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Fig.1 Preparation and characterization methods of plant—derived exosome-like nanovesicles
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signal-related kinase 1/2, ERK1/2) 71 NF-«B i
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Toll#:3Z{& 4 (Toll Like Receptor 4, TLR4)/NF-«B i
i, TRMERKTFHNZER (interleukin, IL)-6, i
JEEIRFEIR T o (tumor necrosis factor, TNF-a) 3%
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PG IR 45332 1A 3 (nucleotide-
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REIH 5 /)N T 200 B A I M, T e 42 R VR 1) PELNs
A T A R R, /) T S5 2 B BBRURS TT  TL-6
IL-1B. TNF-o58fE RN T, S E ™ ¥ X
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MRE AT L
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i o OE Wt/B- K2R FE 5l (Wnt/B-catenin
signaling pathway) , f& ¥ Lgr5+ % i + 40 g
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o RASAYINR A I TR SR , AR, R
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LOAE, MG e it g BV Frag >k I i PELNs
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Fig. 2 Biological functions and mechanisms of plant—derived exosome-like nanovesicles
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TRAIL: e SR5E R A P 715 S B AR (TNF-related apoptosis-inducing ligand) ; PELNs: ## 43 JE 25 SR 4 K ¢ 90 (plant-derived
exosome-like nanovesicles) ; ROS: I%iPE% 2% (reactive oxygen species); GADD45a: 4= K {53 X DNAF 715 5 4F 1450 (growth arrest and
DNA-damage-inducible 45a); IL: FI/+% (interleukin); NF-kB: #ZPF«B (nuclear factor-kB); NLRP3: ZTFIR%S AL E &= AR EH
BT H) A& R A5 52 K3 (nucleotide-binding domain leucine-rich repeat and pyrin domain-containing receptor 3); TNF-a: R IRSEA
“Fo (tumor necrosis factor o) ; TLR4: TollFE[A F5Z21&4 (Toll like receptor 4) ; MyD88: #E#EfLIKT88 (myeloid differentiation primary
response 88); DC: #f 740 (dendritic cells); Tregs: AT PETAMM (regulatory T cells); AMPK: AMPE & 1 HF (AMP-activated
protein kinase) ; NK: 4R34 (natural killer); miRNA: {RNA (microRNA); B-catenin: B-BEE[1; BMP2: HIEAE4EE T 2 (bone
morphogenetic protein 2) ; Runx2: RUNXZ %% 5 [H F2 (RUNX family transcription factor 2) ; AHR: 75 4% 52 & (Aryl hydrocarbon
receptor) ; INF-y: yT#iZ (interferony); NRF2: NFE2#HJC[HF2 (NFE2-related factor 2); HO-1: IMZLZ % EF1 (heme oxygenase 1) ;
NQO1: NAD(P)H: BR4%/LLE 1 (NAD(P)H: quinone oxidoreductase 1); &Mk EbRFmitst: . TIRERCEMS

Table 1 Efficacy components and regulatory mechanisms of PELNs from different sources

*R1 AEEFEPELNsINRUR S FAiE =S
dE BARDIRUR S F R L] FEAN) T EE EE BTN
43 Aly-miR396a-5p. HIHINF-kBA F 1 25 AN VA T- M HINLRP3 SORE/NMASR  Bik . Prsadb. WS m [13-15, 26, 29-30]
6-ZBy. 6-ZEME. T, BHWIHAIR:; BUSNeR2iE%, IHHO-1. NQOIZEHA #. imEBE . iy
R R PRt % 3 LR 1 A0 SE 3R A, 38 5d mdo-miR7267-3pFE M 45 i 48 IS He fi
WRREARIE, WS AHR/IL-2238
Frig GADD45a.  #lIHIERK1/2MINF-«BfE Sl it {2t BrediMi WROSAEM,  Fide. P& (B, @ [11, 23-24, 40]
TRAIL L GADD45a% %k, S SHIE WM AET, WMIETRAIL M%) 45 miE E
NS RFETE AN A IR R E; T IHLGGH A E
tRNAs, JE5A & W A7EE
K% miR-396e. IIZ%E 411 TLR4/MyD88/NF-«B il %, FiHIL-6. TNF-a, Ll $i4& (SR>, P [25, 41, 44, 52]

%, CCR2/
CCR5f5 5

ZO-1; '3 Caspase /I T I TiB ;. 0% H 5 HepG22H
NCDISSZ AR L& A SR W0 171 A yS T A 3G 7 ANTFN-y
SR, AR A R RS

(@ =5 N [ DI K -3 T EIN
Eokvibuibes
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ZR1
dE BARThRUR S FELR AL FEAEY TR EE BN
ik miR-7972 TRAEENT, F5EWMAIM R RM2ER WA BOE  RE RS (2 S [33, 45]
Wnt/B-TR R 5 i, (2L grS+7ii T 40 i b Ak
AZ AZZHE. miR- BITTLR4-MyD88{5 5 il %, IXZHTAMsHE RMIE R  FiE (BOERRD. Mg [36, 48, 51]
NAs. HAF A6 @55 T microRNALEHE TR a2 204k YT SBE. ik Eime
S ST B T A RS R, BRARF/BELAY
Wikl miR-18a. MRME 1 #HmiR-18a)m, AT Kupfferdl i AMI BN AL, FFEOE  DUBh s (45 W AT 75 52 . [43, 53-54]
RN NKAAAE: ZcRGDAEM )G, T 5% % B 80 e o Je e < MRS BURD « A 2 i ik
Lo R AS M S N 2R 2 8 15 miR 17, A0 8 2 K
WHE 2B, KIS TNF-off TR EEESE (ROS) KTPTHE Bkl [30]
PEEEIE AMPKIEERHIC BUSAMPKIBRS, S Z MM ORI (DCs) MM %l Jdihi [37-38]
D%y T A=
i B SR 55 I B B, N R AN R R EUS R R IL-6. IL-1B.  ZRMRINE JOE [34, 39]
TNF-a %5 2 K+
RZ RZEZE TR BN M2 R TR AL, ek 6 TNSHORE PR 61 TR 8 [47]
b miR-7972 8L o Hedgehog 5 5 18 i VRN BRI 98 [33]
KiI& Feli. EAFHM 5 ADSPE-PEGs ) iE K MG IR, a0 fpg A R BiiR (D IREAY [55]
PN miR-168a TR ERABHASR A, VML FLDLRAPIERL YA L [49]

AHR/IL-22: F5& 252 4/F14r % -22 (aryl hydrocarbon receptor/interleukin-22) ; Caspase: MR AME; CCR2/CCRS: #fLIF 73244k 2/#a1k
P F 2245 (chemokine receptor 2/chemokine receptor 5); CD98: 43-fk#f 98 (cluster of differentiation 98) ; ¢cRGD: IR RGD (cyclic Arg-
Gly-Asp peptide) ; DCs: #ZIRAIME (dendritic cells) ; DSPE-PEGs: % Z —-ffL##lg (PEGylated phospholipid); ERK1/2: HI4M5 51877
M 1/2 (extracellular signal-regulated kinase 1/2); F/B: JERERA [ TAUAFIAT] (Firmicutes/Bacteroidetes); GADDA45a: Az A5 K& DNA #if5
52 [ 450 (growth arrest and DNA-damage-inducible 450); HO-1: IZLZEN%H 1 (heme oxygenase-1); IFN-y: y 4% (interferon-y);
IL-1p: HAZ-1p (interleukin-18); IL-6: HAr%-6 (interleukin-6); LGG: FRZMEFLITE (Lactobacillus thamnosus GG); Lgr5: & &4
R EE 7509 G B Z 1K 5 (leucine rich repeat containing G protein-coupled receptor 5) ; MyD88: i & 43 L4 9% 2 1 5 [ [ 88
(myeloid differentiation primary response protein 88); NF-xB: T «B (nuclear factor-kB); NK: FH#kA /)i (natural killer); NLRP3: %+
PR 45 & 45 M B S e R T B Y S & VR L S5 332 74 3 (nucleotide-binding domain leucine-rich repeat and pyrin domain-containing
receptor 3); NQO1: NAD (P) H: R4 {LiLJ7AE 1 (NAD (P) H: quinone oxidoreductase 1); Nrf2: ZFEEH T4 R 2 LM F2
(nuclear factor-erythroid 2-related factor 2) ; ROS: %1% 25 (reactive oxygen species) ; TAMs: i A 5C 5 1§ 40 il (tumor-associated
macrophages); TLR4: Toll FE2Z{&4 (Toll-like receptor 4); TNF-o: MJEIRIEIA T o (tumor necrosis factor-o.) ; TRAIL: [JRIIRFEA FAHE
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Abstract Plant-derived exosome-like nanovesicles (PELNs), characterized by a natural lipid bilayer membrane,

have rapidly emerged as a prominent research frontier in medicine owing to their unique biological properties and

robust therapeutic potential. This review comprehensively examines the biological profiles, mechanistic functions,

and recent engineering advancements of PELNs. In terms of composition, PELNs are uniquely enriched in plant-

specific glycolipids, phosphatidylserine, secondary metabolites, and highly stable 2'-O-methylated miRNAs. This
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distinct molecular makeup endows them with exceptional biocompatibility, negligible immunogenicity, and the
capacity for cross-species molecular communication. Mechanistically, PELNs demonstrate profound anti-
inflammatory efficacy by suppressing the NF-«kB and NLRP3 inflammasome pathways. They also serve as potent
immune modulators, driving macrophage M1/M2 polarization and regulating T cell activity. Additionally, PELNs
exhibit promising antitumor capabilities, targeting malignancies via reactive oxygen species (ROS) induction,
TRAIL pathway activation, and tumor microenvironment remodeling. Crucially, the plant miRNAs encapsulated
within PELNs remain highly stable in the gastrointestinal tract, allowing them to selectively alter gene expression
in specific gut microbiota communities. This interaction deeply influences host immunity and metabolism,
highlighting the vital role in cross-species regulation. Advancements in bioengineering have further expanded the
clinical utility of PELNs. Targeted delivery efficiency can be significantly amplified via surface functionalization
(e.g., folate and RGD sequences) and state-of-the-art drug loading technologies such as sonication and
electroporation. Consequently, engineered PELNs surpass traditional synthetic nanocarriers in penetrating natural
physiological barriers, particularly for oral and transdermal drug administration. Despite these advantages, clinical
translation is currently hindered by the lack of standardized isolation protocols, challenges in scalable
manufacturing, and the need for robust quality control frameworks. Looking forward, the integration of multi-
omics approaches and Al-driven “molecular fingerprinting” —coupled with the design of synthetic biomimetic
vesicles—will be instrumental in overcoming these bottlenecks, ultimately establishing PELNs as a next-

generation platform for precision medicine and targeted nanotherapeutic delivery.

Key words plant-derived exosome-like nanovesicles, biological functions, precise drug delivery, cross-species
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