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PR G  Ns A . AR F 2RI TR T
ICG Yt - f 328 B[] B0 o 93 V8 o 40 4 - 3 e e R
B O IR AR ICG A1 PTT 5 PD-1, TIM-
3 G A A A SR AR 45 LSS TR R R e g 1Y
T8 B DA KOt 376 Ak iz i 0 Jin iR A S R
TR B P 7 R B AACKE TCG R K 95 7 4 938 008 4% F
U T [R) e B (5 2 M 1R 11 AR 197 I B4 1
-G U IR YT ) TR R S BTN R E A K A
B B9 3, R A B 1T 40 M T B R e e R R . BR
T P R A R RN S R A R A, KRR AT B R
R T T R A PR R A X P Tk e S AR
B 1) 0 2 A T A R G AR R o A A ) B
B TG-S B D RIR TT BB 58 R L 3P R R
ST AEAE T KRR CBR SR R RN ZE B A R AR
HI =GR A Y, B BIE B B AT 0 bt | AL Bt
ZEAE PUARFCRT S K UE 4R UE B 2P RS T ] LA
SBURA I R SRS e S o o 7oA L U I Sl |
DL 3 3005 Ras . Fas fil ERK 2545 5 30 8% 40 6 i od
KA UE A AR A 05 (NK) 40 it 25 50 5% 20 i A9 33 58
W

ST 1L, 2B A AR KSR PRI T o 70 e LR
P2 TH NK 20 i 55 5 5 40 0 19 75 0 o H 5 1ICG A F: 1
WG ITEE A R TR T KIE R IKE G RS W
NK 21 Jifg 3% 35 40 3% )7 ¥ 5 PTT .PDT B & 16 97 10 3R
W, LA B[R] 38 ik Xt 235 iz J6 200 B %) 300 o 50 . 28 LA
KB AR R 3K TCG RN 3P F o 3 () 0, i) A%
TR — B R M Ak IR BT R 25 9 Lip-
Lupeol & ICG, #£ 808 nm ¥ 6 M ¥k 8] b J& 4 T , ICG
AT B9 RADE Bh F1 AR AL AT LU S 45 g 08 40 i 08 T
G K& SR R, I8 BE B IR B 0 5B B B, AT 3T
NK 4 i 17 P 52 90 5 -G 2% W W) 0 4 1, o 45 W 9 3R
T PR T — o S

2 SRS ITE

2.1 57 ¥E B BE A0 NK 20 B B0 3% 55

P IR AE 45 B e A N — 80 “CukAE L , B T
37 CoKE AT AN MR B B AR A AL . B
12.5% FBS.100 pg/mL 7 % % 5 100 pg/mL 5 % &
M F-12K 58 2 85 95 5 o URAE W Rl AL J5 20 47 240 B 5 0
FEVRAEW, A 1 mL 58 4 15 35 3 6 40 0 #s 2= 15 5%
ML, B 58 485 35 34N 2 2 10 mL 4 K 3R LS T
5% CO UMb 72/ 76 37 CA& 4 T 595 24 h, )
IR R R 5 L SR 25, A 2 mL PBS ¥ 1 8 e
Y o S W R

BB 09 NK 4 g A —80 “Cyk A P L iy , & T
37 CARWB P, A5 o $2 3h 5 2 W A7 WAl i . g
il 7% 0.2 mmol/L WLEE . 0.1 mmol/L B-%i % & B% .
0.02 mmol/L M@ . 12.5% il ¥ 1 12.5% FBS 1y
MEMoa 5 4 B 72 58 o URAE R Rl Ak S 2547 20 I 250, 5%

FHAFW N 1 mL 58 4 K5 3% 5L % 40 i F% 2 40 i 1
TR, I T 4 FR AN E 6 mL K R IR
T 5% CO. 43 24 b 76 37 C T 1557 24 ho

22 AEREPRBEEEXT LM NK 4 iE %

B9 5 Wi 1 Ak
K 05 R Y ) 45 M i 2R B K 20 8 T 96 LR

AL AN 100 L 4 Jf 0, 4 AL v i) 20 i B 5 o 1< 101
Ao K96 FLAE T 5% CO A0 3546 P 3 T 37 °C
R, FE AL I R R IR AL R B A S
AN TR v B ) B SE B ) 58 A B R VR TR 100 pll, k2L
7% 24 h, O B8 85 32 5L ) &AL A 4 Sl A CCK-8 %
W10 L JE gk SR 15 75 o AR 3 32500 Ud B 15 2R FH I s S0 AG:
T 2% Fig 95 40 M AE 450 nm R A IOG R . NK 40 i AY 85 57
] bR A 3R
23 PHEEEI NK A IFN-y RiEH I

A X B K 0 NK 408 X 214 F 24 FLAR P, &
LR RCRE b 1X10°4 , ] 35 15 h, #F EfLi+
P S b R 3 ) AL TP A3 A A AS TR v R SR R
P 1 5E 4 15 R L IR AV I 500 pl, 4k 2285 5% 24 h, X}
b 3 B NK G M SE 1T B 0 W T W R A
50 pL Ff I BE & o, 5 AR X6 R A TFN-y Elisa i 7 &
IR A, 15 min J5 K60 450 nm 3 K T 48 L 19 )6 25 1

(OD)H .
24 PIBEEMNEFEMMEERET NKG2D ZERIERN
=A10]

H Western Blot A6 I 3 5 5.0 %F 435 g 962 41 i 2 i
NKG2D Z & (43§ MICA \ULBP-2 % 1) % ik i 3%
WA TS X A K I Y &5 i e A XY A) Al T 6 FLAR
HE B, R S AN [) e B 1 20 3 0 Ik A 7 Ah L K A
JifL J A B FR BL AR 25, A PBS v B VEW IR L
S A0 B 2L W 200 pll, 10 min, 757 40 3 %) 1)
Heamp MM E AR Z OB N 0. B
FIEW, I BCA & @ & il R & 17 & A w2 50
S5 B 20 g B ERE S OINAE TR A IR N 58 I b gk AT R
LRGN R E R I R LB (PVDE) | %
IR K PVDF B A 5% £ R H 85 70 min, 5%
¥ PVDF Bt 5 S 1 A\ B 5 B 1 /& MICA \ULBP-2 &
F 4 CHIR L&, BractinfE R NS 8 11 TBST ¥
PVDF i 3~5¥ , % ¥k 8 min, # % ¥ PVDF & 5 — ¥t
7 70 min, B TBST ¥eME (5 LR AN ) . &
JEH S RO R &MY E , B ke, A
Image] 7158 K BEAE .
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5 X6 B K T ) NK 40 i 38 20 6l T 24 FLAR R, &
LR B R 1 X104, 5535 15 hm , # LR
Hh Y TS IR L 1) gL R A BN A A R TR R P
A SR LR IR 500 pl, Ak SR B 3R 24 hi SRSl EL
1% 58 ST (LDHD) B0 2 25 00 52 NK 20 i A5 04 40 g
BEPE 98 4 85 97 36 WO 0 45 i R AN i o R R =
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1X10° mL "o [FRE TR NK 400, I 48 95 1 2 /9 3
Pl (4 1) 75 NK 20 MY %5 B2 o K 45 7 9 40 B F0 NK 48
45 100 L hin A 96 fLAR I 1R A #4157, [6] i 15 & 45
95 20 M B KRR O 2 (in A LDH B ik 7)) 1 485 i 9o 4
Jit Ak B BR AL . WEE 4 h a2 LA E O HL L
2000 r/min B9 3 BE 250 5 min, B 100 pl b3 W 5F 4%
RSB 96 FLAR o H LDH 41 Jf 2 M A5 i 1K 7
o AR U0 B A I b R VR R LDH .

2.6 P8 E & BE & (Lip-Lupeol) . ICG BE & &
(Lip-ICG) 1 &€ & 5 Fif& (Lip-Lupeol&ICG ) HJ
am
T 39 43 IR A BB O o A 40 K IR T K -

1) # 1:1:2.5:5 09 i & b (& &8 16.5 mg) FREL

DPPC .DOTAP .DSPE-PEG2000 . JIH [# i 3 ] 4 17 1

fi# P B8 52 TN TR 3 i (40 pg/mlL) 5 2) Ta) B 35 0 4

T A 400 pL. DPPC 200 pI. DOTAP 200 pl. DSPE-

PEG2000.,50 pL fH [# B F1 40 pl 3 5 5 B % i (1CG

JIR A ARSI | iR i 9% 3% 75 28 18 5 78 434k 5 o

AR WA R FTIR 2, 88 I TSR T I ol 7 il A i

I R — 2 85 B Mg AR, B T 10 hy 3)

A 400 pL 1000 pg/mL ICG /K ¥ & (3P B3 &0 5 i i 4

ATA) ,AE 49 “CACB R Hh KW 20 min, BE 5 FHFLAE

100 nm {4 2 Bk 198 i 6 A /N B R AR B R R Gk A7 £

WB IS, AR 42 B — B9 ICG PR A L3P B &l g o

A DL K [R] s 5 TC.G AT Bt 0 B 1 0 o 1A 5 4) ol FH 5

2 e i A B3 2 00 3 1) 24 9, TR MO IR A
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WY 25 BE AT R AE B FH 3h 06 B AL (DLS) Xt A5

A () R4 D Zeta HE A 3 B HE AT 00 & o IR R P ICG

B A 8 2R3 3 TCG Y 2 6 o B R A7 EA L 2P R Y
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2.7 RONIEEARAE B S I R /Y 25 ) R
ICG A5 B 6 IAEONE S 3R Jmi 350 T I, 25 ol i Joi 4k

24, o A 808 nm # G 43 il R T F-12K 78 42 15 3%

JE 28 (B AR (Blank) | Lip-Lupeol , Lip-1CG, 18 5 i}

] 4350k 2.4 .6.8.10.12 .14 .16 min, I & J7E 4 5 ]

SR EARE . WA 96 FLAR 4 N FL o —4l, W AR A

M BB 439 & Lip-1CG | Lip-Lupeol . Blank . PBS, /|

ZLANBAZAL S BIHE 010,20 min B 1 35 21 &b 4l £ BE

Ao MEEICG A S/ PTT BE A 35 2108 5 AR /Y 40 5% A2

T FE TR LR . 53 A, A T VAR Lip-Lupeol

& ICG By A A1 i 17 45 4 , >R 3 B % 43 B PTT figh

KB IR AR ICG B B % . Wi 5 2, K 3 mL

Lip-Lupeol & ICG WM A 2 100000 Da(1 Da=
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MraSE T &4 2L PBSHENT 2 & b 76 37 CT HR4L

#EHr 48 h, BT ITHE S 2 h, {3 ] 808 nm O X 14 Wk

HEAT 20 min B9 %8 B (200 mW /em?®) o 1E A 7] B Ja] 5 B

FE 2 6 6 35 SO 6 N [R] B (8] 05 375 A7 4% rh gk B 1Y
ICG W JE .
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B 45 1 95 A L DL 1< 107 mL i 5 BE 4 Fh AR 24 1L
B b, A Lip-Lupeol & ICG L [RIME & , 88 )5 2 WITEA
[f] % 5] 18] 55 (2 h o4 hoFl 6 h) e 42 40 i 0 47 2 ok 1% 4
B (B & 9% K E,=808 nm, & &1 K E, =810 nm) ., k
JFH At 5 A 10 R AE Lip-Lupeol & ICG 7E 41 g v 9 73
A« S 5 W Ja 20 0 4 e SR A R R L, U BE TS T
JIA Lip-Lupeol & ICG M & 4 hs SR JF A 4% Z EH
T 25 3L [ 5E 30 min, F 1 PBS PR 40 M, R 5 47, 6-
diamidino-2-phenylindole (DAPT) % {f 5 min; ¢ Ji7 >R H
R A W R L A B O R I A S e
5 I RS B R AN LA 1< 10° mL Y
FERP 55 RN A Lip-Lupeol & ICG 435I 5 2.4 .6 h,
A A 40 i ke oAb 3
2.9 Lip-Lupeol & ICG £ & IE R & ¥ B8 J5 ROS 9

bl
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6 B VR F 4 7 A 0 1 R 43 F ROS, IR I AT LA
SEE s MR T TS M AR OO IR DCFH-DA
Kz 0 45 iz e AL P ROS 25 7= o ¥ 1X10° 445
P 0 4 A B SRR L SRR L, 3 ) 5 1 pg/mL
Lip-ICG (& A 1 pg/mL ICG) I [F # F 4 h, K& 4t
B 4 A R BAPE X B 4 . PBS Pk % 4 e, n
A TC LW 5 9% LR B DCFH-DA 8 51 (& %k i oy
10 umol/L) , 4k £ 1% 5% 20 min, PBS ¥ % 40 i J5 H
808 nm G4 #E (200 mW /em®) 5 min. % JH 986 i
Bi (76 FITC 8 T ) W g 5t B4 (E./E, =495 nm/
520 nm) I F % 5t i B 40 1
2.10 Lip-Lupeol & ICG £ & Bg &2 1 X &5 7 % 40 A

7 D o S R A T A

fifi F§ CCK-8 ¥ P-4 Lip-Lupeol & 1CG & & JR i
A XS 235 I s 400 R 955 P P U TR 2R o 45 M s A L 422 D
7E 96 LA H , I HI &% AN 8] ¥k B2 Lip-Lupeol ., Lip-ICG .
Lip-Lupeol & ICG LL & Blank i F-12K 58 42 55 55 %&£ (14
FUH 121, B 50 pLL 8 A 450 pL 58 &R 3R 50 L &
dhe B4R R 420 1) H 808 nm O 4R i 20 min
(200 mW/cm®) 52) Je 58 B8 20 min (200 mW /cm®) , [
B 20 min J5 F- 45 1% 10 min (200 mW /cm®) , 4k 52 1% 3
24 h;3) A NK 40, 5548 8 20 min(200 mW /cm?) ,
4] F% 20 min 5 45 B8 10 min(200 mW/cm?) ;4) A5
MBS 24 he & FLIMA 1% CCK-8M% % 2 h Jim il &
450 nm T A I BEAE, 15 40 LA 6 R
211 SitFESH

fifi | GraphPad Prism 9 X} 52 86 2% 3 o 47 46 31 4%
BT, 45 5 2R R - AR IR 22 (SD) . PR &R
FEMHETZHZ AWK, Gt R EEE XN
P<20.05(*) \P<C0.01(**) Fll P<C0.001 (%)

0307202-3



MRILX #5514 F38/2024 £ 2 B/ E#N

EPERORE 0. 1) R TR IR O T
3 SRHRELR SR B I i A (% FHCLKS/;EMD"J 4
3.0 TI5 SR B AR B NK 48 B TR ) B BATE B B 4 S

R B IS U B 2P e S ) I 5 0 ) e 2 4 i 149 7% 13 RE 3 3 W 19 588 - 20 pg/m L P B B AT {25 )i
BTG PE O TR e 0E 5 HE 5 1CG A 0277 1 i b [W) ML 7 PR BN B (91,1296, 4 L T vk B 3 5
ROR 75 B S P o) B T ) R AR R NK 4R D 30 pg/mL B 5 1 08 40 I I R AR R 72,200, Ak 2

(a) L Fidek 1 (b) : * :
1.5 ¥ 1 -
2.0 e
f——
g & 15
g g
g £ 10
= 05 S
g S 05
0 0
0 5 10 20 30 40 0 10 20 30 40
Mass concentration /(ug-mL™") Mass concentration /(ug-mL™")
© . & . @
60 ' L
3
? 100
2 g
& 40 =
4 £ 0
X 9 = 40
3]
é’ 20
k5]
0 g 0
0 5 10 20 30 40 0 5 10 20 30 40
Mass concentration /(ug-mL™") Mass concentration /(ug-mL™")
© 43000 Do — — — MICA
37000 Da B-actin
27000 Do | UL5P 2
0 10 20 30 40 (ug-mL™)
®
MICA 5
15 - 15 - ULBP-2
0 0
= =
0 n
Bl
Z &
13) 3]
() [}
% 0.5 F %
() 5}
~ ~
0
0 10 20 30 40 0 10 20 30 40
Mass concentration /(pug-mL™) Mass concentration /(ug - mL™)
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Fig. 1 Effects of lupeol on colon cancer cells and NK cells. (a) Toxicity of different mass concentrations of lupeol on colon cancer cells;

(b) effect of different mass concentrations of lupeol on NK cell activity; (c) killing effect of NK cells treated with different mass

concentrations lupeol on colon cancer cells ; (d) effect of different mass concentrations of lupeol on the expression of IFN-vy in

NK cells;(e)() effect of different mass concentrations of lupeol on the expression of MICA and ULBP-2 on the surface of colon

cancer cells
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I S R e VR R A 40 pg/mL B, 25 g 0 40 R A TS
PERRAR 2 54.3% o 33X — 45 FL UL I P &2 B4R Sl R AR it
S0 1 43 AR 8 B — o VR B B BB 8 S S o 45
A g . P 1(b) Won T [R5 R R A R e
S NK 20 6 38 2 1 5 ), AT O, Y ) I VR
/NTF 20 pg/mL B NK 4 O 5 3% 2 A L B4 A
VG0 52 2P B BT R R A N % 30 pg/mL B, NK
Y ALY TG VAT T PR R s 2 P R BT U
A2 40 pg/mL B, NK 408 09 16 A% . nl 0L, i
Uk B 30 pg/mL 22 A7 Y P B EL B BE 65 D 3 4R T
NK 41 f /4 35 Pk, 560 1 H X 6 B8 40 i 36 vk Y 45
EH -

HE— 25 VAL T AN [R) 5 6 vk 5 P B 0 A PR S
NK 20 i i 245 g 9 40 B 00 300 o 5058, &5 SR an &l 1(e) fir
7N o NK 20 A 2 9k 4 20 i b 32 22 1 4 % 1 A9 4 i
Al DL i NKG2D Jg i 85 15 25 5 #1545
SoE AN (ELE B R O 45 R i 41 40 AT DL 3E A R NK
40 B TR N-y 4t 2 3 1k sk i 26 1 19 NKG2D it /&
el S I N B DRl (A A N =R P D B e R P
I, AR 28] B o2 B A T Y NK 20 B AN RE X 45 17 98 40
T B 24.35% B TE A, 1SR 30 pg/mL 3P B T
b B NK A0 X 45 B g A0 6 04 4 R R T i
hnE] 45.35% , I H Kl & P B OBE T A Ak R B o,
NK 20 it X 5 iz 5 40 B A B0 7 2ok SR 8 25 4R T . 40P
Ji LAY R ey 40 pg/mLL i, R X 45 i 5 4
J 5 A 52.25% BTG PSS o AT L, — R TR VR
3P ST AT LG B NK 4 4 BT b R e g 0 e
X R 5 ICG A R L AP L2 e T
= S
32 PBEEXMNKAREEERRBRANENHAR

FE BB ) B 52 T AR TE NK 20 A 35 4 A8 5 4t
IR s R LU EH HE— oy T HAE LR . P RS
TG T NK 20 A 6 1 1% 52 ) 3 2 2 B 7E NK 40 id TFN-
v T FR 3 K R i R 4 M 3R T NKG2D e ik 2 1 3R 36
W51 o AN 1(d) Fr s, o 2 AN ) o0 e 38 OB g 5 1t
Ak PR NK 40 fd IFN-y T80 R 09 Rk 347 0 v] DLk
B2 5 OR 20 4 B XS IR LR 1L, 28 5,10 pg/mL 3B 5
st b FH A NK 40 ) TE N-y 108 2% 09 o 4 e 38 i A %
AR A AR AR H Y 2P B o T A v B T3 20 pg/mL
130 pg/mL B, IFN-y T4 3 B i ok B 50 ik 3] 1
57.8 pg/mL #183.23 pg/mL. 7] W, , 3 k5 & B 0] LA 3l
i A2 #E NK 4 IFN-y (9 22 15 19 5 3 o 5T i J
YEH -

BEAN B JR8 40 i 35 1 7 A 5 NKG 2D e AR fif NK 41
BT 25 5 U 2 0% 2 AT A, I e ke T
S Ti) J5 e v 3P A P Ak B A4 B i AR L NK G 2D
Bi /& (MICA A1 ULBP-2) £k 28 k. anl&l 1(e) ()
T, Bl A P Bt o U A B G KL B R 24 h R L 4
I 41 M 22 T MICA A ULBP-2 %4 3k (H Rk &

A AR Al o 3 i SR B RS A 3 A O AR 4
1 NKG2D JL & (9 32 15 ok 34 3% NK 40 g 19 Bt i 9
YEH -

3.3 Lip-Lupeol, Lip-ICG. Lip-Lupeol & ICG HJ

RIE

wE 2(a) Bios , ¥ ZR 1% 55 88 Cryo-TEM X
FITE A 25 B9 B T A 65 ) R A SR AT R AE o B i £ A i I
& (Blank : AN EH A 254 ; Lip-Lupeol : HATE P B 12
FE 5 Lip-1CG : H 4} ICG; Lip-Lupeol & 1CG : 3 £ &
P EEEAICG) BRI B RN ¥ — A B & B
BE XU F 2 S5 48, IF H A0 52 B0k 202 B 002 49, A )
FHAICG P b6 25 ) A B RRE B, IL b, s
AR Ay HOE AT A AR B RS,

[] B 5 ) 2R SR 2 ASORT T ] 4% 118 Jig J5 A2 (1) r
A A BEAT RAE . AN 2(b) B, BT 45 B AR 1Y
HEAR R4 45 AE 150 nm 25 A5 Ak, R AR 23 A 3 R4
7S B WA B 48 B0 (PDI) 2924 0.05, i H ICG H1 3
S 5L ) 3B AN 2 X i T AARORL AR PR AR A R e, A
[ 2Cc) from , 4 FhA [F] B T4 344 A7 — 22 19 1E H g, AT
AR 25 5 bl b Jeg A0 IO . X — AR A IR TR R
1 PEG 32 i 1 2 [a] 57 BN , 1 75 B Bx (X B AT 47 1Y
FEM . WE2(d) R, E 4 CHRAF 14 d 5, BT A g i
R AR AR A A B AR Ak PDT A K AR g
U BT T 25 19 B 5 A BT AR A7 A i ) UE S T KA
AR ) A3 M AR

HE—25 M, 25 E W T AN TR S5 A 11 55 A I i
TR WE 20e) iR, 1L, ICG g AR Fn &2 4 g i
& FE 600~800 nm i [ N 8 A 3¢ w8 1Y W I, i B 7R
800 nm Z& A7 4b 1 W W fc ik o [R] B, AR A1 AN (] o o vk
ICG ¥ W W ok 3% 1 545 8 T 1CG IR I ik fn &2
G BR AR ICG Y 41 5 43 51| 2 46.01 % Fi1 29.2% o
200 5 7R T 3 B 7 BE R TR FL A2 G R BT AR 1) 1 R0
HH € 3 T, AR i N [R] R o e 88 o) B T 174 W T AR T LA
TH A 20 5P et & A IR R AR I SO AR v 3R B L Y
F0EF R0 R 77.03% F142.1% . AT UL, S B R
A 1 A AT L T B A e o £ 4% — E B (0 1CG
FIPI B GO, 3K 5 W SE T 2 W R A AR T
5%,

3.4 Lip-Lupeol & ICG WX AMBERIEREFEN

HYIRER

Lip-Lupeol & ICG 7£ 808 nm i )¢ M 5 F H. % 4%
U B G PPE fE X R B ICG B4 i A B g XUZ i
. B 3(a) F, AU E ICG RIS TR A £ I ot
SR SBF T A ) PN ) 20 T3 AR A 5 TCG Y B 4
TE 0~8 min N P @3 FH V& , BR 4% 8 min B} & B v] 71 &=
42.2 °C, 2 J Wil 25 BECGT sf ) R R TR . X
PR Sk Tl I - 6 o kT 1 R A AR 2 1 5 L B T s O e
JEARSE G2 . R & 3(b) a] UL, 1ICG B 6 #5500 fif
JIg R4y 5 J2 g 5 b i i B T Ak B I B A A I

0307202-5



#5514 F38/2024 £ 2 B/ E#N

) Size distribution by intensity (©
25 /3 Lip-Lupeol & ICG
-+ Blank g
20 - - Lip-Lupeol E o L%p Tupegl
g ~+ LipICG A8l LipICG
=) - Lip-Lupeol & ICG 78 Blank
)]
£ 10 ¥
A=
5
0 1
0 100 200 300 0 10
Diameter /nm Zeta potential /mV
@ - Blank -+ LipICG © 43
153 | - Lip-Lupeol ¥ Lip-Lupeol & ICG ---Lip-ICG
=] & — Lip-LupeOl &ICG [
& £ 021 - Blank Aoty
PREY — E AR
: g SN
<~
A MTF :>o<:7. < M
144 1 1 1 IIII 1 o L1~ MALTITTIVTIY N
1 4 /i 14 400 600 800 1000
Time /d Wavelength /nm
®
2 0 2 <
g 150 = e Lip-Lupeol g 500 - g Lip-Lupeol & ICG
b5 = b —
E 100 ~ E
2 2 Z
z % Z 250 -
L 50 - 0D o % 2
& =R S = = s
g e * g i &
[ [
= 0 . ; ; ; ; = 0 . I —— ;
0 2.5 5.0 75 10.0 12.5 0 2.5 5.0 75 10.0 12,5 13.0
Time /min Time /min

Bl 2 ICG AW R 5 EENR B ik X A2 4 IR R I R AE o () v VR LB R AR S 23R 5 (D) RiAR 0 A RAE S5 2H 5 (o) Zeta BU AL R AR LR 5 () AR
SEPEFRAE L 5 (o) M B 1A 58 SM MO 18 14T 5 (1) B J5 A o B o 2 S g 80 AT €305 [

Fig. 2 Characterization of ICG and lupeol liposomes and their composite liposomes. (a) Freezing electron microscopy characterization

results; (b) characterization results of particle size distribution; (c) Zeta potential characterization results; (d) stability

characterization results; (e) UV absorption spectra of liposomes; (f) high performance liquid chromatography of lupeol in
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Fig. 3 Characterization of photothermal properties and photothermal induced drug release of Lip-Lupeol & ICG. (a) Temperature

changes of different liposomes after light exposure; (b) freeze electron microscopy shows the rupture of the composite liposome

after light exposure; (c¢) temperature changes shown by infrared thermal imaging images of different liposomes after different

light exposure time; (d) ICG release of different liposomes after light exposure
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Fig. 4 Effect of Lip-Lupeol & ICG on colon cancer cells. (a) Fluorescence spectrophotometer detection of the endocytosis of Lip-

Lupeol & ICG by colon cancer cells; (b) laser confocal microscopy shows the distribution of ICG in colon cancer cells after
endocytosis; (c) flow cytometry detection of the endocytosis of Lip-Lupeol & ICG by colon cancer cells; (d) ROS production of

Lip-Lupeol & ICG in colon cancer cells under different light modes; (e) Lip-Lupeol & ICG’s photothermal photodynamic

inhibition effect on colon cancer cells and its photoimmune synergistic inhibition effect combined with NK cells on colon cancer

cells
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Photoimmune Synergistic Inactivation of Colon Cancer Cells Using
Indocyanine Green and Lupeol Composite Liposomes

Qin Fen, Zhang Han, Zhang Lan, Yao Cuiping, Wang Sijia”, Zhang Zhenxi
Key Laboratory of Biomedical Information Engineering of Ministry of Education, Institute of Biomedical
Photonics and Sensing, School of Life Science and Technology, Xi’an Jiaotong University, Xi’an 710049,

Shaanxi, China

Abstract

Objective Colon cancer is a solid tumor with strong immunogenicity that is prone to metastasis in its early stages. Traditional
single-treatment methods have limited efficacy; therefore, the development of new, safe, effective treatment strategies has become
urgent. Natural killer (NK) cell-mediated immunotherapy can kill tumor cells in a nonspecific antigen manner and has good prospects
for the treatment of malignant tumors. However, because of the common immune escape mechanism in malignant tumor tissues, the
activity and infiltration of NK cells in tumor tissues are insufficient, making it difficult to effectively eliminate tumor cells. Recently, it
was found that photothermal therapy (PTT) and photodynamic therapy (PDT), which induce local hyperthermia or reactive oxygen
species in tumor tissues via laser-induced phototherapy, not only directly induce apoptosis and necrosis of tumor cells but also improve
the immunosuppressive environment in tumor tissues by inducing immunogenic death of tumor cells. This promotes the infiltration
and activity of immune cells, including NK cells, in tumor tissues. As a pure natural edible substance and a potential anticancer
molecule in plants, lupeol directly promotes tumor cell apoptosis and NK cell activity, making it easier for NK cells to recognize and
eliminate tumor cells. In this study, we investigated the synergistic effect and mechanism of a nanoliposome carrier combined with
FDA-approved indocyanine green (ICG)-mediated optical therapy and the natural molecule, lupeol, in enhancing NK cell activity for
colon cancer cell inactivation. The results show that Lip-Lupeol & ICG reduced colon cancer cell activity to 59.6% after 20 min of
irradiation and 43.4% after 20 min=+10 min of irradiation. When NK cells are added after 20 min-+10 min of irradiation, the activity
decreased to 16.7% , providing a new approach for colon cancer treatment.

Methods The use of nanoliposomes as carriers to encapsulate the photosensitizer, ICG, and the natural anticancer product, lupeol,
in fruits and vegetables to prepare nanoliposome drugs with uniform particle size and good stability (Lip-Lupeol & ICG) was used to
achieve the synergistic amplification of PTT and PDT with lupeol-mediated NK cell immunotherapy. Lip-Lupeol & ICG can induce
apoptosis of colon cancer cells and trigger immune responses through ICG-PDT under 808 nm laser radiation. In addition, it can
release encapsulated lupeol to activate NK cells, thereby facilitating the accurate identification of colon cancer cells. Lip-Lupeol &.
ICG exhibits excellent tumor-killing effects and stimulates NK cell immune responses, achieving a synergistic therapeutic effect of NK
cell immune enhancement and photodynamic therapy mediated by lupeol.

Results and Discussions The prepared Lip-Lupeol & ICG has a typical phospholipid bilayer liposome structure, with bilayer
vesicles for drug encapsulation and intracellular delivery. The particle size is approximately 144-153 nm, and the stability is good for
14 d. Lupeol and ICG were successfully encapsulated. Next, under the irradiation of an 808 nm laser on the liposome causing
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structural rupture, the encapsulated Lip-Lupeol &. ICG were released rapidly. After 18 min, the accumulation of ICG reached
82.1%, indicating the photothermal response of Lip-Lupeol & ICG to laser irradiation. ICG-encapsulated liposomes enter tumor cells
through endocytosis and induce severe cytotoxicity through PTT and PDT under a laser irradiation of 808 nm. In addition, lupeol

synergistically enhances NK cell activity-mediated immunotherapy to achieve synergistic photodynamic immune antitumor effects.

Conclusions In this study, a lipid nanocarrier system was designed to synergistically integrate the NK immune enhancement of
lupeol-and ICG-mediated optical therapy and achieve controlled release. Both were effectively integrated to achieve precise targeting
of lupeol and ICG to colon cancer cells, thereby enhancing the indirect immune response and anticancer effects of lupeol by promoting

NK cell activity.

Key words medical optics; indocyanine green; lupeol; photodynamic therapy; photothermal therapy; natural killer cell

immunotherapy
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