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Exosome applications for the diagnosis and treatment of
pancreatic ductal adenocarcinoma: An update (Review)
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clinical manifestations in its early stages and frequently
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eludes diagnosis until the advanced phases of the disease. The
limited therapeutic options available for PDAC significantly
contribute to its high mortality rate, highlighting the urgent
need for novel biomarkers capable of effectively identifying
early clinical manifestations and facilitating precise diagnosis.
The pivotal role of cellular exosomes in both the pathogenesis
and therapeutic interventions for PDAC has been underscored.
Furthermore, researchers have acknowledged the potential of
exosomes as targeted drug carriers against regulatory cells in
treating PDAC. The present article aims to provide a compre-
hensive review encompassing recent advancements in utilizing
exosomes for elucidating mechanisms underlying disease
development, patterns of metastasis, diagnostic techniques and
treatment strategies associated with PDAC.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC), a highly invasive
tumor that arises from the epithelial cells lining the pancreatic
duct and constitutes ~80-90% of total pancreatic cancer (PC)
cases (1,2). According to the GLOBOCAN 2022 data, there
were a total of 510,566 newly diagnosed cases of PC worldwide
in 2022, positioning it as the twelfth most prevalent malignancy
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globally (3). Due to its insidious onset, diagnosing early stages
of PDAC presents challenges. Most patients with this condition
typically experience upper abdominal discomfort or exhibit
initial symptoms such as dull pain and swelling.

Currently, the diagnosis of PDAC primarily relies on
imaging examinations, complemented by the detection of
serum biomarker carbohydrate antigen 19-9 (CA19-9) (4).
The clinical diagnosis of PDAC often occurs at an advanced
or even metastatic stage, primarily due to its low specificity
and aggressive progression (5). The lack of efficacious targeted
drugs further contributes to the suboptimal clinical diagnosis
and prognosis of PDAC. Therefore, it is imperative to enhance
early diagnostic and therapeutic approaches in order to
improve the overall prognosis of PDAC (6). The activation of
proto-oncogenes has been increasingly found to induce cancer
cells to release a higher quantity of exosomes compared with
healthy cells. This phenomenon significantly impacts the
progression of PDAC through its transmission in both the
tumor microenvironment (TME) and the entire body (7,8).
Therefore, exosomes could be considered as promising
diagnostic biomarkers for tumors, including PDAC (9-11).

Studies have explored the utility of exosomal markers such
as B7-H4, Plectin-1, SATB2, Glypican-1 and microRNAs
(miRNAs or miRs) in diagnosing PDAC and other related
neoplasms (11-14). These exosomal markers have demonstrated
potential in distinguishing between different types of PC,
aiding in the accurate identification of malignant pancreatic
intraductal papillary mucinous neoplasms and cholangiocar-
cinoma (15). Despite the challenges in validation, the use of
exosomes as non-invasive diagnostic biomarkers is essential
for the early detection of PDAC, a disease often diagnosed late
due to its asymptomatic nature (16,17).

The ability of exosomes to transfer chemical agents
has garnered significant interest across various fields. A
study conducted by Zheng et al (18) demonstrated the
protective effects of transplantation of mesenchymal stem
cell-derived exosomes against Dox-induced cardiomyopathy.
Chen et al (19) proposed that plant exosome-like nanovesicles
(PENVs) and artificial PENV-derived nano-vectors hold
immense potential for efficient delivery of therapeutic small
RNA in mammalian systems, thereby showcasing promising
prospects for future clinical applications. A previous study by
Tamura et al (20) on the Myristoylated Alanine-Rich C-kinase
Substrate (MARCKS)-ED-photodoxaz system presents a novel
and promising approach for cancer treatment through targeted
manipulation of exosomes and utilization of photochemistry.
Kreger et al (21) reported that enrichment of Survivin in breast
cancer (BRCA) cell-derived exosomes treated with Paclitaxel
(PTX) promotes cellular survival and enhances resistance to
chemotherapy. Additionally, engineered exosomes have been
found to possess the ability to directly target cancer cells by
transporting gemcitabine (GEM), PTX and other chemical
agents (22). Overall, the literature suggests that exosomes
possess the capability to transfer various molecules between
cells, highlighting their potential in fields such as immunology,
imaging and targeted therapy (23).

At present, there have been some reviews on the exosomes
and PC (24-36). A review from Ariston Gabriel et al (31)
in 2020 emphasizes the crucial significance of exosomes in
both PC early diagnosis and treatment through involving

in metastasis, cell proliferation, epithelial-mesenchymal
transition (EMT), angiogenesis and TME of PC (31). In 2023,
Fang et al (32) presented a comprehensive analysis elucidating
the involvement of tumor-derived exosomes in various aspects
of PC progression, including developing, progressing, diag-
nosing, monitoring and treating. Furthermore, the study of
Bunduc et al (33) on utilizing exosomes for prognostic assess-
ment in PDAC provides valuable perspectives. Expanding upon
these findings, the classification of exosomes and their diverse
mechanisms for diagnostic purposes are further reviewed, and
the latest advancements in utilizing exosomes for the diag-
nosis and monitoring of PDAC are elaborated. Different from
previous reviews that provide an overall summary of the role
of exosomes in PC proliferation, invasion and metastasis, the
present review lays out the roles of different types of bioactive
molecules carried by exosomes including mRNA, miRNA,
long non-coding RNA (IncRNA), circular RNA (circRNA),
DNA and protein in early screening of PDAC. Additionally, the
present review delves into the potential clinical applications
of exosomes as efficacious drug delivery tools and the newly
discovered bacterial exosomes are discussed. The current
analysis further enhances this perspective by elucidating the
early diagnosis and treatment potential of exosomes, thereby
providing a comprehensive overview of recent advancements
in utilizing exosomes for PDAC diagnosis and treatment.

2. Overview of exosomes

Extracellular vesicles (EVs) are a type of cell-secreted vesicles
with a membrane structure, which can be categorized into three
main groups based on their size, biological characteristics and
formation process: Exosomes, microvesicles and apoptotic
bodies (37,38). Exosomes typically refer to microvesicles
with a diameter ranging from 30 to 150 nm that are formed
through the fusion of multivesicular bodies (MVBs) with the
cell membrane. In general, exosome biogenesis occurs through
endosomal secretion in the early stages, facilitated by cyto-
plasmic membrane invagination within endocytic vesicles and
subsequent multiplication during small body engulfment due
to gradual lipid membrane fusion, resulting in the formation of
early endosomes. During the process of endosome maturation,
intracellular materials continue to be internalized by the cell
membrane, leading to the formation of multiple luminal vesi-
cles (ILVs), which eventually transform into MVBs. Finally,
MVBs give rise to exosomes through their fusion with the
plasma membrane and subsequent exocytosis of ILVs towards
the extracellular space (39-41).

The secretion and release of exosomes is a precisely regu-
lated process, with the involvement of various proteins such as
Alix and TSG101 in exosome formation (42). Additionally, due
to their role in signal transmission, the surface of exosomes
typically contains four transmembrane proteins, including
CD9, CD63 and CD81 (43). In addition to specific proteins,
the phospholipid bilayer membrane of exosomes primarily
comprises lipids and phospholipids, which are abundant in
substances such as cholesterol, ceramide and sphingomy-
elin (44). The interaction between exosomes and cell surface
receptors typically occurs through transmembrane proteins
or lipid ligands, facilitating the delivery of exosomes and
their internal proteins or nucleic acids to recipient cells
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via endocytosis (45). Therefore, exosomes play a crucial
role in intercellular communication and are indispensable
for the development and progression of diseases (23,46).
Moreover, exosomes are abundantly present in various body
fluids (47,48). It has been confirmed that all cells have the
ability to secrete exosomes (49). Cancer cells in patients with
PDAC can transmit bioactive molecules through exosomes,
thereby disrupting the gene expression signals of neighboring
stroma or epithelium and other healthy cells. Compared with
individuals without cancer, cancer cells in patients with PDAC
have the ability to produce a significant quantity of diverse
exosomes. Once identified, isolated and characterized using
conventional methods, these exosomes can serve as potential
biomarkers (50,51).

Recent advancements in exosome research have diversified
the techniques available for isolation and purification, each
with distinct advantages and limitations influencing their suit-
ability for clinical applications. The conventional method for
exosome purification is differential centrifugation, which has
been considered the ‘gold standard’. However, Lobb et al (52)
demonstrated that a combination of ultrafiltration and size
exclusion chromatography (SEC) can achieve comparable
particle purity to density gradient purification and efficiently
isolate a large quantity of exosomes from both cell culture
media and human plasma. Tang et al (53) reported that ultracen-
trifugation exhibits the lowest yield and recovery but offers the
highest protein purity compared with the other two exosome
isolation methods (ExoQuick and Total Exosome Isolation
Reagent). Vaswani et al (54) developed a robust protocol
combining ultracentrifugation and SEC for isolating exosomes
from human and bovine milk. Additionally, Tayebi et al (55)
introduced an innovative approach in exosome research by
integrating affinity-based methods with passive microfluidic
particle trapping techniques. They utilized streptavidin-coated
microbeads and biotinylated antibodies for targeted exosome
capture, thereby enhancing isolation specificity. This method
significantly reduces background noise during fluores-
cence-based quantification, though its dependency on specific
antigen-antibody interactions may limit broader applicability.
The diversity of these methodologies illustrates the ongoing
evolution of exosome isolation and purification techniques,
each contributing uniquely to the field's understanding and
potential clinical applications.

TME plays a pivotal role in the progression of cancer
and the failure of therapy (56). Tumor-associated macro-
phages (TAMs) are recruited to the TME and have been
demonstrated to exert influence on cancer progression (57).
Exosomes, nano-sized bio-vesicles released into bodily fluids,
have been implicated in shaping the TME and contributing
to cancer advancement (58). Macrophage-derived exosomal
miR-501-3p has been shown to promote PDAC progres-
sion (59). A previous study has demonstrated the presence of
glypican-1 (GPCI) positive exosomes in the serum of patients
diagnosed with PDAC, exhibiting remarkable specificity and
sensitivity. Moreover, these exosomes have shown potential
in distinguishing individuals with benign pancreatic diseases
or healthy subjects from those afflicted by both early and
late-stage PDAC (22). Furthermore, TAMs are resident innate
immune cells within the TME that actively contribute to tumor
development and progression (60). The metabolic regulation
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governing heterogeneity among TAMs and their modulation
by the TME remain areas necessitating further investiga-
tion (61). Overall, exosomes derived from macrophages play
a significant role in shaping PDAC advancement as well as
influencing dynamics within the TME itself (57,59). Extensive
prior research has demonstrated that macrophages and fibro-
blasts within the TME participate in various stages of tumor
development through diverse pathways (62). By engaging
in bidirectional signaling with tumor cells and other cells
via cancer-associated fibroblast (CAF)-derived cytokines,
chemokines, growth factors and exosomes within the TME,
CAFs not only promote tumor proliferation but also induce
immune evasion of cancer cells. Exosomes derived from
macrophages play a crucial role in the progression of PDAC
and contribute to the dynamics of the TME by promoting
M2 macrophage polarization. Exosomes originating from
lung tumor cells, hepatocellular carcinoma (HCC) cells and
Schistosoma japonicum adult worms have demonstrated
their ability to modulate transcriptional and bioenergetic
profiles of macrophages, inducing their polarization towards
an M2 phenotype (63,64). These findings provide compelling
evidence for a novel function played by exosomes in driving
M2 macrophage polarization, thereby offering promising
therapeutic targets for immunotherapy against lung cancer,
HCC and PDAC (65,66). These findings underscore both the
potential of targeting exosomes and TAMs for cancer therapy
as well as emphasize the importance of comprehending their
roles in driving cancer progression (67,68).

Furthermore, exosomes have the ability to transport and
deliver diverse biological substances (69,70), thereby specifi-
cally targeting cancer cells or genes implicated in PDAC
development. Consequently, engineered exosomes carrying
specific targeted genes can be harnessed for the treat-
ment of PDAC, thus playing a pivotal role in its therapeutic
approach (71).

Exosomes have emerged as a promising non-viral
delivery system for CRISPR/Cas9 gene editing in PDAC.
McAndrews et al (72) demonstrated the ability of exosomes
to encapsulate CRISPR/Cas9 plasmid DNA and efficiently
deliver it to recipient cancer cells, thereby inducing targeted
gene deletion. This approach has been shown to effectively
suppress proliferation and inhibit tumor growth in preclinical
models of PDAC. The objective of Su et al (73) was to elucidate
the mechanisms underlying exosome-mediated intercellular
communication between PC (Panc-1) cells and macrophages
(J771.A1) using a Transwell co-culture system. Based on
these findings, targeted genetic therapies aimed at selectively
manipulating the content of tumor cell-derived exosomes,
exhibiting significant potential for cancer therapy.

Exosomal heat shock protein 60 plays a pivotal role in
intercellular communication, particularly in the progression
of cancer (74). It holds potential clinical applications as a
biomarker for diagnostics, prognostic assessment, and moni-
toring disease progression and treatment response in cancer.
Moreover, heat shock protein 70 is upregulated in PDAC cells
and inhibits caspase-dependent apoptosis, thereby facilitating
cell survival (75). Heat Shock Factor 1, a protein that governs
the heat shock response pathway, represents a promising target
for drug intervention in cancer and proteinopathy with signifi-
cant implications for therapeutic strategies and prognoses (76).
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In a study conducted by Jin ef al (77), it was discovered
that exosomal ZIP4 promotes the growth of PDAC and serves
as a novel diagnostic biomarker for this disease. Another study
by Castillo et al (78) involved a comprehensive profiling of
the ‘surfaceome’ of PDAC exosomes to identify surface
proteins that could facilitate the enrichment of cancer-derived
exosomes in liquid biopsies for subsequent molecular profiling.
These studies suggest that utilizing small molecule inhibitors
delivered via exosomes may offer potential therapeutic and
diagnostic options for PDAC.

Exosomal nanoparticles secreted by human pancreatic
tumor cell lines exert an inhibitory effect on tumor cell prolifer-
ation through the mitochondria-dependent apoptotic pathway,
mediated by the activation of phosphatase and tensin homolog
deleted on chromosome 10 (PTEN) and glycogen synthase
kinase-3p (GSK-3f) (79). The interaction between exosomal
nanoparticles and cells is considered to involve membrane
lipid rafts. This interaction leads to a downregulation in the
expression of hairy and enhancer-of-split homolog-1 (Hes-1),
a key intranuclear target of the Notch-1 signaling pathway,
as well as induction of apoptosis following GO/G1 phase cell
cycle arrest (80,81). Unexpectedly, blocking presenilin results
in PTEN and GSK-3f activation. Conversely, inhibition of
either PTEN or GSK-3f increases Hes-1 expression and
partially counteracts the proliferation inhibition induced by
exosomal nanoparticles, highlighting reciprocal regulations
between Notch signaling and PTEN/GSK-3 (82).

The present review focuses on the latest advancements
concerning exosomes in early screening and treatment of
PDAC. The aforementioned exosomes-related content was
summarized to explain the roles of exosomes (Fig. 1).

3. Dual function of exosomes in PDAC

A wide range of studies have consistently demonstrated that
exosomes participate in cellular processes such as cell migra-
tion, invasion, immune regulation, angiogenesis and cancer
cell metastasis (83-85). During PDAC progression, malignant
tumor cells release exosomes that exhibit a dual function.
They not only facilitate cancer growth but also stimulate
fibroblasts within the TME, resulting in alterations in immune
cell subtypes among host cells (86,87). Consequently, this
process hampers effective targeting of immunocytes towards
cancer cells while simultaneously upregulating immunocyte
apoptosis' levels.

On the one hand, exosomes that promote the progression
of PDAC may serve as specific diagnostic markers and thera-
peutic targets. Jin et al (77) discovered that exosomes derived
from PC-1.0 (a highly malignant pancreatic cell line) cells can
be internalized by and enhance the proliferation, migration
and invasion abilities of PC-1 (a moderately malignant PC line)
cells. Wang et al (88) found that hypoxic exosomes derived
from PC cells activate macrophages to adopt the M2 phenotype
in a HIFla or HIF2a-dependent manner, thereby facilitating
the migration, invasion and EMT of PC cells. Chiba et al (89)
demonstrated through in vitro analyses that exosomes released
from PC (PK-45H) cells induce various gene expressions in
human umbilical vein endothelial cells (89). These findings
suggest that exosomes released from PC cells may serve as
novel promoters of angiogenesis. Furthermore, exosomes play

acrucial role in the TME and mediate communication between
PDAC cells and matrix components such as pancreatic stellate
cells, regulating the progression of PDAC (90). Zhou et al (91)
confirmed that exosomes derived from PDAC cells can
stimulate lymphangiogenesis both in vitro and in vivo. This
mechanism is related to downregulation of ABHDI1 antisense
RNA 1 expression in lymphatic endothelial cells and enhance-
ment of their proliferative capacity, migratory potential and
tube formation ability (91).

On the other hand, exosomes that inhibit the progression
of PDAC could also be utilized as carriers for drug delivery.
For instance, exosomal miR-485-3p derived from pancreatic
ductal epithelial cells suppresses PDAC metastasis by targeting
p2l-activated kinase-1 (92). The miR let-7b-5p is highly
enriched in exosomes derived from NK cells and actively
contributes to their antitumor effects against PDAC cells (93).
In addition, exosomal miR-3607-3p derived from natural killer
cells inhibits the progression of PDAC by targeting IL-26 (94).
The downregulation of IncRNA SBF2-AS1 in M2 macro-
phage-derived exosomes leads to an increase in miR-122-5p,
which restricts X-linked inhibitor of apoptosis protein and
limits the development of PDAC (95). The suppression of
pancreatic ductal cell carcinoma is achieved by human umbil-
ical cord mesenchymal stem cell-derived exosomes carrying
hsa-miRNA-128-3p, which exert their inhibitory effects on
Galectin-3 (96). The specific mechanism underlying the dual
nature of exosomes remains to be elucidated, potentially
attributed to their diverse origins.

4. Utilizing exosomes for screening PDAC

The early stage of PDAC, characterized by a high degree of
malignancy, often presents without evident clinical manifesta-
tions. As the disease progresses, patients commonly experience
symptoms such as unexplained weight loss, tenderness in the
upper abdomen and jaundice. Consequently, clinicians typi-
cally rely on these symptomatic presentations for diagnosing
PDAC (97,98).

In clinical practice, following the assessment of genetic
history and conducting a physical examination, clinicians
commonly utilize blood tumor markers for the diagnosis
of PDAC. Prominent diagnostic markers include CA19-9,
carcinoembryonic antigen (CEA) and CA125. Among these,
CA19-9 exhibits a specificity ranging from 80-90% in patients
with PDAC and is considered the most sensitive tumor marker
for diagnosing PDAC (99,100). However, based on scientific
research, it has been observed that the CA19-9 biomarker may
produce false positive outcomes in conditions such as chol-
angitis, inflammation and biliary tract obstruction, thereby
compromising its accuracy in indicating the presence of a
tumor (101). Moreover, ~15-25% of patients with early-stage
PDAC exhibit CA19-9 levels below the clinical threshold
of 37 U/ml (102), while Lewis antigen-negative individuals
within the general population (5-10%) do not produce CA19-9
at all (102). Furthermore, achieving early detection and prompt
treatment through these aforementioned methods remains
challenging due to the relatively concealed pathogenesis of
most cases (103). According to research findings, a signifi-
cant proportion of patients receive their diagnosis when the
disease has already progressed to either the intermediate or
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Figure 1. Application of exosomes in the treatment of pancreatic cancer.
Exosomes can be utilized for the delivery of anticancer drugs, such as
chemotherapy drugs and functional RNA, including small interfering RNA
and microRNA. Additionally, peptides can be delivered to target cancer cells.
Tumor-specific markers secreted by cancer cells outside the exosomes can
be employed as a target, and the exosomes contain antibodies against the
protein.

advanced stages. Consequently, there is a risk of overlooking
potential opportunities for administering optimal treatment
by relying solely on conventional diagnostic methods (104).
Therefore, in accordance with the recommendations outlined
in the latest literature, comprehensive diagnosis of PDAC
includes utilization of the CA19-9 marker alongside histopa-
thology, imaging techniques and other biomarkers (105,106).
Recent studies have indicated that PDAC occurrence involves
multitude cytokines, including miRNA, mRNA, DNA and
exosomes (107,108). Given their detectability during PDAC
development, exosomes hold great potential as diagnostic
biomarkers for this disease (109).

The levels of exosomes were quantified in patients with
PDAC, and the results revealed a statistically significant
elevation compared with that observed in healthy controls.
Additionally, there was a positive correlation between
exosome levels and elevated serum CEA concentrations.
Further analysis revealed a significant association between
higher exosome levels, lower tumor differentiation and shorter
overall survival (110). Exosome levels in PDAC vary across
different stages and are correlated with disease severity (111).
Significant variations in exosomal miR-10b levels among
different stages of PDAC have been previously demon-
strated (112). Furthermore, exosome-mediated communication
contributes to the development of liver metastases in PDAC.
However, comprehensive demonstration and validation are
still required to establish the diagnostic validity and accuracy
of exosomes for PDAC (113).

Simultaneously, bioactive molecules carried by PDAC
promote cell migration and invasion (45,114); upon absorp-
tion by cancer cells, the physiological state of these cells
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undergoes changes leading to metastasis and spread to other
parts of the body (115). Therefore, different types of bioactive
molecules carried by exosomes including mRNA, miRNA,
IncRNA, circRNA, DNA and protein can partially reflect
the extent of tumor lesions in patients with PDAC; thus they
can serve as biomarkers for early liquid biopsy screening for
PDAC (33,116-118).

Exosomal non-coding RNA related to PDAC

MiRNAs. The application of serum exosome diagnosis
has been suggested by numerous studies for early detection
of PDAC (57,88,119). Among them, miRNA, a key regulator
of post-transcriptional gene expression, is one of the most
prevalent RNA species encapsulated within exosomes.
Marin et al (120) highlighted that the levels of miR-125b-3p,
miR-122-5p and miR-205-5p in serum exosomes from patients
with PDAC were significantly elevated compared with those
in the control group. Wang et al (121) conducted a study
where they collected blood samples from patients with PDAC,
chronic pancreatitis, and a healthy control group. Interestingly,
it was identified that the level of miR-19b in patients with
PDAC was significantly higher compared with both patients
with chronic pancreatitis and the control group. Furthermore,
when compared with the detection of the biomarker CA19-9,
miR-19b exhibited superior diagnostic accuracy [area under
the curve (AUC): 0.942 vs. 0.813, P=0.0054] (121).

Inaddition to their direct application in biomarker diagnosis,
the integration of exosomes with existing indicators in clinical
diagnosis and treatment of PDAC may significantly enhance
the precision of medical interventions. Nakamura et al (122)
demonstrated that by combining miR-21 and miR-155 analysis
from pancreatic juice with pancreatic juice cytology, the diag-
nostic accuracy increased from 83, 89 and 74% for individual
markers to a combined accuracy of 91% (122). The combina-
tion of miR-21, miR-210 and CA19-9 by Wu et al (110) was also
found to enhance the diagnostic accuracy from 83-85 to 90%.
However, the rapid progression of PDAC necessitates invasive
surgical procedures combined with biomarkers for disease
staging, thereby impeding timely and effective assessment of
patient progress (110).

The study conducted by Chen et al (123) involved the clas-
sification of patients with PDAC based on disease progression
and lymph node metastasis. Their findings revealed a significant
decrease in the expression level of miR-1231 in the serum of
patients, which was directly associated with disease advance-
ment. Notably, stage I/II patients exhibited significantly lower
levels of miR-1231 compared with stage III/IV patients, and this
reduction correlated negatively with tumor metastasis extent.
These results suggest that miR-1231 can serve as a valuable
tool for evaluating PDAC progression (123). Another study
consistently demonstrated a significant correlation between
exosomal miRNA levels and tumor metastasis extent (124).
This investigation focused on miR-451a as a research target
and revealed its substantial association with clinical stage and
distant metastasis. Moreover, the expression level of miR-451a
was highly responsive to treatment and recurrence, suggesting
its potential utility as an efficacy evaluation tool. In another
multicenter cohort study by Nakamura ef al (102), 15 out of 30
overexpressed miRNAs in exosomes or cytosol were identified
through transcriptional analysis as suitable for establishing
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a risk prediction model for diagnosing patients with PDAC
using logistic regression analysis. The results simultaneously
confirmed that the predictive model exhibited significantly
higher accuracy in correctly identifying patients with either
positive or negative CA19-9 compared with biomarker detec-
tion, particularly in distinguishing patients with stage I/II
PDAC.

IncRNAs. IncRNA is a type of non-coding RNA that plays
a crucial role in maintaining the stable biological function of
PDAC cells through its interactions with miRNA, mRNA,
DNA, or protein molecules. Yu et al (125) conducted an
analysis on the differential expression of IncRNAs between
patients with PDAC and healthy individuals and observed a
significantly elevated level of exosome LINC00623 in patients
with PDAC compared with healthy individuals. Specifically,
the expression level of exosome LINC00623 in patients with
PDAC was found to be ~3.7-fold higher than in healthy controls,
with a 95% confidence interval of 2.8 to 4.5 fold increase
(P<0.01) (125). In vitro experiments also demonstrated that
exosome LINC00623 can bind to N-acetyltransferase 10 and
maintain the stability of oncogenic mRNA through ac4C
acetylation, indicating that IncRNA may serve as a potential
biomarker for PDAC analysis.

Circ-RNAs. The presence of circRNA, along with miRNAs
and IncRNAs, has also been detected in small EVs known
as exosomes. Both circRNA and exosomes have recently
demonstrated significant roles in various types of tumors. For
instance, circ-KIAA1244 released in plasma exosomes has
been identified as a potential marker for gastric cancer detec-
tion, with a sensitivity of 77.42% and a specificity of 68.00%.
Similarly, hsa_circ_0004771 has been used to distinguish
colorectal cancer, with an AUC of 0.88 (95% CI,0.815-0.940), a
sensitivity of 80.91%, and a specificity of 82.86%. Additionally,
circ_0070396 combined with alpha-fetoprotein demonstrated
81.98% sensitivity and 100% specificity in the diagnosis of
hepatocellular carcinoma (126).

The study conducted by Li et al (90) revealed a signifi-
cant association between elevated circ-PDESA expression
and lymphatic invasion, Tumor-Node-Metastasis stage, as
well as an unfavorable prognosis in patients with PDAC.
Hong et al (126) demonstrated a significant correlation between
the expression levels of exosome circRNA hsa_circ_0006220
and hsa_circ_0001666 with CA19-9 in vivo. Additionally,
hsa_circ_0006220 was found to be involved in tumor metas-
tasis, while hsa_circ_0001666 showed a significant association
with tumor size (126).

By investigating the presence and expression levels of
serum exosomal circRNAs, it may be possible to distinguish
patients with cancer from healthy individuals in the future,
thereby identifying novel potential exosome-based cancer
biomarkers.

Exosomal DNA and proteins related to PDAC
DNA.Exosomes originate from viable cancer cells and may
reflect a distinct biology compared with circulating cell-free
DNA (cfDNA) released from dying tissues. Yadav et al (127)
provided an in-depth analysis of the current status of liquid
biopsy in PDAC as both diagnostic and therapeutic tools,
while also discussing future research perspectives focusing
on circulating tumor cells, circulating tumor DNA and

exosomes. The study conducted by Allenson ef al (128)
compares exosome-derived DNA with cfDNA in liquid
biopsies of patients diagnosed with PDAC, revealing a high
prevalence of mutant Kirsten rat sarcoma viral oncogene
homologue (KRAS) in circulating exosome-derived DNA
from patients with early-stage PDAC, with KRAS mutations
detected in 66.7% of localized PDAC cases, compared with
45.5% detected through cfDNA. Furthermore, utilizing
targeted sequencing, Mizukami et al (129) conducted an
analysis on the coding regions of 27 cancer-predisposing
genes in a cohort consisting of 1,005 patients with PC and
23,705 controls in Japan. Their findings revealed a significant
association between pathogenic mutations in BRCA genes and
the incidence of PDAC, particularly with regards to BRCA1
and BRCA2 (129). Although BRCA-mutant PDAC consti-
tutes a minority of PDAC cases, recent evidence suggests
that BRCA gene testing is indispensable for individuals with
a familial history of PDAC, which demonstrated potential in
enhancing diagnostic accuracy (130). Future investigations
are warranted to explore the detection of minute fragments
of BRCA mutations within exosomal DNA, as this approach
exhibits potential as an innovative diagnostic technique. The
current diagnostic paradigm for PDAC diagnosis, however,
exhibits low diagnostic accuracy in this manner. Although
there are few studies on this topic, it could be interesting for
future investigations.

Proteins. Exosomal proteins, selectively packaged and
released by cancer cells, significantly contribute to the
communication between tumor cells and their microenviron-
ment. Moreover, specific protein cargoes within exosomes
have been implicated in PDAC progression as key regulators
in signaling pathways associated with tumor growth, invasion
and metastasis. Understanding the dynamic interplay between
exosomal proteins and the complex network of molecular
events in PDAC is crucial for unraveling the intricacies of this
disease and holds promise for developing targeted therapeutic
strategies.

Studies have emphasized the potential of GPCI enriched
exosomes for early detection of PDAC (14,131). These exosomes
demonstrate superior sensitivity and specificity in distin-
guishing between PDAC and chronic pancreatitis compared
with CA19-9 alone. Non-invasive blood tests can capture these
exosomes, presenting a novel approach for early detection
of PDAC. Moreover, exosome-based diagnostics overcome
genetic variability issues such as Lewis antigen negativity
affecting CA19-9 expression and secretion, thereby providing
a more comprehensive and precise biomarker system.

In a pivotal study, GPCl-positive circulating exosomes
demonstrated an impressive sensitivity of 98.3% and speci-
ficity of 86.2%, with a remarkable area under the receiver
operating characteristic curve (AUROC) of 0.96, signifi-
cantly outperforming CA19-9 which exhibited a sensitivity
of 78.3% and specificity of 65.5% with an AUROC of 0.82
(P<0.0001) (131). Furthermore, the combination of CA19-9
with the miR-3940-5p/miR-8069 ratio in urine exosomes
enhanced diagnostic accuracy, achieving a sensitivity of 93.0%
and positive predictive value of 78.4%; when both tests yielded
positive results, it resulted in a perfect positive predictive value
of 100% (132). These findings underscore the potential utility
of exosomal biomarkers not only in surpassing conventional
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biomarkers in terms of sensitivity and specificity but also in
facilitating non-invasive diagnostic protocols.

Numerous studies have reported the potential of exosomal
proteins, including CD44 variant isoform 6/complement Clq
binding protein, Claudin-4, epithelial cell adhesion molecule,
CD151, lectin galactoside-binding soluble 3 binding protein,
histone cluster 2 H2B family member E, histone cluster 2 H2B
family member F and others as promising biomarkers for early
detection of PDAC (78,133). Additionally, certain exosomal
proteins such as New York esophageal squamous cell carci-
noma-1 and melanoma antigen gene-A4 remain unidentified
but their presence in soft tissue sarcomas through immunos-
taining techniques suggests their prospective significance in
PDAC development and warrants consideration for future
screening approaches (134,135).

Exosomes can be isolated from the pancreatic duct fluid
and utilized for the diagnosis of patients PDAC (22). Moreover,
exosomal proteins have the potential to serve as diagnostic
markers for patients with PDAC (32). Exosomes provide a
selective enrichment method for cancer-specific material from
the diverse pool of circulating non-neoplastic tissue-derived
nucleic acids. Additionally, exosomes represent a distinct
source of tumor DNA that may complement other sources
in liquid biopsy analysis (136). However, it remains unclear
which specific types or stages of PDAC can be accurately
distinguished using exosomes, which could be an area for
future research direction (137,138).

At present, the era of cancer genome profile testing has
emerged (139). However, the clinical application of liquid
biopsy in PDAC treatment encounters challenges due to the
low levels of circulating genetic material observed in patients
with PDAC (typically ~0.1% mutant DNA), necessitating the
development of ultra-sensitive and reproducible methods for its
implementation (140). The limitations associated with cancer
genomic testing act as a driving force to propel exosome
research forward. By integrating these innovative biomarkers
with existing clinical frameworks, significant advancements
in early detection and management of PDAC are anticipated,
particularly among patients who have been inadequately
diagnosed by CA19-9, as illustrated in Table I. Further valida-
tion through larger-scale multi-center studies will be crucial
to confirm these promising results and explore their utility
in longitudinal patient monitoring, potentially enhancing
both diagnostic and prognostic outcomes for individuals with
PDAC.

5. Exosomes in the treatment of PDAC

The optimal treatment for PDAC is surgical intervention;
however, a significant proportion of patients with PDAC (~80%)
fail to meet the necessary criteria for surgery, necessitating
reliance on conservative pharmacotherapy instead (141,142).
Currently, primary treatment options for PDAC are GEM in
combination with albumin-bound PTX, GnP, FOLFIRINOX
[a regimen comprising 5-fluorouracil (5-FU), leucovorin,
irinotecan and oxaliplatin], and modified FOLFIRINOX
(mFOLFIRINOX). The Phase III trial demonstrated that the
combination of nanoparticle albumin-bound PTX and GEM
significantly enhanced overall survival, progression-free
survival, and response rate in patients with PDAC. However,
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it was associated with an increased occurrence of peripheral
neuropathy and myelosuppression (143). Conroy et al (144)
revealed that FOLFIRINOX exhibited a significant survival
benefit compared with GEM, albeit with an increased incidence
of adverse effects. Furthermore, another study highlighted
that the administration of mFOLFIRINOX, as opposed to
FOLFIRINOX, may lead to a reduced frequency of Grade
3 or 4 non-hematological adverse events while maintaining
a comparable response rate (145).

In the NCCN 2023 guidelines for PDAC, the aforemen-
tioned traditional therapies remain commonly used, while
new immunotherapy and targeted therapy options have been
proposed, including the KRAS inhibitor sotorasib and BRCA
inhibitor olaparib (146-148). Although not included in the
list of recommended therapies, exosome therapy has shown
promise in prolonging survival through its effects on immune
response, angiogenesis, drug resistance of tumor cells and
other mechanisms.

In PDAC, mutations in KRAS are frequently observed and
have been shown to promote aggressive phenotypes (149,150).
In the CodeBreaK 100 trial conducted by Strickler er al (147),
the administration of KRAS G12D inhibitor sotorasib primarily
resulted in mild adverse reactions among heavily pretreated
populations, with safety outcomes consistent with previous
reports from the same trial. KRAS mutations play a crucial
role in promoting lymphangiogenesis through exosomes in
PC (151). Chang et al (152) presented a comprehensive inves-
tigation into the role of exosomes in facilitating cell survival
driven by KRAS mutations, revealing that KRAS-mutant cells
secrete exosomes enriched with the anti-apoptotic protein
Survivin. This enrichment not only enhances the survival of
neighboring cells but also contributes to the overall therapeutic
resistance observed in KRAS-mutant tumors. Their findings
suggest that these exosomes act as mediators of intercellular
communication, promoting a supportive microenvironment
for tumor growth and survival. Furthermore, combining
exosomes with other therapies can modulate the pathological
progression of PDAC and improve treatment effectiveness.
The combination of nano-liposomal irinotecan with FU and
folinic acid significantly enhances survival and quality of
life in patients with metastatic PDAC post-GEM therapy,
highlighting its efficacy and favorable safety profile (153-155).

Several studies have demonstrated that exosomes derived
from various cell sources, including immune cells and mesen-
chymal stem cells, are capable of carrying and delivering a
diverse range of biological substances. Additionally, they can
specifically target PDAC cells or participate in the progres-
sion of PDAC. This phenomenon significantly influences the
advancement and invasiveness of PDAC, underscoring its
crucial role in the treatment of this disease. Exosomes origi-
nating from immune cells such as dendritic cells, T cells and B
cells primarily serve vital functions in facilitating the transfer
of proteins, nucleic acids and lipids between cells while
contributing to intercellular communication and immune
regulation (156,157). Meanwhile, exosomes have been demon-
strated to possess unique bioactive molecules such as major
histocompatibility complex (MHC) and costimulatory mole-
cules, which play a crucial role in mediating immune responses
against cancer (158). Current studies have demonstrated that
immune exosomes primarily impact the progression of PDAC
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by modulating immune responses within the TME. In addi-
tion to being secreted by PDAC cells, a majority of existing
research (159,160) indicates that exosomes are commonly
released by mesenchymal stem cells, which possess convenient
accessibility and exhibit both immunogenic and immuno-
modulatory properties (161). Moreover, several studies have
demonstrated the active migration of mesenchymal stem cells
to sites of inflammation and their ability to modulate immune
responses. Furthermore, it has been observed that paracrine
exosomes predominantly convey biological information rather
than direct cell contact (162,163). For example, umbilical
cord stem cells possess robust potential in regulating tissue
differentiation and regeneration due to their strong stem cell
capacity (164). The exosomes can additionally regulate the
TME by exerting regulatory control over angiogenesis and
proliferation of PDAC cells within the TME (165). Adipose
mesenchymal stem cells are more likely to play a pivotal role
in immunomodulation and anti-inflammatory processes, as
their exosomes have the ability to regulate the expression of
interleukin 6, interleukin 10, and tumour necrosis factor alpha,
thereby participating in immune modulation and inflamma-
tion regulation in vivo (166,167). For instance, Liu ef al (168)
demonstrated that exosomes derived from adipose-derived
mesenchymal stem cells can mitigate oxidative stress,
inflammation and infiltration of microglial cells through the
activation of the silent information regulator sirtuin 1 pathway.
Therefore, exosomes derived from diverse cellular origins
exert a regulatory influence on the progression of PDAC by
modulating angiogenesis and mitigating the inflammatory
response.

Exosomes derived from antigen-presenting cells, such as
dendritic cells and macrophages, play a pivotal role in trans-
porting and presenting functional MHC peptide complexes to
modulate antigen-specific T cell responses. This underscores
their protective function in attenuating inflammation or
enhancing immune responses (169). In the context of cancer
vaccine development, computational structural modeling
has been employed to predict immunogenic neoepitopes for
cancer vaccines, with a specific focus on targeting neoantigens
predicted using MHC binding algorithms (170).

Tumor cells typically require the production of angiogenic
growth factors to establish their vascular network, among
which cytokines such as vascular endothelial-derived growth
factor (VEGF), and roundabout guidance receptor 1 (ROBO1)
play crucial roles in the process of angiogenesis within
PDAC (171-174). Lee et al (175) and Pakravan et al (176)
reported that exosomes derived from mesenchymal stromal
cells (MSCs) can selectively target tumor cells by utilizing
miR-16 or miR-100, thereby modulating the mechanistic
target of rapamycin/hypoxia inducible factor 1-alpha signaling
pathway to suppress intracellular VEGF expression and
consequently attenuate the angiogenic potential of tumor cells.

In addition to MSCs, exosomes derived from PDAC cells
may also possess corresponding anti-angiogenic mecha-
nisms. Research has demonstrated that miR-29b originating
from PDAC cells can downregulate VEGF expression and
diminish the migration rate and angiogenesis capability of
vascular endothelial cells, primarily by suppressing ROBO1
and SLIT-ROBO Rho GTPase-activating protein 2, thereby
attenuating the angiogenesis induced by PDAC cells (173).

The TME is a complex and diverse ecosystem comprising
cancer cells, fibroblasts, adipocytes, endothelial cells and
mesenchymal stem cells (177). The exosomes can also be
derived from CAFs and other stromal cells within the TME (62).
CAFs, a heterogeneous stromal cell population with diverse
cellular origins, phenotypes and functions, represent one of
the significant sources of exosomes within the TME (178,179).
For example, CAFs can utilize the miR-135b5p/Forkhead box
transcription factor Ol axis to promote the formation of new
blood vessels for cancer cells (180). Additionally, CAFs have
the ability to induce expression of Inc HOTAIR, which facili-
tates tumor metastasis by promoting EMT (181,182). Moreover,
exosomes derived from CAFs enhance tumor drug resistance
and self-renewal capabilities of cancer stem cells by providing
them with mitochondrial genomes that improve oxidative
phosphorylation and mitochondrial metabolism (183). These
exosomes also contain essential metabolites such as amino
acids, lipids and tricarboxylic acid cycle intermediates that
are utilized by cancer cells during periods of nutritional
deficiency or stress. Furthermore, CAFs contribute to tumor
resistance against anticancer treatments through their secre-
tion of multiple exosomes (184). For instance, these exosomes
can activate retinoic acid inducible gene 1 protein signaling in
cancer cells or stimulate NOTCH3 signaling on cancer cells
via Jagged 1 present on CAFs. The collaboration between
these pathways ultimately leads to enhanced resistance against
radiation therapy and chemotherapy (185). By targeting the
aforementioned mechanisms, pharmaceutical interventions
can be developed for the treatment of PDAC.

Specialized adipocytes known as cancer-associated adipo-
cytes (CAAs) play a significant role in various tumor types,
including BRCA, ovarian cancer, PDAC, kidney, gastric and
colon cancers (186). These CAAs interact with tumor cells,
leading to alterations in their properties and functions. The
impact of specific miRNAs, such as miR-144, miR-126 and
miR-155, present in exosomes on tumor growth, has been
observed to be mediated through their targeted influence on
adipocytes (187). Moreover, in the presence of tumor cells,
adipocytes upregulate exosomal miRNA-155 levels to attract
macrophages and facilitate their differentiation into TAMs
that support tumor growth (188-190). Additionally, CAA
secretion of visfatin has been shown to induce M2 phenotype
polarization in macrophages that promotes malignancy and
enhances glycolysis.

The exosomes can also originate from normal fibro-
blast-like mesenchymal cells and bear distinct markers of
PDAC tumor cells (191,192). Therefore, exosomes within the
TME can originate from a diverse range of cellular sources,
extending beyond MSCs and PDAC cells, including CAFs,
CAA and tumor-associated endothelial cells (193). Exosomes
from these sources have been shown to be related to cancer
metabolism and drug resistance in pan-cancer studies, and
it may be possible to diagnose PDAC cells drug resistance
through them, but the specific mechanism has not been clearly
studied (10,194).

The progression of PDAC is intricately linked to the
migration, invasion and metastasis of PDAC cells (195). A
disintegrin and metalloproteinase domain-containing 9 protein
is a relevant protein implicated in the advancement, metastasis
and unfavorable prognosis of tumors (196). Shang er al (197)
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discovered that miR-1231 was commonly employed as one of
the diagnostic markers for early-stage PDAC progression in
previous studies. However, their animal experiments revealed
that MSC exosomes carrying miR-1231 exerted a negative
regulatory effect on the migration, invasion and adhesion of
PDAC cells, thereby effectively inhibiting PDAC activity (197).
The study conducted by Yao et al (198) proposed that circular
RNA present in mesenchymal stem cell exosomes may play
a pivotal role in the progression of PDAC. Through compre-
hensive transcriptome gene sequencing and heat map analysis,
circ-0030167 was found to specifically target the expression
of WNT inhibitory factor-1 in PDAC cells by interacting
with miR-338-5p, thereby effectively suppressing the aber-
rant activation of the Wnt signaling pathway. Consequently,
this regulatory mechanism exerts inhibitory effects on both
proliferation and migration processes in PDAC cells.

Once tumor cells develop drug resistance, the effective-
ness of chemotherapy drugs will be significantly diminished.
Preliminary experiments have indicated that the drug
resistance in tumor cells is associated with the activation
of calmodulin-dependent kinases/Raf/MEK/ERK signaling
pathway, and in vivo exosomes derived from MSCs may
play a crucial role in the mechanism underlying tumor cell
dormancy (199-201). The findings of Ono ez al (202) demon-
strated that MSCs exosomes transferred miR-23b to tumor
cells, thereby inducing tumor dormancy through the inhibi-
tion of MARCKS expression. These results are consistent
with those reported by Yang et al (203). They suggested
that in vivo, MSCs could induce tumor cell quiescence
and enhance drug resistance through dormancy, high-
lighting the significance of exosomes as crucial targets for
reducing tumor drug resistance. Expanding on this hypoth-
esis, Fu et al (204 and Fan et al (205) conducted in vitro
experiments to validate the substantial impact of exosome
miR-520-5p and Ephrin type-A receptor 2 (EphA2) on GEM
resistance and transfer of drug resistance in PDAC cells.
However, ongoing exosome research focused on exosomes
aimed at mitigating drug resistance in PDAC necessitates
further elucidation of the influence of drug resistance and its
generation mechanism.

The precise targeting capabilities of exosomes suggest
potential for personalized treatment strategies in PDAC. For
instance, an optimized approach to exploit variable biomarker
expressions is being developed in PDAC using a specialized
formulation of exosomes loaded with erastin, which selec-
tively targets triple-negative BRCA cells by leveraging the
overexpression of folate receptors (206,207).

Exosomes derived from cancer cells have been employed
not only for efficient drug delivery but also as nanoanalytical
contrast agents, particularly in the diagnosis and monitoring of
PDAC. Comparative investigations conducted on other gastro-
intestinal malignancies reveal a significant underutilization
of such diagnostic applications in gastric and colon cancers,
where research predominantly focuses on fundamental cellular
interactions and molecular cargo analysis (208).

Furthermore, the novel use of milk-derived exosomes for
the oral delivery of hydrophobic drugs represents a significant
breakthrough with potential applications in gastrointestinal
cancer treatments (209). In PDAC, where invasive interven-
tions are prevalent, the development of oral exosome-based
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therapies could profoundly transform treatment strategies by
offering less invasive and more patient-centric alternatives.

While significant progress has been made in exosome
research for PDAC, there is a pressing need for more extensive
investigations into diagnostic and therapeutic applications in
other gastrointestinal cancers. The distinct challenges posed
by PDAC, characterized by its aggressive nature and often
late-stage diagnosis, necessitate tailored approaches that may
not be directly applicable to less aggressive or differently
behaving tumors. Nevertheless, the fundamental principles
derived from exosome research can inform broader strategies
in gastrointestinal oncology, fostering interdisciplinary inno-
vations and potentially identifying universal or cancer-specific
therapeutic targets.

To enrich the discourse on the role of exosomes in the prog-
nosis of PDAC, a comprehensive compilation about various
exosomal markers and their associated biological processes
is presented in Table II. For instance, exosomes derived
from PC cells exhibit markers such as c-Met and PD-L1,
which are implicated in promoting invasive expansion and
immune evasion, thereby adversely affecting prognosis (210).
Additionally, exosomes from malignant ascites of patients
with PC, characterized by the presence of CD133 and other
cancer stem cell markers, contribute to the establishment of a
TME that facilitates tumor growth, metastasis and angiogen-
esis (211). These processes further induce immune suppression
and drug resistance, ultimately impacting patient outcomes.

In the context of blood plasma, exosomal miR-451a has
been identified as a significant independent factor for overall
survival and disease-free survival in PDAC, regulating key
biological processes such as proliferation, invasion and
metastasis (212). Similarly, EphA2 found in serum exosomes
correlates positively with tumor stage and reduced survival
rates, highlighting its role in cancer cell proliferation and
invasion (213).

Moreover, the upregulation of miR-23b-3p in serum
exosomes from patients with PDAC promotes cell prolif-
eration, migration and invasion, demonstrating its association
with CA19-9 levels, a common tumor marker (214). The
involvement of miR-3607-3p, enriched in exosomes from
natural killer cells, suggests a potential prognostic marker,
as low levels of this miRNA are linked to poor prognosis in
PDAC (94).

Exosomal miR-222 has been shown to enhance cell
proliferation and invasion by downregulating p27 through the
miR-222/PPP2R2A/AKT pathway, indicating its relevance in
PC incidence and prognosis (215). Additionally, miR-106b and
miR-146a contribute to GEM resistance in cancer cells, with
miR-146a promoting epithelial cell proliferation and survival
upon transfer to recipient cells (216,217).

Finally, the long-term exposure of PDAC cells to GEM leads
to the upregulation of miR-155, which promotes anti-apoptosis
and exosome secretion, thereby facilitating chemoresistance.
This miRNA is also transferred to other PDAC cells, inducing
functional changes that may impact treatment outcomes (218).
MiR-212-3p in PDAC exosomes has been shown to suppress
immune responses by impairing CD4* T cell activation,
fostering an immunotolerant microenvironment (219).
Furthermore, miR-501-3p, derived from M2 macrophage
exosomes, inhibits transforming growth factor beta receptor
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3, disrupting the TGF-f signaling pathway and promoting
a pro-TME that facilitates PDAC development (220).

To help with a more comprehensive understanding,
exosomal markers in the treatment of PDAC have also been
summarized in Table III. Notably, exosomes derived from
bone marrow mesenchymal stem cells have been shown to
effectively deliver chemotherapeutic agents such as oxaliplatin
and siRNA to tumors, thereby enhancing antitumor immunity
and prolonging the circulation of therapeutic cargo (221).
Furthermore, fibroblast-derived exosomes have been impli-
cated in promoting PC cell survival through the release of
mRNA and miRNA, with the inhibition of exosome secre-
tion via GW4869 leading to a reversal of drug resistance and
suppression of tumor growth (217).

Additionally, miR-1231 from bone marrow mesenchymal
stem cells has demonstrated a suppressive impact on PC
cell proliferation, migration, invasion and adhesion (197).
Autologous exosomes secreted by PC cells have been utilized
for targeted delivery of GEM, highlighting the potential of
exosomes as vehicles for chemotherapeutic agents (222). The
engineering of exosomes to deliver RNA specifically targeting
oncogenic KRASGI12D has also shown promise in achieving
targeted inhibition of PC cells driven by this mutation (223).

Moreover, the combination of tumor-exosome-loaded
dendritic cells with cytotoxic drugs has been reported to
enhance T cell recovery and improve survival outcomes (224).
Chlorin e6-loaded tumor-derived re-assembled exosomes have
enabled the integration of photodynamic therapy and immune
therapy, resulting in the generation of reactive oxygen species
and enhanced cytokine release (225). Ongoing research into
exosomal proteins from PANC-1 cells aims to assess their
potential in activating dendritic cells and cytokine-induced
killer cells, further exploring agonists for their activation (226).
Finally, the application of exosomes in the treatment and
diagnosis of PDAC was summarized, as depicted in Fig. 2.

6. The potential role of exosomes as drug delivery tools

The exosomes, serving as endogenous carriers of molecular
information between cells, possess the characteristics of
small size and excellent biocompatibility (227). Exosomes
can serve as a versatile drug carrier capable of encapsulating
diverse compounds, including small molecule chemical drugs,
proteins and nucleic acids (228,229). The use of exosomes as
drug carriers is advantageous due to their ability to preserve
the biological activity of drugs within the membrane, while
also avoiding any immune response in vivo. This renders
them more suitable for delivery compared with traditional
nano-delivery carriers such as liposomes, thus making it a
prominent area of research in tumor therapy (230,231).

The low immunogenicity and high tissue permeability of
exosomes confer significant advantages for the delivery of
small molecule drugs, such as siRNA and miRNA. Previous
studies have demonstrated that exosomes derived from 293
cells, when loaded with exogenous siRNA, can effectively
inhibit tumor cell growth by silencing the human epidermal
growth factor receptor 2 gene (232). The study conducted
by Zuo et al (233) employed ultrasound for the transfection
of miR-34a into exosomes. The findings demonstrated that
ExomiR-34a effectively traversed the cell membrane and

ONCOLOGY REPORTS 53: 13, 2025 13

downregulated the expression of its target gene BCL-2, thereby
inducing apoptosis in PDAC cells. Moreover, it significantly
impeded tumor proliferation in vivo (233). The miRNA-145-5p
functions as a potent tumor suppressor, exhibiting a signifi-
cant correlation with the extent of macrophage infiltration.
Ding et al (234) proposed that its dysregulation is closely
associated with aberrant proliferation and invasion of PDAC
cells. By constructing vectors for engineering MSC exosomes,
exogenous miR-145-5p was utilized in animal experiments
pertaining to the progression of PDAC. The findings demon-
strated that exosomes containing miR-145-5p significantly
impeded the in vivo growth of PDAC cells by inducing cell
cycle arrest and augmenting the apoptosis rate of these cells.

Chemical drugs often induce a variety of allergic or
complication reactions due to their low targeting efficacy (235).
However, MSC exosomes possess inherent tumor-targeting
properties derived from their parental cells, and the abundance
of proteins on their membrane provides numerous targeting
ligands and chemical modification sites for engineering
exosomes specifically designed to target tumor cells (236).
Therefore, exosomes derived from MSCs present a promising
solution to overcome this challenge. Pascucci er al (237)
conducted experiments to investigate the therapeutic effects
of MSC exosomes loaded with PTX, which were generated
through co-culture method. The results demonstrated that
PTX-loaded exosomes exhibited a significant inhibitory effect
on the proliferation activity of PDAC cells compared with PTX
alone. Furthermore, in line with this hypothesis, several studies
have also confirmed the efficacy of MSC exosomes loaded
with GEM, a standard chemotherapy drug for PDAC. In vitro
experiments have revealed a certain degree of growth inhibi-
tion in PDAC cells, and from a pharmacological perspective,
local administration of MSC exosomes loaded with GEM can
significantly enhance drug concentration. Consequently, it is
possible to design a more effective targeting strategy for PDAC
lesion areas (238). The effect of GEM-loaded MSCs exosomes
on systemic toxicity and efficacy was validated by Li et al (222)
through the establishment of a PDAC animal model (222). The
results demonstrated that EXO-GEM induced minimal harm
to mice compared with direct injection of GEM, while signifi-
cantly suppressing tumor proliferation without any indications
of tumor recurrence in mice. Considering the common clinical
application of combined therapies involving GEM and PTX,
Zhou et al (160) constructed MSCs exosomes loaded with
both GEM and PTX for PDAC treatment. Compared with the
chemo-drug group, the MSCs exosomes-chemo-drug group
exhibited greater persistence and targeting, resulting in higher
overall survival rates compared with other control groups.

It is noteworthy that the clearance of exosomes by pancre-
atic and immune cells can exert an influence on the TME and
thereby impact the progression or inhibition of PDAC. This
aspect holds particular significance in cases where exosomes
are employed as drug delivery vehicles. Kamerkar et al (223)
have reported that the presence of CD47 on exosomes hampers
their clearance, rendering them more adept at evading phago-
cytic elimination compared with liposomes. This evasion
mechanism is partly mediated by cluster of differentiation
47-signal-regulatory protein alpha interactions on exosomes,
which aid in circumventing host immune surveillance signals
known as ‘don't eat me’ signals (223). The presence of plasma
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Figure 2. Applications of exosomes for PDAC. During the progression of PDAC, exosomes are released by malignant tumor cells. Through screening exosomes
for various types of bioactive molecules, such as mRNA, miRNA, IncRNA, circRNA, DNA and proteins carried by early liquid biopsy, the accuracy and
efficacy of PDAC diagnosis can be enhanced. Exosomes derived from diverse cell sources possess the ability to transport various biological substances and
specifically target PDAC cells or contribute to PDAC advancement. The mechanisms involved encompass immunomodulation, angiogenesis inhibition and
suppression of CAAs. These findings underscore its significant role in the treatment of this disease. PDAC, pancreatic ductal adenocarcinoma; miRNA or
miR, microRNA; IncRNA, long non-coding RNA; circRNA, circular RNA; CAAs, cancer-associated adipocytes; GPC1, glypican-1; TAMs, tumor-associated

macrophages; LINC, long intergenic non-coding.

membrane-like phospholipids and membrane-anchored
proteins in exosomes may contribute to their reduced clear-
ance from the circulation (239-241). Although CD47 does not
play a significant role in facilitating the entry of exosomes into
pancreatic cells, the enhanced macropinocytosis observed
in KRAS-mutant cancer cells promotes their uptake of
exosomes (242,243). Further investigation is warranted to
explore whether exosomes can evade lysosome-dependent
degradation of their cargo by utilizing macropinocytosis as an
entry mechanism.

Moreover, comprehensive assessment of the in vivo
efficacy and safety of these engineered exosomes involves a
diverse range of techniques. These encompass nanoparticle
tracking analysis for validating size uniformity and particle
concentration, flow cytometry for confirming surface marker
expression and ensuring accurate cellular sourcing, as well as
in vivo assays for directly measuring therapeutic impact and
safety profiles (244). Rigorous testing is essential to advance
these platforms towards clinical applications.

7. Implications of bacterial exosomes in PDAC
Intriguingly, the conventional notion of the pancreas as a sterile

environment has been recently challenged by suggesting the
presence of bacteria capable of secreting exosomes (245).

These bacterial exosomes have emerged as potential contribu-
tors to the dynamics of PDAC, exerting influence on tumor
progression and drug resistance (246). Despite their signifi-
cant implications, this microbial aspect remains understudied
in relation to PDAC, highlighting a critical gap in current
research. Exploring the intricate interplay between bacterial
exosomes and pancreatic tumors opens up new avenues for
comprehending the multifaceted nature of this malignancy.
From a clinical and anatomical perspective, there is no
direct physical connection between the pancreas and the gut
microbiota; therefore, the pancreas is considered to be a sterile
tissue (247,248). However, microorganisms can migrate to the
pancreas through the bile duct in the digestive tract (249,250).
Numerous studies have demonstrated a robust correlation
between the composition of oral, gastrointestinal, fecal and
organ-specific (pancreatic) microbiota and PDAC (251). The
development of periodontal disease in the oral cavity has been
associated with several key pathogenic bacteria, including
Porphyromonas gingivalis, Fusobacterium, Streptococcus
mitis and Neisseria elongata (252). The secretion of
peptidyl-arginine deiminase by Porphyromonas gingivalis
is hypothesized to induce mutations in the KRAS and tumor
suppressor p53 genes, thereby degrading arginine metabo-
lism (253). The oral administration of fluorescently-labeled
Enterococcus faecalis to wild type mice in an experiment
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resulted in the observation of fluorescence in the pancreas,
indicating bacterial migration from the gastrointestinal tract to
the pancreas (254). The ability of bacteria to transfer intracel-
lular materials outside the body via exosomes suggests that
targeting bacterial exosomes could be a potential therapeutic
approach for treating PDAC (255).

8. Challenges and limitations

The journey from laboratory discovery to clinical application
is always challenging, and this holds true for PDAC-specific
exosomes as well. In this arduous process, the initial crucial
step involves isolating high-quality PDAC-specific exosomes.
Recent advancements in microfluidic technologies have facili-
tated the efficient capture of exosomes from small blood volumes
using highly specific antibodies (34). Although this method has
the potential to enable early screening using simple fingertip
samples from patients, there are significant challenges in scaling
up the technology for clinical use due to its complexity, costli-
ness and requirement for specialized equipment (34).

The second challenge lies in the safety of modified
exosomes. Numerous modified exosomes have been utilized
for targeted delivery of therapeutic agents such as small
molecule drugs, nucleic acids and proteins to cancer cells. A
comprehensive assessment of the ethical and legal implica-
tions associated with these innovative treatments is imperative
to ensure patient safety under appropriate therapeutic condi-
tions. For instance, early clinical trials have demonstrated
the potential efficacy of mesenchymal stem cell-derived
exosomes loaded with therapeutic siRNA targeting the mutant
KRAS-GI2D gene for treating metastatic PDAC. However,
concerns exist regarding the inadvertent promotion of tumor
growth and metastasis by these vesicles (34).

Moreover, there are certain limitations associated with engi-
neering exosomes. Modifications inevitably affect the natural
properties and delivery efficacy of exosomes, thus achieving a
balance between harnessing their complete therapeutic poten-
tial while preserving inherent functionalities remains a key
challenge. Additionally, production and purification processes
require high efficiency and reproducibility to ensure a pure
population of exosomes. However, conventional methods such
as differential centrifugation often yield preparations contami-
nated with protein aggregates and other cellular debris (256).
This highlights the necessity of developing advanced and scal-
able purification techniques that comply with clinical standards.
Continuous innovation in exosome isolation and purification
technologies, along with comprehensive clinical trials to
evaluate the safety and efficacy of exosome-based interventions,
is crucial for addressing these challenges and limitations.

In addition to PC, gastrointestinal cancers such as gastric,
colorectal and liver cancers have also emerged as significant
areas of interest in exosomal research. Numerous miRNAs,
IncRNAs, circRNAs and proteins have been identified as
potential diagnostic and prognostic biomarkers or therapeutic
targets for gastroenterological malignancies (257-259). Due to
its high global mortality rate, PC has garnered extensive atten-
tion from researchers aiming to develop diverse engineered
exosomes that could facilitate the exploration of novel oppor-
tunities for generating clinical-grade exosomal technologies
and drugs.

Therefore, it is imperative to overcome the challenges and
limitations in order to fully exploit the potential of exosomes
in PDAC diagnosis and treatment. This will facilitate more
efficacious disease management and establish a precedent
for broader application of exosomal therapies in the field of
oncology.

9. Conclusion

PDAC is the most prevalent and lethal disease among solid
malignant tumors. Conventional tumor drugs used for treat-
ment often lead to drug resistance without any targeted
alternatives available, resulting in a challenging situation
for PDAC diagnosis and treatment. In addition to replacing
existing biomarkers for PDAC diagnosis, exosomes can
enhance the accuracy rate by combining detection methods or
serving as an auxiliary tool alongside existing techniques such
as endoscopy, ultrasound detection and imaging. Moreover,
exosomes can differentiate between different stages of PDAC
progression based on their content, potentially playing a
broader role in clinical diagnosis and treatment. Additionally,
due to their intercellular communication capabilities along
with their safety profile and targeting abilities, exosomes hold
potential as a novel therapeutic option. Their unique lipid
structure also enables them to act as efficient drug delivery
vehicles that prolong drug action time within the body while
reducing toxicity levels when treating PDAC and other cancers.
However, current diagnostic and therapeutic applications
involving exosomes are still limited to preclinical experi-
mental stages; thus, further comprehensive clinical research
studies and trials are warranted. It is anticipated that exosomes
will become an effective tool or method for precise diagnosis
and treatment of PDAC in the future.
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