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INTRODUCTION

ABSTRACT

This review focuses on the multifaceted roles of exosomal noncoding RNAs (ncRNAs)
in colorectal cancer (CRC), utilizing the provided document as the primary source of
information. Exosomes, nanoscale vesicles ranging from 30 to 150 nm, act as crucial
mediators of intercellular communication, encapsulating bioactive molecules such as
microRNAs (miRNAs) and long ncRNAs (IncRNAs). The biogenesis of exosomes
involves the endocytic pathway, including the formation of multivesicular bodies and
subsequent release of intraluminal vesicles into the extracellular space. This process is
regulated by the endosomal sorting complex required for transport (ESCRT) machinery
and other ESCRT-independent mechanisms, as well as RNA-binding proteins (RBPs) that
selectively package ncRNAs. MiRNAs, shorter single-stranded RNA molecules, regulate
gene expression post-transcriptionally by binding to target mRNAs, leading to translational
repression or mRNA degradation. LncRNAs, longer RNA molecules, are involved in
chromatin remodeling and transcriptional regulation and act as competing endogenous RNAs
that modulate miRNA availability. Exosomal ncRNAs play a crucial role in tumorigenesis,
where certain miRNAs promote proliferation while others act as tumor suppressors.
Furthermore, these ncRNAs are central to the epithelial-mesenchymal transition, a critical
process that facilitates metastasis. They also play a role in chemoresistance by modulating
drug metabolism and apoptotic pathways. Exosomal ncRNAs also show promise as
diagnostic and prognostic biomarkers due to their presence in body fluids and their
association with disease progression. Moreover, they hold potential as therapeutic agents
through RNA-based therapeutics and exosome-based drug delivery. The challenges involve
standardizing exosome research, elucidating the underlying mechanisms, and ensuring
successful clinical translation.
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approaches to CRC management, particularly in early
detection and personalized therapy.

olorectal cancer (CRC) remains a major global health
Cchallenge, ranking as the third most commonly
diagnosed cancer and the second leading cause of
cancer-related deaths worldwide. With an estimated 1.9
million new cases and over 900,000 deaths annually [1],
CRC places a significant burden on healthcare systems. It is
projected that by 2040, the global disease burden will rise
to 3.2 million new cases and 1.6 million deaths [2]. Despite
advancements in diagnostics, surgery, chemotherapy,
and targeted therapies, the prognosis for patients with
advanced CRC remains poor. Late-stage diagnosis, tumor
heterogeneity, metastasis, and chemoresistance continue
to hinder treatment efficacy and long-term survival.
These challenges highlight the urgent need for innovative
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At the core of CRC progression lies the tumor
microenvironment (TME), a dynamic and interactive ecosystem
that profoundly influences tumor biology [3]. The TME
consists of cancer cells, stromal cells (including fibroblasts,
endothelial cells, and immune cells), soluble factors, and the
extracellular matrix [4]. This microenvironment orchestrates
key processes such as tumor growth, angiogenesis, immune
evasion, and metastasis [4]. Interactions between tumor
cells and the TME are highly complex, mediated by various
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extracellular signals — among which exosomes play a central
role.

Exosomes, a subtype of extracellular vesicles (EVs), are
nanosized vesicles ranging from 30 to 150 nm in diameter [5].
They are secreted by virtually all cell types [6] and facilitate
intercellular communication by transporting bioactive
molecules such as proteins, lipids, and nucleic acids, including
DNA, mRNA, and noncoding RNAs (ncRNAs) [7]. The
biogenesis of exosomes involves the inward budding of late
endosomal membranes to form multivesicular bodies (MVBs),
which fuse with the plasma membrane to release their vesicular
contents into the extracellular space [5]. Once released,
exosomes can travel through bodily fluids and deliver their
cargo to recipient cells, thereby modulating cellular behavior
and influencing the TME [4]. Exosomes are not merely passive
carriers; their cargo reflects the physiological or pathological
state of their originating cells, making them valuable sources
of biomarkers for various diseases, including CRC [8].

Among the molecular cargo of exosomes, ncRNAs
have garnered considerable attention for their regulatory
roles in CRC pathogenesis [9]. NcRNAs, which include
microRNAs (miRNAs) and long ncRNAs (IncRNAs), are
pivotal regulators of gene expression [4,9]. MiRNAs are small,
single-stranded RNA molecules approximately 22 nucleotides
in length that regulate gene expression post-transcriptionally
by binding to complementary sequences in the 3’-untranslated
regions (3’-UTRs) of target mRNAs [10]. This binding
typically results in mRNA degradation or translational
repression [11]. Depending on their targets, miRNAs can
function as oncogenes or tumor suppressors.

Conversely, IncRNAs are longer RNA molecules
with diverse functions, including epigenetic regulation,
chromatin remodeling, and serving as competing endogenous
RNAs (ceRNAs) that sequester miRNAs, thereby modulating
their availability to target mRNAs [12]. In the context of
CRC, exosomal miRNAs and ncRNAs have been implicated
in various oncogenic processes, such as tumor initiation,
proliferation, epithelial-mesenchymal transition (EMT),
metastasis, and therapy resistance [8,12]. For instance,
miRNAs such as miR-21 [13] and miR-92a [14] are frequently
upregulated in CRC and promote tumor progression, while
IncRNAs such as HI9 [15,16] and plasmacytoma variant
translocation 1 (PVTI1) [17] contribute to chemoresistance
and metastasis. Due to their stability in body fluids and
tumor-specific expression, exosomal ncRNAs hold great
potential as noninvasive biomarkers and therapeutic targets.

This review consolidates current research on exosomal
ncRNAs in CRC, highlighting their critical roles in disease
progression and potential clinical applications. Specifically,
we discuss their involvement in key oncogenic mechanisms,
evaluate their viability as diagnostic and prognostic
biomarkers, and explore their potential in therapeutic
strategies. By synthesizing the latest findings, this review aims
to bridge the gap between fundamental research and clinical
implementation, offering valuable insights into how exosomal
ncRNAs could revolutionize CRC management and enhance
patient outcomes.
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BIOGENESIS AND ROLE OF EXOSOMAL
NONCODING RNASs
Biogenesis of exosomes

The biogenesis of exosomes is a highly regulated, multistep
process that begins within the endocytic pathway. It starts with
the inward budding of the plasma membrane, forming early
endosomes. These early endosomes mature into late endosomes
or MVBs, characterized by the presence of intraluminal
vesicles (ILVs) formed through the inward budding of the
endosomal membrane. The MVBs either fuse with lysosomes
for degradation or with the plasma membrane to release their
ILVs as exosomes into the extracellular space [18].

The formation of exosomes is facilitated by the
endosomal sorting complex required for transport machinery.
Environmental cues, such as hypoxia and cellular stress,
further influence the composition of exosomal cargo, tailoring
their contents to the physiological or pathological state of the
parent cell [19].

Role of exosomal noncoding RNAs

Exosomal ncRNAs play critical roles in regulating gene
expression and cellular processes, serving as messengers that
mediate intercellular communication. These ncRNAs, once
internalized by recipient cells through fusion with the plasma
membrane or receptor-mediated endocytosis, exert their
regulatory functions in diverse physiological contexts.

miRNAs as posttranscriptional regulators

MiRNAs are small, single-stranded RNA molecules,
typically 18-24 nucleotides in length, that regulate gene
expression at the posttranscriptional level [20]. Encapsulated
within exosomes, miRNAs are delivered to recipient cells,
where they bind to complementary sequences in the 3’-UTRs
of target mRNAs [10]. This interaction leads to translational
repression or mRNA degradation, finetuning protein
expression.

MiRNAs encapsulated within exosomes serve as vital
regulators of various physiological processes, exerting their
influence across multiple domains of cellular function [21,22].
In the context of development, exosomal miRNAs play a
pivotal role by modulating key transcription factors and
signaling pathways [20], thereby directing cell differentiation
and tissue patterning [21].

By fine-tuning these processes, miRNAs facilitate
a balanced immune environment, enabling the body to
respond effectively to pathogens while avoiding excessive
inflammation.

In addition, exosomal miRNAs are central to metabolic
regulation. By targeting enzymes and other regulatory
molecules, they influence metabolic pathways that maintain
energy balance and cellular health [23]. This ability to
control metabolic flux highlights their importance in ensuring
the proper functioning of cellular and systemic metabolic
networks.

Furthermore, exosomal miRNAs contribute significantly
to the regulation of cell proliferation and apoptosis. Specific
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miRNAs either promote or inhibit these processes, ensuring
that cellular homeostasis is preserved [23]. This delicate
balance is crucial for maintaining proper tissue maintenance
and preventing aberrant cell growth or premature cell death.

Through these diverse functions, exosomal miRNAs act
as master regulators, facilitating intercellular communication
and enabling precise control over developmental, immune,
metabolic, and homeostatic processes [24,25].

The selective packaging of miRNAs into exosomes is
mediated by RBPs and sequence-specific motifs, allowing
precise intercellular communication [24]. Exosomal miRNAs
facilitate rapid responses to environmental changes, supporting
coordinated cellular activities across tissues.

Exosomal ncRNAs contribute significantly to physiological
homeostasis and cellular function regulation through
their involvement in biogenesis and signaling pathways.
By enabling targeted delivery of regulatory molecules,
exosomes serve as powerful mediators of intercellular
communication [25]. Their ncRNA cargo — including IncRNAs
and miRNAs — orchestrates complex regulatory networks and
signaling pathways, underscoring their potential as biomarkers
and therapeutic agents. Understanding the intricate processes
governing exosomal biogenesis, signaling pathways, and cargo
function will pave the way for leveraging these vesicles in
diagnostic and therapeutic applications.

Long noncoding RNAs as regulatory elements

LncRNAs, transcripts longer than 200 nucleotides,
play a critical role in regulating gene expression [26].
Within exosomes, IncRNAs serve as essential mediators
of intercellular communication, influencing transcriptional,
posttranscriptional, and epigenetic processes in recipient
cells [26]. These versatile molecules exert their regulatory
functions through a variety of sophisticated mechanisms.

One prominent mechanism by which IncRNAs regulate gene
expression is through chromatin remodeling. By interacting
with  chromatin-modifying complexes, IncRNAs alter
chromatin structure, facilitating or repressing the transcription
of specific genes [27]. For instance, IncRNAs recruit histone
modifiers to targeted genomic loci, enabling dynamic and
context-specific regulation of gene expression [16]. This
capability underscores their integral role in fine-tuning cellular
responses to environmental cues.

In addition, IncRNAs influence transcriptional processes
by directly interacting with transcription factors or RNA
polymerase, modulating the transcriptional activity of target
genes. This interaction can either enhance or suppress gene
transcription, depending on the molecular context and the
specific IncRNA involved [16,27]. Such transcriptional
regulation highlights the versatility of IncRNAs in controlling
gene networks.

Another critical function of IncRNAs is their role as
ceRNAs [22]. In this capacity, IncRNAs act as molecular
sponges for miRNAs, sequestering them and preventing their
interaction with target messenger RNAs (mRNAs) [22]. By
modulating miRNA availability, IncRNAs indirectly regulate

gene expression, contributing to the intricate balance of
cellular regulatory networks.

Furthermore,  IncRNAs influence = RNA  stability
and localization by interacting with RNA-binding
proteins (RBPs) [28]. Through these interactions, IncRNAs
can stabilize or destabilize target RNAs, as well as guide
them to specific cellular compartments. This ability to regulate
RNA dynamics further emphasizes the multifaceted nature of
IncRNA functions.

Through these diverse mechanisms, exosomal IncRNAs
play a pivotal role in shaping cellular behavior and
coordinating intercellular communication. Their capacity to
modulate chromatin states, transcriptional activity, and RNA
stability underscores their significance as key regulators of
gene expression and cellular function.

Exosomal IncRNAs are involved in a wide array of
physiological  processes, including cell differentiation,
immune modulation, and metabolic regulation. Their selective
packaging into exosomes ensures the targeted delivery of these
regulatory molecules, enabling precise control of recipient cell
behavior.

FUNCTIONAL ROLES OF EXOSOMAL NONCODING
RNAS IN COLORECTAL CANCER

Exosomal ncRNAs have emerged as key players in the
progression of CRC, influencing tumorigenesis, metastasis,
and chemoresistance [9,25]. These vesicles, secreted by tumor
and stromal cells, carry a wide range of bioactive molecules,
including miRNAs, and IncRNAs [16], which regulate gene
expression and cellular signaling in recipient cells [21]. This
section highlights their functional roles in CRC progression.

Tumorigenesis and proliferation

Exosomal ncRNAs play a pivotal role in the initiation
and proliferation of CRC cells by modulating key signaling
pathways and gene expression [Tables 1 and 2]. Certain
miRNAs carried by exosomes act as oncogenes, driving
uncontrolled cell division [20]. For instance, miR-21,
significantly enriched in CRC exosomes, promotes the
proliferation of colon adenocarcinoma cells by downregulating
tumor suppressors such as programmed cell death protein
4 [20,37]. Similarly, miR-548am-5p expedites tumor growth
by targeting RAR-related orphan receptor A [46], while
miR-224-5p enhances cell proliferation, migration, and
invasion through suppression of CKLF Like MARVEL
transmembrane domain containing 4 [34].

Conversely, some exosomal miRNAs exert
tumor-suppressive effects. For example, miR-16-5p, derived
from bone marrow mesenchymal stem cells, inhibits CRC
cell growth and induces apoptosis by targeting integrin
alpha-2 [44,47]. In addition, miR-150-5p whose level was
lowered in serum exosomes of CRC patients, acts as a brake
on tumor development and growth and is correlated with
tumor progression [30].

LncRNAs transported by exosomes also contribute to
tumorigenesis. PVT1, a well-studied miRNA sponge oncogenic
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Table 1: Noncoding RNAs regulation of Wnt/B-catenin signaling in colorectal cancer proliferation

Signaling pathway ncRNA (IncRNA Effect on CRC References
or miRNA)
Wnt/B-catenin miR-16-5p Inhibited CRC migration, invasion, and EMT by the miR-16-5p/HMGA2/B-catenin [29]
pathway. miR-16-5p overexpression or FOXK1 knockdown reduced CRC cell
proliferation and angiogenesis of human umbilical vein endothelial cells cocultured with
the supernatant of CRC cells
miRNA-150-5p Inhibits cell viability, proliferation, and colony formation and also inhibits CRC [30]
development by regulating B-catenin
IncRNA CCAT2 Stimulates Wnt cascade activity through TCF7L2, leading to MY C oncogenic activation [31]
IncRNA CASCI1 Enhances Wnt/B-catenin signaling by targeting hnRNP-K in CRC cells [32]
IncRNA H19 Activates the p-catenin pathway, promoting stemness in CRC cells. Promotes [15,16]
proliferation through targeting RB with miR-675
IncRNA Controls the expression of B-catenin, cyclinD1, and c-MYC, key components of the Wnt [33]
HNF1A-AS1 signaling pathway, thus influencing cell proliferation
miR-224-5p In exosomes from CRC cells, promotes malignant transformation of normal colon [34,35]
epithelial cells, and promotes proliferation, migration, and invasion of CRC cells
miRNA-425-5p Increases cell proliferation [36]

CRC: Colorectal cancer, EMT: Epithelial-mesenchymal transition, miRNA: MicroRNAs, ncRNA: Noncoding RNAs, IncRNA: Long noncoding RNA,
RB: RB transcriptional corepressor 1

Table 2: Noncoding RNAs regulation of other signaling pathways in colorectal cancer proliferation

Signaling pathway  ncRNA (IncRNAor  Effect on CRC References
miRNA)

PI3K/AKT/mTOR miR-21 Promotes proliferation [37]

PI3K/AKT/mTOR miR-92a-3p The ectopic expression of miR-92a enhanced CRC cell proliferation, migration, and invasion [38]

PI3K/AKT/mTOR IncRNA-422 Inhibits cell proliferation, migration, and invasion through regulating PI3K/AKT/mTOR [39]
pathway

PI3K/AKT/mTOR IncRNA PIncRNA-1  Promotes proliferation through targeting the PI3K/AKT signaling cascade [40]

PI3K/AKT/mTOR IncRNA SNHG7 Promotes proliferation by regulating the PI3K/AKT/mTOR pathway [41]

JAK/STAT IncRNA HOTAIR Up-regulates PD-L1 expression in B cells by increasing PKM?2 stability, which increases [42]
STATS3 transcriptional activity, thereby contributing to cancer proliferation

TGFB miR-423-5p miR-423-5p acts as tumor promoter, leading to the proliferation, invasion, and angiogenesis of [43]
cancer. Targets CRC pathways, including the tumor suppressor genes SMAD2/3 and TGFBR2

TGFpB IncRNA PVT1 Promotes abnormal proliferation and metastasis by upregulating EGFR and VEGFA [17,44]

Other pathways IncRNA BDNF-AS IncRNA BDNF-AS induced inhibition of proliferation, migration, and invasion of CRC cells [45]

via inhibiting GSK-3f expression

CRC: Colorectal cancer, EMT: Epithelial-mesenchymal transition, miRNA: MicroRNAs, TGFp: Transforming growth factor beta, ncRNA: Noncoding
RNAs, IncRNA: Long noncoding RNA, EGFR: Epidermal growth factor receptor

IncRNA, sequesters the tumor-suppressive miR-3619-5p and
regulates TRIM29 expression, promoting the growth and
metastasis of CRC [17]. Similarly, H19, enriched in cancer-
associated fibroblasts (CAF)-derived exosomes, enhances the
stemness and chemoresistance of CRC cells and drives tumor
progression [16].

Epithelial-mesenchymal transition and metastasis

The EMT is a critical process that enables CRC cells to
gain migratory and invasive properties. Exosomal ncRNAs
are central to orchestrating EMT by regulating cell adhesion,
cytoskeletal dynamics, and signaling pathways [Tables 3 and 4].

Exosomal miR-21 promotes EMT in CRC by targeting genes
involved in cell adhesion and migration, such as phosphatase
and tensin homolog (PTEN) [37]. Similarly, miR-335-5p
enhances CRC invasion and metastasis by suppressing RAS
p21 protein activator 1, facilitating EMT [59], while exosomal
miR-20a-5p from CAFs promotes CRC proliferation and
migration by targeting PTEN and activating NF-kB/IL-6
signaling [60]. Another miRNA, miR-92a-3p [61], derived
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from cancer-associated fibroblasts (CAFs), activates the
Whnt/B-catenin pathway and inhibits mitochondrial apoptosis,
driving metastatic progression [62]. In addition, CRC
cell-derived exosomes can transfer multiple miRNAs, such as
miR-25-3p, miR-130b-3p, and miR-425-5p, to macrophages,
which in turn regulate PTEN expression through the activation
of the PI3K/AKT signaling pathway, ultimately promoting
EMT and the secretion of vascular endothelial growth factor,
thereby accelerating cancer metastasis [50]. Furthermore,
miR-17-5p can be transferred from CAFs to CRC cells, where
it binds to the 3’-UTR of RUNX3 and interacts with MYC
to activate the TGF-B signaling pathway, promoting CRC
progression [52]. In contrast, some miRNAs act as metastasis
suppressors. For example, miR-193b is downregulated in
the serum of CRC patients, and its low levels are correlated
with tumor, node, metastasis stage and metastasis in CRC
patients [55]. Other miRNAs such as miR-1224-5p can
prevent the EMT, invasion, and migration of CRC cells [57].

Exosomal IncRNAs are also significant players in
CRC metastasis. Several IncRNAs have been implicated
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Table 3: Noncoding RNAs regulation of Wnt/p-catenin signaling, PI3K/AKT/mTOR, and JAK/STAT pathways in colorectal cancer

metastasis
Signaling pathway ncRNA (IncRNA or miRNA) Effect on CRC References
Whnt/B-catenin PI3K/ miR-16-5p Inhibited CRC migration, invasion, and EMT by the miR-16-5p/HMGA2/ [29]
AKT/mTOR B-catenin pathway. miR-16-5p overexpression or FOXK1 knockdown
reduced CRC cell proliferation and angiogenesis of human umbilical vein
endothelial cells cocultured with the supernatant of CRC cells
LncRNA UCA1 miR-1224-5p suppresses the migration, invasion, and EMT of CRC cells [48]
in vitro and in vivo by directly targeting SP1
Wnt/B-catenin IncRNA H19 Activates the B-catenin pathway, promoting stemness in CRC cells. [15,16]
Promotes proliferation through targeting RB with miR-675
IncRNA XIST Promotes metastasis through modulating ZEB1 expression by competing [49]
with miR-200b-3p
PI3K/AKT/mTOR miR-25-3p, miR-130b-3p, and Induces M2 polarization of macrophages, promoting EMT and metastasis [50]
miR-425-5p
miR-92a-3p The ectopic expression of miR-92a enhanced CRC cell proliferation, [38]
migration and invasion
IncRNA MALAT1 Promotes cell proliferation via activation of the PI3K/AKT/mTOR [51]
pathway and by sponging miR-26a/26b
JAK/STAT IncRNA HOTAIR HOTAIR contributes to CRC liver metastasis and lung metastasis [42]

CRC: Colorectal cancer, EMT: Epithelial-mesenchymal transition, miRNA: MicroRNAs, ncRNA: Noncoding RNAs, IncRNA: Long noncoding RNA,
RB: RB transcriptional corepressor 1

Table 4: Noncoding RNAs regulation of transforming growth factor beta signaling and other pathway in colorectal cancer

metastasis
Signaling pathway ncRNA (IncRNA or miRNA) Effect on CRC References
TGFpB miR-17-5p Upregulation of miR-17-5p promoted CRC cell proliferation, metastasis, and invasion, [52]
while inhibiting apoptosis
miR-146a-5p and miR-155-5p Promotes lung metastasis via targeting ZBTB2 and SOCS|, activating cancer-associated [53]
fibroblasts
miR-423-5p Targets CRC pathways, including the tumor suppressor genes SMAD2/3 and TGFBR2. [43]
miR-423-5p acts as tumor promoter, leading to proliferation, invasion, and angiogenesis
of cancer
IncRNA PVTI1 Promotes promote abnormal proliferation and metastasis by upregulating EGFR and [17,44]
VEGFA
IncRNA RPPH 1 Promotes CRC metastasis by interacting with TUBB3 and mediating macrophage M2 [54]
polarization
Other pathways IncRNA BDNF-AS IncRNA BDNEF-AS induced inhibition of proliferation, migration, and invasion of CRC [45]
cells via inhibiting GSK-3f expression
miR-193b Low serum miR-193b was associated with TNM stage, grade and lymph node metastasis [55]
miRNA-375-3p Promotes metastasis through regulation of b-catenin, vimentin, ZEB1, and SNAIL [56]
miR-1224-5p miR-1224-5p suppresses the migration, invasion, and EMT of CRC cells in vitro and [57]
in vivo by directly targeting SP1
IncRNA GNAS-ASI1 Promotes cell migration and invasion [58]

CRC: Colorectal cancer, EMT: Epithelial-mesenchymal transition, miRNA: MicroRNAs, TGFp: Transforming growth factor beta, ncRNA: Noncoding
RNAs, IncRNA: Long noncoding RNA, TNM: Tumor, node, metastasis, EGFR: Epidermal growth factor receptor

in promoting EMT, a crucial step in the metastatic
cascade. For instance, HI19 promotes CRC metastasis
by inducing EMT [16]. MALATI (metastasis-associated

lung adenocarcinoma transcript 1) is another IncRNA
that promotes CRC metastasis by sponging miR-26a and
miR-26b, increasing fucosyltransferase 4 expression levels,
and activating the PI3K/AKT/mTOR pathway [63]. Similarly,
urothelial carcinoma-associated 1 (UCA1) is upregulated
in serum exosomes from CRC patients, and its transfer to
CRC cells enhances their proliferation and migration; it also
regulates Myosin VI expression by sponging miR-1437 [48].
Conversely, some IncRNAs can suppress metastasis. For
example, BDNF-AS acts as a tumor suppressor by inhibiting

EMT-induced migration [45]. Some IncRNAs also have
complex interactions with proteins, such as RPPH 1, which
interacts with B-III tubulin (TUBB3) [54].

Chemoresistance

The development of resistance to chemotherapy is a major
challenge in CRC treatment. Exosomal ncRNAs contribute
to chemoresistance by modulating drug metabolism, DNA
damage repair, and apoptotic pathways, enabling tumor cells
to evade therapeutic stress [Table 5].

miRNAs are
chemoresistance.

involved in

exosomal

significantly mediating
For example, miR-92a-3p,
which is transferred from CAFs to CRC cells, enhances cell
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Table 5: Noncoding RNAs regulation of transforming growth factor beta signaling and other pathway in colorectal cancer chemoresistance

Signaling pathway ncRNA (IncRNA or miRNA) Effect on CRC References
Whnt/B-catenin miR-19b Exo-miR-19b transfer from CRC to recipient cells, has been linked [64]
with enhanced stemness and radioresistance, via FBX downregulation
and Wnt/B-catenin pathway activation
IncRNA H19, CRNDE, UCA1 and IncRNA H19 was enhanced in hypoxia- or oxaliplatin-treated CRC [15,16,65]

HOTAIR cells; moreover, H19 contributed to drug resistance in CRC cells

PI3K/AKT/mTOR miR-21-5p, miR-1246, miR-1229-5p, Promotes chemoresistance: miR-21-5p, miR-1246, miR-1229-5p, [66]
miR-135b, miR-425 and miR-96-5p miR-135b, miR-425 and miR-96-5p are also upregulated in exosomes
from culture media of resistant cells
miR-92a-3p High expression of exosomal miR-92a-3p in serum was highly linked [38]
with metastasis and chemotherapy resistance in CRC patients
miRNA-223 Enhances drug resistance [64]
LncRNA NEATI Activates Wnt/B-catenin signaling and promotes CRC progression by [67]
interacting with DDXS, negatively regulates miR-335, and promotes
tumor metastasis36. NEAT1 silencing promoted the 5-Fu sensitivity
and apoptosis and repressed the invasion and the expression of
resistance-correlated proteins including P-gp and GST-n in CRC cells
NA miR-210 miR-210-3p downregulation enables resistant cells to counteract the [68]
toxic effect of the drug
IncRNA CCAL Promotes OX resistance by regulating HuR [69]
LncRNA HOTTIP Promotes CRC, elevated levels in mitomycin-resistant cancer cells, [70]

inhibition reduces resistance

NA: Not applicable, CRC: Colorectal cancer, EMT: Epithelial-mesenchymal transition, miRNA: MicroRNAs, 5-Fu: 5-fluorouracil, ncRNA: Noncoding

RNAs, IncRNA: Long noncoding RNA

stemness, EMT, and chemoresistance [62]. This miRNA
has been linked with resistance to S-fluorouracil (5-FU) and
OX (oxaliplatin) [62,64]. Similarly, exosomal miR-223,
derived from macrophages, has been correlated with enhanced
drug resistance in ovarian cancer through the PTEN/AKT/
PI3K pathway, suggesting a potential parallel mechanism
in CRC [64]. Moreover, a panel of six exosomal miRNAs
has been linked with 5-FU/OX resistance via the PI3K-Akt,
FoxO, and autophagy pathways [66]. Specifically, increased
expression of miR-92a-3p in CRC tissues has been shown to
activate the Wnt/B-catenin pathway and inhibit mitochondrial
apoptosis, contributing to 5-FU/OX resistance [62]. Another
study found that exosomal miR-19b transfer from CRC cells
to recipient cells is associated with enhanced stemness and
radioresistance via FBX downregulation and Wnt/pB-catenin
pathway activation [64]. In addition, exosomal miR-210
promotes EMT and metastasis in 5-FU-treated cells [68].
Conversely, some miRNAs can also promote chemosensitivity.
For example, miR-423-5p is a target of IncRNA PGMS5-ASI,
and increasing its levels via PGMS5-AS1 can reverse the
oxaliplatin resistance of CRC cells [43].

IncRNAs also play a crucial role in CRC chemoresistance.
Exosomal CCAL has been correlated with oxaliplatin
resistance, activating [-catenin and suppressing apoptosis
by directly interacting with the mRNA stabilizing protein
HuR [69]. Additionally, exosomal H19 mediates oxaliplatin
resistance by activating the B-catenin pathway. Several other
IncRNAs, such as CRNDE, UCA1, and HOTAIR, have been
associated with oxaliplatin or irinotecan resistance through the
modulation of cell proliferation, apoptosis, and cell energetic
metabolism under hypoxic conditions [15]. Moreover, IncRNA
PGMS5-ASI1 can reverse oxaliplatin resistance by acting as a
sponge for miR-423-5p. Furthermore, IncRNA GNAS-ASI1
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is upregulated in 5-FU-resistant cells and potentially
promotes increased exosome release [58]. LncRNA NEATI
also facilitates 5-FU chemoresistance in CRC by inducing
autophagy and supporting the maintenance of stemness [67].
Similarly, IncRNA HOTTIP, transported via exosomes,
promotes resistance to mitomycin by activating survival
pathways [70].

In summary, exosomal ncRNAs weave a complex narrative
in CRC progression, acting as mediators of tumorigenesis,
metastasis, and chemoresistance [Tables 1-5]. The complex
interplay between these ncRNAs and various signaling
pathways highlights their potential as therapeutic targets.
Further research into their specific mechanisms of action could
lead to the development of novel strategies for overcoming
drug resistance and improving treatment outcomes in CRC
patients.

CLINICAL APPLICATIONS OF EXOSOMAL
NONCODING RNAS IN COLORECTAL CANCER

Exosomal ncRNAs have emerged as transformative
players in the clinical management of CRC. Their unique
characteristics — including stability in bodily fluids,
accessibility through noninvasive sampling, and involvement
in key cancer-related processes — position them as powerful
tools for diagnostics, prognostics, and therapeutics. By offering
a window into the molecular underpinnings of CRC, exosomal
ncRNAs are paving the way for precision medicine.

Diagnostic biomarkers

The potential of exosomal ncRNAs as diagnostic
biomarkers lies in their ability to provide early and accurate
detection of CRC through noninvasive methods. These
molecules, encapsulated within exosomes, circulate in bodily
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fluids such as blood, urine, and stool, making them easily
accessible for diagnostic purposes [13,71].

One of the most extensively studied biomarkers
is miR-21, which is frequently upregulated in CRC
patients [13]. Exosomal miR-21 levels in serum and plasma
are significantly higher in patients with colorectal adenomas
and early-stage CRC [37], highlighting its value as an early
detection marker. Similarly, miR-92a has shown the ability
to distinguish CRC patients from healthy individuals with
high sensitivity and specificity [62]. Panels of miRNAs, such
as a six-miRNA signature (miR-19a, miR-20a, miR-150,
miR-143, miR-145, and let-7a), further enhance diagnostic
accuracy by capturing the multifaceted nature of CRC
progression [72].

Exosomal IncRNAs are also gaining attention as
diagnostic tools. For example, CCAT2 [73] and HOTTIP [70],
encapsulated in circulating exosomes, are significantly
upregulated in CRC patients, providing additional molecular
insights into tumor biology. Furthermore, miRNAs derived
from peritoneal lavage fluid, such as miR-199b-5p,
miR-150-5p, and miR-218-5p, represent an untapped reservoir
of diagnostic markers, particularly for advanced CRC [71].

Recent research, exemplified by Miyazaki et al., highlights
the potential of exosomal miRNAs for pre-operative
identification of lymph node metastasis (LNM) in patients
with pathological high-risk T1 CRC [74]. Due to the low
positive predictive value of current pathological risk factors
for LNM, existing guidelines often lead to overtreatment in
this population. Miyazaki et al.’s [74] investigation of cell-free
and exosomal miRNAs in pre-operative serum revealed that a
panel of four miRNAs (miR-181b, miR-193b, miR-195, and
miR-411) effectively detects LNM, with exosomal miRNAs
demonstrating superior diagnostic performance compared to
their cell-free counterparts.

The combination of exosomal ncRNAs with traditional
biomarkers like carcinoembryonic antigen has the potential
to significantly improve diagnostic power, offering a more
comprehensive approach to CRC detection.

Prognostic biomarkers

In addition to their diagnostic utility, exosomal ncRNAs
serve as robust prognostic markers, offering insights into
disease progression, recurrence, and treatment outcomes.
These molecules provide a molecular snapshot of tumor
behavior, helping clinicians tailor treatment strategies.

For instance, low levels of exosomal miR-4772-3p have
been linked to shorter time to recurrence and reduced overall
survival in stage II and III CRC patients [75]. Similarly,
elevated levels of miR-19a and miR-21 in serum exosomes
correlate with poor prognosis, aggressive tumor behavior, and
a higher likelihood of metastasis [76,77].

The prognostic value of exosomal IncRNAs is also being
explored. Dysregulated IncRNAs, such as those derived from
CAFs, influence tumor—stromal interactions and are associated
with worse outcomes. In addition, analyzing exosomal
ncRNAs from tumor-draining veins provides more accurate

prognostic information than peripheral samples, as these
vesicles are directly influenced by the TME.

Recent clinical trials on exosomal noncoding RNAs in
colorectal cancer

Currently, there are several clinical trials (NCT04523389,
NCT06654622,  NCT06342440, NCT03962088,  and
NCTO05375604) [78-82] actively exploring exosomal
molecules, particularly exosomal miRNAs, as biomarkers
for CRC. The objectives of these studies encompass
multiple  important  clinical aspects, including the
development of novel diagnostic markers (NCT04523389
and NCT06342440) [78,80], predicting LNM [74], detecting
minimal residual disease after surgery (NCT06654622) [79],
and monitoring treatment response (NCT03962088 and
NCT05375604) [81,82]. A study identified circulating
exosomal miR-185-5p as a potential biomarker for
detecting advanced adenoma and CRC, highlighting its
clinical relevance in early detection [83]. Another clinical
investigation demonstrated that exosomal miR-652-3p could
serve as a predictive biomarker for regorafenib resistance
in CRC patients, offering insights into treatment response
mechanisms (NCT03010722) [84]. These findings support the
growing clinical interest in leveraging exosomal ncRNAs for
precision oncology in CRC.

Therapeutic applications

Exosome-based ncRNAs, proteins, and lipids each have
distinct advantages and disadvantages as biomarkers or
therapeutic agents. Exosomal ncRNAs, such as miRNAs
and IncRNAs, play crucial roles in gene regulation and can
modulate multiple cancer-related pathways, making them
highly versatile therapeutic targets [7,9]. Their stability within
exosomes protects them from rapid degradation, allowing
for effective systemic delivery. However, challenges such as
off-target effects, immunogenicity, and delivery specificity
remain obstacles for clinical translation [9].

In contrast, exosomal proteins serve as direct functional
mediators of intercellular communication and can act as
disease-specific biomarkers or therapeutic agents. They are
often more stable than free ncRNAs but may have limited
regulatory potential compared to ncRNAs [85]. Exosomal
lipids contribute to vesicle stability and can influence signaling
pathways; however, their role as therapeutic agents is less
explored due to their complexity in functional modulation [85].

Exosomal ncRNAs are not only biomarkers but also hold
immense promise as therapeutic agents and delivery vehicles.
Their natural ability to transfer molecular information between
cells makes them ideal candidates for innovative treatment
strategies.

RNA-based therapeutics

Targeting oncogenic ncRNAs is a promising therapeutic
avenue. For instance, inhibiting miR-21 using anti-miR
oligonucleotides suppresses tumor growth and enhances
chemosensitivity in preclinical models [86]. Similarly,
silencing IncRNAs like H19 or HOTTIP, which drive CRC
progression, sensitizes tumors to chemotherapeutic agents
such as 5-FU and oxaliplatin [65].
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Exosome-based drug delivery

Exosomes themselves are being engineered as delivery vehicles
for therapeutic molecules. These vesicles can be loaded with
chemotherapeutic agents, siRNAs, or antisense oligonucleotides
and targeted specifically to tumor cells. For example, human
umbilical cord mesenchymal stem cell (hUC-MSC)-derived
exosomes loaded with anti-miR-146b-5p demonstrated potent
antitumor effects in preclinical CRC models [87]. Similarly,
exosome-based delivery of miR-375-3p has shown efficacy in
modulating EMT in CRC [56].

Immunotherapy

Exosomal ncRNAs also play a role in enhancing immune
responses. By targeting immune-regulatory ncRNAs,
such as miR-208b, researchers aim to restore antitumor
immunity [88]. In addition, exosome-based vaccines that carry
tumor-associated antigens can prime the immune system to
recognize and attack CRC cells [89], representing a novel
approach to cancer immunotherapy.

CHALLENGES AND FUTURE DIRECTIONS

Exosomal ncRNAs are at the forefront of innovative
research in CRC, offering transformative potential for
diagnostics, therapeutics, and prognostics. However, the
field faces numerous challenges that must be addressed to
realize its full clinical potential. These challenges span the
standardization of research methodologies, the -elucidation
of underlying mechanisms, and the successful translation of
findings into clinical applications.

Standardization in exosome research

A major obstacle in exosome research is the lack of
standardized protocols for isolating, characterizing, and
quantifying exosomes. The heterogeneity of EVs, including
exosomes, microvesicles, and apoptotic bodies, complicates
efforts to achieve consistent results across studies. Common
isolation techniques, such as ultracentrifugation, density
gradient separation, and immunoaffinity capture, yield
varying levels of purity and efficiency [3,87]. For instance,
ultracentrifugation can lead to contamination with other
vesicles and proteins, while immunoaffinity capture may
introduce bias based on the antibodies used.

The development of advanced techniques, including
microfluidic devices, nanoparticle tracking analysis [90],
and transmission electron microscopy [90,91], has improved
the characterization of exosomes. However, discrepancies in
exosome composition, influenced by their cellular origin and
environmental conditions, add another layer of complexity.
Moreover, the instability of exosomal RNA during sample
handling and storage further underscores the need for
standardized protocols that cover the entire workflow, from
sample collection to data analysis.

The MISEV2018 guidelines [92], developed by the
International Society for EVs, represent a step forward in
addressing these issues. However, efforts to create reference
materials and universal standards for exosome isolation and
analysis must continue to ensure reproducibility and reliability
in exosome research.
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Mechanistic research

Despite significant progress in understanding the roles of
exosomal ncRNAs, many mechanistic aspects remain elusive.
The biogenesis of exosomes, involving the inward budding
of late endosomes to form MVBs [5], is a highly regulated
process. However, the specific mechanisms that govern the
selective loading of ncRNAs, such as miRNAs and IncRNAs,
into exosomes remain incompletely understood.

RBPs like hnRNPA2B1 [93] and YBX1 [94,95] have been
implicated in this process, suggesting that specific RNA motifs
may determine cargo selection. For instance, KRAS-MEK
signaling has been shown to regulate Ago2 sorting into
exosomes, highlighting the complexity of cargo-loading
pathways [96]. Similarly, the interactions between exosomes
and recipient cells — including mechanisms of internalization
and specificity — require further investigation.

The downstream effects of exosomal ncRNAs on cellular
processes are another critical area of research. While exosomal
miRNAs such as [37,76,86,97,98] and miR-146a [53,87] are
known to influence tumor progression and immune modulation,
the precise molecular interactions they mediate remain poorly
defined. Understanding these interactions at a systems level,
including the role of circRNAs and passenger-strand miRNAs,
will provide a more comprehensive picture of exosome
biology and its impact on CRC.

Translation into clinical practice

Bridging the gap between laboratory discoveries and
clinical implementation presents significant challenges. While
exosomes offer a noninvasive platform for diagnostics and
therapeutics, their clinical translation faces hurdles related to
scalability, targeting efficiency, and regulatory approval.

In diagnostics, the identification of robust biomarkers
remains a priority. Exosomal miRNAs such as miR-21 [37]
and miR-92a [62] have shown promise in detecting early-stage
CRC, but large-scale clinical validation is necessary [21].
In addition, the integration of exosomal biomarkers with
existing diagnostic tools, such as liquid biopsies, requires the
development of cost-effective assays with high sensitivity and
specificity.

Therapeutically, engineered exosomes represent a promising
approach for delivering RNA-based drugs and other therapeutic
agents [87,88,91,99]. For example, exosomes have been
used to deliver siRNA targeting FAK in cetuximab-resistant
CRC cells, demonstrating their potential to overcome drug
resistance [91]. However, challenges such as efficient loading
of therapeutic cargo, precise targeting to tumor cells, and
large-scale production must be addressed [21]. Advances in
biomanufacturing, including the use of hUC-MSC-derived
exosomes, are paving the way for scalable and clinically
viable solutions [87].

Ethical and regulatory considerations also play a critical
role in the clinical translation of exosome-based therapies.
Ensuring the safety and efficacy of these interventions,
particularly in the context of genetic manipulation, requires
robust preclinical and clinical testing. Collaborative efforts
among researchers, clinicians, and regulatory bodies are
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essential to establish guidelines that facilitate the safe and
effective use of exosomal therapies.

THE FUTURE OF EXOSOMAL NONCODING RNAS
IN COLORECTAL CANCER MANAGEMENT

Exosomal ncRNAs have emerged as crucial regulators in
CRC, marking a paradigm shift in disease management. These
bioactive molecules — including miRNAs and IncRNAs — are
selectively packaged into exosomes and play vital roles in
intercellular communication, modulating tumor initiation,
progression, metastasis, and therapy resistance. Their stability
in body fluids and tumor specificity make them promising
biomarkers for noninvasive liquid biopsies, aiding in early
detection and patient stratification. In addition, engineered
exosomes hold potential as therapeutic vehicles, delivering
targeted treatments with precision.

Despite their promise, challenges remain in standardizing
isolation techniques, understanding selective RNA packaging, and
ensuring safety in clinical applications. Addressing these hurdles
through cutting-edge technologies, including artificial intelligence
and multiomics approaches, will accelerate discoveries and
unlock the full potential of these molecular messengers. With
continued research and innovation, exosomal ncRNAs are poised
to transform CRC care, making diagnosis more precise, prognosis
more reliable, and treatment more effective, ultimately paving the
way for personalized medicine in oncology.

CONCLUSION

Exosomal ncRNAs have emerged as significant players
in the pathogenesis of CRC, presenting novel opportunities
for clinical applications. These ncRNAs, including miRNAs
andincRNAs, are key exosomes, facilitating intercellular
communication and playing critical roles in tumor progression.
This review underscores the multifaceted contributions of
exosomal ncRNAs in CRC and highlights their potential to
revolutionize its diagnosis, prognosis, and therapy, while also
acknowledging the imperative need for further research to
overcome existing challenges.
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