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ABSTRACT: Pancreatic cancer (PC) is an extremely aggressive cancer of the digestive system with insidious onset
and the lack of effective biomarkers, resulting in late-stage diagnosis and poor prognosis. Exosomal non-coding
RNAs (ncRNAs) are key mediators of intercellular communication that drive PC initiation and advancement. By
modulating gene expression, they impact tumor microenvironment (TME) remodeling, proliferation, migration,
apoptosis, and immune evasion. Critically, exosomal ncRNAs serve as promising biomarkers for early diagnosis and
prognostic assessment. This review summarizes the current research achievements regarding exosomal ncRNAs in PC,
systematically elaborating on their roles in tumor occurrence, metastasis, chemoresistance and the TME. Furthermore,
by integrating the potential of exosomal ncRNAs in the diagnosis, treatment and prognosis of PC and by highlighting
the challenges and future directions, this review aims to offer novel insights for future research and clinical translation
of exosomal ncRNAs in PC.
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1 Introduction
Pancreatic cancer (PC) is one of the most fatal malignancies in the digestive system. Due to its highly

aggressive nature, early metastasis, and late detection, its five-year survival rate is only 13%, making it the
third leading cause of cancer-related death worldwide [1]. The primary risk factors associated with this
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disease include age, smoking, obesity, diabetes, and family history [2,3]. Most patients are diagnosed at an
advanced stage, primarily owing to the lack of early clinical symptoms and specific biomarkers. Although
various treatments, such as surgery, immunotherapy, and targeted therapy, have shown some progress, PC
continues to exhibit poor responses to these interventions and has a high recurrence rate [4]. Therefore, an in-
depth investigation of the molecular mechanisms underlying PC is essential for identifying new biomarkers
for early diagnosis and for developing more effective treatment strategies.

Exosomes are a type of extracellular vesicles (EVs) secreted by cells and which are typically 40 to 160 nm
in size enclosed by a lipid bilayer membrane. They carry various bioactive substances, comprising proteins,
lipids and RNAs—especially non-coding RNAs. Exosomes are discharged from cells as a result of the fusion
of multivesicular bodies (MVBs) with the cell membrane, a process that mediates intercellular commu-
nication and contributes to the regulation of physiological activities [5]. During the process of genome
transcription, over 90% of RNA transcripts are not utilized for protein encoding. These non-translated RNAs,
referred to as non-coding RNAs (ncRNAs), include microRNAs (miRNAs), long non-coding RNAs (lncR-
NAs), and circular RNAs (circRNAs) [6]. The delivery of ncRNAs via exosomes is essential for intercellular
communication and significantly influences the tumor microenvironment (TME). Exosomal ncRNAs can
influence tumor proliferation, metastasis, and chemoresistance [7]. Exosomal circATP8A1 derived from
gastric cancer cells can regulate the miR-1-3p/STAT6 axis to induce macrophage M2 polarization, ultimately
promoting proliferation and migration in gastric cancer [8]. Furthermore, metastatic breast cancer-derived
exosomal miR-10b can induce invasive capabilities in non-invasive breast cells upon uptake [9]. Compared
to traditional biomarkers, exosomal ncRNAs offer several advantages: (1) The lipid bilayer encapsulating
exosomes protects ncRNAs from degradation, resulting in high stability; (2) The unique expression patterns
of exosomal ncRNAs in tumors enable differentiation between tumor and healthy tissues, demonstrating
high specificity; (3) The expression levels of certain exosomal ncRNAs correlate with tumor progression,
including proliferation, metastasis and tumor stage, allowing for dynamic monitoring [10]. Although the
mechanisms of exosomal ncRNAs are not fully understood, their association with cancer suggests their
potential as early diagnostic biomarkers and new therapeutic targets for PC. The purpose of this review is
to display the biological functions of exosomal ncRNAs and their regulation in PC. It thoroughly evaluates
the clinical application potential of exosomal ncRNAs related to PC, and further identifies the challenges
with clinical translation along with the future research directions, which provides reference for advancing
the research on molecular mechanisms of PC and clinical translation.

2 The Biological Properties of Exosomes
In 1987, Johnstone’s team first identified the vesicles released during the maturation process of sheep

reticulocytes as exosomes [11]. The generation of exosomes begins with the endocytosis of the plasma
membrane, leading to the formation of early endosomes (EEs), which subsequently mature into MVBs.
During the formation of MVBs, the membranes of endosomes indent to create intraluminal vesicles (ILVs),
which will eventually become exosomes [12]. Finally, MVBs fuse with the cell membrane and release ILVs
into the extracellular environment. The vesicles released into this environment are termed exosomes. It is
important to highlight that the machinery known as the endosomal-sorting complex required for transport
(ESCRT) is crucial in the sorting of proteins within ILVs [13,14].

As a crucial mediator of intercellular communication, exosomes primarily interact with receptor cells
through three mechanisms: (1) uptake via endocytosis; (2) fusion with the receptor cell membrane; and
(3) signaling through receptor-ligand binding at the cell membrane [15]. In malignant tumors, such as PC,
exosomes significantly influence the TME. First, PC-derived exosomes function as messengers, transporting
a diverse array of cargo, including ncRNAs, to various target cells. This process ultimately regulates the
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proliferation, invasion, and migration of PC cells by facilitating distinct signaling pathways [16]. Secondly,
exosomes secreted by tumor cells can carry molecules, such as ncRNAs, and participate in the tumor’s
immune evasion. For instance, exosomal circUSP7 secreted by non-small cell lung cancer (NSCLC) cells can
inhibit CD8+T cell function, thereby promoting immune evasion and resistance to anti-PD-1 treatment [17].
Furthermore, exosomes clearly contribute to angiogenesis within the TME. Tumor cell-derived exosomes
can activate relevant signaling pathways that facilitate tumor angiogenesis, thereby supporting tumor growth
and metastasis. Research has shown that gallbladder cancer cells-derived exosomes can transfer lncRNA
TRPM2-AS to human umbilical vein endothelial cells (HUVECs), thereby activating the NOTCH1 signaling
pathway and ultimately facilitating angiogenesis in gallbladder cancer [18]. Additionally, exosomes play a
significant role in tumor drug resistance. Specifically, paclitaxel (PTX) promotes the release of exosomal
circBACH1 in breast cancer cells, which contributes to drug resistance by reducing the levels of miR-
217 and elevating the expression of GTPase-activating SH3 domain-binding protein 2 (G3BP2) [19]. To
facilitate distant metastasis, exosomes enhance the shaping of the pre-metastatic niche (PMN). Specifically,
ovarian cancer-secreted exosomal miR-141 activates the Yes-associated protein 1 (YAP1)/Growth-regulated
oncogene-alpha (GROα)/Human C-X-C Motif Chemokine Receptors (CXCRs) signaling cascade, thereby
enhancing the development of the PMN and ultimately leading to tumor metastasis [20].

The functional heterogeneity of exosomal ncRNAs is predicated on two primary aspects: (1) the
selective sorting of ncRNAs into exosomes and (2) the targeted delivery of these exosomal ncRNAs to
recipient cells. Firstly, as previously mentioned, the role of the ESCRT mechanism in protein sorting is
crucial. The incorporation of ncRNAs into exosomes is not a random process; it is contingent upon a
selective sorting mechanism. A classic study has demonstrated that the protein heterogeneous nuclear
ribonucleoprotein A2B1 (hnRNPA2B1), an RNA-binding protein, specifically recognizes miRNAs containing
short sequence motifs following sumoylation and facilitates their loading into exosomes [21]. Secondly,
research has demonstrated that CD8+ dendritic cells specifically recognize ICAM-1 on exosomes derived
from mature dendritic cells due to the high expression of LFA-1, facilitating the capture of functional MHC-
peptide complexes and ultimately enabling the antigen transfer between dendritic cells [22]. This research
illustrates that exosomes facilitate targeted delivery via specific receptor-ligand binding.

In summary, exosomes act as crucial facilitators of intercellular communication and play a multifaceted
role in the onset and progression of tumors. They transport signaling molecules, including ncRNAs, and
significantly influence the TME by not only promoting tumor cell growth but also facilitating tumor immune
evasion, angiogenesis, and drug resistance. These results highlight the crucial role of exosomes in oncology
and offer new strategies for the precision treatment of tumors in the future. Fig. 1 shows the biosynthesis
pathway of exosomes and their role in intercellular communication.

3 Types and Functions of ncRNAs
Initially regarded as “junk” transcripts, ongoing research has revealed that ncRNAs are essential in

numerous biological processes, such as gene regulation and cell communication, particularly in the progres-
sion of malignant tumors [6]. Due to their diverse functions in regulating gene expression and intercellular
communication in PC, ncRNAs are emerging as promising biomarkers and therapeutic targets; however,
different ncRNAs exhibit slightly varied mechanisms. MiRNAs are short RNA fragments, approximately 22
nucleotides in length, that primarily inhibit or degrade mRNA translation by binding to the corresponding
RNA-induced silencing complex (RISC), ultimately regulating the expression of specific genes [23]. In
contrast, lncRNAs, which are longer than 200 nucleotides, can interact with proteins to modulate their
functions. Notably, lncRNAs can act as “sponges” for miRNAs, utilizing the competing endogenous RNA
(ceRNA) mechanism to diminish the targeting effect of miRNAs on mRNAs, thereby participating in



3210 Oncol Res. 2025;33(11)

the regulation of malignant tumor development [24]. Unlike miRNAs and lncRNAs, circRNAs possess
a covalently closed ring structure, which confers greater stability due to their unique architecture. As
a sponge for miRNA, circRNA not only engages with RNA-binding proteins to influence the biological
behavior of malignancies but also takes part in various tumor-related signaling pathways, thereby modulating
the cell cycle and proliferation [25]. A study has identified that the four miRNAs (hsa-miR-132-3p, hsa-
miR-30c-5p, hsa-miR-24-3p, and hsa-miR-23a-3p) exhibit significant overexpression in early PC patients,
indicating their potential utility in the early diagnosis of PC [26]. Beyond their specific expression, ncRNAs
can also target and regulate PC cells, positioning them as promising new targets for treatment. Research
has demonstrated that downregulating hsa_circ_0000069 can prevent the proliferation of PC cells by
targeting the miR-144/SCL/TAL1 interrupting locus (STIL) axis. Furthermore, exosomes that downregulate
hsa_circ_0000069 can prevent the malignant transformation of human pancreatic duct epithelial cells.
Thus, targeting hsa_circ_0000069 represents a potential and feasible therapeutic strategy for PC [27].
Consequently, ncRNAs are essential in gene regulation and tumor development, significantly contributing to
the onset and progression of tumors such as PC, and hold broad prospects for application in early diagnosis
and targeted therapy.

Figure 1: Exosome biogenesis and intercellular communication. Abbreviations: CircRNAs, circular RNAs; ESCRT,
endosomal-sorting complex required for transport; ILVs, intraluminal vesicles; LncRNAs, long non-coding RNAs;
MiRNAs, microRNAs; MVBs, multivesicular bodies. This figure is created by Figdraw (Copyright Code: AAOTR5aa5b)

4 The Role of Exosomal ncRNAs in Directly Regulating the Intrinsic Behaviors of PC Cells

4.1 Cell Proliferation, Migration & Invasion, Epithelial-Mesenchymal Transition (EMT)
Tumor proliferation, migration, and invasion are three key biological characteristics in the development

of cancer. Growing evidence indicates that exosomal ncRNAs have a crucial regulatory function in the pro-
gression of PC. Under hypoxic conditions, hypoxia inducible factor 1α (HIF1α) can enhance the expression of
hypoxic PC cells-derived exosomal circPDK1, which subsequently augments the proliferation and migratory
capacity of PC cells [28]. The studies also identify that liver-metastatic PDAC cells-derived exosomal circ-
PDE8A can enhance the invasive progression of PDAC cells through the miR-38/MACC1/MET axis. Notably,
this exosomal RNA can enter the bloodstream, and its elevated expression in plasma is strongly linked
to tumor aggressiveness and unfavorable outcomes in PDAC patients [29]. Recent research indicates that
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dying tumor cells-derived exosomal hsa_circ_0002130 can enhance the cell proliferation upon irradiation of
PC cells through DNA damage repair mediated by the hsa_circ_0002130/hsa_miR_4482-3p/Nibrin (NBN)
axis [30].

Epithelial-mesenchymal transition (EMT) is the process through which epithelial cells undergo a
phenotypic change to become mesenchymal cells. While this process is essential for the formation of most
normal tissues and organs, it also endows tumor cells with enhanced capabilities for progression and
metastasis [31]. PC cells-derived exosomal long non-coding RNA regulator of reprogramming (lncROR)
can induce adipocytes to dedifferentiate into preadipocyte/fibroblast-like cells. These dedifferentiated cells
activate the HIF1α-ZEB1 signaling pathway by secreting interleukin-1b (IL-1b), thereby further promoting
the development of PC cells, as well as enhancing their proliferation, migration, invasion capabilities, and
accelerating EMT [32]. Additionally, melittin can stimulate the expression of lncRNA NONHSAT105177
in PDAC cell lines. Overexpression of NONHSAT105177 significantly downregulates the levels of various
cholesterol biosynthesis genes and inhibits EMT-inducing transcription factors, which ultimately leads
to the inhibition of growth, metastasis, and EMT in PDAC. In exosomes secreted by PDAC cells that
overexpress NONHSAT105177, the expression level of this lncRNA is notably higher than that of the control
group, suggesting its transport via exosomes [33]. Another PDAC cell-derived exosomal lncRNA Sox2ot,
promotes the upregulation of Sox2 by competitively binding to the miR-200 family, thus enhancing the
EMT capabilities and stem-like characteristics of PDAC cells [34]. Furthermore, pancreatic stellate cells
(PSCs)-derived exosomes can activate the Ras/ERK and Ras/Akt signaling pathways through miR-21, further
inducing EMT and enhancing the metastasis capacity of PC cells [35].

In conclusion, exosomal ncRNA significantly influences the progression of PC by targeting various
signaling pathways. These studies not only elucidate the potential biological mechanisms underlying PC but
also offer a valuable theoretical foundation for the development of targeted treatment strategies based on
these pathways.

4.2 Chemoresistance
Drug resistance refers to the phenomenon whereby tumor cells lose sensitivity to therapeutic drugs

during anti-tumor treatments, such as chemotherapy. It is a significant factor contributing to the unfavorable
prognosis of patients with PC. Exosomes, as crucial mediators of intercellular communication, not only
directly influence the drug sensitivity of tumor cells by transporting ncRNAs, including miRNA, lncRNA,
and circRNA, but also facilitate the dissemination of chemoresistance to neighboring cells, thereby creating
a chemoresistant microenvironment. For instance, studies have shown that elevated levels of miR-155 can
induce chemoresistance to gemcitabine (GEM) in PDAC cells and enhance the secretion of exosomes
from GEM-resistant PDAC cells. These exosomes transfer miR-155 to neighboring cancer cells, leading to
the development of GEM chemoresistance in those cells and further increasing exosome secretion [36].
Additionally, macrophage-derived exosomes can convey miR-365 to PC cells, where miR-365 promotes GEM
chemoresistance by upregulating triphosphate nucleotide pool levels and enzyme cytidine deaminase activ-
ity [37]. Furthermore, miR-210 is significantly upregulated in exosomes secreted by GEM-chemoresistant
PC stem cells and is transferred to GEM-sensitive PC cells via exosomes, significantly augmenting their
chemoresistance. Mechanistically, exosomal miR-210 enhances the phosphorylation levels of mammalian
target of rapamycin (mTOR) and S6K1, a downstream target of mTOR, thereby activating the mTOR pathway,
which counteracts GEM-induced cell cycle arrest and apoptosis, ultimately facilitating the horizontal transfer
of drug-resistant traits in PC [38]. Notably, circZNF91-rich exosomes released from hypoxic PC cells have
the capability to be transferred to PC cells in a normoxic environment. CircZNF91 further promotes the
upregulation of Sirtuin1 (SIRT1) expression, stabilization of HIF-1α protein, and enhancement of glycolytic
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activity by acting as a molecular sponge for miR-23b-3p, which leads to GEM chemoresistance [39].
Additional studies have demonstrated that PC cells-derived exosomes, prompted by hypoxia, hinder the
activation of the Hippo/Yes-associated protein (YAP) signaling pathway by transporting lncROR, thereby
increasing the stemness of PC cells and chemoresistance to GEM. Specifically, hypoxia-induced tumor-
derived exosomal lncROR can prevent GEM-induced apoptosis and cell cycle arrest, significantly improving
the chemoresistance of PC to GEM [40].

In summary, exosomes derived from various cell types play a crucial role in the development and
dissemination of chemoresistance in PC by transporting a diverse array of ncRNAs. A thorough investigation
into the mechanisms by which exosomal ncRNAs contribute to chemoresistance in PC not only enhances our
understanding of the intricate molecular network associated with this disease but also offers novel research
avenues for addressing the challenges of chemotherapy resistance and treatment strategies in PC. Table 1
shows the regulatory role of exosomal ncRNAs on the intrinsic behavior of PC cells.

Table 1: The role of exosomal ncRNAs in pancreatic cancer

Donor cells ncRNAs Pathway Functions References
Hypoxia PC cells circPDK1 Modulate miR-628-3p/BPTF

axis and degrade BIN1
Promote proliferation and

migration
[28]

Liver-metastatic
PDAC cells

circPDE8A Modulate
miR-338/MACC1/MET

pathway

Promote proliferation and
invasion

[29]

Human PC cells
upon irradiation

hsa_circ_0002130 Modulate
hsa_circ_0002130/hsa_miR_4482-
3p/NBN axis to promote DNA

damage repair

Promote cell proliferation
upon irradiation

[30]

PC cells linc-ROR Induce adipocytes to
dedifferentiate into

preadipocyte/fibroblast-like
cells then activate the

HIF1α-ZEB1 signaling pathway

Enhance proliferation,
migration, invasion and

accelerate EMT

[32]

PDAC cells lncRNA
NONHSAT105177

Downregulate the cholesterol
biosynthesis pathway

Inhibit the growth,
migration and EMT

[33]

PDAC cells lnc-Sox2ot Competitively bind miR-200
and regulate Sox2 expression

Promotes EMT and
stemness

[34]

Pancreatic stellate
cells

miR-21 Activate the Ras/ERK and
Ras/Akt signaling pathways

Promote EMT and
metastasis

[35]

GEM-resistant
PDAC cells

miR-155 Induce exosome secretion and
chemoresistance

Promote GEM resistance [36]

Macrophages miR-365 Upregulate the
triphospho-nucleotide pool
and induce enzyme cytidine

deaminase activity

Promote GEM resistance [37]

PC stem cells miR-210 Deliver miR-210 and mediate
horizontal transfer of
GEM-resistant traits

Promote GEM resistance [38]

Hypoxic PC cells circZNF91 Sponge miR-23b-3p to elevate
SIRT1 expression and stabilize

HIF-1α

Promote GEM resistance of
normoxic PC cells

[39]

Hypoxic PC cells lncROR Inactivate Hippo/YAP pathway Promote GEM resistance
and stemness

[40]

NK cells microRNA-let-7b-5p Negatively regulates CDK6 Inhibit proliferation [41]

Note: EMT, epithelial-mesenchymal transition; GEM, gemcitabine; HIF1α, hypoxia inducible factor 1α; LncROR, long
non-coding RNA regulator of reprogramming; NBN, Nibrin; NK cells, natural killer cells; PC, pancreatic cancer;
PDAC, pancreatic ductal adenocarcinoma; YAP, Yes-associated protein.
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5 The Functions of Exosomal ncRNAs in Modifying the TME and Facilitating Metastasis in PC
In addition to the effects on the intrinsic behaviors of PC cells discussed in the Section 4, exosomal

ncRNAs play crucial roles in remodeling the TME. These preparations for metastasis and taking part
in various signaling pathways which ultimately support tumor growth. This section discusses exosomal
ncRNAs-mediated functions that have been reported in the research.

5.1 The Influence of Exosomal ncRNAs on Immune Cells
Exosomes serve as a crucial information transmission medium between tumor cells and immune cells,

regulating the functions and responses of immune cells through the ncRNAs they carry. An increasing
amount of research has shown that exosomal ncRNAs influence immune cell activity, immune tolerance, and
macrophage polarization, thereby modulating the process of tumor immune evasion [42,43]. Investigating
the regulatory effects of exosomal ncRNAs on immune cells offers novel insights into the mechanisms
underlying PC immune escape and the development of immunotherapy strategies.

Exosomes secreted by PC cells carry miR-203, which is taken up by dendritic cells and leads to a
significant downregulation in toll-like receptor (TLR) 4 protein expression. This downregulation hinders
the release of tumor necrosis factor-α (TNF-α) and IL-12, thereby weakening the antigen presentation
and immune function of dendritic cells, ultimately promoting immune evasion in the PC microenvi-
ronment [44]. Natural killer (NK) cells are also influenced by the PC microenvironment. Studies have
demonstrated that NK cell exosomes transfer microRNA-let-7b-5p to PC cells, targeting and regulating the
cell cycle gene CDK6, which inhibits tumor cell proliferation. However, following co-culture with PC cells,
the miRNA content and cytotoxicity in NK cell-derived exosomes decrease, indicating that PC cells may
regulate the levels of miRNA in NK cell exosomes and diminish their anti-tumor function, contributing to
immune evasion [41]. Additionally, EVs secreted by cancer-associated fibroblasts (CAFs) contain lncRNA
RP11-161H23.5, which can be transported to PC cells where it forms a complex with CNOT4, leading to the
downregulation of MHC I, particularly human leukocyte antigen (HLA)-A expression levels. This process
thereby promotes the immune evasion of PC cells [45].

In summary, exosomes derived from PC and other cells carry ncRNAs, interfere with immune cell func-
tion through various pathways, promote immune evasion, and consequently contribute to the progression of
PC. These findings not only enhance our understanding of the immune microenvironment associated with
PC but also offer new treatment strategies and possibilities for overcoming the immune escape mechanisms
of this malignancy.

5.2 The Role of Exosomal ncRNAs in Tumor Angiogenesis
Angiogenesis serves as a critical link within the TME, supplying essential oxygen and nutrients for

tumor growth and dissemination. Exosomal ncRNAs have been identified as a promoter of the malignant
progression of tumors through their regulation of angiogenesis-related signaling pathways [46,47]. A
thorough comprehension of the regulatory role of exosomal ncRNAs in PC angiogenesis could unveil new
perspectives on the pathogenesis of this disease and facilitate the exploration of novel treatment approaches.

In hypoxic environments, exosomes from PC cells exhibit a notable enrichment of miR-30b-5p, which is
then conveyed to endothelial cells. This miRNA promotes angiogenesis by suppressing the production of the
gap junction protein GJA1 [48]. Additionally, lncRNA UCA1 exhibits high levels in exosomes from hypoxic
PC cells and is delivered to HUVECs via these exosomes. UCA1 enhances angiogenesis by improving the
migration and lumen formation abilities of HUVECs. Its mechanism involves functioning as a ceRNA for
miR-96-5p, promoting the expression of AMOTL2, and consequently increasing the levels of p-ERK1/2 [49].
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In conclusion, exosomes are crucial in the angiogenesis of PC as they transport ncRNAs to endothelial
cells, which in turn modulate the expression of relevant proteins. These studies have improved the com-
prehension of PC angiogenesis and have provided novel perspectives for treatment approaches focused on
angiogenesis in PC.

5.3 The Effect of PC Cell-Derived Exosomes on Distant Organs and Tissues
PMN refers to the establishment of a specific site conducive to metastasis, characterized by a series of

molecular and organ changes, effectively creating the ‘soil’ necessary for the colonization of metastatic tumor
cells [50]. This process facilitates the settlement of tumors in distant organs and promotes tumor metastasis.
Increasing evidence indicates that a diverse array of bioactive molecules, including ncRNAs, transported by
exosomes, can facilitate the formation of PMN, thereby promoting tumor metastasis [51]. Investigating the
precise role of exosomal ncRNAs and other molecules in the impact of PC on distant organs and tissues is
anticipated to enrich our comprehension of the processes involved in the progression and metastasis in PC,
potentially leading to new avenues for innovative treatment strategies.

Studies have demonstrated that pancreatic adenocarcinoma cells-derived exosomes are abundant in
miR-494 and miR-542-3p. These two miRNAs can target the expression of cadherin-17 (CDH17) and
upregulate levels of matrix metalloproteinase (MMP) in target cells. Through this mechanism, PC-derived
exosomes can specifically target untransformed cells in pre-metastatic organs, regulating these cells via
miRNA to adapt to the requirements of tumor cell metastasis [52]. Additionally, the tRNA fragment tRF-
GluCTC-0005 found in PDAC-derived exosomes can enhance the stability of WD repeat-containing protein
1 (WDR1) mRNA and activate hepatic stellate cells, thereby mediating the infiltration of myeloid-derived
suppressor cells, promoting the formation of PMN, and facilitating liver metastasis of PC [53]. The study also
reveals that EVs derived from CAFs are rich in PNI-associated transcript (PIAT), which is closely associated
with perineural invasion (PNI) in PDAC patients. Mechanistically, PIAT inhibits the interaction between
Y box binding protein 1 (YBX1) and neural precursor cell expressed, developmentally down-regulated
4-like (Nedd4l), stabilizing YBX1 and driving the perineural invasion of PC cells in a 5-methylcytosine
(m5C)-dependent manner [54].

All in all, exosomal ncRNAs in PC regulate distant organs and tissues to adapt to the needs of tumor
cell metastasis, ultimately promoting the formation of PMNs and metastasis. An in-depth exploration of the
role of exosomal ncRNAs in metastasis will enhance our understanding of the mechanisms underlying PC
metastasis and provide crucial theoretical guidance for the development of therapeutic strategies aimed at
preventing this process.

5.4 The Crosslinks between Exosomal ncRNAs and Other Mechanisms
In addition to influencing immune evasion, angiogenesis, and distant tissues and organs, exosomal

ncRNAs also interact with CAFs and are involved in the regulation of ferroptosis, metabolic reprogramming,
and other mechanisms that contribute to malignant progression. Exosomal ncRNAs play an indispensable
role in various prominent pathways through complex molecular networks, ultimately promoting tumor
progression [55–57]. Elucidating the regulatory role of exosomal ncRNAs in these pathways is of great
significance for a deeper understanding of the pathological mechanisms underlying PC, as well as for the
exploration of new therapeutic targets.

As a critical component of TME, CAFs not only support tumor proliferation and metastasis through
various mechanisms but also play essential roles in processes such as tumor drug resistance, immune evasion,
and reactivation from tumor dormancy, thereby influencing tumor growth in multiple dimensions [58].
Furthermore, exosomes secreted by PC cells are rich in miR-1246 and miR-1290. Subsequent research has
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demonstrated that elevated levels of miR-1290 can enhance the expression of profibrogenic genes, induce the
activation of PSCs, and augment profibrogenic activities, thereby contributing to the formation of the TME
in PC [59]. Ferroptosis, a distinct iron-dependent non-apoptotic cell death that relies on iron and is marked
by iron accumulation, reactive oxygen species (ROS) production, and lipid peroxidation, significantly
influences the progression and treatment of various tumors, including PC [60,61]. Among the key players
in this process is acyl-CoA synthetase long-chain family member 4 (ACSL4), which is essential for lipid
peroxidation [62]. Research indicates that miR-3173-5p, abundant in exosomes derived from CAFs in PC, can
inhibit ferroptosis in PC cells, ultimately promoting chemoresistance. Mechanistically, following GEM treat-
ment, exosomal miR-3173-5p from CAFs enhances resistance to ferroptosis by inhibiting ACSL4, thereby
increasing GEM chemoresistance in PDAC cells [63]. Metabolic reprogramming, a hallmark of malignant
tumors, dynamically regulates metabolic pathways to fulfill the needs of tumor cells, enabling them to
adapt to their environment and support specific functions. This process is essential for the development
and therapy of PC [64,65]. In PDAC cells, exosomal lncRNA Nicotinamide nucleotide transhydrogenase-
antisense RNA1 (NNT-AS1) derived from CAFs acts as a molecular sponge for miR-889-3p. This miRNA can
target HIF-1α, ultimately promoting glucose metabolism reprogramming and the progression of PDAC [66].
Type 2 diabetes mellitus (T2DM) poses a considerable risk for PC, with insulin resistance and the resulting
hyperinsulinemia serving not only as key features of T2DM but also as critical contributors to the malignant
progression and unfavorable prognosis of PC [67,68]. Studies have demonstrated that PC cells-derived
exosomes promote insulin resistance in skeletal muscle cells via the PI3K/Protein kinase B (Akt)/FoxO1
signaling pathway. Further microarray analysis has indicated that exosomal miRNA may be a key promoter
of the disruption of skeletal muscle metabolic balance in PC [69].

In conclusion, exosomal ncRNAs are vital in the TME and the development of PC by modulating various
signaling pathways, which encompass the functions of CAFs, ferroptosis, and metabolic reprogramming.
These studies, which address contemporary mechanisms, not only clarify the intricate nature and importance
of exosomal ncRNA in the progression of PC but also present novel research directions and therapeutic
targets for treatment approaches against this aggressive disease. Fig. 2 illustrates the interrelationship
between exosomal non-coding RNAs and the TME of PC.

6 The Clinical Prospects of Exosomal ncRNAs in PC

6.1 Biomarkers for Early Diagnosis of PC
Exosomal ncRNAs are essential for the onset and evolution of malignancies, exhibiting abnormal

expression in the bodily fluids of affected individuals. Furthermore, the protective properties of the lipid
bilayer membrane, combined with the widespread presence of exosomal ncRNAs in body fluids, contribute
to its high stability and ease of detection in liquid biopsies. These properties render exosomal ncRNAs
a non-invasive biomarker, offering new insights and directions for the early clinical diagnosis of various
cancer types [70,71]. A thorough comprehension of the expression characteristics and diagnostic accuracy
of exosomal ncRNAs in PC is anticipated to offer new insights and directions for the early clinical diagnosis
of this disease.



3216 Oncol Res. 2025;33(11)

Figure 2: Interrelationship between exosomal ncRNAs and TME of PC. Abbreviations: ACSL4, acyl-CoA synthetase
long-chain family member 4; CDH17, cadherin-17; HIF1α, hypoxia inducible factor 1α; MMP, matrix metalloproteinase;
PCs, pancreatic cancer cells; PIAT, perineural invasion-associated transcript; TNF-α, tumor necrosis factor-α; TLR,
toll-like receptor; WDR1, WD repeat-containing protein 1; YBX1, Y box binding protein 1. This figure is created by
Figdraw (Copyright Code: IWRSA29823)

Research conducted on 32 individuals diagnosed with PC and 29 individuals with intraductal papillary
mucinous neoplasm (IPMN) demonstrates that, in comparison to 22 controls without malignant or neo-
plastic lesions, the expression levels of exosomal miR-191, miR-21, and miR-451a are notably upregulated.
The diagnostic abilities of these exosomal miRNAs in identifying IPMN and early PC surpass those of
conventional markers like carcinoembryonic antigen (CEA) and cancer antigen 19-9 (CA19-9). Additionally,
exosomal miR-191, miR-21, and miR-451a exhibit greater sensitivity in diagnosing IPMN and PC than
extracellular circulating miRNAs found in serum or plasma [72]. Through bioinformatics analysis and
cellular experiments, the researchers identify seven exosomal miRNAs (miR-31-5p, miR-31-3p, miR-210-
3p, miR-339-5p, miR-425-5p, miR-425-3p, and miR-429) that are expressed differently when comparing
PC cell lines to the control group, which consists of a cultured model of immortalized pancreatic duct
epithelial cells. These miRNAs demonstrate potential diagnostic value. Furthermore, significant expression
differences are observed between chronic pancreatitis and PDAC, offering advantages for monitoring high-
risk patients [73]. A study utilizing a tethered cationic lipoplex nanoparticle (TLCN) biochip to detect
exosomal miRNAs in peripheral blood (PB) reveals that, compared to healthy controls, PC patients exhibit
markedly increased levels of exosomal miR-21 and miR-10b [74]. Further analysis using combined receiver
operating characteristic (ROC) curves indicates that exosomal miR-10b enhances the diagnostic perfor-
mance of exosomal miR-21. Notably, exosomal miR-21 demonstrates significant differences in expression
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when comparing patients with early-stage PC to healthy controls as well as to those with advanced-stage
PC. This research offers a novel non-invasive method for the early diagnosis of PC [74]. Additionally, studies
integrating Exosome Next-Generation Sequencing (EXO-NGS) and quantitative reverse transcription PCR
(qRT-PCR) technology have shown that the levels of lncRNA MALAT1 and CRNDE in serum exosomes from
individuals with PDAC and IPMN were higher than those in healthy samples, underscoring the potential
value of exosomal ncRNAs in differentiating between healthy and malignant pancreatic conditions [75].
A different investigation reveals that the combined application of miR-200b and miR-200c in total serum
exosomes, as well as in epithelial cell adhesion molecule (EpCAM)-positive serum exosomes alongside
CA19-9, can significantly enhance the diagnostic accuracy for PDAC. Furthermore, miR-200b derived from
EpCAM-positive serum exosomes is linked to shorter patient survival and may act as an independent
prognostic indicator for PDAC [76]. A study has utilized genome-wide profiling to establish a set of cell-free
and exosomal miRNA biomarkers for the early detection of PC. Subsequent experiments have validated that
this transcriptomic signature based on exosomes, comprising 5 cell-free and 8 exosomal miRNAs in plasma,
can effectively distinguish early-stage PDAC patients and demonstrates strong diagnostic performance. For
both all PDAC patients and those with early-stage PDAC, the area under the curve (AUC) value of CA19-9
combined with this transcriptomic signature exceeds that of CA19-9 alone. Furthermore, this transcriptomic
signature can effectively identify 20 patients with negative CA19-9 levels among 22 PDAC patients. This liquid
biopsy-based diagnostic approach opens new avenues for the early detection of PDAC and is anticipated
to complement traditional biomarkers [77]. Although previous studies have demonstrated that exosomal
ncRNAs possess the potential to serve as novel biomarkers for PC, several limitations remain. The lncRNAs
encapsulated within EVs derived from CAFs may facilitate immune evasion in PC; however, there are
significant gaps in understanding the molecular mechanisms involved, unverified long-term biological safety
and challenges related to clinical translation [45]. Furthermore, while exosomal tRFs have been associated
with the promotion of liver metastasis, issues persist, such as the reliance on a single diagnostic marker, the
inability of mouse models to fully replicate the complex TME of human PC and a lack of comprehensive
mechanistic insights [53].

To sum up, exosomal ncRNAs demonstrate significant potential for the early detection of PC and related
diseases. Furthermore, its diagnostic performance has shown advantages over traditional tumor markers
in research, effectively distinguishing between PC patients, healthy individuals, and those with alternative
pancreatic diseases. By integrating multiple detection technologies, the combined applications of exosomal
ncRNAs enhance the accuracy of PC diagnosis. These research findings provide crucial insights for the early
screening of PC and establish a strong foundation for developing exosomal ncRNA as novel biomarkers.

6.2 Therapeutic Target for PC
Numerous studies have demonstrated that exosomal ncRNAs not only influence the proliferation,

invasion, and chemoresistance of PC cells but also impact the TME, positioning it as a promising point for
PC therapy. Exosomal ncRNAs are fundamental in intercellular communication and gene regulation. By
influencing relevant signaling pathways, it not only offers new insights for the treatment of tumors but also
establishes a foundation for the advancement of precision medicine [78,79]. Therefore, further exploration
of the clinical utility of exosomal ncRNAs in the treatment of PC will provide significant theoretical support
and clinical guidance for enhancing the therapeutic effects and outcomes of patients with PC.

The research reveals a notable reduction in the expression level of miR-485-3p in PC tissues, while this
miRNA is found to be enriched in exosomes sourced from pancreatic ductal epithelial cells. As a direct
target of miR-485-3p, p21-activated kinase-1 (PAK1) exerts an inhibitory effect on PC cells. Notably, normal
pancreatic ductal epithelial cells-derived exosomes can transfer miR-485-3p to PC cells, thereby inhibiting
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metastasis through direct targeting of PAK1. Consequently, utilizing exosomes for the delivery of miR-485-3p
may represent a new therapeutic approach for PC [80]. Furthermore, miR-145-5p demonstrates significant
inhibitory effects on the proliferation and invasion of PDAC cells. Exosomes have been successfully
engineered from human umbilical cord-derived mesenchymal stromal cells (hucMSCs) to serve as carriers
for transporting miR-145-5p into PDAC cells, effectively inhibiting cell proliferation and invasion while
fostering apoptosis and inducing cell cycle arrest. This innovative approach offers a promising new direction
for treating individuals diagnosed with PDAC [81]. Additional research has shown that exosomal miR-1231
derived from bone marrow mesenchymal stem cells (BM-MSCs) can impede the proliferation of PC cells,
as well as negatively regulate the migration, invasion, and adhesion of the matrix of PC cells. Furthermore,
reduced concentrations of exosomal miR-1231 in PB are closely associated with the TNM stage of PC. This
finding suggests that high levels of exosomal miR-1231 derived from BM-MSCs may serve as a novel and
effective therapeutic agent for PC BM-MSCs can act as an innovative and effective treatment option for
PC, while PB exosomal miR-1231 may act as an important diagnostic biomarker for the disease [82]. CAF-
derived EV-packaged circBIRC6 enhances the chromatin localization of XRCC4 through SUMOylation,
which contributes to the emergence of oxaliplatin resistance in PC. Research conducted on patient-derived
xenograft (PDX) models from patients resistant to oxaliplatin reveals that reducing circBIRC6 levels using
antisense oligonucleotide (ASO) or in combination with olaparib significantly improves the response to
chemotherapy. This finding offers a novel approach to overcoming platinum resistance in PC [83].

Collectively, these findings indicate that exosomal ncRNAs hold significant promise for the precise
therapy of PC. Future research aimed at targeting relevant signaling pathways to develop novel therapeutic
agents, along with the creation of exosome-based ncRNAs delivery tools, is anticipated to yield new
breakthroughs in the precise management of PC, ultimately enhancing clinical outcomes for patients.

6.3 Biomarker for Evaluating Therapeutic Efficacy and Prognosis of PC
In addition to serving as early diagnostic markers and therapeutic targets, exosomal ncRNAs signif-

icantly contribute to monitoring the therapeutic effects of various malignancies. The ncRNAs carried by
exosomes are not only highly accurate and specific, but also accurately reflect the biological characteristics
of cancer cells [84,85]. Recent research has shown that the analysis of exosomal ncRNAs can effectively
evaluate the therapeutic response in PC and assess prognosis, thereby providing valuable guidance for the
development of personalized treatment plans.

A study involving 55 patients with PDAC following radical pancreatectomy found that the expression
levels of exosomal miR-4525, miR-451a, and miR-21 in portal venous blood (PVB) and PB are linked to
a heightened risk of postoperative recurrence, which is closely related to poor prognosis. Notably, the
sensitivity, specificity, and accuracy of these exosomal miRNAs in PVB are observed to surpass those in PB,
suggesting that exosomal miR-4525, miR-451a, and miR-21 in PVB can function as promising biomarkers
for determining poor prognosis in post-surgical PDAC patients [86]. Additionally, some studies have
reported that plasma exosomal miR-451a shows a significant upregulation in PDAC, as determined through
miRNA microarray analyses. Further investigations indicate that exosomal miR-451a not only demonstrates
a significant association with recurrence and unfavorable prognosis in PDAC patients but also constitutes
a crucial independent prognostic indicator for overall survival (OS) and disease-free survival (DFS) rates.
Importantly, a significant statistical relationship is observed between the expression level of exosomal miR-
451a and both tumor size and stage. These findings indicate that plasma exosomal miR-451a can serve as a
biomarker for both recurrence and prognosis in PDAC, highlighting its significant potential to become a
clinically effective detection tool in the future [87]. Another study examined 210 plasma and serum samples
from four groups of PDAC patients and developed a blood-derived exo-miRNA panel (EMP) that comprises
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six specific exosome miRNAs. Following further experimental validation, the EMP has been shown to
serve as a separate predictor of recurrence-free survival (RFS) in patients with PDAC and also possesses
predictive value for those undergoing neoadjuvant therapy (NAT). Moreover, the combined detection of
EMP and CA19-9 significantly enhances the accuracy of prognosis predictions in PDAC patients. This study
demonstrates that EMP can reliably predict the recurrence risk of PDAC patients after surgery and evaluate
the potential risk of poor prognosis in those receiving NAT, thereby aiding clinicians in making more
informed decisions [88]. Additionally, the expression of exosomal circ-IRAS is elevated in PC cells. Exosomes
originating from PC can transfer circ-IRAS to HUVECs, promoting tumor invasion and metastasis. Further
analysis indicates a positive relationship between the expression level of circ-IRAS and tumor metastasis,
while also showing a negative relationship with patient survival duration. These findings suggest that
exosomal circ-IRAS can be a significant biomarker for monitoring the prognosis of PDAC patients [89].

Taken together, exosomal ncRNAs demonstrate significant potential for monitoring therapeutic effects
and evaluating the prognosis of PC. A comprehensive investigation into the characteristics of exosomal
ncRNAs and their role in PC development is expected to yield more precise prognostic indicators, support
better personalized treatment strategies for this disease, and ultimately improve patient quality of life.

6.4 Challenges and Future Prospects
The exosomal ncRNAs show a huge potential for application in diagnosis and therapy of PC; however,

certain obstacles hinder their clinical application. There are challenges in the standardization of exosome
isolation, efficiency of delivery of ncRNAs and biocompatibility of exosome-based therapy. These problems
need to be tackled for effective promotion of this technology in clinical applications.

Ultra-speed centrifugation, as a gold standard for exosome isolation, has benefits such as low cost,
suitability for large-scale preparation and high purity product. However, it is associated with high equipment
requirements and extended processing times. Ultrafiltration takes less time and uses less equipment, yet it
suffers from challenges such as membrane blockage, which can lead to raw material loss and potential dete-
rioration caused by shear stress. Size-exclusion chromatography preserves the natural activity of exosomes
and exhibits good repeatability; however, its high cost and the necessity for additional exosome enrichment
methods impede its commercial use. Polymer precipitation is advantageous due to its convenience and
efficiency, but it also encounters issues related to contaminant presence and prolonged processing times.
Immunoaffinity capture can yield highly pure exosomes and is straightforward to operate, yet it is limited by
high antibody costs and low yields. Microfluidics-based techniques demonstrate efficiency, but their clinical
application is restricted by issues related to standardization, scalability and validation [90]. In conclusion,
there is currently no single method that satisfies the criteria of high purity, high efficiency, low cost and
ease of operation for clinical applications. Future research should prioritize technology optimization, the
development of combined strategies and the standardization of existing technologies to facilitate their
advancement toward clinical applications and large-scale production.

As an emerging treatment method for tumors, ncRNA therapeutics primarily faces three significant
challenges: immunogenicity, specificity, and delivery [91]. Studies have demonstrated that opioid receptor
mu (MOR) siRNA can bind to argonaute 2 (AGO2) within exosomes modified with neuron-specific rabies
viral glycoprotein (RVG) peptide. The RVG exosomes can effectively pass through the blood-brain barrier by
binding to acetylcholine receptors and specifically deliver MOR siRNA to Neuro2A cells rather than other
non-neuronal cells, thereby reducing MOR expression levels and preventing morphine relapse. Notably,
no severe immune reactions have been reported [92]. Another study developed a one-step microfluidic
production method for lipid-based nanoparticles designed to mimic exosomes. The researchers found that
exosome-mimicking nanoparticles modified with ITG αVβ5 significantly enhanced the efficiency of RNA
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delivery both in vivo and in vitro. This research not only presents a novel method for the preparation of
exosome-mimicking nanoparticles but also offers valuable insights for the future development of efficient
ncRNAs delivery systems [93]. Although relevant studies have made significant progress in the field of
exosomal ncRNA therapy, these advancements represent only the initial steps. Future research must first
achieve a deeper understanding of the delivery mechanisms and integrate the advantages of multiple
disciplines, such as nanotechnology and bioengineering, with an emphasis on developing more precise
and safer delivery platforms. Concurrently, it is essential to effectively address the bottlenecks in clinical
translation and large-scale production to overcome these three core challenges.

The biocompatibility of exosome-based therapy is a crucial factor for its clinical translation. While
exosomes are generally regarded as having good biocompatibility, potential risks arise from off-target effects
and immune activation. Research indicates that exosomes derived from chromium-induced senescent L02
hepatocytes (S-L02) are enriched in miR-222-2p, which not only inhibits the proliferation of both L02 and S-
L02 hepatocytes but also promotes the proliferation and migration of hepatocellular carcinoma (HCC) [94].
Another study has demonstrated that exosomes derived from packed red blood cells can activate human
mast cells and promote the production of various inflammatory mediators, potentially contributing to
transfusion-rel ated adverse events [95]. Although exosomes are considered highly promising carriers of
ncRNAs due to their excellent biocompatibility, the associated risks cannot be overlooked. Future research
should concentrate on an in-depth analysis of the mechanisms of action, optimization of targeted delivery
technologies and assessment of immunogenicity to mitigate the potential ‘double-edged sword’ effect and
ultimately ensure the safe and efficient clinical translation of exosome-based ncRNAs therapies.

Although exosomal ncRNAs hold significant promise for the treatment of PC, several challenges
remain. These include the absence of efficient standard techniques for exosome isolation, inadequate delivery
efficiency of ncRNAs and associated potential risks. Future research should prioritize the exploration of stan-
dardized, efficient, and cost-effective exosome isolation methods that are suitable for large-scale production.
Additionally, it is essential to integrate multidisciplinary approaches to develop precise and safe delivery
platforms. Furthermore, a deeper investigation into the mechanisms of action of exosomal ncRNAs is
necessary to enhance the safety of this therapeutic strategy, ultimately facilitating clinical translation. Table 2
presents the clinical prospects of exosomal ncRNAs in PC.

Table 2: Clinical prospects of exosomal ncRNAs in pancreatic cancer

Clinical significance NcRNAs Potential role References
Diagnostic biomarker miR-191, miR-21,

miR-451a
Early diagnostic and

progression markers of
PC and IPMN

[72]

miR-31-5p, miR-31-3p,
miR-210-3p, miR-339-5p,
miR-425-5p, miR-425-3p,

miR-429

Early detection of PDAC,
distinguishing between
chronic pancreatitis and
PDAC, and monitoring

high-risk patients

[73]

miR-21, miR-10b Early diagnosis, elevated
diagnostic value,

distinguishes patients
with the early stage

(miR-21)

[74]

(Continued)
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Table 2 (continued)

Clinical significance NcRNAs Potential role References
lncRNA MALAT1 and

CRNDE
Higher expression in

PDAC or IPMN than in
healthy samples

[75]

miR200b, miR-200c Elevated diagnostic
accuracy of PDAC after
combining with CA19-9

[76]

5 cell-free and 8 exosomal
miRNAs

Identification of
early-stage PDAC and
CA19-9 negative cases

[77]

Therapeutic target miR-485-3p Delivered by exosomes
from pancreatic ductal

epithelial cells then
negatively regulate PAK1

and inhibit metastasis

[80]

miR-145-5p Delivered by hucMSCs
exosomes and inhibit

PDAC cell proliferation
and invasion

[81]

miR-1231 Delivered by
BM-MSC-derived

exosomes and inhibit the
activity of PC

[82]

circBIRC6 Reduce circBIRC6 levels
by using ASO or

combining with olaparib
then improve

chemotherapeutic
response

[83]

Prognostic biomarker miR-4525, miR-451a,
miR-21

Identification of poor
prognosis in post-surgical

PDAC patients

[86]

miR-451a Recurrence and poor
prognosis, independent
prognostic factors of OS

and DFS in PDAC

[87]

(Continued)
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Table 2 (continued)

Clinical significance NcRNAs Potential role References
6 miRNA panel
(miR-130b-5p,

miR133a-3p, miR-195-5p,
miR-432-5p, miR-1229-3p

and miR1273f)

Evaluating whether to
continue chemotherapy

or surgery after NAT,
predicting recurrence

after surgery, serving as
an independent

prognostic factor for RFS,
enhancing accuracy of

PDAC prognosis
predictions after

combining with CA19-9

[88]

circ-IRAS Positively correlating
with tumor metastasis

and negatively correlating
with patient survival

duration

[89]

Note: ASO, antisense oligonucleotide; BM-MSCs, bone marrow mesenchymal stem cells; DFS, disease-free survival;
hucMSCs, human umbilical cord-derived mesenchymal stromal cells; IPMN, intraductal papillary mucinous neo-
plasm; NAT, neoadjuvant therapy; PAK1, p21-activated kinase-1; PC, pancreatic cancer; PDAC, pancreatic ductal
adenocarcinoma; OS, overall survival; RFS, recurrence-free survival.

7 Conclusion and Perspective
The role and potential of exosomal ncRNAs in PC have attracted considerable interest in recent years.

Studies have demonstrated that exosomal ncRNAs play a significant role in various processes associated with
malignant progression, including tumorigenesis, metastasis, and chemoresistance in PC. This occurs through
the mediation of intercellular communication, regulation of related signaling pathways, and influence on
the TME. Such findings offer new insights and potential targets for PC treatment. Furthermore, exosomal
ncRNAs exhibit high stability, expression specificity, and ease of detection in body fluids, positioning them
as a promising liquid biopsy marker for PC. This paper reviews the biological characteristics of exosomal
ncRNAs, their mechanisms in PC, and their prospects for clinical application.

In terms of diagnosis and prognosis assessment, exosomal ncRNAs offer several advantages, including
non-invasiveness, high sensitivity, and high specificity. The detection of exosomal ncRNAs expression levels
in body fluids can dynamically reflect the staging and prognosis of PC in real time. Moreover, when combined
with traditional tumor markers, it can significantly enhance the accuracy of early diagnosis and prognosis
prediction for PC. In terms of treatment, exosomal ncRNAs can target relevant signaling pathways to inhibit
the progression of PC. Additionally, exosomes can serve as carriers to deliver ncRNAs, thereby interfering
with PC progression and enhancing drug sensitivity.

However, several noteworthy challenges remain in the current clinical application of exosomal ncRNAs.
First, research into the mechanisms of exosomal ncRNAs in PC is still in its initial phases. Although the
regulatory effects of various exosomal ncRNAs on PC have been identified, further research is necessary to
explore the functions and expression of additional unknown exosomal ncRNAs within the complex TME of
PC. Furthermore, the purification and detection methods for exosomal ncRNAs have yet to be standardized
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and continue to face multiple challenges, such as rapidity, stability, and cost-effectiveness, which limit their
application in large-scale clinical settings. Additionally, improving the sensitivity, specificity, and diagnostic
accuracy of exosomal ncRNAs in PC represents an urgent challenge that must be addressed.

To tackle these issues, upcoming studies should concentrate on several important aspects: First, a
comprehensive analysis of the biological mechanisms underlying exosomal ncRNAs in PC will provide a
theoretical foundation for clinical diagnosis, treatment, and prognosis assessment. Second, it is essential
to develop standardized, cost-effective, and efficient purification and detection methods to provide reliable
technical support for exosomal ncRNAs, enabling their potential as new biomarkers and therapeutic targets
in clinical applications. Finally, additional clinical experiments are necessary to validate the diagnostic and
prognostic value, as well as the therapeutic effects, of exosomal ncRNAs, thereby facilitating their translation
into clinical applications.

In short, exosomal ncRNAs have emerged as a promising target in the clinical application of PC. Despite
existing research barriers, we are optimistic that as investigations progress, exosomal ncRNAs will become
increasingly important in the diagnosis and treatment of PC, ultimately leading to significant improvements
in patient prognosis and quality of life.
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