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Abstract: Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) has shown significant potential in
cancer therapy due to its ability to selectively induce apoptosis in tumor cells while minimally affecting normal
cells. Currently, developed TRAIL-based cancer therapies have demonstrated better therapeutic effects in preclinical
trials. However, their clinical application has been limited by issues such as poor stability, insufficient targeting,
short half-life in vivo, and low bioavailability. In recent years, nanocarriers, including liposomes, nanoparticles, and
micelles, have been widely utilized in the field of drug delivery. Combining TRAIL with these nanocarriers can
help overcome these limitations and enhance its antitumor efficacy. This review summarizes the latest research
progress on the combination of TRAIL with liposomes, nanoparticles, and micelles in cancer treatment. It explores
the mechanisms by which these nanocarriers improve the stability, targeting, and bioavailability of TRAIL, as well
as the therapeutic advancements of this combined approach at both the animal and clinical levels. The aim is to
provide valuable insights for the development and clinical application of TRAIL-based cancer therapies.
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FIR P 2. SR, TRAIL £E IR PR N A /R A7 A6 A2
SE 1 72 VBE PR R R SRR AR R R AR A
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Figure 1

TRAIL-induced apoptosis pathway. DcR1: Decoy receptor 1; DcR2: Decoy receptor 2; OPG: Osteoprotegerin; TRAIL: Tumor

necrosis factor-related apoptosis-inducing ligand; DR4/5: Death receptor 4/5; DISC: Death-inducing signaling complex; FADD: Fas-

associated death domain-containing protein; cFLIP: Cellular flice-like inhibitory protein; BID: BH3 interacting domain death agonist;

SMAC: Second mitochondria-derived activator of caspase; XIAP: X-linked inhibitor of apoptosis protein
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Figure 2 Mechanisms of TRAIL resistance. DIABLO: Direct IAP-binding protein with low pl; IAPs: Inhibitor of apoptosis proteins;

BAX: BCL2 associated X protein; BAK: BCL2 antagonist/killer; Apaf-1: Apoptotic protease activating factor-1
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OLV) f1£ JZ &l (multilamellar vesicles, MLV). ULV
B B I X2 K Bk, BLAR 24 50~250 nm, e 4 SR 7K
WHHOR, & &0 HEEKAY) . /NI HRZ SN (small
unilamellar vesicle, SUV) £5#) 5 ULV 5461, H EH £/
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INAS — IR BEVRLZH K, I B Y A A B AE — A R B T
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2, FEH T @R s K YR, A IS A ik 56K %
Yt Zhao MBI T — M XU E pH M B JIK (dual
pH-responsive peptide, DPRP), Jf DL Il Ay FE filt ) 8 1
pH M 5P IR i R &R 48 (D-L/si-DTX), F T A i i
PLK-1 %5 572 14 siRNA F 70 i 2459 %2 7 Ath 2% (docetaxel,
DTX), S50l [F B0 i 98 25 S o Rk A1 F 44 P Wt 3R B,
D-L/si-DTX F At xt HE LPs 5 Hya i34 . 5 i 6
# siPLK-1 2{ DTX FJ LPs LL & Ik 5 45 25 4 L, D-L/
si-DTX i 523 NI PLK-1 335 - H il g A= K, HoR
for i B2 EIEH % RGN FIE sk bR AT
BERRAE T — R TR, RIS B AT
Wl B2 A 5% . Wang SR T — Fpa) D) AP a0k
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T, TEZ) i 7 T A EE N M EM . HRKM
bb 2R T AR RN 5 T ) R Pk, e e o e o 60 2 I
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R 4F B 250 Fe e Y SR e I AR B 1, AE TR E VR YT R
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L A WA o A4 P9 AP SEBG IR S H BAT I8 2 Bt R
TEVEFREE I, N 4s B Va7 32 4L T8 7719 . Zhang
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Ll R i 2 ik, BRI 35T T 40 Rk AR R SR .
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Br) e v B A I A E BRI YE /N T4 RNA (small
interfering RNA, siRNA), & I #4 2 RNAi 44 K 25 9 .
ZERRW R RS SINEEIREA A RES



- 2772 - 242224 Acta Pharmaceutica Sinica 2025, 60(9): 2768-2775
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Figure 3 Schematic diagram of the mechanism of tumor cell

apoptosis induced by TRAIL-related nanocarrier™ %%

TRAIL fiif 25 & B8 JBLEE, Dy iE 16 97 71 K B SR w5 4
%, #ilhn, Chang %P1 4 TRAIL iy 24, #4821 — b
L8 TRAIL 5 £ 2% % C (mitomycin C, MMC) ] 2
4 —BEAHE AR (multifunctional liposomes, MTLPs).
Z AL R G B OK TRAIL & HB I E R &
TR AR T GEHERER ~ 69%), FERH MMC i it
B B AL B TE LPs /KA (L3 2 ~ 12%). 5K
56 45 LR B, MTLPs Be 9% 75 OR UF A2 9 2 4 PR 1 2% A
T, B DR4/5 KK V0 caspase 18 B DL K
BEL 475 20 Jit0 8 39, 76 % TRAIL 78T 24 (1) HT-29 43 53 A% A
TR AR e ST TIE 97.8% [ MR I o AT S
f) TRAIL A1 MMC Bk & 45 24, LPs L% & 4t 78 i 8
A ) R fiek e 410 1) S5 5T 50 S A HE B R R A, XK
Il PR |35 %% TRAIL T 24532 (it 7 &% .

HE— D AR B, LPs A 5 11 G 28 41 i T FE 4k 22
& I MRE L % . Greenlee %6 &K T —Fi % T
LPs [¥] NK 4 fg 38 577 7%, S 38 i 58 K 4h.72: 1) %% LPs,
0 o B 2 - T R M IV R b o R R B AR 1, 13 #)
TRAIL/anti-CD335 LPs. 1% LPs fig i 3 45 75 1] 43 &5 1)
NK 4 L, 7“2 NK 4087 . #H b Bl i) NK 40
Jia, B8 2% NK 410 it 58 A 2 i TRAIL A~ S R 12
A% BE BLVD FIAA TR 24 1F) SW620 41 fitg Al i 7% 1 COL0205
SEE A . RN SEEG R, FEFIKS 2 )5, LPs 1
JI R R R 51 I 1) B R RS IR R 45 o B D W] R S A A
4K, BB UESE T T IR A . X g R,
BB A IG5 AR TRAIL F) NK 20 g o 1 PR AH 5% 45 B W e
I B A 3G SR A TR L, RS B IR YR T R AL B
SE T HER . TRAIL 5 LPsICA G, 75 250 16 R0R (B
I 1 DA% 1 5 0 e R0 A5 O T R I B AR,
JEVRIT R TR RS 5 A,
3.2 TRAIL-NPsi#ZERSG: @i # TRAILEMTENPs
FM N ER B H AL 255, W] LA 4% tH TRAIL-NPs i
ERGE. XAMLARE AR TRAIL 5232 1 P B ) A7, 32
e FL AR E 1, NIPs 2R TH] F9 3 [ i 4708 P ARy P 1300

Table 1 Partial summary of TRAIL coupled to nanocarriers. MTLPs: Multifunctional liposomes; ERN-T: Endoplasmic reticulum-derived
nanosomes-TRAIL; CQ: Chloroquine; DMC: DOTAP-mPEG-PCL; MILs: Micelle-in-liposomes

No. Nanocarrier type Name of nanocarrier Drug Experimental subject Ref.
1 Liposome MTLPs Mitomycin C Highly drug-resistant HT-29 nude mouse transplantation ~ [23]
tumor model

Liposome TRAIL/anti-CD335 liposomes  / Eight-week-old male B6(Cg)-Tyr*™ (albino B6) mice [24]
Nanoparticle ERN-T AZD5582 Subcutaneous MDA-MB-231 xenograft tumor model [25]
Nanoparticle TM-CQ/NPs Chloroquine CT26-luci intraperitoneal tumor model, Huh7 tumor- [26]

bearing nude mice model
5 Nanoparticle DMC-siERCC2 / Nude BALB/c mouse model with U87 glioma [27]
6 Micelle MILs Piperlongumine Human prostate cancer cells PC3 and DU145 [28]
7 Micelle y-PGA/Sali@P-S/pTRAIL Salinomycin, y-PGA  Human cervical cancer cell line HeLa [29]
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N A 32 A, 3 NPs (S R4 L, o TRAIL ¢ 572k
hisfs 326 2] i JRg 2. 27, ¥ 5 TR ATL £E I yRg 42X & SE,
Hou S5 J 1) — R 4% 47 TRAIL F) 20 1 74 Joi 194
g4 oK $i ki (endoplasmic reticulum-derived nanosomes
TRAIL, ERN-T), ¥ 3 5 IAP #% $i 7 AZD5582 Bk &
HTRIERYT . FE4H R SIS, Bl ERN-T 7] LR K
Xf TRAIL U H 40 g, 116 TRAIL 1 24 ) 40 i A F A
&5 4 ERN-T B & /7 1 259 AZD5582, Al LK i
cIAP1.XIAP.MCL1 1 Survivin 25 1 1 8 [ [ %R ik,
M AR FEEB 4 TRAIL T 294008 . fEsh s, idid
kR 5 77 045 F ERN-T, BRI — 2 S ) o, m LA
TE R AL & £ ERN-T B G /N7 25 AZDS582 %t
M23 1 SEPRIE (1) A= 4 7= AR 2 25 B F0 A ), X — ik 72
FEARAERE B S 1) 7 RIE L, X MR R T SR fE T —
He) B . Liu S50 T — Pl T B 2 4 2 P U
JZ i TRAIL/& % (chloroquine, CQ) 44 K ki i3 1%
F4t (TM-CQ/NPs), 1% 5 4t g A &4 106 3% 5 4% 77 5 41
Hl & 4% (mononuclear phagocyte system, MPS) 3 #& [7]
iy 4H 21, Ty H g8 s id TRAIL A% H [RIJRZE 12 52 7K 1 48
HAEH, R 5 VRS T R A B T [, B R
CQut— L] T 5 Wi 4t fu %5 NPs 48, 2E4 T NPs
TE ML A 5 IR TE], 75 TRAIL W [R] 75 3 i 53 4 g
P . 1% NPs 151K 5 GE A7 R ] 22 Fof ik 8 A5 e g e
JEEK, HICB R R, 78 P M/ BRI R A2 rh LA
TR R BRI T R, 3X BT R RS R ) R
M IRTHURST RAR A T — % AT IR . VIRRE R
A& X H %k 7H 2 (excision repair cross complementation,
ERCC2) {E DNA i iE 5 Hh k4556 D4 E ], Song 2507
¥ B AR 2 2 - 5 O W BE (methoxypolyethylene
glycols-polycaprolactone, MPEG-PCL) #1 1,2- — i Bk
H3- = R - kT (1,2-dioleoyl-3-trimethylammo-
nium-propane, DOTAP) 41 i 1] 44 K Jii # (DMC NPs)
5 ERCC2 [f)/NT4 RNA (siERCC2) 4 &, Hl %155 T
FAL A KSR (DMC-siERCC2). %05t K B4 TRAIL
5 9ok Bk DMC-siERCC2 25 4 8 1, fe A 25040 il fig
R4 M98 (glioblastoma multiforme, GBM) 41 g 384 4
HESFMBET . 75 GBM /& JF AL il Jgg 450 784 o
DMC-siERCC2 Bt & TRAIL . 3 411 il g 26 &, fE
NRAEFH, BRGIRAEREGEHE. 5 AR
Pl DMC-siERCC2 7= ¥, NPs i i 175 5 21 Jifd J&) 147 BHL 5 18
5% GBM 4 i % TRAIL FJEUEAE, Jy GBMG T4 1
— P A T S ERA IR IT SR EE o Rk, B siERCC2 5
TRAIL V6T M 45 &, W] REA2 VR 7 GBM ) — M A /il 1%
HE T 77 2.
3.3 TRAIL-Mcsi#iX &% TRAIL-Mcsifik %4t /e

T A Ak S A BB 2H 6 A U, TRAIL
5 Mes R BB US4 B . ZIBE RS
T, A5 E ORGSR, B35 oG HUKE M,
1 250 e B U Mo ORI 56

NGy TR AR AL A W) BE 2 T (piperlongumine,
PL) A i Ji 40 ffd % TRAIL 08¢, Zhang Z52Y 4% 7 —
b AL 9 K A BE - i 5T 44 i B (micelle-in-liposomes,
MILs), F T 1A il F13 3% PL. 14 2% 58 & ) Mcs ¥4 filt
PL, %A J5 14 FH G 5 IS 7K & 7 o L 3 2% 31 LPs (1) /K #%
Lyl 5 MIL, MIL ¥ PL (/K T 2 5 1 2020 %, it
# T PL ) MILs 1] DL 58 40 fi % TRAIL UK . 764
HRAH K L2 vl , MILs RE 6 5 42 7 R B PL, 1X 3R W
LPs 7] 5 1E 259 . MILs H 1) Mes i B it . PL MIL
55 16 53 A TRAIL BX FH AT %0 e 4 B 7= A2 A5 2801 ) 9
RN, NI TRAIL T 25 52 17— Fhar 1) 25 W3 ik
WG, Zhong™ g | —MILER AN S /Ny 124
1) Mcs 3 24 R 4t y-PGA/Sali@P-S/pTRAIL, T fif
TR EVRTT « Z RSB AR 4> 7 R & 2 206 %
(PELy,) 55 B I 1% 105 106 I 1 10 795 S5 PR 61 ) P, -S I 2H 26
X Mcs, #0625 3 55 &, TRAIL Jii ki (pTRAIL) i it
5 PEL, Wt &5 &, A Z T - BB AR (y-PGA), ¥
X y-PGA/Sali@P-S/pTRAIL 4K IR K E &), L8l T
PR 2L . ZE S UE B B E K BN
(enhanced permeability and retention effect, EPR) {# Mcs
TE I8 3B A7 B AR, NGRS R A — R V1A 4L p-PGA
TE i 98 30457 e 7 i P4 A 5% A\ Mes 3% THI I 75, 2 i3 1E
A, 2 3t Jif 98 41 A T Mes MR . Mes JE\ i3 4 it
J& , PELTE ¥ B A 45 Jo0 3 4 R0, K B A kT B
B A A E T, BRI P REE T WA, SRR
B Mes HE MUK . B 5, WP E Mes H [1) pTRAIL
BRSO S, i JRd 40 i 2% 1K B 40 WA 1Y) TRAIL 25 1 1K1 5%
WL N A R B b e 4 e, A LR AR T . TE
HeLa # % fE R 1 80 500 b, R & TS 9-PGA B 55 1)
Sali@P-S/pTRAIL 1 |1 T 4 5 53 (1) 1E H 17 32E N 41 i
Jo B IR N R R G IR I B, VR IT RO FEAE, T
7-PGA/Sali@P-S/pTRAIL E ¥ W SEHL T 80% ) Jift 78
i, AT U8 B T i 48K R R R S A i ) IR B R R
AT RIS E M . AT 5T I 9 TRAIL F i 6 #E 1)
PE DA R AL TR ) R
3.4 TRAIL-AKREAMIGKREZ B TRAIL 544
K E A I N FH DR L B A6 3k % M 15 5 Ml 88 4 i o
T2, M Ae B TRAIL 2530 77 = R vk 3 1) 1 DL &%
O RCR, 4% 52 %0 . TS RS AT 2023 4F
AL T, AR AN 8 K R R R T I R 3K
56 O T R, 0 H AT A ERE — ek BT
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DR4/DRS 38 7P, 12 2) 77 3l i S5 1 4 A o T
WA RETUMRAEH, H TG RT EREERIEL
RN BEIR N RS, BN 2 TRAIL 5 90K #0044 (1) B
A 57, H oA R BB T
PAYR 97 M0 1 firb e AR SR 1 28— AX TRAIL 32 443
B3 (SCB-313) H i 5 i LA AR5, e I R 4
(1) A= i 1 AN 25 AR B0 77 22 R 1 (NCT0344367); 2455 A
1& i % 15 TRAIL F 8] 78 )5t 2% 51 40 Y (mesenchymal
stromal cells genetically modified to express TRAIL,
MSCTRAIL) & 5¢ B¢ VI I PR i 38 (NCT03298763),
AL T AR R M /N 20 i e 6 2 o i) 22 A 1 AT
JRE R o SRR, BT T AR OK A ) AR A 2 T A i R e
LA A K A T N, ERRE W Y 3 £ T TRAIL (1 1%
RE, 1HHE T 9K 4K () TRAIL #1751 1 A A5 A0 52 254 33t
6 55 G KB AR b8 AR 27 1 A
RN, TRAIL 5 9K R K BEG 7 A 2 v IR B B
T, SEILAN I PR 201 R S f 4k, e ia o7 FF e
%ﬁﬁ%ho
4 RESHEK

TRAIL 1y — P B A e 35 14 5 5 i 8 2 e 0 2
(48 B BX 1, 5 LPs NPs. Mcs iX Lo g K 34k 45 &, 7
FERERIT R I E R 7). A ELR T TRAIL
15 LPs NPs\Mcs 3 Bl g K AR T VR I7 o A ICH 26
W&, M4 T DL EIBCE I 2 RGBT R VAL Ty
UL K R B ALE] . B AT, TRAIL 51X 24K %
P HR 25 &, RS RE VR 9T 75 T B A 42 5 TRAIL [/ 42 8
P 38 i R B e 1 L B v R DR R g T 245
PESEIL 2 B R TT SR AP, (H2, BT 9K E
A (1) TRAIL il 51 E S IE 60 97
1, IAT 1) TRAIL-Z0 K 2 4 i3 24 3 GeAT5 (X A5 B AE 3h )
K, AR FHRZ e N B I RS B . AR, Bl
AR RE 2 9 K R DL RORS #E B2 22 1 AN T K R
TRAIL 5 44 2K #4465 6 97 1 i 9 Ji hE VA 97 1) B 4L
FRZ—,

'S
FRAE L, FRAFIH %Fﬁ%ﬁ%iﬁﬁﬁﬁl‘ﬂ\ﬂ%ﬂ&;ﬁ%ﬁ
AL T HEL B ER AR T B S R E R X RAL 42 5T
Bl PR BT S

FIEHRSE: ASTAAEE A AR TR KR
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