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Abstract: As core effector cells of innate immune system, neutrophils release extracellular vesicles
(neutrophil-derived vesicles, NEVs) that hold great promise in intercellular communication, patho-
logical mechanisms, and biomimetic drug delivery. However, the high heterogeneity of NEV popula-
tions and their coexistence with neutrophil extracellular traps (NETs) pose significant challenges for
precise isolation and functional characterization. This review systematically summarizes the latest ad-
vances in high-precision separation and analysis technologies, ranging from classical differential cen-
trifugation to emerging microfluidic chips, DNA nanostructures, and stimuli-responsive smart mate-
rials. Furthermore, it elaborates on engineering strategies, such as direct loading and membrane
biomimicry, that endow NEVs with multimodal functionalities including chemotherapy, immuno-
modulation, and gene therapy. A comprehensive evaluation system for engineered NEVs is estab-
lished, covering critical metrics like membrane marker retention and transmembrane migration capa-
bility. Finally, the therapeutic applications of NEVs in tumors, inflammatory diseases, and tissue
regeneration are summarized. The review also critically analyzes the current bottlenecks regarding
standardized mass production, loading efficiency, and safety assessment, providing a forward-look-
ing perspective on the transition from “passive isolation” to “active manufacturing” for next-genera-
tion precision nanomedicine.
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Table I  Comparison of traditional and new extracellular vesicle isolation methods

Methods Yield Purity Time Scalability Integrity Nanoscale contaminant removal
duC ++ ++ +++ + + 44
SEC + +++ ++ +++ +++ ++
Co-precipitation +++ + ++ +++ +++ +
Immunoaffinity ++ +4++ + ++ +++ +++

DNA tripods + +++ + + +++ +44+
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(83£1)
Methods Yield Purity Time Scalability Integrity Nanoscale contaminant removal
NIC +++ ++ + ++ +++ ++
Lipid affinity ++ ++ + + +++ ++
Hydrogel + +++ + + +++ +++

the number of “+” refers to the relative level of each performance metrics
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2 AFER TR R IR AN SR (NEV) AR 0 LA PR

Table 2 Comparative evaluation of different neutrophil-derived extracellular vesicle(NEV) engineering strategies

Enij;i:;ng Representative method Advantage Limitations & risk Performance in key evaluation metrics
Direct load-  Electroporation, sonica- Simple operation; main- Low drug loading efficiency; risk of Moderate: retains surface markers
ing tion, co-incubation tains natural core struc- vesicle rupture/aggregation but suffers from low encapsulation ef-
ture ficacy
Membrane  Extrusion/sonication—me- Combines functionalities ~ Low fusion efficiency; high batch- High: excellent preservation of che-
fusion diated fusion with stem  of parent cells; improved to—batch heterogeneity motaxis and transwell migration abili-
cells or liposomes drug capacity ty

Surface coat-  “Cloaking” nanoparti- Highly designable; high Inconsistent membrane coverage; po-  High: high retention of CD11b/

ing cles with neutrophil mem-  yield; long circulation  tential masking of key ligands(e. g. ,  CD66b; requires functional valida-
branes (stealth effect) CD11b/CD18) tion of ligand activity

Biomimetic  Nitrogen cavitation, mi-  Ultra-high yield(16x); Simplified composition; potential Moderate: good physical mimicry;

synthesis crofluidics excellent batch consisten- loss of specific bioactive cargos(miR- may lack full immunomodulatory po-
cy; scalable NAs/enzymes ) tency of natural NEVs
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4.4 HBEBHESKRIP

TESSE RS R4, PR 20 R U ) ROS M 7 1 B2 11 (SOD2-Fer—1@C Vs ) JEI H 8 21 Il
RN AR . TER AR R, i BRI RE S I N A B B P9 A AL B SRR, BT A AL B D
BRAET IR, S s i FE R, AR ThEE AR E AR B A R R T
HRME

i bRk, TR NEVs SEAEH i) S e bt 5ol s imtk, & s ah A i ik s s . St
PR . LU R ae B R O I S AERIRIT IR R (R 3) . R, MSCIR =BTl I R4k, /5%
B AL . BEARCR . THRERAE R R e VDY 4 KA O, B R R S ) 25 R B
TR B S R T L 1 (IR S AL BB P B D A A R, DASEBLE g — 1k . BRIk
B FERERZGARARAMEST, I PR A SRS A s B, mOR N R ORI R R AR A T N TR
PEE S, EFEEs e SRS E AR, A, ST kg T8 Rk, R
SEALE (R I XUBS: B2 N Bz S5 B s 76 N I bR A 2 2 PETEIM IR R o ROR, BEE R REN B AR5 A e
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Yo R EER S, NEVs K5 Al i 25 W BRI A RES RN IR . B AT RE25 B B REQOR DL &S
N, R ENHT T,
3 TREb PR AN B e 1R T P STt

Table 3 Research progress of engineered NEVs in disease treatment

Disease model Engineering strategy Core cargo Main therapeutic mechanism Reference

Gastric cancer rmIL-36y pretreatment miR-101-3p Targeted inhibition of MCL1, promoting tu- [42]
mor cell apoptosis

Spinal cord injury Neutrophil membrane + M2 macro-  Endogenous M2 EV Inhibit TNF-a/NF-kB pathway, alleviate [45]

phage EVs Cargo neuroinflammation
Lung cancer transplant SOD2 overexpressing NEVs + Ferrostatin—1(Ferropto- Scavenge ROS, inhibit ferroptosis, protect [54]
ischemia/reperfusion ROS-responsive liposomes sis inhibitor) endothelial barrier
Sepsis/acute lung injury Neutrophil membrane-coated Sivelestat(neutrophil ~ Target endothelial cells, inhibit NETs for- [47]
nanoparticles elastase inhibitor) mation
Myocardial infarction Neutrophil apoptotic body mem-  Endogenous exosome- Enhance homing ability, promote angiogen- [57]
brane fused exosomes related proteins esis
Bone repair Neutrophil membrane-engineered ~ Endogenous pro-angio- Promote endothelial progenitor cell prolifera-  [56]
adipose-derived MSC EVs genic factors tion, accelerate vascularization
Atherosclerosis Neutrophil membrane + pericytes miR-206-3p Promote cholesterol efflux, inhibit PANop- [51]
tosis
Colon cancer/general tu-  Neutrophil membrane + ginseng miRNA-182-5p Target NOX4/Drp—1/NLRP3 pathway, anti- [53]
mors root-derived exosomes inflammatory/anti-tumor
Fracture/bone regenera-  Engineered neutrophil apoptotic ~ Hexyl 5-aminolevulinate Induce macrophage efferocytosis, promote [50]
tion bodies(eNABs) inflammation resolution

5 Hit5RE

ZE LRk, NEVs W50 C SEBUEE R e S Ll R 2R B e B2 2 i ) Uk e . RS 150
AT BORTEREER, , RIAASREHE 2 OB HUIGCPR I, L 1a BT Rum e 5 B REA R RS L 5>
Tt A X BRAE A A4 L S S A A O R A AR D B AR AT L U XCE A Ry
HIHE.

PEFAERWETE MR T NEVs VR RIRAUR AR R ML 3 . METRAINIG)T, it NEVs T2k
s PRI MU /7 2 3R SR S R SRS WLE T A A i L oA SR B SR S e R, HAZ Ol
TET: (DRRMIVE: 4ok “HEL” ZRRE, ZFBULIGRRE; (2) TRfbniENE: 5T Ae8zity . B
AR, HEERER SAOKR Y R GE; (3)DhREnT itttk . Ed I A A B, AR
BITIIRE, SEBLDIREAEAL .

SR, 2% BT i) s PRAE AL AT T i Pt . He—, BRifEfb iR REQBRG . AP AEANNE 5325 |
PRSI G FAE T ik 22 2, UM Z X AR . 3R DT AMRSEI R R AN S, S B
PEXELUREI ELAC™ s HOK, r s ai B S5O A IR . IR 5 s, s o s s I NI,
Bt, Ti4ka CDoob S R EbRICYSe I S . BUABIRZ IR TR T, AR T & Je B0RE I
LSS SR, DS g v s itk s 1=, Thagny WIS BOVAK B, TR s
BREHEI) Bk, HH R 43 T RE R AN AMA B & AR ™, Je] 7 O B 3 1) 44 10 [ oo Jtig S i
P, TSR SCHE; M, IGREMRIIRE . NS PR R B2, S Sesk
AL ELHESME ™, HRHUSER AL A P A i, A AORIESZ IR, S 7 D) T i s P 1 e XU

JREARR, NEVsBRUKRE “HREEgie” 5 R i A Y T BORS i g 45 22
WO, ARAEE. B S REVEDON RGBT — AR T i . R Eose brife
ik . BRER AR IR ST IE R R EI, HPEE 2P G SEORZENE, PR i A
B T — T IO TR, hE RGP TI Mt 2 HnE.
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