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% B NARBE AT G IRIEIT R R, KA 20 B IR 40 K BUA (natural cell-derived nanoparticles, CDNPs) IE
FHBRARZIET AR EEZT A —. CONPsEZWFEFHWIEN . EWEEUE M EWBRESH KR €118
HEAREMAMMAN., REWURFEH AN BN, % TIAKN R EE RZIET WA RER T &
RORL; FBlBE, 8645 AR 48 B 2 Wy 4F £ F KX CDNPs#t 4T TRk iE, %0 w745 2 B9 ) 300, s M EAGIEIT Ao tf
HEFTHAE. RXER T HFKCDNPSKE S M RF RZIE T PR H#HR, AR T 0. MW URB AN
IR K IALAE S JT 6T P RIME R LG F L Bl % 77, kb, CDNPsE K& tE . 4 RMEURAELHEE TENF
E— R FE A, AR SCFCDNPsH B2 I IR . R H LR B IR S#AT T HEARIT, § £ 4 CDNPsiy K R # % fn &

AR B FE b A A
Kebilia] R4, w IR AUKAR, RORIETT, EHAE M

PRIV ) A 0 P R LR S8 2R G 0 i
RIS, eIy R A IR R B B R g
RGP — PG Y7 A, ACRIER A
GRERA IR AE 2 LAk, — R R
ZERRM, pEiny T B BRI R E N AL, FERR
FIAYT A RAF IR AT SR, (Rgem sy
TEAEAEME LASE UL o 3 8 FIORS IR, 5 A S e Al
KEERIVEI; RIS, ey ik i R L R, AL
BB kAR, DA B WA T RIRIT R
P R, Ot SRR e KA
A 2 RS SRS BT TR B L SR I T AR A
1 B AR KB RIAT B2 5 il A S8 SR 05 7 126 o v i PO R 29,
0 R SSOH THE 3 15 AL AR SR 78 G 5 2R 0 A T 3 i G 93
7.

BEHE DTSRI ABITRA, AN LBV 25 AR
BHA AR L Wil 2% AR AR RE, JF

HIRTTRCR A R B WU, PRy & N4 4
LR AR RL TR R G R iA 70 ik, AMTIFER
H B I 17 K AR AN R IR B 99 K JkE (natural - cell-de-
rived nanoparticles, CDNPs). CDNPs##] & BLF 1L/
MR () ORI I, AR Ry “platelet-dust™”). #247,
5 N AR XA B AT L5+, [HREE DT
FEMITRA, 2012090448, AT & B4 AT A Ay 4K it
KA W AR A 58 RARARAH EL,
CDNPsif & 1 AE AR P s R SR R G AR, 4k T
UL A LE D TEPE Sy, BT R R AP AR 4
PEFNGRE P T REE, XA A H AT RSk E, — 24
KR Y CDNPsid A e AT ¥ 10 P, REASZEAR AT )
FrE LS. eAt, P2 sk IR 1 CDNPsif
AT DAHEA T BE D TR A e AV A, F— 2 3 i )
SRR E S, TR inyrlY Wi,
CDNPsTERPEIRTT HH AT AN E 2Rk I AF R A
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AR, WERANRERIFTFFE T & Fh 281
CDNPsH T inyy, OIEizLaiaii . iy
M. AP . B DR IR AR EOR S, ET
H 1z (RN A W4 TR, CDNPs I &8 i G i
TRYT RS T — NS . ok, JEH TR AR
2EABA S TR WAL T R CDNPs, T HohR i A4
Vi TRg, W RREAE RN PRI A 75 2R . A SO
AR CDNPSTE G2y 7 40k Hh o it R R4 T T A6,
LR FIR BN ANMG . AED) AN A B W o TR G 4k
UKL 1), RIS HAE AR A A R I FH 1 5 S Pk K

1 RIRAMNEIRTERBIRI 7338 . Hilles B
UR Y S B

HRAECDNPs AR, o] DL HA R sh it . Al
PrIEAE LA R AR E M IR G R UKL, AR T ROAL i A1)y
REANIA],  SURT LK Sl 5t 20 2K UK 53 hy 40 L 3 96
AL/ AR IE R ZAR UKL S5 AR W TR A K 0RE S ]
PAIE— 2503 AN A0 | TR IR 0 K DR
BRI K IURL 55

F T HAG AR . KAt B 1) CDNPsHE T ALl A5
FNG R, BE & A4 B 25005 (ultracentrifuga-
tion, UC). % FEFRAE 25,0574 (density gradient centrifuga-

tion), REWVIIED(polymer precipitation) 2k S G BEfili
3R32: (immunocapture) 35 78 N i 5 15 F T CDNPs ) 43 2
Azl o s H AR B0k, T USRI
R 0 BRI R AR M A A B e, SR P v el
WA Al R A v P AR R R . X e A LBk, TR
B A AE— 2 (R BR M, B AN AR AR i 4 i 25 5
PR, AR bR N H T AR B A 2 AR L
$E = CDNPsH 2l B FIUEERCR. h TR 73 B 3R A5 1Y
Yo T ) B RRORE, T X HE A T 2 I
BT3GR, 3 SR P ol AR A L S A
BT YRR Y K NFIDE S S5 A A TSR . IEAh, $2
2 T RIS 1 94 A IO 5 SR 1Y H R H i T
YooE, PR IRRRIE. (K, CDNPsIZ B F%E e &
—MNRGMETAR, WP ARG RN, USRI
BB 4l | B i CDNPs FH T 5 £eiF 58 Al PR
.

TE5E L CDNPs B il 25 F 2 J5, o —2 0T
CDNPsHA Wt Je . i T CDNPsili F KRR
AR, TR B R AR A A, SR E R
PEAS B RSB, [RlES, CDNPsZR IR ] g 23k
FRER 2K, Rt 548 I BCIARSS A 40 ) R e 1Y
Yk H 2. F|FHCDNPs i 825 Yy al e e i 15 43+, HE
WA AR AR N RS e tE SR, BRI SR I A

RARUBAIRIME K FRL
TR AR BRI YRR EEYDIRME K Bk
%L &7 ﬁ% S - 'S
- o <« - o S
EE9E MRAEE PtREE ":\,‘N&}‘. s ‘/‘? 2>
W | Az wam i SENRER
ABHER .
(©) O] R ® - e W
e N P >‘\ ‘f‘i \ ) L |
. i _ e T amEraxEn
A BEF s 5
pads @
(v Jid® NN ) * ® o Iy #* W
/)R (MRS 4K IR %:% ﬁ
a8 me ® T
o EYMears . RAr 2. o KR 2. AR, | iR FENEWENE. TR
AR HermmMs HHF=. TRWNSEYIS
R A4S, ERER. U85 | R BYHTIRABRA. it | RR: RRRMR. BYHERME
RN QM. BRNECUT IS (2] I [= st J3

B 1 (SRR ()RR IR A IS LK 0k,

Figure 1 (Color online) Representative natural cell-derived nanoparticles
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AR RIE . 58 MakF B L, CDNPSHE 5T
B AR N AR A, U T TR R YRS R R R XU
Klt, KIRCDNPsTEZ ik . FEEIRYT . JEW T A
DL BRI W AU o 2 BN TR

2 RGP AR ARG Y

Wi

M1 FE i (extracellular vesicles, EVs) 2 i 40 e 57
WA B — AR AL F IR L R A5, 30 1Y
HEARANAAR T . BRI . IR IR E 2R A TR
PO F, AU (5 P & 35 VR AR A
IBRIIARRE], AT EVSI AIMNBMA | B AT/
PR =2k Evsil# BA RIFR AWz K5
JPE B DL R AT R A, FE SRR T SR Y
N EBCA AR R AR Z —. AT XTE AR RAN
[] 2 LA IR R EV sTE S 281697 TP B I 2R AT 1 45 A
A, CFEE RN, RoRAM . PR, B
SIRADINK)ARAE . TAHML . (Rl FE5T 400 . i 20 A
DI —2 I EVs.

B B4 AT A= BIEVs (macrophage-derived EVs,
Mo-EVs)4t A& T AR Z0 I &R e FeebE, REES
SIHATRPEE RN, Me-EVs AT L[] 875 Fa52 410 il i i
JEEREE, WnT DGR ik H g B R Y S 5
TALARJE RN | B SR RSk 4n i
(dendritic cells, DCs){E M E FPTIREHAiH, HEVs
A Z IR T FAARFSE R D Cs ] DL i
SYUAFEIAMHCL, MHCIIRA K A T A0 i il 553 11
PEHLTE R PR S P O TG A A PR TR L ™). ]
$ B DC-EVs 114 P PR AL 1] i ) AL 2 — > iR
g [l R, A JE R T AR I 7 i B e S e
DC-EVs, I DL 1 0 1] i 75 P90 40 6 344 5o B0 23R
ol rper 4N SRR IR IR A6 2R R S8 =
RAGIEAM, SEHCES TR BB 2. TR PRI i
T HEEVSAT LA Iisd 40 B8 115 i i, st e A fk
Jr 2] KO R AR T A, TR A i AT
R EVsHEHT R A A B2, ATg ] TIRYT A
N I A ™) N Se R A 22 40 vh ) 4
B4y, DAHARRE S M 0B Mg Andois 2 D) e & FK.
NKAAIEVs T IREE 1E H 3 2K T H R R IR W £
FhIGPED T2 fLE . PORIEE . FasLLA KX TRAILSE,
3 3 375 5 I s A0 e R T il R 22 R e R 09 R
KM NKAUMIE VS AT BEIE 25 miRNAXS i 28 BE 41
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T AN B BN H A w0,

TN 3G NS NV R E S 5%, HATAER
EVsZHEHF LAY T AE 7. 164kCDS T4
IEVSREIE I T 5] 70 s i S 41 L8 T FE 38, A1
IR iR 2 AL A Y T AMEE B 26APD- 19T
NN ED,  RE A% 3 o BEL T e 20 B L = 23K i PD-
L1, FEARJE&X TAN AP HIfE P, vs T4 EA R
EPIPE TGN, WA yS TAMEAEVSAENS B A Ui E
A JETyS-T-EVSH B Y R 1 IS ISR DCs Y
PU I 2o 0 M43 A 2 8 LA B A0 it PR 1 4 B,
55 T Y P e S T A S 0 . 18] g T
— PR RS A A, JE D TRk e 1RSS40
MRS KRR E W BirE A, TR, WRIER
DA% BT 2 7 R Y 9 9 1 220,

iy £ R IR BV s#E 1 3 5 10 e i S bt
B, AT HR A SR R AN R . MR EVS AT LIYE
R AR 1 sIRNAFH T 1G58 5T IR S 169727, e
21 - 5 W 0 B E Vs P LA R) R 7 bk £ 285 RN S (4 v LR,
ST T AT AR = A A TR 30 T e S R a5 %,
e A 515 21 200 B M 75 A5 ) A Ak 2 76 T 3 el 05
PUIF A8 507 1 5 G BEAS AT s 3R 7120 ) DR TR
P 77 925 AR A5 1 il A 5 36 34 T LR T30 I SARS -
CoV-2J B s KA EVSHIRER R 2 —, Z4LEVs
AT LUK AN [ 40 B 0% 25 ) D) REVD SR T8 L — IR L I 9 K3
JPV 6, RIS 2R ol 22 A AR AR A 1 28 LT g,
AR T PR TR 2 e Rk

I/ NHAE R R A ) —Fpedn e, M EEE
AR5 TR A BB /NER. i/ INBRO AILAA A L 1 T
REM ML, X RAEF AL EA WNAEREA S, Tt
CD40L . i H (1 D e P-4 23 45 53 Ah/ 2 E 1) 1l A5 1
ghg. T I/MRIE AT A 1 40 B AP (platelet-de-
rived extracellular vesicles, PEVs)n] LLif i 1 3P1 4 24
YT RIGTY, FmarEiififiacute lung in-
jury, ALDFFFE/NRITSRAE. L TPEVsHI 254
ARG T LU TR RGBAE T R B Sk e
BRI, /MRS 7T LB A 0 i i
il 25 Al B B BE VO RE AN A IIURE, 55 B /DAL F 0 ) 7 3
S 1) Bl KRR R AL BB () B 1),

gi L, s An R A 9K R AN AT A Ry 24
Wi ik AR, TR AE VAT SRR S SR B A 241 7 Thl
RAEAE FAVEH]. M T AR GEa KA KL, ShPpilitk gl Kk
Wik AR YA ARG . HTTIZ L AR SRR R, 2



() I A il A AR vy . SR 28 AR T ES AN B
TPE SN AF R AT AR RIBTFE TG B — 2D s sh IR
PEAR R AE S RE AT R D REDILY,  FFUL AL HAE
Wi O FH P ) 22 PRI R

3 R TEGAK PR TR IR I

Wi

FEYI IS PE A0 K Wkr (plant-derived  nanoparticles,
PDNPs) i LIMAEYI RS . iR, AR R SR ROk
%, SRR . AWM. sy 2k,
UM HRE L K 74k 2450 ORI TR A PDNPs HAT A [H]
ML ST REREE, PTRE S A AFEIMHTEAR] . )
RNA (miRNA)FIAEEIAE. I, 172 PDNPsE
LR AEYITEYE, RENSES YR R VTR, Bilan
IR G R G . )3k 2 W sl G R R A T
RITT LR RPEIRTT. 5 sh IR IE 9 K R AR L,
PDNPsHARBUHXT ] 5, HAAYIA BRI 2, &K
UL FR T4 4. PDNPsIHEBUN T 524 221 40 i b5
FRE YL, REREIE T B0 . ISR D A
I Es  FR o B kP ik, PDNPs A 2 A
AR, H 24k B 200 i KA A £ i % 7 FH A5 51
B9UE. A%, PDNPsI R 5Tz 4544 At A R
PEER T > e 0 [ PR R TR 3. Rk,
B Xt H A 2 R B ER A T %, PDNPsA AR %
PERIT S T AL

PDNPsfEMSAKEE A B /94 W6 M I B 5 2
M TEE G I R R, AFE R
PEABTNRE . WG e RN A5y X, FRAIETERRAE |
P FME YIS AR L. ASHE I —F AT
2 2GR R R IRAE Y, AT AE AR RIURE AT LA 2
E W2 G fe I o3 Wb Ak F-CCLS FICXCLY, i 14
T8 AT 200 P 32 1 400 ) e A R - R S e A A
JEIGTTROL AN, ASRHEGRIBURLA i] LIS 5k
RN, BT LGB N E A A TLR4/MAPK R 5
M T RAEAITPT. A% RarSetE s W&y,
HAm A ORI A R e s . TR 2
HEEVSHE I 05 A 9K & v] TP R B sy TR g iR
JrPSL KGRI TR G 4 R TR 11 AR BES A S0 i
vS TN, BGOSR ARG s A1 1 50 7E 2 A R A
VAT ASCRE. gl RS (0 R R 1 IR 58 5 5
TG EAN & A EAER, BB S MiEYyS T4
Mo TR -y(IFN-=y), [FRtyS TZHAE#E S CXCR3-

CXCL10%hEH 2 ibgd i, 1 58 Jed S e iR bs.

FE P 25701 A GO IORL AT 8 57 9 2 0 A 251
R [ e 2 AR Y R e ). Th 25 B AR AR Y
YRR ZAB M M35 5 RE NS 25 S s 20 24 I 1) i 8, ek
A4 AR PR T RE R 0L, rp 25 A IR A 40
KB AT LK B 59— 2L T BEmiRN Asish 2% 24T 198
A, W E T PI3K/AKY/mTORYS 530 %, f2FROS
AR T, R A PN R A PR 8
M0 g i A K L SR RN A A Y. TRR ARk
1t ] JE— 2D AT PDNPs ) [ M, SR TEIE 1A cRGDJIK
) A Al SR TR E V s RE 8% FH T 408 ) 152 S5 93 44t 328 326 e e
EAETL Y/

25 bk, PDNPs F B EA AN [ (1 G ie i 5 1 H,
AT SRR A A A EAE T, X SRR e R A
Y& OE [ AR e A, [ B B R AR
A 4k, I, 3T PDNPsHHT RIS R IE7E
HREIRYT T HAA AR S AT A TR RN R L.

4 RIRGEIRTEAUR BB AR Sy iG

e

B VR A R ORI PR B 28k SV 40
S BRTEHA 2 —. B IR R BRI T
YNE . ELUA R RS HOEY). SRR W BT
B 1 R TR BLAF (AR AR 2 e, BEAS A A
LI HAb, BRI R PR A
SR RITHPERLSY, (AR LA e 2y T B
IREGEH-

4.1 4NEIMYEER

B /MEFEL (outer membrane vesicles, OMV)/&
e TR R SR AN R TG AROK O, 38 45 LA A
HIB ALY, Rl e AR A G 7371555 (pathogen-as-
sociated molecular patterns, PAMPs), QK . KM
PUSCHE 3 4, — AT R R s, ie bk
A% I FIOMV AT LG i3 Il TR R -y i AR s
P Peg e S W, i KA s AT T AR,
AR IR B M oL, 38 s R 3 [ AT )2 AR
MR AN MR, AT SO R 0 AR R T S S
B S ZFPAMPS IR B OMV ELA R 1) i il
PAEH, A8 0T DIAE A T i Ve sg e 1. % & 4 PAMPs [
YR OMV HEAT U F H2 R0 AT L5 3/ N AN A S i
‘B DCsHIE W4t i S5 ry g i m . Dy, #m/h
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R 2 ol PR 38 14 I 1) ST R B o g 01,

AR OM VA 1] LA 671 2 25 4k /N 431400 ol 551 A4
iYL RS, R EOMV 4 — ik 2225 | 1
& 25 ) s B 00 45, AT LA A O ek R A R T
IRBESE Ty 2 o g S e i e T Al 35 24 7 i
Jo P Y755 TR AR AR R R DR A B S I . ol PRI T
FRAL IO 1Y )7 V5 T LAZEOMYV 2R B IR, (5 A ]
FifrEE R B R 2 M R S P A SR sl g, i
PEOMVZE IR N ()35 35, Al 1 3 siRN A Y 6 26 1%,
PR T AL B A OMV A AT LA 3 e I8 1] 5 G 40 &
PG PEVETTVE . TAMSHE At = & AY IRg i i 1 e g
A, eI SR i B BRI, it
AT TAM s 2 25035 IR G 28 10 il S R 5 0 18 ik 7 988
ST TE IR S 22—, FIHIOMV 1A #aCD4 74T 14
AT LA A e R 4 A R 4L A CD47, TERE
W A A W T RE RO TR A, OMIV & 72 G028 TRV F
I3 bR G A B ),

F TR 40 RS R DU E Vs [ B 1 S SRR A, M
DL A S BT R feg, PRIt OMV AL RT LA i 240
MIEVsi 7244k, T Haa8 I i R IRTT . K
FI BT A9 200 5 ST e e 40 i A0 4 7 o B R AR Y Rl A5
YK TR RE A% 1 AR SR 4 LR B R, 388
Jo A DG BT B ) 2 8 375 S 3 K ) T TR 2 S g O,
OMViA ] LU FE e ss, B Ae g s i
B, [FIITOMV [ G2 I AE FH tho mT LA Hip B 2 9 g
i orsEl .

BRI, FkERANHOMVITiESZ 3 4
Bt G BB, T RGR R A 4 OMV T EAR
SEUAVEAY SR O E. 25 E R, ANE RSN K
Bnl LUl [ B e M ER . VR B 2k
PG R TR s R s SR G E SR B8 LA K A
A RE A5 R TR S e IR T

4.2 FRIEVEGOK Bk

L R U P 248 K R DT A AR 1 £ 0 1 B R
FEE, IRAERAZ B Z 1 . BRRERFEN
IR —, HANRE FEZ LT . B-H A
HERRME AL, XAl Re8 5 e A A A A0 E
YEH, WA RN, BLoh, ERAE=anem .
BRI AW, A B R Re T R, A
TGP A A R 38 ELA R Y LR AR AR R AP A=)
TEEE, TELGYBak | PEN G MR S e ib Y7 h
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b MR SR iIVAEL: B

P BE DA S — B B e B2 4k HON ) 2 i
P, G R R ) B SR C BOIE I B AR
SIETTVER, AT E Wi . Aotk an M A5 A
TEAL. TRERE 20 LRE AT A= i 9 K UK I8 N T 5 5 BE 8 B
DCsRBIIIF TR 2 I 5 1 bk 4, Gomk e 2%
IR v Y S e AR Ak, 30 g S e R A B
I3 b A= 42, T AR P AT A A 400 0 AL
VB B B CHEOR, 25 & W R GOR UL R 4119 e %
P BRIy, IR R A 1] L
FHT R 8K 259, $2 s 2590 00 A WA E R 7.
T B SR (14 G A UKL FT LA 70 5 BT 25 FH T34 i R AR
FERdT, RIS B SRME AT LLid i IR 5| Dectin- 12 ] /17
T Peyer’sHEH 1 AUMA ALY, BB PR E 9 K B0k AR A
HOpRR Y S e R T LR A R ) 25 sk ik D g, AR
T — I IR YT IR B A O
4.3 i ERIRTEAK Bk

I3 B R P 40 K WK (virus-derived  nanoparticles,
VNPs)J&—ZRIE TR R T gk vk, BA 5
o BE AL Y G AR R AR A B B TR P O, I AR AE Ay
TR 52 . XEEVNPs AN FELNEE, ©
TIAREA G, MR AeE H TS e i
N 3E I TR R s A B A i, T RAXT
VNPs AT B0 i HBAT 45 A0 R A )

R _FRRHIESR, VNPsil b HAT 5 B 1 Gy i vk,
REAZ I 1 5 15 58 IR FE N IRl R 2 5 | A Bt i
RN T 0 S BE SN, B G AR s 5 4 K SR I A B
T8 P SR AT DA SE S 0 /N BR SR R G R X Bt 2 R i
TR AR B gT R, BT AR EEA K
SO TT DL g A 22 S i A R A TS AL R T L 3
RGP A R VAT DL B A RE B TR YT UM S
201 VNPsif il LIVE N 259k ak ik, DR AT
A R G RO B A AR Ry A8 3% e IR A DX A DG 1
T-15 e A (tumor necrosis factor-related apoptosis-in-
ducing ligand, TRAIL), 5 S 40 071, Jisgg Sz 4
T IEE BRI 1 e A %) 516 DR e 5 R oy P B2 I i
2 R K J5T A/ S B A R T LA S S e Ak
I, SRR SRR Y S R e S, B iMDCs
AT bR T R e iay 74k, VNPsti 2 51
ALY RE R, eAh, TR i 5 2 VNPsiA A]
DU TR R PRI A28 KB G 4 458051 VNPs



Ve —Fop B S e ity r e, da it — AL VNPs Iy
BTG EOAR, P HARE A e i k.

i LRTIR, AERIRIEAOROR B A EE Y
TWTE . 5 TR A ™, B 2 R A0 Y e it
P ESRhIE R LA AT REAFAETE R SR R L. X
WIS E 8 K BORLALE G5 97 A AR FH AL B R A T A%,
oA B T b s st E T e B S BEiR Y T S, IR IR
LR B 2 1%

5 Rgihhes

AR SCEE IR T AR SR K SR A1 I R P g oK R
(CDNPs)FEGPEIRTT TR B s b, dEshi ok
U5 FEPR IR DL RS AE MR IR 4 K Fkz. CDNPsTE
A HA RGPS, SR, v AP R
FAELE TAE G 9K AR, CDNPs s3> —1E THets
ZEL— LA PR, TTVE SRR /Ny 2 ) RO R A
(3% T H, (A2 oz B R s, Bk A4
VIR, HELECDNPsdbzR T (ARG 2 1, HA
—E R, BEAEA BB AT 25 W% B H BR
o, I 25 03R 7 AR, RIS TR s k221
AT EE 0 AT RAXTCDNPsHEF TR, DA P8 3 v e
PR, 2ipReaRae Ty . FO PR S e A MR AR, X R
FE L I CDNPsRERSET X R IO AN I B 2 21287, 3
— R RPEIRT TR, AN, CDNPsAYGRE 815 1
A Z R, 7R R e S5 T i FIAILHI A TR, i an,
T I Jpa A A 55 v 38 T BE CDNPs & 35 5 58 0 VE 1,

5% 30k

TP M A A P o DU A il a3 ) e 24 .

JXE CDNPsTE AT T H BB B R 4y, (H4E
S A oK R R, I PR AT T I i 22 Pk i
(1) CDNPsfy 5B AE Zetsin 7 HA ™ . fil4 L
K AEALMERE . B AR HETCDNPsHY & R ZE, 2%
A —F ke s Al e AR R H TR Rk, RFELASL .
ANFIHER Z 6] 0] REAFAE 22 5%, AN SEBR R HIURRE | Frife
FE I CDNPsA: =45 — iR iR A ) 5. (2) CDNPs
2L FRAEATS T i — 20583, CDNPsiRIE . 2L
FALEL Ty AR 2 g Hoe bk, alifbad B b A A7 AE
TG IAI,  CDNPsHEMT B A4 W P o0 nT REAFAE—
SE I G S AR, P A 5 B2 (T et e 4
PE. (3) CDNPsHARNAEY2EHLE A 22, 5
CDNPsUNMA[ 533 . W] #8575 (A4 41 i 24 90 136 40 ok
PR 5 32 R4y A3 LA B 5 A B AR AR A (4)
CDNPsAR PR A REiR . AR TRk T
TS CONPs R ) M, (HXS F SR Se i Py PR g0 oK
WOk kL, T AU FIAA, BT T X H ) el Fn
YTE.

B2, AKCDNPsA 7 1 WL kL. Bl T
CDNPsA: YA E AT RE TR A B, ST AR fkek
R ARB AW, CDNPSTESAEIAYT b i FH 5
KR . Gl 2 ERAAE, ARHAY TR 9
KRR G L R B, AR RN
LA T CDNPsHT ALAYT RIS, R R T
BIT A

1

Bagchi S, Yuan R, Engleman E G. Immune checkpoint inhibitors for the treatment of cancer: Clinical impact and mechanisms of response and
resistance. Annu Rev Pathol Mech Dis, 2021, 16: 223-249

Lin M J, Svensson-Arvelund J, Lubitz G S, et al. Cancer vaccines: The next immunotherapy frontier. Nat Cancer, 2022, 3: 911-926

Sun L, Bleiberg B, Hwang W T, et al. Association between duration of immunotherapy and overall survival in advanced non—small cell lung
cancer. JAMA Oncol, 2023, 9: 1075-1082

Morad G, Helmink B A, Sharma P, et al. Hallmarks of response, resistance, and toxicity to immune checkpoint blockade. Cell, 2021, 184: 5309—
5337

Pang X, Dong A, Deng L, et al. Biomedical nanomaterials for the enhancement of immunogenic cell death-based cancer immunotherapy (in
Chinese). Chin Sci Bull, 2022, 67: 1436-1448 [JE/NFl, TN, XBIEAR, 55, A= 408 PR RITE 58 IIeg A0 e s e st se T it o . Rk
iR, 2022, 67: 1436-1448]

Xu'Y, Ren X, Yu M, et al. Nanotechnology-based drug delivery strategies for cancer therapy (in Chinese). Chin Sci Bull, 2023, 68: 4346-4372 [
BA, AT, B, S5 SET YUK 24 Wit 16 SR S AR RE R T TR A B . B2l iz, 2023, 68: 4346-4372]

Wolf P. The nature and significance of platelet products in human plasma. Br J Haematol, 1967, 13: 269-288

Zitvogel L, Regnault A, Lozier A, et al. Eradication of established murine tumors using a novel cell-free vaccine: Dendritic cell derived exosomes.
Nat Med, 1998, 4: 594-600

Wiklander O P B, Brennan M A, Létvall J, et al. Advances in therapeutic applications of extracellular vesicles. Sci Transl Med, 2019, 11: eaav8521

3821


https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.1038/s43018-022-00418-6
https://doi.org/10.1001/jamaoncol.2023.1891
https://doi.org/10.1016/j.cell.2021.09.020
https://doi.org/10.1360/TB-2021-0987
https://doi.org/10.1360/TB-2023-0802
https://doi.org/10.1111/j.1365-2141.1967.tb08741.x
https://doi.org/10.1038/nm0598-594
https://doi.org/10.1126/scitranslmed.aav8521

M4 b B 2025588 FT0%E £23H

10
11

12

13
14

15
16

17
18

19
20

21

22
23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Dai H, Fan Q, Wang C. Recent applications of immunomodulatory biomaterials for disease immunotherapy. Exploration, 2022, 2: 20210157
Garcia-Martin R, Wang G, Branddo B B, et al. MicroRNA sequence codes for small extracellular vesicle release and cellular retention. Nature,
2022, 601: 446-451

Liangsupree T, Multia E, Riekkola M L. Modern isolation and separation techniques for extracellular vesicles. J Chromatogr A, 2021, 1636:
461773

Kalluri R, LeBleu V S. The biology, function, and biomedical applications of exosomes. Science, 2020, 367: eaau6977

Mathieu M, Martin-Jaular L, Lavieu G, et al. Specificities of secretion and uptake of exosomes and other extracellular vesicles for cell-to-cell
communication. Nat Cell Biol, 2019, 21: 9-17

Yang S, Wang Y, Jia J, et al. Advances in engineered macrophages: A new frontier in cancer immunotherapy. Cell Death Dis, 2024, 15: 238
Xu F, Jiang D, Xu J, et al. Engineering of dendritic cell bispecific extracellular vesicles for tumor-targeting immunotherapy. Cell Rep, 2023, 42:
113138

Zhang J, Ji C, Zhang H, et al. Engineered neutrophil-derived exosome-like vesicles for targeted cancer therapy. Sci Adv, 2022, 8: eabj8207
Bao W, Xing H, Cao S, et al. Neutrophils restrain sepsis associated coagulopathy via extracellular vesicles carrying superoxide dismutase 2 in a
murine model of lipopolysaccharide induced sepsis. Nat Commun, 2022, 13: 4583

Marar C, Starich B, Wirtz D. Extracellular vesicles in immunomodulation and tumor progression. Nat Immunol, 2021, 22: 560-570

Neviani P, Wise P M, Murtadha M, et al. Natural killer—derived exosomal miR-186 inhibits neuroblastoma growth and immune escape
mechanisms. Cancer Res, 2019, 79: 1151-1164

Seo N, Shirakura Y, Tahara Y, et al. Activated CD8" T cell extracellular vesicles prevent tumour progression by targeting of lesional mesenchymal
cells. Nat Commun, 2018, 9: 435

Li B, Fang T, Li Y, et al. Engineered T cell extracellular vesicles displaying PD-1 boost anti-tumor immunity. Nano Today, 2022, 46: 101606
Wang X, Xiang Z, Liu Y, et al. Exosomes derived from V&2-T cells control Epstein-Barr virus—associated tumors and induce T cell antitumor
immunity. Sci Transl Med, 2020, 12: eaaz3426

Wang X, Zhang Y, Chung Y, et al. Tumor vaccine based on extracellular vesicles derived from y3-T cells exerts dual antitumor activities. J
Extracell Vesicle, 2023, 12: 12360

Xu F, Fei Z, Dai H, et al. Mesenchymal stem cell-derived extracellular vesicles with high PD-L1 expression for autoimmune diseases treatment.
Adv Mater, 2022, 34: 2106265

Xu F, Wu Y, Yang Q, et al. Engineered extracellular vesicles with SHP2 high expression promote mitophagy for Alzheimer’s disease treatment.
Adv Mater, 2022, 34: €2207107

Yang Z, Shi J, Xie J, et al. Large-scale generation of functional mRNA-encapsulating exosomes via cellular nanoporation. Nat Biomed Eng, 2020,
4: 69-83

Wang S, Li F, Ye T, et al. Macrophage-tumor chimeric exosomes accumulate in lymph node and tumor to activate the immune response and the
tumor microenvironment. Sci Transl Med, 2021, 13: eabb6981

Han X, Shen S, Fan Q, et al. Red blood cell-derived nanoerythrosome for antigen delivery with enhanced cancer immunotherapy. Sci Adv, 2019, 5:
eaaw6870

Rao L, Xia S, Xu W, et al. Decoy nanoparticles protect against COVID-19 by concurrently adsorbing viruses and inflammatory cytokines. Proc
Natl Acad Sci USA, 2020, 117: 27141-27147

Ma Q, Bai J, Xu J, et al. Reshaping the inflammatory environment in rheumatoid arthritis joints by targeting delivery of berberine with platelet-
derived extracellular vesicles. Adv NanoBiomed Res, 2021, 1: 2100071

Ma Q, Fan Q, Han X, et al. Platelet-derived extracellular vesicles to target plaque inflammation for effective anti-atherosclerotic therapy. J Control
Release, 2021, 329: 445-453

Xie L, Chen J, Hu H, et al. Engineered M2 macrophage-derived extracellular vesicles with platelet membrane fusion for targeted therapy of
atherosclerosis. Bioactive Mater, 2024, 35: 447-460

Cui Y, Gao J, He Y, et al. Plant extracellular vesicles. Protoplasma, 2020, 257: 3—12

Karamanidou T, Tsouknidas A. Plant-derived extracellular vesicles as therapeutic nanocarriers. Int J Mol Sci, 2021, 23: 191

Feng J, Xiu Q, Huang Y, et al. Plant-derived vesicle-like nanoparticles as promising biotherapeutic tools: Present and future. Adv Mater, 2023, 35:
2207826

Wang H, Mu J, Chen Y, et al. Hybrid ginseng-derived extracellular vesicles-like particles with autologous tumor cell membrane for personalized
vaccination to inhibit tumor recurrence and metastasis. Adv Sci, 2024, 11: 2308235

Qiao Z, Zhang K, Liu J, et al. Biomimetic electrodynamic nanoparticles comprising ginger-derived extracellular vesicles for synergistic anti-
infective therapy. Nat Commun, 2022, 13: 7164

Xu J, Yu Y, Zhang Y, et al. Oral administration of garlic-derived nanoparticles improves cancer immunotherapy by inducing intestinal IFNy-

3822


https://doi.org/10.1002/EXP.20210157
https://doi.org/10.1038/s41586-021-04234-3
https://doi.org/10.1016/j.chroma.2020.461773
https://doi.org/10.1126/science.aau6977
https://doi.org/10.1038/s41556-018-0250-9
https://doi.org/10.1038/s41419-024-06616-7
https://doi.org/10.1016/j.celrep.2023.113138
https://doi.org/10.1126/sciadv.abj8207
https://doi.org/10.1038/s41467-022-32325-w
https://doi.org/10.1038/s41590-021-00899-0
https://doi.org/10.1158/0008-5472.CAN-18-0779
https://doi.org/10.1038/s41467-018-02865-1
https://doi.org/10.1016/j.nantod.2022.101606
https://doi.org/10.1126/scitranslmed.aaz3426
https://doi.org/10.1002/jev2.12360
https://doi.org/10.1002/jev2.12360
https://doi.org/10.1002/adma.202106265
https://doi.org/10.1002/adma.202207107
https://doi.org/10.1038/s41551-019-0485-1
https://doi.org/10.1126/scitranslmed.abb6981
https://doi.org/10.1126/sciadv.aaw6870
https://doi.org/10.1073/pnas.2014352117
https://doi.org/10.1073/pnas.2014352117
https://doi.org/10.1002/anbr.202100071
https://doi.org/10.1016/j.jconrel.2020.11.064
https://doi.org/10.1016/j.jconrel.2020.11.064
https://doi.org/10.1016/j.bioactmat.2024.02.015
https://doi.org/10.1007/s00709-019-01435-6
https://doi.org/10.3390/ijms23010191
https://doi.org/10.1002/adma.202207826
https://doi.org/10.1002/advs.202308235
https://doi.org/10.1038/s41467-022-34883-5

40

41

42

43
44

45

46
47

48
49

50

51

52

53
54

55

56

57

58
59

60

producing yd T cells. Nat Nanotechnol, 2024, 19: 1569-1578

Xu Y, Yan G, Zhao J, et al. Plant-derived exosomes as cell homogeneous nanoplatforms for brain biomacromolecules delivery ameliorate
mitochondrial dysfunction against Parkinson’s disease. Nano Today, 2024, 58: 102438

Yan G, Xiao Q, Zhao J, et al. Brucea javanica derived exosome-like nanovesicles deliver miRNAs for cancer therapy. J Control Release, 2024, 367:
425440

Niu W, Xiao Q, Wang X, et al. A biomimetic drug delivery system by integrating grapefruit extracellular vesicles and doxorubicin-loaded heparin-
based nanoparticles for glioma therapy. Nano Lett, 2021, 21: 1484—1492

Zhao X, Zhao R, Nie G. Nanocarriers based on bacterial membrane materials for cancer vaccine delivery. Nat Protoc, 2022, 17: 2240-2274
Kim O Y, Park H T, Dinh N T H, et al. Bacterial outer membrane vesicles suppress tumor by interferon-y-mediated antitumor response. Nat
Commun, 2017, 8: 626

Yue Y, XuJ, LiY, et al. Antigen-bearing outer membrane vesicles as tumour vaccines produced in situ by ingested genetically engineered bacteria.
Nat Biomed Eng, 2022, 6: 898-909

Liu G, Ma N, Cheng K, et al. Bacteria-derived nanovesicles enhance tumour vaccination by trained immunity. Nat Nanotechnol, 2024, 19: 387-398
Zhuang W R, Wang Y, Nie W, et al. Bacterial outer membrane vesicle based versatile nanosystem boosts the efferocytosis blockade triggered
tumor-specific immunity. Nat Commun, 2023, 14: 1675

Tang S, Tang D, Zhou H, et al. Bacterial outer membrane vesicle nanorobot. Proc Natl Acad Sci USA, 2024, 121: 2403460121

Feng Q, Ma X, Cheng K, et al. Engineered bacterial outer membrane vesicles as controllable two-way adaptors to activate macrophage
phagocytosis for improved tumor immunotherapy. Adv Mater, 2022, 34: 2206200

Chen L, Qin H, Zhao R, et al. Bacterial cytoplasmic membranes synergistically enhance the antitumor activity of autologous cancer vaccines. Sci
Transl Med, 2021, 13: eabc2816

Ban W, Sun M, Huang H, et al. Engineered bacterial outer membrane vesicles encapsulating oncolytic adenoviruses enhance the efficacy of cancer
virotherapy by augmenting tumor cell autophagy. Nat Commun, 2023, 14: 2933

Xu J, Ma Q, Zhang Y, et al. Yeast-derived nanoparticles remodel the immunosuppressive microenvironment in tumor and tumor-draining lymph
nodes to suppress tumor growth. Nat Commun, 2022, 13: 110

Song A, Wang Y, Xu J, et al. Yeast nanoparticle-powered tumor photodynamic-immunotherapy. Nano Today, 2024, 54: 102109

Chen K, Nguyen N, Huang T, et al. Macrophage-hitchhiked orally administered -glucans-functionalized nanoparticles as “precision-guided stealth
missiles” for targeted pancreatic cancer therapy. Adv Mater, 2023, 35: 2304735

Lizotte P H, Wen A M, Sheen M R, et al. In situ vaccination with cowpea mosaic virus nanoparticles suppresses metastatic cancer. Nat Nanotech,
2016, 11: 295-303

Wang C, Steinmetz N F. A combination of cowpea mosaic virus and immune checkpoint therapy synergistically improves therapeutic efficacy in
three tumor models. Adv Funct Mater, 2020, 30: 2002299

Le D HT, Commandeur U, Steinmetz N F. Presentation and delivery of tumor necrosis factor-related apoptosis-inducing ligand via elongated plant
viral nanoparticle enhances antitumor efficacy. ACS Nano, 2019, 13: 2501-2510

Desjardins A, Gromeier M, Herndon Ii J E, et al. Recurrent glioblastoma treated with recombinant poliovirus. N Engl J Med, 2018, 379: 150-161
Hills R A, Tan T K, Cohen A A, et al. Proactive vaccination using multiviral Quartet Nanocages to elicit broad anti-coronavirus responses. Nat
Nanotechnol, 2024, 19: 1216-1223

Zampieri R, Brozzetti A, Pericolini E, et al. Prevention and treatment of autoimmune diseases with plant virus nanoparticles. Sci Adv, 2020, 6:
eaaz0295

3823


https://doi.org/10.1038/s41565-024-01722-1
https://doi.org/10.1016/j.nantod.2024.102438
https://doi.org/10.1016/j.jconrel.2024.01.060
https://doi.org/10.1021/acs.nanolett.0c04753
https://doi.org/10.1038/s41596-022-00713-7
https://doi.org/10.1038/s41467-017-00729-8
https://doi.org/10.1038/s41467-017-00729-8
https://doi.org/10.1038/s41551-022-00886-2
https://doi.org/10.1038/s41565-023-01553-6
https://doi.org/10.1038/s41467-023-37369-0
https://doi.org/10.1073/pnas.2403460121
https://doi.org/10.1002/adma.202206200
https://doi.org/10.1126/scitranslmed.abc2816
https://doi.org/10.1126/scitranslmed.abc2816
https://doi.org/10.1038/s41467-023-38679-z
https://doi.org/10.1038/s41467-021-27750-2
https://doi.org/10.1016/j.nantod.2023.102109
https://doi.org/10.1002/adma.202304735
https://doi.org/10.1038/nnano.2015.292
https://doi.org/10.1002/adfm.202002299
https://doi.org/10.1021/acsnano.8b09462
https://doi.org/10.1056/NEJMoa1716435
https://doi.org/10.1038/s41565-024-01655-9
https://doi.org/10.1038/s41565-024-01655-9
https://doi.org/10.1126/sciadv.aaz0295

M4 b B 2025588 FT0%E £23H

Summary for “FARM MM AR BURLAE RBEIR YT H B RF T

Research progress of natural cell-derived nanoparticles in
immunotherapy

Huaxing Dai & Chao Wang"

Institute of Functional Nano and Soft Matter, Soochow University, Suzhou 215123, China
* Corresponding author, E-mail: cwang@suda.edu.cn

In recent years, natural cell-derived nanoparticles (CDNPs) have become an important tool in the biomedical field. CDNPs
are widely derived from animal cells, plant cells, and microorganisms, and usually have good biocompatibility, low
toxicity, and rich biological activity. CDNPs can be used as carriers to deliver immunomodulatory molecules, and can also
be used to regulate local immune response depending on its immunomodulatory effect. So far, CDNPs have shown
promising applications in treating various diseases such as cancer, inflammation, autoimmune diseases, etc. This review
summarizes the latest research progress of CDNPs in immunotherapy, including the current application status of
extracellular vesicles, platelet-derived nanoparticles, plant-derived nanoparticles, bacteria-derived nanoparticles, fungi-
derived nanoparticles, and virus-derived nanoparticles in immunotherapy. Compared with synthetic nanomaterials, CDNPs
are derived from natural organisms, which have good safety and immunomodulatory properties, are environmentally
friendly, and have sustainable sources. It is worth noting that some CDNPs may also have targeting properties and can
target specific tissues or cells in vivo. CDNPs can also be modified using genetic engineering and chemical modification
techniques, which give them unique biological functions required for scientific research and clinical trials. Therefore,
CDNPs provide new opportunities for the construction of new immunotherapy strategies.

Despite the great potential of CDNPs, their clinical application faces significant challenges, including their heterogeneity
and complexity, which complicate their production, purification, and characterization. Although many preparation methods
exist, none of these can fully meet the diverse needs of the application, resulting in differences between batches. At the
same time, there is an urgent need to transform small-scale laboratory production into industrial production, but ensuring
standardized production processes for CDNPs remains an urgent issue. Difficulties include process consistency and
repeatability, as well as controlling production costs, and approaches using genetically engineered cells or synthetic
biology may be one of the potential strategies. In addition, since the active biomolecules carried by CDNPs may be
immunogenic, the purification process needs to be improved to address the risk of contamination and ensure the quality and
safety of CDNPs. The underlying mechanisms of CDNPs’ biological interactions in vivo remain to be fully elucidated,
including their secretory properties, transport, and interaction with target cells. Therefore, the stability of the nanoparticles
in vivo and their tissue distribution need to be evaluated, including the degradation rate and release mechanism of the
nanoparticles, while optimizing the surface chemistry of the nanoparticles to reduce adverse immune reactions.

In summary, the future of CDNPs in immunotherapy is full of opportunities and challenges. With a deeper understanding
of their biological properties and continuous advancement of engineering technology, CDNPs are expected to have a wider
range of applications in immunotherapy. Interdisciplinary collaborations integrating achievements in bioengineering,
nanotechnology, and immunology are expected to produce innovative, effective, and safe immunotherapy strategies,
bringing new hope to patients.

natural, cell-derived nanoparticles, immunotherapy, biocompatibility
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