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(HEE ] HM X645 5 F-1a(hypoxia-inducible factor 1o, HIF-1o) #ii57 YC-1 #4780 K4k
MU BRIY HAE G 285 s AR Tt 25 AE R . ik R YC-1 0 F R i B RE A L (-OH) 5
F AR L IR 2 T - PR R 1Y #R 2% (methoxy-polyethylene glycol carboxylic acid, mPEG,,,-COOH ) 455 J v #4)
FEA KA ] mPEG,5-YC-1 (MYC-1) , Jf-38 5o 42 i e i Sk ( '"H nuclear magnetic resonance, "H-NMR)
VEAT IR 5 F1) FH % 53 H 7 S 63408% (transmission electron microscope, TEM) 23 AF HAE S, F) F 8h 25 6 5L ST
(dynamic light scattering, DLS) /3 M Hokr 22 0 A 15 00 5 i 26 FITC ARic i MYC-1 (FYC-1)5 HCT15 40
FEEAE T, I FH 06 58 A 0 08 WLEE A0 i 6T FY C-1 A3 ILRE /7 s CCK-8 SEIG A6 I MY C-1 (9 40 o 257k
i 1 i 25 HOT 15 40 (resistant-HCT15, R-HCT15) A4 25 5256 F135 /A6 4 e (k6 0 MY C-1 XHE) 72549
5-FRBEE (5-fluorouracil , 5-Fu) AU G HUHUR 5 SR S e 5 G Y% (4.1 Western blot 52465 R A5l MY C-1 3 4%
it 25 (ML o #a /N B R-HCT1S 2 T RS AR B Y | R FH ] Bl ML o3 AL 354 /N B9 4 PBS (n=3) \5-Fu
(n=3) MYC-1(n=3) FIMYF (n=3)4, 38122 il g (A FHE HC th 4, It 5 W7 28Tl 4 H %)/ BRI e
X He A 2/ BUMR A K AB O , T BE A MY C-1 3 45 T Jlea %) S-Fu it 25 9 Jr . &% il
T 9N R 5 MYC-1, 38 53 TEM H1 DLS 36 5F MY C-1 78 7K A8 1% W g 1 20 258 8 B AR 24 K (19. 96+
2.97) nm WG . I 4 FYC-1, % FYC-1 5 HCT15 40 i AH B AE A, FYC-1 BE 5T 47 Hb 1% 40 fitg 5%
I, RAPEM R MYC-1 B A F 5 N AMERE S sMYC-1 5 5-Fu k& /EH T R-HCT15 Z5 7 i 4
1 2545 %5 (resistant index, RI) H1 7.99 F R E 1. 55, i 25 35 %5 18 AH XF 356 % KR (relative reversal rate,
RRR) H 80. 60% ; i /AL 41 ML 42 €2 5 7 , MY C-1 BB I 5-Fu X R-HCT15 4 i 1) 35 14 5 008 2¢ S 42 8
Western blot 3256 3 B MY C-1 BESA SN il HIF-1o 76 N ) 23K (P<0. 01) s MYC-1 5 5-Fulk &1EFH T
R-HCT15 J F A /N, 55 PBS(P<0. 001) \5-Fu(P<0. 01) FIMYC-1(P<0. 01) He4 , MYF 47 3R
e AE s R 20 20 HIF- 1o S8 98 Y €0 R , MY C-1 FIMYF 21 HIF-1o %635 T B 5/ R BT 2% HE Y 8
R VRITHEENA R W B E . 858 MYC-1 95 K051 50 A i3 1o PR AR5 % 0 40 i HIF-1ac
EHRIFEIR , WL 245 e v T 5-Fu k7 ST 251 , A 3800035 5-Fu BTGP RICR
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[Abstract] Objective To modify YC-1, an inhibitor of hypoxia-inducible factor-la (HIF-1at) into

nanoparticles and explore its effect on reversing chemoresistance of colorectal cancer cells. Methods Nano-
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inhibitor mPEG,5,-YC-1 (MYC-1) was prepared by the carboxyl condensation reaction of the active functional
group hydroxyl (-OH) in the YC-1 molecule with methoxy polyethylene glycol carboxylic acid, and was verified
by 'H nuclear magnetic resonance ('H-NMR). Its morphology was analyzed by transmission electron
microscope (TEM), and its particle size distribution was analyzed by dynamic light scattering (DLS). By
interacting FITC-labeled MYC-1 (FYC-1) with HCT15 cells, the uptake ability of FYC-1 by the cells was
observed using laser confocal microscopy. The cytotoxicity of MYC-1 was measured with CCK-8 assay. The
sensitization effect of MYC-1 on the chemotherapy drug 5-Fu was detected through toxicity tests of resistant
HCT15 cells (resistant HCT15, R-HCT15) and live/dead cell staining. The mechanism of MYC-1 reversing
drug resistance was determined with immunofluorescence staining of HIF-1a and western blotting. Finally, a
subcutaneous transplanted tumor model of R-HCT15 cells was constructed. The tumor bearing mice were
randomly divided into PBS, 5-Fu, MYC-1, and MYF groups, with 3 mice in each group. The tumor volume and
weight were observed after treatment in each group to evaluate the ability of MYC-1 to reverse 5-Fu resistance
in colorectal cancer. Results The nano-inhibitor MYC-1 was successfully prepared. TEM and DLS showed
that MYC-1 could self-assemble into nanoparticles with a diameter of approximately 19.96+2.97 nm in
aqueous solution. FYC-1 was also successfully prepared. When FYC-1 was interacted with HCT15 cells,
FYC-1 could be better taken up by the cells, indicating that the amphiphilic MYC-1 could be better
endocytosed into the cells to exert its function. When MYC-1 and 5-Fu acted in combination in colon cancer
R-HCT15 cells, the resistance index (RI) was decreased from 7.99 to 1.55, and the relative reversal rate
(RRR) of RI was 80. 6%. Live (green)/dead (red) cell staining revealed that MYC-1 increased the toxicity of
5-Fu to R-HCT135 cells. Immunofluorescence staining (P<0. 01) and Western blotting indicated that MYC-1
effectively inhibited the intracellular expression of HIF-1a.. The combined action of MYC-1 and 5-Fu on mice
with R-HCT15 subcutaneous transplanted tumors had the best therapeutic effect when compared with PBS (P<
0.001), 5-Fu (P<0.01), and MYC-1 (P<0.01). Immunofluorescence staining of HIF-la in tumor tissues
displayed that the expression of HIF-1a was decreased in the MYC-1 and MYF groups. HE staining showed
that there was no obvious damage to the important organs in each treatment group. Conclusion Nano-
inhibitor MYC-1 can reverse the drug resistance of colorectal cancer to 5-Fu chemotherapy by reducing the
expression of HIF-1a protein in colorectal cancer cells, thereby effectively improving the therapeutic effect of 5-Fu.
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BTS2 T — R I HARFIR I BT A=Y, Horp A
B9 I M ST DY IR 4 56 R o 24 T A B R
(Food and Drug Administration, FDA ) it i F T 7697 &
L 53 KRR A £ 6 5 e o 38 0 SR,
Y C-1 AT 9 KAk B LA el AR W 0 8 AR 24 2801
Rkl NI, AT YC-1 A fb2A &1, LA i He
(] PR R AE AR AR I F 0 T30 e 485 B s Ay B
US98

UTAER , AR BHR T HA R A B M RE R 3R
L O AR e P St s WAL 7)1 e
i 988 Tl B 55 HL A 1 R 98 % F R B A% (enhanced
permeability and retention effect, EPR) , 14 K254
TE e w5 4R CENBEShHE 1] ) , DT A 853 s 25 W 7 i e
AL B S 2 e AR R T R,
I A B 55 T BOR B K 19 Y C- 1B B 79 232 1k i 40
K25, LIS LA i e B 52 1) 3R AR iR A TR
A B HAM ] HIF-10 23K HYRE T, AT A R iz
RS AST 259 5-Fu BB, BA BT S

1 #R5FE

1.1 fafefe £ XA

NIEH 245 b 40 HCoEpiC Wy [ v [ 5 W Bk
EYIRHECA TR F) s NS5 40 i HCT1S (i 5-Fu i
N 45 W 95 40 D (resistant-HCT15, R-HCT15) Wy 4
AR A RAR . YC-1 HARERR L -
P2 1) #2 3& (methoxy-polyethylene glycol carboxylic acid,
mPEG,,,-COOH) . FITC-PEG,,,,-COOH , 5-Fu . N, N'- —.
O ek W (DCC) (4-— H & FEnkiE (DMAP) . —
S BE (CH,CL) FURARE A (CDCL) ¥ 0 F [ fif 7
T AR B A BRA 7 . HIF-1o B g B BRI
F[E CST/AH] . B-actin  HRP-111 2£41 6t 1gG 0 1
2 M2 A\l . DMEM 75 -85 8 2 | BB 1 35
[ GIBCO A Al , i 4+ 1L i (FBS ) 1 H %< [E BBI Solutions
ANH]. CCK-8 35 & M H b b A M E AR A A
Ao /AN M XY S [ P 2 s R AR
A A BR 2 /] o iF555-Tyramide , Alexa Fluor 488 #Ric
I EHT 5 TG 0 T Hi 5% [ T AN 22 38 W I 34 1
Hh E ZE Lk R AR IR N F
1.2 %334

RS T A4 15 HL 4~6 JR % 1 4 BALB/c-Nude
BT £ (20+2) g ]34 DA v [ A R S 56 2l 4 R
AR F R W [ 5256 sl ¥ A 7= 14 AT E S : SCXK (5T)
2024-0006 ] . Bl % T i 25 42 s K255 b I 2= Bt
S5 B ) it SPF 9B R R Ge N [l R AT IE S
SYXK (¥1)2022-0018 |, R EE S H™ #& i il 7E (25+1) °C

R, A FBREN R TROK . s s v, i A 4 2y
TRIT I T 5 BRI S BAE . AR BE B
SOMPRTT R T BB IR H 25% FFEedh & 48 h ki
PRBUE L 1000 mm’, IKFIATEZ S0 2h R Al i
L L2 4(100 mg/kg, BRI TG ) ST R AL . AT S5
FRAE I b [ (S50 S WA B AR 1) (2017 4RABTT RO
[ 5 52 56 8 W) PF A% AN AT 2% B3 25 (Association for
Assessment and Accreditation of Laboratory Animal
Care, AAALAC) & B $AUET , I 3Bl 42 45 B2 R~ sl ) 5
AR HIZE 51 2t i (AMUWEC20245289)

1.3 7

1.3.1 mPEG,-YC-IIMYC-DIGR, #5194, 8 mg
(0. 64 mmol) YC-1.224. 0 mg(0. 64 mmoDmPEG,5,-COOH,
158.5 mg (0.77 mmol) DCC. 46.2 mg (0.38 mmol)
DMAP % F 160 mL CH,CL, H', 7K H i $H: 5 30 min,
TR IR T ARSEBEFE N 24 h, SR 5 T8 3 kAR JE M4
Bt BRI T oy B R AR, LIARE] HAR Y MY C-1.
FI I CDCL ¥ i iR 7=, I A A% e 4l 203 ('H
nuclear magnetic resonance, "H-NMR) % H R AE

1.3.2 MYC-UBSARAR PRI e MYC-1 Al
YC-1 435 H DMSO %5 fi# , AL 10 mmol/L B EER
2 K BB HL0 43 50F5 R 1 000452 10 pmol/L.
HU10 L 10 pumol/L A4 (it VTR T 9Bl S 455 S )
L, FARDCRE 5 min, B BRAR )_L BORE i 8O I TR AL
AU 5 min, OERERROSUCEBIGBO T I ZE K e 2
YR A SR 5 8 o 35 S FL AR A (transmission
electron microscope, TEM)HEATTESUES . ILob, bik
10 wmol/L A% it Y& T 42380 428 3 255G B (dynamic light
scattering, DLS) #EA T, DA £ HAE W b i R T

1.3.3  ZOUPRICAAKINRIR FITC-PEG - YC-1(FYC-1)
ME R FYC-1 898 [ MYC-1 5 5 2 — 206
35.8 mg (0.12 mmol) YC-1,23.4 mg (0.01 mmol)
FITC-mPEG,,,-COOH 42. 2 mg(1. 6 mmol)DCC.14. 1 mg
(0. 12 mmol) DMAP & F 25 mL CH,CL H, vKi& Fh it
SN 30 min J& T H MRBEPE N 24 he L RERAEE BT
GBI E AR FY C-1, JFFIF H-NMR #E1 T 2RAE
1.3.4 #0638 3BT (confocal laser scanning
microscope, CLSM) W% 4% K411 i 55 FYC-1 e il
10 mmol/LHY FY C-1 B, 4 1 5 SR 5K FY C-1 BTG
ifi. 7 DMEM 5 B 2 10 pwmol/L 19 % W , I H5 H 5
HCT15 40 AFEHT 24 b, B f5 8 42 CLSM W%

1.3.5 CCK-85E%  HpiRaS RAFAY HCTIS 40 g fn
HCoEpiC # 1 L 5 000 /L%l T 96 Ltk , 7£ 37 C .
5%CO, THFF 24 h, TR 20 i 56 42 W BE J5 25 i 15 R B O
FHPBS G AL 2 U, TG LY B 5 S A [ v 2
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A MYC-195% (0.10.20.30.40.50 wmol/L) , B AS[a] He
FE B MYC-1 %5 W8N A 45 fL, k22 315 3% 24 h )5 48
MYC-1 %5 , PBS YA P FL MR 2 U B FLIINA 100 plL &5
A 10%CCK-8 T 1Y 15 37 5L FERF F24H 1% 7 30 min J5
AR AT 450 nm A0 & AL AW B[ A (450)
B, IF AR 4 2 X0 5840 B 7E R [ 40 B A7 Ih R =
(A=A o /(A yyy=A 5) % 100% ] o

1.3.6 WFGmf25505 % R-HCT1S 4 i A [R) ik
FEMYC-1(1.2.5.8.10.20.40 pmol/L)EJH 48 h, &
TR MYC-1 ¥ E . ¥ HCT15 M R-HCT15 4 5
AN ) He B 5-Fu (0. 16.5.31.3.62.5.,125.0,250.0,
500. 0.1 000. 0 wmol/L)VE H 48 h, I 5 1 ol 24 A 1) 2
B ) e B (half inhibitory concentration, IC,,) , I
S 1C, (HCT15) A1 1C,, (R-HCT15) 7 . ¥f bk i
Y H 9 TC 3 M TR BE B MY C-1 im A R-HCT15 4 it 75 kb
B ORI B A [A)He E 5-Fu(0.16.5.31.3.62.5.125.0.,
250. 0.500. 0.1 000. 0 wmol/L)Z¥£E5 7 R-HCT15 21 fifs
48 h,/E A R-HCT15+MYC-1 41,31 Origin 2021 k4
LIS TR IC, B, M 25484 (resistance index, RI)
Tt 25 40 % 156 7% 2R (velative reversal rate, RRR) &
3 R-HCT15 i 25 35 20 (R1,jy0p15) =1C, (R-HCT15)/
I1C,,(HCT15) ;R-HCT15+MY C-1 T 25485 (RT, pycrisiave) =
I1C,, (R-HCT15+MYC-1)/1C,, (HCT15) 5 Tiif 24 A1 X} 336 5%
E%E ( RRR ) :( RIR-H(;TlS'RIR-HCT15+MYC-1 )/RIR-HCTISX 100% .
1.3.7 (GO @505 fF R-HCT15 41 i 7
SR T 444 G R L, J43 4 PBS \5-Fu .MYC-1
VI MYC-145-Fu(MYF 241 )4 41 , I #E MR E 19 5-Fu 1
MY C-1 38 i B — A A AE T R-HCT15 41 Jf1 48 h, fifi
Jei 85 8 2% K (calcein, CAL) FIL Ak Mk BE (pyridine
iodide, PI) 735G SN MI AT Y €0, 38 35 28 6 8.k
BT IE

1.3.8 Western blot 325 LI ARG FE R-HCT15
JE A, LB R 9% R-HCT15 S Sl a 4], DAk
A T 10 pmol/L MYC-1 8 R-HCT15 2% Ky
MYC-141. % R-HCT15 40 e F L3R & -EH 24 h J5
PREUE A, W65 T SDS-PAGE HL Uk 5% il PR 2T 4k R
5% A4 W5 1 h,— 3T (HIF-1a . B-actin Hi B EL 5]
1:1000)4 “CHFHE 1% TBST B 3 Y (457K 10 min) |
T PU(HRP-1L 2% 1o, Hi B E 4] 1:2 000) = 1 087
B 2 h TBST ¥ 3 K (41K 10 min) i I L2 &
TR e T BEIE G AN SR

1.3.9 SOty LI AINERFRR-HCT15
Ve A w A, DB RS B 97 R-HCT1S 3ok B4 4
PUBIAEFAEE T 10 wmol/L MYC-1 95 R-HCT15 41 ity
% MYC-1 2 . ¥ R-HCT15 40§ T b 3R S -4E
24 h it 4% 2 B W EE[E @ 24 h PBS T U8 3 K %

JESYR T JI% 20 min . 3%BSA 4] 30 min ,—$i (HIF-1o i
FELLA 1:500)4 CHF A K . —H10 (iF555-Tyramide #i
FE LA 1:500) LG S0 7 50 min 3 R 581 CLSM
B,

1.3.10 IS EIFROTAY 4% 4 A 1% BALB/c-Nude
RS 12 AR RRAMIE: 5 110" 4> N &5 79 R-HCT15
YN, AL A T AR AR A s R R A= K 3 L S EE
Bt /N 1~12 BEALGR 5 , Bl 5K/ BUBCF — A~ B
Hh, SR TR BB AL 23 2H 1 O3, DN BB RE ML B,
B 3 H K5 1~4 I 2 R0 B PR 12 R PBS (n=
3).5-Fu(n=3) MYC-1(n=3) L JZ MYF(n=3)#., Hr
PBS ZH AT T b B 5 5-Fu 20 555 1 I 452 5-Fu
(2.5 mg/mL) 200 uL; MYC-1 2H 4558 1 H i@ ik B # k2
25 MYC-1(100 wmol/L) 200 wL; MYF 2145k 1 H it 2
K525 MY C-1(100 pumol/L) 200 wL, ¥ H i i s 25
24 5-Fu(2. 5 mg/mL) 200 pL, #4345 4k 2. AR 1K
T /N IR AR T A -V, =AXBY 2, Hi
A NI AR (mm ) , B A R 1945482 (mm ) o

1.3.11 Mg s KON B b
3T 4% 22 5 S [ 52 24 h A7 BB ) ) i 5 e
I R EEK (EDTA ST IE R 3%BSA 34 30 min ,—
YU (HIF-1o 5 BE ] 1:200) 4 CHWE & 0% . — Bt
(Alexa Fluor 488 ﬁlﬁ'ﬂJ$?ﬁﬁElgG, B 45 1:500)
B IR A 50 min . DAPI YA 10 min & A )5, i@ 1

CLSM %%,
1.3.12 JE#s HE J2 8 B ICT 19 /0N B P AR 3 5 5

L VIR RS Y) A B A AR R Y
10 min R PE FREWGAE AL 3 5 min SHELYL (R S5 min i
KA G PV R 7, 38 3 1 1 5 i i e 4 R
WLER
1.4 %itso

JIT A B DA s o, A8 Origin 2021 3247
BOEAE B EIE 2], HIF- 1o S 58 6 e (0 5 6o
{8 e /N BT R PA B 1 o ey A AR B e s 44 g
TORE, B 5 i AN IE A5 40 A, 2 8] B AR FH Rk ST B
At K, P<0. 05 N2 F A G475 L,

2 HR

2.1 WFE ML R IpH F MYC-1 69 %) &

W & 1A 7R, YC-1 5 mPEG.,,-COOH 7E DCC/
DMAPfEALAE R ,25 “CI N 24 h & B RS 4
mPEG;-YC-1 (MYC-1) . P2tk 5 , i % YC-1,
mPEG,,,-COOH L & 724 MYC-1 () "H-NMR 37 45 #
FEAT , S5 R YC-1 4> F 1) "H-NMR [E17E 4. 75 ppm &b
AR I R T 1 547 [ -CH,-, 2.3 557 A 2 /> 10k i 2R
A BRI 6. 87 ppm H1 6. 48 ppm 2 MNHHAE I ; 1717 4] 3%
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115,65 ppm (S AL (1 W & T 4 5 (3 -CH,-F#1F I . 7
mPEG,;,-COOH &3+, 3. 35 ppm fL2F 7 # I J& T il
1) 5 5 CHO- b H B FREIE . 55— 7 I, 7E MYC-1
(9 'H-NMR &, 5. 25 ppm AL 14 J& T4 B 9 YC-1
O3 FH S -CH,- IR IE I, S 85020 B A Ak
HiF% M 4. 75 ppm 7] 5. 25 ppm B 312 i THEEIE i
M7 A B W R RN ; IEAR MY C-1 43 2~5 551 T
Xof 7 FRARE I 55 /N3 F Y C-1 Fl mPEG ,,-COOH I [y
A ——Xf i, FRUT Sy & TP EPEMYC-1(E1 1B) .
2.2 MYC-1#H 4 ie s 52 0 H 4 R

i TEM F1 DLS WLEZ YC-1 FI MY C-1 7E/K IR
T SRR AR A AT TS 0 . TEM R 45 58 8ok, i T
YC-1 BAT BRI B K P, AR T B 2T ek 3R
AR 33X A BRI 2 A T Y R R — 5 T
FEPEMYC-1 BEUETE KIS IR [ 412 i ELAR 29 R (19. 96+
2. 97)nm FIGKIERL (K 2A) o FifiJ5 , 81 DLS X HokiAs
ARG LA TN, ZE K MY C-1 RT3 A5
FAEZ)30 nm, ZR11T YC-1 M2 R 2400k A X 5
I B FLI R AL R A 56 (K1 2B) o DA 45 R R W
MY C-1 43 BUAE /K S, B8 1 2H 208 RS2 50 i i
2.3 MYC-184£ 4R AoMFEER

FH CCK-8 52 56 i 4 MY C-1 X A 45 7 98 4N i

HCT15 F1IE % 45 b 2 40 HCoEpiC Ay #1745
BN, FHMYC-1 %} HCT15 Fl HCoEpiC 41 i E FH 24 h
Jei » MY C-1 2230 H Ve B2 A0 58 1 248 2 1, A4 i A7 77 o
Bifl 35 VA (%) 355 i BTG, 72 10 mol/L B, HCT15 Al
HCoEpiC 4 Jifl i A7 1% %4351 o (91. 421, 1)% . (91. 8+
0. D%(E3) . LIESEFEI,MYC-1 ¥R EELE 10 pmol/L
DL BB B A Wi 4k B BE K 10 wmol/L Y
MY C-1 B 72 by J S5 40 M 2 365 1) 42 4R B3, LATPA 3
BEARTT T 25 () D S L
2.4 et FEEMYC-1 69 HIR AR

Z MY C-1 1l 8 77 , FIH FITC-PEG ,0-COOH
5 YC-1 19 5 1 K 1 & FITC ARic i YC-1(FYC-1) , LU
LA ik 96 248 e XoF 49 KA1 4 700 MY C-1 7 $E B g (I
4A) . 183 "H-NMR XF FYC-1 #4701, 45 1 oR
YC-1 | 1~4 SHi A5 (4. 75.6. 92.6. 49 F15. 68 ppm)
55 FITC-PEG,,,-COOH 1 5 543 5 & ¥ 50 BL 1Y H FFAE
I 3. 65 ppm £ HY FYC-1 4 "H-NMR K135 $ 1 fefg
HH S A 21 (5. 35.6. 98.6. 49 .5. 66 F13. 65 ppm) ; H
o 1S 0 RIS 22 02 B T FITC-PEG 00, X Il 32 -CH,-
P B RO BT BT 4B) o LA 25 SRR, i)
DS EARIC I FYC-1,

FFHIC ML DMEM #4 FYC-1 Bt 1 i 10 umol/L )
W, 15 HCT1S 4 M AR B4R, B 5 3 o CLSM Wig¢
FYC-1 5 HCT15 M mfE SO . 25 R o, AW

0o H H
Ao L.+ _pcciomar oo K,
*ro g’(\/%" " T25°C, 24 h
YC-1 MPEG:,-COOH MYC-1 A
YC-1
4
1
4.75
3 2 s 4.75
| 1
2 3 4 1 335 MPEG;5,-COOH
o H 5
HO)’\/\J(O\/%O*: ‘
1
. S MYC-1
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