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diphosphate focus, GDP-Fuc) 7KF-H520 4/,

HRT 258 R, FUTS it s 5225
Mt 25 0 72 AR AETE B I &R . e 52 T i =
Huh7.5.1 40} i) FUT8 %3k 94, Jfil it MEK1/2/
NF-«B {5 538 % - )5 P-#i #5 1  (P-glycoprotein,
P-gp), FECHXTS-FIRMEIEM 24 5 FUT8 7] L
PI3K/AKT {5 "7l i 2 P-WEEE Ik, SENF
i B 22 AT 2 I A L Ak, AR
4K (epidermal growth factor receptor, EGFR) [
WU R A TR e i o 5 EGF 45 &
(IEEST 7, T EGFR M RS-l i 1 30s (1
i JAK-STAT . PI3K-AKT il MAPK 45 {5 = if 4% )
WA R 2 25T 25 1774 ), PR, FUTS # i 55)
A R 22 2T 245 10 7 AE D3 s i g A0 LG A7 24
Y RUEYE . H AT— 2 FUTS 1 5 & 28T & 91
M, HA 2FF (2-deoxy-2-fluoro-L-fucose) J&—
PN, AT sha it AL, 7E20
28 55— R 9 N S5 % A8 S GDP-Fue B 254,
M GDP-Fuc #4058 AP | FUTS, A
AR5V A P B 8 1 N 114 el AL /KO 7

AW B AR GT FUTS 411l F) B A 1k I7 259
DOXJGYT AR Ay T A7k, IR RER — R nin
ST, DL I it 25152 i v g J 3 1
IRITRCR . IXRMERAIR YT SRS A B v e 2 A X
RIT 25 BUR N, BESRIGITRICR, IF AT RERE Kb
T8 52 e FEL R 1R ARG

1 H5EE

1.1 SEIEHFR

HepG2 (A ME4AME) . CT26 (45 W J 2
W) W) ST b [ M R SR ) AR G s B AR A
(wild-type, WT) BALB/c /)N BUW SE F 11L& Bk
el bt s DOX W SE TR A4 ; 2FF WK T
MedChemExpress 2y F ; Transwell 143K F Servicebio
INFy CCK-8 3511l 3K T Servicebio A Fl .
1.2 ZHpaLESR

CT26 J HepG2 4 5 FH 7 10% A JIE 2R 10375 1)
DMEM 5841 35 575 37°C . 5% CO, a5 7546 b
B
1.3 #&A2FFEX & DOX T HepG2 K CT264M Al iF 14
Eap=A

2FF XiF 40 i 36 P O 5200 . CT26 5% HepG2 4 Jits
96 fLAL, 500040/ FL, WhRESS, AR FHASIRME
JE2FF Ab A0, 48 hm, BEALINA 10% (AT Y

CCK-8 ¥k, 37°CHiFifa T IFE 1~4 h)5, BFR{Y
Rl 4,50 HHEE SK.

2FF I & DOX I 4 ffL 3% M 19 % m . H
50 umol/L 2FF TiiAb 34 72 h 4 CT26 B HepG2 4 Jfi 4
96 fLHZ, 5000 ZfL/AL, WEEESS, A AN A e
DOXAbHEZHARE, 24 h)m, CCK-8 A 40 s 14 ,
BARTF R . 40076 S (cell viability) = (5256
HAMH-ZSHAHAME) / (A AH-FSH414
fH) x100%.
14 BREZENE (Lectin blot) #&iMZAREAZ I 55
HEEIKE

¥ HepG2 4 i i 5 4% #0 T 6 £L #k
50 umol/L 2FF AL FH 72 h Jim, FH TV PBS ML 3 1K
J& . A 200 wl/fLAR AL 2L f% W RIPA (F5E A 2R
1 A0 ) 700 Rl e AT ) 700 ), vk L 2R 20 min,
ALY AR 12 000g B0 5 min, YL
4 7%, Bradford i 8 B s A SRR R
2xSDS PG whliR 51 5, 95°C A& Wk A8 M 5 min.
FEMEHIG, 4 SDS-PAGE fSHL KA, W52 11 i h%
# % PVDF i (%% 5% 5% 1 b 1H 3 200 mA, 2h
30 min), 5% BSA W AR B 1 h 5 mABESE
# Bio-AOL (1 :2000) , PLiA B-actin 5 GAPDH
(1:1000), 4°Cit7; FTBST & TH#EIK LU
5 min, 3£ 3 ¥R ; Bio-AOL A4b B i) B i A 5% 55 5
FMIZ-HRP (1:10000), =M H 45 min, B-actin
5 GAPDH AbFE Y S A HRP FRic B9 -t S sl e 40
%0 (1:10000) ZEiEMH 1 h; TBST Pk
5min/ik, 5%, ECL B0 L2E KK,
1.5 Transwell{£ZE LG40 N 40 A {2 22 e

B Matrix-Gel ™ &5 g (hpifERY) & F ok It
FE4°CRlAk, B3 S G LY R 7R R 1« 8 1Y
Fe Bl R AT B . B 60 ul bR IR A v TR BN A
Transwell ;B FS/NE (5 AR ST . &
F37°CHEE 3 hjg Wt R4 G . A
100 Wl AFMIERE TR, BIGFRRE T 37°CHE 5748
% E 30 min, #EAT/KAL. ¥ HepG2 4l (1x10°)
R THA 0.1% ML A 200 pl FEFREed, SRIEH
Jin %] Transwell iEFE/INE o P HE = U600 pl 1%
10% G- MG Al 70k, E3R 12 h)m, A0
4% ZRPREEE, FH0.1%%5 Ly,
1.6 BALB/c/NRCT26 R THIBIEE HH 2

A s sc 5 B 2t st 2% A3 sh# s g v
O I E L 525 30 W R R R fe L S
WP20240336., 6~8 J&] K /N2 20~25 g i) SPF k14
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BALB/c#t:24 1, 7R/ T B FEEGH <1004 “NS” BTG IT2EE L

CT26 /NS5 I i . bR P-4 /R B3k 100 mm? 2 B B

(57K) J5, BEHLA M 44, 6 H/Z4H. Mock 4 : A

RS S Sg Al R A AR B3Rk s DOX A IEE 2.1 2FFRIHD $IDOX i S B yeg 40 B FE N-#E e 25
TESTDOX 2 mg/kg, A2 K 1UK; 2FF4L: Bk sepsisimk T m

1 B) 2FF 5mg/kg, %2 K 11K; 2FF Ik & DOX
(DOX+2FF) 4 : M4 DOX 2 mg/kg M 2k
0T 2FF 5 mg/kg, A2 K 1K, BEHWE, MHM
72 i AN § s S Tabr S A s VAR b=y NA N e Rl e
BFUEATE I, IR R/NTE AR Vmmi=(K
2/mm)*x (584%/mm )2,
1.7 HXAEARKE N HepG24ARPD-L1KR &K FE

HepG2 4H i 4 50 pmol/L 2FF Ab ¥ 72 h J5, F
11200 ug/L DOX 4L HH 48 h, PBS ¥t 2 ¥R Ja M A B it
FE37°CIHAL 1 min, K20 LR FT T >k 5 B H PBS
PE2 UK, JA PC7 anti-PD-L1 & T 4°CH 1% R ik
B30 min, MIAE & PBS VEAANMLE MG,
FH FlowlJo it 2o Bk i o3 dr 4
1.8 FZitFEHH

AW 5E BT AP 1 5 B Y bR 0 25
(Mean+SD), Jf>kH GraphPad Prism 9.0 #4737 .
PIREA AR () 22 57 LR H Student’s e K56 . %2
FEAR Z 0] L3R FH 7 2243 B, #R )5 L) Neuman-
Keuls {35 A Z 2L NI Z 0] 22 57 . AR5,
*P<0.05, **P<0.01, ***¥P<0.001, ****P<0.000 1,

Bio-AOL

®pox/peL™) -
[2FF])/(umol-L7") -

SHARTT 2FF 275 BEAE A 250 il e e 40 A2 0
FEEERAL K, H 50 umol/L 2FF 4 ¥ HepG2 1§,
CT26 4172 hjim, $EEUMMEE AR, FH K h
FELEE R (Aspergillus oryzae lectin, AOL) #EAT
Lectin blot 3256, HH AOL J&—Fh4rik 5 & |
RERr SRR S A O A . SRR,
50 pmol/L 2FF 1 & # AKX CT26 M HepG2 4% 0>
FEEAACE (Kl 1a, b)),

DOX Ny PR AU 25 W), RERBCIR Mg 240 e 1)
DNA 254, 1 HepG2 4 i (1) P53 HE Xk B 2R Y,
K 1t DOX /E H T HepG2 4l AT 5[ 2 P53 f ik I
Pal o M SCEkARAE , pS3 ATAEN FUTS 5E R A R S50k
s, [H Ik DOX AT fE 42 ¢t HepG2 41l iy
FUTS [ 23k . 4200, 400, 800 pg/L DOX Ab #
48 hJi, HepG2 A% Lo s ALK T, H
11200 pg/L DOX 3458 HepG2 FA% 0> 25 ol 3L Ak 7K
A5, 1 50 umol/L 2FF 5 ARk i DOX 3t:
[ VE BT, HepG2 4 MuAZ U5 S ME 3L AL 7K F 1 2
REfS (El1b).
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Fig. 1 The effect of 2FF and DOX on the core fucosylation of tumor cells
2FF significantly decreases the fucosylation level of CT26 (a) and HepG2 cells (b), while DOX can enhance the fucosylation level of HepG2 cells (b).

2.2 2FF 7] {838 HepG2 & CT26 4 il 3 DOX &Y 51
Rt

AT 23Rl o ZFP AL I AR, (Hh
TARST 259 Z2 X LIS ) IbRg A0, 7E A% 0 e 4t
AU XA PN TE A A 7, TR E AN R
JINE, PRI RN H rh 5 22 A% 45 il Ay T 259
IR " M FUTS A5 14200 A s J 1k &
FUT Z % B H A B 51 A5 B AR A% O 8 Pl Bk 7
JHIEg iR 25 i AR e AR . I, A SCIRSEE

ik 2FF 00 Jieb 8 4 A e ot A IS 2 A5 BR A8 3 o
HepG2 5% CT26 4 i X DOX [k

50 umol/L 2FF 4t P HepG2 5% CT26 4fififd 72 h
&, FEBRE 2FF py 3 SRk, SO % AN [ Uk
DOX HYREFRFE, il 24 h )5 40 Mo is vy 254k, BF
KA, 2 2FF HiAb# )5, DOX X} HepG2 ¥ CT26
2 L5 P F AT A S S e, HEX) HepG2 4 il
[ ICs, A 897.2 pg/L FEAK 2 377.8 pg/L, HXF CT26
YMLAY IC,, FH 726.8 ng/LR# 2 403.3 pg/L (K2).
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Fig. 2 2FF enhances the sensitivity of HepG2 and CT26 cells to DOX
(a) HepG2; (b) CT26 cells. The data are representative of five independent experiments, **P<0.01.
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fe 200 pug/L DOX Fl1 50 umol/L 2FF B4 iE— A & 1=
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Fig. 3 2FF in combination with DOX can significantly inhibit the invasive ability of HepG2 cells
*P<0.05, ****P<0.000 1.
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2.4 2FFTA[1E32DOX X BALB/c/N R CT26 & T 7
TEHE R BT 3

HHTETIAR , 2FF 7EIAR SR AT 3 58 DOX 4T 1E
. e BALB/c /N B CT26 2 T faf e AR A
PARITAER N K-, 2FF RE75 44 55 DOX Y HT i AF
FHo W98 &3, 2FF K DOX Y40l 1 s 46 /] B

(2)

1000 @—e :Mock
. o—o :DOX
£ 800 %
£
(5]

L :DOX + 2FF
_g 600 / %
E} 4
é 400 -
=
= L
200 TreatrnentI il// 1
0e g : 1 1 1 1 1

o 5 7 9 11 13 15
Days after injection

RNAK, HWEREHMEIRCEE N, H
2FF 5 DOX ¥ GiRY7 /D RUAE I W TR (K4),

AJ BE 5 2FF #4958 7 DOX XA P 1F & 40 Jifd ) 257
YERIA 5, R R FRAR — 3 B4 BT o | 1Y 75 fIE
FH 0724 R BOH I 925 LA 4 58 DOX X i Jgd 1) 42
Pk

(b)

21F
20t
on
2 194
<
g
2 18F
& T
17}
l***
16F

15

1 1
Day 0 Day 15

Fig. 4 2FF can enhance the anti—tumor efficacy of COX in BALB/c mice bearing CT26 tumor cells
(a) Tumor volume; (b) Mouse body mass. *P<0.05, **P<0.01, ***P<0.001, NS, non-significant.

2.5 2FFAHI55DOXE S HepG2 4 FaPD-L15&
po

H T A% 5 AL TE £ 2F e 240 B S 1k itk
L R R . R A0 A T B R PR AT A7
RBLA 1 (programmed death-ligand 1, PD-L1) J&
5 THMARFHIET 21K 1 (programmed death-1,
PD-1) 456 0 SRR A s s S 16l 4r +, PD-
L1/PD-1 Fli e T 40 A i vk rh 2 HE s 2R .

v . \
= \
2 | Mock 1.75%
Q | _g
DOX 37.2%
JFF 1.26%

DOX + 2FF /\ 20.4%

0

100 10* 10° 10* 10°

» PC7-PD-L1

R, ABiFo i i = A4 iR K HepG2 4 it PD-
LI XL 45R- KW, £ 200 pg/L DOX kb
24 hJ5, HepG2AMMEAZ1 PD-L1 & TR, Mi&
50 umol/L 2FF ikt ¥ 72 h J& 75 FH 200 pg/L DOX Ak
F 24 h, DOX 5| A HepG2 41 ifg JiE 3¢ i PD-L1 %
IRHE AR IS (B15), iXEEZE R, 2FF
Al LA ) DOX 755 1Y HepG2 4 il PD-L1 £ ik I
A, DI AT BELE MR PN R TG A6 T 40 VR

Membrane PD-L1

NS
1
kkkk k%
40 [ I 1T
30
s iR
-
A 20F
(=™
10
0 I 1
- < <
& & S f
A-\_'
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Fig.5 2FF attenuates the PD-L1 expression induced by DOX in HepG2 cells
*¥*P<0.01, ¥***P<0.000 1, NS, non-significant.
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AWFFEARFE T FUTS il 5 2FF 54657 254
DOX TEAR N BRSNS R AFAERR SR . S5 R BR,
TELRMEIKY-, 2FF REA 500 il e 248 e S N- W 1)
RO BRI KR, 1 DOX AT 1 3% HepG2 4 Jifd
W R A KT o Ak, 2FF G AE 5 35 4 o
HepG2 K CT26 4iiJifi % DOX (gt , Jf H.2FF 5
DOX Ik & fig % i 3 9 i HepG2 41 M f= 2% . 1E
BALB/c /)N CT26 K¢ T g 8, 2FF & DOX
Bl T Mos AN RAR R A K, B 2FF 5 DOX
A MR ROR B 2 2% . H 5 IRy, 2FF 5
DOX Bk&iRY7 i /NRARE B W PR, X ATfg 5 2FF
HE5R T DOX WA N IE # 4 A s EVE A OC,
WO REAR ZFH A o | B RIEH, S RO
N 5 3 R DOX O I B ) o4 . ie4h, DOX AT
512 HepG2 4fiifg PD-L1 435 194, i 2FF A] 555
—AEH] . XUEEE W], 2FF 5 DOX K& AN Ak
1%t A ) HepG2 e CT26 41 i 12 2% 01 fir 983 240 Jfd Fr)
AR, BATRERYEEL T 4R R EH

ST H ARSI E 2 B, (AT
bR P A 1) Z2 24T 24 AR 2 i R Y A BRI R
g E R T H R N . Rt FEACET AT
TREWE LA A7 o AR v g it 24k 1) 7 2R I TR AR Ak
I I SR 8™ B AN R R HLAT FE A I PR N FH A
. ety 5 a2 sy ik ik &in
SR . HETATA, FUTS it 3G 522
M 245 77 AR AR SRR &R . G, fky7 5 FUT8 )
TG AT BERB S 0 % 22 2 24 1Y 7 A

AN, A7 5 FUTS SR B SR 7 2 —Fh
WTERALSTER G e iy T s . SRR LICR AT
ISR S mdI Ve, (HR R R,
feyr g e gk e Thne . Ay 35 25 ik BH ¥ 4
JLFE I . i DNA S THeanpa Rt . it
EHARAERIMHE A, A, AT
] LIS e [T PR A ARAE T, SR DT S
BB S SR AN AT T S BER AR O S AR
. (damage-associated molecular patterns, DAMPs)
B9 R, IRl (interferon-1, IFN-I) f4453
Wh SRR Y BR . ATP (R AN RS R iR
FH B1 (high mobility group box 1 protein, HMGBI)
AL . X S B 1) DAMPs 38 5 1 A% 2 1R 41 iy
(dentritic cell, DC) HIHFCIHAR S 28, MTHE o
FR SR N % . IEAh, DOX SAbyT 254 m] B i%

F IR KN A2 300 Ay R T lan, IR R
T B Y T 35 53 G A R e 0 e A 2 T 40
(Tregs) ¥, DOX. 5-FUKBENE . 75 P9I Z 74
M FEAEAT 2 AE /N BB AY v 1 SR ] 20
fifL ', PD-1 & — b B e B -, R
il T 240 Jf 9 R 17 20 ok 85 e gie R G (R 2k B B it
%o PD-1 &SP EEA NG 4, e
FERG O A BRI, XSRS B0 2 PD-1 Kk
(1) F R A T, 3] FUTS Al A% T 40 i 3¢
PD-1(0 %3k, FEISR TAMUIGAL 70 teah, g
L FES Y T 40 A A e BEA O e A Y
ShR DL R EE R IR H R AL A R R T
LAk 55 PD-1 5 PD-L1AHEAE AT, 04l Fisgd 1 fre 72
ki, HEEE T ANMIIG fk. BEAh, PD-L1 ot R b
FALEM, Jf HPD-L1 AThRE SR e 5 H 3k
BRI, PD-L1AIN192. N200 K2 N219 i/ 5
PR L A A 1 ] 41 1) PD-L 1 5008 I 2 ol Tt 35 g 3P
(glycogen synthase kinase-3, GSK3B) #1H 1EH,
1M GSK3B A] K5 PD-L1 8 R 16 I 4t i Ho il i 25 1 7l
RIEAR %A% S5 PD-L1 A N-BE LA A& M ] BHLAS- BT
PD-L1 Hrfxt a3 5 PD-L1 B9 S195 037 53 1Y
BERR AL T S8 PD-L L ME AL &M S8, IS 8018
i N AH O B F [ % (ER-associated protein
degradation, ERAD) iRfEREfE . (H HHT AR
T 1% O LA B 1 % PD-L1 ZhAE e fa e P
W, ARBFSE KB, 2FF A ) 5 DOX i F Y
HepG2 41 il PD-L1 &35 9%, 2FF A g 1 410 ]
PD-L1 %o SEE A B M i 76 2 1 SRR A1
PD-L1, ] Ge o HoAlR AR5 PD-L1 B 3%
KA, A FHLEIE TS — 2P0 sE, g s
EGFR } TGF-B {5 73l fAHC . EGFR {5 5 % ]
P GSK3B 1iE £k, M #l il GSK3p 53 (1) PD-
L1 Ffa U8 PRt EGFR {5 5 38 [ 4 8005 ] 4 i
PD-L1 fs k. FERAR SE MY, non-SMAD-
TGF-B {5530 % 7T 34 fin 8 40 At PD-L1 B 3k 27
04 FUTS #8 A % 3 ] EGFR K& TGF-B 15 5 il
72 R R 40 PD-L1 B Rk . R,
ALST 5 FUTS Ml 5156 5 307 g i, FUT8 41
) 0 5 184 508 96 40 D % DOX 254697 24 Wy 1) S e
(A IRIE, o] B8 38 3 41 ] PD-L1/PD-1 i 38 5% {4 P4
o E RGN IR (TG B, AN IMTAEAR /K-8
SR IR R800 o

Zi b, FUTS i 500 5 457 W 3 (8] A7 46 AT RE A
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Py RIFLAE LA S X AR R ST o AR A B,
FUTS 1 il 79 75 F& A1 DOX X i 2 240 it i N- 43t fr)
G A RO, 7] Ak 5 5 b JRg 2 e Xk
DOX SRS 2GR BUEE, AT REZ M FUTS AT
WEAL T AR P 2 22 A, I B T4
PRI S A N e OB AR AR i . (H R
SBORH 77 32 48 58 DOX 0 I Ay 408 1] 41 A 0 —
HR& P sk i s s

4 £ ®

ARWFFEHRIT T FUTS 4l 57 2FF 51657 259
DOX 7EAR NS RSN B AFTERR AR . S5 o,
FEANMIKSF-, 2FF BEA 500 il IifrIe 40 76 5 N 11
Wt B AL K-, 1 DOX n] 451 HepG2 41 fifg
WU Bl 3 fL K- . BLAh, 2FF REAS 35 1 o
HepG2 K CT26 4iiffi % DOX ffEE, 3 H 2FF 5
DOX Ik & A& % & & $ i HepG2 41 L (=% 2% . £
BALB/c /MR CT26 B2 T fafJ@ A AU 1, 2FF &2 DOX
Bl T g e N BRIA A, H 2FF 5 DOX
BRA A O o 2 % . (5 0L R, 2FF 5
DOX HE AR /N R E I 8 F /%, XaesS
2FF 3458 | DOX XA P 1E # 41 i iy # AR A 6,
PRI BRI B A s S I BERIVE T, R 24 R
AHRY T3 3G 5% DOX X I it a1k . te4h, DOX
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Abstract Objective Chemotherapy is one of the important therapeutic approaches for cancer treatment.
However, the emergence of multidrug resistance and side effects significantly limit its application. To address
these challenges, chemotherapy is often combined with other drugs or therapies. Among the 13 human
fucosyltransferases (FUTs) identified, FUTS (alpha-(1,6)-fucosyltransferase) is the only enzyme responsible for
core fucosylation. Core fucosylation plays an important role in cancer occurrence, metastasis and chemotherapy
resistance, making the suppression of FUTS8 a potential strategy for reversing multidrug resistance. This study
aims to evaluate the feasibility of combining the small molecule FUTS inhibitor 2FF (2-deoxy-2-fluoro-L-fucose)
with the clinical chemotherapeutic drug doxorubicin (DOX) for treating malignant tumors. Methods The human

hepatocellular carcinoma cell line HepG2 and mouse colon cancer cell line CT26 cells were treated with 2FF,
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DOX or their combination and core fucosylation levels were assessed using Lectin blot. HepG2 and CT26 cells
were exposed to 50 umol/L 2FF for 72 h, followed by treatment with a gradient concentration of DOX for 24 h.
Cell viability and IC;, values were determined via the CCK-8 assay. Transwell invasion assays were conducted to
evaluate the combined effect of 2FF and DOX on the invasion ability of HepG2 cells. Flow cytometry was
performed to analyze the impact of 2FF, DOX and their combination on membrane PD-L1 expression of HepG2
cells. To assess the in vivo effect, 6- to 8-week-old female BALB/c mice (20-25 g), were subcutaneously injected
with 1x10° CT26 cells into the right axilla (four groups, six mice in each group). After the average tumor volume
reached 100 mm’, mice were treated with DOX, 2FF, their combination, or saline (mock group) every other day.
DOX was administrated intraperitoneally (2 mg/kg), 2FF intravenously (5 mg/kg), and the combination group,
received the both treatment. Tumor size was measured every other day using a vernier caliper. Results This
study demonstrated that DOX upregulates the core fucosylation levels in HepG2 and CT26 cells, while 2FF
effectively inhibits this DOX-induced effect. Furthermone, 2FF enhanced the sensitivity of HepG2 and CT26 cells
to DOX. The combination of 2FF and DOX synergistically inhibited the invasion ability of HepG2 cells, and
enhanced the anti-tumor efficacy of CT26 subcutaneous tumor model in BALB/c mice. However the combination
treatment led to weight loss in mice. In addition, DOX increased the cell surface PD-L1 expression in HepG2
cells, which was effectively suppressed by 2FF. Conclusion The FUTS inhibitor 2FF effectively suppresses
DOX-induced upregulation of core fucosylation and PD-L1 levels in tumor cells, and 2FF synergistically
enhances the anticancer efficacy of DOX.
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