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ABSTRACT

Colorectal cancer (CRC) remains one of the most prevalent gastrointestinal
malignancies, posing significant challenges in diagnosis and treatment. Recent
research has highlighted exosomes and their non-coding RNA (ncRNA) cargo as
key players in tumor progression and novel diagnostic tools. Exosomes are
extracellular vesicles (50-150 nm) secreted by normal and cancer cells that
mediate intercellular communication. This comprehensive review examines the
role of exosomal miRNAs, IncRNAs, and circRNAs in critical oncogenic
processes including angiogenesis, metastasis, drug resistance, and immune
modulation. Emerging evidence demonstrates that specific exosomal ncRNA
contents may serve as sensitive and specific biomarkers for early detection,
prognosis prediction, and monitoring of treatment response. However, challenges
persist regarding standardization of exosome isolation methods and the need for
expanded clinical validation. Advances in exosome research technologies hold
promise for translating these findings into personalized medicine approaches.
This review synthesizes current knowledge on the pathophysiological
significance of exosomal ncRNAs in CRC and their clinical potential as
diagnostic and therapeutic targets, while addressing existing limitations and
future research directions in this rapidly evolving field.
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Extended Abstract

Colorectal cancer (CRC) is one of the most
prevalent gastrointestinal malignancies and
remains a major cause of cancer-related
mortality worldwide. Despite improvements in
screening programs and therapeutic approaches,
the prognosis of patients with advanced CRC
continues to be poor, largely due to tumor
heterogeneity, metastatic potential, late-stage
diagnosis, and the emergence of therapy
resistance. Increasing evidence suggests that the
tumor microenvironment plays a central role in
driving malignant progression, as interactions
between tumor cells and surrounding stromal,
endothelial, and immune cells regulate
processes such as angiogenesis, epithelial—
mesenchymal transition, immune evasion, and
metabolic adaptation. In this context, exosomes
have emerged as key mediators of intercellular
communication. These extracellular vesicles,
typically 50-150 nm in size, are secreted by
both normal and malignant cells and circulate in
various body fluids, including blood, urine,
saliva, and cerebrospinal fluid. Their lipid
bilayer protects a wide array of biomolecules,
including proteins, DNA, messenger RNAs,
and particularly non-coding RNAs (ncRNAs),
from degradation. Among these, microRNAs
(miRNAs), long non-coding RNAs (IncRNAs),
and circular RNAs (circRNAs) have received
considerable attention for their regulatory
functions in tumor biology and their potential as
diagnostic and therapeutic tools in CRC.

miRNAs are short regulatory RNAs of 18-24
nucleotides that fine-tune gene expression at the
post-transcriptional level. Exosomal miRNAs
secreted by CRC cells influence angiogenesis,
metastasis, and immune responses by
transferring functional signals to recipient cells.
For example, miR-21-5p and miR-25-3p
enhance vascular permeability and angiogenesis
by targeting VEGF and its downstream
signaling pathways, while miR-9 and members
of the miR-200 family promote fibroblast
reprogramming into cancer-associated
fibroblasts, thereby facilitating metastasis.
Other miRNAs such as miR-1229 and miR-
221-3p also modulate angiogenic pathways,
while miR-208b and miR-92a-3p contribute to
drug resistance by suppressing apoptosis and
activating oncogenic signaling such as Wnt/f-

catenin. Clinically, altered levels of exosomal
miRNAs in plasma or serum correlate with
tumor burden, recurrence, and survival. MiR-
193a, for example, is enriched in metastatic
CRC and associated with poor prognosis, while
reduced levels of miR-4772-3p predict
recurrence and worse overall survival. These
findings demonstrate that exosomal miRNAs
not only contribute mechanistically to CRC
progression but also serve as stable and
accessible biomarkers for early detection,
disease monitoring, and therapy evaluation.
IncRNAs, defined as transcripts longer than 200
nucleotides with little or no protein-coding
capacity, also exert major regulatory functions
in CRC when packaged into exosomes.
Through mechanisms such as chromatin
remodeling, transcriptional interference, or
competitive sponging of miRNAs, exosomal
IncRNAs reprogram recipient cells to acquire
malignant phenotypes. For instance, IncRNA
KCNQIOT1 regulates PD-L1 ubiquitination
through the miR-30a-5p/USP22 axis, enabling
tumor cells to escape immune surveillance.
Similarly, exosomal RPPHI1 interacts with B-III
tubulin to promote epithelial-mesenchymal
transition and  simultaneously  induces
macrophage polarization toward an M2
phenotype, thereby enhancing metastasis. In
clinical studies, high serum or plasma levels of
exosomal IncRNAs such as CRNDE-h, CCAT2,
and RPPH1 have been linked to advanced
disease stages, poor prognosis, and resistance to
chemotherapy, whereas reduced levels of
HOTTIP are associated with unfavorable
outcomes. These IncRNAs are also detectable
after surgery or during chemotherapy,
suggesting their use as dynamic biomarkers to
monitor therapeutic response.

Circular RNAs, once considered splicing
byproducts, are now recognized as stable and
functionally active ncRNAs that frequently
accumulate in exosomes. Their covalently
closed circular structure confers resistance to
exonuclease degradation, allowing them to
circulate in body fluids with high stability. In
CRC, circRNAs participate in processes such as
proliferation, invasion, metastasis, and drug
resistance, often by acting as miRNA sponges
or modulators of signaling cascades. Exosomal
circFMN2 and circIFT80 have been shown to
promote tumor progression through the
circFMN2/miR-1182/hTERT and
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circIFT80/miR-1236-3p/HOXB7 axes,
respectively, thereby facilitating cell cycle
progression  and  epithelial-mesenchymal
transition. Conversely, circRNAs such as circ-
0000338 contribute to resistance against 5-
fluorouracil and oxaliplatin, transferring
chemoresistance phenotypes between tumor
cell populations. Clinical evidence highlights
the diagnostic potential of exosomal circRNAs,
as exemplified by hsa-circ-0004771, which is
elevated up to 14-fold in CRC patients
compared with  healthy controls and
demonstrates high sensitivity and specificity for
disease detection. Such findings emphasize the
potential of exo-circRNAs as robust liquid
biopsy markers.

Mechanistically, exosomal ncRNAs regulate
multiple hallmarks of CRC. In angiogenesis,
they promote vascular remodeling by activating
VEGF- and STAT3-mediated pathways. In
immune modulation, they alter the function of
tumor-infiltrating lymphocytes, natural killer
cells, and macrophages. Exosomal
circPACRGL, for instance, promotes neutrophil
polarization through the miR-142-3p/miR-506-
3p/TGF-B1 axis, while IncRNA SNHGI10
suppresses NK cell activity. Similarly, RPPH1
drives M2 macrophage polarization and
supports metastatic niche formation. Exosomal
ncRNAs also contribute to metabolic
reprogramming by enhancing glycolysis, lipid
utilization, and hypoxia adaptation. Examples
include miR-101-3p, which increases glycolysis
by targeting HIPK3, and circ-133, which
promotes metastatic potential under hypoxic
conditions  through the miR-133a/GEF-
H1/RhoA axis. Drug resistance is another
crucial area in which exosomal ncRNAs
disseminate  resistant phenotypes across
heterogeneous tumor populations. IncRNA
CCAL, delivered via cancer-associated
fibroblast exosomes, activates [-catenin
signaling and suppresses apoptosis, while miR-
208b and miR-92a-3p modulate immune
responses and survival pathways to reduce
sensitivity to chemotherapy. Collectively, these
mechanisms highlight the multifaceted role of
exosomal ncRNAs in shaping the tumor
microenvironment and promoting malignant
progression.

From a translational perspective, exosomal
ncRNAs hold immense promise as biomarkers
for non-invasive diagnosis and prognosis. Their

presence in readily accessible body fluids,
combined with their stability and tumor
specificity, makes them attractive for clinical
application. Panels of exosomal miRNAs and
IncRNAs outperform conventional markers
such as carcinoembryonic antigen (CEA) in
sensitivity and specificity, and combining them
with traditional assays enhances diagnostic
accuracy. Moreover, exosomes are increasingly
recognized as natural carriers for therapeutic
delivery.  Their = biocompatibility, low
immunogenicity, and ability to protect cargo
molecules make them suitable vehicles for
chemotherapeutics, nucleic acids, and proteins.
Studies have shown that exosome-loaded
doxorubicin or paclitaxel exerts stronger
antitumor effects with reduced systemic
toxicity, while engineered exosomes carrying
miRNA mimics or siRNAs effectively silence
oncogenic pathways. Exosome-mimetic
nanocarriers are under development to optimize
scalability and targeted delivery, and strategies
such as surface modification or incorporation of
targeting ligands further improve their
therapeutic precision.

Despite these advances, several challenges must
be overcome before exosomal ncRNAs can be
integrated into clinical oncology. Isolation and
characterization methods such as
ultracentrifugation, precipitation, or size-
exclusion chromatography are not standardized
and often yield heterogeneous vesicle
populations, limiting reproducibility. The small
size and complex composition of exosomes
complicate single-vesicle analysis, while the
lack of universally accepted reference standards
hampers cross-study comparisons. In addition,
large-scale prospective clinical studies are still
needed to validate candidate exosomal ncRNAs
as reliable biomarkers across diverse
populations. For therapeutic applications,
ensuring large-scale production, safety, and
consistent quality of engineered exosomes
remains a critical hurdle.

In conclusion, exosomal ncRNAs—including
miRNAs, IncRNAs, and circRNAs—play
central roles in regulating the initiation and
progression of colorectal cancer through their
effects on angiogenesis, immune evasion,
metabolic remodeling, and therapy resistance.
Their remarkable stability and accessibility in
body fluids position them as promising
biomarkers for early detection, prognosis
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prediction, and therapeutic = monitoring.
Furthermore, exosomes themselves represent
innovative delivery platforms for anticancer
drugs and genetic materials, offering novel
avenues for personalized cancer therapy.
Nevertheless, technical, biological, and clinical
challenges continue to limit their routine
application. Future efforts should focus on
refining isolation technologies, standardizing
analytical protocols, and integrating multi-

omics approaches to improve diagnostic
accuracy. Advances in nanotechnology and
bioengineering will further facilitate the design
of therapeutic exosomes with improved
targeting and safety profiles. With sustained
interdisciplinary research, exosomal ncRNAs
are poised to become powerful tools in
precision oncology, potentially transforming the
management of colorectal cancer and
improving patient survival outcomes.
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