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Abstract

Extracellular vesicles derived from fruits and vegetables are nanoscale extracellular vesicles that
have been discovered to naturally exist in fruit and vegetable plants in recent years. They have a lipid
bilayer membrane structure and carry bioactive molecules such as proteins, lipids, and nucleic ac-
ids. Compared to other extracellular vesicles, fruit and vegetable-derived extracellular vesicles are
derived from daily consumption of fruits and vegetables. They are not only low-cost and relatively
easy to obtain, but also solve patients’ concerns about treatment and environmental hazards. These
extracellular vesicles exhibit excellent biocompatibility, low immunogenicity, and good intestinal sta-
bility, and can exert therapeutic effects by participating in the regulation of intercellular communi-
cation and affecting the progression of various diseases. This article systematically elaborates on the
latest research progress in the formation of extracellular vesicles derived from fruits and vegetables,
disease treatment mechanisms, and their use as drug delivery carriers. Special attention is paid to
their potential applications in anti-inflammatory, anti-tumor, and metabolic disease treatment, and
current challenges and future development directions are discussed. Despite facing many challenges,
the future prospects of disease therapies based on extracellular vesicles derived from fruits and veg-
etables are promising. Continuous research and interdisciplinary collaboration are crucial for fully
tapping into the potential of natural disease treatments based on fruit and vegetable-derived extra-
cellular vesicles, and providing a theoretical basis and technical references for the clinical translation
of fruit and vegetable-derived extracellular vesicles.
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1. 5|8

AMUMA R FLAE 30~150 KA AN 2890, Y5 T IR . BRSNS T Ak, J5# Re 54
PN H A Ve RO A P 2 A ELAE R, NI =& AR IR B o R AR A SR U I AN [R], Ah b A ] DLAL 25 2
MIVFZ sy, B4 DNAL RNAL 8. AU, JRPURIA0 iR 2 i & B S AR s 1t (1] (8 1) 72T
12 i [B) 3 TR S M) 22 b g 2k e 77 T AT SR 2] ATk, RHERAEMYI T RIS s, 15
B T 50 LB PR A% AR B 4 BE A 5 AN ZH R 43 R K ARORE (plant: exosome-like nanoparticles, PELNS)
[3]. SNG4 AL, HEYRIENAMIN R E A S S IHR . kRS e
#, FEJE PELNs, MAT & HKRFE PRI K, AVAEEETELF4]. AR ER, BT 2
BARITVER, WE . BpIE 2. ARERASE(S], WA N T2 MR T2 N BARIA AL
HAL[6]. HHTHEYIRIE 4 M/ 80 B S5 A R A . RNA AR+, B AERE AT SN IR AE PR
T2, PELNs BEA S RIEN SRt et SAEMIEE7]. BAT, MAhT Frgs @ia. A2, 3§
REER G ZM A, AR R ERIE R4 M A SR, 7R 2 MR A A T, U R AE SE TR
e AR SE T, O SoR EERBTIE8]. REWAS Al S g R, HE AR EAE
FNLER, DA = 24airiE, B OR R SRR A AP BB AE I IR B h 2 2 3, B R B — P A
[9]1[10].
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ARV 77K R SRR I 200 [0 S M SR AE DR 6T TH B M AU, VoA — MRt SR e ] Rpsk
MBI IT TT i K ARG SERIRI AR N A FE A R ARAFAE IV AN IR, AFoNhREMEfrdh, EdRft 7
TR AN G AR B GH L A FEHL (0 R 0 S5 AP AE B B I R AL o X AIOW EL D REAE AT v i 75 1 i
PETH, $ROCTERA A S X IR YT T HURE JR30F . eI AR E . AT EL i Re A B 2 %
MR T i VE R B RE N B T EATE S i T RCR K R, 9o Bl BE R A 4 B B R g R
EATA AT REAE AT B B AN, (G 20 W FORBMNEAR IORAL 9%, BAE OR—BUiayT
ORI 22 4k
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Figure 1. Structure and function of extracellular vesicles

1. SNRREI LS R ThRE

2. RESMDBIFBORERL

SEERRUE 0 20 L A FE U 5 B PR IR B A A B A R AU T S RRE, BANERZ450, K &R
A G 5 RN BHORE SC B B 1 B S miRNA SEAEYIR Sy 111 [12]. HETHFFR AN,  FRERR IS 40 41 %
WHIRASR 3 B RERIIRFE[13]: 1) MVB i#1%; 2) Exocyst-positive organelle i&1%; 3) RIEI&4E[14]-[16]
(1 2). 1967 4=, Halperin Z5[17] 8 KESHE N BRI P MR MVB 7] 5 5 @k, B s 2.
{2 MVB 4 i) 57 BSOR JECAH i A BRI LI CEAE A T AN TS RE (18] Wang 55 [ 1917E 0L B 7 R0 2 1) B v 4
Jfarh 2558 tH— M 44 Jy EXPO WHFIRAI I 2S , H 2 BRIEXURSE 1), 5 B4Rl EXPO Re 5 PR &
W2 PRV RN A AR, B AT BB ARV . IR R AN E T MVB Ig1E, REYI TR A I —
FreEfE Bty [20]. deAh, RBSRIE AR/ LAY K AL IE A T Rk 5 Tif, Hatsugai %
21 R, FEFL R I+ 32 2% Pst DC3000 W SR B A ge it , o 5 ms R A&, Kn N i
—UEHUE R R A, DL R IR S, N B A SRS SR A R e
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Figure 2. Biological pathways of extracellular vesicles in fruits and vegetables. 1) EXPO pathway: EXPO is a spherical double
membrane structure that can fuse with the plasma membrane and release single-layer membrane vesicles; 2) Vacuole pathway:
Vacuoles containing hydrolytic enzymes and defense components in plant cells can fuse with the plasma membrane and release
defense substances into the extracellular space, inhibiting the proliferation of pathogens. 3) MVB pathway: MVB in plants can
fuse with the plasma membrane and release extracellular vesicles into the extracellular space [22]

2. RERINDENEN L EIREZ. 1) EXPO BE: EXPO B—HMEKFWIRLEH, BESREMAEHBENERIRER;
2) Vacuole 1212 : B4R P & HKREEFIBS IR 2 HREFT AS REERL S, ISR R MBI Ao 2siE), 16
RIREHYIESE. 3) MVB&1E: HEMHH MVB AILISREERL G, AREFBINDLIARREIZMIN=(E)[22]

3. RSk EEYHRER

EMY AT, HEYRIERA RIS 5EY SMED A R AR S 2 A
TV B 25 A A 1 A 5 e A7 S i (1) OR3P 25 [ 15] [23] [24] (] 3). De Palma S8[25] &8, PULLANIAR K
WA S A — S 5Y) - MAEM AR E A5, XS T G 4 A S 3R AT e
B, S5 - WEDILAERR . Regente 25[26] MK BHAE I AR H 43 85 H SR 40 i 4 b 38 6 b 21
HEfl e, SdEHmESEARAE T, KNEEMFEAKEE. BESERAME TS TH
VA SR, Rondiie AN Re s B AR, DRI HENI AR A 5 i R R] ) BB 2 R A AN B 2 5
(S RNLEE o AE T 375 el A4 i B 0F AR 2 L AR 3R, AN R AT 22471, HHLER IR ANE 2. 1
G, FEPDRIE A0S BRI 2 SR Sl T, BHAUR I, FARIRA AN A A 2 M S 5 1Y)
B A P R 1, 7 T 4T 7 B 9 ] R AR R AR 9% R G A 2R J 8 53 (25 ] o M AR R 11 200 B A/ B 60 5o M A SR
FRERNEEE LKA EMHER, ANER A2 5K ARG miRNA A REHE E Y U= G
[27]. ELAAGR = SEERRIR B4 f A R0 2 5 40 M BE & R BLEEUESE , (0L T 4 B2 JE L Py O AR i
Lotr2/EXO70A1 FIWFFL R : MBIEEIR, SMBARTE N 2R RS LR EAETE ;s
17 brefeldin A AbFEFTHIHIAKE AR 2 o XL BLui B4 i 7 3I0 2 5 1 AE A A B RE A R 5 1 TR
T FE[28].
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Figure 3. Extracellular vesicles derived from fruits and veg-
etables participate in plant life activities
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4. RERIFRAMINRIBHERIATTERES 57 FHLH

RERIR MRS — SR IR . AR AEYE Ry, X BRI oA A
A 78 IR FI[29] [30] H A6 245 R RIR (40 M AN FE T FE AR 2, EADGS T SR G RIR R 40 N A B v oK i
2R, HAN RS RS RERIR A/ e, RAEZIIIRE14]. CAHBIURY, 2 REK
IREIARAN SR R IR DU A PUEAL S B E, 00 RGBS A 400 S JE IR AGIE W FT T4 v 4
MEiE T, e RIEDRESE(6] (14 4).
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Figure 4. Pharmacological effects of extracellular vesicles
derived from fruits and vegetables
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4.1. FibhE

— LSRR RVR (0 4 R A B T LA T TR R AR AR, B HUR M . p53 RIE S E R oE B
S PR PR ERAE A RS OO T AR S UA A, T v A R 1 4 L & 3 96 e 0 1) 45 L IV A IR PR A, L] R T
B p53 SRV 4 EL I (R R A [3 1] WAL, KGR URE 1) 4 i 4 M 1) s o AR, 3 id k2> ACACA AT DDHD1
(I T RS BIPT S e I F[32] [33]0 M5E[341 MR I, Ay RV 1 4 i &/ 388 V60 W] 7 oo e e 240 phy i 1
FUKF, B GADDA4SA FERFRIE, 51 B g PHs A T, 2t m sl Hom g g g, sl g
JEER] . Anusha S8[3518F F0 B, AR ZERUR B 40 i A1 JE 0 ok X2 M AT s A0 B 1k L 5 S am i s,
(7 i A5 23 35 B PR B, (eI A, TERAETS . ES[36IWF AR, TU 218 RIF 4N 43 it ml i T
JREHIEIR T, AEE B BRI PR O T 22 A8 SRR ) A0 S A ZE i P mirl 67A IR B G /1. Raimondo 45
[37]46H,  Fra kIR 140 i A A @ S TRAIL SRR U5 S, 5 SMEanmyE T, [H
i) M0 A A R SR A L R 1 R i, BETIT A ROE HIS VR R ARG G . BbA, A MRS O 4 Sh
T AR R TR G, T AN RS0 IE 4 R R ROS A7, 4 s iogg b M g T2, i N 8 E afiL o 248 e A
L5 55 25 AT A B BE TEAM IR A K (1 B (38 ] Stanly ZE[391HF 78 A B, 461 461 Al SR I8 A 400 B A/ 38 i v S 3ok
75 cyclin B1. CCNB2 [ CDKNI1 (J3Ri%, FEARYHM A EH B1 A1 B2 A8 7K-F A0 L i 4 g 353400
A p21, A7 R it T8 240 14 5

4.2. iR

O TR B, AR 22 R I A0 R A BRI B BT R AE I [40]-[42] . Sundaram S5 [43 1A 78 R B, A5 22 RIE 1)
S A A AT DL BB KO BRI R R, R A 2% DR A US4 B R AR R, R4, Yan S5[44]8F
KLY, R MIINTEN, osa-miR164d-MGELN #] DA 25 M 25 357 2 P 5 W 200 i LA 2 A 435 7 48 A O
FER o KRR KA A EE V[ 45 7] LLID ] B IR 2 F BUN R IER R0 . A FidE th, 2 MUK R R
(MR I B PR RO [46] 0 Forbr,  EIRS SRCUS D 240 i 4 S0 368 3 189 I 58 % e H: OCLLN 2 1 SRR 1) 48 i
FIBHIK T B il B B Th RE[47] [48]. 14 A SRVE 10 40 B A FE S 5 18 i 20 KA mE-1 ik A
FaE AN IL-15 A TNF-a (U774, 4EF5iniE EMEAiifass, SeEA e iRms S /R
2[49]. ZE[SOVWT TR, AR SRR 240 pf 7 FE v i i T PR E 2 085 3 W SORER (0 IL-6+ TNF-a.
IL-158 J IL-10)RIERSEDPLRAEH o« BAN, A7 KU 0 40 i 7 FE /R A0 1] LPS AT /IS B E W48 i NF-
kB W%, B#(K T IL-6+ IL1-B Al TNF-a SR K 4 M0 K7 (1 L KR B A iR Rk, RIEPTRIER[51].
R, JEERIE AN AN B SRR _E IR T IR 45 26 B 4l B Ik G 25 5 L O 12 1k 0

4.3. AT EMIE

WEFUSR A2 2RV 20 9 T R 5 308 3o 8 15 B T T R B 4 9 Ml 5 PR DR, AT R 3 P R
RE[52]. MESE[S3RT LR, A ZRIERI A AN IR AN S S AT R, &A1) microRNA
AR A SR AE FLAT I ) 2 AR, IRl TL-22 MOBE AR B /N SR e . tEAh, A SRR 40 i A
Ml b R A A LR, D T RS B A, MR T BB R [42]. 1RSI R A e A
By T OR 7 P T AN BT G 52 e WA 1S E0 i A S B, T g 5 A A B o ik = AR PR e A i 1k
JET[54]. Kim SE[5510FF AL, A RIRUE 40 i /M0 B 35 PR 1 IS INE5 300K, 1998 1 il e e oy
BE, FAT ML AR T B I A VAR (L - BESE[SO 1B TR I, P8 22 ARV (¥ 240 Mo A1 890 44 i T B A= AL
PR TR T BRI IEE R, JFB0R 1B MR iR AN LR O AE A . BeAbh, & AR
20 a4 FE K Bl b B AR (571, R E R E M, 53 TL-22 B AE[53], RIEI A
PUORMMIE T HUEMORAER B @R [52]. BAh, FPEORIERI 4IRS FEHLIG INHVHEST/), T LGG
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1 RNA S FTRNA O KF, WG E AR 2 R, 45 EFaas 58],

ser ser

4.4. IR

PR TG . AT R TURE B KH A 11 4 4D Y 250 R L T S (R L A R P [46] 0 AT B SR TR P 4 i o1
T B I 45 i U AN K AR TS, A T R R 5 5 R /0N R P R X SO S, AT
IR R[59]. FIAh, SRUET %8 % hh 4 i & R sk o> 28 M DR 7 (9 23, 4E4F Th17 4ifis4t, 5
5 Treg 20 H = A IR SR 5 (1) 200 B A0 ZE300 2 38 iy S BT A RE 7 . BUIR IR . I A G . 5 e H D
HEAL ) BAGEE 1 K, T R IEFT AL ThRL[60] [61]. BFFTIESE, kG, W% M A% D okUs r4n fush
P AR B & AR EALRE J), IR EHUEALEE JI[8]. Perut 2562 HEN HEAE K5 B 40 iR SN BRI BT S i 4k &
C, BAME SCHRER AR S E Ty 2R 5 8B 2R YR [63], 7T LA 2 m N R B T4 I paafbge /. 4%
(641 B, W5 75 KU 1 40 B 40 386 B 08 245 £ R IR 15 5 1Y) HepG2 4 IR = iR X MR FR 1Y) CSTBL/6 /N ER
FALRI, EELEE RS TR EEUKT, BN TR A, @i S Bel-2 AMLZL R I AERE-1 1)
FOLAN Nr2 I, Kim 25[65]% 7 B3 2 B A SUEIhRERIEAE D RIEMYE MR, Reisk| 4
4h ROS A= A48 H 1 o

4.5. EfhIhRE

RBRVR A B AN T AR E T BRI R, BR T BUAAL . Bk, WY B ApUEiE S,
53 BRI UAA I B A JRE I Th 28 — TOURF 5 2% B, 1 265 e R YR P 4 b B89 mT DA 4 1 8 [ 66] o
IAh, FEFE[6TIRF AR, SRR 40 /M FE rT s N ARBTAEA “FF 587 Nef2 J@ %, 35 hndfs fol
Ho JEH, MrEORIEM AN ENR S 50 AT, (R BN b A 4R 230 AR, T (R 2E R
PRIFAS A [68]. FREE[601WF FUR I, 5 TIKIR ¥ 41 Mo 1 3 i v] LLE it i bk 2 3% s s B AR & 48, A
B RUEIRZ ), CReET ZE R E S g AMThRE, SCEIR SR . EAR[70)F) A 4 R IR 1 40 f 4
i, (EHTRNL I BRI ZAE R T1EH, o] Do 520 b R 40 B i 8 58 A0 oAk ok K 4%
X RGN RYE ] o Hwang S5[7110F 70T, LU 24 SRR IR 24 &0 3 9 VT 4 Fsd 1 44 e 50 S A S 08
i BMP2p38Runx2 4, A2t SR T 75 /N B T B AL o A, 2 SR U 1 4 i &b 3 3 T LA
T3k T T A0 R 34 [72] o Timms S5[73]8F 7RI, 76 TSR 1) 240 B /1 3 3 7E 1A A N 5 b R i
Ak, B0 5 i 20 2 (CEFE IR B I 18 8 T, AT CCE RGBS Th g . Rma st I 41 i & J a5 48 =
Wnt-1. PDGF. VEGF. TGF-g1 Al I BYJi J5i i (7K, AR E B AR A K[ 74]. 7SR IR 140 i 71 323
XF PMA/E T8 2751 CD4 T bk 4 AR AL A 0 E [ 75]. Kumar S5[76]48 H, A2 22K UR IR 40 B 1 3%
VB IR Akt-1 51 Foxa2 BEERAIL, mITBT sk €15 SIS R & 2 #KPt. Kalarikkal 55[77] K
B, R AR ) 2 B A D BE T R B I b R A Ry R PR ER L, B IR SARS-CoV-2 B:[R, I 3 & i,
RIEEFURFFEH c Teng 5578 1#3E , A2 22 K UE 1 40 M M ZEM AEAIH] SARS-CoV-2 (1) S #H J Nspl2 £k,
MR Vero E6 4L # AR AT . IbAh, Suresh ZE[791F0MI, A 25K U5 A 4H o &0 38 0 v 40 i i 42
SARS-CoV-2 FE[H4H . Raimondo %5[80JUESE, A745 KUs AN SM UL AT Ny JORER TR iE,  FRIRAMAAC
ZERRE A E AT, AR, PR ER .

5. REREFENARIRBEZMEESHRI L REFAN A=

TAEEAMAR T B3R IR« IT 24555, B RIS IR SCBURE s, T oA 0 AT o i 2 IR
BALZEIRTT, EEARAE N3 ST RO B DA RN [81]. BIFFTERAH, A 2] A SR U5 1 40 i o b 370 L 5%
FE 2. BAEE. ISI-124. CX5461 Z525%), A RGHIE SN G, ARE. BOZRAIL e,
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SRR AR, AN TE B 4 AN RS [60] [82]-[86]. i A A BRACHR BRAN 2 45 1L B0 A7, M 454k
AP LR BRI, i A A, DRIR JORE, B3 TS I A5 4k [ 87« RS SRV A 401 Py 4D B 3 W7 189 5
B85 = AE MR AR RANBIE, A AW fl o S A, R 2R SN EER, (23531 A P
WA EEARI R, EIR > R A - A A - AR IR AR R IR 4 A AR K BoR
DL AN R BE[88]; BEAl, 22T EORIE AN ARV A IFHh ZE KA BEIREN, T EURIE 1A 1) TgA Yk
TRIRIREE T IgA" B220 Wk R4/, A, ZE s AR A vt Banv sy, ROt bl Rt
TR ERER, A G NN TR, FETHTRL(89] [90]. AT KR4 i A FEIE REAT RERHB R
FHUHEAN I =R, RN N RE R DR ATP AERG, M TE IR 22 2T 2 E [0 1], MR SRR A 40 i b
PRI BT, PuAOE AR T 259[50]. Pomatto 25[92] IR, HHAE I U5 Y 41 i 4 b FE 30 T 1E Ay
SARS-CoV-2 ff] mRNA W UK, R 2 M, A Ruhik 2SS ek, Wi, #HE
1SR IR P 20 A 4 BRI A 137 AR VRN IR S B 1 70 363 1) N & JA I 54 A% 40 P AR 45 i R 440 i v 1)
PR, B T NS B R A R PR BRI, B e Ay R, S I RS R AN 4 e 4 1
RIEUMIREAE 93] [94]. Z5E[95 W R B, 8 75 22 U IR 4H i &1 38 e i B AR IR R e b e B Ak, 9F:
T Py R AT B, s R i T 00 i T v R e IR P ROV VR P R SRR P A i A
M3 Fisetin J5, BEOSBRACIMR AU ARAFIE 2, W IN40H I T[96],

6. REKIFY M EAAR IR LTS

B, B RAETEIARHEGE R 2 B A BN . H AR B R B0 R B O R
PHERES A S A, EARSRERANEOHRE ., RS HER SRS RENEAE97].
b4, HWASINLAIE CD63. CD81 A&l s EMAE, HYFIEE = SYHdE H rbr EE A,
18145 B 4 2 52 AT A I TP AR (98] LUK, E5HFh miRNA FE RSB i i) m B M U R H . 2012
SEEIRIRIEREY) miRNA ALE A 3N S A I i R R IE, (H G 822 ML AT Lok RE R
HX—RI[99]. A LR TS, HYIRTF TG00 32 BORIF IE 2 “Bh= 45 BRI EE M [100], FHoHF
FE RN NIMEE miRNA BRI TE AR5 RO B HA A CE[99]. 8=, EMuattS4h
PEFPEPEE A o RSB B RS A R AN, BRIt G i &
PRI HLE = RAWFFT[101]. 3£ E FDA CEARHE H, H A E = 40 B /M2 3 5 = 1 B 4%
Wit fa, MAMEIRS RINKIGHIAEY) %257 51 KT G, PRIMEFRIIEY) 20 R E = 56 B A P 4 21
(0 RLBe RIREAE,  FLPTREFR B PUAE 35 AR SR IR ISy, A Y L E RINR B IE R IAF1E
AFXA[98] .

7. INER

RIS LSRN — R RIRGORARL, BRAARRRRE . SRR A R RRE e
SR AEYEESEIL S, AEBOIRIR T AN Z30ik Uy T eI EURTE /. HAT,  9F 70 Al SE R BRI A 40
RSN RERAE DTS PUMIRE . ARWHRT . STRACEETT IR A B3 CR,  H oy m A Bk Se e a3h
7o AR, RGCRITH M SN WS4 T R B, AR LA R EVEOY . IR HESEATRL
AR A7 S 5 AT T I Bl o AR RIE 7 M3 5T ) A LA AL RALSR I T 20, PR TR O HoR,
FFHESN I PREEALHIETT, e 28 SEBUR B UR A 4RI A1 FEHLAE R 2 U 2 N
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