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Abstract: Pancreatic cancer (PC) is one of the most aggressive gastrointestinal malignancies, characterized by a dismal 5-year 
survival rate. This poor prognosis is primarily attributed to delayed early detection, rapid disease progression, surgical complexities, 
and the limited efficacy of conventional oncological therapies. Extracellular vesicles (EVs) are nanoscale, cell-secreted vesicles that 
transport bioactive cargoes, including nucleic acids, proteins, and lipids. Upon release into the extracellular space, EVs facilitate short 
and long-distance intercellular communication and molecular transport via multiple pathways. In this review, we elucidate the 
multifaceted roles of EVs within the highly malignant PC microenvironment, specifically focusing on their mediation of intricate 
crosstalk between tumor and stromal cells. Furthermore, we summarize potential EV-based biomarkers for PC diagnosis and the recent 
advances in leveraging EVs as therapeutic platforms across radiotherapy, gene therapy, and immunotherapy. Ultimately, this review 
aims to provide novel insights into the clinical management of PC to improve patient outcomes and quality of life. 
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Introduction
PC is a highly malignant tumor of the digestive system, and epidemiological statistics have found that the 5-year survival 
rate of patients with PC is less than 9%.1 Point mutations in oncogenes kirsten rat sarcoma viral oncogene homolog 
(KRAS), tumor protein p53 (TP53), cyclin-dependent kinase inhibitor 2A (CDKN2A), and SMAD family member 4 
(SMAD4), smoking, diabetes mellitus, obesity, and a history of chronic pancreatitis are the main risk factors for PC.2 The 
insidious origin, highly aggressive nature, and lack of concrete detection tools lead to late diagnosis and missed 
opportunities for surgical treatment.3 Currently, it is widely accepted that surgery is the only chance to cure PC, and 
the vast majority of patients have already developed lymph node and vascular infiltration and even metastases to the liver, 
lungs, and peritoneum by the time of definitive diagnosis.4 Most patients can only be treated with systemic palliative 
chemotherapy. Systemic palliative chemotherapy, ie, the use of drugs such as gemcitabine (GEM) and paclitaxel (PTX) 
to inhibit further tumorigenesis development, but the Treatment’s efficacy is minimal.5 Therefore, there is an urgent need 
to find diagnostic markers for the early diagnosis of PC that are reliable, as well as high-quality therapeutic strategies to 
improve the prospects for the grim survival of patients with PC.

EVs are membrane-enclosed, nanoscale vesicles originally considered cellular “waste products” intended to maintain 
intracellular homeostasis.6 Subsequent research has revealed that EVs are highly enriched in nucleic acids, proteins, and lipids, 
playing a pivotal role in intercellular communication by transferring these bioactive molecules and consequently altering the 
biological behavior of recipient cells.7 Both tumor cells and stromal cells within the tumor microenvironment (TME) abundantly 
secrete EVs. The resulting EV-mediated signaling crosstalk significantly promotes tumor invasion, metastasis, chemoresistance, 
and immunosuppression.8 In the present review, we focus on EV-mediated crosstalk within the PC microenvironment, high
lighting their dual utility as diagnostic biomarkers and targeted delivery vehicles for therapeutics. Through this comprehensive 
synthesis, we aim to further enhance the understanding of the critical role EVs play in PC progression and clinical management.
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General Introduction of EVs
EVs are heterogeneous collections of nanoscale vesicles secreted by cells into the extracellular space. Earlier, microvesicles, 
exosomes (Exos), and apoptotic vesicles were thought to be the leading entities of EVs.9 In recent years, several new subgroups 
of EVs have been identified, including secretory autophagosomes/amphibian, retractile vesicles, and migratory vesicles.10 EVs 
can be detected in various body fluids, including blood, cerebrospinal fluid, saliva, and sweat.11 Their heterogeneity is reflected in 
their particle size, shape, and charge, as well as the type and number of nucleic acid and lipid molecules they contain.12 Factors 
affecting the heterogeneity of EVs include but are not limited to, the type of parent cell, its health status, and the environment in 
which the cell is living.13 Release into the external environment can be achieved through receptor-ligand interactions, EVs 
interaction with plasma membranes (eg, the presence of a receptor), and the presence of a receptor. Interactions, a direct fusion of 
EVs with the plasma membrane (PM), and complete internalization of EVs by target cells through phagocytosis, lattice protein- 
mediated endocytosis, and megaloblast efflux.14 In recent years, based on its widespread presence in various body fluids and 
carrying a wide range of constituents, the EVs has been used as a liquid biopsy tool for diagnosing various diseases and as an 
essential indicator for prognostic analyses.14 Also, many studies have been conducted to modify EVs to make them ideal drug 
delivery vehicles for delivering therapeutic agents to malignant tumor cells, damaged cells, and immune cells15 (Figure 1).

EVs Mediate Signaling Crosstalk Between Cells in the PC Microenvironment
The PC microenvironment is densely populated with diverse stromal components, including pancreatic stellate cells 
(PSCs), cancer-associated fibroblasts (CAFs), mesenchymal stem cells (MSCs), tumor-associated macrophages (TAMs), 
and the tumor cells themselves.16 These diverse cell populations secrete abundant EVs, utilizing them as crucial mediators 
for bidirectional intercellular communication. This complex interplay ultimately drives cancer progression, metastasis, 
therapeutic resistance, and immune evasion.17 Herein, we delineate the specific roles of EVs released by tumor and stromal 
cells, elucidating the intricate molecular interactions between PC cells and the stromal compartment within the TME.

Figure 1 Biogenesis, secretion and cell entry of extracellular vesicles (EVs): EVs are categorized as exosomes, apoptotic bodies, and multivesiculars (MVs) based on their 
biological origin and size. Exosomes produce intraluminal vesicles (ILVs) through inward budding of early endosomes to form multivesicular Bodies (MVBs), which 
subsequently fuse with lysosomes or cell membranes and are released into the extracellular environment of the exosome, MVs are produced by outward budding from 
the plasma membrane, Apoptotic bodies are released during cell death through plasma membrane vesicles. EVs can deliver cargo to recipient cells through phagocytosis, 
megakaryocytosis, endocytosis, direct fusion, and other means, and subsequently modulate biological behavior.
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Tumor Cells
Hypoxia, reduced extracellular pH, and elevated lactate concentrations are common features of the solid TMEs, which 
can be involved in cancer cell survival, metastasis, immune evasion, and chemoresistance by regulating the secretion of 
important chemokines and cytokines by tumor cells.18 In the PC microenvironment, the thickening of stromal fibrosis 
compresses tumor tissue, leading to the occlusion of lymphatic and vascular vessels within the tumor. The conflict 
between supply and demand caused by the high oxygen demand of rapid tumor growth and the limited oxygen supply 
from poorly opened blood vessels leads to prolonged, persistent, and severe hypoxia in many regions of PC tumor cells.19 

In response to this hypoxic stress condition, PC tumor cells can construct a microenvironment conducive to their 
development by secreting EVs that act as inter-cellular crosstalk mediators.20 The migration and tube formation of human 
umbilical vein endothelial cells (HUVECs) are involved in tumor angiogenesis. Studies have found that PC secretes EVs, 
which induce the formation of PC angiogenesis through interactions with HUVECs. For example, EVs rich in miR-30b 
promote HUVEC migration and tube formation by inhibiting GJA1.21 Secretion of vesicles containing the LncRNA 
UCA1 promotes angiogenesis by modulating the miR-96-5p/AMOTL2/ERK1/2 signalling pathway in HUVECs.22 

Whereas to promote tumor invasion and metastasis, secreted EVs containing a high expression of circ-IARS into 
HUVECs cause endothelial barrier dysfunction and enhance endothelial monolayer permeability by increasing RhoA 
expression and activity, increasing the level of F-actin expression, and decreasing the expression of tightly linked zonula 
occludens-1 (ZO-1), causing distant PC metastasis.23 Concomitant secretion of FGD5-AS1-containing EVs leads to the 
acetylation of signal transducer and activator of transcription factor 3 (STAT3) by interacting with p300, which promotes 
the nuclear localization and transcriptional activity of STAT3/NF-κB. The over-activation of the STAT3/NF-κB pathway 
leads to the development of an M2-type polarisation of TAMs, forming an inhibitory tumor microenvironment and 
increasing cancer cell proliferation and metastasis.24 On the other hand, tumor-immune tumor-secreted EVs are also 
involved in tumor drug resistance, and relevant studies have confirmed that PC-secreted EVs cause PC cell resistance to 
the standard chemotherapeutic agent GEM via transfer matrix metalloproteinase 14 (MMP14), miR-155, and hepatic 
ligand protein type A receptor 2 (EphA2)25 (Figure 2).

Figure 2 Pancreatic cancer (PC) microenvironment is composed of pancreatic tumor cells, pancreatic stellate cells, cancer fibroblasts, tumor-associated macrophages 
mesenchymal stem cells, and dendritic cells, all of which can realize information communication between cells in the microenvironment by secreting extracellular vesicles, 
forming a pro-tumor microenvironment, which ultimately leads to the rapid proliferation of tumor cells, invasion of distant and near organs, formation of neovascularization, 
and epithelial-mesenchymal transformation.
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PSCs
The physiological functions of PSCs under normal conditions include participation in the body’s immune response, 
phagocytosis, and amylase secretion.26 In the microenvironment of PC, PSCs can be further categorized into two main 
groups: quiescent PSCs and activated pancreatic stellate cells (aPSCs).27 The differences in the vitamin A content and the 
protein profile expression can be an essential indicator of the distinction between these cells. In resting PSCs, vitamin 
A droplets are stored in the cytoplasm and express nestin, vimentin and junctional proteins. In contrast, aPSCs are 
activated to a myofibroblast-like phenotype, resulting in a loss of vitamin A droplet storage and high expression of α- 
smooth muscle actin (α-SMA).28 In addition to the differences in constituents, the biological behaviors of the two types 
of cells also undergo significant changes. Cells also underwent significant changes in biological behavior, with aPSC 
mediating their crosstalk with pancreatic tumor cells and thus regulating the biological behavior of PC cells through the 
secretion of soluble factors (eg, cytokines, chemokines, growth factors) and EVs enriched in microRNAs (miRNAs), 
lncRNAs, proteins, mRNAs, lipids and metabolites. Here, we focus on reports of such crosstalk activities mediated by 
EVs secreted by aPSCs. miRNAs are small, constitutive, non-coding RNAs of approximately 21 nucleotides in length 
that control the activity of approximately 30% of protein-coding genes in mammals, specifically by binding to the 3ʹUTR 
of the mRNA of a target gene through translational repression or shear regulation of target gene expression by binding to 
the 3ʹUTR of the target gene mRNA target gene mRNA to regulate its expression through translational repression or 
cleavage. Moreover, the EVs secreted by PSCs and the microRNAs of PSCs themselves are heterogeneous. It has been 
found that 251 microRNAs, such as miR-1246, miR-21-5p and miR-1290, are enriched in EVs, while miR-199a-5p and 
miR-1260b, which are highly expressed in PSCs, are depleted in EVs.29 At the same time, different components of 
miRNAs in EVs can promote PC tumor cell proliferation, migration, and chemotherapy resistance by regulating the 
expression of crucial pathways.30 Compared to free miRNA-mediated crosstalk activities, miRNAs encapsulated in EVs 
phospholipid bilayers miRNAs can be protected from external environmental interference to a certain extent or 
degradation.31 It was found that miR-5703-containing EVs secreted by aPSC directly bind to and downregulate the 
3ʹUTR of CMTM4, the subsequently downregulated CMTM4 promotes the proliferation of PC cells by inhibiting the 
activation of the activated kinase 4 (PAK4)-mediated PI3K/Akt pathway.32 Whereas, in the hypoxia condition, the miR- 
4465 and miR-616-3p-containing EVs secreted by aPSCs decreased the expression of PTEN and increased the expression 
of p-AKT by binding to the PTEN mRNA of the tumor cells, thereby promoting the proliferation, migration, and 
invasion of the cancer cells.33 In addition to the contained miRNA involved in the regulation of the malignant biological 
behaviour of PC cells, Liu et al reported that hypoxia stimulation can increase the secretion of EVs rich in LncRNA 
UCA1 by aPSC, which, after being taken up by PC cells, can reduce the histone methylation level in the SOCS3 gene 
region by recruiting EZH2, thereby enhancing PC’s resistance to GEM and inhibiting cancer cell apoptosis.34

Cancer Fibroblasts (CAFs)
CAFs make up the majority of the main body of the tumor stroma in PC, and their precursor cells of origin include, but 
are not limited to, quiescent fibroblasts, PSCs, MSCs, adipocytes, and others.35 The diverse origins have led to the 
heterogeneous CAFs in the microenvironment. Single-cell transcriptomics techniques have revealed that CAFs in the PC 
microenvironment can be divided into two subpopulations: myofibroblast CAFs (myCAFs) and inflammatory CAFs 
(iCAFs).36 Among them, myCAFs are spatially located adjacent to tumor cells, highly express αSMA, and cannot release 
inflammatory cytokines. In contrast, iCAFs are spatially located farther from tumor cells, low in αSMA expression, and 
release more inflammatory factors such as IL-6, IL-8, and IL-11.37 According to their roles in tumor development, they 
can be further classified into two subgroups: pro-cancer CAFs (pCAFs) and cancer-suppressor CAFs, and the majority of 
CAFs subgroups in the microenvironment usually exhibit pro-cancer effects.35 The cancer-suppressor CAFs subgroup 
releases a variety of mediators that can be used to inhibit cancer development. However, the pCAFs subpopulation 
releases a variety of mediators (eg, TGF-β, IL-6, and CXCL12) associated with rapid proliferation, neoangiogenesis, 
chemotherapy resistance, and the formation of a suppressive tumor microenvironment in PC.37 EVs, an essential medium 
for exchanging materials and information between cells, have been shown to benefit PC by directly or indirectly 
interacting with tumor cells or various subpopulations of immune cells in the microenvironment. Tumor cells have 
a metabolic symbiotic relationship with stromal cells in the microenvironment. Various metabolic waste intermediates of 
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CAFs, such as lactate, acetate, amino acids, etc, can be effectively taken up by tumor cells through EVs transfer and used 
in central carbon metabolism to maintain the rapid proliferation of PC tumor cells even in the extreme lack of nutrients.38 

The treatment of PC after surgery supplemented with chemotherapeutic agents is the gold standard of PC treatment. After 
a period of treatment, patients usually show drug resistance, significantly limiting the prognosis of the patients.39 Studies 
have found that treatment with GEM can increase the overall number of EVs secreted by CAFs to a certain degree and 
induce the secretion of EVs containing specific cargoes. For example, the study by Shi et al found that GEM-treated 
CAFs secreted highly expressed EVs containing miR-3173-5p, which significantly reduced Fe2+ and lipid ROS levels in 
tumor cells after uptake by pancreatic tumor cells following GEM treatment, causing increased resistance to ferroptosis 
in tumor cells, which in turn induced tumors to become resistant to GEM.40 In addition, the release of miR-21, miR-181a, 
miR-221, miR-222 and miR-92a have also been shown to promote tumor cell proliferation and chemotherapy resistance 
by inhibiting the tumor suppressor PTEN.41

MSCs
MSCs are pluripotent adult stem cells that can be derived from most tissues of the body, including but not limited to bone 
marrow (BM), adipose tissue (AD), umbilical cord (UC), and placenta.42 Properties such as self-renewal capacity, 
pluripotency, and immunomodulation have made MSCs an attractive tool for regenerative medicine.43 In a tumor context, 
MSCs are an essential component of the microenvironmental stromal cells and are closely associated with tumor 
progression. As early as the initiation of PC, MSCs can be recruited from the periphery to the vicinity of the tumor 
cells and participate in the formation of the “pre-metastatic ecological niche”.44 MSCs can be reprogrammed from 
normal trophic to tumor-promoting cells based on the membrane protein recognition system or the uptake of soluble 
factors released by the PC cells, such as chemokines, cytokines, and cargo-containing EVs, anchoring tumor cells as 
tumor stroma, secreting various mediators to enable crosstalk of material information with other cells in the 
microenvironment.45 As avid producers of EVs, MSCs secrete a considerable amount of EVs, and a study comparing 
the human acute monocytic leukemia cell line, human embryonic kidney (HEK) cell line and MSCs under equivalent 
treatment conditions found that MSCs produced 81 times the amount of EVs as compared to the other cell lines.46 

Treatments such as hypoxia, C-MYC gene transfection, hydrogen peroxide, and lipopolysaccharide (LPS) further 
enhanced the amount of EVs secreted by MSCs.47 Here, we focus on the exchange of material and information in the 
PC microenvironment mediated by MSCs through the release of EVs. The Wnt signaling pathway, as a critical signaling 
pathway controlling the malignant progression of PC, is controlled upstream by the oncogene WIF1 and downstream of 
which regulates a variety of stemness-related genes in PC cells, such as Oct4, Nanog, and Sox2, etc. A study by Lu et al 
found that MSCs-derived EV containing circ_0030167 could sponge miR-338-5p and target the Wif1/Wnt8/β-catenin 
axis after uptake by PCs to achieve proliferation, invasion, and stemness of PC.48 In addition, a study by Li et al found 
that human umbilical cord blood-derived mesenchymal stem cell-secreted EVs could enhance the proliferation and 
migration of PDAC cells by transferring miR-100-5p to Panc-1 and BxPC3 cells.49

TAMs
TAMs, as the most abundant immune cells in the microenvironmental stroma of PC, account for approximately 15–20% 
of the total mass of tumor cells.50 In a tumor context, TAMs are usually activated into two distinct subpopulations, ie, 
classically activated macrophages (M1) and alternatively activated macrophages (M2), with the M1 macrophages having 
pro-inflammatory properties, whereas M2 macrophages express high levels of anti-inflammatory cytokines and a certain 
level of arginase-1 (Arg-1) activity, possessing pro-carcinogenic properties.51 EVs of tumor cells, CAFs, and other 
origins can activate macrophages through various mechanisms. For example, EVs containing miR-301a-3p and miR- 
320a secreted by PC cells and CAFs under hypoxic conditions promote M2-type polarisation through activation of the 
PTEN/PI3K-γ pathway.52,53 The release of EVs containing the lnc-FGD5-AS1 component a molecular bridge between 
p300 and STAT3, causing acetylation of STAT3 and enhanced transcriptional activity, followed by activation of the 
STAT3/NF-κB signaling pathway and M2 polarisation of macrophages.24 Tang et al also demonstrated that the release of 
CEACAM5-containing proteins from PC induced M2-type polarisation of TAMs through activation of the MAPK 
signaling pathway and increased TAMs secretion of matrix metalloproteinase-9 (MMP-9), which in turn enhances PC 
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metastasis.54 In turn, polarised M2-type macrophages release EVs to participate in remodeling the tumor microenviron
ment to make it more suitable for tumor cell survival. The M2 type macrophages release EVs enriched in many types of 
miRNAs, and in the microenvironment, EVs can be used as a carrier for miRNA delivery to achieve intercellular 
information exchange.55 EVs containing miR-155-5p and miR-221-5p from M2 macrophages have been reported to 
promote PC angiogenesis by inhibiting the critical angiogenic transcription factor E2F2 after being transported to 
vascular endothelial cells.56 The expression level of miR-21-5p, an oncogene in various solid tumors, is highly correlated 
with the overall survival of patients. A study found that miR-21-5p was also highly expressed in EVs secreted by M2 
macrophages, which could be involved in the regulation of PC stem cell differentiation and activity by targeting krüppel- 
like factor 3 (KLF3).57 In addition, Sheng et al found that EVs secreted by M2 macrophages containing miR-501-3p were 
highly expressed in PC stem cells and that the expression of miR-21-5p in EVs secreted by M2 macrophages could 
promote PC angiogenesis.58 miR-501-3p-containing EVs secreted by M2-type macrophages promoted migration, inva
sion, and tube formation of PC cells through down-regulation of Transforming growth factor β receptor 3 (TGFBR3).59 

In addition to M2-type macrophage-derived EVs, Xia et al reported by single-cell sequencing coupled with spatial 
transcriptomics that RPS18-containing EVs of M1 macrophage origin were transferred to PC cells and resulted in PC cell 
activity, proliferation, migration and invasion to be inhibited.60

Dendritic Cells (DCs)
DCs, as antigen-presenting cells (APCs) at the core of the host adaptive immune response, are usually found in the blood 
and lymph nodes in three subpopulations: plasma cell-like DCs (pDCs), conventional type 1 DCs (cDC1s), and 
conventional type 2 DCs (cDC2s). pDCs exhibit a plasmacytoid morphology and produce large quantities of interferon 
I (IFN-α/β) after capturing viruses.61 cDC1 is a rare subset of DCs activated to produce a variety of inflammatory 
cytokines, including TNF-α, IL-6, IL-8, and IL-12, and cDC2, as a significant subset population of DCs, is the most 
potent APC for the activation and amplification of CD4 T-cells.62 In a tumor context, PC cells release a variety of EVs. 
Restricting peripheral DCs migration towards tumor cells and inhibiting microenvironmental DCs activation, antigen 
processing, and presentation functions cause defective T-cell initiation or inappropriate tolerance induction, ultimately 
leading to tumor cell immune escape.63 When PC cell-derived EVs were incubated with DCs, 3227 lncRNAs and 924 
mRNAs were identified as differentially expressed in DCs, and many of these RNAs were involved in the regulation of 
key mutated genes in PC networks such as TP53, KRAS, SMAD4 and CDKN2A.64 In addition, Cao et al found that 
when miR-203-containing EVs were incubated with DCs, the release of tumor necrosis factor-α (TNF-α) and interleukin- 
12 (IL-12) from DCs was significantly reduced, the mechanism suggests that miR-203, which is carried by EVs after 
uptake by DCs, restricts NF-κB activation by targeting and inhibiting TLR4, whereas miR-212-3p, which is transferred to 
DCs, inhibits the expression of regulatory factor X associated protein (RFXAP), reduces the expression of major 
histocompatibility complex II (MHC II) and induces immune tolerance in DCs65 (Figure 3).

Clinical Applications
EV-Based Diagnosis of PC
The high lethality of PC is closely related to the difficulty of making a definitive diagnosis at an early stage. 
Anatomically, the pancreas is located in the retroperitoneum and has no specific clinical manifestations at the early 
stage of development.12 Currently, endoscopic ultrasound-guided fine-needle aspiration (EUS-FAN) is considered to be 
the most accurate means of clinical diagnosis of PC. However, the puncture is highly, procedure is technically demanding 
for operators, and is prone to damaging to the nearby organs, leading to the risk of hemorrhage and cancer metastasis. It 
is not commonly used for universal screening of PC because of the risk of hemorrhage and metastasis.66 Instead, CA19-9 
is currently a common and FDA-approved biomarker for early diagnosis of PC by detecting its levels in the patient’s 
serum. However, approximately 14% of the general population does not express it, and 25% of patients do not show 
elevated levels of it, Furthermore, serum levels of CA19-9 are falsely elevated in the following pathological conditions 
(eg, benign tumors, inflammatory masses, and diabetes).66 Serum levels of CA19-9 are also elevated in the following 
pathological conditions (eg, benign tumors, inflammatory masses, and diabetes mellitus), leading to a low specificity of 
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CA19-9 in the diagnosis of PC.1 Therefore, there is an urgent need to find more suitable markers to clarify the diagnosis 
of PC as early as possible and to intervene accordingly in order to achieve a better quality of life for the patients. EVs, as 
nano-sized particles, can be obtained from a variety of body fluids, such as blood, saliva, sweat, etc, and carry a variety of 
proteins, lipids, DNA, RNA, and other important information of the parent cell.67 These two characteristics of EVs offer 
the possibility of various disease diagnoses. In the next section, we will discuss the application of the various EV-based 
cargoes in the early diagnosis of PC.

miRNA
The dysregulated expression of tumor-suppressive and oncogenic miRNAs is involved in the regulation of PC 
progression.68 A comparative study of miRNAs expression profiles in PC and normal pancreatic tissues revealed that 
miRNAs including, but not limited to, miR-31, miR-146a, miR-194, miR-210, and miR-223 were significantly upregu
lated in patients, while miR-92, miR-132, and miR-148a were significantly downregulated in patients.69 These aberrantly 
expressed miRNAs are sorted into EVs as parent cells secrete EVs. Current studies have found that miRNA cargoes from 
parent cells are loaded into EVs through four primary pathways: the neutral sphingomyelinase 2-dependent pathway, the 
miRNA motif and sumoylated heterogeneous nuclear ribonucleoprotein-dependent pathway, the 3′ end of the miRNA 
sequence-dependent pathway, and the miRNA-induced silencing complex-associated pathway, miRNA cargoes are 
loaded into EVs through four pathways.70 Moreover, miRNA expression profiling of secreted EVs reveals that in 
small RNAs, the proportion of miRNAs in EVs is higher than that in their parental cells.71 miRNAs are less susceptible 
to hydrolysis by nucleases in the external environment than free miRNAs under the protection of the lipid bilayer, 
making it easier for them to carry out the corresponding biological functions and broadening the possibility of early 
diagnosis of PC based on liquid biopsy.72 In the hypoxic microenvironment, PC secretes a large amount of miR-301a- 

Figure 3 Chematic diagram of tumor microenvironment-derived extracellular vesicles (EVs) regulating pancreatic cancer progression: Various stromal cells, including 
mesenchymal stem cells (MSCs), pancreatic stellate cells (PSCs), tumor-associated macrophages (TAMs), cancer-associated fibroblasts (CAFs), and dendritic cells (DCs), 
secrete EVs carrying specific non-coding RNAs. These EVs deliver their cargo to pancreatic cancer cells, modulating key signaling pathways and leading to distinct malignant 
phenotypes. MSCs-derived EVs containing miR-4465 and miR-616 inhibit PTEN, promoting proliferation. DCs-derived EVs carrying miR-203 activate TLR4, also enhancing 
proliferation. PSCs-derived EVs deliver LncRNA UCA1 to suppress SOCS3, or miR-5703 to activate PI3K/Akt, both facilitating invasion and migration. TAMs-derived EVs 
loaded with miR-155/miR-221, miR-221, or miR-301a/miR-320a activate E2F2, KLF3, or directly induce immune escape. CAFs-derived EVs containing miR-3173 elevate ROS/ 
Fe2+ levels and subsequently activate STAT3/NF-κB, while those carrying miR-21, miR-19, miR-221, and miR-222 contribute to drug resistance. These coordinated events 
collectively drive pancreatic cancer progression.
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containing EVs, and miR-301a expression in isolated serum from PC patients was found to be significantly higher than 
that in healthy individuals. Furthermore, the elevated expression of miR-301a in circulating EVs was closely correlated 
with the depth of tumor infiltration and lymph node metastasis.52 Michael House et al reported that miR-10-10a in EVs 
was found to be a significant contributor to the development of PC in the human body, the 100% sensitivity and 
specificity of miR-10b and miR-30c in EVs distinguish PC from normal control plasma.73 In addition to circulating 
sources of EVs, another study showed a significant elevation of miR-21 and miR-155 in pancreatic fluid-sourced EVs 
from patients with PC, and the diagnostic sensitivity specificity, and accuracy of the combination of these two miRNAs 
for PC were 96%, 75% and 91% respectively.74

LncRNA
LncRNAs are a class of endogenous RNAs with more than 200 nucleotides that do not code for proteins.75 lncRNAs play 
an important role in regulating transcriptional, post-transcriptional, and epigenetic levels during PC development through 
interactions with DNA, RNA, and proteins.76 A study using RNA sequencing of PC patients found significant differences 
in 43 lncRNAs compared to normal controls without cancer, including an approximately 6-fold upregulation of 
plasmacytoma variant translocation 1 (PVT1), a lncRNA that enhances GEM resistance, and a 5-fold overexpression 
of Lnc00152, a Lnc that controls invasion and metastasis.77 LncHOTTIP has also been reported to be highly expressed in 
PC patients and plays a significant role in regulating the WNT pathway.78 As tumor cells secrete EVs, differentially 
expressed lncRNAs are sorted into these vesicles and subsequently released into the external environment to participate 
in intercellular communication. In contrast, detecting “differential” lncRNAs in pancreatic fluid or blood provides new 
opportunities for pancreatic diagnosis.79 The lncRNA XIST, ROR, LINC01268, LINC02802, AC124854.1, and 
AL132657.1 have been highly expressed in PC-derived EVs, Among them, lncRNA XIST promoted perineural infiltra
tion of PC cells through the miR-211-5p/GDNF axis, and pre-treatment of tumor cells with GW4869, an inhibitor of 
neutral sphingomyelinase, significantly suppressed GDNF-mediated neurotrophic signaling to inhibit tumor invasion.80 

Compared with the normal pancreatic cell line (CCC-HPE-2), linc-ROR expression was elevated in EVs released from 
established PC cell lines (PANC-1, AsPC-1, MIA-PACA-2, CFPAC-1, and BxPC-3). Adipocytes induced the over
expression of linc-ROR via activation of the HIF1α/ZEB1 signaling pathway and interleukin-1β (IL-1β), which induced 
adipocyte dedifferentiation and promoted PC tumor invasion.81 A recent study used quantitative real-time reverse 
transcription polymerase chain reaction to detect the expression levels of lncRNAs in plasma-derived EVs from PC 
patients, compared with healthy subjects, the expression levels of LINC01268, LINC02802, AC124854.1 and 
AL132657.1 were significantly increased by 73.63-fold, 60.27-fold, 11.25-fold and 34.63-fold, respectively. The area 
under the curve (AUC) value for the four lncRNAs combined in the diagnosis of PC was 0.8476, with a sensitivity of 
72% and a specificity of 89%.82

Protein
In addition to miRNAs in EVs, lncRNAs have great potential for PC diagnosis, and the analysis of EVs proteins and proteomic 
profiles is a powerful tool for PC diagnosis.83 The proteomic screening of 13 human PC cell lines and 2 non-tumor cell line 
sources of EVs by liquid chromatography-mass spectrometry identified CLDN4, EPCAM, CD151, LGALS3BP, HIST2H2BE, 
and HIST2H2BF could be used as specific candidate biomarkers for PC diagnosis.84 Glypican1 (GPC1), which is anchored to the 
outer PM via a glycosyl-phosphatidylinositol bond, is another critical biomarker for the diagnosis of PC. Indicators of great 
potential, it has been reported that circulating GPC1+ EVs is only present in mutant Kras transcripts, and GPC1+ EVs is not 
detected in EVs derived from wild-type Kras mRNA.7 Kras mutations are considered to be the initiating event driving PC 
development. Kras oncogenic mutations can be observed in approximately 40% of low-grade intraepithelial neoplasia lesions 
PanIN1 mutations and mutated Kras can drive pancreatic carcinogenesis by coordinating with CDKN2A, TP53, BRCA2, MLL3, 
and SMAD4.85 Based on this finding; Jiao et al found that by analyzing plasma-derived EVs from healthy subjects, 16 patients 
with benign pancreatic disease and 27 patients with PC that compared to healthy controls (HC) and patients with benign 
pancreatic disease, blood-derived EVs from patients with early and advanced PC had high expression of GPC1. The expression 
of GPC1 in EVs had an AUC of 0.59 for PC diagnosis, with a sensitivity of 74% and a specificity of 44%.86 To improve the 
study’s diagnostic efficiency, another study utilized the EVs developed using immune lipid nanoparticle (ILN) biobricks to 
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identify GPC1 mRNA and proteins in the blood. The GPC1 mRNA and Protein co-diagnostic system was developed using an 
ILN biochip for EVs, which enabled the capture of GPC1 mRNA and Protein from a single EVs, increasing the AUC to 96%.87 

In addition, ALIX in plasma-derived EVs can also be used to diagnose PC. In patients with stage I/II and stage III/IV PC, the 
AUC value of ALIX is 0.768, which is slightly higher than that of CA199 (0.756). The AUC of the two combined for diagnosing 
PC is 0.91, with a sensitivity of 90.6% and a specificity of 83.9%.88 Although no specific EVs protein has yet been established as 
the gold standard for PC diagnosis, proteins carried by PC-derived EVs provide significant diagnostic value, and their 
combination with CA19-9 can markedly improve diagnostic efficiency (Table 1 and Figure 4).

Therapeutic Applications
Beyond their substantial potential in early diagnosis, EVs present novel avenues for PC therapeutic intervention. Current 
EV-based strategies encompass two primary approaches: (I) removing EVs containing nucleic acids or proteins related to 
the pathogenesis of the disease. Specifically, the secretion of EVs related to the progression of PC can be inhibited at the 
source by using sphingomyelinase inhibitors such as GW4869, or the effective binding of EVs to recipient cells can be 
inhibited, and circulating EVs that promote the progression of PC can be captured.89 (II) Using EVs as various 
therapeutic agents (small molecule chemotherapeutic drugs, miRNAs, EVs secretion or inhibit the effective binding of 
EV to receptor cells, and capture circulating EVs that promote PC progression).90 Next, we will further discuss the 
therapeutic application of EVs in PC in more detail.

Inhibit the Synthesis, Secretion, and Transport of Pro-Cancer EVs
The execution of EV-mediated intercellular communication necessitates several highly coordinated steps: biogenesis and 
secretion by the parent cell, release into the extracellular matrix, and subsequent uptake by recipient cells. 
Pharmacological blockade or inhibition of any of these stages can effectively disrupt EV-dependent signaling 
pathways.91 As previously described, within the highly heterogeneous PC microenvironment, multiple cell populations 
utilize diverse EVs cargoes to facilitate complex biomolecular crosstalk. This intricate signaling network ultimately 
accelerates tumor proliferation, distal metastasis, immune evasion, and the acquisition of chemoresistance.18 

Consequently, exploring the application of pharmacological inhibitors targeting EV synthesis, secretion, or transport 
has emerged as a highly promising therapeutic frontier in PC management. Currently, the main inhibitors applied to limit 
EVs synthesis and secretion include GW4869 and Y27632, and compounds affecting EV transport include calreticulin, 
madecassicin A, and Y27632.92 GW4869 is a potent, specific, non-competitive inhibitor of membrane-associated neutral 
sphingomyelinase (nSMase). It inhibits the formation of the large lipid raft domain involved in EVs shedding by 
inhibiting the production of the bioactive lipid ceramide, thereby inhibiting EVs secretion.93 Y27632 is a potent, 
competitive inhibitor of Rho-associated protein kinase (ROCK) that inhibits EVs secretion through inhibition of 
reorganization of the cytoskeleton and actin filament-mediated contraction.94 Calcineurin is a calcineurin inhibitor, 
usually activated to inhibit G protein by binding to G protein. After activation, it can participate in the Regulation of 
cytoskeleton remodeling activity by binding to G and cytoskeletal proteins. In contrast, under the inhibitory effect of 
calpeptin, the remodeling activity of cytoskeletal proteins is reduced, and the secretion of EVs is significantly inhibited.95 

Table 1 Extracellular Vesicle-Mediated Diagnostic Applications for Pancreatic Cancer

Detection Type Extracellular Vesicle Source Diagnostic Markers Expression of 
the Situation

References

MiRNA Blood MiR-301a Elevated [52]

MiRNA Plasma MiR-10b and miR-30c Elevated [73]

MiRNA Pancreatic juice MiR-21 and miR-155 Elevated [74]
LncRNAs Pancreatic juice LncRNAs XIST Elevated [80]

LncRNAs Blood Linc-ROR Elevated [81]

LncRNAs Blood LINC01268, LINC02802, AC124854.1 and AL132657.1 Elevated [82]
Protein Blood GPC1 Elevated [7]

Protein Blood LGALS3BP, HIST2H2BE Elevated [84]

OncoTargets and Therapy 2026:19                                                                                                 https://doi.org/10.2147/OTT.S591622                                                                                                                                                                                                                                                                                                                                                                                                       9

Li et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



In addition to the commonly used drugs, imatinib, glibenclamide, indomethacin, and chloroamidine have also been 
reported to modulate EVs synthesis and delivery.92 In PC, GW4869 has been more frequently used as a “harmful” EVs 
synthesis inhibitor to limit tumor development. For example, a study by Lei et al investigated the effect of GW4869 on 
EVs secreted by GEM-exposed PC CAFs and found that the addition of GW4869 could reduce the secretion of EV by 
70%, which in turn could reduce the content of Snail and miR-146a in the microenvironmental EVs secreted by CAFs 
and inhibit the progression of tumor, while in vivo experiments found that the combination of GW4869 and GEM was 
more effective than PBS (control), treatment showed a significant reduction in growth rate compared to PBS and GEM 
group at 10 days after treatment.96 miR-29b-containing EVs secreted by PC cells protect HUVEC from PC cell-induced 
angiogenesis by attenuating the expression of ROBO1 and SRGAP2, and a study by Shi et al utilized the fact that 
GW4869 could suppress the miR-29b secreted by PC cells to prevent the progression of PC. A study by Shi et al using 
GW4869 to inhibit miR-29b-EV secreted by PC cells, co-cultured with GW4869 and tumor cells, found that GW4869 
was involved in PC neoangiogenesis by controlling the expression of ROBO1 and SRGAP2.97 Similarly, another study 
also demonstrated that GW4869 could reverse EVs of PC cellular origin conferring resistance to GEM and cytokine 
TRAIL treatment.98

Treatment Mediated by EV as a Therapeutic Drug Delivery Vehicle
In recent years, EVs, initially regarded as cell-generated “waste products,” have been widely known as efficient drug delivery 
carriers due to their excellent biology, ease of artificial modification, low immunogenicity, and high-quality loading capacity.99 

Relevant studies have reported that EVs can be used as vehicles for various therapeutic agents (eg, chemotherapeutic drugs, 
proteins, nucleic acids, and immunosuppressants) in the treatment of various malignant tumors. For example, EVs loaded with 
miR-451a human umbilical cord mesenchymal stem cells (hucMSCs) inhibit PTX resistance, cell cycle transition, prolifera
tion, migration, and invasion and promote apoptosis of hepatocellular carcinoma cells (HCCs) by limiting epithelial- 
mesenchymal transition (EMT) of HCCs through the targeting of metalloproteinase 10 (ADAM10).100 Similarly, the study 
by Zhu et al found that EVs loaded with miR-129-5p can downregulate KCTD1 expression by targeting the 3′UTR region of 
the potassium channel tetramerization domain 1 (KCTD1), and further downregulate the HIF-1α/VEGF signaling pathway by 
inhibiting the interaction between KCTD1 and HIF-1α, ultimately suppressing the proliferation, migration, and metastasis of 
hepatocellular carcinoma.101 To overcome clinical bottlenecks such as insufficient targeting of small-molecule chemotherapy 
drugs and significant systemic toxicity, a recent study used electroporation technology to efficiently load Dox into extracellular 
vesicles derived from natural killer cells (NK-EVs). This delivery system significantly enhanced the uptake efficiency of Dox 
by liver cancer cells, effectively promoted tumor cell apoptosis, and demonstrated excellent anti-hepatocellular carcinoma 

Figure 4 Proteins and nucleic acids carried in EVs in blood or pancreatic juice have been reported in the existing literature as biomarkers for the diagnosis of PC.
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efficacy both in vitro and in vivo. On the other hand, the antitumor active molecules carried by NK-EVs themselves can 
produce a synergistic killing effect with chemotherapy drugs, further inhibiting tumor proliferation and invasion, providing 
a new biomimetic delivery strategy for achieving precise and low-toxicity chemotherapy for HCC.102 In another study, 
exosomes derived from neutrophils (NEs-Exos) loaded with DOX a significant factor in treating malignancies. Neutrophil- 
derived Exos bind to integrin-related receptors on the blood-brain barrier (BBB), cross the BBB via, clathrin-mediated 
endocytosis and rapidly target C6-Luc gliomas under the chemotaxis of inflammatory factors, and fluorescence quantification 
revealed that the fluorescence intensity of brain tumors on day 15 in the NEs-Exos/DOX group was 2.74-fold lower than that 
of the free DOX group, and median survival increased to 27 days in the NEs-Exos/DOX group compared to only 22 days in the 
free DOX group.103,104 Here, we summarise the therapeutic applications of EVs in carrier-mediated PC over the last 5 years.

Chemotherapy
Postoperative adjuvant treatment with GEM, PTX, or doxorubicin (Dox) is the current conventional strategy for the 
treatment of PC.105 The primary mechanism of action of GEM and Dox is to inhibit the synthesis of nucleic acids in 
tumor cells, leading to the death of the tumor cells. In contrast, the primary mechanism of action of PTX is to block the 
mitotic division of tumor cells to exert an Anti-tumor effect.106 The long-term use of the above chemotherapeutic drugs 
brings a wide range of toxic side effects, including (cardiac, renal, neurotoxicity, etc) as well as PC cells inherent 
extracellular matrix abnormality proliferation, resulting in free chemotherapeutic drugs on the Treatment of PC has 
always been ineffective.107,108 In recent years, it has been found that the use of EVs as a delivery vehicle can increase the 
ability of the chemotherapy drug. For example, a study found that GEM-loaded Panc-1 EVs were more effective and safe 
than free GEM for PC treatment. The survival of the GEM EVs treatment group was 5 days longer than that of the free 
GEM treatment group. The safety assessment found that blood urea nitrogen (BUN) and alanine aminotransferase (ALT) 
in the GEM EVs treatment group were at normal levels, whereas these indicators were significantly elevated in the free 
GEM-treated group, indicating systemic toxicity.109 In addition, another study found that PC cell-derived EVs could be 
loaded with 14.06 ng/μg of DOX and that Treatment of PC cells for 48 hours with either 85.32nM DOX or different Exo- 
DOX preparations containing an equal amount of DOX resulted in an apoptotic index of tumor cells of up to 73.2%, 
which was significantly better than that of the free DOX-treated group.110 The current means of loading chemother
apeutic drugs into the EV generally includes two major categories, ie, EVs pre-separation loading and post-separation 
loading, in which pre-separation loading is the use of the mother cell co-incubated with the target drug and the drug 
enters into the cytoplasm of the mother cell under the action of concentration gradient. Then, the targeted drug is 
encapsulated into EVs during their synthesis and secretion.111 Post-isolation loading is operated at the level of the 
acquired EVs, including co-incubation, electroporation, sonication, and other technical means, wherein external forces 
induce electroporation or sonication to create pores in the EVs phospholipid bilayer membrane. Then, the target drug 
enters the EVs through the pores to complete loading.112,113

Gene Therapy
Dysregulation of the balance between oncogenic and tumor-suppressive non-coding RNA (ncRNA) expression is 
common in PC. On the one hand, overexpression of oncogenic ncRNAs inhibits the expression of oncogenic proteins, 
and on the other hand, overexpression of oncogenic ncRNAs leads to the overexpression of oncogenic proteins.114 Over 
the past two decades, the therapeutic use of small interfering RNAs (siRNA), miRNA mimics, and anti-miRNAs has 
made considerable achievements in treating PC based on the above theoretical foundations. Substances and anti-miRNAs 
have made considerable achievements in the Treatment of the pancreas. The specific mechanism of action is as follows: 
siRNA binds to cytoplasmic argonaute protein to form RISC, which induces translational inhibition of oncogenic 
mRNAs or mRNA decay; anti-miRNA binds to the untranslated region of oncogenic miRNAs or complementary target 
mRNAs and induces translation of the mRNAs into tumor suppressor proteins.115,116 miRNA mimics act as tumor- 
suppressor miRNAs, also known as tumor-suppressor mimics. Mimics act as substitutes for the absence of tumor 
suppressor miRNAs and can effectively inhibit the translation of oncogenes.117 The presence of multiple nuclease 
enzymes in the circulation and the extensive clearance of naked siRNAs and miRNAs by the liver and kidneys results in 
limited actual transfection of therapeutic miRNAs and siRNAs into tumor cells, severely diminishing the therapeutic 
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efficacy.118 Therefore, there is an urgent need to develop high-quality miRNA and siRNA delivery platforms to improve 
term therapeutic efficacy. Liposomes, micelles, and polymer nanoparticles have been successively reported as carriers to 
deliver therapeutic miRNAs and siRNAs into PC.119–121 while potential toxic effects, difficulty in effective removal of 
carriers, and expensive cost of synthesis limit their further clinical translation.122 EVs, as cellular the good tolerance, low 
immunogenicity, and high loading capacity of EVs as an endogenous inter-cellular communication medium make them 
ideal vectors for the delivery of therapeutic miRNAs and siRNAs to pancreatic tumor cells.123 An innovative study by Xu 
et al successfully used electroporation to load siPAK4 into PANC-1 cell-derived EVs for PC treatment. In vivo and 
in vitro assays showed that the expression of PAK4 in the Exo-siPAK4 group was significantly lower than that in the 
Lipo-siPAK4 group (p < 0.001) and significantly increased the survival rate of the mice.124 In contrast, another study also 
loaded galectin-9 (gal-9) siRNAs into the PC cells by electroporation, making it challenging to apply them in PC 
treatment. In another study, gal-9 siRNA was loaded into bone marrow mesenchymal stem cell (BM-MSC)-derived EVs 
using an electroporation technique for treating PC. After administration, gal-9 siRNA EVs blocked the galectin-9/dectin- 
1 axis by lowering the gal-9 protein levels to reverse the profound immunosuppression induced by M2-TAMs and exert 
a therapeutic effect.125

Immunotherapy
Immunotherapy for PC exploits the host’s immune system to differentiate and eradicate malignant cells.50 

Immunotherapy aims to increase the activity of intracellular cytotoxic T lymphocytes (CTLs) and to assist in initiating 
tumor-specific CTLs in lymphoid organs to build effective and long-lasting anticancer immunity.126 However, this is 
hampered by the immunosuppressive tumor microenvironment, the complex interplay of physiological and pathological 
barriers of complex interactions, etc, resulting in state-of-the-art immune checkpoint inhibitors currently having only 
a 30% success rate in present PC interventions, which highlights the importance of targeting the delivery of immune 
agents into the tumor microenvironment using the use of advanced drug delivery platforms.127 EVs mediate important 
cellular communication during tumor immunoediting. In the elimination phase, tumor-derived EVs containing contain 
immunomodulatory proteins, costimulatory molecules, and adhesion molecules that activate the immune system, immune 
cells secrete MHC-I, MHC-II, and CD86 components that can promote the activation of CD4+ and CD8+ T-cells.128 

Although EVs hold promise for Immunotherapy, it has been found that EVs leaked as a therapeutic agent are readily 
eliminated from the body and have a very short circulating half-life.129 More studies of immunotherapy-engineered EVs 
are combining artificial modifications with Chemotherapy and gene therapy to improve therapeutic effects in PC further. 
For example, in a study by Chen et al gal-9 siRNA and oxaliplatin (OXA) were loaded into bone marrow MSCs via 
electroporation in combination for PC treatment. After intravenous injection, gal-9 siRNA down-regulated target genes to 
inhibit M2 polarisation effectively, OXA was released by the apoptotic cells through the induction of immunogenic cell 
death (ICD) in tumor cells. High mobility group box 1 (HMGB1) and adenosine triphosphate (ATP) act as immunos
timulatory signals to initiate DCs maturation and antigen presentation, activate anti-tumour immune responses, and 
promote the infiltration of CTLs in the TME.125 Similarly, Chen et al utilized the use of electroporation to load CCL22 
siRNAs into MART-1 peptide-modified tumor cell exosomes (referred to as the spMEXO system), which impedes the 
CCR4/CCL22 axis between DCs and Tregs, thereby inhibiting Treg amplification and thus suppressing tumor 
development130 (Figure 5 and Table 2).

Current Limitations of Using EVs as Carriers
EVs making significant progress in PC targeted therapy due to their low immunogenicity, high drug-loading capacity, and 
excellent targeting ability, their clinical translation still faces a series of key bottlenecks. First, regarding the source of 
EVs carriers, although tumor-derived EVs are widely used as targeted drug delivery carriers because of their natural 
homing effect, increasing evidence shows that these vesicles carry pro-angiogenic and matrix remodeling factors such as 
VEGF and MMP-2/9, as well as oncogenic nucleic acids like miR-21 and miR-10b, posing potential tumorigenic risks.131 

The long-term safety of using them as carriers for PC therapy still needs rigorous validation. Meanwhile, although EVs 
derived from plants, cow milk, and microbes have been preliminarily applied in PC research, their hepatotoxicity, 
nephrotoxicity, and cytotoxicity remain unclear, and head-to-head comparison data with human-derived EVs are lacking, 
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seriously limiting their clinical advancement.132 Based on comprehensive safety assessment, EVs derived from MSCs 
and DCs remain ideal carriers with better translational prospects at the current stage. Secondly, large-scale production 
and standardized isolation of EVs remain core challenges. The currently mainstream separation strategies (differential 
centrifugation, density gradient centrifugation, size-exclusion chromatography, immunoaffinity enrichment, etc) all rely 
on physicochemical properties such as density, particle size, and surface markers, but they generally have defects such as 
structural damage, impurity contamination, insufficient purity, and poor reproducibility, and a standardized separation 
system has not yet been established.133 In addition, in the drug loading process, exogenous drug loading (electroporation, 
ultrasound, freeze-thaw) easily causes damage to the EVs membrane structure and leakage of contents; endogenous drug 
loading (co-incubation, transfection) has low drug loading efficiency and poor controllability. Both methods struggle to 
achieve efficient and stable drug encapsulation, which becomes an important limiting factor for clinical applications. In 
addition, the quality testing and quality control system for drug-loaded EVs is still in its early stages, lacking unified, 
standardized, and quantifiable evaluation criteria.134 Existing studies mostly rely on basic indicators such as particle size, 
concentration, morphology, surface markers, and simple drug loading rates, which are insufficient to comprehensively 
reflect the structural integrity, encapsulation stability, in vivo half-life, targeting efficiency, and biological activity of 
drug-loaded EVs.135 At the same time, there is a lack of functional validation systems specifically for the PC micro
environment, making it difficult to accurately predict their delivery efficiency, drug release behavior, and therapeutic 
effects in vivo. Furthermore, significant differences in detection methods, reagents, and equipment across different 
laboratories complicate data comparison and reproducibility, further hindering the standardized transition of EV-based 
drugs from basic research to clinical application.

Figure 5 The workflow for the research and development of extracellular vesicle (EV)-based drug delivery systems and their therapeutic applications encompasses the 
multi-source preparation of EVs, efficient isolation and purification, targeted drug loading, and surface functional modification, ultimately realizing the full-chain technical 
route for disease treatment in animal models and preclinical settings.
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Table 2 Therapeutic Applications of Pancreatic Cancer Mediated by Extracellular Vesicles

Principles of Treatment Therapeutic Agent Mechanism of Action Therapeutic Effect References

Inhibition of secretory transport of 

harmful EVs

GW4869 Reduction of Snail and miR-146a in microenvironmental CAFs secreting EVs Significantly reduced tumor growth 

efficiency

[96]

Inhibition of secretory transport of 
harmful EVs

GW4869 Inhibition of pancreatic cancer secretion by miR-29b-EVs Control of ROBO1 and SRGAP2 
expression is involved in pancreatic 

cancer neovascularisation

[97]

EVs as drug delivery vehicles Gemcitabine Inhibition of nucleic acid synthesis in tumour cells leading to tumour cell death Prolonged survival and reduced liver 
and kidney toxicity

[109]

EVs as drug delivery vehicles Doxorubicin Inhibition of nucleic acid synthesis in tumour cells leading to tumour cell death Elevated apoptotic effect in pancreatic 

cancer

[110]

EVs as drug delivery vehicles siPAK4 Inhibition of pancreatic cancer invasive metastasis driven by increased Akt 

phosphorylation

Significantly increased the survival 

rate of mice with loaded tumors

[124]

EVs as drug delivery vehicles Gal-9 siRNA Blockade of the galectin-9/dectin-1 axis to reverse M2-TAMs Significantly reduced invasive 
metastasis of pancreatic cancer

[125]

EVs as drug delivery vehicles CCL22siRNA and 

MART-1 peptide

Blocking the CCR4/CCL22 axis between DC and Treg, thereby inhibiting Treg 

amplification

Inhibition of tumor development [130]

EVs as drug delivery vehicles Gal-9 siRNA and OXA Stimulatory signalling initiates maturation and antigen presentation of 

dendritic cells, activates anti-tumor immune responses and promotes 

infiltration of cytotoxic T lymphocytes in the TME

Enhancement of tumor cell killing by 

cytotoxic T lymphocytes

[125]
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Conclusions and Future Directions
As pivotal mediators of molecular exchange between tumor and stromal cells, EVs play a fundamental role in 
orchestrating PC invasion, metastasis, chemoresistance, and the immunosuppressive microenvironment. Notably, the 
isolation and detection of specific EV-encapsulated cargoes from peripheral blood or pancreatic fluid offer substantial 
diagnostic and prognostic value. Furthermore, EVs present transformative opportunities to enhance the precision of 
radiotherapy, chemotherapy, and gene therapy in PC.

Despite this profound potential, several critical hurdles must be prioritized to realize the clinical translation of EVs: 
(1) Technical Limitations in Isolation: Conventional isolation techniques—such as differential centrifugation, size- 
exclusion chromatography, and immunoaffinity capture—frequently suffer from compromised structural integrity, high 
operational costs, low purity, and insufficient yield. These constraints hinder the high-quality, large-scale isolation 
required for clinical applications, restricting current EVs platforms primarily to laboratory settings rather than commer
cial-grade manufacturing.136,137 (2) Standardization and Translation: Although relative to other synthetic carriers, EVs 
possess superior biocompatibility, standardizing their clinical use remains challenging.138,139 To overcome these bottle
necks, we propose that fostering robust multidisciplinary collaboration—encompassing materials science, clinical 
medicine, cell biology, and computational science—will expedite the resolution of current technical hurdles and catalyze 
the clinical translation of EV-based strategies. In summary, despite existing obstacles, EVs represent a transformative 
frontier with immense potential for the advanced diagnosis and therapeutic management of PC.
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