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e BN TNBC AMEAR IS W FITR 77 ok T8
A, ARLERHEAR T B 24 CRISPR/Cas R 4t I
FE TNBC AN o 3k SEHR AT EHEXT TNBC A
= I v B (N %V 6 2 e )7 VA IR
AJ b R TNBC BRS HEBES PR 55 .

1 CRISPR/Cas% %

CRISPR/Cas 4t s — M falt A 40y 3 I A f 92 5%
5, CAE-ANEZRMPLE, KN B
A BN A Y IE R 4L () CRISPR B8, E2E4E
HF5rF BT TIWIR AR A% ', CRISPR/Cas &4t
MM EAE SWAN, ZESY AT
RNA (guide RNA, gRNA) FlCas & H4 M. %
RGiE L AN RNA G Cas i, )5 shik £k
R fife Bt AL B 5% DNA 1 e DI EE PR Ve S8
CRISPR/Cas %E[A] Ji Hi CRISPR [ 51 41 i, 1% B4 )
WE R JLEA RS EEERS . X EE Y
H| (454>25~35bp) BLIAEIFGIXC (Gl 30~40 bp) 43
T, B9\ T AAAE Cas FERFE . Cas F& K 2 At 3k b
FRN A D K — S B FL R 7% CRISPR/Cas
IVEFIPLHIALFE LA 3B B : a sl B BE, KAl
B IX 48 A MG BRI, BB — BE A ki 25 u JBikL

DNA #7344 5] CRISPR [543 4[] B )7
H; b, FIkHBL, I CRISPR RNA (i cr-RNA)
B AL E, RPAE SR Y orRNA 54 B RNA - (2
tracrRNA) %56, JEHAGAM gRNA, &S 55
S DNA A E]; o THEpBE, #mig oot
B crRNA-Cas £ UV S WIn, BV G40R
A FH ] DNA T, Cas ZE 7Y% DNA, 55
MR o2

A Ry A TRl RSB () 2 il 57 64k, CRISPR/Cas %
G R I — AN E A4, BA Y CRISPR/Cas
RENRRHT ZFbrie, R Cas SEH |
Cas R FIHLIFIESF Cas EHM AR KT
S0 (H R i DA R B A5 2K T A CRISPR/Cas
RG22, 6 PRI 33 FlE AL 2 (1),
Class I8 RS AFE T, ATV AL, &0 FJ& it JLFH
Cas & HA B 2 WEERN AW, 1 Class ITAUF5
I, VATV, N T2 B A K 22 45 1 3R
107, B TR ) DX A A S A 2 A s
I ELIE H 2 R b Cas B 17 220 TR, I
RUFNV B R G2 U0 V1% DNA, VIR 3] RNA,
I 1 ] ] DNA I RNA ', HF Class 11 4 F—1%
TR TG 2R 25 K 25 By A, TRIUE Class TT#E ) 72
TR AL B2 9T

Table 1 Characteristics of different types of CRISPR/Cas systems
F1 AEZEEICRISPR/Cas R G HIHHE

Byt RZx} HNARE AW tracrRNA  JFFER A PAM BRI T 2 ik
Class I I ABCDEFG E2E - 3 - DNA [28]
11 ABCDEFG EZE - 10 GTH DNA/RNA [17, 25]
v ABC ZATHE - 6 - RNA [29]
Class I 1T ABC AT + 9 NGG DNA [25]
Y% ABCDEFGHIKU AN EE +P 12/14 TTTN/- DNA/RNA? [30]
VI ABCD AN - 13 PFSJ¥41A/U/C RNA [31]

DXIRIERL: B, E. F. G, K; ¥ XN WRV-G, PAM: Ji[H]fE 751

| HFRDNAJTEF

CRISPR/Cas R G HA Z V) etk f 5 THAER)
Fepk, X fdif5 CRISPR/Cas & Gi 8] 12 W JH THs 2%
FUH G BRI | R . AR AR K JERNAR
J7 B DASIRAEDT S, R A L AR R T A
P RE AR OCHE I T BB AR T 5 o o AN e SRR AE S
9% A 51 F] ] CRISPR/Cas % 4t #4 £ Cre 41 #6i 1k
Rosa26 Cas9 i A 1) /)N BB Y FH 4540 208 o # vh

ABIT T (protospacer adjacent motif, PAM), # BiCasZh (iR I

LM oAR s 12 ), - H CRISPR/Cas9 &R 4t
i 2 R R s A5 AR R B 200 B 98 A8 AR R g A
Y Bes) R 2 A6, WFSEIE B O] LLaE i CRISPR/
Cas9 R 4t milt bR 4 A~ FL IR 9 A0 O e L ) (p53,
PTEN. RBI. NFI1) KB NI IEEE
I, B4 CRISPR/Cas RGN A, BTN
JHIR Ao I FE 2L T H
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2 TNBCHHCRISPR/Cas% %

BRI & AR e T TNBC (95 i, A
ANk T TNBC (SRS, Gnfe) e . JEIR ko
eI (ER/PR/HER2 /IMlow) . B RE SR %
(ER/PR/HER2/IM") . [HJFEJiTZEHE | 8 E/ME R
Z A& (HER2/PR/AR") . AbA= A fe e 875 ),
XA SARG M E, {H T TNBC il B2 BH 5
SR IR B AR 0 A A R AL, X
A HAEA T HAT M R et . H AR A bl
WA TRARR, TTRIRBEMRG, T
44> TNBC #EA T2 Wi F1iGY7 . CRISPR/Cas R 4ifE
SR BRI UE TNBC AHSCEEN (FLHRm 3L . i
FERRAITIR 25 A3 R ) BB MR T H 2
— 2] R 2 25 TNBC 3 AL L R 2O
TR AT 2508 ) SR AE N RIS W RGBT v 8 &
N, UG B ARG . BRI CRISPR/
Cas R G4 B ) /MEALIZ W FIG Y7 50T B TNBC
FkRIZIF (K1),

2.1 CRISPR/Cas &4 ZETNBCi2 i F I 5z A

TNBC H THARMEEE, A B SY FR
MBS FURE RS, IR e R AR
MEDX A AR A A g . PRl I 1) 12
JETNBC BE G A R EZF A . O~ T R i
TNBC L EPE A RS, BEEREWMTS, fadt—2
BREARARSE )2 W 775 . CRISPR/Cas £ AR 1]
YER T —ACI2 Wi i #2004 iR 43, H i CRISPR/
Cas R TI2W R G E iy

# UL CRISPR/Cas RAE M K F LW RSt
$% Cas9., Casl2 fll Casl13, 1A [6]AY CRISPR £ 5t
SR FHASTR) A ARG I J5 8, 3T Cas9 RO RGN B AR 22
FI ] Cas9 75 1 5 gRNA 454 5, gRNA H B4R
DNA ) PAM 751, Jf H gRNA 5445 DNA 5E 3T
fit, Cas9 & FH#EATYIE], iWad PAM (47 500
BFEAE B DNA B RNA J751 . 41 NASBACC Al {4
F¥% PAM [P 9 HAE B DNAY T h, Cas9 4
S FFECTT e S BB, 7 AR T Y
RNA, NEEHIG LA, WA A PAM T 1S
BUF, B R Y A KO RNA 9 5%, X0
T AR IR I A AT UL B AR Ak, DT S8 A
W Casl2 & 4t b Casl2 & FH 5 crRNA
(CRISPR RNA) JEE &K, HiaRNAGE S
H b1 DNA J7 5 BAMA IR P51 . SiX A2 A IR
I - 45 A B & A DT L (8] B9 T 51 19 H B DNA R,

Cas12 A& # 7Y%, 112018 45 DETECTR £l
J5 R L AL DNA, ik — 00 # S 80K
RS HEH 8, W= AR s S, S8R
sl o Casl3 & 48t Casl3 & H 5 crRNA
(CRISPR RNA) & gRNA 45 &8 & &1k, #Em
PIEI HARRNA, 1 P#] S 808 K 5 565 5
NI AE DS, U SHERLOCK A& 5, 14,

CRISPR/Cas % %t v H F £ Ml A [7] 25 2 (1
TNBC 4=t %, (045 TNBC 40 i 45 57 DNA/
RNA VL K AG#R 8 DNA  (circulating tumor DNA,
ctDNA) . Wang % " fii ] — #f J& T CRISPR/
dCas9-MS2 [ RNA 2 [ AV 2% 52 73 B B AR Xl R
TNBC ## /R Eh AR 5 A i A AR A v A iz A K A
F%ZAK2 (human epidermal growth factor receptor 2,
HER2) mRNA ST 0 BG UG AE i . X2 —
Fft CRISPR/dCas9 /- 51 i S FE A, FHFAE4H
L N2 iR A mRNA #5554 . XA AL a8 ¢
6 R A 2% 58 (fluorescence in situ hybridization,
FISH), S&ES R FISH )7 kAR 1, RES:
I A S 7 BT T 5 NS 1 1 A 4N 71 i b <1
FLAR AN S FE A (breast cancer susceptibility gene,
BRCA) 18R 58 TNBC 1Y & 4= & J& ), Choi
A 0 ff FI AP Au gk BURL (AuNP) & T —Fh
J£F CRISPR/Cas12a fJ X} BRCAT L | ik etk
AR AR o 21> AuNP 3 51 T2 S0 JORHS i
1E BRCAI J% [H 4% CRISPR/Cas12a 2 4i V1 # J5 S 5
PRI AuNP 0] LURGETE ,  (EASA W B D 5%
oA Jy R ey, PRI A L 5 (0 A A bR v
ARG BRCALIFEH ' BrikZ4h, HETHIGEA R
FF CRISPR/Cas R4t B 4 & JLFIGHT A FLAR e
PRI 5 vk, I PIK3CA™ ™R Z SRR h R o
LR BT RRAE S, A PIK3CA™ ™ 578 %o F- I
PRIEWrFL IR 2 B, Cao % Y i il CRISPR/
Cas12a % 5E PIK3CA™ ™™ R BR 47 0.036%, 1M 7
—Jf 3L F CRISPR/Cas12a 4= W) 9 Yo A% &, MK
PIK3CA™ ™ (AR BRI 51 0.001% ' 5 HL4H i
MFFARLE, R 7 pAG A (e s S Rl
PEEE T, I H CRISPR RS INSE # 75 2 15 B 5 AN
SLER A, P NA AR . X {15 CRISPR/Cas £
G M T A S [A] 268 TNBC AR W0 s i 41 5
CIEFLSERE

FII ] CRISPR/Cas 43 AR #% % ) CRISPR V- 55 /&
— iR PRGN A L T, HOGPRE R PR R
ik, TUCHRRAME , BAPERAL, S LrRIE &
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F b m AR R S I PE , TS TNBC AR HELZ (A0S HUE 25 W U= . e ande BT-549 TNBC 5

W R RE R A B RO DU D7 v . SR, 3X .45 CRISPR/
Cas AR, IR AELE . /D
AT R AT 25 A R A . LAk R T R4S
CRISPR/Cas £ I 2 Gifiti A7 558 T 1A PR I IR
BoyE AR &, axX AT DA G A R T A
CRISPR R4t LA I =2 B I U 1) ke i 45 7 X0k
fif T
2.2 CRISPR/Cas R & ETNBCHE AT R F

CRISPR/Cas 3 4t s — P 5 1l e 1) 5 PN s i T2
e, AT DL A R L R R S, T H &
1E TNBC HE4T T 2/ CRISPR i ik, AL45 %5 M
JREAMHIF | B0 LRI 25 P A DL R 0 =) 5%
15 TNBC PR IEIG YT A AT fig . Horf CRISPR i
Ve AR TNBC I FIIRY 7 34 T3 R T 5.
A BT InECHaIT ANt &, R AGE R
R TG . Gao % ' il i CRISPR/Cas9 fifi £ 7 A 4
HSETD7 IR R R, E—2P#9¢ SETD7
TE 5 TNBC 41 E A% Al iz - 18] 76 5 74 1) 1 At
YER, X7 SETD7 3R Al /b i 5 TNBC (1) 7%
TEVRITHR S . IkAh, CRISPR/Cas9 i e A nl DL %
FE RS 5 2 AR el ia W OCHERE DY, 38
4% s e 5 LR T L2 B84 i TNBC 400 i 365 245 ) il A
V£, MATH75 TNBC RS HERES T B Al fig

20164F10 1, v EIRl A 10 il it 28 5
AT TS YR CRISPR/Cas9 Iifi R VA YT I E:
T4 191 5 4% T CRISPR/Cas9 K 2 5 19 T 41 i,
PRAZ T M PN g% R B P, AT 7 A R A

B, Nguyen %8 ™ R B, ST8SIAL1 25 T 3%
S T A0 TN RE, 5 TNBC B ME & H X,

JE{E T TNBC 9 & J& , CRISPR/Cas & 4t il bk
ST8SIAL, FHWr TNBC 40ffuAd: & ffese . sk, —
TR RO ST 38 , CXCL12 M H 3% f& CXCR4 FlI
CXCR7 f 5 2615 5 TNBC #5819 5 AR FIA B 1
Jr A SE 580 [ Yang 4§ 57! fdi | CRISPR/Cas9 ¢
R FE TNBC i 41 L #i B 35 2L @ B CXCR7 3%
CXCR4, MM i i TNBC MyRi i s sg . 1228
MR A K, Ak, UBRS & —FhEBEE 1, 78
TNBC FEA g A k5, Jf H /& TNBC W43
WIR YT T 25 PR & A8 1 S HEJE 4T I Y, CRISPR/
Cas9 RGA T 1Y E3 12 2 7 HE 0 UBRS i b5 v 410 il
TNBC /) FRABE TR () I A K G B8, 127

TE CRISPR 5 25 Bk G316 97 7 TH Y AH OG5 3
], CRISPR/Cas9 #[ii] TNBC H i 4% Rl it 24 2[4,

AUt CRISPR/Cas9 /- F: (1) MALATI Ji 8l 5 15 i
T X R R EE A £ 2 e AR A R M 1, i A
CRISPR/Cas9 & [X] 4 5 # 5 PARP 1 i 241 i Xof B 25
£ OH TUIE R 2 PR L Bz A, JE
F CRISPR/Cas9 R4t B T 45 AZ B 24 h 1 S A
H, N TNBC B i il RACTT R B 345t T8 36h
SRS 2, ik, WK CRISPR 52590 H T
TNBCHHHEIRTT

Bl QORI ER I A, FIHAORB A%
CRISPR/Cas % 521477 TNBC 1E14 £ It R B A 9% vh
CERHAAEENER . Guo ' H —Fh#
CRISPR 2 A 4 R A MWAEBH . AIASIE . g
B K IR R 48 (INLG) 45 TNBC /MR A 545
2 (INLG), @ TNBC 9 20 41 b Len2 (>
81%), S E WM ERKIE (>77%) . 2024
4F, She % ' JF & T —Fh AL S 0] 0 BT
B Kok, (AMANC@M), FH T ileg #8135 16
YU 254 F1 CRISPR/Cas9, AMANC@M I L i i
SUEE A A1 o] oA 305 B I e S R T R B, DT 4 5
TNBC 477 . #Rifii, CRISPR/Cas £ 4i7E TNBC &
ST N ST — R S W, AR RATwe 29T
& TNBC H RN T 22 4 | BEORE A A3 2 CRISPR &
PRI 2H i P8 0

it 5 5 A ) 2E 25 R PRI 56 () %, CRISPR/
Cas RGLTE TNBC i N FH AT B A . A
KR TRt — Dbt T H, e giRsesE il
W4, #ES) CRISPR/Cas £ 4t i N TNBC I497 Y
AT
2.3 CRISPR/CasZ Ml REEW AR

HT, IR CRISPR/Cas 2 55 11 R IT & A5 4k
TR B, B2 ARG 2 A Tl A AR T AR
FIAMGIRTEA T REIIHKE 1. BEE B AR A E 5
3, CRISPR/Cas £ AR M S50 % B IR 2 1P £ 1
HRAE TR AE, I BB IRA D ARG T
RNy

CRISPR ZEAR AN A Py 7 FH 11 Z2 33 i RS 56 4k
THIEH B, Fln, CRISPRYY H:AH A CTX001
FHF B b rp ¥ 5 1t sl SR 40 B va 36 7 2 2E A R
12 W85 (s RIREARRAT . NCT03655678) ',
Y\ 53 A B30 1+F CRISPR 77242 25 HbF 7K -5
R MAER . 7E TNBC B T HIL BRCA1/2 55
R By 2848, CRISPR/Cas9 1] LA FH sk 16 & i st 58
AR, PRSI DR ) I T RE SR F CRISPR/Cas9 45 A
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Fig. 1 Application of CRISPR/Cas system in diagnosis and treatment of TNBC
El1 CRISPR/Cas&Z7ETNBCI2 B Fi4 7 KMz F
CRISPR/CasHi Al i Bl AR A4S (DNA . RNAFIE ) SE5MEHREARTNBCEE . RF2WTNBCH HiY, @@ H | 259

KAETIRYT KN A% 1 77 S HETR ST TNBC

G TN, i HRERS S5 A RGP I/ 58 TNBC
Hif, LT A PURZ R T 4MGEYY  (chimeric
antigen receptor T cell therapy, CAR-T cell therapy,
N FR CAR-T AL L) o JREE ARG R IX RGETE
PR BB R 28 1 T CRISPR/Cas9 1 4 i A% il
S B PESOR VEEIRY T IT RIS . SR, Il PR
PV 2 Bk e v e, Al Esson; . AR AR
AL v oAb, TEImIREGALET, ik
AR R AR B 2 5. 2022 4R SE [E £ 6 A
2y i B )R (FDA) &A1 — i M2
eI SN TP NE el P Tk A E G U T EA
5 VAV S AR0 FRE DA e 1o o O HAE SRR
ZAMIX, BRI A A e s R Gt
TR R FETEAE AL, D/ IME RIS BE AR
AU e

M, HHETR R A H A E X TNBC 1Y
CRISPR R GE Il RIKE A5 R A THGE , (HAEARK
W% 2x A CRISPR R4L7E TNBC Y& 4t BR2adk
Rl AR AT

3 CRISPR/CasEZ S S5 HH RS

CRISPR/Cas # A& H i I £ H ARl & &
(R, O IR 2 20 M FR AU A A= 1 o3 Sl A5 21 5
TRABIFRAE , DT A= 9y e 2 0 R 2 Wk ) B
fift o [FIEF, CRISPR $ A filt & Hoh 4 AR 0K 4

TNBC BHG B 7 0 R Y L B (&12).

YRS SR R G T A AN RETE
1 52 TP A DG IR R B N A e i R ks, fi
M TR ERREZRILE . BixResS
CRISPR/Cas GRS 15, AT LA SRR 2 Ml ff 6 1Y
PR OB LR . R IR A MARA R AT
258 1 NI B 2 S BN R AT RS TR T 1
o [FE, ANZKFESZHET 400 (human induced
pluripotent stem cells, hiPSCs) H# iz HHTH#E
NG, U BRI 5 AR R w
PRI R AL 8 B R R S 2R T4 R A
e I RE Ao MR A, AT T A kit
1% 605 (1 W 7E 43 F Bl . CRISPR/Cas9 % 4t il
hiPSCs 45 & Al BeA B T 259 F & i . 5E
RIS, DO B IR T M S 10 28 SR
B A5 #HE 177 Perturb-Seq (Perturbation-Seq) 1k
— it CRISPR & [l G 5 H2 R 45 45 B 240 L0 ) 114
A, RFGE N DI BN A KL R 1A T R
GG S AT O AT RE, X 4E7s 1 RE N2 L 2 fig
2 qEmfg, IfakE— D AE X A P R L Y
g

U4l 7E CRISPR/Cas R4iH, BiTAIBES:
RS AT S R ) gRNA JEIRH A,
1RO, BTG ION, ,  Shy I P K] 2 i B
THEER SR, B KR B B e M AT 5
BCH— T RPRAR 7 FEX O, AN TR AR L
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T gRNA & M, MO 2 3% CRISPR 2 4t 1 #HL i)
P, FEARBEERRLN , X JEAE TNBC AT ) 2 i

s &, Rk, CRISPR/Cas 3% A 1y gl-&4
S TNBC RS HEEE T Kl & R

=

CRISPR/Cas £ 4;

‘o z L
@ N -
S UM IR R G ANRESZRET-41i Py
}\Iaﬁb
1.5 34 HH S50 AH 5% (0 B0 5 (4 1.Z5W T R AN i FUF N T2 R vErf it
2.8 7 H 9 BB AN Bk AT 2.5 R T /2R R G FITMGRNAVE M, 42
Bt 3T M G 2 R FHCRISPR R 4t [ #E 71

P P AR M S

Fig. 2 Application of CRISPR/Cas system combined with other technologies in TNBC
B2 CRISPR/CasRGLEE H At ARETNBCHIR A

4 EENRE

CRISPR/Cas £ GuAE ol — ok iff 10 5 X g 47
A, AT LATE SR E [ DNA 741 204548 1 i U0 0 fn
SR, A R ARSI AS [R) 2 B Y TNBC AE W i
Y1, {05 DNA. RNA I, #E TNBC i i
TR L B0 3 DRI 24P A S RE R ) S5 2 O T &A%
EEEEM. MEZAFNEIE, TEELTEEN
TNBC it G B T &, i ml A HALAS [ (9 47
R, CRISPR/Cas Z i 44434 TNBC A% 1 B2 97 4
HERH T a2 1] .

A WFFE N G R AT TNBC 3 1% S 5
P&, 1R CDK7 8 £k 548 R B MHE 7™,
Jf H. TNBC 4t ffg 45 52 PE 410 i CDK7 25 5 2040 i 5t
T- 7, X478 CDK7 Ak i TNBC — A~ 4 5 1 1
Je PRI R AR RS o PRI AR DR A 4 3 e 32
CRISPR/Cas9 1 i 4w b CDK7, M1 45 58 JL X
TNBC HJ54 0, SE845 FE], CRISPR/Cas9 &4t
i 3 F R CDK7 A S 2 3 7 TNBC 4 il 114 3

B, T HARSE T TNBC 4 AP T, AT S0 X
TNBC JiR97 . MeAh, KN CRISPR/Cas R4 H
L AR FRSS A R T TNBC, AR S G R
TR OREREEE, T EIS IS MK X R
A, 0T LLZEIN TNBC K HEIZ T

SR1M, CRISPR/Cas & 4t ft TNBC #§ #fE 277 rh
(N A SRAFAEF 2 )8, & 5%, CRISPR/Cas &
G dpe F B ) SR AFAE RS, B AT B 1R 2
BAEEFRIEE, FEORTHEAAT WG R. &
SRk, BAENTRRBERARIT R TIFZ Ik
K 4% w2 5% K6 M) CRISPR/Cas By M #0475, X N
CRISPR/Cas % %i 7 TNBC [k v 122 97 1 5 1 1] 28
& T Hml . H vk, i@ id CRISPR/Cas & 4t W 5¢
TNBC Fir #4558 S s At A e 2k — A 3ok,
35 7 (R 36 7 B0 5 ORN T 25 6 R, DL R T gt 8y
CRISPR/Cas F Gt 84l 5 1% Gt i R4S £ H R Z 8] 1)
MM T INBC K2 Wr . &5, Bl
CRISPR/Cas & G M & WA & 5, {#i45 HAF TNBC
I AR ANTE o BB ORI & R e+
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CRISPR/Cas 7 4t i #& ¥ B Wi B A%, M 2 1)
TNBC B E FEAE IS HE R BT

MK, CRISPR/Cas 2 40 i M B0 M K 4R
Fi T IRATH TNBC REEAR , HESIG R T i ARG
BESF (4 )7 10 & J . W% CRISPR/Cas £ %t Wik — 2
RN NAEHIEAL, FRANFZ L 57 i CRISPR/
Cas R GuEUE A1 K & TNBC I RS EU e, 52
PRI RN A, TNBC (/A BT 1 5 S AR Y
R F-BERNIA Yo ms . SR, ALBSPRILE, X
LB A I R PREFE AR R (InER
etk . R SR TE A B R M S ) , T
BLHE— 2L (RIS R A DR L2 A MR 2k o

2 % x #
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Abstract Triple-negative breast cancer (TNBC) represents a distinctive subtype, characterized by the absence of
estrogen receptors, progesterone receptors, and human epidermal growth factor receptor 2 (HER2). Due to its high
inter-tumor and intra-tumor heterogeneity, TNBC poses significant chanllenges for personalized diagnosis and
treatment. The advant of clustered regular interspaced short palindromic repeats (CRISPR) technology has
profoundly enhanced our understanding of the structure and function of the TNBC genome, providing a powerful
tool for investigating the occurrence and development of diseases. This review focuses on the application of
CRISPR/Cas technology in the personalized diagnosis and treatment of TNBC. We begin by discussing the unique

attributes of TNBC and the limitations of current diagnostic and treatment approaches: conventional diagnostic
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methods provide limited insights into TNBC, while traditional chemotherapy drugs are often associated with low
efficacy and severe side effects. The CRISPR/Cas system, which activates Cas enzymes through complementary
guide RNAs (gRNAs) to selectively degrade specific nucleic acids, has emerged as a robust tool for TNBC
research. This technology enables precise gene editing, allowing for a deeper understanding of TNBC
heterogeneity by marking and tracking diverse cell clones. Additionally, CRISPR facilitates high-throughput
screening to promptly identify genes involved in TNBC growth, metastasis, and drug resistance, thus revealing
new therapeutic targets and strategies. In TNBC diagnostics, CRISPR/Cas was applied to develop molecular
diagnostic systems based on Cas9, Cas12, and Cas13, each employing distinct detection principles. These systems
can sensitively and specifically detect a variety of TNBC biomarkers, including cell-specific DNA/RNA and
circulating tumor DNA (ctDNA). In the realm of precision therapy, CRISPR/Cas has been utilized to identify key
genes implicated in TNBC progression and treatment resistance. CRISPR-based screening has uncovered
potential therapeutic targets, while its gene-editing capabilities have facilitated the development of combination
therapies with traditional chemotherapy drugs, enhancing their efficacy. Despite its promise, the clinical
translation of CRISPR/Cas technology remains in its early stages. Several clinical trials are underway to assess its
safety and efficacy in the treatment of various genetic diseases and cancers. Challenges such as off-target effects,
editing efficiency, and delivery methods remain to be addressed. The integration of CRISPR/Cas with other
technologies, such as 3D cell culture systems, human induced pluripotent stem cells (hiPSCs), and artificial
intelligence (Al), is expected to further advance precision medicine for TNBC. These technological convergences
can offer deeper insights into disease mechanisms and facilitate the development of personalized treatment
strategies. In conclusion, the CRISPR/Cas system holds immense potential in the precise diagnosis and treatment
of TNBC. As the technology progresses and becomes more costs-effective, its clinical relevance will grow, and
the translation of CRISPR/Cas system data into clinical applications will pave the way for optimal diagnosis and
treatment strategies for TNBC patients. However, technical hurdles and ethical considerations require ongoing

research and regulation to ensure safety and efficacy.
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