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Abstract: Exosomes belong to a subgroup of extracellular vesicles secreted by various cells and are involved in intercellular 
communication and material transfer. In recent years, exosomes have been used as drug delivery carriers because of their natural 
origin, high stability, low immunogenicity and high engineering ability. However, achieving targeted drug delivery with exosomes 
remains challenging. In this paper, a phage display technology was used to screen targeted peptides, and different surface modification 
strategies of targeted peptide exosomes were reviewed. In addition, the application of peptide-targeted exosomes in pulmonary 
diseases was also summarised. 
Keywords: exosome, targeted peptide modification, targeted delivery, lung

Introduction
Exosomes are extracellular vesicles that are approximately 30–150 nm in diameter, can be produced by various types of 
cells and are widely found in biological fluids, such as blood, urine, saliva and milk.1–3 The main roles of exosomes are 
to carry and transmit intercellular information and participate in cell communication and regulation. They contain 
a variety of bioactive molecules, such as proteins, mRNAs, microRNAs and lipids, which can be transported as 
metabolites or nutrients to other cells or tissues.4 Exosomes are involved in signal transduction and interactions 
among cells, affecting cell fate and tissue function.5 To date, research on exosomes is focused on medical diagnosis, 
therapy and drug development. For example, exosomes have been used as biomarkers for cancer diagnosis and specific 
protein or RNA detection in exosomes.6 In addition, exosomes are used as drug carriers to deliver drugs and genetic 
material to target cells or tissues, improving the efficacy of drugs and reducing side effects.7 Exosomes have a natural 
biological origin and are thus generally considered more biocompatible than synthetic nanoparticles. Owing to the natural 
targeting of exosomes, they have been extensively explored as drug delivery systems. The targeting ability of exosomes 
can be improved through surface modification methods, including antibody or ligand modification, polymer modification 
(particularly with polyethylene glycol), physical modification (such as electroporation), biotinisation, genetic engineer-
ing, membrane fusion and magnetic nanoparticle modification.8 In this review, we mainly discuss the different methods 
for the targeted peptide modification of exosomes and the application of exosomes to the lungs.

Exosomes
Biogenesis of exosomes
The biogenesis of exosomes is complex. Some bioactive substances, such as miRNA, proteins, lipids and other components, 
and cell surface proteins can enter cells through endocytosis and fuse with the membranes of the endoplasmic reticulum and 
Golgi apparatus to form plasma membrane buds outside and inside cells.9–11 This budding process leads to the formation of 
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early endosomes, which gradually transform into late endosomes (LSEs). The secondary invagination of LSEs produces 
intracavicular vesicles (ILVs), and cytoplasmic components enter newly formed ILVs with secondary invagination. ILVs were 
discovered by Pan,12 who studied the vesicular secretion of transferrin receptors in mature reticulocytes. ILVs form multi-
vesicular bodies (MVBs), which can fuse with autophagosomes or lysosomes. The final contents can be degraded in the 
lysosomes. MVBs that do not follow this pathway can be transported to the plasma membrane via the cytoskeleton and 
microtubule networks and released as exosomes by exocytosis after fusion with the cell surface (Figure 1).

Main Pathways for Exosomes to Enter Cells
The entry of exosomes into cells usually involves interactions and fusion among cell membranes (Figure 1). This process can 
be achieved through different mechanisms:13,14 (a) endocytosis, where exosomes can bind to receptors on the cell membrane, 
prompting the cell membrane to form vesicles that enclose the exosomes in the cell;15 (b) membrane fusion, where exosomes 
directly fuse with the cell membrane, and the exosome contents are released into the cytoplasm; this fusion may depend on 
factors, such as membrane fusion proteins and lipid environment regulation;16 (c) receptor-mediated endocytosis, where some 
exosomes interact with specific receptors and are then taken into the cell through receptor-mediated endocytosis;17,18 the 
details of this process are still being studied extensively. Understanding the internal communication of exosomes has 
important implications for the fields of cell communication, immune regulation and disease research.

Exosomal Structure
Exosomes are mainly composed of lipids, proteins and nucleic acids. Exosomal membranes are rich in sphingolipids, 
cholesterol, phosphatidylserine and ceramides (Figure 2).19 Proteomic studies have shown that tetraspanins (CD9, CD63, 
CD81 and CD82) exist in exosome membranes. The four transmembrane domains of tetraspanins are the unequal inner ring of 
amino acid residues (EC1), outer ring (EC2), cytoplasmic carboxyl group (C-terminal) and amino tail (N-terminal).20 These 
proteins regulate the formation, stabilisation and release of exosomes and form complexes on the exosome membrane to 
participate in the biosynthesis and directed secretion of exosomes. In addition, they are involved in the regulation of the fusion 
between exosomes and cell membranes. Integrins,21,22 such as integrins αVβ5 and β3, are involved in adhesion and 
interactions between exosomes and target cells. These proteins can bind to ligands on the cell membrane, mediate adhesion 
between exosomes and target cells and promote the uptake or phagocytosis of exosomes. Major histocompatibility complexes 
(MHCs), including MHCI and MHCII, play a role in immune regulation.23,24 MHC molecules on exosomes can interact with 
immune cells and mediate the recognition of exosomes by the immune system, thus affecting the immune response. Heat 
shock proteins25 (HSPs, eg Hsp 70 and Hsp 90) play a role in cellular stress and antigen presentation. HSPs on exosomes can 

Figure 1 (A) Biogenesis of exosomes, (B) Main pathways for exosomes to enter cells; (a) endocytosis; (b) membrane fusion; (c) receptor-mediated endocytosis.
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interact with target cells, regulate signalling inside and outside cells and affect exosome uptake. Annexins, such as annexins 
A1 and A2, regulate the adhesion and membrane binding of exosomes.26 Annexins bind to phospholipids on the cell 
membrane, promoting the membrane fusion of exosomes and interaction with target cells.27 Glycosyl phosphatidyl inositol 
(GPI)–anchored proteins, such as CD55 and CD59, play a role in anti-haemolysis and regulation of immune response.28 These 
proteins are anchored to the exosome membrane through GPI and participate in the regulation of exosome function.29,30 

HSPs,31 such as Hsp70 and Hsp90, are involved in the uptake of exosomes and signalling inside and outside cells.32 Peripheral 
surface proteins, including transforming growth factor β, tumour necrosis factor (TNF) and cytokines, are involved in 
signalling.20 Lysosomal associated protein 2 (Lamp-2), specifically its variants Lamp-2a, Lamp-2b and Lamp-2c,33 is highly 
expressed on the surfaces of exosomes and consists of a long carbon chain, in which the highly glycosylated N end is located 
on the lumen side of the membrane and the C end is exposed to the cytoplasm. Therefore, peptides fusing with the N-terminal 
of Lamp-2b are highly expressed on the surfaces of exosomes.34 Cells with plasmid vectors encoding Lamp-2b fusion peptides 
are transfected for the production of peptide-modified exosomes.35 Exosomes have been identified to contain the following 
types of RNA, such as microRNA and messenger RNA, as well as long non-coding RNAs.36

Function of Exosomes
Exosomes are essential to intercellular and intra-organ communication systems, transferring signalling molecules,37 such 
as proteins, DNA, mRNA and miRNA,38 across cells and thereby facilitating intercellular communication.39 Exosomes 
can regulate immune responses40 by transferring miRNAs and can present antigens to activate the adaptive immune 
system.41 Given that exosomes are present in all biological fluids and secreted by all cells, a small number of miRNAs 
and surface proteins in exosomes can be used as markers for disease diagnosis. Exosomes are applied to the diagnosis of 
cancer and diseases of the cardiovascular and central nervous systems, liver, kidney and lungs. Exosomes can be 
designed to deliver different therapeutic payloads, including siRNAs, antisense oligonucleotides, chemotherapeutic 
agents and immunomodulators, to specific targets.9 Compared with traditional vectors, such as liposomes, nanospheres, 
micelles, microemulsions and conjugates, exosomes are biologically derived in nature, thus showing excellent physico-
chemical stability, low immunostimulatory activity, low toxicity, biocompatibility and biobarrier permeability.42–44 

Owing to these features, exosomes are promising vectors for targeted drug delivery. However, conventional vectors 
and exosomes are prone to be trapped in non-specific organs,45 and thus, they are unsuitable for targeting specific organs. 
Nevertheless, their targeting ability for specific tissues or organs can be enhanced by modifying their surface proteins.

Figure 2 Exosome structure diagram. Exosomes are mainly composed of lipids, proteins and nucleic acids.
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Strategies for Modifying Exosomes by Targeting Peptides
Peptides are the most widely explored targeted ligands because of their small molecular weight,46 strong binding affinity 
and specificity for target cells or tissues, low immunostimulatory activity, and low toxicity.47 In addition, they can be 
easily modified. Biomimetic peptides can be easily synthesised on the basis of natural ligand–receptor interactions or by 
screening a large library of peptides. However, peptides are easily degraded by intracellular lysosomal proteases during 
the formation of exosomes. Thus, peptide synthesis is challenging. To improve the stability of peptides on exosomes’ 
surfaces, some studies bound glycosylation sequences (GNSTM) to specific peptides and then fused them to the 
N-terminal of Lamp-2b to prevent specific degradation.48 The three transmembrane proteins widely used to target 
exosomes are Lamp-2b, lactomucin, and platelet-derived growth factor receptor (PDGF-R).19 A targeting peptide is 
a short peptide with a specific sequence that binds to a specific cell surface receptor for a targeted effect. When the 
encoding sequence of the targeted peptide is fused with the exosome membrane protein and transferred to the cell for 
expression, the secreted exosome will display the targeted peptide on its surface. By modifying targeted peptides to the 
surfaces of exosomes, the ability of exosomes to target cells and targeted drug delivery efficiency can be improved.49 The 
screening of targeted peptides can be realised by the phage display technology.

Phage Display Technology
The phage display technology is based on phage DNA gene modification for expressing foreign peptides, antibody 
fragments or proteins on phage shells.50 Cells that specifically bind to a specific organ or tissue can be screened by phage 
display and genetically modified on the N-terminal of Lamp-2b for a targeted effect. The British scientist Smith invented 
this technology in the early 1985s, using a phage surface display technology to identify phages that can bind to fixed 
peptides,51 laying the foundation for phage display technology. Subsequently, some scientists fused foreign peptides with 
phage surface proteins to further develop the phage display technology.52

This technology clones a coding gene or target gene fragment of a polypeptide or protein into a specific position in 
the structure gene of a phage coat protein (Figure 3).53 When the reading frame is correct, and the normal functions of 

Figure 3 Flowchart of phage display technology.
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other coat proteins are unaffected, a foreign polypeptide or protein fuses with a coat protein, and the resulting fusion 
protein is displayed on the surface of the phage during the reassembly of progeny phage.54,55 The peptides or proteins can 
maintain independent spatial structures and biological activity, thereby facilitating the identification and binding of target 
molecules. In the process of display, the peptide library is incubated with target protein molecules on the solid phase 
within a certain period, washes off unbound free phages and removes phages bound to and adsorbed by target molecules 
with competitive receptors or pickling.56 Eluted phages are propagated and amplified, and then the next round of elution 
is performed. After 3–5 rounds of “adsorption–elution–amplification”, the phages are eluted. Bacteriophages that bind 
specifically to target molecules are highly enriched.57 The phage preparation can be used for further enrichment of target 
bacteria with desired binding properties.58 The enriched peptides are fused with exosome membrane proteins and then 
displayed on the exosome surface by genetic engineering.

Genetic Engineering Modification
Proteins on exosome membranes, such as Lamp, GPI and CD63, can fuse with targeted ligands (such as peptides, 
antibodies and aptamers).In genetic engineering modification, peptides with specific targeting properties are identified 
first. These peptides typically have a high affinity for target cell surface receptors and can enable exosomes to precisely 
reach target cells. Then, according to the amino acid sequences of the targeted peptides, corresponding DNA sequences 
that will encode the peptides are synthesised using a gene synthesis technology. The DNA sequences of the targeted 
peptides are fused with gene sequences encoding exosome membrane proteins (such as CD63 and Lamp-2b) with 
molecular cloning techniques (PCR amplification and DNA ligation). Appropriate genetically engineered vectors (such 
as plasmids and viral vectors) are then selected and stably transfected into host cells, which will carry the fusion genes 
and secrete exosomes with the targeted peptides (Figure 4). Kim et al59 transfected HEK293 cells with a plasmid 
encoding cell-targeting peptide (CTP)–flag–Lamp-2b–HA to produce a heart-targeting exosome (CTP-EXO). CTP is 
a heart-targeting peptide with the sequence APWHLSSQYSRT. Some researchers genetically engineered ischaemic 
myocardial targeting peptide (IMTP; peptide sequence CSTSMLKAC) into Lamp-2b, which is an exosomal membrane 
protein derived from mesenchymal stem cells (MSCs); the resulting IMTP–exosome complexes specifically targeted 
ischaemic myocardial muscles.60 Liang et al61 designed a chondrocyte affinity peptide (CAP; peptide sequence 

Figure 4 Targeted peptide modified exosomes-Genetic engineering.
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DWRVIIPPRPSA) exosome based on the CAP–Lamp-2b plasmid, which specifically delivers miRNA-140 to chondro-
cytes in joints and attenuates the progression of osteoarthritis in a rat model. Wang et al62 constructed an EGFP-C1-iRGD 
-Tyr7-Lamp-2b lentiviral vector containing the exosome membrane protein Lamp-2b,63 tyrosine and iRGD peptide (αv 
integrin–specific peptide that can specifically target tumours) for HEK-293T cell transfection. A novel exosome (iRGD- 
Exos) was obtained by loading doxorubicin (Dox) and radioactive iodine-131 into an exosome. The results showed 
efficient targeting and Dox delivery to integrin αvβ3-positive thyroid anaplastic carcinoma cells.

Anchoring CP05 Peptide
The CP05 peptide (specific sequence: CRHSQMTVTSRL) has high affinity and specificity for CD63 on an exosome’s 
surface and is thus often used in exosome modification. CP05 does not alters the characteristics and distribution of 
exosomes in vivo and functionalises different parts of exosomes simultaneously, facilitating the delivery of targeted 
phosphodiamide morpholino oligomer (PMO) to the muscles of anti-muscular dystrophin deficiency mice by anchoring 
a muscle-targeting peptide and PMO to the same exosome with CP05 (Figure 5).64 Thus, the expression of anti-muscular 
dystrophy protein and muscle function increased in a muscular dystrophy mouse model. In addition, CP05 can 
specifically capture exosomes from patient sera. Siming Yu et al65 used human umbilical cord mesenchymal cell–derived 
exosomes as carriers to deliver anti-Mir-146B-5PASo (PMO-146b) and then covalently coupled with anchor-peptide 
CP05 to assemble on the surface of the exosomes and form a conjugate named ePPMO-146b. The drug exhibited anti- 
tumour effects in a mouse model of colon cancer. Exosomal proteins and nucleic acids have also been proved to be 
potential biomarkers for the diagnosis and prognosis of lung cancer, such as epidermal growth factor receptor (EGFR), 
CD151, CD171, placental alkaline phosphatase and dsDNA.

Chemical Modification
Loading targeted peptides onto exosome surfaces can be achieved by chemical methods, such as click-through chemistry 
(cycloaddition, affinity ring opening, carbonyl chemistry and carbon–carbon multi-bond addition).66 1-Ethyl- 
3-(3-dimethylaminopropyl) carbodiimide-n-hydroxysuccinimide is first used to activate amino groups on the surfaces 
of exosomes through a condensation reaction, providing active sites for subsequent click chemical reactions. The end of 
each targeted peptide is then modified with a group that can react with an active site on an exosome’s surface, such as an 
azide group. This modification ensures the specific bonding of targeted peptides to exosomes’ surfaces. Finally, an azide– 
acetylene cycloaddition reaction is performed and catalysed using copper and the azide groups on the targeted peptides 
are combined with the alkyne groups on the exosomes’ surfaces to form stable triazole bonds.67,68 An advantage of click 
chemistry is that it can quickly and effectively connect biomolecules and drug molecules to exosomes (Figure 6), 

Figure 5 Targeted peptide modified exosomes-Anchoring CP05 peptide.
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facilitating the connection of a large number of molecules and showing high efficiency. By contrast, conventional 
chemical reactions usually require long reaction times and high reaction conditions, which may adversely affect the 
structure and function of exosomes. Jia et al69 first used the electroporation technology to load superparamagnetic iron 
oxide nanoparticles and curcumin (Cur) into exosomes and then coupled the exosome membrane with RGE (neurociliin- 
1 targeting peptide; peptide sequence RGERPPR) according to the click chemistry principle. To obtain therapeutically 
targeted glioma exosomes, other researchers have used bioorthogonal cupric azide-free alkyne cycloaddition (click 
chemistry) to couple the functional ligand ring (Arg-Gly-Asp-D-Tyr-Lys) peptide (c (RGDyK)) to the exosome surface. 
The resulting RGD-exos targets ischaemic cerebral vascular endothelial cells after intravenous administration.70 Some 
researchers have used the same method to construct and prepare exosome cRGD-Exo-PTX modified with c (RGDyK) 
and paclitaxel (PTX) loaded, showing good targeted therapy for glioblastoma (GBM).71 Exosomes modified with 
c (RGDyK) have targeting ability to tumours and are overexpressed in tumour vascular endothelial cells.72

Polypeptide-Drug Conjugates
In addition to modifying exosomes with targeted peptides for the targeting of specific sites (Figure 6), peptides can be 
directly coupled with drugs to exhibit a targeting function. Polypeptide-drug conjugates (PDCs) are novel targeted drugs 
that can improve the physicochemical properties and the targeting and therapeutic effects of drugs.73 PDCs are mainly 
composed of cytotoxic drugs, peptides and binding bonds.74 Peptides used in PDCs are divided into two categories: cell- 
penetrating peptides (CPP) and cell-targeting peptide.75 A stable bond ensures the integrity of a PDC before it reaches 
a specific site and prevents premature drug release. Inside a target cell, a binding bond ensures effective drug release. Drugs 
commonly used in PDCs are doxorubicin, paclitaxel and radionuclide.76 The core advantages of PDC are enhanced tissue 
permeability, easy chemical synthesis, low production cost and remarkable therapeutic effect. The US Food and Drug 
Administration has approved two PDCs for the treatment of cancer: 177Lu-dotatate (lutathera) and melflufen.77

Progress in the Application of Targeted Peptide Modified Exosomes in Lung
Necessity of Exosomes for Targeted Delivery to the Lungs
Targeted delivery to the lungs is currently achieved mainly through inhalation delivery, local injection and nanomaterial 
delivery (eg liposomes, polymer nanoparticles and extracellular vesicles). Compared with these strategies, using exo-
somes, which show excellent biocompatibility, efficient intercellular communication and loading efficiency, have the 

Figure 6 (A) Targeted peptide modified exosomes-click chemistry. (B) Targeting peptide–drug coupling.
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advantages of having low immunogenicity and causing only mild local trauma.78 Therefore, exosomes as targeted 
delivery systems for the lungs have attracted considerable interest.

After intravenously injected exosomes enter the blood circulation, they are quickly eliminated from the blood vessels 
and enter parenchymal organs.79 Most exosomes are captured by the liver and spleen, which are the primary sites of 
exosome metabolism. Only a small amount of exosomes are captured by other organs, such as the lungs, kidneys and bone 
marrow, and thus enhancing the ability of exosomes to target the lungs is critical. The first step is to select exosomes of 
suitable cell origin. Currently, exosomes used in lung injury treatment are mainly derived from stem cells, especially 
mesenchymal stem cells. MSC-derived exosomes are rich in bioactive molecules, including growth factors, cytokines and 
miRNAs, which can participate in intercellular signal transduction, mediate immune regulation and promote cell prolifera-
tion and differentiation, playing an important role in lung injury repair. MSC-derived exosomes are highly efficient in 
treating lung injury. For example, in acute lung injury caused by COVID-19, the nebulised inhalation of MSC-derived 
exosomes can greatly improve lung function and prognosis.80 Second, a peptide-modified exosome can be selected to 
improve lung targeting. The RGD peptide and its derivatives specifically target the lungs.81 Other peptides, such as GE11, 
MOTS-c, GFE, F3 and tLyP-1, also show lung-targeting capability to varying degrees.82–85

In the treatment of lung diseases, especially lung infections, oral drugs often do not enter the lungs directly but 
circulate in the body, resulting in high potential toxicity and limited efficacy. To improve the targeting and therapeutic 
effects of drugs, researchers have developed exosomal drug delivery systems based on targeted peptide modifications.

Anti-Inflammatory Effects of Peptides Targeting Exosomes in the Lungs
Inflammatory diseases are the key features of acute lung injury (ALI)/acute respiratory distress syndrome (ARDS), a multi- 
factor respiratory disease with a high mortality rate and numerous pathologic features, such as increased alveolar capillary 
permeability, increased lung weight and loss of lung tissue inflation. Exosomes have been gradually used in ALI/ARDS 
treatment in recent years due to their anti-inflammatory, apoptosis-inhibiting and cell-regenerating effects.86 MicroRNAs in 
exosomes can participate in intercellular communication and play an immunomodulatory role in ALI/ARDS disease 
models.87 Kim et al88 engineered a RAGE binding peptide (RBP) and linked it to the exosome membrane protein Lamp- 
2b to prepare RBP-EXO exosomes, which were then loaded with Cur to enhance anti-inflammatory effects; the results 
showed that RBP-EXO–Cur complex reduced proinflammatory cytokines in ALI models more effectively than Cur, RBP- 
EXO or unmod-exo/Cur, suggesting that the complex is beneficial for ALI treatment. Klinger et al89 designed a model of 
Sugen5416 and hypoxia-induced pulmonary hypertension in rats; they showed that MSCs-EXO transformed the macro-
phage phenotype from a classical inflammatory pathway (M1) to an anti-inflammatory pathway (M2) and reduced the levels 
of Interleukin-6 (IL-6), macrophage inflammatory protein 2 (MIP-2) and tumor necrosis factor-α (TNF-α).

Exosomes of different cell origins may vary in composition and function, and some exosomes have no anti- 
inflammatory effects. Mammalian cells, such as macrophages, dendritic cells, B cells, T cells, platelets, epithelial 
cells, reticulocytes, mast cells, neurons, oligodendrocytes, tumor cells, and Schwann cells, have been demonstrated to 
be able to release exosomes.23,90–92 Plant exosomes are mainly used for exosome extraction and drug delivery.93–95 The 
source of an exosome may determine the type of bioactive molecules it carries, which in turn affect its therapeutic effects 
against lung diseases. For example, exosomes from tumour cells release exosomes carrying carcinogenic and apoptotic 
factors,96 which may further promote the development of tumours rather than exert anti-inflammatory effects. Exosomes 
may be detrimental to anti-inflammatory processes because they promote the apoptosis of immune cells and help tumour 
cells escape an immune response or drug clearance.97 In a state of disease or stress, non-physiological cells may secrete 
exosomes that function abnormally, which may no longer have normal biological functions, including anti-inflammatory 
effects. In addition, some activated immune cells may secrete exosomes that exert pro-inflammatory effects.

Peptide-Targeted Exosomes in Lung Gene Therapy
Gene therapy is the therapeutic delivery of genetic material (DNA or RNA) into a patient’s cells for the treatment of 
a disease.98 This mode of delivery can be achieved by gene replacement, correction, addition and suppression.99 Over the 
past few years, many nucleic acid delivery methods have been developed for therapeutic purposes, mainly including viral 
and non-viral vectors (liposomes and nanoparticles).100 However, viral vectors have toxic, immunogenic and 
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carcinogenic effects, and non-viral vectors have low transduction efficiency, induce immune response and are quickly 
cleared by the reticuloendothelial system. Therefore, the emerging class: exosomes are ideal candidates for the delivery 
of gene drugs due to their low immunogenicity, good biocompatibility, low toxicity and easy engineering modification.101 

Therefore, exosomes as carriers to carry drugsto specific tissues and organs for treatment may become a promising 
strategy of future research.

Bai et al102 developed a novel engineered tLyp-1 exosome for efficient delivery of siRNA, which is commonly used 
to mediate gene silencing in cells, primarily for viral infections and cancer, to human cancer cells.103 We designed 
a plasmid vector encoding the fusion protein tLyp-1–Lamp-2b for transfection into human embryonic kidney HEK293T 
tool cells, where the tLyp-1 peptide (amino acid sequence CGNKRTR) selectively targets neurociliin 1 and neurociliin 2. 
The obtained targeted tLyp-1-exo was used as a gene delivery vector to encapsulate siRNA through electroporation and 
then applied to human non-small cell lung cancer (NSCLC) cells. The results showed that the transfection of lung cancer 
and tumour stem cells with targeted siRNAtLyp-1 exosomes is efficient and can knock down the target gene of cancer 
cells, which can be used for gene therapy. Zhou et al104 constructed and expressed two plasmas in A549 cells on the basis 
of the principle underlying specific binding between TAT peptide and a stem-ring containing trans-activation reaction 
(TAR). One plasmid contains a membrane localisation protein ADC linked to a TAT peptide, the other plasmid contains 
a precursor of miR-449a linked to a TAR element, and ADC-TAT is loaded into an exosome membrane. Through this 
approach, Zhou collected the engineered exosomes secreted by A549 cells (miR-449aExo), which exhibited strong anti- 
tumour ability in vitro and in vivo. Thus, the method is a promising method for NSCLC treatment. mRNAs and proteins 
loaded into lung-derived exosomes and administered to the lungs by inhalation showed high translation and expression 
levels in the lung tissues of mice that had received lung-EXO.105 Liu et al106 loaded IL-12 mRNA into human embryonic 
kidney cell–derived exosomes by electroporation. The resulting IL-12 mRNA–loaded exosomes facilitated the direct 
treatment of lung tumours through inhalation administration.

Application Potential of Peptide-Targeted Exosomes in Pulmonary Fibrosis
Pulmonary fibrosis (PF) is a chronic, progressive and destructive fibrotic interstitial lung disease characterised by 
alveolar epithelial damage, fibroblast proliferation, excessive extracellular matrix deposition and decreased lung 
function.107 However, the exact pathogenesis of the disease is unknown and effective treatment is lacking. Thus, patients 
with PF often have poor prognoses. The role of exosomes in intercellular communication in PF has attracted interest. 
miR-17-5p derived from human embryonic stem cell exosomes alleviate bleomycin-induced PF in mice by directly 
binding to thrombospondin-2.108 Macrophage-derived exosomes alleviate fibrosis in airway epithelial cells and lung 
fibroblasts by delivering miR-142-3p.109 Exosomes derived from bone marrow mesenchymal stem cells can up-regulate 
the mesenchymal cells of type II alveolar epithelial cells and regulate the transformation of fibroblasts into 
myofibroblasts.110 Therefore, exosomes are promising tools for cell therapy for PF. Strategies for treating the lungs 
with targeted peptides have advanced. Although research on peptide-targeted exosomes in the treatment of PF is still in 
the preliminary stage, using peptide-targeted exosomes is a potential strategy for PF treatment.

Conclusion
Under physiological conditions, exosomes can act as signalling molecules, regulating information exchange between 
cells and cell fate. Under pathological conditions, exosomes can be involved in tumour cell metastasis, infectious disease 
transmission and immune response. In addition, exosomes transport substances.111 By modifying exosomes with targeted 
peptides, the precise targeted delivery of exosomes to specific sites can be achieved.112 This approach improves drug 
bioavailability, reduces side effects and enhances diagnostic accuracy.Although exosomes show promising application 
prospects for basic research, exosome-based drug delivery systems still face many challenges in clinical settings. More 
clinical trials are needed to verify its safety and efficacy; At the same time, it is also necessary to solve the standardiza-
tion of exosomal preparation and purification, the selection of targeted peptides and modification methods, etc., in the 
click-chemistry method, there is likely to be chemical residues in the final product, which may affect the safety of 
exosomes. Genetic engineering methods cannot be used to label/target molecules other than genetically coded proteins/ 
peptides, and we need to select suitable targeting ligands or labeled parts without generating any adverse immunogenic 
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activity. However, with continuous advancements in technologies and in-depth research, these challenges can be 
addressed. Targeted peptide-modified exosomes are essential for disease treatment and diagnosis, offering prospects 
for effective and personalised medical programmes.
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