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WEIWEYT i, FEAE R T MR IR T,
FERGITH, RRIRIA YT ) T B M 1 B A A
FPY, A BEARAEAE FI0-6L, J DRI 2% 8 Ak 3 B3
BRI R EE R L R R Bk BB B R A,
{ERT B8 51 A E 5 1 G 88 I RS, A S G 2
YA A L (R 200, FLAR = JioRg ¥ g 1, X BT
KPR T FLBrR . AR Bk AL SR A
WREEA, Hedtm. BTEAR. RaER
FIATAEMEEIRN #% R G AA R
PERE R IE, w3 IR B A =4
T — FRERAR B A5 S B AR A R0 Hod 2R L
2 RR (e-PL) & — PP &b i B € - 1T ERBRAE ) R 1%
BURA NI B S TRy, B R4
Wizt AEYRT R RPLRE e 02, AR
NEER R AP AR RIS,

AHEFEH K e-PL 45 & CRISPR-Cas9 Jfi Fi
KB T AS1411 (1B W Fi e, Hb,
AS1411 7] 5 i 41 B 2% 1 3R 0K A% AZ =4 5
PEVEFIUS, 37 BF 5 R T 5 e 4 PR 2 T v Rk
[ CDA44 1 FY, PR A% 338 A4k 2 AT A4 TR B ) £
138 1 i Ig A A IR AR R R P R A P P AT
BRI gmiR, RS MR RE ISR E A L
(MUCH). FIHIX—#Aib il % 7 H 83 o115
bR AR 38 R &, A T A I 41 i e MUCT
mRNA. i rEY CTSC mRNA. B Ix
HEPIAGT mRNA. i I K 30 4w 5 J (1) 906 40 20
4 3 PP mRNA 355 3 FR%, RIAMLISAR R
AR TN, @ N A MUC 3 e %
AL, R A

1 SCIGE

1.1 #RL5RF

e-F-L- W& R (Mw=1.01x10* Da)lJ T F 5
Wt AR AR AR, E B R R (M=
5.0x10* Da)ly T 1L AR AR I IS = E ARG R A A,
N-(3- = W R N L) -N- 2 i — 0 i 1 18
£k (EDC-HCI) 1 1- 7% % % 9 = ¥ (HOBT) 1 +
Sigma Aldrich, Z &1k H AS1411 (5'-NH,-(CH)e-
GGTGGTGGTGGTTGTGGTGGTGGTGG-3") Il
T ElETADNEREGRAR, YOYO-1 T
Invitrogen, DAPII T-Ib it R K ERHLARAH] .

Wi B MUCI ) CRISPR-Cas9 Jii Hi ( fa %
“P” T AR, H sgRNAFHIA5'-

TTCACCACCACCATGACACC-3'.

il MUCT mRNA K53 FAEFR(MB1)F AN
5'-Cy3-CACGTGGTAGGTGGGGTACTCGCTCA
TAGGATACGTG-Dabcyl-3', # #lll CTSC mRNA
)5 FA5 FR(MB2)FF 5114 5'-Alexa Fluor 488-CAG
CGGGCGGCGAGCAGCAAGGCGCTG-Dabeyl-3',
Kl JAG1 mRNA 7 {5 55 (MB3) 1741 9 5'-
Cy5-CAGCGCGTGGACCCTGAGCCGAACGCTG-
Dabcyl-3', 3104 T Fifg N & o A HEARF IR
A

BT549 Fl HEK293T 4il g 1 T [ i v 3
WA ARECE R A | . BTS49 4HHI7E 5 10% iR
A= IfLE A 1% 75 8 2= -5 55 2 19 RPMI 1640 15 7%
Fedr 55 9%, HEK293T 41 M 75 5 10% fify 2 1f 3
0.01 mg/mL lE 5 Z A 1% HER-EHERXM
DMEM ;7 35 77 . fir G L E 5 5% CO, (1)
Y L IR A E IR 37 °CRE IR
1.2 8 AS1411 WOERAIRER Y & R FASRAE

V4 325 B o PR B 26 FH B 2 - S8 4 JIE A B 72 h
J& 159 2137 B BT RZ (HA). % HA (303.25 ug) | EDC
HCI (8.98 pg)F1NHS (6.33 ug)7E 1 mL PBS (pH=
6.0) FiE AL 1 h, 2R J5 10N 330 pg 2 54k )
AS1411, =ik R 24 h)G, ¥ fhE%
B Pk BT (MWCO=15000) 72 h, =K S0
IERC T 2R e, BEELS pL PATHE R 2,
HARA T IRAS B2 AS1411 (35 W 5 B2 (A1 PR
“AHA” ).

R A . F Quant-iT OliGreen ssDNA
o I ) W E S BRI AS1411 &, 5
AS1411 W #RHE T LU, 15 H 60% 17 AS1411
SEH B3 B o R I
1.3 ATFERRENRNEEERNG &

#4410 ug 1 e-PL & T 40 pL 84K h, K2 g
CRISPR-Cas9 i ¥i(P) 73 #7E 30 puL 4K, #
PLE = #FBA. 7% 15 min, & P@e-PL 40k
HEVIEFRN“P@P”).

5 ug HA ¥ T 30 pL 4K 4, FEZ5 i
NE P@e-PLAKE SN 70 pL 2K, TR
&\ 2% 15 min 15 3| P@e-PL/HA 9 KL 1 (fai R
N“P@PH”).

5 ng AHA VAT 30 pLiBaliK e, Iz
AT P@e-PLYKE G 70 pL 2K, W1
A % 15 min 15 3] P@e-PL/AHA 4 KL 1 (A
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MEN“P@PAH”).

VE RS, FEAINBF R R4 T 2 FR
A9 KL T (TR PR N “PAH”), HoRi4% A 206 nm
(PDI=0.24).
14 SIS FERPIKRRITHS&E

H R TEWIERAEBAE K, # MBI
(7 pL, 0.07 nmol). MB2 (7 uL, 0.07 nmol). MB3
(7 uL, 0.07 nmol) V& A4 51, A 49 uL 7 e-PL
(10 pe) LK F, WA B 15Smin)g, JEK
MBI/MB2/MB3@e-PL 49k B &V, BE)E, ¥
5 ug AHA %130 pL @26 K 4, FFZMImAE
MB1/MB2/MB3@e-PL 44K & & ¥ f1 70 uL #E 4k
K, JBE. B 15 min, 153 [F N 7E 3 R
TIERRII KR EH(MB1/MB2/MB3@e-PL/AHA,
&N “MBs@PAH”).
1.5 AR BRE R TN KIRETRIRAE

JRRLAE 1A 2 R ERE (1) 7K B R AR T Zeta
FLA i REAE FLAZ 4% (Nano ZS, Malvern Instruments)
D W3R, 25 RSP E R ZE(SD) RN .

TESHRAL: FE AR A b B R R et
At AR5 FE S HBE(JEM-2100 Plus) W %% .
1.6 HpREEAKT

¥ BT549 40 Jit) & HEK293T 41 fiil 43 5 7 - 6
FLAR (R FL 2% 105 AN 41 ), 24 h ) K 41 Al F i
HEBHHA, PBSYEHEOJE HEET 100 uL 4
et gz i, 43 %) 5 APC anti-human CD227
(MUC-1) Antibody (200 pg/mL, 5 pL) (Biolegend),
PE anti-mouse/human CD44 Antibody (200 pg/mL,
5 pL) (Biolegend), Nucleolin antibody (FITC)
(1000 pg/mL, 2 uL) (Biorbyt) 7£ 4 °C N i &
30 min i, FPBS PRk & 3 K Ja H 4 f X
(Dakewe EXFLOW-206)iE47 73047 .
1.7 HRIBEA

W 11054 (B AE 1 mL 5 77 ) e
7 35 mm 55 FE M (MatTek) ', 7637 °C FH55%24h
i, BRI, N1 mL&F 3 YOYO-1
PRICTRL AR KL T~ (FB A 2 g JO3RE) 138 B 45 77
B SY KR TE3T CHE4h)E, H
PBS #e¥ 3 I, B JE NN 4% It 2 5 g Ak 2
15 min DA 2 408, FH DAPT GLRE 40 foi% 4
10 min, BT549 40 0 A B0 L R R B s
(Zeiss LSM980)#E4T W %¢, HEK293T 4 i Ot
R B (Leica SP)IF T M E .

a0 A AE 6 FLAR b (R AL 2% 1054 R £2
2 mLE5FREEH), fE37°C IR #R24hG, BisE
FHR S R YOYO-1 ARit kL A48 K kL 11
TR I L (BRI B 2 ng/mL). 45 44 K kL 1
fE37°CHLIEH 4 h )5, M PBS Va3 K,
BN BT Ak, B0 EE f5 I PBS Pk E
&=, ZZRWREEE G H R4 (Dakewe
EXFLOW-206)3E1T 4347 .

1.8 PhyBZHAE R E E RS

4 BT549 s Al B e 6 fLAR b, B E N
L2105 A2 mL £ 77 FE ), fE37°CFH;
724 hfE, BRI H N EH P@PAH (TR
% 2 ng/mL) 8k %S (3R PAH (1) R 97 5, I
W 48 h, 43 A 3 G e S A G 6 P e 44 i

DNA I3 A ) 25 DR JEAR = 3 3] D\ G 6 e AR
S % %) TP R 2 B B S TR 2 DNA Ik AT SR A
fis 5 2 . (polymerase chain reaction, PCR)$ ™ 1% ,
X PCR ™47 TA 5l J5 F 3730XL DNA 43 #fr
1% (Applied Biosystems)ZE{ 7 7 .

T7 A% P VI T (T7E 1) B DA I 35 8] Bk R4
#: M QuickExtract DNA $2HU i (Epicentre) 73 7l
NGt % A G 5 11 Jeh 98 200 i $R RS R 2H DNA,
L PCR Y4 MUCT S [RIAH X 3, SR 5 %5 44
(1) DNA AT M B k. EHHRZ, HTIEL
(NEB)ALEE . VIEFERCHIXUEEDNA, 25, ¥~
YITE 2% BEREHE S kAT FK .

E &= R A W & B (QPCR) 4 #t MUCI
mRNA 7K 7SR AL BRI L G411 S
R B R A L, A = 4 RNA 7 B T &
(Invitrogen) $Z B &L RNA. A EntiLink™ 1st Strand
cDNA Synthesis Super Mix (ELK Biotech) & il &
— %% cDNA %, #AJ5 1£ QuantStudio 6 Flex System
PCR 1X (Life Technologies) I~ f# H EnTurbo™
SYBR Green PCR SuperMix (ELK Biotech)# 17 &
B qPCR A&, 3@ it 2-88¢t3: 73 Hr mRNA I AH %F
K.

it A B A P BT A4 A i ) MUCT 25 1 -
a3 ¥ G R % A G i 1) T R A e P R B 1
Ak, PBS PRI E O JE EET 100 uL 41 R
g, ] APC anti-human CD227 (MUC-1)
Antibody (200 pg/mL, 5 uL) (Biolegend) 5 it
MUCI, fE4 °CTF#5 A 30 minf5, F PBS¥E
wRE R IR, A A (Dakewe EXFLOW-
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206)iFEAT 53 H7 .

1 5 G % B 75 (Western blot) 4631l MUCT .
CTSC. JAG1 HEHBIFRIE: 73 K dnis AR g
{16 b8 4T B ] PBS Vi 4 3 7k, R EET
TH 1% p-3idk LR+ IR BI(SDS) A i
Geiti b, RS E PR BV EAT SDS- SR T T
i Bt )i LUK (PAGE) J& » ¥ 8 1 J5it 4% % 3] 52 i 36
2 J5(PVDF) B (Millipore) . . 24 7 BH W AR 45 5 14
i e, FEA 5% 591 TBST (% Tween-20
() Tris 2P BOALFRRE 1 h, FEJS, BIE S —PidE
4°CTPENER, vtkE, ¥ES —Hi—ENE
1 h, ZRJ5 M H 3G 58 A0 2 ko R Gi(Aspen) KA
ME .

1.9 PhELARE 22 A mRNA FREE N

& BT549 Jib 983 41 B2 (5%x10% A~ 41 fg & 7% 7E
1 mL 5532 B i) A E 35 mm B57: LA, 7637 °C
TNEEFR24h, BJE, RREFRIEE NS A P@PAH
(FURLIR JE 2 pg/mL) R 725 B0k PAH 58T 155 77 5
REERT IR 48 h, 43 AT B G e A oK S e 1) i 783 4
i ¥ RE IR BB R B A 9K RS MBs@PAH 11
BriceRr R, A MBI, MB2. MB3REH N
0.07 nmol/mL, 4kZEWFH 4 h, PBSIE ¥ H 4%
(1) 2 5 R[] %€ 15 min, B f5 FH DAPI 42k i 2
10 min, FBOGILR S B (Zeiss LSMISO0)
WEGERET R I PR A

4 BT549 i eg 4 B4 M £E 6 LR Hh (1L 2%
105441 JfL 75 2 mL B5 95 2k vh), 7E37 °C R R: 9%
24hf5, WEFREEH NS H P@PAH (IR E
2 pg/mL)BE 3 AR PAH (P8 i 15 97 5, L dE
48 h, 73 4T B G e S A O e T R A i L
B IR I B 4 N B B TR AR I GOK AR B
MBs@PAH )37 fif 1 72 5, H. o MB1. MB2,
MB3 ¥ £ 1574 0.07 nmol/mL, 4¥4E0FH 4 h, H
PBS VR4 3 ¥k, 241 I I Ak S B0 IR
£5, PBSTEEE/GH 2 R REE E, @i
4 Hif (Dakewe EXFLOW-206)i2:47 7347 .

1.10 AR E R 45E

I BE(RF 1. &, 53%; BE2: 4,
51 ) WA A A e 2 B R B R 22 28 — I @ =
Bedeft, AT 72 BIERR AR 2
b v (AL E = 82230001). 41 A i K ] EDTA i it
B, 25, HANEMEEFE R 24 FLAR H (BRAL
1 mL4=1), 4350455 200 L & P@PAH (71%2 ng

JoR R B R PAH B 267K, IIN 1 mL 42 1f
W, fE37°CHEHE 6 h, BHJE, K4l % R
290 (STEMCELL) B 0»(2230 t/min, 30 min)%)
59 H S CMCs [ 40 i B AN % 41 g (PBMCs),
7 um LR IR I8, 232 CMCs, KR B
CMCs [k B PBSiE Y, ZJ5, B CMCsiZ[RjE
JEE— RN 24 FLAR KL, A T mL DMEM £%
TG SRTFE 42 h, 15524 P@PAH b P Jn
f(JCMCs, LK% PAH AL ) K 2% ) CMCs.
111 IR A mRNA AR AT

3 5K G i S A i 4 1) CMICs [ 15 97 3L B 46
A 40K AR A MBs@PAH (1% 0.07 nmol MBI .
0.07 nmol MB2. 0.07 nmol MB3)[J 1 mL i 1%
Frdk, WH4h BEREEFRE, CMCsH4% M2
RHREE S5, FHPBSIEYE, H\ DAPTEE ;YL
10 min, /5B R 35 mmEFFENL, HEOEIL
R4 B MU (Zeiss LSMOSO) WL SR A il f)
S4B AR G 1] CMCs.

2 FHR5iTE

2.1 EREGFREEHBERRAKIRTRF S TR

WoREE 1w, @i 3 AR5 0% % T
71 2 CRISPR-Cas9 Jii #iL [1) 25 [K] 4 45 1% 156 1k R [
A FIE AR AL IR R (RPN KRERED). i1l % B
% CRISPR-Cas9 Jii ¥ [1) 3 [K 4 48 4% 38 48 R B,
2 F LA 5 1E HLME 1) e-PL 5 45 B B (0 R &
G EARTE 150 nm /£ A7 12 S W98 Kk 1
P@P (£1), HZeta®WH N172mV. #—, £
P@P % [H@ o # FAE 51 N 7 L AHA, 15
FI B 5 kL Bh R B ) 2 ] 4 B AR 0 A R
P@PAH. /R & K 1(b) T v, AHA &8 4% 1)
AS1411 7] 454 Mg A i Rk A% A=, 1 HA
T L5 R AT R 3 T ) CDA4 R AR, T
325 B0 iy 40 BT 1) (1 AR, P@PAH 4 ) i3
NIHIR M5, CRISPR-Cas9 Jit b fi 2 HE N\ 41 it
%, RIEH Cas9 T H, HATHENE, @
MUCI 2 [H, FRMEKMNEA.

fLER 4y F 15 br 10 I g8 BE ) 4 oK 4R &
MBs@PAH (1)l & F2 5 kAL s ik &34, H
1E HLME 1) e-PL 5 47 47 B3 A A Il MUCT mRNA.
CTSC mRNA. JAG1 mRNA ] 3 F 4> 715 b &
f, ZIEEEEYREEFHHEERLIN AHA,
T R oK R U0 g ) 4 B . MBs@PAH i
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Scheme 1 (a) Schematic diagram showing the preparation procedure of the genome editing plasmid delivery system and the

molecular beacon delivery system. (b) Schematic diagram illustrating genome editing mediated by the plasmid delivery

system and detection of mRNA biomarkers associated with cancer metastasis using the molecular beacon delivery system to

assess therapeutic efficacy.

NI fE, B 3R F(Ehs, TR
1£#£ MUC1 mRNA. CTSC mRNA. JAGl mRNA
MO, 3 M4 FA5 4553 il 5 AH B B mRNA &K
AdAl, RHARFRIEE O .

WRNVFIR, RifE. AL HT R B 5 8Tk
(1) 35 (R A e 1k 3 I 87 38 0 B AR I 9K R T
()1 35 K 42 5 76 200 nm LAY, Zeta B34 N IE
8. B 1 TEM B SRR b R —.

Table 1 The size, size distribution and Zeta potential of
plasmid delivery systems and the molecular beacon delivery

system.
. Zeta potential
Sample Size (nm) PDI
(mV)
P@P 150.2+62.3 0.23 17.243.1
P@PH 123.844.4 0.20 15.9+0.4
P@PAH  165.2+33.5 0.29 14.2+2.4
MBs@PAH 160.9+£7.5 0.27 17.3+1.8

Fig. 1 TEM images of genome editing plasmid delivery
systems and the molecular beacon delivery system: (a) P@P,
(b) P@PH, (c¢) P@PAH and (d) MBs@PAH.
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2.2 fREBERAIME AL E T RE A4 ZRNT e A4 i 2% R I A B R A s R
N T W FUAE AL 38 B T 51N W] R (HA) w2 fw, A PUARA IR TR 4

PL Kz AS1411 38 Bic 7 X i 4 i (0 A% 3 2R 1) BTS549 I £ IAMUCL. CD44 FMZA- &, 1
s, A YOYO-1hrid ik, #l# 7 B2 % %4 HEK293T H MUCI1 #1 CD44 K& AR,
YOYO-1 txid BRIk iR &R, WIS RAE AR K BAC T M 4.

Wb A R S RILEE 4 h, @BIBOLIL Ui 3(a) ) CLSM B v J ¥ 3(b) #1 3(c) 1) i
REAMH RS CLSM) MR Ao Mife s XM TTR, EAREAM R BTS49%, #

(a) MUCI-APC (b) CD44-PE (c) Nucleolin-FITC
BT549 BT549 BT549
o =] o
O O @]
HEK293T HEK293T HEK293T
1 f 1 | 1 1 1 1 1 1 1 1 1 L 1 1
10° 10 10 10° 10 10 10° 10? 10*
Fluorescence intensity (a.u.) Fluorescence intensity (a.u.) Fluorescence intensity (a.u.)

Fig. 2 Flow cytometry analysis of antibody labeled (a) MUCI, (b) CD44 and (c) nucleolin in untreated BT549 cells and
HEK293T cells.

YOYO-1

(b) : 7

DAY Merged .P P@PH >

(Plasmid) - @PH—  _P@PAH
P@P-

1 1 1 L
10! 102 103 104 10°
Fluorescence intensity (a.u.)
Plasmid-YOYO-1
(¢) 30000

Count

P@P

sesfeskosk
25000
P@PH ~ 20000 ! -
5
< 15000}
=
. & s & 10000
5000
P@PAH | |
O - PR T— 1 1
o‘\\‘o k g? P»\x

Fig. 3 Cellular delivery efficacy of various plasmid delivery systems in BT549 cells. (a) Confocal laser scanning microscopy
(CLSM) observation; (b) Flow cytometry analysis, and (c) mean fluorescence intensity (MFI) as analyzed by flow cytometry
of BT549 cells after incubation with different plasmid delivery systems. Cells were treated with naked plasmid (P) or a
plasmid delivery system for 4 h. The plasmid was YOYO-1 labeled. Cell nuclei were DAPI stained. Scale bar, 50 pm. Untreated
cells were served as a control in flow cytometry. Data are shown as mean £SD, n=3. The results were statistically analyzed
using one-way ANOVA. ****p<(.0001.
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JFRL P AR AEHE NG, SR TH R 1) P@P 44K
BN B AR, R 7R
417> HA %L 34K 22 P@PH [ 5 kA% 33 B8 1146 T
s, MABHE T XU ) 45> AHA ) J5RLAE 3 44
% P@PAH R I H & i AR 1B 0%, Xl T
AHA ] AS1411 J HA BE X BT549 4 ff ik 3R 18 1)
HAZ 3K M CDA4 [ R; S PE 2R A ) 8 3 2
P@PAH I KA 3 205 .

411 ) 4(a) (11 CLSM &1 J% & 4(b) il 4(c) 137
AN T FTas, 51 N HA R AHA X 1F 3 4
WA BB, 2 R IE 40
HEK293T ] CD44 A B RAK. ZA-FRIRAW
TR o T L5 20 XY P@PAH ) LB 1
TRR A, R P@PAH RSB iR 41 Al
IR A A% 3 .

DAPI YOvo-l Merged (®)
@ (Plasmid) SER N, AA—— P@P
—P@PH
P@PAH
£
% ; Lol L aaenl T | ol ;-
: 10° 10! 102 103 104
P@p % Fluorescence intensity (a.u.)
L B Plasmid-YOYO-1
() 5000
sk
1
4000 f | —
ns
P@PH _ —
5 3000 f
<
S 2000
1000 |
P@PAH | |
0 I l 1 1 1
N N S S S
$© © S ™
¢ ARR G

Fig. 4 Cellular delivery efficacy of various plasmid delivery systems in HEK293T cells. (a) CLSM observation; (b) Flow
cytometry analysis, and (c) mean fluorescence intensity (MFI) as analyzed by flow cytometry of HEK293T cells after
incubation with different plasmid delivery systems. Cells were treated with naked plasmid (P) or a plasmid delivery system for
4 h. The plasmid was YOYO-1 labeled. Cell nuclei were DAPI stained. Scale bar, 50 um. Untreated cells were served as a control
in flow cytometry. Data are shown as mean +SD, n=3. The results were statistically analyzed using one-way ANOVA. **p<0.01; ns,

not significant.

2.3 PhiEYHAR 2 PRI E E 4R R mRNA B

F] I 41 3 CRISPR-Cas9 Jiii i () 4% 3% 14 £ 7E
JR 240 i 52 BTS49 HhF e 1 LM gmiB it 7t, 53
W 5 kAL 34K R P@PAH J2 AN & iR (1) 25 344
PAH 5 BT549 4H/fi3L0% & 48 h, 43 3|4 %5 1 MR
21 R A 8 ) T 4 L

W 5(a) o, BTS549 4 A ) 3k LR 5 45 SR
R, 5 RGN A L g RS 20 B MUCT 2%
KR A 2R AZ, #iil 1 47 3 CRISPR-Cas9 J5i K 1)
& 33874 5% P@PAH IR FR 1 8 40 f iy MUC
BN . HE SO L, 4 P@PAH K 4 )5

30.6% HIMUCT 2K A T RA8 . & 5(c) I gPCR
7 B 3% W g 5 A 41 D AP MUCT mRNA /K P 8 3
BB S(d) i A A 4 SR RN, BE R g
HE MR A S PR EEE T, R
B 9wt e, 4B T MUCT 25 (20K B 2 T R4,
Pl 5(e) A 11 5 H 2 B 3k & SR 3 I JE TR Y B )
BT549 4 ffil 1 MUCI % [ ) Rk 2 & B AK, 1A
i, R bR ) CTSC AIE 5 b5 W JAGI
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Poly(amino acid)-based Delivery Systems for Genome Editing and
Therapeutic Efficacy Evaluation in Circulating Malignant Cells
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Abstract Tumor heterogeneity and the individual specificity of each patient pose a significant challenge in tumor
research and treatment. Personalized precision therapy is one of the key approaches to address this challenge. In
this study, tumor targeting delivery systems based on e-poly-L-lysine (¢-PL) for tumor therapy and diagnosis were
designed and prepared. In the therapeutic system, e-PL was used to complex with the CRISPR-Cas9 plasmid for
knocking out mucin 1 (MUC1), a protein promotes tumor development, and then the complexes were decorated
with AS1411 conjugated hyaluronic acid. The presence of AS1411 and hyaluronic acid chain facilitated the tumor
targeting delivery of the genome editing plasmid into nucleolin and/or CD44 overexpressed tumor cells.
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Moreover, this targeted delivery vector was loaded with three types of molecular beacons to detect mRNAs of
MUCI, cathepsin C (CTSC, a lung metastasis biomarker), and Notch ligand Jaggedl (JAGI, a bone metastasis
biomarker), thereby evaluating the therapeutic effects of gene editing. In vitro and ex vivo studies were conducted
in the BT549 tumor cell line and circulating malignant cells from breast cancer patients. The results demonstrate
that the gene editing delivery system effectively targets malignant cells, leading to knockout of MUCI gene and
downregulation of MUCI expression. Furthermore, the genome edited malignant cells show markedly reduced
mRNA biomarkers associated with lung and bone metastasis, suggesting MUC1 knockout is a promising strategy
for inhibiting tumor progression and metastasis. By employing a small volume of whole blood for personalized
ex vivo studies, this research offers a safe and convenient method for effectively evaluating the therapeutic
efficacy of a specific intervention. This approach is also applicable for evaluating other treatment modalities as
well as detecting various nucleic acid biomarkers, thereby offering precise information for personalized therapy.
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