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Abstract

Breast cancer is the most prevalent malignant tumor among women worldwide, and its occurrence
is closely related to genetic factors. In recent years, significant progress has been made in the re-
search of breast cancer susceptibility genes, providing new directions for early screening, precise
diagnosis, and personalized treatment. This paper reviews the current status of research on breast
cancer susceptibility genes from both domestic and international perspectives. Domestic research
focuses on the detection of BRCA1/2 gene mutations, their association with clinical features, and
exploration of treatment strategies, while also paying attention to the role of other susceptibility
genes such as CDCA8 and SHC1. International research has delved deeper into the mechanisms of
BRCA1/2 gene mutations, clinical characteristics, genetic counseling, and targeted therapy. At pre-
sent, issues such as the interactions between BRCA1/2 gene mutations and other gene variations,
as well as the mutation spectrum differences among different racial groups, remain to be further
studied. Future research should emphasize interdisciplinary collaboration and the integration of
multi-omics technologies to achieve precise subtyping and personalized treatment of breast cancer.
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1. B3R
1.1. BRCA1/2 EERZTE 5 A IR EAHE L4

FEl A 27 0 FU e 2 [ BE ) BRCAL Fl BRCA2 YRGS BLIHEAT 1T 1298, HIAE(2020) %) 62 14
FLI B AT BRCAL/2 AR, R HH e il &l 7 5O, &3 BRCAL Fll BRCA2 TEA2 373y 29.03%
H116.12%, HAEEA BN R R EE iR TS, 210X RABMBERA[1]. X—R1K
B BRCAL/2 H:PN TR LR FLI e B rh O I, JCHR BB M 7L s J 5 . AT R, #5747
BRCAL/2 TRAZI B R W AR, MR AAFRECR, $77 BRCAL/2 JE K RAS AT g 5 7L M (10 8 1
HERARR

A (2017) K H AR T E RN 272 BIFEA (45 146 FIFLAME B3 71 Bl fa N & 55 il {g 5
F)RATREM, BT AR AR panel, & 4E BRCAL. BRCA2. PTEN. STK11. TP53 z BAP1
AN X SR KIN 85.1% (57/67) 1) 5748 K AL AE FUMR e B3 S fe N, HLRR PR PE R bk I g
R E(P = 0.010)F09 #E 73 HA(P = 0.002) 5 1y, B0 P4 TR £ 1) e 5K 0 52 (P = 0.005) A = B 14 FL e
EEHil(P = 0.009) i iy o iX#27s BRCAL/2 Jik [K AR b5 e (1) T 1 A2 BE AN T % DIAH DG, 2L BRI 1R R
RS PPl AN T I T Bt 1 B AR AR [2]

A5 X 100 ) = IvE U B E AT S, A 115 SRR e AR (RG22 AL 1A
Ji e/ 90 SRR AR DGR DR Ko 94 AN H At B 4 bR A SG i [R5 DNA 45315 12 520388 I A DG = D) it AT — AX a2
J¥[3]. SR EIN, 18 100 Bl =B, A 9 R4 k4 BRCAL2 R REUHERA, HA BRCAL
FAF 5 15(5/100), BRCA2 RAZ 4 4](4/100) . [FIFiaAs 2] 1 4125 BRCAL JE ) CNV RAF(EX3-8 #b
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BT ER), BLK BRCAL A1 BRCA2 FEH 2 ANEI RS RAL . Behh,  H57H BOm 1tk 5 R S A2 1) — [tk AL
T B R LD S5 RS 7 W (P = 0.040),  HZ ZEDIVESy RN Jim, B B 2 IR AN RRE ) = BA 1k L Aie 58
5 I AEAT HIESE (P = 0.0439). B FLRN], = FAVEFLIRSE 105 R S 2 SE N AR R SR R 4 R
BRCAL/2 JE N RAAEH A E HEAEH],  [RI th oy =Bk 7L A 1S PPAG SR 48 18T A R (4]

1.2. BRCA1/2 EEZRTHIR M5 %

TERTI 7% b, ENFEHEARERR @ EER . FEE# 7T £ 5 PCR L an@E =7
FARK) BRCAL2 L RABNT-6, % 6@l gy i BRCAL2 JF 4N+ 551 PLLSNE TN
TTPHEX I Z E PCRAK R, JH4E ZRIMFHEARBATSCEN T . LA 5 42— RM7H AR B A B
R RABAL SR FORIT RN R, 5—RIF . HASE SR T4 R AT, 458 7R mPCR-NGS
MY Sanger WP HbsF AR P LA 8 AR . %P & 5&gEt, BARIERME. Bk
(A DNA FREXFFR1FEE AL T 3~4 R) AR I B A FEAICL) 30%~5000) 55005, H BA %m0 57
FREE, Sy BRCAL/2 K548 (1 K HUBLIG AR 24 7 w] B8 [5].

B2 R ARV T RO 3% 73 M H R (DHPLC) K&l BRCAL JE[R5848, DL PCR/DNA Il F:A4E N

“EbRUE” o 1 202 BIFLIERR AT, PCR/DNA W% K 3 BRCAL £ K 5324514504 76 %, DHPLC 4
SEBAYE 73 ], U 96.1%; PCR/DNA Far il 25 52 4 B 4 126 4, DHPLC [¥144 120 1], 47 5444 95.2%.
PRSI 7 U ANy S M e STt 2 22 57 (P = 0.265, P = 0.226). DHPLC iR B A wyiliE . HanbiEE
B RABAREN A, AT RMBEIHE, U BRCAL K548 (G MRt T — Rt 94 207 [6].

A5Ed MuminaMiseq WFF &, SKHA ZARMFHEA, W& TP 87185 panel sk E
£ BRCAL. BRCA2. PTEN. TP53. STK11. BAPL /N4 2 7L i 5y B R (1 A A i 7 X 3. 1%
BIF 55 R 4230 H AR DX 3T 35000 77 R B Dl 587X, 929% IFIFE AR 3145 I /3 244k 73 F Q30 83T 80%, it 85%M1 ik
Bl 2 B bR X3, SPRIE N 89.7%, MIF AR T 95%LA B HER/ME T IX K, P %
N 98.1%. ZFLAR g VEAL PR B AL RS SR AL T — AT AT IS I 5, RIS REL T — SR R, B
T LI 5 I R IR R AR RE[7]

1.3. BRCA12 EARZE S5 IRENRTT

TEYRYT J T, B 07T R B BRCAL/2 R 58748 AT R A 2L M (1 ML 16 T S Ak dls . — 2= & It 7t
PR F RO F5, A3 W T b X L 7 o BRI RO BEARE A, 6P AT VAN T AR UL S48 A 1 G
W= B B3, SR NGS AR BRCAL/2 847, FRIEAS I 5848 45 Stk B 28 sl e 2R 25 itk 47
I7[8]. SR R, BRCAL2 RAZEEH IR TT RAIT A R 66.67%, BRCAL2 RAZBFHHZ
EHIZRTT R (GX T BT A ROE N 64.91%, 4z ok AE A (mPFS) 4> 3128 5.8 M H. 59 1MH. &
SR MPFS 2 340 it24 s X, (HAAZRZ5MIE03E T BRCAL/2 5825 W SL AR (A7 ION R, Ho i TS0k
18 BRCAL RAZ M ] = B 7L — 2R 45 T ARHAZR40IT 1 PFS (2 4 /N H) X R 7RE1K W mT e X BRCAL/2
SR I FLURRE B A TR I R R = B LR A AR A T R T S5 9]

2t T E ALK Z PubMed. Cochrane. WebofScience. H[E &1 . 577 e B . 4E3 50 e 4%,
WAL SRR AR (W 22 20 ) 5 e BRI (O R 4) ¥ 97 BRCA S8 EA5UEK 09 50 (1) BE AL B SG, B FH RevMan5.3
AT AT meta 73 HT[10]. SR EIR, MEAH B E )P AGE R A IH(HR = 0.35, 95% CI: 0.22~0.56, P <
0.001). HAFFIAHR =0.77,95% Cl: 0.62~0.95, P < 0.05) 7 K xR 4H . W4l et . 18
Fib BIA 2SEAN RS AR 2 50 2 22 e o giit 2 (P > 0.05): T3k HAAR . RIAGFER A2
mT TR, ZRE SR (P <0.05), HIXEAR RN Z N 1~2 9%, 8 0PRE H 7 A (30) 57 i R 5]
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EIREE T, REWRDCEEETEEHBRAFR . BIRZHE B8, {58 BRCA RAEH
g R VRS Se gt T EE S, K PARP I FIIE BRCA FEAZ M o A RAF YT 8o 2 4tk
[11].

14, Rft5BERHR

Fr T BRCAL/2, [ A5t Hofh 2L i 2y IR R AT T WF9E[12] . — i F0 N Dk 4t i 5 224 el AR
KHEH 8 (CDCA8)IHF i3], CDCA8 fE MY tkafe® H A (CPC)IIIL LAY, AMUAESi R
e Yty B A 4 RO RIEIZOAE T, B3I 7 Rk S 5 M R 1 Rk AR R R [13]. TEFL
R 1, CDCAS [ 121k 55 s e e AR B L MR S B R AUAS R TS A ¢, G T il 3 3ot 17 42 &4t P ) S A
BE R M A e VAR LR (R R, D FLUIRE ORI R SR A TR (R R [14] [15]

HEFELRR T SHCL &S & A LE & b i/ AL, 48 i SHCL ik MAPK/ERK Al PIBK/AKT/mTOR
ST B AR A GG AR ELME Y, SHCL MR RIAFES LR - MR, 1
TN A, R R A, ST AR 1R BRI [16] . SRR N LR IR VAT A T T R,
PEREXT SHCY K FHAH S 518 B (M 25 K vl R i AL VR 97 IR 7 11 [17] [18]

— e BRI T o= AR R R R U ATL ZHM I . SRR TR, RN o- R ST R
I ] PIBKIAKE 15 5 I8 B OSSR A ZL I 4R M 3G 5 3, IR R T2[19] [20]. X —HFF R
AL B TE LR R YT P S SRAE T B ARHE, O ER R A 5 R 55 Sl s ok R L T 255
[21].

2. BESp R
2.1. BRCA1/2 EARTHHFI S5IhEE

1223 % BRCAL2 JE K RASIHLHI A DI BEHEAT T IR AWETE. 1994 4, Miki %51 IR 5L f% tH BRCAL
RN, ZEEEN T YAk 17921, 4K %) 100kb, 4midrIs A S 1863 MR, 75 DNA fitfifz & .
Y JR SR L B s s R e DR 2 A E MR R AP S5 TH R 3R B EEE - BRCAL HE HiE i 5 RAD51. BARD1
LZMEATMHEIEM, 25 DNA FJEEAB IR, ik DNA XM MR 12 2 [22]. k)5, Futreal
Z5(1994) %552 M B Y BRCA2 SR, A T Yetifk 13912.3, 4mfidiaE A5 3418 NEIERR, [FIFELE
DNA [FJ5 FE 4B i X e . BRCA2 & 15 RADS1 454, 123k RADS1 7E DNA $ 45 Bl A7 i1 JE 45,
M5 AR E A B [23].

#E7T BRCAL/2 B 1t 5738 (1) Lot 26 5 AR FL I 1) X iR & 38 0, 2978 85%. BRCAL/2 H:[A ()R A
FEAFETC URAL . BAGRAE . BIHRATHIN | B Ak 45, X LR AR 2> 33 BRCAL/2 1 F D RE & 2k 5w
W, AN 26 DNA UGB R AL 7, B8 ngnex DNA S50 rsuse:, MmfeitMosr k4. A
HME 2 E TR I, BRCAL/2 JE IR JAR I 5 FoAth g 1 & A8 B G INAE 5%, an bR 559 . Rl mi oA
s, DR BRCAL/2 I [R5 4 R 5k DR 4 A% e 1 v ) 2 2R F [24]

2.2. BRCAL/2 B EZRE 57 IR B9IE R

FENGPRFFAE 7 T, AN i3 B BRCALI2 BE R 5848 5 7L M 1) IR 08 4343 B S S5 U AH G [25]
B FCE AT RoR, BRCAL 57 ALY BB T 5y R I = B MER B (MR 52k . 223 3R 52 /R Fl HER2
BIBItE), 1 BRCA2 5740 835 W BE 2 A R S kB E . = BIME LR AT R . 228 MR, TilE
ZEWIRE ., X5 BRCAL 545 G811 DNA &5 Bl e AL R 4 AR e M % DA 95[26] . BRCA2 RAF B
FUIREAE A B EAEYE A EAT R, RN 40 IR 9T AT e SEBUK[27].
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HHNERTE TN E S KA 5T, $FA T BRCAL 1 BRCA2 RASHE & H AL s 10 R, RN
BRCAL ZRAFHEM 1 70 % i £ FLIRIE ) AR XK A 65%, BRCA2 ZRAFHEM & N 45%, H BRCAL 45
H I RIRER TR, P RIFERLIN 45 %, 1 BRCA2 548 5 41 51 $[28]. b4, BRCAL2 5748
S IR O L R A S R G, BRCAL SRAZHE 7 & Hou I 7L e AR XU AE 10 4EI 4 16.5%,
20 “FI1 4 31.2%; BRCA2 FEARHET #7374 10.4%7F1 23.7% [29]

HHEHEH T BRCAL fl BRCA2 A5 F LI B R IR R, KL BRCAL R 5 7 e B 1
BRI IO R, (H BRCA2 JEALA] e 5 4 I UG AHOC[30] . IX W] RS BRCA2 JEAZFL I 1) 7
Tor BUEE Z O AR, SHRIT RN A G, SR, AR, BRCAL2 S48 B35 7E M1
FUIRE B AR 3R 2 T AE 5 PARP S 7RISR0 1) 16 97 1 N FH A 53]

2.3. BRCA12 EERT SE M ERNEE/ER K& PARP HlFIFiE 25415

BRCAL/2 H:[H 2375 3 U1 [R5 5 2048 & (HRR) R 2 FL IR (1 5 224> FAFE, (B SR pLs ARG IT
SN 52 HAd FE R % . 140, PALB2. RADS1 Al ATM 2% HRR AH 3¢ 3k [ () 3t 5248 a3k — 5 g mi 3k (K] 241
Fasge ik, 1998 BRCAL2 RATMMIMERL. HAt, TP53 RAH 5 BRCAL BhLWFEIME, Rz
P RAEAE I (0 EMSY i3 %55) 88 PISK/AKT/mTOR 38 B350 th ml fg il it 04 HRR Thig, 774

“BRCAness” &AL, # K PARP HIil 77l i1 75 3K 2 AHE[32] [33]-

PARP I FI IR 25 L6 2 2%, EEAHF: (1) HRR IEEVKE, 1 BRCAL/2 — k545 0k, RAD51 it %
% (2) ARG E, ¥ MRELL 2 PTIP G’k (3) Z5%4MIFZE(4n ABCB1) Lifi =l PARPL & F#L
FH AR SEUAE S B, (4) SRR AR (0 PD-L1 _Eif). BEAHEA HRR AMEE (G ATR F1417)
B IR T A2 b0 IR 24 (AT 8 75 10 SR N AT 35k DR A 0 2% AR TR 24 ALk m] A oA 7 B AL S mg [34]

2.4. BEATSHEETT

B BRCAL/2 PR RASH FL R, EAMESE FYR YT 77 I HS 7 R 3. 2009 4, Fong & B {Xilk
SR ARAF WERR A% BE SR A B (PARP) I 1) 751 BELRL AR 6 BRCA A% ) FLIRE A 28, 18L& BB RN i75 S
A T2 [35]. PARP il idE i #0 PARP B, BT DNA BEEMTR EE, 1 BRCA RAZ
(20 B T [R1UR E A S HRIG, TTiE S DNA XUEEKIRL, M 5S4 st 12[36]

Bajs, Z ORI — S IAE T PARP #Ifi]77E BRCA RV HIIT . 5 —4bE S E IR
) OlympiAD 56 & — 1% Hiuta . JFJi-label phase3 BEALN FRIREG, PEAh 1 BH A I N A 25697
i3 BRCA-mutatedHER2-negative FL AR T RL[37]. 45 s, BEar A4 oAz I8 3t 8 A= 72 I (PFS)
NTO0MNA, it T4 R 4.2 4~ H(HR =0.58, 95% Cl: 0.43~0.80, P < 0.001), %M 2% 2% (ORR) 7351l 4 59.9%
H128.8% (P < 0.001). =T Iik4e, NCCN fi& g HE BALMAA H T169T gBRCA 738, HER2 [Tt 1 #
PEFL R B

i 7 BRI, HoAl PARP iR an &R irR] L JeRin A e BRCA AL F R AT Hh s
7138 —WFFEN FAHEAT I — T phase2 150 B, BURIAHR] 52457597 1 0 BRCAL/2 T8 738 3L [l i) 2 WL
LERZN 33%, TR IEHIFN T4%. —2£F R PARP 17 I FIHLEI AT TIRAWTSE, KL PARP 111
HIFIIT AN S BRCAL2 RASH %, ik 5 AR E A B Z 6 FE(HRD) /A5G, HRD P43 = (1 8 35 n] R
X PARP | I E AU [39] . BbAh, &%t BRCAL/2 JE K RAS M FLIRSE , A1 254th B R I #097 3%
T34 3% triple-negative breast cancer B HEAT RV > A, R I IF U EE A deficiency (HRD)BH 1 %t
HIRAIT I I N 2] vy, iAr PRS B K. X5 E A R B IIT T4 R — 8, iE— B 3C8F 1 BRCAL/2 2
BRI FRARNE SN B 245097 0 A= b B A B [40]
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3. g

Lr LR, FLIYE D BRI B SR E NSNS TR R . B AT 3 B T 7E BRCAL/2 LA
FRAF IR« 511 PRAFAE PR AH SG M DA A IR IT SR AR 2[RI W FF 46 5Gyd HoAth &) Sk B (K 4 CDCAS8. SHC1
EMPER . EAMIFFNAE BRCAL2 JER S IHLE] L I RAFAE « 38 R ) v6 7 55 7 TH B IR N
NGRS B T 2 e 5.

T BRCAL/2 BERAIN 73, 1 Py 4N T 5 A AN o [ R 7 22 5 4 1 BROAR B 88 v AR
FR(NZ & PCR 456 —AMIFFINGS]), FErxd B A FEH W 9EAE A fi( BRCAL €.5470_5477del) bk
DURRE o A T A 7] T 4 40 S~ 0 3 K 284 5 R 4 K40 122 (4 gnom AD) I REFH , LATRUAN 4 L A% S o kAt
WK [ 55 B LA VRV AS A RNA-seq A NI PRI ST, 1 ] 3 A7 DAZH SR R 3, {HIE A2k NGS (13 12
IEFEAR/NX— 2200, BT, FDA HEAERI R IIAA R (40 Myriad Genetics) 5 1E py 55 ez, {H A Bl 45 R (U
CSCO)Z A i i A A kar A i

SR, A5 VF 22 1) J0UE £33k — 2590 . 140, BRCAL/2 3k [H 5878 5 Hofth 5 K48 7 (f1 TP53. PTEN %)
(1928 FLAE FH o] sz o) L e R R AR R Je s FLIYEE 5y I DRI PE AN [R) b e N E R IR AR 1 22 S s i BB 1) 245
Vil PARP il 551) e i 24 B A o ARSI s W0k BRCAL/2 FEPR ARG 5 HoAth o TR 45 &, 5K
I LR A U oy BURIAMAR AL VR YT 45

ARSR BB TN N 2 2R AE, BARENAN:. EARAY . RIH%.
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