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Research progress of exosome delivery vehicles in tumor phototherapy
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Abstract: Exosome is a self-secreted phospholipid bilayer nanovesicles, and has shown great potential in drug
delivery field due to the important advantages of low immunogenicity and homologous targeting. Phototherapy,
mainly includes photodynamic therapy (PDT) and photothermal therapy (PTT), utilize light to activate photoactive
drug for tumor cell killing. The advanced therapeutic strategy shows low toxic side-effect and non-invasion precise
advantages, and thus has made great progress in tumor treatment over the past few years. Therefore, using
exosomes as a drug delivery system to deliver phototherapeutic agents can improve therapeutic performances with
a reduced side-effect, and further enhance their application potential for clinical tumor therapy. This review focus
on the rising cross-subjects field involving exosomes and phototherapy, and mainly introduce the research progress
and relative case of exosomes-based delivery system for cancer phototherapy. Additionally, the advantages and
challenges of exosome-based phototherapy are also discussed and proposed.
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Figure 1 Applications of exosome as phototherapy carriers. PTA:

Photothermal agent; PS: Photosensitiser
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Figure 2 Animated overview of extracellular vesicle loading

strategies. (Adapted from Ref. 12 with permission. Copyright ©
2016 Elsevier B.V.)
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Figure 3 Mechanisms of photodynamic therapy (PDT) and photothermal therapy (PTT)
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Table 1 Applications of exosome as PDT carriers. Ce6: Chlorin e6; NLS: Nuclear localization signal

Exosome source Photosensitizer Loading manner Targeting Cancer Therapy strategy Excitation (4_/nm)  Ref.
MIA-PaCa-2 cell Ceb Sonication - MIA-PaCa-2 Combin-PDT 671 [48]
Patients urine Ceb Electroporation - MGC-803 PDT 633 [49]
4TI cell DCPy Electroporation - 4T1 Combin-PDT 532 [50]
MGC803 cell TBP-2 Co-incubation - MGC803 Combin-PDT 400-700 [51]
SGC-7901 cell TBP-2 Adsorb - SGC-7901 Combin-PDT 652 [52]
Mice blood ChiP Shock NLS peptide ~ 4T1 PDT 630 [53]
HEK293T cell RB Sonication CD47 Hepal-6 Combin-PDT 532 [54]
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with permission. Copyright © 2022 Elsevier B.V.)
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AN T B 6 A 4 1T 4 A T PTT. Wang 255758 i K 12
A5 ON BOAZ AT IS A0 THP-1 40 L0 6, 7

Table 2 Applications of exosome as PTT carriers. BPQDs: Black phosphorus quantum dots; V,C QDs: V,C quantum dots; FA: Folic acid;

ICG: Indocyanine green; PDA: Polydopamine; AIE: Aggregation-induced emission; NP: Nanoparticle; BMSC: Bone marrow-mesenchymal

stem cell; NR: Nanorod

Exosome source ~ Photothermal agent ~ Loading manner Targeting Cancer Therapy strategy Excitation (4, /nm)  Ref.
Delivery inorganic PTA
BIU-87 cell BPQDs Electroporation - BIU-87 PTT 808 [55]
Mice blood BPQDs Sonication - LLC Combin-PTT 808 [56]
MCEF-7 cell V,C QDs Electroporation =~ RGD/TAT MCEF-7 PTT 1 064 [57]
4T1 cell Fe,0, Extrusion - MCF-7 Combin-PTT 808 [58]
THP-1 cell AuNR Electroporation ~ RGD/FA HeLa/MCF-7 Combin-PTT 808 [59]
CT26 cell Au nanostars Co-incubation - CT26 Combin-PTT 1064 [45]
Delivery organic PTA
BMSC 1ICG Electroporation - USTMG Combin-PTT 808 [60]
4T1 cell 1ICG Extrusion - 4T1 Combin-PTT 808 [61]
CT26 cell 1ICG Freeze-thaw CD47 CT26 Combin-PTT 808 [62]
THP-1 cell PDA Electroporation  Fe,O, (magnetic) ~ HeLa/MCF-7 Combin-PTT 808 [63]
Mice blood Cypate Sonication - H22 Combin-PTT 780 [64]
CT26 cell AIE NP Electroporation - CT26 PTT 808 [65]
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Figure 5 The design principle of hGLV and the antitumor mechanism of hGLV through PTT combined with immunotherapy. exos:

Exosomes; TSL: Thermosensitive liposomes; hGLV: Gene-engineered exosomes-thermosensitive liposomes hybrid nanovesicles; DCs:
Dendritic cells. (Adapted from Ref. 62 with permission. Copyright © 2022 Elsevier B.V.)
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