o}
Sol1 Qe B4 SE £ ° aFHolo @
o gozt oHF WINFE 339 HEF ol
o e 94 ZzEZ0| ¥SIAY I FuS)
% Botdok & Roltt (71274)

2

—

2) 371 AR

g F3AZ BRAY 2 7S di@ 7] HA
v FE2Y9e2 FE0 9#AA gen, MRIZF ¢
Rgsitn sh7le tal, olsHE HAPL H& F4st
oa @k a3 FHIS dukl B mE A
Aol sty AT 1278 ool AlFste Aol
$on 90 gage W]l 944 Ades 3
2285 ARR} CA-1259) BHOE =] STk (75)

a8y 20023 #)= NCCN (National Cancer Center
Network)e] @it 9std 3 A7bEAAL 184 ©]
Foll wig, JdH HRALZ 254 o] ¥ 67 Lt
a3 FREFES 254 o] Fd wjd AF & A
g dxsta lod daekg HH BE 2SuE

30-354] o]Fd 6-127)huir), CA-125% 30-354] o]

ol &

|’ |

Fol 6-1270grhth AAkshe g Axaa Yok

3) o, A&

BRCA #44 EAWolE AW o¥e wA:
80% ol S 2Y 4 YT YAAY AYE
Fhed 293§ 299 o] QY
4L WY Y ol 4T 9ol
£t 394 g9 B4e B 94F PR A=

7

fr | ow

o rr

H
= b %

o

¥94g A48 o8 7tA A7t APHYT oA
3y Nadye 73 PHeE 4 e ¢
& AAlgo] I Agte E&ae Yol AUtk

1 AAEL Eddol B{AE AN
2598 FA8a, #4: v & 9 A
P, oF 90% F=9 U A4S AANE F

15 £ BAE 23S faYol 5% FE, @4
ol 9% BEY FAE M. AT AHEL

& AP 2§FH ¢ F 2FY 4 BAE
9 Aot ol HEEE Ao7} U AL B
o F3 Atk (76-78).

BRCAI2 EdolE 714 &4 B E¢d¥ol B
A AE Edwo]l 42 AFERY A 3
7] A7 & AFAAE, B AFH o 4Py X5
€ IFIE @ 9o HFEYG F f FF3
o2 dquy FA&E AP dtch A%y {3
e ¢ §F Ugde S43, FA3F &4g
2shd &yt a8 2A goix o du3
da AAE2 248 XAY A3707 e A
52 ddFHoz APt 4o

BRCA @zl f BEEH WM XEE A
A A £ F9 Adeld v & {3dd
A wgo] o 2y FEFAY AL 1 9
A F& F gol A7le 71E 2, Aol
gr1itdes N2 fUdes 4ZkEd. BRCA &
ARl dx2EH vastd BELY zolg HolAE
%ong BRCA E9wWo] BGAY §ieto] fdr
Eg9 F7152 okdga o} (70). A, tamoxifen
o] Eddo] #xe 4 HAES YEvhe 9T 2



e RAL (BRCA1, BRCA2)

Fe dd o229 oAz ded, & a4 &He
BRCAIZT} BRCA29IA © &#HZFolgts RIE Q)
o a3 g4 A sol 34 AEEE FaA
71E2 tamoxifend] FFo] A& A2 AFHY,
BRCAIS U RE d2E2H 8 SHoER &
#7t A + UL 7HEFE /M AFES BRCAL
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