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ET & BEANEEME IRMOF-10 WEEE VI SERRHIE. RIER
=AM I BREARUTFN

WEHS L, FARBIL, ARIAZ KAl HFHL 2T FARL INFEL FeEL Frel,
mgEl L Y, FXR

1 dbsBEZRF 22k, bt 102488

2. EMABSEEL, FHA KF - 130000

# . B# MEBEWFE Chyaluronic acid, HA) EIHEEME R VI (polyphyllin VII, PPVID) & HLE 2244 K}
IRMOF-10 # [ 44Kk HA@IRMOF-10@PPVII, I R G iFAr HERALRHE | e PEAM A St = BIPEFLIE (triple negative breast
cancer, TNBC) W&k, 755% RA=ZMEEHI#ERANE M E IRMOF-10, i#id FAr a7 aE PPVII, FHFIHIE R
W50} #k 25 9 K b R T HEAT B MR, MR A4k HA@IRMOF-10@PPVII; K HPLC ¥R E Hak b, EMEfh 758N
#i (scanning electron microscopy, SEM). f# HLIH-AF 4T 4t (Fourier transform infrared spectroscopy, FTIR) 3. #EE
53#H7 (thermogravimetric analysis, TG) K& BET R MARVETE M FBERIEGUKRIITESR . G5 G 1t i 4 1 9258
WA e 4t SRA RO R A BB IIE SR mfAE /), J@id CCK-8 ¥4, DAPI Zeff. Annexin V/PI X4y, iER 5L
TORET SR, DL A 4H M B L 3548 (reactive oxygen species, ROS) ¥l Zkif4 ik s 47 (mitochondrial membrane potential ,
MMP) Fr&E 7, SRETPNGUKRINT TNBC 4TL ARMHIHIER. &% il HA@IRMOF-10@PPVII # s N
(3956 +1.78) % (n=3), H&RIFMED LA, FTRZEFREIK PPV BV MR 29 KRRE% A 208 58 PPVII 7L 4T1 41
AR BEREL, R MGG S R A FEPUMRE L] S 7 S 40 9 ROS JK-FFH . MMP T Ffid R A o #i
AT1 AERIER S BEE IS, &8 HA@IRMOF-10@PPVI 9Kk & M3, B RIFRE RS TNBC itlE, f
% 58 PPV (U253, SREET PPV BRI BE R 3R AL 1 SB35
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Preparation and characterization of polyphyllin VII targeted nanoparticles
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Abstract: Objective To prepare hyaluronic acid-modified polyphyllin VII-loaded metal-organic framework material IRMOF-10
targeted nanoparticles (HA@IRMOF-10@PPVII), systematically evaluate their physicochemical properties, safety and in vitro anti-
triple negative breast cancer (TNBC) activity. Methods Metal-organic framework material IRMOF-10 was synthesized by
triethylamine method. PPVII was encapsulated by the heterotopic encapsulation method, and the surface of the drug-loaded
nanoparticles was modified with hyaluronic acid to construct the targeted nanoparticles HA@IRMOF-10@PPVII. The drug loading

was determined by HPLC. The morphology, structure and thermal stability of nanoparticles were characterized by scanning electron
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microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TG) and BET specific surface area
method. Its blood safety was evaluated by hemolysis test, and its cell targeting was verified by laser confocal microscopy. CCK-8,
DAPI staining, Annexin V/PI double staining, migration assay, clone formation assay, cell uptake, reactive oxygen species (ROS)
detection, mitochondrial membrane potential (MMP) detection and other methods were used to verify its inhibitory effect on TNBC
4T1 cells. Results The drug loading capacity of HA@IRMOF-10@PPVII was (39.56% + 1.78)% (n = 3). HA@IRMOF-10@PPVII
had good biosafety, which could significantly reduce the hemolysis risk of PPVII. This nanoparticle can effectively improve the uptake
of PPVII in 4T1 cells, and significantly inhibits cell migration and clone formation. Its anti-tumor mechanism is closely related to
inducing an increase in intracellular ROS levels, a decrease in MMP triggering apoptosis, and inhibiting the migration and cloning of
4T1 cells. Conclusion The HA@IRMOF-10@PPVII nanoparticles were successfully prepared, which exhibit excellent targeting
ability and anti-TNBC activity. They can significantly enhance the efficacy of PPVII, providing experimental evidence for the
development of PPVII-based anti-tumor formulations.

Key words: polyphyllin VII; metal organic framework materials; IRMOF-10; anti-tumor; triple negative breast cancer
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PR . —BIPEFLIRRE Ctriple negative breast
cancer, TNBC) e FLIm MR e WAL, o5 7L B )
15% ~20% , H A KI5 ME B & 2 /& Cestrogen
receptor, ER). ZE /K (progesterone receptor,
PR) B{ A A KK 52 44-2 (human epidermal
growth factor receptor-2, HER-2), IfiRFFERI N
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YT/ 2 B 1 (mitogen-activated protein
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El1 PPVII LM (A) 5 B-IRMOF-10 FIZ[B454 (B)
Fig. 1 Structural formula of PPVII (A) and spatial
structure of IRMOF-10 (B)
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WOR AR B SRR ) B IE S O A, R
& PPVIL IS RSt 7 A Rokng . BAr, T
PPVII 4 KEE )36 25 R 48 BB 3 NTE R I B,
WA 5 IR AU, A GRRRIN 2058 2 FhR R, it
IR LA BE e T A

B AW E L (metal organic framework ,
MOFs) J&—K 4B & 1k S A VLR o g i
Fr B AR TE B fa s ZFLA R, 7225118 A
e Il HAURRpR 3421221, AR SR s . EE R IAR R 2
BKMFLAR, HAERRSNELA %, i, @
RMMIIAEAL . BEBM. B FERBS L Rk
W AT RV R A L fE23-24, IRMOF-10 (& 1-B) 1E
N MOF Hr [ —Ff, LRI S B R AT (1 W b ol i
LA COy FHIBEEE AR IR I25200, FE R H AR
B LT 1) A 40 2 4 A R B e ) 33 I P % i 0 I 4
E 245 1) 368 18 A8 5 i Sk A 7281, H M A L AR 44
(cluster of differentiation 44, CD44) & J&hET 40 M
(FIH AR S, WA 228, R
FRIT 2510 2 P E G e, HRwRIAFA
W2 3 3R T S R A0, 7E TNBC 5k
JEH, CD44 ZAREIEEmFIL. EHRREEY
R S PR R S 5 5 PR A R T A TR AR AS 1)
CD44 24k, Thxt ik iR AEEE CD44 SEAN
FTEEEHRY, 3X — R PR L R iR I v T AR
Bofko HETCIFUR N T4F% TNBC [ 259)58i%
ARG, BFEZY-E RN . SR 9K
iy BRTPRSER23S), BAT R AT R AT 5

BT LR 5, AWK PPVILE NbuUE
TEPERCSY, IRMOF-10 A # R RE, 35 0 R A
TNBC 40/ fI¥E [ BCAA, #487697 TNBC HIFE R4
KK HA@IRMOF-10@PPVII, #2720} 4T1 2
I TT AL, 8 TNBC 224 i 380E 7 R BB SR
1 {XEEHH
1.1 {428

KQ-500DE BUEd% /S s s, Elmie s
XA IRA T CIB-S-10D U S pE /1 b %, #6
M ERAX R A IR AR BY-G20 AU & 0L,
JE 5T EFERST 28 BR 4 W) s DZF-6050 Y FL 75 -4
f, b RSOl R A R A s MS105DU A
AR, MREE-FER 2 A (R FIRAF;
ZEN-3600 2 B JR SO ER BEAY, e[ B /R SCA#
HIRAT; Agilent 1260 B im0l AH LA, SEE %
TSR AT Epoch ZUESFRX, EE{AMBIESA

FRA 75 Nicolet 6700 %Y i HLIH- AR 2T SN i), 3§
PR R B A ] Tristar 11 Plus 3.03 447 #0K b
10, FEEFFTAE AT ; TGA2+ALRE T,
FEE-FER 24 (B AR AF]; Regulus 8100
BB o P K AR BAEE, HAHSL S
FRAT]; LGI-20G BLA T, VU R R 3
Bk b)) ARAR]; Leica TCS SP8 AL
SRR IR A B, M ESE-RAF]; IXT3PIF
R B R, BARER (R ED A RA A5 Thermo
Attune NxT B sCHH A, ZEER KA /RBHE (R ED
HIRAF.
1.2 5

ANKEMEEE (LS C10095674). 4/ 4-FkoK
HIER (E$=98.0%, L5 C16478406). &M
R (30 000~45 000, fit5 C16386110), LifgH
SRR A B IR A s IR (DMSO,
ft5 20230601). = Z % (Hb5 20220901, KT
FRAERF) ;s NN-ZHIEF R (DMF, fits
20211201408), REMHEMAFRFARAA; =
A HF R (b5 20240116), JbEITiiE KguiL T
T AT XTIE S PPVIL, JR 820 $0=>98.0% (it
5153060, FIFREPHELEDHARGIRAF; PBS %
WS 6125192).0.25%)HR 8 HEF (LS 3117072)
1640 #5725, B GRS D A
[RAA; &5 % 6 (coumarin 6, C6), (#it5
S09HS194319), FigFEHAMRHAR AR 4T1
LR (S WP2025072204), VEHAEMIRY
HWRAH; BAmiE (s 23110701, JLalY=E
HEMBHARIMEATF]: HHER-FER-HEE
E BIBAER LS 20250510) 4%2H 23 [H 5 W (it
5 20231228), bl EHERAEVRHEARA A I
P4 (reactive oxygen species, ROS) Al 77 &5 (#t
5 A376250606) LR AR HL A A A & (AT
A350A250626), iR REVFEARGRAFA;
Annexin V-FITC 4 ffg Jf T- 46 X 75 & (Hit 5
WKO5VFIP9336), s A S e A= VIR A B
Al CCK-8 il & (K001113011), %{#F|fH A
B ARAF .
1.3 mpe

/NER TNBC 408 (4T, [ MNEFH AR A
BRAR /NRAMR E R (HC1D, B 5%
EmPHEARAR; ANBEE A4 % (HPDE6-
c?)s EITREAEDFHARAF.
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2 FAEEHR

2.1 HRRIBIERK

2.1.1 IRMOF-10 )& FREC 1 mmol 757K A TH
FREE % 0.5 mmol 4" 4-B K —H R, ¥ T 50 mL DMF
W, R S min BRAIA], BRIIAL 5.5 mL
= HEJE LA 800 t/min i HE 2 hs 6 000 r/min &40 10
min (B5.0242 10 em) WAEDTE, 74 5 mL DMF
G & Besk 2 Ik, BAZ) 5 mL SR 24 h,
H B gt &7, HE 3K, B0 EUTEY T 120 C
AR S 12 he

2.1.2 IRMOF-10@PPVII il 45 &% AREL 40 mg
PPVII Al 10 mg IRMOF-10, N 8 mL HEE, H#ifs
Wi, BETHBRES L, ZEE T 500 v/min FEEH
#£3d, 6000 r/min &0 10 min (00242 10 cm),
DUER 5 mL HEEVEYR 2 KA, T 40 CEX T
FERET 120, WERFTH HIE M S Bl T IRl — 50 mL
B4, %

2.1.3 HA@IRMOF-10@PPVII )% FREL 15
mg ff] IRMOF-10@PPVII, fIA 7.5 mL &8 1 /KA
AR, BRI S mg MIEIIRER, O 2.5 mL %
BT /KR, K IRMOF-10@PPV I 1 WUE 115 /14
Pras FBRE, SR NIE I RIRIA, SR 2h
JE &L, FIRUUERT, B,

22 HAERNE

221 @ik SR Agilent 1260 B 20miAH €
WA BN Agilent Zorbax SB-Cig itk (250
mm X 4.6 mm, 5pum); BN ME-7K, B EEGE :
0~9min, 35%~44%Z.MiE; 9~20min, 44%Z.Mf;
il 203 nm; AFRGLE 1.0 mL/min; iR
25 °C; AR 10 pL.

222 XTHESEBRPIHIS R FREL 2 mg PPVII XY
BMET 10mL £iiH, MPREARZRZIEL, &)
2R E Y 0.2 mg/mL ] PPV % R 54 -
2.2.3 AUV HIE B “2.1.27 BUN SR
) EIEW RS, I E BB ZIEL, RIS
EANTIREART

224 PAMEALES SIS BIE] S R AREC 10 mg
IRMOF-10, fIA 8mL HIEE, MAEHAE, BT W
PirEas B, IR T L 500 r/min 45 HE 3d, 6000
r/min 50 10 min (042 10 em), PEH 5 mL
PRIV, OB RIS A SR E 25 % 50 mL, R
A5 BA PR AR A R

225 LEMEHEL K PPVII AR BT A5

W TAPEAS VARG BRI “2.2.17 TRt
AR HERE AT, Il BT, PRI 2. 4R
M, AR AR 0 Rt A VR A A [ ) S e
6], BAYE St s h eI, s R R R .

A APPVII
— M

PPVII

e B E e e |
0 5 10 15 20
t/min

2 PPVII SBRAER (A HiXRIAR (B) MEAMEHE
XmiFik (C) MEREM HPLC EiE
Fig.2 Specific HPLC chromatograms of PPVII reference

solution (A), test solution (B) and negative test solution (C)
22,6 AMERARFEL KEHEFRI 10 mg PPVIL X
BT 10mL &EiiF, PR e AR, Bk
B 1 000 pg/mL ] PPVIL X IR SR, K 38 R L&
FOR R IRV, A% OB BRI FE 230 0 800, 400,
200. 100. 50 pug/mL [ PPVII X8 5hia. %8
“2.2.17 WU (8 S5 AT R I , sl bt ith e I 2k
FTERMERIAS T, FLMERITTFE Y=2.443 4 X+
24.486, R*=0.9994, Z5F 38 PPVII 7E 50~1 000
ng/mL G150 R R UT .

227 FEEEEE WHL 2227 TUF PPVII XTR
AL, $HR 2.2.17 T ISR RIESTER 6 1K,
PO AR T2 RSD . 455 PPVII WA
(1] RSD N 0.77%, FKHZAAAE % E RIT.

2.2.8 FEMEEE WHL“2.2.37 T AR
R “2.2.17 U A&, AAlfERIE)E 0. 2.
4, 6. 12, 24h HFEHT, 183 PPV IEEFRIFIE
I RSD M 0.80%, KM MIFRIE 24 h Wi
FEME RAF.

229 HEMFEEK  HE—HL IRMOF-10 ¥ KL, 1%
“2.1.27 N “2.2.37 WU RS T8, AT
Hl4% 6 R AiA, I8 “2.2.17 TN IS & E
HATIE, 455 PPV BT EIKFER RSD M 2.03%,
RKUZLIETE R,

2210 AEENAEFES FEEFEL 5 mg IRMOF-
10 ET 10 mL &, ZHI7+ PPVII & &1
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80%- 100%- 120%7KF I IE &1 PPV X HE &
W, IPEDE R RRIEL, A EIRE AT
34, &R “2.2.17 TR Rk R AT E AT I E
453 PPVII HSF R INFE [ %4 99.17%, RSD A
1.85%, KIZITVEFFEE K.
2211 EHAEMME %8 “2.1.27 1 “2.2.37 1
NS 3 AR A, 1R “2.2.17 TUR A
T 20T B B VA VB AT AN, AR € 1 i i A
THEARBANNZYRE, HEAXITERYAE, 4
B3 fit IRMOF-10@PPVII 1#25E )y (39.56+
1.78) % (n=3).

BAE=M 5—M )M y+M —M L)
M w9 PPV #kl i, M pwy BIGWH PPVIL & &, Myl
IRMOF-10 &
2.3 AEIHIFIRFRIE
2.3.1 KA C HALIGE 2 il FRIEGE & IROMF-
10. IRMOF-10@PPVII. HA@IRMOF-10@PPVII,
B ECT 10 mL F A, R S 7R SCBOE R EEAY
MERIfE. 24 HFEE (polydispersity index, PDI)
Al ¢ HfZ. IRMOF-10. IRMOF-10@PPVIl. HA@
IRMOF-10@PPVII [FJ¥ife. PDI J & HAZWIER 1 fr
TN o GUKRLIIRIARZI N 100 nm, BEE 25920 A%
B B RS Vs A 3G K, € FRLA AR 3% W SR R A 1 /s
BNt , &AH99KK00 PDI A 0.5 LA, #IA
A B A B

1 x180k SE(UL)

3 IRMOF-10 (A). IRMOF-10@PPVII (B). HA@IRMOF-10@PPVII (C) A SEM
Fig. 3 SEM of IRMOF-10 (A), IRMOF-10@PPVII (B), HA@IRMOF-10@PPVII (C)

LLAMNGIEACAE 4 000~400 cm™! BEATFAFEIRIS L0 4b
Rt R, 455 LA 4. IRMOF-10 £ HLH 8 T B A7 4
BRIEA S FRAR4E4RED (1539.75. 1403.18cm™),
ERESEE TR, REMNEESEAEAN
& BEALE 745 . PPVII H R HL IR IE (C=
0) MRS (1 688.19 cm™), S ARRHZIA K ke
ZAIEEMIAEFRSUX (<1300 cm™) 7 A2 55 24,
LA T IRMOF-10@PPVIL H AT [ i W22 31 @ T
IRMOF-10 F1 PPVII [F4RFAEVE, |56 45375 B o 2 1 o

#z1 FREFHEIFIRE. PDIFI BN (X+s,n=3)
Table 1 Particle size, PDI and { potential distribution of
different preparations (X s, n=3)

H A FifE/nm PDI CHAL/mV
IRMOF-10 87.28+12.18 0.19£0.03 2.9540.05

IRMOF-10@PPVII 92.57+14.43 0.24£0.05 4.2910.24
HA@IRMOF-10@ 115.39+31.67 0.31£0.03 —0.84%0.08
PPVII

232 A H 7 2 B (scanning electron
microscope, SEM) MLEYKRITESE 75 PR BUiE &
IROMF-10. IRMOF-10@PPVIl. HA@IRMOF-10@
PPVIIL K by K, 0 R BEEE 75 70 B3 1 ek 3R
BB, BIEaBl)E,  SEM #ETHE N
. SEM &R EIR, &MY IRMOF-10 2 HES 1%
HARIR, 5 SRR — B (J8 3-A), IRMOF-
10@PPVII £5#) 5 IRMOF-10 K#EFML (& 3-B),
{EHE B HE LIRSS, HA@IRMOF-10@PPVII 45 #) 55 /i
PRI RBUHL, HESIEOHE— D85, BAGIRKL
AT DO RIAZ A, AR RGBT (K
3-C).

2.3.3  (HHEMAERLLNEIE (Fourier transform
infrared spectroscopy, FITR) 43r#r 7 AFRBUE =
PPVII.IROMF-10.IRMOF-10@PPVII.HA@IRMOF-
10@PPVIT #f b A, ET AT I RAL S
T8G RAWHEE, SRR, SRAME A

N HA@IRMOF-10@PPVII H (1) (2 15 55 15 76 I8 55 o
2.3.4 HEHT (thermogravimetric analysis, TG)
43 HIFRELUE & IROMF-10. IRMOF-10@PPVII.HA@
IRMOF-10@PPVII ¥ it R, T#E i, 78
BT LL 10 C/min HEZFR M 30 CTHE 600
C, xRS ENRESRETURLR, 1592
TG ik (& 5). TG Ml &7x, PPVIIAE 300 C/A
Fi R B2 T B, IRMOF-10 [ B HEAE 420 C
Fffir, IRMOF-10@PPVII. HA@IRMOF-10@PPVII
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HA@IRMOF-10@PPVII
% B R

IRMOF-10@PPVII

PPVII
IRMOEF-10

4 dOO ' 3 2'00 ' 2 4'00 ‘ 1 6'00 ‘ 8(‘)0
v/iem™!
4 PPVIEEHKKIA FITR
Fig. 4 FITR spectra of PPVII and nanoparticles

100 e
80
S
60
K
I — IRMOF-10
B 401~ PPVII \ S
- IRMOF-10@PPVII .
20 1 --- HA@IRMOF-10@PPVII ) T
0

100 200 300 400 500 600
7/°C

5 TEIHIFIE TG #hzk

Fig. 5 TG curves of different preparations

1) 5% 2 il 2 58 WG T IRMOF-10 [F 2 2k, %%
PPVII B A i B #A20E 1, ¥ PPVIIL # A\ IRMOF-
10 J5358 7 PPVII ()30 Fa i 1

2.3.5 BET REARNMGIEN € R 4351
PREUE & IROMF-10 #K, LA 10 °C/min Fhf#H 2
N#E 120 C, FEATHM-BPIE . BET iEIfS
IRMOF-10 ELEH RN 77.667 1 m¥g, “FHIFLEN
253.720 mm®/g, fLAREEHLE 2~5nm, AU 6-
A BN BRI - SR 260 TV BY, £77E H3 2
WEH (F6-B), J&TAfLifkiBel,

24 REMER

2.4.1 2 MO 5 RE BB E KN 4T1 R
HC11 4Hiff, Lh 6X10° AN/AFLIE B2 mlHEemh T 96
LR, KEFR 12h G, WRERERTREE, BRXTHGZEAL,
IONEARFEFEWRE (5. 104 15 ug/mL) IRMOF-
10 8¢ 0.1% DMSO MR 251, 1 B AR 4 i
MIAESL, 9% 240 J5, W, Bid CCK-8 %
RO 450 nm KN EHBOEE (DO EH, AN
HAMMAAIER, AT 3 k. K245 8EH, X4
IRMOF-10 i s N 5~15 pg/mL i}, 4T1, HC11

12 A
Ten 10
E
E 8
e
& 6
E[é
& 4
—3
~
2
0 20 40 60 80
fL4%/mm
160 B
B
£ 120
Ten
5 80
s
E
= 40
0
0 0.2 0.4 0.6 0.8 1.0
TR J1(@/Po)

6 IRMOF-10 BJfLEDT (A) FIRSIRMitZ (B)
Fig. 6 Pore size distribution (A) and nitrogen adsorption
curve (B) of IRMOF-10

2 IRMOF-10 B4R LM (Xts,n=3)
Table 2 TRMOF-10 cell safety (Xt S,n=3)

K o 41 IATIE /%
4T1 HCI1
pagid - 100.00+0.00  100.00+0.00
DMSO 0.1% 98294093  99.77+1.89
IRMOF-10 5pgmL™'  101.76+1.60  92.65+5.19
10 pgmL  102.93+1.81  91.50410.20
15pugml!  99.56+2.50 103.09+8.86
AT I R IITE 85% LA b, 45 R IIM B A R4
) 240 B AR 251 o

MITFIE R =4 s —A w2)/(A s —A )
242 WIMSCE:  7E Ep B HOMA 250 pL #rfif K R
LMV, FH X R PN 250 uL 2518 K,
FHPEXT IR AR N 250 uL Y PBS, SEIGZHLA A
250 uL IINE AR ERE (5. 105 25+ 50, 100
ug/mL) ] IRMOF-10. PPVII. HA@IRMOF-10@
PPVII ] PBS & Wi. 37 CIEIR/KBHIHEE 1ha,
3000 r/min &0 (B0 10 cm) 5 min, ARG
%5, WHL 100 pL BB 96 FLARH, BEFRCR:
W 574 nm PKTEH A EH, HESHPFE, %
ARHEBEMR, PAT 3 IR, 4R (R3) %
B, IRMOF-10 it &K 54 5~100 pg/mL B4 if 2
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®3 FEBFELE (x+5,n=3)

Table 3 Hemolysis rate of different preparations (X £ s,

n=3)
o VA I/ %
TR/ .
HA@IRMOF-

(ugrmL ) PPVII IRMOF-10
10@PPVII
7&K 100.00+0.90 100.00£1.20 100.00+0.60
5 8.514+0.25 1.2440.47 1.304-0.61
10 4914130 0.8340.24 0.1340.23
25 183.55+3.47 1.11£0.24 0.6510.81
50 185.43+2.60 —0.8340.24 1.9341.03
100 179.37+£3.85 1.8140.59

-1.931+0.41

HEREFA: 100 50

PIE 5%LLF, PPVII B 5T S B2 v i I 3
98, FREWE FIRMEY KT 5%, il fe 5H K1k
B AE %, HA@IRMOF-10@PPVII 7£ 5~
100 pg/mL ¥ MFIET 5%, £ HA@IRMOF-
10@PPVII &% 7 PPV (AL, e 7 24t
(K7
BIZEE=(4 g —A )4 e — A 1)

2.5 YHREIEEEMER
251 FOEGUKRIIHIE A Co MENTIEHIR
B PPV, %M “2.17 WUR BRI il 4% 2 gk
¥ IRMOF-10@C6. HA@IRMOF-10@C6, JH%/#

- S

- )

IRMOF-10

HA@IRMOF-10@PPVII

10 5

0

J B /(g mL)
B 7 FEHIFAEELT M EALER
Fig. 7 Hemolysis of red blood cells treated with different preparations

“2.2.117 BURJTENERZ & .

2.5.2 HA@IRMOF-10@PPVII (¥ 45 B I 7] % %%
FAE T BUE K 4T1 LA 2.5 X 105 AN/
B T IR ARSI, 5595 12h 5, BRJE
BFEE, MAEA 0.5 pg/mL (BL C6 it) HA@
IRMOF-10@C6 H357dk, 4kaliias, 40alfE 0.
0.5 1.0, 2.0, 4.0 6.0h ZPRETFRIEL, 4%2H L &
WE 5, DAPI Bt o fEBOL L B B g
TR, AR MRS IR EE IR, 4.0h N 4T1 41
Hx Co BRI BE A I [HLRETE N, 4.0 h JEAHA
BRI (F 8D,

253 FEUIRBREMETE KR EELE KT
PRI 4T1 G, DL 2.5 X 105 /LK) 26 i B
P FILRAERTFRNLA, 1598 120 J5, IR IEE 75,
JIINEH 0.5 ug/mL( LA C6 i)C6.IRMOF-10@C6+
HA@IRMOF-10@C6 KI5 7:5E, k4555 2h )5,
[F] “2.5.27 TR kAL fS, TEROGIE RS B
TWE IR, 4R ER, HA@QIRMOF-10@C6 41

MR Z (B 9.

2.5.4 HA@IRMOF-10@PPVII K4 ffa 56 3% 1 2% %¢
M0 F-xF 4 KR 4T1. HC11. HPDE6-¢7 40,
DA 2.5 X 105 AN/IILFRY 3% FERERR T I IR AR FR Lk, 35
7% 12h Ja, BERERFRE, IAEH 0.5 pg/mL (LA
C6 i) HA@IRMOF-10@C6 ] 1640 55753k, 4k4t
B2 hJE, B “2527 BRI EAHEE, 0
LR AW TSR, RN 10, g5 %
B, HA@IRMOF-10@C6 EH TANF4HH, 4T1 4
b C6 HELE R K, HC11. HPDE6-c7 H{{ W%
F/ERG, AT G IS 7 B T R AE U (1 g AR [+
PRI .

2.6 RINHHIRE

2.6.1 CCK-8 vEka % KA HIA B Chalf
maximal inhibitory concentration, 1Cso)  KEXF £
KA 4T 4000, LL 6 X 103 ANALAIZ FEERT 96
LB, #5397 12h 5, WERERFREL, BRXTRERZHAL,

TN S A FEFR R E (0.51 1.0+ 1.5 201 2.5 pg/mL)
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20h 4.0h

8 4T1 4AAEIFE HA@IRMOF-10@C6 IR ER %14
Fig. 8 Time-dependent uptake of HA@IRMOF-10@C6 by 4T1 cells

C6 IRMOF-10@C6 HA@IRMOF-10@C6

DAPI

M Co

. Merge

9 4T1 #ABE*F C6. IRMOF-10@C6. HA@IRMOF-10@C6 HIIEERAE
Fig.9 Uptake of C6, IRMOF-10@C6 and HA@IRMOF-10@C6 by 4T1 cell

PPVII. IRMOF-10@PPVII. HA@IRMOF-10@PPVII
8¢ 0.1% DMSO IR 23, 1% “2.4.17 BUR 77
A E A A7 V5 %, £ GraphPad Prism 9.5.0 {4
THH ICs0. &5 RUNEE 4 Pz, PPVILL IRMOF-10@
PPVII. HA@IRMOF-10@PPVII ] ICso 43 5l

1.368. 1.259. 0.946 7 pg/mL, K% 2540584 A4
B, GKKRLIY ICso B AR/, HA@IRMOF-
10@PPVII )41 TNBC 75 P4 e 5 -

2.6.2 DAPI Qi SBZMMLIEE  Kx3k
ALK 4T 0L 3.0 X 105 NAFLI S FE AP T 6
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DAPI

Cé

Merge

4T1 HCI11 HPDEG6-c7
10 HA@IRMOF-10@C6 HIZmAEIEIFR
Fig. 10 Cell selectivity of HA@IRMOF-10@C6

F4 TEHIFILE 4T1 HREFFER (Xts,n=3)
Table 4 Survival rate of 4T1 cells treated with different preparations (X £ s,n=3)

R g EEEEN o gy VREER en gy AR
% % %

X B8 - 100.00+0.00 | X0 - 100.001+0.00 || XFH& - 100.00£0.00
DMSO 0.1% 100.90£+2.34 | DMSO 0.1% 95.41+4.23 | DMSO 0.1% 94.80+0.82
PPVII 0.5 pugmL! 101.45+2.04 | IRMOF-10 0.5 pgmL"'  88.67+1.75 | HA@IRMOF- 0.5 pgmL™'  76.90+2.20
1.0pgmL!  87.9840.25 10pgmL 81414522 | 10@PPVII 1.0 pgmL!  56.63+5.94
1SpgmL! 34304943 15pgmLl  23.4144.70 15pgmL!  13.0540.72

2.0 uyg'mL™! 13.254+0.21 2.0 uyg'mL™! 11.56+3.80 2.0 ug'mL™! 3.67%£0.54
25ugmL! 5404097 25ugml! 1654059 25ugml! 1654057

LR, KEFR 12h G, WRERERTREE, BRXTHGZEAL, 11 27, BRXHIE4LF IRMOF-10 4145, &40 4T1
WIS 1 pug/mL CBL PPVII & &11) PPVIL. IRMOF-  ZH HBL T 40 B A% [ 45 A8 =2 i %, HA@IRMOF-
10, IRMOF-10@PPVIl. HA@IRMOF-10@PPVII ] 10@PPVII 4140 [ 45 A0 I R fe o 5.3

RIGIRTN, REFE 24 h G BRI, 4%A4E e 2.6.3 RIJESCIEAIMITRE R B BUE KK
WE EJ5, DAPI Yeth, St RMes PSR, 4T 4, L SX10* NALIKE AT 24 L0,

X IRMOF-10 PPVII IRMOF-10@PPVII HA@IRMOF-10@PPVII
11 REHIFILIERG 4T1 AR ST

Fig. 11 Morphological changes of 4T1 cell nucleus after treatment with different preparations
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Fram AR FLIR G bRk 7R ds, |E LRI —%
B2k, FERAE N, H Image ) 1.54g B E
0h MURMEA. BRXFIEAL, HASHAMAS 1.0
pg/mL (EL PPVII & &1l PPVII. IRMOF-10.
IRMOF-10@PPVII.HA@IRMOF-10@PPVII (1452}
WK, 597 24h J5 LBREEFREE, PBS UGG T 24l
BN, H Image J BOARIE 24 h KPR 1%
ARTHEHMITFE R, PATRE 3 IR, 4R IE S
AIEE 12, B IRMOF-10 414, S45254 4T1 40881
TR TR A, K, HA@QIRMOF-10@
PPVII AR F LN T, 24 h VIREEH
MK HEZEL IR 49.95% % % 3.14%.

NI RE R =(0 h RIJRE —24 h RJRHE /0 h KR
T
2.6.4 PHROCHESLIG MM ERIRET) B
K-HAM 4T1 4003, LL3.0X 105 AN/FLINES BB T 6
LB, 3578 12 h 5, WEREEFRIE, BRXTRR4LAN
IRMOF-10 #k, JIAE 1.0 pg/mL (LA PPVII & &
i) PPVII. IRMOF-10. IRMOF-10@PPVIl. HA@
IRMOF-10@PPVII (452530, 597 24 h 5255
Briedk, WMALE, 1B 11X 103 AN A LR T8

Oh

x5 TEFIFILIERE 4T1 EREBRIEEMRER
(Xts,n=3)
Table 5 Migration rate and clone formation rate of 4T1
cells treated with different preparations (X £ s,n=3)

AR MIER R MR/

251 _
(ngmL™) % %
g ~  49.95+9.35 100.00£9.35
IRMOF-10 —  45.65+5.29 100.32%16.02
PPVII 1.0 21.55+3.84 69.86+2.96
IRMOF-10@PPVII 1.0 11.174442 62.10%3.92

HA@IRMOF-10@PPVII 1.0 3.14+6.89 18.19£0.90

24h

X R IRMOF-10

PPVII IRMOF-10@PPVII

(1) 6 FLIR, dkZRiigs, Wil SR RS
LF] 80 NPT L IERETR, RIS
M, SRHA Image J 1.54g BAFTHE R A0 v FZ 2
&2, AR EENE, 758 3 R 4558
(X 5 F11 13) £B, B IRMOF-10 2H4b, #4572
HAT1 AP e b 8 H T XA, PPVILL

IRMOF-10@PPVII. HA@ IRMOF-10@PPVII 411
A M 23 A0 v B AR IR BRAIG, R I AH ) 751 45,
AL P 5 ) 4T 1 A 0T A% 58 70 A TE A= K RE R IR
559, HA@IRMOF-10@PPVII FI3HI B 1598, 0

HA@IRMOF-10@PPVII

B 12 FEIFIFILIE 4T1 B0 EEMXREIRE X

Fig. 12 Changes in scratch area of 4T1 cells after treatment with different preparations

XTH’E’- IRMOl;-IO
Bl 13 AREHIFIAIE 4T1 MRS M IESE

Fig. 13 Number of cell clones after treatment of 4T1 cells with different preparations
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BT R P 22 18.2%.
T R = S 2 e o IR T

2.6.5 ROS /AKFHIME FERrEAEKIAR 4T1 48
L, A 3.0X 105 AN/FLIES B2 T 6 fLAR, 557
12h J5, WeBrEEFRIEE, BRXTRRAASN, IS 1 pg/mL
(L PPVII % &1F) PPVIL. IRMOF-10. IRMOF-
10@PPVIl. HA@IRMOF-10@PPVII {145 2515,
IR 24 h 5 EBREEFRES, N 1 mL Hrif Rl
DCFH-DA 44, =R E 30 min, WG T
PSR WS, ARTE L A, Lk
BB S A R B O EE R 1.5 mL Ep B, 4t
Je R A SO ATRL I . 55 (3R 6 A 14) &
W, SxIIEZAIEL, IRMOF-10 240 i A 58 ' 3 5
7 i % A4k ; PPVII. IRMOF-10@PPVII. HA@
IRMOF-10@PPVII ZH 41 i %¢ Yt 5 FE Ak vk v, B
il £ K RL LG PPVIL 54k, BAA #5853 ROS

1 mm
papict IRMOF-10

AR RE 7T o IR M BRI 5 R AR, SR
O FIRREI N, 59t BB MR R 8, X
LI ROS 724 1 fig & HA@IRMOF-10@PPVII
RIEHT TNBC FIMLE]Z—

*6 TREIGIFIAIERE 4T1 AR ROS HEXT LR EFE
T (Xts,n=3)
Table 6 ROS relative fluorescence intensity and apoptosis
rate of 4T1 cells after treatment with different preparations
(Xts,n=3)

; FlES AENTOE FTIER%
A
(ugmL™")  58E/%
X} e - 100.00+0.00 4.12+4.53
IRMOF-10 - 101.86+1.83 2.73%0.39
PPVII 1.0 128.30+3.44 35.07£3.19
IRMOF-10@PPVIL 1.0 143.4945.70 38.94+2.61

HA@IRMOF-10@PPVII 1.0  158.71+£6.51 62.42+0.84

IRMOF-10@PPVII

\ 4
e 4 , _
HA@IRMOF-10@PPVII

HA@IRMOF-10@PPVII

IRMOF-10@PPVII

PPVII
IRMOF-10
Xt
o Ay EETES G DT
0 10° 104 10° 10
X 5 R E

14 TREIHIFIAIE 4T1 HAAE/E AR A DL R R E AR A E

Fig. 14 Intracellular fluorescence microscopy and flow cytometry of 4T1 cells after treatment with different preparations

2.6.6 Annexin V-FITC/PT XX Zk v 52 40 i I 1
B BUE RN 4T 400, LA 3.0 X 105 N/FLAG %
AT 6 FLiRT, 153F 12h 5, WERIEFREE, BXt

HEZHAN, TN 1 ug/mL (LA PPVIIL & &) PPVIIL.
IRMOF-10. IRMOF-10@PPVIl. HA@IRMOF-10@
PPVII IR 251, 5597 24 h Je PRI ordt, TG
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WA EOWESE 1.5 mL Ep &%, A 5 puL
Annexin V-FITC f1 5 pL PI YLiiR5], BOCME &

R HIARER B KA IELH M . WEVH M . 155 40
S LA . [ IRMOF-10 446, &HIF40E T

FR S AGEAT R . 4559 (3R 6) FMH, T 40 & ELEEi .
R CCK-8 5 WMAF G, MK (B 15 h a4 2.6.7 JC-1 Bt e bR KX Bk K
X IRMOF-10 PPVII
100 100 100
3 Q13.63% Q27.78% 3Q1237% Q22.76% 3 Q16.32% Q2 22.79%
10° gL 10° = oo e 10° =
] Rl 2215 E faish 3
104 5 ’ 10* 4 104 3
—  10° — 103 < — 103 =
~ 3 ~ 3 ~ 3
o g o 3 o g
~10% 4 -10° 4 -10° 4
Q4 87.33% Q3 1.26% Q4 94.58% Q3 0.29% Q4 62.29% Q3 8.60%
wrry P [, RARE LA | L L JRER R b R e | gdd Lams | Rl bii | LR o PREL Ly EREL { L2 | gl Lomn | REmd toy SR L, EERE R o BRI
-10° 0 10°  10* 10° 10° -10° 0 10 10* 10° 10° -10° 0 10 10* 105 10°
Annexin V Annexin V Annexin V
106 IRMOF-10@PPVII 106 HA@IRMOF-10@PPVII
3 Q15.01% Q2 28.92% E Q1 6.34% Q2 60.40%
10° = ) 10° = 2
P < o E
10* = 104 o
— 10° = = 10° 1
o 3 o g
10 3 > —10% 4
Q4 54.55% Q311.51% 1Q430.30% Q32.96%
T T ™ g ™y Ty T o | ik ™ LAk | L | |-|' T
-103 0 10> 10* 10° 10° -103 0 10> 10* 10° 10°
Annexin V Annexin V

15 REHIFIAIERE 4T1 HEERAT 2%

Fig. 15 Distribution of apoptosis in 4T1 cells after treatment with different preparations

(1) 4T1 40/, LA 2.5 X 105 /NI 25 FE B T 4L R £k
BRI, 5598 120 J5, WRRESIRER, B R4L4h,
IIAE 1 pg/mL (LA PPVII & & 1) PPVIIL IRMOF-
10, IRMOF-10@PPVIl. HA@IRMOF-10@PPVII ]
YR, HEFR 240 J5 BRRIE AR, R INA
JIC-1 Beta TR G, T IR MBS UL
M gH M 2RI A B i, JC-1 LLEREY)
T IR AR AR AR B i, BRI R0 4
LR LA BRI, JC-1 T LR T A7 LE
IS, HE 16 74N, & IRMOF-10 4141,
B AT 20 b 20 €0 50 ' B A5 RE o ok FE 4H P
fiX, SEFIELFIE R, X EHI74H ] fe it
TR ERLAA,  FRARE R A 5 F A AT K 44551 TNBC
YEM
27 GrEFE

¥ GraphPad Prism 9.5.0 %%t $cd #4727

B, SN 3 UCPAT SESG BT AR E AT 2o b, PZHLIE] L
R One way ANOVA #56: »
3 it

AHE TR I 1% A RS 6 PPVII 4
JBEHE 4R (HA@IRMOF-10@ PPVID, @it
PfEE . RifR. CHAL. 44, AE. BET HLE
HREEZ R TR ARGRAE, WESH A& RIFHI
KM S EIERE, B 440 KL IRMOF-10 1% £
TR FT AR 7212730, AN[E MOF #RH LIRSS
PR RS 2 R, BN, Eidxt
ZIF %1\ IRMOF 21| rh Z MRl ik A7 B sS40 i e ,
KIL IRMOF-10 5 PPVII 4 T 45 M ICHC FE e i, %K
i R ER T HAR LR, B, ke HAE
B4R . CCK-8 A I S5 45 SRk W 1 il £ i 4K
WL AR 235 PR, AU st rT4s, BARGH
A,
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X AR IRMOEF-10 PPVII
El 16 AEHIFILIEE 4T1 MG EAIAEBRAITL

Fig. 16 Changes of mitochondrial membrane potential in 4T1 cells after treatment with different preparations

TEARAMN 302 7 TH  HA@IRMOF-10@PPVII AH
BT PPVII K A A& IRMOF-10@PPVIL, JEIHLH
FHRIPT TNBC J& M. FLFR A PENLEIRT FE R B, &
B R ER B 5 4T 1 40K iRk CD44 2141
R S PELE A, R RGN KR FE JP R 20 i e 1 e sk
B, 7R B 4 SRR ARG, o R
L IFIRE ST o

PRAN RS gR ik — P ESE, HA@IRMOF-10@
PPVIIL % 4T1 20 A 54 A1, X 4T1 40 H
(3T ST B R HIE R 78 BT R s 5
W, AT AT AR SRR TR BORBE 2 18.2%, HKI
JRAA ST 24 h IR A G ML 49.95%
P2 3.14%, RUPZAPKPRLATA R BHIKT 4T1 40
[ 5e B B ST R 4. X — i AR R AL S FO 40 P
PEAE T AR MORZ [ 46 . ROS A2 RN, 40 o s e o7 [
K& — &5, XEH HA@RMOF-10@PPVII
4T TNBC 1EH AT Re#5 & LR AL s (2 g 2Rk A
ST ROS 7=, 3 0 22 2 R A B O
(mitogen-activated protein kinase, MAPK) i i 5 i
PR AN 7K 7 8 1 [R) 240/ 25 1 pS3 (phosphatase
and tensin homolog/tumor protein p53, PTEN/p53)
W P E A RN 2A/E NG B/Eh 1 E A A

IRMOF-10@PPVII HA@IRMOF-10@PPVII

K& 1 (protein phosphatase 2A/Akt serine/dynamin-
related protein 1, PP2A/AkYDRP1) 15 S, %5
ML KL R S DhRE R, B AL A A b
PTEES, I IF5 A 4 g T 0373804 fH AR
FILHE 7 o — B i TR SE .

FHIGSCIRIRAE 12394032 1], PPVIL Bk A
SIS CUFE TNBC. il S5 T g, 2524577 DA
ip N, FSRBLALT RIS, HoA S B
PR PR B A4, AR N TR AL 3
K 4% MEK/ERK/STMNI1. i[5 (Hippo) %5155
JEEE, FI p53.AET- 3244 3 (death receptor 3, DR3).
DRS. VEHLA R AW 3 (cleaved Caspase-3) %%
FTAREA, TRALMANIEA B1 (cyclinBl).
Yes K H | (Yes-associated protein, YAP). 4%
MMuAZ Bl . Cproliferating cell nuclear antigen,
PCNA) SEI8FEAH R, RIS H WS, XW
NG BHRNIRTT HA@IRMOF-10@PPVII [{144 A 3%
PR ft T 2 H ik

2i b, AW HI % i HA@IRMOF-10@PPVII,
SEHL T PPVIT HVE MRS FRAIC . A= 22 A 3R T
[FIIF, SEIL T TNBC $E[A) 38834 5 Ht o i PR 5,
DNZEHER PR FL I R HE VR T SRt 1 A i 0k 5
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