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Abstract

Triple-negative breast cancer (TNBC) is a highly aggressive subtype of breast cancer with unfavor-
able prognosis. Currently, there are no effective therapeutic targets for TNBC, and targeted drugs
effective against other breast cancer subtypes often fail to exert efficacy in TNBC treatment. Organ-
oids, as a novel in vitro cell culture model, possess high structural and functional similarity to hu-
man organs, thereby holding broad application prospects in disease modeling, drug development,
precision medicine, and other fields. This review systematically elaborates on the establishment
methods, construction protocols, application cases, research directions, and future prospects of
TNBC organoid models. On the basis of introducing key considerations in the establishment of TNBC
organoids—including tissue sources, sample preparation, types of culture media, and culture con-
ditions—it focuses on analyzing the application of various biomaterials. Furthermore, it details the
applications of organoid models from three aspects: their capacity to recapitulate tumor character-
istics, their utility in drug screening and prediction of therapeutic responses, and their function in
simulating the in vivo microenvironment. This review also discusses the impact of the tumor micro-
environment on organoid models, analyzes critical issues requiring attention when applying these
models to clinical treatment in light of challenges in clinical translation, and expounds on the con-
struction strategies and application prospects of TNBC organoids, with an outlook on their potential
in individualized therapy.
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1. 5|8

AR5 (Breast Cancer, BC)/& A [ 24 £ o L BB JI g , A2 AR 42 2 1 0 IXUIG: e e RS ME R 2 —
MAEASTER. 5EK. 5 KA S REF 551 = B 14 7L (Triple-Negative Breast Cancer,
TNBC), & —Fpis G 54 B SRR R R FLI e B (1] MO L i i B R B N 3L 5 4
(I HE IR 3R 2 7R (Estrogen Receptor, ER) 2235 52 & (Progesterone Receptor, PR) A3 Bz ALK K F 5244 2 (Hu-
man Epidermal Growth Factor Receptor 2, HER-2)¥I 0B, 1B wt)E T =BIPEAL IR, o5 e LR &
BHI 10%~15% [2]. PlZKAIMEESs/> ER. PR LUK HER2, JoMEWER. 243 L& HER-2 fOfitE, )
St F A GE R A T LA SR A HER-2 W7 B ERK(3]. 2R B 1A (Organoid Model) & 76 4441 i1 77 o
RO ()28 B A2 25 (A1 45 4 Je TRk BS54, & HH 40 M Bk ik R AL A i 22 Ak A1 35 97 5 32 004, FEARSH
P—E %A FTHEIZB ERIRE, RATEREMEMNZE N =44 iitia. a0, 28ERAE Bk
P E PRI LR, ERREs. Ak, RHEET . JERipt e, B s alie S )y e K45E
HRMEH . AL TNBC 8% B AL (A8 8 5k S SR A9, A28 0 F T 25 ) 0 106 ARG 7 Y30 7 T (1)
W, IFRER R A BRGNS BT IR B IR AR SR B2, 9 fiidE TNBC AHIGHIE 5T A R B
MRS % .
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2. Z[AMAREXFERENREE
2.1. AARFESHEARFIF

BES R A A BT ] PRALE L2 SRR IR e Ao AN ] 6 0 1 Al 1 g B2 8 N A MR 1
AR BB ORISRER B R R M T ARVIER 43145 . VEPILER[4] IE 3 1 JEUR R L 3
FHHGURVE, A 70 8 LLR G 78 T BRI AR s 2E AR H DA D0 L f) e A P 2 R

UEAMREE TS T ARVIBRAZERG, Liu S [515 NLVE TR IIBETT, Seik 7 H T ARVIBR IR bR
AT R, UESE T AT DIORYE TR o RIS A R A B A5 ] ATTA R O R 2
Grh R 20 W 75 1) AR I BN AR AT, AR AR AR 2 o R AR T DL O 45 A O A2 T AR R T A R
(A th A N 1 P30 o i 6 /K B i 7 o 2 B R R A R OR SR AR, RIS T ANV IS5 2R 6]
FEZUE, MBI R O lUs TR, RO IR A 2R R R RAS . TNBC KR H
BRI AR I A 1 BT

BFHTNBCIME A RFEA SH 2 E R
AR iR
HUb BT H)
R ALY A c>Oo
1~3 mm*/NH ooo' fig 5= vH AL
i O  EHIZISKEIV/DNase
— = IRAH
— T 3T CHRG T 1~2/ N
EWJE
it v U
= (oA 4 )
g 1.
S, 2
;Q; €« LFERMIHLIR

Figure 1. TNBC organoid model broussonetia papyrifera establishment process

1. TNBC XHBERIMERIE

Har R AR R T HEA KRG G 28R R R RE) [7]-[11]. W0 R T
Jeb [12] S b PR 2 PR R B e[ 13155

2.2, IEBFESEREN

T Bl R IR 5 e IR SR A TR = M LI SR A B N 4 HoAR e AR KR IR BT
AE & AEH JCHEY , B Rosenbluth 55 A [14] B4 th (135 75 52 B 7 (BL4E 36 B A2 K K 7 (Epidermal Growth Factor,
EGF). Noggin & )2 #2M 2588 B PR — Le LIRS R LU, fERFRFMTT, A=A o i) & s 48
filo DRI, fE5E XA R IR AN ZORUE RS B RE W IR SR A MR R E . AR KRB EER
SR B ZH (R S 2 A SRR TR R, i R 2R B B A R A A AL Rl 1 S [ 15]. A B, Sato S5[16]4R 4R
WG OC T 1 il S 4 B T 50 R IR Lees FAMA HEALEH, HUOh, @ T7EERA R B MIAE R N
FHIEEAE TC LIS B 72 56 ( EGF, N2, B27), I bHR{EE Lers 400 B R 5 o 5 R A TR AH K
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F5 5 M4 K R ( R-spondin, Wnt3a), tHH]FREFFRAEHIZREEE . Nguyen Al Soragni [17]1AFRA1E R
T, EMEEE MRS, ATLCRAREMMEEN, R IR R . AT RAFAH
TRHEZERIE, ENSYIFCH. 2. milE ALk A IR KIER . ATl TBNC 2488
RS, HERBEAERRERE, b Taa A K N T L8 I TR S AR S 41 S R A
K553k, 1 TNBC 2588 B B9 550 W &) 2 FioR. 3T 88 B R B LIhBEMIL A IR E . W,
SARIRET S, T LU IR S RO B R R TR IR OIRAS, K2R B8 B IS IR A R — 2P ik
3B, NI 13 B A ABh s P i g e P P A A

25 Y5y 44K 1EH
s DMEM/F-12 TRALAH I A KRS TR (AR iR
Fenfis 7R 2
A B A5
EANRLEKRET Rt L A . AERER A Tk
(thEGF)
B NGRS RS ST gy 18, AR E RS
3‘71‘\ <
BB I [XF2 (thFGF2)
TAANFFI A KN R E OB, BRI 68
(thHGF)
A83-01 I TGE- Bl B8 75 3 AN IR 1=, ZE4F2
125 S5 R 1 (TGE-B3Z AR HiI7) WETM
SB202190 Pl MU N, SRTTIER TR R
(p38 MAPK ]3]
B K Matrigel ML IE R, IR Ram =K
A& HE R RN ik 2 i 5 Y

Figure 2. Key components of TNBC organoid culture medium

[& 2. TNBC KB EEFELERS

2.3. R R B

TEHERB TR S, MR mHAd S =4 o R oA s, Hid s EEER R 4E
VMR 18] 18 A8 AN [R] R AR D RE o] DARSEO A4 P IR RO ER B8, 5 O 85 5 3 2R 288 B I AR KA
ok, Bilhn: AR =4E52 28 (3D Scaffolds), VALERIN— L8 BATAEWNEVERIYIRAF[19]. Ma P 25201 KL,
BT fu AP FE i (Extracellular Matrix, ECM) 7K ¢ (Hydrogel) o] DL SR A AL AR R I i3, o
R 4EM . ECM 3T LG TR, 456G, AR SRR TR A IR I 0L o AR R R R A B e A% S
RRR, BOVERERRSInKKEE /6.

3. =AM FERELSREERNNA
3.1. BRI

TNBC KR35 v H TR0 (1) A SRRAE DL S gg gk g, T A N 25 HH R ) 22 4 i = 4R 2R 28 H e
IR B HO BRI P A S i AN D RE . SRAS Bl A IR RE I, R BT K s H R AR
251 MYC IRENEEJRFE BC BFI4F L, IESEFEZEHRPLT luminal 40 MI(Luminal Progenitor cell, LP)f¥4H i
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RR[21]0 KA E RSN R ZR MR A 5 UL L 2 Fh A B 2 IR R 2% AR EL AR B0 — b5 2, (o H 5 4 it
RGN VR RE[22] . T3 AN EES B REARAF SOBLIDUI R A B8 . W FE Pk« VRAS IR YT s . JF
He AT Ll 35 IR AN R S (0 40 B (A S 2 200 s L A S50 ) SR PR U IR IR 1 e 8 AR 90 I L A e i
JEZ IR I IR 2R (23] SR8 H AT LR L AUAS B (ORr Ik, T FU0E — b 8% AR SR O S 4R AT RERY
IRITITEAR M T — QDR IO TTIE[24] 0 KRS T B 1O SR A B B AR MR A2 R R T B 7T
P 8 2 AR SR AU KR 9T 5 SR I A S AN AR TR 7 S (R 1 5, (RN D9 T R i) = B P LB VR ) 7
MFBZ—

3.2. BTHIESIATT R

TNBC 2Ana @ HEARETG MFUIRE TR, 32N T3 £ ey 7 ZaT i . sk
= ER. PR F1 HER2 ik, 8 920 ibva 7 FIRE [ HER2 697 ROCREM,  mibruEiayT 75 302 A4 itk 4
M HEAIT[21]. 2R E JLT-68 50 4 S W S 46 b8 20 2 P S DR R 2 1 2R e, BB A b s i JR U 2L 21 1) 2
YISONE, SR T 2828 B AR OB AR R N2k (L4 (251 [26]. H AT A& A B FL R WK B AT LLAEZ
VIii%E[27]. Xiao Y 58 N [28] A 78 & BALE AR AR AR BT 28 23 ks TNBC 4308 3 MR, 3
TIERATTHE A YR 1-BE IR (SIP)FI N- A R A H IR B Z B (NAAG), ik 7 TNBC #5202 4y
TR R, FFEIRHEIETERIEIT 5. A6 E T 58 M) S1P X R IAHERL &K % 4K (Luminal Androgen Receptor, LAR)
f) TNBC R ORI, b e e RE G 2 #00#i (Basal-Like Immune-Suppressed, BLIS) TNBC i3, NAAG 4
FYAIT T RERON A R, R AR AR 4L 22 5508 o b TR I 7 37 A i 2k

KAEEWHR MR & Bl T S T AR, XA BRI R i tL 2D 46/ R 58
DNIE FHUEAIL T NUEMIR[29]. Camperer 58 A[30153L, AN R HI2E8% B AT 25403 3L A [F] 8
SN, T ELRE T RS 38 B SR BRI O AT 29 I 2 AR MBS S DRI HLRAE 5% S ATE L YAP
M2 )G, HCRAEWAIKE T X TAT 29 AR . X — 2D 3R R 2888 B T AR D — AT I AR
JiEE R S PR AT T R N A RO A . T IR TR R Tk, HEDN AR X I RS, NI
IRAMEAL R ST SR A P SE A

3.3. MALETREENA

AMEEEYT, WEFCONRHERTT, T 0 7B AR 4 K BRI R, B AN
NGB SIT T R (31 —SSW U R, KRBT BAGTRA . BAEREAN 259 [ N 55 7 T s o —
B, RSB A SR A EAMEAL (IR TT 7 2 [32] [33]. Bhatia S A BA[21721 F 25 8% B A 70 V400 )
Y TNBC 4R . BRI IATE . 5 S i@Ek, JEHENH TNBC 40/ m] B8 ) AR IR DA S H A 0 1) G i
B9, MWMTFE T AMEAEE ST DLRE b 136 7 SR FF I vl REME

[FI, JOMILEER S48 T 14 MR E, SAWBURSLIRIRIER B A S 2828 B0 [F —Fp 2y
VIR BUBFEBEAFAE 22 7, [RIAE—Fh 2828 B >RUR B AN IR (0 R 3 20 mT R0 AN [F) (R 25 P iU . BEE 7 g 26
H AR R BRA AT, ALV TR RAME YT SR AR . 2888 RO R M7
MR R B, M H AT R IS8 B BORIE B HIE B L LR MALEE T IR BRI 8E, B R
R4 X E bR HEA TR T IR R H (341 (HHAHEG IS8 B R 5T B H AN % 37725 10 N PR g i 5%
TR R AR, T DUAASR AN AL BT 3938, nlfE AR e W R iiE e scr &, f
Bl T2 40 VR ) A= i ek A

3.4. EHMERIFE
Jif 8 73 34 358 (Tumor Microenvironment, TME)YE B8 1) 7 RN E F A 47y 35 28 5% S5 BL (1) f 235 7ERT
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JE R R, TME AT FRiE R MR il . RAEFRRE, DLUCERNAIT TEMAER B, med £
(LA IR], Kato 55 N[ 1685 A K IR 2828 B L8 i 7e 45 SR, 0N R s i i) LerS T4t a4
R TR THREE R Z NI, EATR] AR A A iR BB A, IF FOX R R4 B T A BT/
Jle & FIERE I RE i, FE AN T B8 F B T8) S A0 i S A7 AE o 9 NS F 40 B AE A ISR (R PR TR Ay i
HE R ABA R R TR AR A, T — AT e

HAMRZ B AR, =4ER IRk R(EIEEEE) AT USRS HE AR ADLA N R R 556 [ 34] [36] [37].

KA E 5 TME i dLRs 72 v] FT-0E 58 TME ImARRHIE, Wi fR i B pR 40 i 5 fi e 2 3 B LR 7 kB
IR g 1) o0 2 4 38 A DL R B AT 4 b TL-6 2 a3k SIS 2% T 14 B P i i e 1) e A D% i 2 4 4 fifd (Carcinoma-
associated Fibroblasts, CAF)W.2Y[38]; 3 KI5 /R 25 #% B (Patient-Derived Tumor Organoids, PDTO)-CAF
SRR K IUANTE CAF WAL AR AE AR AR AL, LR RE R SRR A I CAF B9J59K[39], EARIts:
FrRGILAE R SR FE T, AH XS HR 5 20 i 25 PR AR 97 S = 2B S M E A A 1 8 [38 ] OF Sy Bk A4
TR AR NI 58 R B0 S 7 40 i 4D 36 (Extracellular Vesicle, EV)RERS A 3HE ) R 2, FFREBEARRAR N IFHL[40].
i BN 3 B R M AE 40 il (Cancer Stem Cell, CSC)ARic#[41], Hrh CD44 ZEFRic 32 L R B3 3
[ (Epithelial Splicing Regulatory Protein 1, ESRP1){EFL IR 40 i i 75 [42], Ak K+ (Transforming
Growth Factor-f, TGF-B)ifi i 155 SEF1 Al SIP1 HZ AT N ESRP2 [43]. FHERIBSHE AN KR, K
A O SR A B R T, (R R A TRk R, AR A S (V6 T 45 B S T AL

4. TNBC £ R EEBIGKRE WIS HE R

H AT TNBC K45 B AR R AE SEBRIG R H T I 3G — R AR I SEBhAR . 7 AR 2807 T, A 77 22 T A
MKNTE 4~6 A, Nz 2597 B I 18] S AR ) 6~8 A, 2 i fp AR VAT 8 11, RO SR8 A% (Optical
Metabolic Imaging, OMD)FIA T K H g I (8] 4 22 72 /N BEMEFEFER4E % 1, AL Ta 5k
Bt[44]; BARERE, RAESARFREFE ALK TNBC BRI FIRAE 83%, (H WM A S BIRA
fRRUR[45]0 MEAN, FRIEE TR KAl 9% A E T 240G 70, HB= TNBC % J8 BAEZ B # Pl . TRk
BC 77+ Matrigel fitik 2 5 ZHEURIE 72 3 3 BUR ) 2P B (T FRAL 214 20.83%, JEZHZAZ) 87.5%), Bk 43
AN T8 28 25 B LE A PR R T GRS IR S AN 20.9% IR FAL KRN 4.7%, HEZ G — 250 e bRk
[46] [47]. BASLIEAR R, Z8M Meta 70HT(19 TIWF5T, 1864 ) Sk — 126 87%. BURME 88%.
R 85% (48] FLARE L THE 7T Vlachogiannis Z5[491#IE 71 BIHUEME 100%. #HERATE 93%. Liu %
(4518 Fe 2o 12 IR BT JE 7B TNBC @RI 83%. 258 - IR FT & % 70%, (HELA RS FEA
/N, HE D KBTS M 2 PO RHE, MR E pEERSE, Hilca 14 Gl(UEE 100%. Rk
93%- PBHIEFNAE 88%- FHPETIMIME 100%) 1 71 F(BUBME 63.33%. Hriwt 94.12%. #EMATE 79.69%) 1)
A IEEAE, TNBC 1EJy i B 5 B v A, LRl ge i gk i A 2 . 3% [ FDA BARIBIE R 2.0 7t
VPR B S5 B BB ARG 2 BB 72, T HESN AR O J5 5 AR HEAG BOAE P I3 FH[50], 10 H H 626
A BRI R E G R AL HE, GLP IAUEbR#EAZEH 2 o IR & CASUUAC 2 TNBC K28 B IR R 1L
M KIS, T AR AP 2 T HE R VAR B, AR TR R KBTS VEIG R RS . @& AR
A R I HESN IS BUR AL, J7 BE S S5 % TR Bk R o SR B = B B IE R4k .

5. INEERE

= BAE L A B R AT SRR AR AL SR BRI R A S A AR B RS, R R A
RN, NSRRI T, 2GR A A i T SR S8 SR S8, AT N S i 25 L E )
Prep el BB . (HARERESL . BB S AR A H 2 H s R AL, ARR I8 2 ot v
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HBEARAEAL B, TE R BRI AL L s IR FT 1

RSB ORI, [FIRMKEE “RasE + 241% +AlY

REERE, IR BARFA S HE ™, D = L R At S e 88 A v 7 R R N B
E&mE

IR R 245 AR R it Rl B (iS5 202204010550) 5% By 1R @ .
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