< 2148 - 2554k Acta Pharmaceutica Sinica 2026, 61(6): 2148-2162

RABNARA B EEISTTPHIN A

ﬁii% 1,2#, —;%\ﬁ%i 1,2#’ F%" Eﬁlj 1,2%

(1. FRINR AL 2B, AR R 350108; 2. ARG MR FEAL 25 )T P /S S0 ==, A 2 AR 350108)

THE: AR, IR e E e N SRR A (R, AR GRTR T B I R, A R BR . ik, R H AR
FEOPRECR, BT R RS @A K HE IR T SR o KRG L, G4 KIRAETE PRI 5 T R AR K 5y
TFYRRBEL, BLSIR [F AR /N5 —F P03 1 1 226 9 KA ek, 4 A8 L e 1 AL RV 5 000 R AR A 25 1, 7E = 25 405
JEPLH R AT, ASOCE SRR T LB RRAT WG RHE IR 12 W7 5 187 o W S0t R RS B 7.
YRR, RARGKMBERGUCK S IR 2T R 238, AGKEE S NGt o] R &, S AT SR HEI PR B4k, N
AR 2 A T BUNIRIT TR

KR RANE VLA RL; MIRIG T MRi2 W, 29k ; I iar s

FE 525 R943 ERFRIZES: A X EHE: 0513-4870(2026)06-2148-15

Application of natural organic nanomaterials in tumor diagnosis
and treatment
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Abstract: In recent years, tumors have posed a serious threat to human life and health. Although conventional
treatments are widely used, they still have significant limitations. As a result, researchers have increasingly focused
on nanotechnology to develop more efficient and precise treatment strategies. Natural nanomaterials, including
naturally occurring nanoparticles, polymeric nanomaterials derived from natural products, and self-assembled
nanomaterials from natural small molecules, have demonstrated broad prospects in the medical field due to their
unique physicochemical properties and excellent biocompatibility. This article reviews the current applications and
future potential of several commonly used natural organic nanomaterials in tumor diagnosis and treatment. Looking
ahead, natural nanomaterials are expected to not only drive innovation in cancer therapeutics and diagnostics and
introduce green sustainable concepts into nanomedicine, but also accelerate clinical translation, offering safer and
more effective treatment solutions for patients.
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Figure 1 Number of articles published each year retrieved from the PubMed database. A: Search keywords "natural nanomaterials and

tumor"; B: Search keywords "natural organic nanomaterials and tumor"

Table 1 Common natural organic nanomaterials

Category Core building unit Formation method Typical example
Naturally occurring nanoparticles Pre-formed complete Naturally synthesized within ~ Exosomes, viral particles, lipoproteins
nanostructure the organism
Macromolecular nanomaterials based on Natural macromolecule Manual processing and Albumin nanoparticles, chitosan
natural products manufacturing nanoparticles, nucleic acids

Self-assembled nanomaterials derived from  Natural small molecules
natural small molecules

Intermolecular forces-driven Polyphenol-metal network
self-assembly
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Figure 2 Advantages and potential of natural nanomaterials in

cancer therapy
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BBB Zj#)31% 5 [ JF R ¥ [ 9597 - Cosottini Z5706 4>
Bt SR R 2 5 N Tk ik 2R 1 S i AR W SR BB H R
FaEEY. ZRMS AR ZIRTE T 259055 5 5590 40
HEI A R0, 7B SE SR BE T A% O 2 B ML A7
VLPEN— R iR B4 E O B4R E A
JR G KB AR, R AR R UL KU (9 B AT 5t . Czapar
SIS P00 BT O 15 1 2 D g KR S TR =
B, FLPUMOR R T RS 254, HLEAE R A A
Az 4. Ghosh Z5 LT T — B 5 i Jeg HE i K 18 6
(10 2 975 B 1 205 15 UKL, FH T JL )35 3% DOX FIEC
BB, SZBL T X 4 A A4 v s IR R i
2.1.2 SHEEMAKKL S HEILGUROR DI R A
WA oAt ek RSB [ A A s 0 (E 25008 3% R R 4 B
70 5 B 9 K kAT o S R A8 1 Se B 3 Bh R ), o
Nguyen "R T A= ) % A% I 72 % B -Pluronic P123
SEREW), RO R TSR AL I A M S R T R
TR A 2E 0 R 2 R A, A O MV 24 ik ik
J7 T A MR %5 . Mishra 25058 5 575 B0 40 Kok
TR, MG T H KIS M 22 R A W R AR
W), I 2 4R T LA LR YR T R A ) A
RS I . A, 22 B Ih R 1h 5T RGN K AR R AT R
F TS [ 968 o (0 8 16096 97 . Mlickymaray 2502 2 1
FoRME AL G R e B2 SARET, BRI R
UF P 71 Xu VR Albalawi 204943 J 1 il 1
17 470 i S ) A A 11 575 SR R AR N 2% o AR JE 7 TR b
YKL, ST X B e AT FRRG v 24 3 3%
7% R AR A L 5 CD44 2R [ B R 45 A e
A BB R PR 2 1, R A ) S B ) 0 K 24 40 ) B
AR, Lin %75 Lin 05 5k & T B 415555 Ui
i -TR-780 4K kL, 8 CD44 /v 5 1) P9 & 1E F Szl
o FB I g 5 O 11 SRR I e AT . DR A, Li 5T
Wit 7 —Fhids B 5B A 5 00 T A A B A 4 KR D
I 5 R AR A A T B, AR E R T PR A
T HR .
2.1.3 BEREHE  feFbEk E EaE MRk SR
T /NGRS, AT Al L TR AR A B ) e AR S e SR, 7259
3% S R B . AN AR IR L R AR I IR 45 4 5
HLEGIERE S, OOV BB 25 Bk . Saari 7
HiT 70 i e 40 M e 5 AN AR S R, IF TR
BINE, 45 R B oRE29 ¥ 0 41 i 75 1 J5 25 4 5, IS
T HARE NE I RGN Rl . Degirmenci 57 M { B
{10 - Rz 7L B £ i rp R R Ah A A, 5 SR P R 2R LV
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BALIT 29 S e, 4 i S 58 3 W, 1AM AR TE BRI
A& T AT 3 98 /b LR SKBR 3 41 i (13 5, $2
T WA R . Hosseini 250943 B 4 HEK-293 41 fitd
(1) Ab s s, J5 38 I % B VR N E AT 259 DOX, [Fl I 7
A AR 2 THI AP B 0 A% R AS 1411 38 i A4 412 o ) 12k
TP S0 45 R B, %32 R SRR T ]/ RS

S ALY ) R A K, BIE T AR R — Bh o sk Ak e 24
Wik R A HIE T .

AT /INMEAE AN AR e PR BE T R = AR R AR
P, R BIE RE T INZ B2 R . Zheng
SLBUFE R T — R 2 CpG F B e 7745 1 1 42 4R 90 K
BRI TIMEG K I RS, % RS LT TS 5T
Wl P T B S A e, I R U S FE AR O P
rRCy, A 3T G TR, N T S B R JRE e Ak ke
R AP R IEBT B B R R . Cao S5 H 4]
7058 2 A 3 T ok R v S 2 AR AN K SR PR
P, B 0 K 5 e K A AR TR T M R AR/ BB AR
SCHL TN 22 R R 0 R AR

KIEARAE R KIR T Y SR 1 R IR A IR &R
g, AR WA IR R AE N T ee b IG  #i 4k . Zhong
LB T MR RA RAR-RECRERYAE
1) XA BR 1 SR B AR i 16 R 4, il 1% R Gk
A A P AR AR RNk ST FE, A AR
51 G A e R TR 5T, B SR AT R T S
2.1.4 BRI AL BT AE RS 0 1) T G AR
PEFA R U7 IR 2R P AH 25 10, R 2 5 R 2 14 0% R Gid
BT ¥ IES. ShufEPIHF R T — M T S0 L3 RNA
(PRNA) [ 15 SRR A, T8 35 JE ] 45 1 1) RNA A B
H 2L TE PSR A5 0, CTh SRl 17 A2 BE (1) v 2
G IE . A R TE I iR AR A 1 R, A Ak
G T AR AL R AR R AR R, R R
VBIT 241 . Bousmail 25 ] FH DNA-5E & 4 1 1Bt
YA T B BRI AL R R, T2
Jii 24 BRM120. 1% 8004 1T 52 B 245 W) 1) v R 1 3005 2%
B, A8 I Ik A A R (YR T SRS T — R A g
K IR W o
215 HMSmAHEME Mo TEERKER B2
T 5 A RNA 20 3 38 i LLPS 8h A 256 1M B, Henl 4%
(AR AT R RN B ik S it T AR % . BE T LLPS
JR B, Liang Z5FF Rk T — MR B AE WD IEAS A B U
NS B AYISIE RS, LB AEAS
DNA TE4H i 4h A= r i IROBE, 2B AR R 098 55 A 43 25
FEPE, B 5 NI G & O BRI I RE R A, 5
DNA J# i #% HL/E F 3K i LLPS B R4k . 1% R4 n]
S DOX TE4H M N K AL s SR 5 B, A B I il 2

VAN A T 1 2 25T 258, JF 2 2 G iR AT RUR .
TWOEEAE 9 245 K 2 BE IR B A0 AR ), | & 2 P AR
TEPERTY, BA RAFHAE A AN RIRAE R, i
TR I R RN NP1k HAK . Zhong 51
Jig# (spirulina, SP) 1L HUMH ELAE I 3 DOX, #3 T
B0 L8 s e 7% 1) B8 R IR R . X R GUE B SP
A i 6 4 0L /67 F A 28 B R S L A A 1 [ R
FEP IR M S B AT SO U, LB T IRYT IR AR
RANB B SR I . Delasoie 25195 11 17— Fp 3t
THREBEMEBIE R G, HAMNEAYEE R BI2-FE Y 28k —
by B S B, AR EBR () =&
L/ 3= R4 SOENEN A TR S B s S I
LG AT SR, TR IR N R 6B J RN, 1 A
T A 1, LI A IRIT .
22 ETREBEYEMNSIIRERTT
RIRIIAFRAC AT AE A EAR, o8 & s 30
TV 30 RE AT R O R, O S R G, B
fib vy 77 ERH, SEBH R 46 2%
221 BAEAREMEENE 2 EBEEYEGCEYT
RBMEY (INE R R T RT ) A5 H
A R BT, BRI 5 3 4 M R T L B 4
JE S0 < A0 ) e e A £ 45 22 R AR A AR T . SR, dxX ek
TEE 7 AR I PR SE P o o s K P A 22 A AR B AR
YR FH AR B e 2 e B8 1 R S PR I oK R
X R IRIEVE o 5 HAl G T 25 s D e 7y 1 3L 1R
R RO RIORE, B R IR LB A RS . 1%
HMg B A XE AL — 71, AR B TT B 2 a8 R AR
G RV AR AN RS E 1, 8K L ML VR A PR I 8], S 58
ik EPR RN 8 3 #E 10] BT 3 v HAE R 20 28 =
£ S —J7 I, ANFENRYT U FEGK RE T B 3[R i 14
Z[R]— R ARA0M, B 7 A W ) 1 iR R BT AR AR
Liu S5V 1 357 B 4 K b4 kT 5 4138 SR, s
T RBERBEAEN YK K A m
2y AR S R I RE, R B A% 2 BUS R ThRE,
RSB T 2 A5 RIS VR T 5 i 8 B 1 P 10 i ) 4 9
TETC B ARG A 25 Bt 7 18, Zheng 5P S HURIR 5
SR A NN e6 (chlorin 6, Ce6) i it [ 4H 4 45 4,
il 2% tHBEAR 2 100 nm ARG HIGH . 24K RAEALTT HI
75680 713697 (sono-photodynamic therapy, SPDT) 1 [5]
ER PRI BZHUMRBCR . LigPgt— g 1
BT 55 BRI 1) AT AR T 9N K B I, L B0 Fi ) R R 1
A, AL RE 8 528 R O B R R B 0E, B2
TP FET-BC A 1 (programmed death ligand 1,
PD-L1) & MOURIF 7 R KW f e ic iz . 785 Zet 7L
2 AT A LSS SR R Dy 3 A, 60 3 i 7 ) 1 A
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PR G K N 3, 7E 22 Fh S 56 A5 1Y v 1) 32 T HA AR S 11
Ji SR A SR o 12 A AR D v R A R P R ) IR
N AR T 2R IR IE g T BiE S A, Ha
S5 EoR R IF AR AR S T H
AL SIS R IR 701, Il I 45 kB i 4 - 4
Btk . Zheng S5V T LT S ) 28 B H K O A=Ak
) 4 (glutathione peroxidase 4, GPX4) Ji% S # AL 1
BIRFPE, A R T HPSEVENT AR, JF 5 B S dl et
#7RARZ) 68 nm L HARGIK 2. kR A A
A5 BE ) 2757 e 0, T e I U 45 i R R B L 4 )
GPX4 e 15 3 BR A0 T R84k yT T 2, i ed v o7
AL T HUHE U — R 9K SR B

PR N 5 R ARG EGR M 4 R 1 H & PDT
77, I N TEMIPUE TS M . Cheng 250 i 2144
RPN T BB g K BUR 2R 18, £ 980 nm 0
W T, b 0 SURE RS 21 0 DAIOTE R TR 1
PSIAIPSIIL, SEHL 7> 15 50 2 25 S0 [F) 20 2L B, AT
A RULR g b 98 i S I 39 5 I AR R A0 RO, AE N R
R AT 13 R T BR AR
222 HERBNE  RAGOKMEHEBOE 5 BLE
7 T JE 3 H AR AL 5, o BT T4 B M 4K R 4052 2|
iz K. B3 2 A6 T4 (induced pluripotent stem
cells, iPSCs) H- 1A Tk I E g e J5i P, DL S ig
G 8 BN, AR VAR B0 PEBR 1) T Im IR S o A A4
YR A M A 3830, FEJRE e 2T ik BRI H . Wang
SO0y Sl & T N VR AN B JR iPSCs A A4, I 5 B 5%
RN (dendritic cell, DC) JLi &, B 70 H AT B (L 98
BB E R . &5 R EOR, iPSCs MR 5 DC B &
FETRWT IR IT 4 Fhsh YDA A vh 35 155 5 i 2 i R
G P N, A A ) g gk F, HOR 51 B BN R R
Lo Ay R AR A% ST 4 0 2 ¥ T Re 55 M G 9 A B
925 [ L () JAUS:, Meng S8 P8 T — Bl mT SRk e g2 I
7 W 24 2 7 R BB IR 1 1 0 A A 2 1, SIS HIE
A2 B REAT R ] /) B4 A M it 3 b e P AR G

I 4011 AR 5T FR DR AR N KA LA, o 3 SR U5 40 K
RO NG PEIRTT AL TR B . IAIRREE (oncolytic
virus, OV) 1N — M RIR I PR B AV R, il B 4%
A% I 9E 2 M AN IO 1 E S RS 2 ML R R AR
o OVIEGLIEH 4G v B TR T3, 3G b
B, (R EA A EEE T 40 R AR A, R ERAE IE
i 2 PR R 4 i e g 1 2 S A O RS O R 1 O
5 e e A % o SR, OV 7 AT THI I e 88 B 15 v 1
L& L NGy By - RS RN e ) R i RS )
B R G0) LA B AT BRI TR 05 R ST R A PR A U

Xu 2 RN R LG R, M T — LR

Y 1K B DNA SN 342 L A1 5060 7 BH B 1 g o 4k 1)
VLP. ZMkL o] 275 5 ¥R GMP-AMP 4 i K 42 7
FHAE A, WO TP 25 56 R B R 5 5l 2% DA™= A R
PN M R 7, (R fd R B 6 BRI Z IR 2 4 P/ Ak
TE ., 75 T Gasdermin D A 5 0 M £ 12, M 3G 5 BT
o9 %

Liu & R 7 — Fh T 85 B A I 9K P AT
&, 1% F RN R R RB R SRoet; &
WO R 5 7T 75 5 R 4 B & 2E e B IR AR T, R
DC &5 TG A, HiE i f5 % PD-L1 it — b 158
P8 G 9% =
223 ETREMIFE RIS HEENEZNRIAG
KA KL, TE R T R R 855 U THD R I LR RR AR B . 1K
KM B A B 1R A A0 R 25 1 R0 nT B A, I B
I8 O FRR A A 2 A R S IR T PR B R
Wang ZTLL ROS i 37 4 58 B A A% o0, 4 1T XL
TR A [ 55 35 1 2 FE M 2 T pH/ROS XU B 3% 85 %5 3%
YRR o 12 85 i 7E R M 1 ROS 19 fi I8 sk 28 353 v mf
S I 25 R 4 R, AN AN S5 3 0 i 4 4 5,
T B2 2R AT RS BT 2 W 0 S B P R R
PR 5 1

Bk 2 WA RL AL, R AR b w4 5 45 FL AR 53 10 AR 4 o
A7 R 20 L D) 388 TR 7, T e ol P 5% 0 v R 4 B
YERT . Wang SEU K1 — it 75 ) fk & (1) HEK-293 T
Y B SRR AN A I8 I R G %R G REAE RS &
£2, W DC HEHUS 12 3 CD80/CDS6 ik L, 15 i 5
I ThAE; A HGE R, & AT el M2 B kR A o< B
W% 210 L 1) ML 2R A 35005 A0S T 40, AT 36 %% i 1)
JU IR P e 2 S A AR 58 . X ZE U AT ST 4B s T e
96 SRR A/ WA A PR 1 R Y A AT R 30T 24 e 4
Ji 3 06 ) A1 6 AR RTS8 L 36 36 circRNA 28 % 4 i, 52
i R A5 Thfe, 25 S 10 R 58 1 T8 i o

IR Ak, B 45 2R e B SR T 4K 2 Gt Dy R 45 i
PR R SR B AR T R . W M AR S
FXUAT-PLGA TR AH &5 & 0005 26 06 6 9K I B 8, 52
BT TR R S A B R s — T TR 2R 2
() B E FH AE Bl o8 ST P2 4R, 55 — D T I — F XL
JUTC KK Jie 98 400 L %) 206, I [0 300 2 T ik IR A - S
6 3R B, % S AN B 2 2 0 ) B OG5 S R
T, R TE 1 8 e 155 250 o A R0 9 4 PR B B, 3
ST iR B g N
224 ZEAMELIET RKRAGHYORMEEELZ
FERI T RERE RN R A I A DA 25, sl 2 B P )
BITIRAL T B & . X BRI AR AU S
T PTT fL 223 7157597 (chemical dynamics therapy,
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CDT) 2 Z Fia 7 ML, F= AR R B o Yu 250
PLPVP N EaE A, i@ it Fe* 5 EGCG fic A H 2H 25 il 4%
2 Thae g oK 7, H Tl KR PTT 5 CDT (16 [H)
YEF, A R 7 MR A . Chen M iE I KRR
G5 A I 22 W AL T 4N K AR, 0 35 i 7K Ot F T
BN A TR, SEEL T IRATPTT 599 M i . 1%
PARHE /IS B 45 B W B 28 v AN S0 et AR08 B B2 25 A
Jie 96 200 L, IS R S N e, 3 A e U A
5, R TP AUR . Zhang ZEUN ) & T A5
BHAE AP AR B AL 52 SR RS 1 1) 52 & MR, 26 Rl iR
HR 2UAM e B e it e 5 550 S RE 77, SR PTT
5 CDT 1) [ 38 84 it 7 — Pl s

bk 2 BEMTELAN, RARINILRTE 2 B 0R TT R
B SRR 4 0 Li 2500 iPSCs #M A 5 DC A1 s 4
RiG, JERI AR PR T B B PR B I Rl G 30k, 1
T B A% DOX 5 W G HH ThBE I R 4,
MR T 5B E T o BT R LSE NS, Liu &I
BT IR PR W 4 B SRR ) A A A 3 1% R 4, i R AR
% VU AZ BT 24 5 R B JE N W IX R 24, B8 AE T AT
5T B IR IT R AT AT

VLP 1E A KRG R 5 B 5, N2
RVAITHRAE TR H AR B % . Hao ZM G T —Fhis
R AREBGR VU F2 B R G £ AL 98 A% 09 B AR
i, 5Ok A 58 AT TLR 2. TLR 3 45 £ 4> Toll ¥ %2
RS R g [N, [ 3 i PDT 75 5 4 02 S 40 i 41
T2, S T ORI SRR IT A ML S, NIRRT T
R T H 7 1A
23 ERSTT—HUARESR

FAR G AR A TR P 255 40 T 33 4 0 A= ) AH
BN, DO E ST — R S I E A A . X3
A4 RE AT [ B 7 20 R AR T 5 98 97 259, T S I 8 A v
S 55 7 280 I ) [ B 56 BCTR T T T, A e ) 4
S S MR T A LA
2.3.1 EVIRRERN  RIRIMNLEE N EE DY)
I S, 78 IR 0 G2 W B 7 e e IR LR URR
WAl . bean, Zhspi S FL 45 35 1 S/ RNA LK 8 JE 4
i RNA L HIR RNA FEE [ 5 45 7 T 40 A g 1 gk g o
RAESBEVEH, nAE NZRR L S TS s s =
WREPT e NSEIURE AR, Yo ST — Rl T
P U R RN o 1% 5 R B 6 A e e P Ak
(10 R P 40 K UKL 5 4 0 K UKL, 6T g 471 il Ak 3 T 11
BURE S 1 A2 b W B i AT R 0 5 3R, AT SE
BT 0o J g ok YR M A 11 R R S PRSI, A AR
(R B A R R AL TR T T A .
232 RRIRISHT TR R RO Sk, KRBk A

LRI BE 11 IR 45 R R 1) P R A A A R I AR IR
ARG . Fu el R HEE [ CD71 IRk B 1 40
K RTURL ST T 0 60 8 SITR AT i g 1 v A 2 1 L R A
1% (magnetic resonance imaging, MRI) #ll . Vannucci
S e 2 R TR A AR A A T DN R
BRER O SR R 2E % o-MSH JIK S 2 1 B 2 % [ AT
MRI S AZ T B GK RORL, SEBIL T X 28 €8 35088 1A R S 1k
B 1) 5 A8 E A

VLP K H 35— [ g K 55 16 F G B ke 14, 78 70 1
AR R RE R I S o Cho 251 NG —Fhowt & Jz 2B K
DRl -4 45 e ek 7 B A vy BE SR AN D I 45 G IR ETp72 184
T BEGOK URL T, BT SEEIL 1 Rk R i A I
R S A AL A AR . Wang S5O Vi T —Fh E A
VLP #4¢, 2 LA s 42 17 ik RGD (1) LB 289 35
O E BB S, IF N BB BT 2040 G R ] e 5 4% .
Z Ak Fid i RGD kA 3 1) e m A A, AR g
AR T A TR AR T R .

W& R BRI K e, 2 45 g A e 42 it EL 4D
5 R RN B T2 W A A PR 1) OG8RI . Zhao FE!MT
PR TS A% 2R TR e B VAR T8, TSI T
B RS W 2 A A L OE R R S T2 4 A (positron
emission tomography, PET) Fl MRI ] 2 5 2 il 88 1%,
8. Yang R H B AR PUKBURL DG B E S5 ALY
SEETREAR, Wil T —FlBEaRS =M
ILFEEE T YE A TP RL SEEL T PET.MRI S
Y % (photoacoustic imaging, PAT) [t = #5245 1% .
TESE AL b, Jin M TR USSR E A, ST
FHe B MRI/ZR G AU RS A8 5 PDT Dy g T — R 44K
Vo, SEIL TR IR AR S R
233 Bir—iMt RAEBAMEEST — b
DL RRRARE S Jin S5O Y BSA AR MR & i T
/INFeS, 9K 55, SEBL T 6 H/MRI/PAT = 45 1lid% 51 %
NHIPTT 5 PDT W [FV6 Y7, AR 1 R IR R I T 7E 44 22
ZINREILIT P E TN . Jiang Z5"VHR FH TR 1L 10
N H %% -8 A (human H-chain ferritin, HFn) #4 & |
SR AYUORIREE, AT 249 DOX 34 T H iR
F1 98 N, T2 HFn-DOX i1k R4 . 1% RG] 128
e 5L B S 2 AR AR 51 3 T RS Y T,
B 5RrREs TR —Ea e, #i—PHE
B MR N I 20, Nasrollahi 25205 47 S0 B 1 4
HEE AL, TPk RS B8 5 2598 1% T
REMIE SR ARG, NSIT — IR SRS 1) SE B2 (i 1T
BEIM BT . Jiang U T — Bl R O M R IC 47
(1 Mn® /F~ 3645 22 90 KBRS B A 1 28, 3R DOX 5
D iE st B R -Fe® W 4% B, R R4S pH e Y.
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YIS IT —HAF & - 1% MPN B 2 7E ML RAE 2 Hh
PRAFFASE, 110 78 i 8 R 1R S A 35 P IRV A 9, SE B MRT
515 TR R E RS B R T

LR L3 RARAT HLARA R IR 1297 b (1 82
SRR, 4% L ILRARE AR L BTN IS A B 257 3
TR S ARRBE FUH NN R 2 i

Table 2 Applications of natural organic nanomaterials in tumor diagnosis and treatment. CSCs: Cancer stem cells; TMV: Tobacco mosaic
virus; PTX: Paclitaxel; IM: Immunotherapy; OSCC: Oral squamous cell carcinoma; CRC: Colorectal cancer; UCNPs: Upconversion
nanoparticles; GM-CSF: Granulocyte-macrophage colony stimulating factor; LLC: Lewis lung carcinoma; SDT: Sonodynamic therapy;
DSTG: A lipid-like prodrug of docetaxel; PPLA: A lipid-conjugated photosensitizer; HCC: Hepatocellular carcinoma; HBc VLP: Hepatitis B
core virus-like particles; HFn: H-chain ferritin; ESCC: Esophageal squamous cell carcinoma; ICG: Indocyanine green; MNP: Melanin
nanoparticle; GQDs: Graphene quantum dots; Cur: Curcumin; Cs-P123-Bio: Chitosan-Pluronic P123-Biotin; Cs: Chitosan; HA: Hyaluronic
acid; PArg: Poly-L-arginine; CLL: Chronic lymphocytic leukemia; ASP: Astragalus polysaccharide; PGP: Polysaccharide; MF: Mangiferin;
mPEG-CSO: PEG-based chitosan oligosaccharide; ZIF-8: Zeolitic imidazolate framework-8; MB: Methylene blue; RB: Rose bengal; Cy7:
Heptamethine cyanine; Hp: Hematoporphyrin; MMF: Mangiferin amphiphile; 1: In vitro; 2: In vitro and in vivo

Category Carrier Therapeutic agent Tumor type Therapeutic mode ~ Modality Ref
Naturally occurring HDL Salinomycin Hela CSCs-targeted therapy 1 [63]
nanoparticles ™V Phenanthriplatin MDA-MB-231 Chemotherapy 2 [68]

VLP DOX, ellipticine MDA-MB-231 Chemotherapy 1 [69]
EVs PTX LNCaP, PC-3 Chemotherapy 1 [78]
Exosome Lapatinib SK-BR-3 Chemotherapy 1 [79]
Exosome DOX HCT-116, CT-26 Chemotherapy 2 [80]
Apoptotic body CpG-gold-silver nanorods EL4 ™M 2 [81]
Apoptotic vesicle Bortezomib STGM1 Chemotherapy 2 [82]
Thylakoid Met-PLGA oscc M 2 [83]
Biomolecular condensates DOX 4T1 Chemotherapy 2 [86]
Spirulina platensis DOX 4T1 Chemotherapy 2 [87]
Diatom microalgae Rhenium(I) tricarbonyl CRC PDT 1 [88]
Thylakoid UCNPs 4Tl PDT 2 [94]
Exosome Exosome MC38, LLC, 4T1, B16-F10 IM 2 [96]
Exosome GM-CSF LLC M 2 [97]
Ferritin Anti-PD-L1, ICG BI16F10 PTT/IM 2 [102]
Exosome Ce6, R848 Prostate cancer SDT/IM 2 [104]
Exosome DOX Gastric cancer Chemotherapy/IM 2 [109]
Exosome DSTG, PPLA HCC Chemo-PDT 2 [110]
HBc VLP FOSCAN MC-38 PDT/IM 2 [111]
- - PANC-1, MDA-MB-231 Liquid biopsy 2 [112]
HFn Magnetic iron oxide ESCC Targeted MRI 2 [113]
HFn - Melanoma Targeted diagnosis 2 [114]
Viral nanoparticle E7p72 peptide HT1080 Imaging 2 [115]
VLP ICG 4Tl PTT 2 [116]
HFn - HT-29, MX-1 Imaging 2 [117]
Apoferritin MNP, Fe** HT29 Imaging 2 [118]
Ferritin Ce6 4Tl PDT 2 [119]
HFn IRdye800, DOX HCC, HepG2 Imaging/chemotherapy 2 [121]
Ferritin GQDs, Iron, DOX MDA-MB-231 Chemotherapy 1 [122]
Macromolecular Protein nanogels IL-15SA B16F10 M 2 [32]
nanomaterials based Gelatin CuS, Fe,0,, Cur MCEF-7 Chemotherapy/PTT 1 [34]
on natural products HSA Peptide based inhibitor P3 HCC CSCs-targeted therapy 2 [58]
BSA Cur/DOX MCE-7 Chemotherapy 1 [59]
BSA Chlorogenic acid MDA-MB 435s Chemotherapy 1 [60]
BSA Rg3 HepG2, A549 Chemotherapy 1 [61]
BSA IR780 MCEF-7 PTT/ PDT 1 [62]
Apoferritin Vincristine sulfate USTMG Chemotherapy 2 [66]
Apoferritin Aurothiomalate A2780 Chemotherapy 1 [67]
Cs-P123-Bio PTX MCF-7 Chemotherapy 1 [70]
Cs Cur MDA-MB-231 Chemotherapy 2 [71]
Cs NiO-TiO,-farnesol MDA-MB-231 Chemotherapy 1 [72]
Cs DOX LNCaP, PC-3 Chemotherapy 2 [73]
Cs Sorafenib HepG2 Chemotherapy 1 [74]
HA IR-780 MB-49 PTT 2 [75]
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Category Carrier Therapeutic agent Tumor type Therapeutic mode ~ Modality Ref

HA IR-780 RENCA PTT 2 [76]

CaCO,-PArg@HA Cur 4T1 IM/pyroptosis 2 [77]

RNA PTX KB Chemotherapy 2 [84]

DNA BKM120 CLL Chemotherapy 2 [85]

Liposomes DNA HeLa M 2 [101]

ASP Baicalein AS549, HepG2 Chemotherapy/IM 2 [103]

PGP TTQPL CT26 PTT/IM 2 [107]

Cs W-doped MoOx MCE-7 PTT/CDT 2 [108]

BSA Ceb6 4Tl PTT/PDT 2 [120]

Self-assembled MPN Fe*', MF 4T1 PTT/ferroptosis 2 [50]
nanomaterials OA OA 4T1 Hemotherapy 2 [55]
derived from natural mPEG-CSO Celastrol, Rg3 Pan02 Chemotherapy 2 [56]
small molecules ZIF-8 Cur HeLa, MCF-7, 4T1 Chemo-PTT 2 [89]
OA OA, Ce6 PC9, 4T1 Chemotherapy/SPDT 2 [90]

OA OA, MB, RB 4Tl PTT/SDT/IM 2 [91]

OA OA, Cy7, Hp 4Tl SDT 2 [92]

MMF PTX PTX-resistant 4T 1 Chemotherapy 2 [93]

MPN Fe’', EGCG 4Tl CDT/PTT 2 [106]

MPN DOX HeLa Chemotherapy 1 [123]

3 RERRE

Jii 98 11 Sy 712 R N S (kB ) B K, L
TRIT T B AT RSO AT TG AN RS S 2 R i
S22 T B 7 AR 2 P A I TR T R B R AU
FEHAIT RS H A B . ALRGLER T RAY
KA RHE 8 3 97 Uk R (R S, S AT T LRR
SR LKA R (R S L AE 2538 3% 12 T LA R
R 5 2 WL R TT S 05 T R Tk R . BTk
W, KARGOKA R AR T8 ORIR) 2 K A=A
M R AP S, MRS T P B B 22 R 1k N P
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