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Antitumor mechanisms and advances in clinical translation of marine bioactive

substances
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LIU Xin , HUANG Yuxuan , WANG Linfei, HOU Kerui
(Key Laboratory of Combinatorial Biosynthesis and Drug Discovery, Ministry of Education, School of Pharmacy, Wuhan
University, Wuhan 430072, Hubei, China)

Abstract: Marine bioactive substances, characterized by novel structures, diverse chemical scaffolds, and significant
biological activities, have become an important resource in anticancer drug research. Tumor initiation and progression in-
volve multiple key processes, including abnormal cell proliferation, dysregulation of programmed cell death, development
of drug resistance, invasion and metastasis, and remodeling of the tumor microenvironment. This article reviews the re-
search progress of marine bioactive substances in cancer therapy, with a focus on their roles and underlying mechanisms in
inducing tumor cell apoptosis, ferroptosis, and autophagy, reversing tumor drug resistance, inhibiting invasion and metas-
tasis, and regulating the tumor microenvironment. Their potential in combination therapy and clinical translation is also
discussed. Current studies indicate that these bioactive substances can interfere with tumor progression through multiple
targets and pathways, showing considerable potential in improving therapeutic sensitivity, enhancing antitumor efficacy,
and improving prognosis. Future research should further strengthen investigations into their mechanisms of action, phar-
macodynamic evaluation, safety, and clinical application, so as to promote the development and application of marine bio-
active substances in cancer prevention and treatment.

Key words: marine bioactive substances; antitumor; drug resistance; tumor microenvironment; invasion and metas-

Wi B 41 2026-03-25 & m H . 2026-04-02 % B 2026-04-15

YR A« XUEE(1976-) , 4, #0825 T7 1 M 20 ML 25 B0, E-mail : [x@whu. edu. cn; 8 4F , 8 14, E-mail: 1269158334@qq. com; T Jy L[R5
—AVEF XA SCA A [ Y BTk

AT H . BRE AR EIESTH (82151217;81201088;81472550)

LS X 2, B TR, IR A MRS R S e IR VR AL 5 0 R e R LT ). AR IR, 2026, 48(2): 107-115.
Liu X,Huang Y X, Wang L. F,et al. Antitumor mechanisms and advances in clinical translation of marine bioactive substances [J]. Bi-
otic Resources, 2026, 48(2): 107-115.




- 108 - X A TR I PR BT ARE A AL 5 i R e 1 e

tasis

0 35

AR IR R A BRI A R S . AR
P T A 20 20T @ [ B g E AF 58 HL A (Interna-
tional Agency for Research on Cancer, IARC) % i1,
2022 4F 42 BROBT i 6E 9 91 41 2 000 T3 4], BE T2 5 191]
L 970 J7 B 5 WU 22 2050 47, B & 6 B4 28 % 3 500
T R F R HOT AT DL 1) R R IR YT
LLERIRITORIE O —E Y ek B s =
i g v o7 AT 3k T I 4 R AR LT 2 AR 2R RS M e
PEN I ROA B S 2 EPR . Uk, TR IR EE (REES
0 e e R O S A5 0% i AU T bR 2 ) HL AT
B,

H 20 128 60 41X 4 BR 1 A 165 1 A YA7C i 38 24
Yy TS ML (cytarabine) 38 FDA L L7 LIk, ¥ v
15 Ve ot GE AR ThURE B Ak 2 i A 2R R A W A T
Ko Z2 8 j AT ), 28 WS Bt i 9 24 ) 0T A 1
B GORIR I HE S 1R e AR M A 7 i R AR
B4 1) WG PR 25 ) i e Ak SR A Y 2 R 4k
TRV AR R A B B —HL , B B TR i
HERR W5 Z 80 B F T 25 9 7E FpL
PR TG R B4 o AR S I 36 97 2R IBOAH 5C 1
FAV A, FR G0t LI v I M W) S5 L i R 2 R b Y
AR FE I (DI a AT, 5ok st
Tk 5 (2) 1 790 i 9o Ak 7 PR i 2, 2B 22 52 R T el
TRIT I 5 (3) BHLWT b 12 28 5 5 4%, 30 i B08E 1
Ji& 5 (4) T 9 i 63 B 52 BB 05, 44 v L i R o 8 s vE
KR TRTT T 7 o W VE I YR BT — M 455 ok R T
TR W) RIRTG AL G 9, LA Rk T Hooe S 45 1
TF e AR SR AT A2 W) sl R 5% Ak 40 F o A SR AR E
Tk P 3 L OC SHEVE FH AL | e o A R e Ak 1 T
BEAR TR T ) BT Y B R AT 2T R B IR
HALTEM PR S

1 EFEEEYBUREM B AR T

iS5 400 L P9 BE T 36 it B HL A B 4 TS 24 35 AL L 2
M6 300 M 98 ¥ 7 R B R LA R A R R B R AR )
FHA 2 LRI G R A R I
Yy Jo w3 ek H IO 2 ML O T S RS T A A
I A 6 T B ) A SR M 5 12 25 5 50 4
i JgE 4 B A6 T I 45 (UL TRL 1), $ o A 2 R MR Pk
JifeE T B — i
1.1 #%#ATRAFERF2LN AL

I T AR R B4R B 5 AT RO T AR T E B

il

¥ | Caspase Y WAL T L)L J p53 55 K4 4> F I TN HE 5
117 WG 393 Ji 96 vh pS3 38 P 22 7%\ Bel-2 T 1o s &
ik DL e Caspase 9% 35k BEL T , v] 12 35 H] 55 i 968 400 i XoF
& GE AR P8 T2 IR IT I RO Y 6 ok VR Y
Aplysinamisine 176 # 47 TP53 %78 (C273Y) B = B
4 FL IR 9 (triple-negative breast cancer, ) 3D BR {4 45
U i P 3% Caspase-3/7 gk W I 75 5 4ok 4K
R PR T, R 3D B 5 b A B Bel-2 B H R Gk K
Tt FATE AR B AR A T i A R R Y
- F K 22 (plitidepsin) A 485 A 95 3 A ¥ 05 B0 155 4 fi
K F eEF 1A2, 15 5 I 2 4t it 199 40 Ak 7 0, 42 0
TAE AT AR p53 28 LI % , AT p53 57 1 &%
T YT 25 I SR pE AT RE o IR AL R T R i
O T 40 Jf bk B4 98 AF 58 P A5 B B0 UE . Bk A, X
Bel-2 53X — SCHEPT I8 T2 85 11, %5 3 % 5T (fucoxanthin)
Al P AKT 36 MR 8 Bel-2 8 F1K P, 5%
Mo fe 98 T2 5 42 08 T B 2 e P, DLIRL 1(a) o B
FEIR R IZ Tl T4 GLUTL A 5 04 3 245 0 1%
YUK T Ui B I A AH OC B HK2 \LDHA (% 7% 1 | 8 o
i 8 T~ 38 % (metabolism-apoptosis crosstalk )
RAEPUI AR o BT S 43 V0 R
T SE AL 98 T p53 3E R Bel-2 4 5 BT TR B
K3 It veg A A A A O =X, 4 5 ik Jeg A x4 T
T 118 W)
1.2 4k T@% F AR AANG B A%
BRAE T 2 — i Bk AR M A% R Y M AR RSB TR
2, HAZ O FRE S R B S A B Bk R AR 2
iR Fa 75 M GPXA-GSH U Rk R gy . b F
[i) J5 B 28 P T 245 ik e 248 Ly 24 45 8 1R 2% P A O 1
JIg A, AE A B IR A GPX4 X g it i SR Ak W i T
B A A, R U 522 0 o AR A 2 1 08 i 555 1 3 b kg A
KT AT OIA S WAKRIE T 2R FE
M L2 0 ) GPX4 36 M, (0 RGN 7] e 32 2 A0 42
SIS SRR A 15 e (s 2E ST /D g BliBen A 1)
[z 3k S AR IS W Ak 45 KT T A AR B 1 &R A, A R A2
bR A A A BRAE T . — 5 I W R IR Y n-3
Z R AR AN 5 B2 (PUF As) 1] % 45 3k A i J28 40 it fi
B g, OF 42 m B b 5 S A 1Y B s Bt 2 B i (PE-
PUF As) o], WA 38 I A 53 o B A AH SC R 5 o)
— J7 TH , T 2 K R 0 3 Pk 43 5 B B (heterone-
min) Fl % ¥ & 73 Ak (plocabulin) 7] 43 5l i i i %
GPX4 B R 35 4 P 25 4 ACSLA I T T X g
S AR U Ik R I 55 e e A X i B ik AR Ak A 1 Y B




AW R - 109 -

- Aplysinamisine I n-3 PUFAS i i jéuz?%%ﬁi%

Bk 000s 4[ yi9le
v

jilrsuEavia
Caspase 2} Jif:
(a) T (b) WIHBRAET
Microcolin H 8 / PARP 11|57
@as
—Y , o
@— DMPT—— 4o

A PITPp ficia g VEREIE ST

pheen [R5 B A SR AR S

(o) WA 1w (d) LA EAE

B1 SFEEEYREEMEEEETCHEZNS
Figure 1 Main mechanisms by which marine-derived bioactive substances regulate tumor cell death

(a): Aplysinamisine T3 7| ik & (plitidepsin ) %5 ¥ v 15 14 9 5T AT 483 p53/Bel-2 40 5 1 4 T2 #8 i% , 0 Caspase 9Lk RV,
A M TRET ; (b) : n-3 2 A AE R (n-3 PUF As) . 5 ¥ 42 li] (heteronemin) 1 3 % - 4 #& (plocabulin) 7] 38 2
Jiks T 2 A AR T AL, R GPXA/ACSTLA H 538 %, At 7 I 5k S Ak ) B R 9 8 5 Bk JE 775 ()« Microcolin H it id 3
mTOR KI5 2 T3 PIT Po/ B 19N T 2 15 F WA G A2, BEOR 1A WA 2, AT 5 5 1 AR e A I 2 T 5 (d)
i D15 72 (Trabectedin) 7] 75 S S 728 200 M S 1 R) 5 E 2L R B AR 285, 9 55 PARP 0 570 ] 7™ A= 5 BUBCIE RN

(a) : marine-derived bioactive substances such as aplysinamisine I and plitidepsin may reactivate the classical apoptotic pro-
gram by bypassing p53/Bcl-2-mediated apoptotic escape and activating the caspase cascade; (b): n-3 polyunsaturated fatty
acids (n-3 PUFAs), heteronemin, and plocabulin may induce ferroptosis by promoting membrane lipid remodeling, weaken-
ing antioxidant defenses, regulating GPX4/ACSL4-associated pathways, and triggering the accumulation of lipid peroxides;
(¢) : microcolin H disrupts PITPa/B-dependent lipid transfer and autophagosome maturation in an mTOR-independent man-

ner, thereby impairing autophagic flux and inducing autophagy-dependent cell death; (d) : trabectedin may induce an HRD-

like state in tumor cells and, in combination with PARP inhibitors, promote a synthetic lethal effect.
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Figure 2 Main mechanisms by which marine-derived bioactive substances block the cascade of tumor invasion and
metastasis
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ECM [ i 715 [0 5 ff o 72, Joe 2400 i Joo s 240 B 258 5 e 6

Left: Under the pathological state, highly active matrix metalloproteinases-2/9 (MMP-2/9) degrade the extracellular matrix
(ECM) and basement membrane, while ECM cleavage also releases bioactive fragments that contribute to tumor microenvi-
ronment remodeling, thereby promoting tumor invasion and distant metastasis. Right: Under the interventional state, a soft
coral-derived diterpenoid suppresses the activation of p38, ERK, and JNK signaling, downregulates MMP-2/9 expression,
and restores MMP/TIMP homeostasis, thereby reducing ECM degradation and matrix breakdown and ultimately inhibiting

tumor invasion and metastasis.
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