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Engineered Extracellular Vesicles as Targeted Delivery Vehicles for Age-
related Diseases
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(" Guangdong Provincial Key Laboratory of Medical Immunology and Molecular Diagnostics, Dongguan Key Laboratory of Aging and Anti-Aging,
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Medicine, The Second Affiliated Hospital of Guangdong Medical University, Zhanjiang 524003, Guangdong, China)

Abstract As the trend of population aging intensifies, health issues caused by age-related diseases have
become increasingly prominent, exerting severe impacts on individual health and socioeconomic develop-
ment. Extracellular vesicles (EVs) play a crucial role in mediating intercellular communication and regu-
lating cellular functions by transmitting signaling molecules, transporting intracellular components, and
modulating immune responses. Owing to their low immunogenicity, high biocompatibility, and ability to
cross biological barriers, EVs have emerged as a new generation of targeted therapeutic delivery vehicles
for age-related diseases. However, natural EVs exhibit limitations such as low drug-loading efficiency,
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insufficient targeting capability, and short in vivo circulation time, which severely restrict their clinical
applications. In recent years, engineered EVs, with their enhanced drug-loading efficiency, targeting a-
bility, and prolonged in vivo circulation, have provided a novel strategy for the treatment of age-related
diseases. This review systematically summarizes the drug loading methods, targeted delivery strategies,
and techniques to prolong in vivo circulation of engineered EVs, and elaborates on the current application
status of engineered EVs as targeted therapeutic delivery vehicles in age-related diseases. Furthermore,
this review synthesizes the common characteristics and differential requirements of engineered EVs as de-
livery vehicles in the treatment of various age-related diseases, and discusses the opportunities and chal-
lenges in their clinical translation, aiming to provide a theoretical basis for engineered EV-based therapy
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for age-related diseases.
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Drug loading approaches
Donor cell modification Direct incorporation

(B) Transfection

‘ Cells

(D) Surfactant treatment

(F) Electroporation (H) Freeze-thaw cycle

° °%g Surfactants
e®e Cargo :20‘ (e.g. Saponins)

Fig.1 Drug loading approaches of engineered extracellular vesicles donor cell modification and direct incorporation can

be used to load cargo into EVs

(A) Incubation with donor cells: incubating the therapeutic agent with the donor cells of EVs

results in the secretion of EVs encapsulated with the drug. (B) Transfection: the donor cells of EVs overexpress specific cargo that

are consequently either encapsulated within the EVs or expressed on their membrane upon transfection. (C) Incubation with EVs;

co-incubation of the drug with EVs facilitates the entry of the drug into the EVs. (D) Surfactant treatment; incubation with surfac-

tants enhances membrane permeability, thereby substantially augmenting the loading capacity of EVs. (E) Sonication: sonication

creates mechanical shear forces that disrupt the integrity of the membrane, thereby enabling the diffusion of drugs into EVs. (F)

Electroporation: electroporation uses a long electric pulse to transiently disrupt the phospholipid bilayer, creating temporary pores

that allow entry of molecules into EVs. (G) Extrusion: this method entails loading a mixture of EVs and drugs into a syringe extru-

der equipped with a filter for extrusion. (H) Freeze-thaw cycle: the freeze-thaw cycle involves combining EVs with drugs at =80 °C

or in liquid nitrogen, followed by thawing at room temperature
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Targeted delivery strategies

(A) Genetic
engineering

(B) Hydrophobic
insertion

@ Plasmid EVs
Transmembrane

‘ Cells = proteins
(e.g. Lamp 2B)

®-== Azide-RVG  @-== CPO05 Peptide-RVG

Fig.2 Targeted delivery strategies of engineered extracellular vesicles

chemistry

(D) CPO5 peptide  (E) Hybrid membrane
anchoring fusion

Liposomes or

EVs with f@x
alkynyl group ‘k J biological membranes

Targeting peptide
(e.g. RVG)

Tetraspanins
(e.g. CD63)

J-w=mm DSPE-PEG-RVG

(A) Genetic engineering: this process genetically

modifies donor cells by using plasmid vectors that encode targeting ligand fused with transmembrane proteins so that the secreted EVs

can carry the targeting molecule. (B) Hydrophobic insertion: a targeting ligand is conjugated with PEG-phospholipids to modify the

EV membrane. (C) Click chemistry; targeting moiety with the azide group is linked to the EVs with alkyne group on the membrane

through the click chemistry reaction. (D) CPO5 peptide anchoring: CP0O5 peptide acts as a pivotal link between the targeting pep-

tide and the EV-associated membrane protein CD63. (E) Hybrid membrane fusion: liposomes or biological membranes endowed

with targeting moieties fuse with EVs, resulting in the display of targeting molecules on the surface of the hybrid membrane nanovesi-

cles
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Prolong circulation techniques
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Other biomaterial - combined delivery
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i (og. CDAT) X /| Other biomaterials
EVs Hydrogel
Fig.3 Prolonged circulation techniques of engineered extracellular vesicles (A) Immune evasion; the overexpression of

“don’ t eat me” molecules on the surface of EVs help avoid macrophage-mediated phagocytosis. (B) Hydrogel-assisted delivery:

incorporating EVs with hydrogels creates an appropriate supporting niche for sustained EV release. (C) Other biomaterial-combined

delivery: the combination of other biomaterials with EVs facilitates the stable and sustained release of EVs
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Engineered EVs

Fig.4 Therapeutic applications of engineered extracellular vesicles for age-related diseases
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Therapeutic
applications
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Osteoarthritis

Cancer

Engineering extracellular

vesicles through drug loading approaches, targeted delivery strategies, and prolonged circulation techniques facilitates their thera-

peutic application in age-related diseases, including cardiovascular diseases, neurodegenerative diseases, osteodegenerative disea-

ses, and cancer
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TEONURESE S YA IR S T . Mentkowski 55
NGl e R T AR T O LERR IR A0 i EVs 3R T 2Rk
AL WL 41 B #E 1] BK ( cardiomyocyte specific peptide,
CMP) , B &350 TRE EVs 9D HLNBERCE, 8D
O ) Chen S8 A8 L B K 38 A K0
JIE 7] BK ( cardiac targeting peptide , CTP ) JE/R7E EVs
JRETHT , TR i 7 332 B R 1Y CTP-EVs REAF 51
BB O IL, SO U BE S5 o IR B2 Li
S R I8 il 5 5 AR A At it /N B BB M EVs (P-
EVs) AL/ N - A% 40 M AR BAE P ALY 7E
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HTE A R B 20 0 S R A I R TR T S
OB B RO IUE R . AN, S1E5EH
—IPEMLE  EVs-LE W) SORE G RGN B TS
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FRW, THAL EVs TEBRIILPERG A a7 RS
WEW I, Wang 55 Nl i B TARRHOR ) # dim
M2 BN B AR 7] EVs, m] 06 40 A8 T3k
SR A N AR 2 D BEN ™ . Haroon 45 A
FEAEPIE S S AR HE RVG29 BRIBEK 22 EVs 3R,
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#aL A F3Z K 4 ( C-X-C motif chemokine receptor 4,
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WRABHEEY EVs, AT S5 siIRNA 20 4l ,
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BERIFSE 7 T e p A T AR S R T v v AE, LA
HENT A AR SRR 1B BRI TR &R
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WU, PRI JE T A AR EVs R i 2R R G0k
T RBIF T PR L T T R A e AR A A AL
ZPH B NI IE IR RCR Y
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3 HBERE

AR EVs PR RR (1) A 1 2 e 14 AN D g
FE 254k AR B RS VRN AR IR Y
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I AT R B N A SR, S TR R R
TE FRA: PRI K 80 1) 21 2R S 55 7 TR A 7 AE I,
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TR S 25 AT SR . TR O LA R IR YT
i TARE EVs 77 HLa& S 6O i 45 21 2 a1 45 7 B2
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I K o L i 5 9 T R A O IR ) /N B S 4
IR I S5 240 s 2 47T 4% 245 ) AU B 48 R E
I ) B 2 4 227 77 R 7 SR AR A 2 TR 58 fih 45
Y, IR TS5 ROS T80 17 79 b4 e} S B B Al B B
WG RORS ELG R, B0t B R AT Mg, TRk
EVs 75738 b B > 25900808 22 1 ke 8l
S 06 8 T 4 2 R s s g A e
SEERE WA R F0  H TE BAR E 7R E R 7)
(ARG % | I 1T 55 A2 b kb D ) R DA E 2B )
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B, TREAL EVs N GESE BN L 2R F5 S ME 4R
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45 ) BANIE I N (A B RESE ) SCBLT R
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REROREE . EVs S HIL MRS E TR 25
ZRARI SR TR 3P Al TR el S TR
TBIT BT T H AR R E AN BN IR YT P B I PR 1k
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SR, EVs IR HUASE AR 7= Finls PR 2 A0 A5 1 1 3k
A B A B AR AT B A L R P AR AN 5E
S DA B ARAFTT SRR, A 25 AUHE T B O
SYES EVs 1« SARiE” A HARIE S B AL 5 330
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